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Abstract  
This study investigates the pressure drop in horizontal pipes packed with large particles that result in small pipe-to-particle diameter ratio both experimentally and numerically. Two horizontal pipes of 0.1905 and 0.0254m ID filled with cylindrical or spherical particles are used to collect the experimental data for single and two-phase flows. The porosity has same value for both pipes when they packed with cylindrical particles which is 0.75, however has different values when packed with spherical particles, 0.7 for the large pipe and 0.57 for the small pipe. The Roe-type Riemann solver proposed by Santim and Rosa (2016) which uses the Drift-Flux model is modified aiming to predict the pressure drop in porous media through the implementation of a new source term in the system of equations. Empirical models available in the literature are used to calculate the single and two-phase flows pressure drop. The motivation is to verify the solver capability to reproduce the two-phase flow pressure drop in porous media and to compare some empirical models existing in the literature against the experimental data provided modifying some empirical coefficients when necessary. 
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1. Introduction 

Single and multiphase flow through porous media are frequently used in many fields of science and engineering such as environmental (filtration), biomedical (transport of macromolecules), electrical (micro devices), chemical (reactors, fuel cells) and petroliferous (reservoirs). This wide range of applications, explaining the urgency to study this complex area.
In reference to the Oil & Gas industry, most of reservoirs contain two/three phases either oil and water, gas and water or oil, gas and water. In addition, most of the flows in these reservoirs can be considered as multiphase flow in porous medium. Thus, reliable empirical, analytical and numerical models are needed to accurately predict important/critical parameters such as pressure drop, void fraction, superficial velocities of the phases and heat & mass transfer coefficients aiming to apply them on the several problems resolution (e.g. static pressure obtaining at the well inlet in the wellbore-reservoir coupling). In this context, this study presents a multiphase numerical modelling that aims to calculate the pressure drop inside the pipes packed with two different particle types (cylindrical or spherical) in a considerably range of air velocities under various CWF (Constant Water Flow) rates.
Due to the complexity of porous material characteristics, it is difficult to emphasize the exact definition of porous media. The porous media is defined by Bastian (1999) as a body composed of persistent solid parts, called solid matrix, and the remaining of the void space (or pore space) that can be filled with one or more fluid e.g. oil, water and gas.  In another definition (Henderson, et al., 2010) proposed porous medium as a solid containing regular or random seperated holes in its interior, which frequently occur within the solid body. 
The geometric property is another important factor for pressure drop estimation in porous media. The geometry of the solid is difficult to be determined by equations due to its complexity. Blunt (2011) classified the different types of pore shapes into: i) a circular pore allows only one phase to occupy the pore at a time, ii) a triangular cross-section pore may allow wetting phase to occupy the corners while non-wetting phase occupies the pore centre (Lenormand et al., 1983), iii) a grain boundary pore shape formed by the intersection of four spherical grains. The wetting phase can occupy the crevices with non-wetting phase in the centre (Lenormand et al., 1983).   

The permeability of porous media indicates the ease of flow through the medium under the influence of pressure difference. Nordbotten and Celia (2011) define permeability as ability of the porous medium to transmit fluids through its structure, which is a function of both porous medium and the fluid flowing through it. In any process involving fluid flow in porous media such as permeation, filtration and sedimentation, the permeability of the solids causes frictional losses. Permeability in porous media is very complex which can be affected by several factors (Di Giovanni et al., 2012) such as particle size distribution, solids concentration, particle shape and orientation. The relative permeability is used to find the pressure drop in two-phase flow and is represented by the ratio of single-phase flow pressure drop to the two-phase flow pressure drop obtained at the same interstitial velocity (Bai et al., 2011). The relative permeability (Kr) is defined as: 
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where (ps represents the two-phase flow pressure drop.  represents single-phase flow pressure drop whereas (pTF
The pressure drop through a porous medium caused by the frictional drag is directly proportional to velocity of the flow. At higher velocities, inertial effect becomes significant causing an increase in the form drag. Then, the total pressure drop through packed bed will include friction loss and inertia loss (Vafai and Tien, 1981; Bai et al., 2011),
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where 
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 is the average velocity in the medium, ΔP is the pressure drop, µf is the fluid viscosity, L is the length of porous bed, k represents the water permeability, de is the equivalent particle diameter and the ԑ refers to the porosity. There are several empirical models proposed in the literature for the pressure drop calculus in porous media. These models are discussed in section 2.
In particular, this study looks at the solver capability in to reproduce the pressure drop in different two-phase flow scenarios comparing the numerical results against proposed experimental data and to verify the accuracy of some empirical models available in the literature for both single and two-phase flows. The solver previous presented by Santim and Rosa (2016) is adapted through the implementation of a momentum source term that represents the multiphase flow in porous media.
2. Pressure drop correlations

2.1 Single-phase flow pressure drop in porous media 
In this scenario, the pressure gradient across the bed is a function of several parameters such as system geometry, permeability, physical properties as well as porosity. Many models have been proposed to consider velocity-pressure drop relationship and several correlations have been developed to describe the flow hydrodynamics with good accuracy.
Darcy (1856) was one of pioneering researcher introducing the following correlation
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This correlation has been used over the years for flow with low Reynolds number. To consider the inertial effects at higher velocities, Kozeny (1927) developed equation with two terms to consider both viscous and inertia effect, which them modified by Carman (1937) (Bear, 1988).  Ergun (1952) carried out a comprehensive investigation in the equation which later called Ergun equation (1952). 
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The method is semi-empirical. The coefficients, A=150 and B=1.75, may be changed according to experimental conditions. First part of the equation is used for calculating pressure drop in a very viscous flow, whereas the second part of the equation allows predicting pressure drop in porous media in a turbulent flow. This equation was used to predict the experimental measurements in a large number of papers and proved to be the best pressure drop correlation among the available experimental models in the literature (Ergun (1952), Jamialahmadi et al. (2005) and Quiben (2005)).
Ergun (1952) reviewed the existing data in the literature on the flow of fluids through beds of granular solids collected new experimental data for the purpose of testing the validity of Kozeny-Carman equation. He found that Kozeny-Carman is applicable to all types of flow. He also examined the dependence of pressure drop upon flow rate, properties of the fluids and fractional void volume ((), as well as the orientation, size, shape, and surface of the granular solids. Based on 640 experiments from his work and literature, he confirmed that the values of A=150 and B=1.75 used in Kozeny-Carman correlation are the appropriate values. 
Nemec et al (2001) showed that the pressure drops for spherical particles, regardless of their size and surface roughness, are well predicted by the Ergun equation with A=150 and B=1.75 (with  error of 4.2%). On the other hand, the pressure drop for the extrudates is significantly underestimated (about 30%). Macdonald et al (1979) modified the constants to be: A=180 and B=1.8 which also disagrees with the experimental data for extrudates. However, by optimizing the constants in the Ergun type equation (A=238 and B=2.41) one can obtain a very good agreement between experimental and predicted pressure drops. A large disagreement (about 40%) in pressure drops for extrudates and cylinders was also found by Lakota et al. (2001).
Koekemoer and Luckos (2015) studied the influence of the material type and particle size distribution on pressure drop across the packed bed. In contrast to Ergun results, they found that the values of coefficients in Kozeny-Carman correlation are different for pressure drop data generated for coal, char and ash particles. The values applicable to coal (A=77.4 and B=2.8), char (A=160.4 and B=2.8) and ash (A=229.7 and B=2.3) particles were found to better approximate bed pressure drop compared to those used in the original form of the Ergun equation (A=150 and B=1.75). These results suggest that more research is needed to have better values for A and B for the particles of non-spherical shape. 
2.2 Two-phase flow pressure drop in porous media 

2.2.1 Empirical correlation 

There are a number of empirical correlations on pressure drop in porous media based on experimental measurements however there is no accurate and reliable model that can be used to predict the pressure drop for various applications. Some of the models to predict pressure drop in porous media such as Larkins et al. (1961), Turpin and Huntington (1967), Goto and Gaspillo (1992), and Jamialahmadi et al. (2005). 
Jamialahmadi et al. (2005) is one of the recent models based on the previously developed models. The model predicted their experimental data within accuracy of 5.6%. They found that the best model predicted their data was developed by Larkins et al. (1961) with an absolute mean average error of 28%. The error difference between their experimental measurements and the predictions from 28% to 5.6% was significant thereby indicating that the Jamialahmadi et al. (2005) model was more reliable than the previous correlations in the liturature. Jamialahmadi et al. (2005)´s equation is given as   
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where (pTP represents the two-phase flow pressure drop, fTP is the two-phase friction factor of gas and liquid phases, Rel is the liquid phase Reynolds number whereas Reg is the gas phase Reynolds number, usg represents the superficial gas velocity. 
2.2.2 The relative permeability model
This approach has been first implemented by Saez and Carbonell (1985) and then extended by Saez et al. (1986), Nemec and Levec (2005a) and Nemec and Levec (2005b) by proposing a new closure law for relative permeability. The two-phase flow pressure drop in porous media can be predicted as 
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The A and B are the coefficients used in the Kozeny-Carman equation (A=150 and B=1.75). 
The gas relative permeability (kg) is a function of volumetric quality (() (Saez and Carbonell, 1985) and is given as
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The value of n can be calculated as (Bai et al. (2011))
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The dimensionless numbers Gag and Reg represents the modified Galileo and Reynolds numbers calculated in terms of the equivalent particle diameter. 

                 



[image: image20.wmf])

1

(

Re

e

m

r

-

=

g

e

sg

g

g

d

u

                                     
        
          (11)
                               


[image: image21.wmf]3

2

1

÷

ø

ö

ç

è

æ

-

÷

÷

ø

ö

ç

ç

è

æ

=

e

e

m

r

e

g

g

g

d

g

Ga

                                                 (12)
2.2.3 Numerical approach
Due to the complexity of the flow in packed beds, the flow behavior inside the pipe is commonly reproduced in 2D or 3D models. Turbulence models are frequently applied in single phase flows (Bai et al. (2009), Preller (2011), van der Merwe et al. (2020) making use, for example, of the Reynolds-Averaged Navier–Stokes equations (RANS equations) or LES (Large Eddy Simulation) through CFD (Computational Fluid Dynamics) commercial softwares: e.g. STAR-CCM+ (Preller (2011), van der Merwe et al. (2020)) and FLUENT (Bai et al. (2009). 
For two-phase flows two different methodologies stand out: Two-Fluid model and the mixture model (Drift-Flux). Souadnia and Latifi (2001) studied a packed bed reactor using nitrogen (g) and an aqueous solution of caustic soda for various gas and liquid inlet flow rates. The reactor was constituted by a glass column with an 5cm ID packed with 5mm glass spheres presenting a packing height of 1.6m with an overall porosity of 0.39. To solve the problem the authors proposed a 1D solver based on an approach similar to the Two-Fluid model, using two equations to solve the mass conservation and two for the momentum conservation. The drag forces were accounted by implementation of the equations developed by Saez and Carbonell (1985) that uses the Ergun coefficients. The authors concluded that pressure drop numerical prediction was in acceptable agreement with the experimental data measured in the same operating conditions. In the present study an alternative approach (implementation of a porous media source term in the mixture momentum equation) is tested making use of the Drift-Flux model.  
The literature review shows that regardless of a number of empirical models developed to predict the pressure drop of single and two-phase flow in porous media, there is still a dearth of research work in this area as there is no reliable model that can be used for different porous media structure. In this context, the purpose of this paper is: i) to study the pressure drop of single (air/water) and two-phase (water-air) flow through consolidated porous media inside 1m length horizontal pipes. Two horizontal pipes with 0.0254 and 0.01905m ID packed with cylindrical and spherical glass objects are used in this study. Then, the effect of particle’s shape, particle’s size and bed porosity on pressure drop will be highlighted. The new experimental data on pressure drop are collected for various Constant Water Flow rates (CWF) where the air is added to the water; ii) The experimental pressure drop is used to obtain the permeability and the inertia resistance for the mathematical model (a modified version of the Roe-type Riemann solver proposed by Santim and Rosa (2016) aiming to predict the pressure drop); iii) The prediction from three empirical models in the literature are also compared against the experimental data and some coefficients are modified aiming to fit in experimental acquisitions.
3. Experimental facility and procedure 
Figure 1 illustrates the schematic diagram of the experimental facility to investigate the single and two-phase flow pressure drop in porous medium. The basic components of the test rig are the test section, the water centrifugal pump, water tank, water flow meter and gasometer, air compressor and a differential pressure transducer (DPT). The test rig has three PVC transparent pipes of 1m of length and inner diameters of 0.0127m, 0.01905m and 0.0254m. The 0.01905m and 0.0254m ID tubes were packed with spherical glass marbles similar in diameter, thereby forming porous media with porosity ԑ=0.7 in large pipe and porosity ԑ=0.57 in small pipe. Furthermore in different attempt the tubes were also packed with cylindrical glass particles, hence the porous media with porosity ԑ=0.75 is formed in both pipes. The difference in the arrangement of particles inside the pipes leads same porosity for cylindrical particles while the porosity for spherical particles is a function of pipe diameter. The differential pressure transducer (C9553 COMARK) is connected to the test section by two flexible plastic tubes via two taps at inlet and outlet of the pipe measuring pressures up to 4bar with high accuracy. At the inlet and outlet of each tube, two circular perforated discs are kept in place by flanges, in order to prevent that the particles leaving the bed. All tubing and fitting are made of PVC hardened plastic.  
To generate air-water mixture, the water is pumped from the reservoir tank to the test section using a centrifugal pump, adjusting the revelations of the pump controls flow rate of the liquid phase. The gas phase, air, is supplied from the main compressor via a filter and a pressure regulator. This is done to minimise the fluctuation in the air flow rate, which is adjusted by a flow meter at the inlet of the rig. The air and water flow rates are measured by the flow meters at the upstream of the mixing point. 
In this investigation, the measurements are performed under constant water flow rate (CWF) by adding air to the water. The water flow rate up to 40 l/min was measured by the digiflow 6710 M meter. The air flow rate was measured by Platon air flow meter with accuracy of ± 1.25%. The experimental runs were performed by starting with single phase test and start adding the air gradually.

[image: image22]
Figure 1. Schematic diagram of the experimental rig.
4. Numerical model
The numerical model is applied only for the two-phase gas-liquid flow analysis. The system of equations for the 1D conservation laws in an isotropic isothermal medium, assuming the drift-flux model with no mass transfer between the gas and liquid phases and using a superficial velocity in porous medium (
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 is the porosity and the subscript k refers to liquid or gas phase whereas s denotes superficial) can be given by Eqs. (13)-(15). The first two equations consist of mass formulations for each phase (liquid and gas) with the last equation representing the momentum of mixture. 
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where p is the pressure, ( is the specific mass, us is the superficial velocity, with the subscripts l and g refer to the liquid and gas phases. The void fraction 
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 is represented through Eq. (16) making use of the closure relation proposed by Zuber and Findlay (1965), the first term on the rhs in Eq. (15), SPM, is a momentum source term that represents the porous medium and is given by Eq. (17), whereas the last term on the rhs of Eq. (15), SW, is the wall friction source term (see Eq. (18)).
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in which C0 is the distribution coefficient (profile parameter), ud is the drift velocity and J is the mixture superficial velocity (
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where the mixture velocity is given by 
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 is the specific mass of mixture in terms of the void fraction 
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is the mixture viscosity (also pondered by void fraction),
[image: image36.wmf]a

 is the permeability, C2 represents the pressure jump coefficient (an inertial resistance factor) and 
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 is the porous medium thickness. 
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in which 
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 is the friction factor and d is the ID pipe.

The friction factor (
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) depends on Reynolds number of the mixture (Rem), which is defined as follows in Eq. (19). In this equation, the relation proposed by Dukler et al.  (1964) is used, 
[image: image41.wmf](

)

1

mvflvfg

mamam

=-+

.

                                             
[image: image42.wmf]Re

msm

m

m

ud

r

m

=

                                
  
        
           (19)
The source term in Eq. (18) does not assume any porous medium parameter. If there is a porous medium (packed bed) this term shows to be negligible if compared with the source term given by Eq. (17).

For laminar flows, the friction factor is defined as
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. The implicit relation proposed by Colebrook, Eq. (21), is utilized to calculate fw for turbulent flows since the Eq. (20), proposed by Haaland (an explicit relation), is assumed as an initial guess for Colebrook´s equation.
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where 
[image: image46.wmf]V

 represents the equivalent roughness of the pipe, considered as 10-9m.   

The thermodynamic state equations for the liquid and gas are expressed in terms of the sound velocities, cl and cg, as follows
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, where ρl,0 and pl,0 are given as coefficients. 

The system of the conservation laws can be written in the conservative form, as:
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where U, F and S are the vectors of the conservative variables, fluxes and source terms written as follows:
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An upwind Godunov-type discretization scheme, as demonstrated by Leveque (2002), is used. The conservative variables´ vector, U, has its components Ui evaluated using an explicit numerical procedure depicted below:
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in which,
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where 
[image: image52.wmf]w

 represents the waves crossing the cells' interface, λ- and λ+ are the characteristic velocities (superscript '-' means left going waves). The matrix R represents the right eigenvector matrix, and p is the counter of eigenvalues (m is the total number). This explicit scheme must satisfy a CFL (Courant-Friedrichs-Lewy) condition as stability criterion: 
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All the source terms are treated using the Fractional-Step method presented in Leveque (2002). The hyperbolic system is split into two sub-problems which are solved independently. The first consists of a homogeneous system using the upwind scheme previously presented.
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The ODE must be solved in a second step, as 
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It should be cited that the numerical model chosen consists of a Roe-type Riemann solver based on the Drift-Flux model proposed by Santim and Rosa (2016). As the original solver does not presents porous medium formulation, in this paper is proposed a methodology aiming to represent the phenomenon through of a source term (Eq. (17), by deriving the porous medium coefficients through experimental data of pressure and velocity.
4.1 Permeability and inertial loss coefficient calculus

When the experimental pressure and velocity data are known it is possible to obtain the permeability as well as the inertial resistance factor through of a trend line following the procedure described below. 

(i) As first step it is necessary to plot the experimental data such as 
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 considering a gas-liquid two-phase flow. Considering all proposed cases, the water velocity varies from 0.16m/s up to 0.99m/s whereas the air velocity varies from 0.066m/s up to 1.46m/s according to distribution given in Table 1.
(ii) To plot a trend line from the profile obtained in the first step. So it is possible to get a second-degree polynomial like as: 
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 where F and G represent the coefficients which take into account the effect of porosity and are available in Table 1.

Table 1. Coefficients F and G for the permeability (α) and C2 calculus.
	Packed bed
	Cylinder – pipe: 0.0254 m
	Cylinder –pipe: 0.01905 m

	CWF (l/min)
	5
	10
	20
	5
	10
	15

	Air flow (l/min)
	2 5 7.5 10 15 20 25
	2 5 7.5 10 15 20 25
	2 5 7.5 10 15 20
	2 5 7.5 10 15 20
	2 5 7.5 10 15 20
	2 5 7.5 10 15 20

	F
	19584
	42915
	92082
	14457
	41058
	71405

	G
	-3411.3
	-8677.9
	-23222
	291.44
	-5637.6
	-13193

	
	Sphere – pipe: 0.0254 m
	Sphere- pipe:  0.01905 m

	CWF (l/min)
	10
	20
	30
	5
	10
	12

	Air flow (l/min)
	2 5 10 15 20 25
	5 10 15 20 25
	2 5 10 15 20 25
	2 5 7 10 15 20 25
	2 5 7 10 15 
	2 5 7 10

	F
	32075
	62351
	82420
	43656
	112617
	126670

	G
	-11280
	-15080
	-16757
	-8468.6
	-20508
	-29545


(iii) To calculate the permeability and C2 by comparing the Eq. (17) with 
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in which
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For the second term from the right-hand side, one gets:
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where
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Finally, we have the terms
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 and C2 in terms of the void fraction (mixture properties). 
So, the Eq. (17) is implemented on the solver. 

4.2 Numerical evaluation

The numerical solutions were obtained making use of a 400 nodal points chosen after the test grid presented in Fig. 2, since the relative error between the solution using 400 and 800 (grid independence) points shows to be 0.3% (assuming CWF of 20 l/min with air flow rate of 5 l/min within the spherical packed bed on the 0.0254m ID pipe).
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Figure 2. Test grid of the numerical solution.
The drift parameters, C0 and ud, implemented on the Santim and Rosa (2016) solver were proposed by Choi et al. (2012) (see Eqs. (31) and (32)). This correlation was chosen since it presents a pattern independent behavior. 
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where C and D are 0.0246 and 1.606 respectively, as suggested by Choi et al. (2012). 

The pressure drop results are recorded when the transient solution reaches the steady-state. The steady-state of the numerical solution varies from case to case, however is always reached before t=4s. 
5. Results and discussion  
5.1 Single-phase (water) flow in a pipe (non-porous flow) 
The single-phase flow measurements in the pipes before packed with particles are carried out to validate the experimental facility and the accuracy of instrumentation. The pressure drop is calculated as 
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The comparison between experimental and predicted values reported by Hamad et al. (2017) is shown again in Fig. 3.  
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Figure 3. Comparision of measured single-phase (water) flow friction factor with prediction from Blasius correlation.
5.2 Single and two-phase flow experimental measurements of pressure drop  
The small pipe is not used for porous media investigation because its diameter is smaller than the spherical particles diameter and the high pressure (>100000Pa) which is beyond the design limitations of the experimental rig. To give an idea about the influence of porous medium on pressure drop for single and two-phase flows in 0.0254m and 0.01905m ID pipes, a number of cases with volumetric quality (30% are gathered and given in Table 2. The data available in the Table 2 show that the pressure drop for single and two-phase flow in porous medium is more than by 80-240 times the pressure in non-porous medium. This behavior highlights the need for more research work to optimize the systems design aiming to minimize the pressure losses. 
Table 2. (SPFW: single phase flow (water), SPFA: single phase flow (air), TPF: two-phase flow, CylP: cylindrical particles, SphP: spherical particles).
	Pipe diam.

(m)
	Flow rate

(l/min)
	Superficial

Velocity

(m/s)
	Pressure drop (Pa/m),

For TPF cases with  ( ≈ 30%

	
	
	
	Non-porous
	Porous

	
	
	
	SPFW
	TPF
	CylP
	
	SphP

	
	
	
	
	
	SPFA
	SPFW
	TPF
	SPFA
	SPFW
	TPF

	0.02540
	20
	0.66
	307
	467
	180
	43160
	67500
	40
	32660
	46550

	0.02540
	30
	0.98
	439
	850
	340
	91270
	122000
	50
	66000
	86000

	0.01905
	10
	0.58
	238
	376
	100
	21500
	31200
	-----
	56820
	82000

	0.01905
	12
	0.7
	400
	600
	-----
	32000
	44000
	------
	87000
	95000

	0.01905
	15
	0.87
	600
	900
	170
	47300
	70000
	30
	-------
	-------


The solid lines represent the single phase flow data. The results show that the pressure drop for spherical particles in 0.01905m ID pipe increases steeper than the pressure drop in 0.0254m ID pipe. It can also be observed that the values are higher in 0.01905m ID pipe compared to the 0.0254m ID pipe for the same superficial velocities. In contrast, the results show that the pressure drop for cylindrical particles in 0.01905m ID pipe is lower than the pressure drop in 0.0254m pipe and the increase in the pressure drop have a similar trend for both pipes and less steeper than the pressure drop for spherical cases.  

For the two-phase flow cases, the introduction of air to the water has a damping effect on the flow leading to lower rate of increase in pressure drop for all the cases given in Fig. 4.  
For spherical particles in 0.0254m  ID pipe (single phase superficial velocity = 0.658m/s), the introduction of air decreases the rate of pressure drop increasing significantly as the mixture velocity increases. For water velocity 0.658m/s, the rate of increase of two-phase pressure drop is around 33000Pa/m compared to 104000Pa/m for single phase flow. It can also be observed from the same figure that for water superficial velocity of 0.987 m/s, the pressure drop is 41000Pa/m for two-phase flow compared to 104000Pa/m for single phase flow. In summary, as the water velocity increases, the effect of introducing air becomes more significant on pressure drop. 
For spherical particles in 0.01905m pipe (single phase superficial velocities equal to 0.576m/s and 0.69m/s), the introduction of air decreases the rate of increase of pressure drop from 16800Pa/m for single phase flow to 74000Pa/m for both multiphase flow cases. These results show that the pipe diameter has a significant effect on pressure drop. 

For cylindrical particles, there is no significant difference in the trend of pressure drop for single phase flow in both pipes of 0.01905 and 0.0254m ID as the rates of pressure drop (slope of the pressure drop graph = 94000Pa/m for 0.01905m ID pipe and 108000Pa/m for 0.0254m ID pipe) are very close. The introduction of air presents a similar influence on pressure drop for both pipes. The rate of pressure drop changed around from 32000Pa/m for both cases at low water velocities (0.32 and 0.57m/s) to around 49000Pa/m for the higher velocities (0.65 and 0.86m/s).
In attempt to explain the reason of the different trends of the pressure drop for spherical and cylindrical cases in both pipe diameters, Fig. 5 presents the schematic diagram of the four pipes packed with particles investigated in this study. For spherical particles, the diagram show that they are arranged in straight chain in 0.01905m ID pipe (Fig. 5b) but the chain look wavy as a sine wave in 0.0254 m ID pipe (Fig. 5a).

These two structures of the particles inside the pipes affect the flow conditions. For the case of small pipe the particles are settled on the lower side of the pipe and the flow will move on the upper side as the cross-sectional area of the pipe decreased which lead to a high velocity of the flow (high Reynolds number) and high pressure drop. The increase in pressure drop may be attributed to a significant increment in the wall friction as the surface area increased. The form drag will also increases due to the large size of particles. On the other hand, for the case of 0.0254m ID pipe the increase in the pressure drop may be attributed to the significant contribution of form drag as well as wall friction and wake turbulence as the particles arranged themself in a shape of wave.  
Figure 5c present the diagram for the cylindrical particles in the pipe of 0.0254m ID that is very much similar for the pipe of 0.01905m ID. The particles arrange themselves in a way that make them very similar in both pipes which was reflected in almost equal structure in both pipes. This is also reflected in pressure which is higher in 0.0254m ID pipe compared to 0.01905m ID pipe due to the larger particle surface area available in the large pipe that increase the friction losses.  
The difference between the pressure drop of spherical and cylinders is supported by the find from Nemec and Levec (2005b) which investigated the effect of particle shape on pressure drop in the liquid phase based on relative permeability.
For two-phase flow cases, Jamialahmadi et al. (2005) used visual and photographical observations to understand the effect of introducing the gas phase at a constant liquid velocity. Two different distinguished regimes were observed. A homogeneous flow mixture was formed with small bubbles at low gas velocity. On the other hand, a heterogeneous mixture is verified at high gas velocity presenting the formation of large bubbles. Their measurements also showed that the effect of liquid phase flow rate is more pronounced for the homogeneous regime than for the heterogeneous regime and that it loses its importance as the gas flow rate increases. Jamialahmadi et al. (2005) finding supported the results from the present work as the introduction of second phase effect increased with gas superficial velocity for constant water velocity.
There is an interesting similarity between the graphs for pressure drop in fluidized bed given by Jena et al. (2009) and the present results displayed in Fig. 4.  Jena et al. (2009) observed that the pressure drop of single phase flow in a vertical column with fixed height increased with superficial velocity up to the value when the upward inertial and drag forces exerted on the particles by the fluids equal the buoyant weight of the bed. This condition lead to a continuously shifts of particles position with neighbouring particles (Briens and Briens, 1997). The movement of particles in the fluidized bed lead to a condition of almost constant pressure drop. They also found that the introduction of gas bubble decreases the minimum velocity of starting the fluidization also decreasing further with higher velocity of gas. The decrease in minimum liquid fluidization velocity may be attributed to the contribution of the gas to the total drag on the particles by the gas-liquid upward flow. While the packed columns are normally vertical and the flow upward but the shape of present graphs in Fig. 4 are very similar to fluidized bed behaviour given by Jena et al. (2009).
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Figure 4. The single and two-phase flow pressure drop for cylindrical and spherical particles in 0.0254 and 0.01905m ID pipes. (S: single phase, TP: two-phase, sph: spherical, cyl: cylindrical, solid lines: single phase, dotted lines: two-phase)
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              Figure 5. The pipes packed with spherical and cylindrical particles to create
                 consolidated porous media, A) 0.0254 m, B) 0.01905 m and C) 0.0254 m.

5.3 Comparison of empirical models from literature with single phase flow data
The Ergun (1952) model is compared with the present experimental pressure drop for air and water single phase flows through Figs. 6 and 7. Figures 6a and 6b present the data of air single phase flow for cylindrical and spherical particles. Ergun model agrees well with the experimental measurements for both particles shapes and pipe/particle diameter ratio has no effect on the trend of the data. By comparing the data from Fig. 6a with Fig. 6b, it can be observed that the pressure drop for cylindrical particles is much higher and increased steeply for same Reynolds number. This may be attributed to the larger surface area for friction in case of cylindrical particles compared to spherical particles. The coefficients recommended by Ergun (A=150 and B=1.75) are applied however the results show some discrepancy between predictions and experimental data which lead to the modification of coefficient B as given in Table 3.
Figures 7a and 7b present the data of water single phase flow for cylindrical and spherical particles. The prediction from Ergun model is in reasonable agreement with the results from experimental measurements pressure drop points. It can be observed that the pipe/particle diameter ratio has a clear effect on pressure drop for same Reynolds number and the deviation increased for higher values for both particle shapes. The coefficients recommended by Ergun (A=150, B=1.75) are also modified to predict the experimental data which are given in Table 4. 
Table 3. Modified coefficients of Ergun equation (air).

	Particle
type
	Porosity
	Particle

length

(mm)
	Particle

diameter (mm)
	Pipe diameter, d (mm)
	Particle diameter (equivalent), dp (mm)
	d/dp
	A
	B

	cylindrical
	0.75
	8
	6.5
	25.40
	8
	3.18
	150
	5.2

	cylindrical
	0.75
	8
	6.5
	19.05
	8
	2.38
	150
	3.2

	spherical
	0.7
	-----
	------
	25.40
	16
	1.59
	150
	0.3

	spherical
	0.57
	-----
	------
	19.05
	16
	1.19
	150
	0.3


Table 4. Modified coefficients of Ergun equation (water).
	Particle
type
	Porosity
	Particle

length

(mm)
	Particle

diameter (mm)
	Pipe diameter, d (mm)
	Particle diameter (equivalent), dp (mm)
	d/dp
	A
	B

	cylindrical
	0.75
	8
	6.5
	25.40
	8
	3.18
	150
	1.5

	cylindrical
	0.75
	8
	6.5
	19.05
	8
	2.38
	150
	0.75

	spherical
	0.7
	-----
	16
	25.40
	16
	1.59
	150
	1.2

	spherical
	0.57
	-----
	16
	19.05
	16
	1.19
	150
	0.6


The Ergun’s coefficients were also modified by a number of researchers in the literature. For example, the Ergun’s coefficients values were proposed as A=200 and B=1.75 by Leva (1947), A=180 and B=1.8 up to 4 by Niven (2002), A=77.4 and B=2.8, A=160.4 and B=2.8 for char particles while A=229.7 and B=2.3 for ash particles by Koekemoer and Luckos (2015). The discrepancy in A and B coefficient in present study from Ergun universal values  may be attributed to very low values of pipe-to-particle ratio which increased the influence of the wall-fluid interaction compared to particles-fluid interaction. The wall effect on A and B values, was investigated in the following three articles from literature. 
Di Felice and Gibilaro (2004) presented a simple model to evaluate the wall effect on pressure drop in a fluid flow through a porous medium of spherical particles. Their general conclusion was that the Ergun equation is applicable to high tube-to-particle-diameter ratios (d/dp > 10). Tian et al. (2016) carried out an extensive review of the wall effect on the coefficients in Ergun equation. They found that the A=150 and B=1.75 when d/dp (( but the value for A changed from small values to very large values for d/dp <10. Bai et al. (2011) used a pipe-to-particle diameter ratio of 2.3 and found that the coefficient A increased from 99.44 to 1631 when particle diameter increased from 3 to 8mm and B from 0.077 to 0.2185. 
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Figure 6a. Comparison of prediction from Ergun empirical model with experimental pressure drop for cylindrical particles of air flow. (solid line: experimental data;  dotted line: prediction). The experimental data collected from both pipes of 0.01905m and 0.0254m ID.
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Figure 6b. Comparison between the prediction from Ergun empirical model and experimental pressure drop for spherical particles of air flow. (Solid line: experimental data; dotted line: prediction). The experimental data collected from both pipes of 0.01905m and 0.0254m ID.
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Figure 7a. Comparison of prediction from Ergun empirical model with experimental pressure drop for cylindrical particles of water flow. (Solid line: experimental data; dotted line: prediction). The experimental data collected from both pipes of 0.01905m and 0.0254m ID.
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Figure 7b. Comparison between the prediction from Ergun empirical model and experimental pressure drop for spherical particles of water flow. (Solid line: experimental data; dotted line: prediction). The experimental data collected from both pipes of 0.01905m and 0.0254m ID.
5.4 Comparison of the Drift-Flux model and empirical relations predictions against the experimental two-phase flow data   
Earlier in Hamad et al. (2017), the solver proposed in Santim and Rosa (2016) which uses the Drift-Flux model showed to be a great choice on the prediction of the pressure drop in horizontal pipes with different ID and non-porous media. Now, assuming two different porous media and two pipes of 0.0254m and 0.01905m ID, the solver is compared together with the empirical models proposed by Jamialahmadi et al. (2005) and Nemec and Levec (2005b) against the experimental two-phase flow data in Figs. 8 and 9. In the Fig. 8 we have the comparison for the cylindrical packed bed experiments whereas in Fig. 9, the comparison of the predictions with the experimental data is done for the spherical particles. The experimental data are very much scattered around the solid line which represents the trend of the experimental measurements obtained in the present study.
Through analysis of Figs. 8 and 9 it should be noted a good agreement between the numerical solution and the experimental data. In both cases, the porosity effect was introduced into the solver though SW source term since the pressure is function of 
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. The procedure previous presented to calculate the SPM source term consists of a limiting factor since without experimental data support, the numerical simulation is turned out unfeasible.
Jamialahmadi et al. (2005) model over-predicts the pressure drop for cylindrical particles and under-predicts the values for spherical particles while Nemec and Levec (2005b) model under-predicts the pressure drop for both spherical and cylindrical particles significantly. As in the case of single phase flow, the coefficients in the equations are modified to predict the present experimental data. For Jamialahmadi model, the exponent of Reg in Eq. (7) is modified from 1.8 to 1.48 for cylindrical particles and from 1.8 to 1.34 for spherical particles. In case of Nemec and Levec model, the coefficients in Eq. (10) are also modified to reproduce the experimental data. Thus, for both cylindrical and spherical particles, Eq. (10) becomes 
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It should be mentioned that Eisfeld and Schnitzlein (2001) investigated the influence of the walls on the pressure drop of two-phase flow in packed beds. They attributed the increase of the pressure loss in the laminar flow to the increase in surface area and the pressure loss reduction in turbulent flow to the increase in local porosity near the walls.  
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Figure 8. Two-phase pressure drop from numerical and empirical models against experimental data for cylindrical particles. (The solid line shows experimental data trend).
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            Figure 9. Comparison of two-phase pressure drop from numerical and empirical
models with experimental data for spherical particles. (The solid line shows the
trend of the experimental data).
6. Summary and conclusions

Pressure drop in horizontal porous pipes with large particles and small pipe-to-particle diameter ratio is studied experimentally in two horizontal pipes of 0.01905m and 0.0254m ID. The pipes are filled with cylindrical or spherical particles. The Drift-Flux model used for two-phase flow pressure drop predictions earlier in Hamad et al. (2017) is modified through implementation of a source term aiming to reproduce the pressure drop in porous media. Empirical models from literature are also applied to calculate pressure drop of single (Ergun model) and two-phase flows (Jamialahmadi et al. (2005) and Nemec and Levec (2005b) models). Both the Drift-Flux model and empirical correlations are compared against experimental acquisitions.
In the context abovementioned, the main conclusions can be summarized as:

(1) For single phase flow, the empirical model from literature are incapable to predict the pressure drop without modification of coefficient B in Ergun equations. The coefficients are function of particle shape, porosity and pipe diameter. 

(2) The experimental acquisitions are very much scatter around the trend line plotted for each set of measured data for two-phase flows.

(3) The empirical models (Jamialahmadi et al. (2005) and Nemec and Levec (2005b) models) are unable to predict the experimental measurements for the two-phase flow. Some coefficients used in the equations are modified to fit in the proposed experimental data.  
(4) The Drift-Flux model reproduces well the experimental data. It can be considered as the best option to predict the pressure drop in this scenario. However, it needs some experimental data to estimate the source term required for the solution. 
7. References 
Bai, H., Theuerkauf, J., Gillis, P.A., Witt, P.M., 2009. A coupled DEM and CFD simulation of flow field and pressure drop in fixed bed reactor with randomly packed catalyst particles. Industrial and Engineering Chemistry Research 48, 4060-4074.
Bai, B., Liu, M., Lv, X., Yan, J., Yan, X., Xiao Z., 2011. Correlations for predicting single phase and two-phase flow pressure drop in pebble bed flow channels, Nuclear Engineering and Design, Nuclear Engineering and Design 241, 4767-4774.
Bastian, P., 1999. Numerical Computation of Multiphase Flows in Porous Media, Zur Erlangung der Vinia legend.
Bear, J., 1988. Dynamics of Fluids in Porous Media, New York, Dover.
Blunt, M.J., 2001. Flow in porous media, pore-network models and multiphase flow. Current Opinion in Colloid & Interface Science, pp. 197-207.

Briens, L.A., Briens, C.L., Margaritis A., Hay, J., 1997. Minimum Liquid Fluidization Velocity in Gas-Liquid-Solid Fluidized Beds of Low-Density Particles, Chem. Eng. Sci. 52, (21-22), 4231-4238.
Carman, P.C., 1937. Fluid flow through granular beds, Transactions, Institution of Chemical Engineers, London, 15: 150-166.
Choi, J.; Pereyra, E., Sarica, C., Park, C., Kang, J.M., 2012. An efficient drift flux closure relationship to estimate liquid holdups of gas–liquid two phase flow in pipes. Energies, 5, 5294–5306.
Dandekar, A.Y., 2006. Petroleum reservoir rock and fluid properties. Boca Raton: Taylor & Francis Group.

Darcy H,1856, Les Fontaines Publiques de la ville de Dijon, Dalmont, Paris.

Di Felice, R., Gibilaro, L.G., 2004. Wall effects for the pressure drop in fixed beds. Chemical Engineering Science, 59, 3037–3040.
Di Giovanni, B., Mahdi, F., Starov, V., Holdich, R., 2012. Particlate clusters and permeability in porous media. Chemical engineering research and design, September, 90(9), pp. 1168-1176.
Eisfeld, B., Schnitzlein, K., 2001. The influence of confining walls on the pressure drop in packed beds, Chemical Engineering Science, 56 (14), 4321–4329.

Ergun S., 1952. Fluid flow through packed column, Chemical Engineering Progress, 49, 89-94.
Goto, S., Gaspillo, P.D., 1992. The effect of static mixer on mass transfer in draft tube bubble column and in external loop column. Chemical Engineering Science, 47, 3533-3539.
Hamad F. A., Faraji F., Santim C.G.S., Basha N., Ali Z., 2017. Investigation of pressure drop in horizontal pipes with different diameter, International Journal of Multiphase Flow 91, 120–129.
Henderson, N., Brettas, J., Sacco, W., 2010. A three parameter Kozeny–Carman generalized equation for fractal porous media, Chemical Engineering Science, 1, 4432-4442.

Jamialahmadi, M., Muller-Steinhagen, H., Izadpanah, M.R., 2005. Pressure drop, gas hold-up and heat transfer during single and two-phase flow through porous media, International Journal of Heat and Fluid Flow 26, 156–172.

Jena, H. M., Roy G. K., Meikap, B. C., 2009. Hydrodynamics of a Gas-Liquid-Solid Fluidized Bed with Hollow Cylindrical Particles, Volume 48, 279-287.

Koekemoer, A., Luckos, A., 2015. Eeffect of material type and particle size distribution on pressure drop in packed beds of large particles: Extending the Ergun equation, Fuel 158, 232–238.
Kozeny, J, 1927. Ueber kapillare Leitung des Wassers im Boden. Sitzungsber Akad. Wiss., Wien, 136(2a): 271-306.

Lakota, A., Levec, J., & Carbonell, R. G. (2002). On the hydrodynamic parameters of trickling flow in packed beds: The relative permeability concept. A.I.Ch.E. Journal, 48, 731-738.
Larkins, R.P., White, R.R., Jeffrey, D.W., 1961, Two‐phase concurrent flow in packed beds, A1ChE Journal 7, 231- 239.
Lenormand, R., Zarcone C., Sarr, A., 1983. Mechanisms of the displacement of one fluid by another in a network of capillary ducts, J Fluid Mech 135, 337-353.
Leva, M., 1947. Pressure drop through packed tubes, Part I. A general correlation. Chemical Engineering Progress, 43, 549-554.
Leveque, R.J., 2002. Finite volume methods for hyperbolic problems. Cambridge University Press.
Macdonald, I. F., El-Sayed, M. S., Mow, K., & Dullien, F. A. L.,1979,  Flow through porous media-The ergun equation revisited. Industrial and Engineering Chemistry Fundamentals, 18, 199-208.
Nemec, D.,   Bercic, G., Levec, J., 2001, The hydrodynamics of trickling #ow in packed beds operating, at high pressures. The relative permeability concept, Chemical Engineering Science 56, 5955-5962.
Nemec, D., Levec, J., 2005a. Flow through packed bed reactors: 1. Single-phase flow, Chemical Engineering Science 60 (24), 6947–6957.

Nemec D, Levec, J., 2005b. Flow through packed bed reactors: 2. Two-phase concurrent down flow, Chemical Engineering Science 60, 6958 – 6970.
Niven, R.K., 2002. Physical insight into the Ergun and Wen & Yu equations for fluid flow in packed and fluidised beds. Chemical Engineering Science, 57, 527–534.

Nordbotten, J.M., Celia, M.A., 2011. Geological storage of CO2 modeling approaches for large-scale simulation. 1st ed. s.l.:John Wiley & Sons, Inc.
Preller, A.C.N., 2011. Numerical modelling of flow through packed beds of uniform spheres. Master of Engineering in Nuclear Engineering, North-West University.
Quiben, J., 2005. Experimental and analytical study of two-phase pressure drops during evaporation in horizontal tubes , Lausanne: EPFL

Saez, A. E., & Carbonell, R. G., 1985, Hydrodynamic parameters for gas-liquid cocurrent flow in packed beds. A.I.Ch.E. Journal, 31, 52–62. 

Saez, A. E., Carbonell, R. G., & Levec, J., 1986, Hydrodynamics of trickling #ow in packed beds. Part 1: Conduit models. A.I.Ch.E. Journal, 32, 353–368.
Santim, C. G. S., Rosa, E. S., 2016. Roe-type Riemann solver for gas–liquid flows using drift-flux model with an approximate form of the Jacobian matrix. Int. J. Numer. Methods Fluids 80 (9), 536–568.
Souadnia, A., Latifi, M.A., 2001. Analysis of two-phase flow distribution in trickle-bed reactors, Chemical Engineering Science 56, 5977-5985.
Tian, F., Huang, F., Fan, L., Qian, H., Yu, z., 2016. Wall effects on the pressure drop in packed beds of irregularly shaped sintered ore particles, Powder Technology 301, 1284 -1293.

Turpin, J.L., Huntington, R.L., 1967. Prediction of pressure drop for two‐phase, two‐component concurrent flow in packed beds, A1ChE Journal, 13, 1196-2202.
Van der Merwe, W.J.S., du Toit, C.G., Kruger, J.-H., August 2020. Influence of the packing structure on the flow through packed beds with small cylinder diameter to particle diameter ratios, Nuclear Engineering and Design 365, 110700 (In Progress).
Vafai, K., Tien, C., 1981. Boundary and inertia effects on flow and heat transfer in porous media, Internal Journal of Heat Mass Transfer 24, 195–203.
Zuber, N., Findlay, J. A., 1965. Average volumetric concentration in two-phase flow systems. Journal of Heat Transfer-Transactions of the ASME 87, 453–468.
[image: image1.png]—Ps
-



_1564237340.unknown

_1567848387.unknown

_1569183831.unknown

_1634986537.unknown

_1654108184.unknown

_1654108288.unknown

_1654065636.xls
Chart1

		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707

		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414

		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121

		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745

		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978

		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956

		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347

		0.864		0.864		0.864		0.864		0.864		0.864		0.864		0.864		0.864		0.864		0.864

		0.1645438535		0.1645438535		0.1645438535		0.1645438535		0.1645438535		0.1645438535		0.1645438535		0.1645438535		0.1645438535		0.1645438535		0.1645438535

		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707

		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414

		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121

		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978		0.2879695978

		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956

		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933

		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911

		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707

		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484

		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605

		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414

		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675

		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121

		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745

		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956

		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347

		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933

		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325

		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911

		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889

		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707		0.329087707

		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484		0.3949052484

		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605		0.4936315605

		0.5759034873		0.5759034873		0.5759034873		0.5759034873		0.5759034873		0.5759034873		0.5759034873		0.5759034873		0.5759034873		0.5759034873		0.5759034873

		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414

		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675

		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121

		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745

		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956		0.5759391956

		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347

		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933

		1.0078935922		1.0078935922		1.0078935922		1.0078935922		1.0078935922		1.0078935922		1.0078935922		1.0078935922		1.0078935922		1.0078935922		1.0078935922

		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911

		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889

		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414

		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675

		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121

		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745

		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828

		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815

		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347		0.6911270347

		0.8063148738		0.8063148738		0.8063148738		0.8063148738		0.8063148738		0.8063148738		0.8063148738		0.8063148738		0.8063148738		0.8063148738		0.8063148738

		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325

		1.0942844716		1.0942844716		1.0942844716		1.0942844716		1.0942844716		1.0942844716		1.0942844716		1.0942844716		1.0942844716		1.0942844716		1.0942844716

		1.2670662302		1.2670662302		1.2670662302		1.2670662302		1.2670662302		1.2670662302		1.2670662302		1.2670662302		1.2670662302		1.2670662302		1.2670662302

		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414		0.658175414

		0.7239929554		0.7239929554		0.7239929554		0.7239929554		0.7239929554		0.7239929554		0.7239929554		0.7239929554		0.7239929554		0.7239929554		0.7239929554

		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675		0.8227192675

		0.9049911943		0.9049911943		0.9049911943		0.9049911943		0.9049911943		0.9049911943		0.9049911943		0.9049911943		0.9049911943		0.9049911943		0.9049911943

		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121		0.987263121

		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745		1.1518069745

		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828		1.316350828

		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815		1.4808946815

		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933		0.8639087933

		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325		0.9790966325

		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911		1.1518783911

		1.29586319		1.29586319		1.29586319		1.29586319		1.29586319		1.29586319		1.29586319		1.29586319		1.29586319		1.29586319		1.29586319

		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889		1.4398479889



S-sph-0.025

S-sph-0.019

S-cyl-0.025

S-cyl-0.019

TP-sph-0.025

TP-sph-0.019

TP-cyl-0.025

TP-sph-0.025

TP-sph-0.019

TP-cyl-0.025

TP-cyl-0.019

Superficial velocity (m/s)

Pressure drop (kPa/m)

9260

32660

66000

98000

17720

56820

87000

106114

2970

12160

43160

91270

4930

21500

47300

86400

0

56820

70000

82000

94000

101000

12160

15450

19490

21320

24460

29510

34200

37700

32660

41850

46550

51500

55000

60000

87000

87200

95300

101000

117000

43160

54800

59900

64800

67520

74200

81600

87500

47300

58900

65500

70120

79300



Figure 4 com s,tp,254, 192 (2)
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		1.4398479889																										0.0108298719		1.9358100412

		0.329087707														12160												0.0129958463		2.3229720495

		0.3949052484														15450												0.0162448078		2.9037150618

		0.4936315605														19490												0.0189522758		3.3876675721

		0.5759034873														21320												0.0216597438		3.8716200824

		0.658175414														24460												0.0270746797		4.8395251031

		0.8227192675														29510												0.0324896157		5.8074301237

		0.987263121														34200												0.0379045516		6.7753351443

		1.1518069745														37700												0.0331705957		3.387877621

		0.5759391956																21500										0.0398047148		4.0654531452

		0.6911270347																26400										0.0497558935		5.0818164315

		0.8639087933																31200										0.0580485425		5.9287858367

		1.0078935922																34890										0.0663411914		6.7757552419

		1.1518783911																40100										0.0829264892		8.4696940524

		1.4398479889																50600										0

																		53400										0

																		56300										0.0216597438		2.1939180467

		0.658175414																		32660								0.0270746797		2.7423975584

		0.8227192675																		41850								0.0324896157		3.2908770701

		0.987263121																		46550								0.0379045516		3.8393565818

		1.1518069745																		51500								0.0433194876		4.3878360934

		1.316350828																		55000								0.0487344235		4.9363156051

		1.4808946815																		60000								0.0398047148		1.5024500754

		0.6911270347																				87000						0.046438834		1.7528584213

		0.8063148738																				87200						0.0563900127		2.1284709401

		0.9790966325																				95300						0.0630241318		2.378879286

		1.0942844716																				101000						0.0729753105		2.7544918049

		1.2670662302																				117000						0.0216597438		3.8716200824

		0.658175414																						43160				0.0238257182		4.2587820907

		0.7239929554																						54800				0.0270746797		4.8395251031

		0.8227192675																						59900				0.0297821477		5.3234776134

		0.9049911943																						64800				0.0324896157		5.8074301237

		0.987263121																						67520				0.0379045516		6.7753351443

		1.1518069745																						74200				0.0433194876		7.7432401649

		1.316350828																						81600				0.0487344235		8.7111451855

		1.4808946815																						87500				0.0497558935		5.0818164315

		0.8639087933																								47300		0.0563900127		5.7593919556

		0.9790966325																								58900		0.0663411914		6.7757552419

		1.1518783911																								65500		0.0746338403		7.6227246472

		1.29586319																								70120		0.0829264892		8.4696940524

		1.4398479889																								79300





Figure 4 com s,tp,254, 192 (2)
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Figure 4a com sing,254, 192 

		

		flow		S-sph-0.025		S-sph-0.019		S-cyl-0.025		S-cyl-0.019		TP-sph-0.025		TP-sph-0.019		TP-cyl-0.025		TP-cyl-0.019		TP-sph-0.025		TP-sph-0.019		TP-cyl-0.025		TP-cyl-0.019

		0.329087707		9260																								0.0108298719

		0.658175414		32660																								0.0216597438

		0.987263121		66000																								0.0324896157

		1.1518069745		98000																								0.0379045516

		0.2879695978				17720																						0.0165852978

		0.5759391956				56820																						0.0331705957

		0.6911270347				87000																						0.0398047148

		0.1645438535						2970																				0.0054149359

		0.329087707						12160																				0.0108298719

		0.658175414						43160																				0.0216597438

		0.987263121						91270																				0.0324896157

		0.2879695978								4930																		0.0165852978

		0.5759391956								21500																		0.0331705957

		0.8639087933								47300																		0.0497558935

		1.1518783911								86400																		0.0663411914

		1.5459052484										68000																0.0508738413

		1.6446315605										72000																0.0541228029

		1.809175414										80000																0.0595377389

		1.9737192675										86000																0.0649526748

		2.138263121										90000																0.0703676107

		0.987263121										94000																0.0324896157

		1.1518069745																										0.0379045516

		0.5759391956												56820														0.0331705957

		0.6911270347												70000														0.0398047148

		0.8639087933												82000														0.0497558935

		0.9790966325												94000														0.0563900127

		1.1518783911												100200														0.0663411914

		1.4398479889																										0.0829264892

		0.329087707														12160												0.0108298719

		0.3949052484														15450												0.0129958463

		0.4936315605														19490												0.0162448078

		0.5759034873														21320												0.0189522758

		0.658175414														24460												0.0216597438

		0.8227192675														29510												0.0270746797

		0.987263121														34200												0.0324896157

		1.1518069745														37700												0.0379045516

		0.5759391956																21500										0.0331705957

		0.6911270347																26400										0.0398047148

		0.8639087933																31200										0.0497558935

		1.0078935922																34890										0.0580485425

		1.1518783911																40100										0.0663411914

		1.4398479889																50600										0.0829264892

																		53400										0

																		56300										0

		0.658175414																		32660								0.0216597438

		0.8227192675																		41850								0.0270746797

		0.987263121																		46550								0.0324896157

		1.1518069745																		51500								0.0379045516

		1.316350828																		55000								0.0433194876

		1.4808946815																		60000								0.0487344235

		0.6911270347																				87000						0.0398047148

		0.8063148738																				87200						0.046438834

		0.9790966325																				95300						0.0563900127

		1.0942844716																				99000						0.0630241318

		1.2670662302																				117000						0.0729753105

		0.658175414																						43160				0.0216597438

		0.7239929554																						54800				0.0238257182

		0.8227192675																						59900				0.0270746797

		0.9049911943																						64800				0.0297821477

		0.987263121																						67520				0.0324896157

		1.1518069745																						74200				0.0379045516

		1.316350828																						81600				0.0433194876

		1.4808946815																						87500				0.0487344235

		0.8639087933																								47300		0.0497558935

		0.9790966325																								58900		0.0563900127

		1.1518783911																								65500		0.0663411914

		1.29586319																								70120		0.0746338403

		1.4398479889																								79300		0.0829264892

																										79.3		0

																										93.4		0

																										99		0





Figure 4 com s,tp,254, 192

		

		flow		S-sph-0.025		S-sph-0.019		S-cyl-0.025		S-cyl-0.019		TP-sph-0.025		TP-sph-0.019		TP-cyl-0.025		TP-cyl-0.019		TP-sph-0.025		TP-sph-0.019		TP-cyl-0.025		TP-cyl-0.019

		0.329087707		9260																								0.0108298719		1.0969590234

		0.658175414		32660																								0.0216597438		2.1939180467

		0.987263121		66000																								0.0324896157		3.2908770701

		1.1518069745		98000																								0.0379045516		3.8393565818

		0.2879695978				17720																						0.0165852978		0.6260208647

		0.5759391956				56820																						0.0331705957		1.2520417295

		0.6911270347				87000																						0.0398047148		1.5024500754

		0.1645438535						2970																				0.0054149359		0.9679050206

		0.329087707						12160																				0.0108298719		1.9358100412

		0.658175414						43160																				0.0216597438		3.8716200824

		0.987263121						91270																				0.0324896157		5.8074301237

		0.2879695978								4930																		0.0165852978		0.9598986593

		0.5759391956								21500																		0.0331705957		1.9197973185

		0.8639087933								47300																		0.0497558935		2.8796959778

		1.1518783911								86400																		0.0663411914		3.8395946371

		0.987										68000																0.0324809567		3.29

		1.051										72000																0.034587118		3.5033333333				1.708

		1.151										80000																0.0378779951		3.8366666667				1.808

		1.315										86000																0.0432750335		4.3833333333				1.972

		1.48										90000																0.0487049806		4.9333333333				2.137

		1.644										94000																0.054102019		5.48				2.301

		1.1518069745																										0.0379045516		3.8393565818

		0.5759391956												56820														0.0331705957		1.2520417295

		0.6911270347												70000														0.0398047148		1.5024500754

		0.8639087933												82000														0.0497558935		1.8780625942

		0.9790966325												94000														0.0563900127		2.1284709401

		1.1518783911												100200														0.0663411914		2.504083459

		1.4398479889																										0.0829264892		4.7994932964

		0.329087707														12160												0.0108298719		1.9358100412

		0.3949052484														15450												0.0129958463		2.3229720495

		0.4936315605														19490												0.0162448078		2.9037150618

		0.5759034873														21320												0.0189522758		3.3876675721

		0.658175414														24460												0.0216597438		3.8716200824

		0.8227192675														29510												0.0270746797		4.8395251031

		0.987263121														34200												0.0324896157		5.8074301237

		1.1518069745														37700												0.0379045516		6.7753351443

		0.5759391956																21500										0.0331705957		3.387877621

		0.6911270347																26400										0.0398047148		4.0654531452

		0.8639087933																31200										0.0497558935		5.0818164315

		1.0078935922																34890										0.0580485425		5.9287858367

		1.1518783911																40100										0.0663411914		6.7757552419

		1.4398479889																50600										0.0829264892		8.4696940524

																		53400										0

																		56300										0

		0.658175414																		32660								0.0216597438		2.1939180467

		0.8227192675																		41850								0.0270746797		2.7423975584

		0.987263121																		46550								0.0324896157		3.2908770701

		1.1518069745																		51500								0.0379045516		3.8393565818

		1.316350828																		55000								0.0433194876		4.3878360934

		1.4808946815																		60000								0.0487344235		4.9363156051

		0.6911270347																				87000						0.0398047148		1.5024500754

		0.8063148738																				87200						0.046438834		1.7528584213

		0.9790966325																				95300						0.0563900127		2.1284709401

		1.0942844716																				99000						0.0630241318		2.378879286

		1.2670662302																				117000						0.0729753105		2.7544918049

		0.658175414																						43160				0.0216597438		3.8716200824

		0.7239929554																						54800				0.0238257182		4.2587820907

		0.8227192675																						59900				0.0270746797		4.8395251031

		0.9049911943																						64800				0.0297821477		5.3234776134

		0.987263121																						67520				0.0324896157		5.8074301237

		1.1518069745																						74200				0.0379045516		6.7753351443

		1.316350828																						81600				0.0433194876		7.7432401649

		1.4808946815																						87500				0.0487344235		8.7111451855

		0.8639087933																								47300		0.0497558935		5.0818164315

		0.9790966325																								58900		0.0563900127		5.7593919556

		1.1518783911																								65500		0.0663411914		6.7757552419

		1.29586319																								70120		0.0746338403		7.6227246472

		1.4398479889																								79300		0.0829264892		8.4696940524





Figure 4 com s,tp,254, 192
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Comp cynid with sph sin and two

		GRAPH OF FLOW RATE VS PRESSURE DROP IN 1" PIPE SINGLE AND TWO-PHASE FLOW IN CYLINDRICAL POROUS MEDIA

		SINGLE PHASE						MULTIPHASE CYLINDRICAL POROUS MATERIAL										MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		5		2.97				5		2		4.11		28.571		7		10		2		15.45		16.67		12

		10		12.16				5		5		5.87		50.000		10		10		5		19.49		33.33		15

		20		43.16				5		7.5		7.02		60.000		12.5		10		7.5		21.32		42.86		17.5

		30		91.27				5		10		9.02		66.667		15		10		10		24.46		50.00		20

								5		15		11.93		75.000		20		10		15		29.51		60.00		25

								5		20		14.02		80.000		25		10		20		34.2		66.67		30

								5		25		15.68		83.333		30		10		25		37.7		71.43		35

		MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				MULTIPHASE CYLINDRICAL POROUS MATERIAL

		20		2		54.8		9.091		22		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		20		5		59.9		20.000		25		30		2		108.5		6.25		32

		20		7.5		64.8		27.273		27.5		30		5		116.5		14.29		35

		20		10		67.52		33.333		30		30		7.5		118.2		20.00		37.5

		20		15		74.2		42.857		35		30		10		120.3		25.00		40

		20		20		81.6		50.000		40

		20		25		87.5		55.556		45

		GRAPH OF FLOW RATE VS PRESSURE DROP IN (0.75)" PIPE SINGLE AND TWO-PHASE FLOW IN CYLINDRICAL POROUS MEDIA

		SINGLE PHASE						MULTIPHASE CYLINDRICAL POROUS MATERIAL										MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		5		4.93				5		2		5.84		28.571		7		10		2		26.4		16.667		12

		10		21.5				5		5		7.3		50.000		10		10		5		31.2		33.333		15

		15		47.3				5		7.5		10.4		60.000		12.5		10		7.5		34.89		42.857		17.5

		20		86.4				5		10		14.2		66.667		15		10		10		40.1		50.000		20

								5		15		17.9		75.000		20		10		15		50.6		60.000		25

								5		20		21.2		80.000		25		10		20		53.4		66.667		30

								5		25		23.2		83.333		30		10		25		56.3		71.429		35

		MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		15		2		58.9		11.765		17

		15		5		65.5		25.000		20

		15		7.5		70.12		33.333		22.5

		15		10		79.3		40.000		25

		15		15		79.3		50.000		30

		15		20		93.4		57.143		35

		15		25		99		62.500		40

								cylindrical		cylindrical		cylindrical		cylindrical		cylindrical		spherical		spherical		spherical		spherical		spherical

		flow rate		delta p		vel (m/s)		single		5 litee		10 litre		20/15 litre		30 litre		single		5 litee		10 litre		20/15 litre		30 litre

		5		2.97		0.9679050206		2.97

		10		12.16		1.9358100412		12.16

		20		43.16		3.8716200824		43.16

		30		91.27		5.8074301237		91.27

		7		4.11		1.3550670289				4.11

		10		5.87		1.9358100412				5.87

		12.5		7.02		2.4197625515				7.02

		15		9.02		2.9037150618				9.02

		20		11.93		3.8716200824				11.93

		25		14.02		4.8395251031				14.02

		30		15.68		5.8074301237				15.68

		12		15.45		2.3229720495						15.45

		15		19.49		2.9037150618						19.49

		17.5		21.32		3.3876675721						21.32

		20		24.46		3.8716200824						24.46

		25		29.51		4.8395251031						29.51

		30		34.2		5.8074301237						34.2

		35		37.7		6.7753351443						37.7

		22		54.8		4.2587820907								54.8

		25		59.9		4.8395251031								59.9

		27.5		64.8		5.3234776134								64.8

		30		67.52		5.8074301237								67.52

		35		74.2		6.7753351443								74.2

		40		81.6		7.7432401649								81.6

		45		87.5		8.7111451855								87.5

		32		108.5		6.1945921319										108.5

		35		116.5		6.7753351443										116.5

		37.5		118.2		7.2592876546										118.2

		40		120.3		7.7432401649										120.3

		5		4.93		0.9679050206		4.93

		10		21.5		1.9358100412		21.5

		15		47.3		2.9037150618		47.3

		20		86.4		3.8716200824		86.4

		7		5.84		1.3550670289				5.84

		10		7.3		1.9358100412				7.3

		12.5		10.4		2.4197625515				10.4

		15		14.2		2.9037150618				14.2

		20		17.9		3.8716200824				17.9

		25		21.2		4.8395251031				21.2

		30		23.2		5.8074301237				23.2

		12		26.4		2.3229720495						26.4

		15		31.2		2.9037150618						31.2

		17.5		34.89		3.3876675721						34.89

		20		40.1		3.8716200824						40.1

		25		50.6		4.8395251031						50.6

		30		53.4		5.8074301237						53.4

		35		56.3		6.7753351443						56.3

		17		11.7647058824		3.2908770701								11.7647058824

		20		25		3.8716200824								25

		22.5		33.3333333333		4.3555725927								33.3333333333

		25		40		4.8395251031								40

		30		50		5.8074301237								50

		35		57.1428571429		6.7753351443								57.1428571429

		40		62.5		7.7432401649								62.5

		10		9.26		1.0969590234												9.26

		20		32.66		2.1939180467												32.66

		30		66		3.2908770701												66

		35		98		3.8393565818												98

		12		9.2		1.316350828														9.2

		15		13.2		1.645438535														13.2

		20		16.9		2.1939180467														16.9

		25		19		2.7423975584														19

		30		21.75		3.2908770701														21.75

		35		21		3.8393565818														21

		25		41.85		2.7423975584																41.85

		30		46.55		3.2908770701																46.55

		35		51.5		3.8393565818																51.5

		40		55		4.3878360934																55

		45		60		4.9363156051																60

		32		68		3.5102688747																		68

		35		72		3.8393565818																		72

		40		80		4.3878360934																		80

		45		86		4.9363156051																		86

		50		90		5.4847951168																		90

		55		94		6.0332746285																		94

		5		17.72		0.6260208647												17.72

		10		56.82		1.2520417295												56.82

		12		87		1.5024500754												87

		7		15.96		0.8764292106														15.96

		10		24		1.2520417295														24

		12		26.4		1.5024500754														26.4

		15		32		1.8780625942														32

		20		40		2.504083459														40

		25		43		3.1301043237														43

		30		52		3.7561251885														52

		12		70		1.5024500754																70

		15		82		1.8780625942																82

		17		94		2.1284709401																94

		20		100.2		2.504083459																100.2

		25		122		3.1301043237																122

		14		87.2		1.7528584213																		87.2

		17		95.3		2.1284709401																		95.3

		19		99		2.378879286																		99

		22		117		2.7544918049																		117

		the effect of pipe diameter on single phase pressure drop

		flow rate		delta p		vel (m/s)		single,cylidrical (0.025 mm)		single,cylidrical (0.0192 mm)		single,spherical (0.0254 mm)		single,spherical (0.0192 mm)

		5		2.97		0.1645438535		2.97

		10		12.16		0.329087707		12.16

		20		43.16		0.658175414		43.16

		30		91.27		0.987263121		91.27

		5		4.93		0.1645438535				4.93

		10		21.5		0.329087707				21.5

		15		47.3		0.4936315605				47.3

		20		86.4		0.658175414				86.4

		10		9.26		0.329087707						9.26

		20		32.66		0.658175414						32.66

		30		66		0.987263121						66

		35		98		1.1518069745						98

		5		17.72		0.2879695978								17.72

		10		56.82		0.5759391956								56.82

		12		87		0.6911270347								87

		the effect of pipe diameter on two-phase pressure drop (10l/min)

		flow rate		delta p		vel (m/s)		TP,cylidrical (0.025 mm)		TP,cylidrical (0.0192 mm)		TP,spherical (0.0254 mm)		TP,spherical (0.0192 mm)		single,cylidrical (0.025 mm)		single,cylidrical (0.0192 mm)		single,spherical (0.0254 mm)		single,spherical (0.0192 mm)

		12		15.45		0.3949052484		15.45

		15		19.49		0.4936315605		19.49

		17.5		21.32		0.5759034873		21.32

		20		24.46		0.658175414		24.46

		25		29.51		0.8227192675		29.51

		30		34.2		0.987263121		34.2

		35		37.7		1.1518069745		37.7

		12		26.4		0.3949052484				26.4

		15		31.2		0.4936315605				31.2

		17.5		34.89		0.5759034873				34.89

		20		40.1		0.658175414				40.1

		25		50.6		0.8227192675				50.6

		30		53.4		0.987263121				53.4

		35		56.3		1.1518069745				56.3

		12		9.2		0.3949052484						9.2

		15		13.2		0.4936315605						13.2

		20		16.9		0.658175414						16.9

		25		19		0.8227192675						19

		30		21.75		0.987263121						21.75

		35		21		1.1518069745						21

		12		70		0.6911270347								70

		15		82		0.8639087933								82

		17		94		0.9790966325								94

		20		100.2		1.1518783911								100.2

		25		122		1.4398479889								122
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		the effect of pipe diameter on two-phase pressure drop (10l/min)

		flow rate		delta p		vel (m/s)		TP,cylidrical (0.025 mm)		TP,cylidrical (0.0192 mm)		TP,spherical (0.0254 mm)		TP,spherical (0.0192 mm)		single,cylidrical (0.025 mm)		single,cylidrical (0.0192 mm)		single,spherical (0.0254 mm)		single,spherical (0.0192 mm)

						0.164		2.97

		12		15.45		0.3949052484		15.45

		15		19.49		0.4936315605		19.49

		17.5		21.32		0.5759034873		21.32

		20		24.46		0.658175414		24.46

		25		29.51		0.8227192675		29.51

		30		34.2		0.987263121		34.2

		35		37.7		1.1518069745		37.7

						0.164				4.93

		12		26.4		0.3949052484				26.4

		15		31.2		0.4936315605				31.2

		17.5		34.89		0.5759034873				34.89

		20		40.1		0.658175414				40.1

		25		50.6		0.8227192675				50.6

		30		53.4		0.987263121				53.4

		35		56.3		1.1518069745				56.3

						0.329087707						9.26

		12		9.2		0.3949052484						9.2

		15		13.2		0.4936315605						13.2

		20		16.9		0.658175414						16.9

		25		19		0.8227192675						19

		30		21.75		0.987263121						21.75

		35		21		1.1518069745						21

						0.2879695978								17.2

		12		70		0.6911270347								70

		15		82		0.8639087933								82

		17		94		0.9790966325								94

		20		100.2		1.1518783911								100.2

		25		122		1.4398479889								122

						0.1645438535										2.97
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						0.5759391956																56.82
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Comp cynid with sph sin and two

		5		2		2		2		2

		10		5		5		5		5

		20		7.5		7.5		7.5		7.5

		30		10		10		10		10

				15		15		15

				20		20		20

				25		37.7



30 l/min

20  l/min

Single phase

10 l/min

5 l/min

Single phase

multiphase 5 l/min

multiphase 10 l/min

multiphase 20 l/min

30 l/min

Flow Rate (l/min)

Pressure difference (kpa)

Pressure Difference VS Flow Rate in 1" pipe within cylindrical Porous Media

2.97

4.11

15.45

54.8

108.5

12.16

5.87

19.49

59.9

116.5

43.16

7.02

21.32

64.8

118.2

91.27

9.02

24.46

67.52

120.3

11.93

29.51

74.2

14.02

34.2

81.6

15.68



Spherical media-faik  (2)

		5		2		2		2

		10		5		5		5

		15		7.5		7.5		7.5

		20		10		10		10

				15		15		15

				20		20		20

				25		25		25



15 l/min

Single Phase

10 l/min

5 l/min

Single phase

multiphase 5L/min

multiphase 10 L/min

multiphase 15 L/min

Flow Rate (L/min)

Pressure Difference (Kpa)

Pressure difference VS flow rate 0.75" pipe in cylindrical porous media

4.93

5.84

26.4

58.9

21.5

7.3

31.2

65.5

47.3

10.4

34.89

70.12

86.4

14.2

40.1

79.3

17.9

50.6

79.3

21.2

53.4

93.4

23.2

56.3

99



Cylindrical media- faik (2)

		



single,cylidrical (0.025 mm)

single,cylidrical (0.0192 mm)

single,spherical (0.0254 mm)

single,spherical (0.0192 mm)



Cylindrical media

		



TP,cylidrical (0.025 mm)

TP,cylidrical (0.0192 mm)

TP,spherical (0.0254 mm)

TP,spherical (0.0192 mm)



Spherical media 

		



TP,cylidrical (0.025 mm)

TP,cylidrical (0.0192 mm)

TP,spherical (0.0254 mm)

TP,spherical (0.0192 mm)

single,cylidrical (0.025 mm)

single,cylidrical (0.0192 mm)

single,spherical (0.0254 mm)

single,spherical (0.0192 mm)



Sheet1

		



TP,cylidrical (0.025 mm)

TP,cylidrical (0.0192 mm)

TP,spherical (0.0254 mm)

TP,spherical (0.0192 mm)

single,cylidrical (0.025 mm)

single,cylidrical (0.0192 mm)

single,spherical (0.0254 mm)

single,spherical (0.0192 mm)



		GRAPH OF FLOW RATE VS PRESSURE DROP IN (1)" PIPE SINGLE AND MULTIPHASE FLOW IN SPHERICAL GLASS POROUS MEDIA

		SINGLE PHASE						MULTIPHASE SPHERICAL GLAS POROUS MATERIAL										MULTIPHASE SPHERICAL GLAS POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		10		9.26				10		2		9.2		16.67		12		20		5		41.85		20.00		25

		20		32.66				10		5		13.2		33.33		15		20		10		46.55		33.33		30

		30		66				10		10		16.9		50.00		20		20		15		51.5		42.86		35

		35		98				10		15		19		60.00		25		20		20		55		50.00		40

								10		20		21.75		66.67		30		20		25		60		55.56		45

								10		25		21		71.43		35

		MULTIPHASE SPHERICAL GLAS POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		30		2		68		6.25		32

		30		5		72		14.29		35

		30		10		80		25.00		40

		30		15		86		33.33		45

		30		20		90		40.00		50

		30		25		94		45.45		55

		GRAPH OF FLOW RATE VS PRESSURE DROP IN (0.75)" PIPE SINGLE AND MULTIPHASE FLOW WITHIN SPHERICAL GLASS POROUS MEDIA

		SINGLE PHASE						MULTIPHASE SPHERICAL GLAS POROUS MATERIAL										MULTIPHASE SPHERICAL GLAS POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		5		17.72				5		2		15.96		28.57		7		12		2		87.2		14.29		14

		10		56.82				5		5		24		50.00		10		12		5		95.3		29.41		17

		12		87				5		7		26.4		58.33		12		12		7		99		36.84		19

								5		10		32		66.67		15		12		10		117		45.45		22

								5		15		40		75.00		20

								5		20		43		80.00		25

								5		25		52		83.33		30

		MULTIPHASE SPHERICAL GLAS POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		10		2		70		16.67		12

		10		5		82		33.33		15

		10		7		94		41.18		17

		10		10		100.2		50.00		20

		10		15		122		60.00		25

		flow rateA56:N59		delta p		vel (m/s)		single		10 litre (1"))		20 liture		30 litre		10/12 (0.75")

		10		9.26		1.0969590234		9.26

		20		32.66		2.1939180467		32.66

		30		66		3.2908770701		66

		35		98		3.8393565818		98

		12		9.2		1.316350828				9.2

		15		13.2		1.645438535				13.2

		20		16.9		2.1939180467				16.9

		25		19		2.7423975584				19

		30		21.75		3.2908770701				21.75

		35		21		3.8393565818				21

		25		41.85		2.7423975584						41.85

		30		46.55		3.2908770701						46.55

		35		51.5		3.8393565818						51.5

		40		55		4.3878360934						55

		45		60		4.9363156051						60

		32		68		3.5102688747								68

		35		72		3.8393565818								72

		40		80		4.3878360934								80

		45		86		4.9363156051								86

		50		90		5.4847951168								90

		55		94		6.0332746285								94

		5		17.72		0.6260208647		17.72

		10		56.82		1.2520417295		56.82

		12		87		1.5024500754		87

		7		15.96		0.8764292106		15.96

		10		24		1.2520417295		24

		12		26.4		1.5024500754		26.4

		15		32		1.8780625942		32

		20		40		2.504083459		40

		25		43		3.1301043237		43

		30		52		3.7561251885		52

		14		87.2		1.7528584213										87.2

		17		95.3		2.1284709401										95.3

		19		99		2.378879286										99

		22		117		2.7544918049										117

		12		70		1.5024500754										70

		15		82		1.8780625942										82

		17		94		2.1284709401										94

		20		100.2		2.504083459										100.2

		25		122		3.1301043237										122





		10		2		5		2

		20		5		10		5

		30		10		15		10

		35		15		20		15

				20		25		20

				25				25



30 l/min

Single phase

20 l/min

10 l/min

Single phase

multiphase 10 l/min

multiphase 20 l/min

multiphase 30 l/min

Flow Rate (l/min)

Pressure Difference (kpa)

FLOW RATE VS PRESSURE DIFFERENCE  IN 1" PIPE SPHERICAL POROUS MEDIA

9.26

9.2

41.85

68

32.66

13.2

46.55

72

66

16.9

51.5

80

98

19

55

86

21.75

60

90

21

94



		5		2		2		2

		10		5		5		5

		12		7		7		7

				10		10		10

				15		15

				20

				25



single phase

multiphase 5 l/min

multiphase 10 l/min

multiphase 12 l/min

FLOW RATE (L/MIN)

PRESSURE DIFFERENCE (KPA)

FLOWRATE VS PRESSURE DIFFERENCE IN (0.75)" PIPE WITHIN SPHERICAL POROUS MEDIA

17.72

15.96

70

87.2

56.82

24

82

95.3

87

26.4

94

99

32

100.2

117

40

122

43

52



		



single

10 litre (1"))

20 liture

30 litre

10/12 (0.75")



		GRAPH OF FLOW RATE VS PRESSURE DROP IN 1" PIPE SINGLE AND TWO-PHASE FLOW IN CYLINDRICAL POROUS MEDIA

		SINGLE PHASE						MULTIPHASE CYLINDRICAL POROUS MATERIAL										MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		5		2.97				5		2		4.11		28.571		7		10		2		15.45		16.67		12

		10		12.16				5		5		5.87		50.000		10		10		5		19.49		33.33		15

		20		43.16				5		7.5		7.02		60.000		12.5		10		7.5		21.32		42.86		17.5

		30		91.27				5		10		9.02		66.667		15		10		10		24.46		50.00		20

								5		15		11.93		75.000		20		10		15		29.51		60.00		25

								5		20		14.02		80.000		25		10		20		34.2		66.67		30

								5		25		15.68		83.333		30		10		25		37.7		71.43		35

		MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				MULTIPHASE CYLINDRICAL POROUS MATERIAL

		20		2		54.8		9.091		22		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		20		5		59.9		20.000		25		30		2		108.5		6.25		32

		20		7.5		64.8		27.273		27.5		30		5		116.5		14.29		35

		20		10		67.52		33.333		30		30		7.5		118.2		20.00		37.5

		20		15		74.2		42.857		35		30		10		120.3		25.00		40

		20		20		81.6		50.000		40

		20		25		87.5		55.556		45

		GRAPH OF FLOW RATE VS PRESSURE DROP IN (0.75)" PIPE SINGLE AND TWO-PHASE FLOW IN CYLINDRICAL POROUS MEDIA

		SINGLE PHASE						MULTIPHASE CYLINDRICAL POROUS MATERIAL										MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		5		4.93				5		2		5.84		28.571		7		10		2		26.4		16.667		12

		10		21.5				5		5		7.3		50.000		10		10		5		31.2		33.333		15

		15		47.3				5		7.5		10.4		60.000		12.5		10		7.5		34.89		42.857		17.5

		20		86.4				5		10		14.2		66.667		15		10		10		40.1		50.000		20

								5		15		17.9		75.000		20		10		15		50.6		60.000		25

								5		20		21.2		80.000		25		10		20		53.4		66.667		30

								5		25		23.2		83.333		30		10		25		56.3		71.429		35

		MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		15		2		58.9		11.765		17

		15		5		65.5		25.000		20

		15		7.5		70.12		33.333		22.5

		15		10		79.3		40.000		25

		15		15		79.3		50.000		30

		15		20		93.4		57.143		35

		15		25		99		62.500		40

		flow rate		delta p		vel (m/s)		single		5 litee		10 litre		20/15 litre		30 litre

		5		2.97		0.9679050206		2.97

		10		12.16		1.9358100412		12.16

		20		43.16		3.8716200824		43.16

		30		91.27		5.8074301237		91.27

		7		4.11		1.3550670289				4.11

		10		5.87		1.9358100412				5.87

		12.5		7.02		2.4197625515				7.02

		15		9.02		2.9037150618				9.02

		20		11.93		3.8716200824				11.93

		25		14.02		4.8395251031				14.02

		30		15.68		5.8074301237				15.68

		12		15.45		2.3229720495						15.45

		15		19.49		2.9037150618						19.49

		17.5		21.32		3.3876675721						21.32

		20		24.46		3.8716200824						24.46

		25		29.51		4.8395251031						29.51

		30		34.2		5.8074301237						34.2

		35		37.7		6.7753351443						37.7

		22		54.8		4.2587820907								54.8

		25		59.9		4.8395251031								59.9

		27.5		64.8		5.3234776134								64.8

		30		67.52		5.8074301237								67.52

		35		74.2		6.7753351443								74.2

		40		81.6		7.7432401649								81.6

		45		87.5		8.7111451855								87.5

		32		108.5		6.1945921319										108.5

		35		116.5		6.7753351443										116.5

		37.5		118.2		7.2592876546										118.2

		40		120.3		7.7432401649										120.3

		5		4.93		0.9679050206		4.93

		10		21.5		1.9358100412		21.5

		15		47.3		2.9037150618		47.3

		20		86.4		3.8716200824		86.4

		7		5.84		1.3550670289				5.84

		10		7.3		1.9358100412				7.3

		12.5		10.4		2.4197625515				10.4

		15		14.2		2.9037150618				14.2

		20		17.9		3.8716200824				17.9

		25		21.2		4.8395251031				21.2

		30		23.2		5.8074301237				23.2

		12		26.4		2.3229720495						26.4

		15		31.2		2.9037150618						31.2

		17.5		34.89		3.3876675721						34.89

		20		40.1		3.8716200824						40.1

		25		50.6		4.8395251031						50.6

		30		53.4		5.8074301237						53.4

		35		56.3		6.7753351443						56.3

		17		11.7647058824		3.2908770701								11.7647058824

		20		25		3.8716200824								25

		22.5		33.3333333333		4.3555725927								33.3333333333

		25		40		4.8395251031								40

		30		50		5.8074301237								50

		35		57.1428571429		6.7753351443								57.1428571429

		40		62.5		7.7432401649								62.5
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		10		5		5		5		5

		20		7.5		7.5		7.5		7.5

		30		10		10		10		10

				15		15		15

				20		20		20

				25		37.7



30 l/min

20  l/min

Single phase

10 l/min

5 l/min

Single phase

multiphase 5 l/min

multiphase 10 l/min

multiphase 20 l/min

30 l/min

Flow Rate (l/min)

Pressure difference (kpa)

Pressure Difference VS Flow Rate in 1" pipe within cylindrical Porous Media

2.97

4.11

15.45

54.8

108.5

12.16

5.87

19.49

59.9

116.5

43.16

7.02

21.32

64.8

118.2

91.27

9.02

24.46

67.52

120.3

11.93

29.51

74.2

14.02

34.2

81.6

15.68



		5		2		2		2

		10		5		5		5
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		20		10		10		10
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15 l/min
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10 l/min

5 l/min

Single phase

multiphase 5L/min

multiphase 10 L/min

multiphase 15 L/min

Flow Rate (L/min)

Pressure Difference (Kpa)

Pressure difference VS flow rate 0.75" pipe in cylindrical porous media

4.93

5.84

26.4

58.9

21.5

7.3

31.2

65.5

47.3

10.4

34.89

70.12
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14.2

40.1
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		GRAPH OF FLOW RATE VS PRESSURE DROP IN 1" PIPE SINGLE AND TWO-PHASE FLOW IN CYLINDRICAL POROUS MEDIA

		SINGLE PHASE						MULTIPHASE CYLINDRICAL POROUS MATERIAL										MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		5		2.97				5		2		4.11		28.571				10		2		15.45		16.67		12

		10		12.16				5		5		5.87		50.000				10		5		19.49		33.33		15

		20		43.16				5		7.5		7.02		60.000				10		7.5		21.32		42.86		17.5

		30		91.27				5		10		9.02		66.667				10		10		24.46		50.00		20

								5		15		11.93		75.000				10		15		29.51		60.00		25

								5		20		14.02		80.000				10		20		34.2		66.67		30

								5		25		15.68		83.333				10		25		37.7		71.43		35

		MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				MULTIPHASE CYLINDRICAL POROUS MATERIAL

		20		2		54.8		9.091		22		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		20		5		59.9		20.000		25		30		2		108.5		6.25		32		108.5

		20		7.5		64.8		27.273		27.5		30		5		116.5		14.29		35		116.5

		20		10		67.52		33.333		30		30		7.5		118.2		20.00		37.5		118.2

		20		15		74.2		42.857		35		30		10		120.3		25.00		40		120.3

		20		20		81.6		50.000		40

		20		25		87.5		55.556		45

		GRAPH OF FLOW RATE VS PRESSURE DROP IN (0.75)" PIPE SINGLE AND TWO-PHASE FLOW IN CYLINDRICAL POROUS MEDIA

		SINGLE PHASE						MULTIPHASE CYLINDRICAL POROUS MATERIAL										MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		5		4.93				5		2		5.84		28.571				10		2		26.4		16.667		12

		10		21.5				5		5		7.3		50.000				10		5		31.2		33.333		15

		15		47.3				5		7.5		10.4		60.000				10		7.5		34.89		42.857		17.5

		20		86.4				5		10		14.2		66.667				10		10		40.1		50.000		20

								5		15		17.9		75.000				10		15		50.6		60.000		25

								5		20		21.2		80.000				10		20		53.4		66.667		30

								5		25		23.2		83.333				10		25		56.3		71.429		35

		MULTIPHASE CYLINDRICAL POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		15		2		58.9		11.765		17

		15		5		65.5		25.000		20

		15		7.5		70.12		33.333		22.5

		15		10		79.3		40.000		25

		15		15		79.3		50.000		30

		15		20		93.4		57.143		35

		15		25		99		62.500		40
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20  l/min

Single phase

10 l/min

5 l/min

Single phase

multiphase 5 l/min

multiphase 10 l/min
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30 l/min

Flow Rate (l/min)

Pressure difference (kpa)

Pressure Difference VS Flow Rate in 1" pipe within cylindrical Porous Media

2.97

4.11

15.45

54.8

108.5

12.16

5.87

19.49

59.9

116.5

43.16

7.02

21.32
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118.2

91.27

9.02

24.46

67.52

120.3

11.93

29.51

74.2

14.02

34.2

81.6

15.68
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5 l/min

Single phase

multiphase 5L/min

multiphase 10 L/min

multiphase 15 L/min

Flow Rate (L/min)

Pressure Difference (Kpa)

Pressure difference VS flow rate 0.75" pipe in cylindrical porous media

4.93

5.84

26.4

58.9

21.5

7.3

31.2

65.5

47.3

10.4

34.89
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14.2
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		GRAPH OF FLOW RATE VS PRESSURE DROP IN (1)" PIPE SINGLE AND MULTIPHASE FLOW IN SPHERICAL GLASS POROUS MEDIA

		SINGLE PHASE						MULTIPHASE SPHERICAL GLAS POROUS MATERIAL										MULTIPHASE SPHERICAL GLAS POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		10		9.26				10		2		9.2		16.67		12		20		5		41.85		20.00		25

		20		32.66				10		5		13.2		33.33		15		20		10		46.55		33.33		30

		30		66				10		10		16.9		50.00		20		20		15		51.5		42.86		35

		35		98				10		15		19		60.00		25		20		20		55		50.00		40

								10		20		21.75		66.67		30		20		25		60		55.56		45

								10		25		21		71.43		35

																0

		MULTIPHASE SPHERICAL GLAS POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		30		2		68		6.25

		30		5		72		14.29

		30		10		80		25.00

		30		15		86		33.33

		30		20		90		40.00

		30		25		94		45.45

		GRAPH OF FLOW RATE VS PRESSURE DROP IN (0.75)" PIPE SINGLE AND MULTIPHASE FLOW WITHIN SPHERICAL GLASS POROUS MEDIA

		SINGLE PHASE						MULTIPHASE SPHERICAL GLAS POROUS MATERIAL										MULTIPHASE SPHERICAL GLAS POROUS MATERIAL

		WATER FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)				WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		5		17.72				5		2		15.96		28.57				12		2		87.2		14.29		14

		10		56.82				5		5		24		50.00				12		5		95.3		29.41		17

		12		87				5		7		26.4		58.33				12		7		99		36.84		19

								5		10		32		66.67				12		10		117		45.45		22

								5		15		40		75.00

								5		20		43		80.00

								5		25		52		83.33

		MULTIPHASE SPHERICAL GLAS POROUS MATERIAL

		WATER FLOW RATE(L/MIN )		AIR FLOW RATE (L/MIN)		PRESSURE DIFFERENCE (KPA)		RATIO (%)

		10		2		70		16.67		12

		10		5		82		33.33		15

		10		7		94		41.18		17

		10		10		100.2		50.00		20

		10		15		122		60.00		25





		10		2		5		2

		20		5		10		5

		30		10		15		10

		35		15		20		15

				20		25		20
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30 l/min

Single phase

20 l/min

10 l/min

Single phase

multiphase 10 l/min

multiphase 20 l/min

multiphase 30 l/min

Flow Rate (l/min)

Pressure Difference (kpa)

FLOW RATE VS PRESSURE DIFFERENCE  IN 1" PIPE SPHERICAL POROUS MEDIA

9.26

9.2

41.85

68

32.66

13.2

46.55
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16.9
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80

98
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55
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21
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		12		7		7		7
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single phase

multiphase 5 l/min

multiphase 10 l/min

multiphase 12 l/min

FLOW RATE (L/MIN)

PRESSURE DIFFERENCE (KPA)

FLOWRATE VS PRESSURE DIFFERENCE IN (0.75)" PIPE WITHIN SPHERICAL POROUS MEDIA

17.72

15.96

70

87.2

56.82

24

82

95.3

87

26.4

94
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32
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40
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		flow		S-sph-0.025mm		S-sph-0.0192mm		S-cyl-0.025mm		S-cyl-0.0192mm		TP-sph-0.025mm		TP-sph-0.0192mm		TP-cyl-0.025mm		TP-cyl-0.0192mm		TP-sph-0.025mm		TP-sph-0.0192mm		TP-cyl-0.025mm		TP-cyl-0.0192mm

		10		9.26

		20		32.66

		30		66

		35		98

		5				17.72

		10				56.82

		12				87

		5						2.97

		10						12.16

		20						43.16

		30						91.27

		5								4.93

		10								21.5

		15								47.3

		20								86.4

		10										9.26

		12										9.2

		15										13.2

		20										16.9

		25										19

		30										21.75

		35										21

		10												56.82

		12												70

		15												82

		17												94

		20												100.2

		25												122

		10														12.16

		12														15.45

		15														19.49

		17.5														21.32

		20														24.46

		25														29.51

		30														34.2

		35														37.7

		10																21.5

		12																26.4

		15																31.2

		17.5																34.89

		20																40.1

		25																50.6

		30																53.4

		35																56.3

		20																		32.66

		25																		41.85

		30																		46.55

		35																		51.5

		40																		55

		45																		60

		12																				87

		14																				87.2

		17																				95.3

		19																				99

		22																				117

		20																						43.16

		22																						54.8

		25																						59.9

		27.5																						64.8

		30																						67.52

		35																						74.2

		40																						81.6

		45																						87.5

		15																								47.3

		17																								58.9

		20																								65.5

		22.5																								70.12

		25																								79.3

		30																								79.3

		35																								93.4

		40																								99

												flow		cy 25		cy19		sh25		sp19

												5		2.97								0.1650695527

												10		12.16								0.3301391054

												20		43.16								0.6602782109

												30		91.27								0.9904173163

												5				4.93						0.2888896284

												10				21.5						0.5777792569

												15				47.3						0.8666688853

												20				86.4						1.1555585138

												10						9.26				0.3301391054

												20						32.66				0.6602782109

												30						66				0.9904173163

												35						98				1.155486869

												5								17.72		0.2888896284

												10								56.82		0.5777792569
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												0.6602782109		43.16

												0.9904173163		91.27

												0.2888896284				4.93
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												0.9904173163						66

												1.155486869						98

												0.2888896284								17.72

												0.5777792569								56.82

												0.6933351083								87
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		4918.7526449978		4918.7526449978		4918.7526449978		4918.7526449978

		5977.9403588855		5977.9403588855		5977.9403588855		5977.9403588855

		7455.4441543227		7455.4441543227		7455.4441543227		7455.4441543227

		10133.9087672712		10133.9087672712		10133.9087672712		10133.9087672712

		15135.9682564446		15135.9682564446		15135.9682564446		15135.9682564446

				42468.4701911749		2510.6600585969

		11892.8792817402		11892.8792817402		11892.8792817402		11892.8792817402

		11549.6807295397		11549.6807295397		11549.6807295397		11549.6807295397

		12318.5223513223		12318.5223513223		12318.5223513223		12318.5223513223

		14198.1586153318		14198.1586153318		14198.1586153318		14198.1586153318

		18551.3701408707		18551.3701408707		18551.3701408707		18551.3701408707

		15866.013880026		15866.013880026		15866.013880026		15866.013880026

		15086.7766378061		15086.7766378061		15086.7766378061		15086.7766378061

		15346.1525653186		15346.1525653186		15346.1525653186		15346.1525653186

		16646.3927581954		16646.3927581954		16646.3927581954		16646.3927581954

		69998.4		69515.1936777086		68894.0942092593		73444.2



Experimental

Jamialahmadi (2005)

Nemec & Levec (2005)

Drift-Flux model

Mixture Reynolds number

Pressure drop (Pa/m)

41850

27945.3971195757

46079.6255851737

42699

46550

30845.5878300277

62426.9324265006

49691

51500

33359.5455276766

53419.257400431

55447

55000

35660.309366205

40421.35882883

59858

60000

37966.1587942259

30143.5619459988

62876

68000

52291.5335287992

37615.4878630682

69726

72000

58883.1427026122

67885.0741376412

75852

80000

64936.4937718705

120005.183570503

84720

86000

69800.0638613518

136067.047053401

91832

90000

74178.2600440638

126384.570217714

97066

94000

78320.920169086

107928.278435034

100365

15960

26626.4851889376

31016.3855677674

16944

24000

30109.5448933073

18591.3914254091

23898

26400

32245.5891225664

11445.2331151284

28296

32000

34822.0288114947

6423.9996093653

34389

40000

38462.062379558

3503.2582788122

42988

70000

83395.8622959424

70351.2682390211

53672

82000

93459.9568051296

109418.02429782

73452

94000

99378.7340547404

96898.6898205244

93337

100200

105979.708211528

69385.054906843

105389

122000

114338.97185139

39169.7458949117

121163

87200

120930.370064568

83222.5826754491

140255

95300

135441.223004144

151469.458301502

88849

99000

140087.687261888

149649.51370255

106710

117000

145460.928768561

119814.806082747

116631



Comp bet exp & empical (sph)

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamialahmadi (2005)		Nemec & Levec (2005)		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		27945.3971195757		46079.6255851737		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		30845.5878300277		62426.9324265006		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		33359.5455276766		53419.257400431		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		35660.309366205		40421.35882883		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		37966.1587942259		30143.5619459988		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		52291.5335287992		37615.4878630682		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		58883.1427026122		67885.0741376412		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		64936.4937718705		120005.183570503		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		69800.0638613518		136067.047053401		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		74178.2600440638		126384.570217714		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		78320.920169086		107928.278435034		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		26626.4851889376		31016.3855677674		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		30109.5448933073		18591.3914254091		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		32245.5891225664		11445.2331151284		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		34822.0288114947		6423.9996093653		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		38462.062379558		3503.2582788122		42988

		0.01905		0.2923741087								42468.4701911749		2510.6600585969

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		83395.8622959424		70351.2682390211		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		93459.9568051296		109418.02429782		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		99378.7340547404		96898.6898205244		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		105979.708211528		69385.054906843		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		114338.97185139		39169.7458949117		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		120930.370064568		83222.5826754491		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		135441.223004144		151469.458301502		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		140087.687261888		149649.51370255		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		145460.928768561		119814.806082747		116631

										69998.4		69515.1936777086		68894.0942092593		73444.2

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		27945.3971195757		46079.6255851737		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		30845.5878300277		62426.9324265006		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		33359.5455276766		53419.257400431		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		35660.309366205		40421.35882883		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		37966.1587942259		30143.5619459988		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		52291.5335287992		37615.4878630682		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		58883.1427026122		67885.0741376412		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		64936.4937718705		120005.183570503		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		69800.0638613518		136067.047053401		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		74178.2600440638		126384.570217714		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		78320.920169086		107928.278435034		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		26626.4851889376		31016.3855677674		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		30109.5448933073		18591.3914254091		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		32245.5891225664		11445.2331151284		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		34822.0288114947		6423.9996093653		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		38462.062379558		3503.2582788122		42988

		0.01905		0.2923741087								42468.4701911749		2510.6600585969

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		83395.8622959424		70351.2682390211		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		93459.9568051296		109418.02429782		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		99378.7340547404		96898.6898205244		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		105979.708211528		69385.054906843		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		114338.97185139		39169.7458949117		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		120930.370064568		83222.5826754491		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		135441.223004144		151469.458301502		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		140087.687261888		149649.51370255		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		145460.928768561		119814.806082747		116631

										69998.4		69515.1936777086		68894.0942092593		73444.2





Comp bet exp & empical (sph)
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Two-phase - Sperical particles



Comp bet exp & empical (cyl)

		



Experimental

Jamialahmadi (2005)

Nemec & Levec (2005)

Drift-Flux model

Mixture Reynolds number

Pressure drop (Pa/m)



Comp bet exp & numerical (shp)

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamialahmadi (2005)		Nemec & Levec (2005)		Numerical

		0.0254		0.1644604361		0.0657841741		1003.0089338056		4110		643.4995917054		4816.6825285594		4305				0.1565692437		1.1719422211

		0.0254		0.1644604361		0.1644604361		1199.1763325182		5870		3375.4536255958		6768.5178908552		6087				0.5750346892		1.1530694874

		0.0254		0.1644604361		0.2466906552		1546.8574853315		7020		7564.1068058725		7251.4640097241		7525				1.077508092		1.0329720812

		0.0254		0.1644604361		0.3287893052		1967.3006081047		9020		13427.3864654076		7652.7272528971		8917				1.4886237767		0.8484176555

		0.0254		0.1644604361		0.4933813103		2986.2474685056		11930		30228.1814641102		8711.6029086301		11541				2.5337955963		0.730226564

		0.0254		0.1644604361		0.6578416813		3999.3262841272		14020		53736.6131059827		10116.4833493252		13974				3.8328540019		0.7215751319

		0.0254		0.1644604361		0.8221706156		5019.9851894534		15680		83935.5993801845		11814.9476751966		16198				5.3530356748		0.753504316

		0.0254		0.3289208736		0.0657841741		2206.7106343855		15450		777.0590738864		7451.1499516179		15820				0.0502950857		0.4822750778

		0.0254		0.3289208736		0.1644604361		2111.2811311799		19490		3396.8231424883		14910.5870076353		19721				0.1742854357		0.7650378147

		0.0254		0.3289208736		0.2466906552		2319.4115195775		21320		7574.1677100232		18661.487209228		22862				0.3552611496		0.8753042781

		0.0254		0.3289208736		0.3287893052		2586.2184536068		24460		13433.0502541171		20974.486744797		25891				0.5491843931		0.8575015022

		0.0254		0.3289208736		0.4933813103		3404.0851879513		29510		30230.7412837948		23893.5364994306		31560				1.0244236287		0.8096759234

		0.0254		0.3289208736		0.6578416813		4431.8105285901		34200		53738.1231627845		26191.3534183481		36638				1.571290151		0.7658290473

		0.0254		0.3289208736		0.8221706156		5582.4634921441		37700		83936.6094321666		28536.3819888492		41061				2.2264352635		0.7569332093

		0.0254		0.6571839054		0.0657841741		5288.8795524341		54800		1124.818489155		11010.1248659442		56051				0.0205258848		0.2009146873

		0.0254		0.6571839054		0.1644604361		4991.4666945631		59900		3454.7880779517		24556.5432174469		63372				0.0576759278		0.4099589853

		0.0254		0.6571839054		0.2466906552		4970.5740225311		64800		7600.4490483017		36110.0044709855		68898				0.1172908804		0.5572531554

		0.0254		0.6571839054		0.3287893052		5090.7821568336		67800		13448.4521130786		46205.3753261591		73875				0.1983547509		0.6814952113

		0.0254		0.6571839054		0.4933813103		5550.0241113848		74200		30237.7594781211		61489.5040738556		82037				0.4075169741		0.8286995158

		0.0254		0.6571839054		0.6578416813		6318.591448458		81600		53742.1584012873		71784.891444219		87661				0.6586048824		0.8797168069

		0.01905		0.2923741087		0.1169496428		2407.4649772264		5840		1786.5286321205		10752.7136625235		5972				0.305912437		1.8412180929

		0.01905		0.2923741087		0.2923741087		2929.1533903607		7300		10628.8790284807		17184.7861675442		8644				1.4560108258		2.3540802969

		0.01905		0.2923741087		0.4385611648		3842.6717222068		10400		23889.0291145206		19383.7641022134		10909				2.2970220302		1.8638234714

		0.01905		0.2923741087		0.5845143204		4970.2567808945		14200		42427.5291702691		21117.6496450055		13206				2.9878541669		1.4871584257

		0.01905		0.2923741087		0.8771223295		7433.7830163855		17900		95531.5487701496		24955.6455115416		17893				5.3369580319		1.3941701403

		0.01905		0.2923741087				10064.9151824437				169831.761634064		29601.5101382118

		0.01905		0.5845143204		0.1169496428		5719.8926247794		26400		1914.932244193		16633.8722577667		26663				0.0725353123		0.6300709189

		0.01905		0.5845143204		0.2923741087		5560.7286364504		31200		10649.8021751247		37856.9213364963		33311				0.3413398133		1.2133628633

		0.01905		0.5845143204		0.4385611648		6077.0318995037		34890		23898.5378437495		54041.0132657254		37573				0.6849681239		1.5488969122

		0.01905		0.5845143204		0.5845143204		6839.7995666993		40100		42432.9746670754		57878.9558183656		43653				1.0581789194		1.4433654818

		0.01905		0.5845143204		0.8771223295		8948.6686301997		50600		95534.0190870704		68446.4883386921		52774				1.8880240926		1.352697398

		0.01905		0.8771223295		0.1169496428		9794.6817835157		58900		2074.1996970057		20740.4354789732		59924				0.0352156146		0.3521296346

		0.01905		0.8771223295		0.2923741087		9209.9762523245		65500		10675.8313935375		52094.5301721709		69760				0.1629897923		0.7953363385

		0.01905		0.8771223295		0.4385611648		9328.120812366		70120		23910.2837105755		76241.1730015221		76942				0.3409909257		1.0872956789

		0.01905		0.8771223295		0.5845143204		9826.0476703131		79300		42439.719972205		95456.6158992724		83099				0.5351793187		1.2037404275

		0.01905		0.8771223295		0.8771223295		11231.9335489727		79300		95536.9247308599		122208.514469432		92046				1.2047531492		1.5410909769

		0.01905		0.8771223295								169834.764905656		139934.486412627						1.1753285153		1.0111639923

										35566.5714285714		36719.0028887209		35498.2953381564		37896.0857142857

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		26142.1865761855		39229.4248754686		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		28956.3621057889		55931.9382294308		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		31383.3316510485		49079.5043215568		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		33603.136984165		37714.4613500459		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		35825.6004498741		28422.8301216035		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		48435.879478751		28507.2090557117		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		54781.786827307		55881.041605293		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		60617.5126417821		104470.580155756		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		65287.441682057		121910.421913046		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		69483.6292146926		115318.784215495		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		73450.7361707913		99745.4241883025		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		25006.4364337806		27364.3024777689		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		28414.1410897154		17346.3815584812		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		30487.7205205656		10844.669526861		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		33002.8695812504		6168.7387779766		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		36583.4317386155		3403.9116819476		42988

		0.01905		0.2923741087								40525.6154318326		2455.2567419738

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		77665.8320418487		58810.7619217557		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		87436.8857185109		98034.004528694		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		93127.2904326322		88671.2471495972		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		99503.4675259665		64738.5453476773		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		107624.9378125		37219.1010298174		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		112314.939556127		68506.4377414894		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		126361.897935165		134022.335124445		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		130932.776562664		135428.401942162		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		136231.232124663		110730.744806205		116631





Comp bet exp & numerical (shp)

		



Experimental

Jamilahmadi

Emperical

Two-phase - Sperical particles



Comp bet exp &  numerical (cyl)

		



Experimental

Jamialahmadi (2005)

Nemec & Levec (2005)

Drift-Flux model

Mixture Reynolds number

Pressure drop (Pa/m)



Comp bet exp & empical

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.1644604361		0.0657841741		1880.6417508855		4110		653.9715048027		4866.8726569511		4305

		0.0254		0.1644604361		0.1644604361		2248.4556234717		5870		4031.6278701029		5001.2163896522		6087

		0.0254		0.1644604361		0.2466906552		2900.3577849965		7020		9068.5208423978		4887.2858323054		7525

		0.0254		0.1644604361		0.3287893052		3688.6886401963		9020		16108.1308528067		4901.1209389006		8917

		0.0254		0.1644604361		0.4933813103		5599.214003448		11930		36271.6497746492		5279.7392622642		11541

		0.0254		0.1644604361		0.6578416813		7498.7367827384		14020		64482.7162369012		5952.9046839232		13974

		0.0254		0.1644604361		0.8221706156		9412.4722302251		15680		100721.938532788		6825.5032927047		16198

		0.0254		0.3289208736		0.0657841741		4137.5824394728		15450		665.4787075628		11650.1806800071		15820

		0.0254		0.3289208736		0.1644604361		3958.6521209624		19490		4033.4690225224		15300.6797653068		19721

		0.0254		0.3289208736		0.2466906552		4348.8965992078		21320		9069.3876686397		16517.7924183231		22862

		0.0254		0.3289208736		0.3287893052		4849.1596005128		24460		16108.6188328737		16957.8544339283		25891

		0.0254		0.3289208736		0.4933813103		6382.6597274088		29510		36271.8703233041		17349.6992014403		31560

		0.0254		0.3289208736		0.6578416813		8309.6447411065		34200		64482.8463402043		17864.6333762569		36638

		0.0254		0.3289208736		0.8221706156		10467.1190477702		37700		100722.025556732		18677.9275868011		41061

		0.0254		0.6571839054		0.0657841741		9916.6491608139		54800		695.4409239316		28127.2429085606		56051

		0.0254		0.6571839054		0.1644604361		9359.0000523057		59900		4038.4631588762		38113.6642130991		63372

		0.0254		0.6571839054		0.2466906552		9319.8262922458		64800		9071.6520132107		46092.6796714605		68898

		0.0254		0.6571839054		0.3287893052		9545.2165440629		67800		16109.9458244962		51880.7186061923		73875

		0.0254		0.6571839054		0.4933813103		10406.2952088465		74200		36272.4749960971		58637.6037258613		82037

		0.0254		0.6571839054		0.6578416813		11847.3589658587		81600		64483.1940078269		61811.5439481513		87661

		0.01905		0.2923741087		0.1169496428		4513.9968322995		5840		2045.5705513197		11873.9019427752		5972

		0.01905		0.2923741087		0.2923741087		5492.1626069263		7300		12738.555770895		13708.2830914468		8644

		0.01905		0.2923741087		0.4385611648		7205.0094791378		10400		28659.515012202		13925.6333569683		10909

		0.01905		0.2923741087		0.5845143204		9319.2314641771		14200		50908.8173182111		14277.7114894757		13206

		0.01905		0.2923741087		0.8771223295		13938.3431557229		17900		114635.94334873		15761.1045706877		17893

		0.01905		0.2923741087

		0.01905		0.5845143204		0.1169496428		10724.7986714613		26400		2056.633535206		28423.4071364998		26663

		0.01905		0.5845143204		0.2923741087		10426.3661933445		31200		12740.3584649971		41939.0071080253		33311

		0.01905		0.5845143204		0.4385611648		11394.4348115694		34890		28660.3342642195		52666.8144521122		37573

		0.01905		0.5845143204		0.5845143204		12824.6241875612		40100		50909.2864907091		49400.811795202		43653

		0.01905		0.5845143204		0.8771223295		16778.7536816244		50600		114636.156186016		51792.41053404		52774

		0.01905		0.8771223295		0.1169496428		18365.028344092		58900		2070.3556823922		46992.3822514298		59924

		0.01905		0.8771223295		0.2923741087		17268.7054731084		65500		12742.6010874532		72856.0051168978		69760

		0.01905		0.8771223295		0.4385611648		17490.2265231862		70120		28661.346263285		88173.3089802551		76942

		0.01905		0.8771223295		0.5845143204		18423.8393818371		79300		50909.8676519455		97614.9963821255		83099

		0.01905		0.8771223295		0.8771223295		21059.8754043239		79300		114636.406530145		107189.742424952		92046

		0.01905		0.8771223295

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		25135.8448631925		42311.997795976		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		29813.4019950623		60513.6792919888		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		33610.8038822902		52936.5017489274		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		36991.4771900311		40491.4644304286		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		40266.7226085028		30370.810724892		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		41172.037164469		30263.4571172558		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		50972.3181003073		59986.0419571399		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		60384.578080861		112943.146069544		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		67655.8629869697		131896.880521749		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		74022.88560539		124545.206135472		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		79921.6324883325		107426.603015743		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		24036.9569044453		29606.2188507637		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		29916.6173544922		18623.6357813189		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		33162.5708736495		11556.295369652		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		37155.3775569134		6511.4125837891		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		42781.9540827582		3552.7358664358		42988

		0.01905		0.2923741087

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		70994.5971647196		63274.8778329585		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		87534.139499051		106064.593818013		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		96323.1743101257		95717.4225830148		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		106565.564518877		69505.394280806		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		119915.06539943		39592.1948275175		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		101005.274863103		73538.8949569245		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		124443.769532847		145014.248230116		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		133376.447479102		146420.996932374		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		143851.764653561		119257.879353715		116631

										exp & Numerical model - spherical





Comp bet exp & empical

		



Experimental

Numerical

Mixture particle Reynolds number

Pressure drop (Pa/m)



Relative permebility model

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.1644604361		0.0657841741		1003.0089338056		4110		653.9715048027		2918.2386482124		4305

		0.0254		0.1644604361		0.1644604361		1199.1763325182		5870		4031.6278701029		5129.5773489456		6087

		0.0254		0.1644604361		0.2466906552		1546.8574853315		7020		9068.5208423978		5911.3434952824		7525

		0.0254		0.1644604361		0.3287893052		1967.3006081047		9020		16108.1308528067		6506.9838899678		8917

		0.0254		0.1644604361		0.4933813103		2986.2474685056		11930		36271.6497746492		7764.6623788739		11541

		0.0254		0.1644604361		0.6578416813		3999.3262841272		14020		64482.7162369012		9252.6378867702		13974

		0.0254		0.1644604361		0.8221706156		5019.9851894534		15680		100721.938532788		10983.9691434623		16198

		0.0254		0.3289208736		0.0657841741		2206.7106343855		15450		665.4787075628		3638.8386869983		15820

		0.0254		0.3289208736		0.1644604361		2111.2811311799		19490		4033.4690225224		9608.2930275178		19721

		0.0254		0.3289208736		0.2466906552		2319.4115195775		21320		9069.3876686397		13297.0572118112		22862

		0.0254		0.3289208736		0.3287893052		2586.2184536068		24460		16108.6188328737		15895.6885165708		25891

		0.0254		0.3289208736		0.4933813103		3404.0851879513		29510		36271.8703233041		19477.8463184534		31560

		0.0254		0.3289208736		0.6578416813		4431.8105285901		34200		64482.8463402043		22270.0625695402		36638

		0.0254		0.3289208736		0.8221706156		5582.4634921441		37700		100722.025556732		24942.9430755615		41061

		0.0254		0.6571839054		0.0657841741		5288.8795524341		54800		695.4409239316		4219.249137399		56051

		0.0254		0.6571839054		0.1644604361		4991.4666945631		59900		4038.4631588762		12899.6887081334		63372

		0.0254		0.6571839054		0.2466906552		4970.5740225311		64800		9071.6520132107		21474.2977270705		68898

		0.0254		0.6571839054		0.3287893052		5090.7821568336		67800		16109.9458244962		29774.4673199546		73875

		0.0254		0.6571839054		0.4933813103		5550.0241113848		74200		36272.4749960971		43813.7349091684		82037

		0.0254		0.6571839054		0.6578416813		6318.591448458		81600		64483.1940078269		54402.7745935766		87661

		0.01905		0.2923741087		0.1169496428		2407.4649772264		5840		2045.5705513197		6514.6466259886		5972

		0.01905		0.2923741087		0.2923741087		2929.1533903607		7300		12738.555770895		13023.6325430427		8644

		0.01905		0.2923741087		0.4385611648		3842.6717222068		10400		28659.515012202		15801.510934351		10909

		0.01905		0.2923741087		0.5845143204		4970.2567808945		14200		50908.8173182111		17955.9785019144		13206

		0.01905		0.2923741087		0.8771223295		7433.7830163855		17900		114635.94334873		22242.9975145011		17893

		0.01905		0.2923741087				10064.9151824437						27073.8402617644

		0.01905		0.5845143204		0.1169496428		5719.8926247794		26400		2056.633535206		8123.3069095604		26663

		0.01905		0.5845143204		0.2923741087		5560.7286364504		31200		12740.3584649971		24394.7735347029		33311

		0.01905		0.5845143204		0.4385611648		6077.0318995037		34890		28660.3342642195		37895.1064071439		37573

		0.01905		0.5845143204		0.5845143204		6839.7995666993		40100		50909.2864907091		43864.0460931101		43653

		0.01905		0.5845143204		0.8771223295		8948.6686301997		50600		114636.156186016		55797.1056704239		52774

		0.01905		0.8771223295		0.1169496428		9794.6817835157		58900		2070.3556823922		8811.5092319692		59924

		0.01905		0.8771223295		0.2923741087		9209.9762523245		65500		12742.6010874532		29920.4505565581		69760

		0.01905		0.8771223295		0.4385611648		9328.120812366		70120		28661.346263285		49129.3555770262		76942

		0.01905		0.8771223295		0.5845143204		9826.0476703131		79300		50909.8676519455		66165.2610556222		83099

		0.01905		0.8771223295		0.8771223295		11231.9335489727		86000		114636.406530145		92616.7349749718		92046

		0.01905		0.8771223295				13246.2104246866						111868.944047949

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.1644604361		0.0657841741		1880.6417508855		4110		653.9715048027		4866.8726569511		4305

		0.0254		0.1644604361		0.1644604361		2248.4556234717		5870		4031.6278701029		5001.2163896522		6087

		0.0254		0.1644604361		0.2466906552		2900.3577849965		7020		9068.5208423978		4887.2858323054		7525

		0.0254		0.1644604361		0.3287893052		3688.6886401963		9020		16108.1308528067		4901.1209389006		8917

		0.0254		0.1644604361		0.4933813103		5599.214003448		11930		36271.6497746492		5279.7392622642		11541

		0.0254		0.1644604361		0.6578416813		7498.7367827384		14020		64482.7162369012		5952.9046839232		13974

		0.0254		0.1644604361		0.8221706156		9412.4722302251		15680		100721.938532788		6825.5032927047		16198

		0.0254		0.3289208736		0.0657841741		4137.5824394728		15450		665.4787075628		11650.1806800071		15820

		0.0254		0.3289208736		0.1644604361		3958.6521209624		19490		4033.4690225224		15300.6797653068		19721

		0.0254		0.3289208736		0.2466906552		4348.8965992078		21320		9069.3876686397		16517.7924183231		22862

		0.0254		0.3289208736		0.3287893052		4849.1596005128		24460		16108.6188328737		16957.8544339283		25891

		0.0254		0.3289208736		0.4933813103		6382.6597274088		29510		36271.8703233041		17349.6992014403		31560

		0.0254		0.3289208736		0.6578416813		8309.6447411065		34200		64482.8463402043		17864.6333762569		36638

		0.0254		0.3289208736		0.8221706156		10467.1190477702		37700		100722.025556732		18677.9275868011		41061

		0.0254		0.6571839054		0.0657841741		9916.6491608139		54800		695.4409239316		28127.2429085606		56051

		0.0254		0.6571839054		0.1644604361		9359.0000523057		59900		4038.4631588762		38113.6642130991		63372

		0.0254		0.6571839054		0.2466906552		9319.8262922458		64800		9071.6520132107		46092.6796714605		68898

		0.0254		0.6571839054		0.3287893052		9545.2165440629		67800		16109.9458244962		51880.7186061923		73875

		0.0254		0.6571839054		0.4933813103		10406.2952088465		74200		36272.4749960971		58637.6037258613		82037

		0.0254		0.6571839054		0.6578416813		11847.3589658587		81600		64483.1940078269		61811.5439481513		87661

		0.01905		0.2923741087		0.1169496428		4513.9968322995		5840		2045.5705513197		11873.9019427752		5972

		0.01905		0.2923741087		0.2923741087		5492.1626069263		7300		12738.555770895		13708.2830914468		8644

		0.01905		0.2923741087		0.4385611648		7205.0094791378		10400		28659.515012202		13925.6333569683		10909

		0.01905		0.2923741087		0.5845143204		9319.2314641771		14200		50908.8173182111		14277.7114894757		13206

		0.01905		0.2923741087		0.8771223295		13938.3431557229		17900		114635.94334873		15761.1045706877		17893

		0.01905		0.2923741087

		0.01905		0.5845143204		0.1169496428		10724.7986714613		26400		2056.633535206		28423.4071364998		26663

		0.01905		0.5845143204		0.2923741087		10426.3661933445		31200		12740.3584649971		41939.0071080253		33311

		0.01905		0.5845143204		0.4385611648		11394.4348115694		34890		28660.3342642195		52666.8144521122		37573

		0.01905		0.5845143204		0.5845143204		12824.6241875612		40100		50909.2864907091		49400.811795202		43653

		0.01905		0.5845143204		0.8771223295		16778.7536816244		50600		114636.156186016		51792.41053404		52774

		0.01905		0.8771223295		0.1169496428		18365.028344092		58900		2070.3556823922		46992.3822514298		59924

		0.01905		0.8771223295		0.2923741087		17268.7054731084		65500		12742.6010874532		72856.0051168978		69760

		0.01905		0.8771223295		0.4385611648		17490.2265231862		70120		28661.346263285		88173.3089802551		76942

		0.01905		0.8771223295		0.5845143204		18423.8393818371		79300		50909.8676519455		97614.9963821255		83099

		0.01905		0.8771223295		0.8771223295		21059.8754043239		79300		114636.406530145		107189.742424952		92046





Relative permebility model

		



Experimental

Numerical

Mixture particle Reynolds number

Pressure drop (Pa/m)



Jamalahmadi model

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.1644604361		0.0657841741		1880.6417508855		4110		687.7738022042		4866.8726569511		4305

		0.0254		0.1644604361		0.1644604361		2248.4556234717		5870		4037.0362376222		5001.2163896522		6087

		0.0254		0.1644604361		0.2466906552		2900.3577849965		7020		9070.9245612761		4887.2858323054		7525

		0.0254		0.1644604361		0.3287893052		3688.6886401963		9020		16109.4840269986		4901.1209389006		8917

		0.0254		0.1644604361		0.4933813103		5599.214003448		11930		36272.2740671486		5279.7392622642		11541

		0.0254		0.1644604361		0.6578416813		7498.7367827384		14020		64483.0674015024		5952.9046839232		13974

		0.0254		0.1644604361		0.8221706156		9412.4722302251		15680		100722.163350024		6825.5032927047		16198

		0.0254		0.3289208736		0.0657841741		4137.5824394728		15450		757.2969429001		11650.1806800071		15820

		0.0254		0.3289208736		0.1644604361		3958.6521209624		19490		4048.1599400001		15300.6797653068		19721

		0.0254		0.3289208736		0.2466906552		4348.8965992078		21320		9076.1817413703		16517.7924183231		22862

		0.0254		0.3289208736		0.3287893052		4849.1596005128		24460		16112.4435579528		16957.8544339283		25891

		0.0254		0.3289208736		0.4933813103		6382.6597274088		29510		36273.6180088254		17349.6992014403		31560

		0.0254		0.3289208736		0.6578416813		8309.6447411065		34200		64483.8627679036		17864.6333762569		36638

		0.0254		0.3289208736		0.8221706156		10467.1190477702		37700		100722.696984548		18677.9275868011		41061

		0.0254		0.6571839054		0.0657841741		9916.6491608139		54800		969.2613152522		28127.2429085606		56051

		0.0254		0.6571839054		0.1644604361		9359.0000523057		59900		4083.5940710425		38113.6642130991		63372

		0.0254		0.6571839054		0.2466906552		9319.8262922458		64800		9092.32820819		46092.6796714605		68898

		0.0254		0.6571839054		0.3287893052		9545.2165440629		67800		16121.9337002678		51880.7186061923		73875

		0.0254		0.6571839054		0.4933813103		10406.2952088465		74200		36277.9615624911		58637.6037258613		82037

		0.0254		0.6571839054		0.6578416813		11847.3589658587		81600		64486.3716088815		61811.5439481513		87661

		0.01905		0.2923741087		0.1169496428		4513.9968322995		5840		2080.5167991546		11873.9019427752		5972

		0.01905		0.2923741087		0.2923741087		5492.1626069263		7300		12744.3112792807		13708.2830914468		8644

		0.01905		0.2923741087		0.4385611648		7205.0094791378		10400		28662.145132896		13925.6333569683		10909

		0.01905		0.2923741087		0.5845143204		9319.2314641771		14200		50910.3405761005		14277.7114894757		13206

		0.01905		0.2923741087		0.8771223295		13938.3431557229		17900		114636.638437571		15761.1045706877		17893

		0.01905		0.2923741087								203797.414838239

		0.01905		0.5845143204		0.1169496428		10724.7986714613		26400		2160.9799503109		28423.4071364998		26663

		0.01905		0.5845143204		0.2923741087		10426.3661933445		31200		12757.4741371833		41939.0071080253		33311

		0.01905		0.5845143204		0.4385611648		11394.4348115694		34890		28668.1517327963		52666.8144521122		37573

		0.01905		0.5845143204		0.5845143204		12824.6241875612		40100		50913.7935430128		49400.811795202		43653

		0.01905		0.5845143204		0.8771223295		16778.7536816244		50600		114638.211098893		51792.41053404		52774

		0.01905		0.8771223295		0.1169496428		18365.028344092		58900		2273.91770656		46992.3822514298		59924

		0.01905		0.8771223295		0.2923741087		17268.7054731084		65500		12776.00112229		72856.0051168978		69760

		0.01905		0.8771223295		0.4385611648		17490.2265231862		70120		28676.5435992333		88173.3089802551		76942

		0.01905		0.8771223295		0.5845143204		18423.8393818371		79300		50918.6300463188		97614.9963821255		83099

		0.01905		0.8771223295		0.8771223295		21059.8754043239		79300		114640.297812749		107189.742424952		92046

		0.01905		0.8771223295								203799.461212677

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		26142.1865761855		39229.4248754686		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		28956.3621057889		55931.9382294308		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		31383.3316510485		49079.5043215568		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		33603.136984165		37714.4613500459		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		35825.6004498741		28422.8301216035		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		48435.879478751		28507.2090557117		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		54781.786827307		55881.041605293		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		60617.5126417821		104470.580155756		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		65287.441682057		121910.421913046		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		69483.6292146926		115318.784215495		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		73450.7361707913		99745.4241883025		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		25006.4364337806		27364.3024777689		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		28414.1410897154		17346.3815584812		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		30487.7205205656		10844.669526861		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		33002.8695812504		6168.7387779766		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		36583.4317386155		3403.9116819476		42988

		0.01905		0.2923741087								40525.6154318326		2455.2567419738

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		77665.8320418487		58810.7619217557		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		87436.8857185109		98034.004528694		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		93127.2904326322		88671.2471495972		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		99503.4675259665		64738.5453476773		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		107624.9378125		37219.1010298174		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		112314.939556127		68506.4377414894		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		126361.897935165		134022.335124445		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		130932.776562664		135428.401942162		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		136231.232124663		110730.744806205		116631

										sperical
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Single phase cyl particle

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		ReL		equivalent particle diamter  de (m)		ρmixture (kg/(m3)		Umixture		μmixture		Vf		density of air ρ (kg/(m3)		density of water  ρ (kg/(m3)		μg viscosity of air (pa)		μf viscocity of water(pa)		Flow rate of water (L/min)		Flow rate of air (L/min)		Reg		Gag		n		kg		delta p

		0.0254		0.1644604361		0.0657841741		1003.0089338056		4110		2572.9861005708		4097.2853482846		2741		0.008		714.6357142857		0.1362672184		0.0007767143		0.2857142857		1.225		1000		0.0000185		0.00108		5		2		41.9853406539		189.2257241669		3.6528571429		0.010294308		4816.6825285594		1.1719422211

		0.0254		0.1644604361		0.1644604361		1199.1763325182		5870		4072.4497762311		3514.295779497		2741		0.008		500.6125		0.1644604361		0.00054925		0.5		1.225		1000		0.0000185		0.00108		5		5		104.9633522645		189.2257241669		5.1925		0.0273464998		6768.5178908552		1.1530694874

		0.0254		0.1644604361		0.2466906552		1546.8574853315		7020		4993.4784383376		4766.053397804		2741		0.008		400.735		0.2137985676		0.0004431		0.6		1.225		1000		0.0000185		0.00108		5		7.5		157.4450290266		189.2257241669		5.911		0.0488261005		7251.4640097241		1.0329720812

		0.0254		0.1644604361		0.3287893052		1967.3006081047		9020		5772.6888479378		6580.5718059812		2741		0.008		334.15		0.2740130155		0.0003723333		0.6666666667		1.225		1000		0.0000185		0.00108		5		10		209.8427346866		189.2257241669		6.39		0.0749509004		7652.7272528971		0.8484176555

		0.0254		0.1644604361		0.4933813103		2986.2474685056		11930		7094.5678333929		11688.2298052319		2741		0.008		250.91875		0.4111510918		0.000276375		0.75		1.225		1000		0.0000185		0.00105		5		15		314.8900580531		189.2257241669		6.98875		0.1339165969		8711.6029086301		0.730226564

		0.0254		0.1644604361		0.6578416813		3999.3262841272		14020		8223.6408252045		18755.9793471852		2741		0.008		200.98		0.5591654323		0.0002248		0.8		1.225		1000		0.0000185		0.00105		5		20		419.8533687521		189.2257241669		7.348		0.1940462367		10116.4833493252		0.7215751319

		0.0254		0.1644604361		0.8221706156		5019.9851894534		15680		9233.5356273856		27858.2844189424		2741		0.008		167.6875		0.7125522523		0.0001904167		0.8333333333		1.225		1000		0.0000185		0.00105		5		25		524.7327927397		189.2257241669		7.5875		0.2507334611		11814.9476751966		0.753504316

		0.0254		0.3289208736		0.0657841741		2206.7106343855		1545		13308.5687521582		15431.6440080498		5483		0.008		833.5375		0.285064757		0.0008614167		0.1666666667		1.225		1000		0.0000185		0.00103		10		2		41.9853406539		189.2257241669		2.7975		0.0066545988		7451.1499516179		4.8227507777

		0.0254		0.3289208736		0.1644604361		2111.2811311799		19490		21046.8964211575		25778.5569432709		5483		0.008		667.075		0.2741007278		0.0006928333		0.3333333333		1.225		1000		0.0000185		0.00103		10		5		104.9633522645		189.2257241669		3.995		0.0124136812		14910.5870076353		0.7650378147

		0.0254		0.3289208736		0.2466906552		2319.4115195775		21320		25782.8449530002		32349.6590960252		5483		0.008		571.9535714286		0.2936793514		0.0005793571		0.4285714286		1.225		1000		0.0000185		0.001		10		7.5		157.4450290266		189.2257241669		4.6792857143		0.0189728025		18661.487209228		0.8753042781

		0.0254		0.3289208736		0.3287893052		2586.2184536068		24460		29773.3799762349		37996.0192880871		5483		0.008		500.6125		0.3288550894		0.00050925		0.5		1.225		1000		0.0000185		0.001		10		10		209.8427346866		189.2257241669		5.1925		0.0273464998		20974.486744797		0.8575015022

		0.0254		0.3289208736		0.4933813103		3404.0851879513		29510		36495.1719115737		47692.106595131		5483		0.008		400.735		0.4275971356		0.0004027		0.6		1.225		1000		0.0000185		0.000979		10		15		314.8900580531		189.2257241669		5.911		0.0488261005		23893.5364994306		0.8096759234

		0.0254		0.3289208736		0.6578416813		4431.8105285901		34200		42172.5324855105		56028.9100596169		5483		0.008		334.15		0.5482014121		0.0003306667		0.6666666667		1.225		1000		0.0000185		0.000955		10		20		419.8533687521		189.2257241669		6.39		0.0749509004		26191.3534183481		0.7658290473

		0.0254		0.3289208736		0.8221706156		5582.4634921441		37700		47186.5156789951		63480.87288755		5483		0.008		286.5892857143		0.6812421178		0.0002797857		0.7142857143		1.225		1000		0.0000185		0.000933		10		25		524.7327927397		189.2257241669		6.7321428571		0.1038114336		28536.3819888492		0.7569332093

		0.0254		0.6571839054		0.0657841741		5288.8795524341		54800		29062.5253277649		18987.5096025086		10956		0.008		909.2022727273		0.6034202934		0.0008298636		0.0909090909		1.225		1000		0.0000185		0.000911		20		2		41.9853406539		189.2257241669		2.2531818182		0.0045035287		11010.1248659442		0.2009146873

		0.0254		0.6571839054		0.1644604361		4991.4666945631		59900		45956.0889650369		31718.6294113474		10956		0.008		800.245		0.5586392115		0.0007165		0.2		1.225		1000		0.0000185		0.000891		20		5		104.9633522645		189.2257241669		3.037		0.0075375134		24556.5432174469		0.4099589853

		0.0254		0.6571839054		0.2466906552		4970.5740225311		64800		56290.2508326369		39803.890136608		10956		0.008		727.6068181818		0.5452312008		0.0006385		0.2727272727		1.225		1000		0.0000185		0.000871		20		7.5		157.4450290266		189.2257241669		3.5595454545		0.0098050586		36110.0044709855		0.5572531554

		0.0254		0.6571839054		0.3287893052		5090.7821568336		67800		64993.2518817278		46751.3234956249		10956		0.008		667.075		0.5477190387		0.0005741667		0.3333333333		1.225		1000		0.0000185		0.000852		20		10		209.8427346866		189.2257241669		3.995		0.0124136812		46205.3753261591		0.6814952113

		0.0254		0.6571839054		0.4933813103		5550.0241113848		74200		79639.1590593767		58681.649956838		10956		0.008		571.9535714286		0.5869827932		0.0004839286		0.4285714286		1.225		1000		0.0000185		0.000833		20		15		314.8900580531		189.2257241669		4.6792857143		0.0189728025		61489.5040738556		0.8286995158

		0.0254		0.6571839054		0.6578416813		6318.591448458		81600		91990.9151819868		68939.4770395247		10956		0.008		500.6125		0.6575127934		0.00041675		0.5		1.225		1000		0.0000185		0.000815		20		20		419.8533687521		189.2257241669		5.1925		0.0273464998		71784.891444219		0.8797168069

		0.01905		0.2923741087		0.1169496428		2407.4649772264		5840		6083.9758507519		5983.6951099852		4872.4957359517		0.008		714.6357142857		0.2422528327		0.0005752857		0.2857142857		1.225		1000		0.0000185		0.000798		5		2		74.6406056069		189.2257241669		3.6528571429		0.010294308		10752.7136625235		1.8412180929

		0.01905		0.2923741087		0.2923741087		2929.1533903607		7300		9202.0140595755		7263.6637420669		4872.4957359517		0.008		500.6125		0.2923741087		0.00039975		0.5		1.225		1000		0.0000185		0.000781		5		5		186.6015151369		189.2257241669		5.1925		0.0273464998		17184.7861675442		2.3540802969

		0.01905		0.2923741087		0.4385611648		3842.6717222068		10400		11062.1817572542		10642.8060156124		4872.4957359517		0.008		400.735		0.3800863423		0.0003171		0.6		1.225		1000		0.0000185		0.000765		5		7.5		279.902273825		189.2257241669		5.911		0.0488261005		19383.7641022134		1.8638234714

		0.01905		0.2923741087		0.5845143204		4970.2567808945		14200		12613.7797168917		11868.9861410323		4872.4957359517		0.008		334.15		0.4871342498		0.000262		0.6666666667		1.225		1000		0.0000185		0.000749		5		10		373.0537505539		189.2257241669		6.39		0.0749509004		21117.6496450055		1.4871584257

		0.01905		0.2923741087		0.8771223295		7433.7830163855		17900		15214.3732302577		15187.7807073167		4872.4957359517		0.008		250.91875		0.7309352743		0.000197375		0.75		1.225		1000		0.0000185		0.000734		5		15		559.80454765		189.2257241669		6.98875		0.1339165969		24955.6455115416		1.3941701403

		0.01905		0.2923741087		1.1694963224		10064.9151824437		21200		17417.1804953728		19099.9201870134		4872.4957359517		0.008		200.98		0.9940718796		0.0001588		0.8		1.225		1000		0.0000185		0.00072		5		20		746.4059888927		189.2257241669		7.348		0.1940462367		29601.5101382118		1.396297648

		0.01905		0.5845143204		0.1169496428		5719.8926247794		26400		28431.5746043755		26244.8920215154		9740		0.008		833.5375		0.5065868741		0.0005905833		0.1666666667		1.225		1000		0.0000185		0.000705		10		2		74.6406056069		189.2257241669		2.7975		0.0066545988		16633.8722577667		0.6300709189

		0.01905		0.5845143204		0.2923741087		5560.7286364504		31200		44967.2482256446		31243.2181591465		9740		0.008		667.075		0.4871342498		0.0004675		0.3333333333		1.225		1000		0.0000185		0.000692		10		5		186.6015151369		189.2257241669		3.995		0.0124136812		37856.9213364963		1.2133628633

		0.01905		0.5845143204		0.4385611648		6077.0318995037		34890		55091.2233757854		33677.6850833905		9740		0.008		588.7397058824		0.5244159622		0.0004064412		0.4117647059		1.225		1000		0.0000185		0.000678		10		7		279.902273825		189.2257241669		4.5585294118		0.017513247		54041.0132657254		1.5488969122

		0.01905		0.5845143204		0.5845143204		6839.7995666993		40100		63625.4569512739		42165.627628696		9740		0.008		500.6125		0.5845143204		0.00034225		0.5		1.225		1000		0.0000185		0.000666		10		10		373.0537505539		189.2257241669		5.1925		0.0273464998		57878.9558183656		1.4433654818

		0.01905		0.5845143204		0.8771223295		8948.6686301997		50600		78011.8593155504		34220.2529979599		9740		0.008		400.735		0.7600791259		0.0002723		0.6		1.225		1000		0.0000185		0.000653		10		15		559.80454765		189.2257241669		5.911		0.0488261005		68446.4883386921		1.352697398

		0.01905		0.8771223295		0.1169496428		9794.6817835157		58900		59175.2563924887		60335.6113401844		14622		0.008		882.4970588235		0.7876902487		0.0005677647		0.1176470588		1.225		1000		0.0000185		0.000641		15		2		74.6406056069		189.2257241669		2.4452941176		0.005337002		20740.4354789732		0.3521296346

		0.01905		0.8771223295		0.2923741087		9209.9762523245		65500		74747.7520570204		64984.4021815448		14622		0.008		750.30625		0.7309352743		0.000476375		0.25		1.225		1000		0.0000185		0.000629		15		5		186.6015151369		189.2257241669		3.39625		0.0090209807		52094.5301721709		0.7953363385

		0.01905		0.8771223295		0.4385611648		9328.120812366		70120		96017.3895291772		70743.747316024		14622		0.008		667.075		0.7309352746		0.0004181667		0.3333333333		1.225		1000		0.0000185		0.000618		15		7.5		279.902273825		189.2257241669		3.995		0.0124136812		76241.1730015221		1.0872956789

		0.01905		0.8771223295		0.5845143204		9826.0476703131		79300		123427.928867202		78911.6676309484		14622		0.008		600.49		0.7600791259		0.0003716		0.4		1.225		1000		0.0000185		0.000607		15		10		373.0537505539		189.2257241669		4.474		0.0165812169		95456.6158992724		1.2037404275

		0.01905		0.8771223295		0.8771223295		11231.9335489727		79300		198304.326940169		79516.6557131275		14622		0.008		500.6125		0.8771223295		0.00031275		0.5		1.225		1000		0.0000185		0.000607		15		15		559.80454765		189.2257241669		5.1925		0.0273464998		122208.514469432		1.5410909769

		0.01905		0.8771223295		1.1694963224		13246.2104246866		93400		300508.436809335		94118.2974931013		14622		0.008		429.2714285714		1.0441931826		0.0002707143		0.5714285714		1.225		1000		0.0000185		0.000607		15		20		746.4059888927		189.2257241669		5.7057142857		0.0410482204		139934.486412627		1.4982279059

																																																35498.2953381564		1.1520470536

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		ReL		equivalent particle diamter  de (m)		ρmixture (kg/(m3)		Umixture		μmixture		Vf		density of air ρ (kg/(m3)		density of water  ρ (kg/(m3)		μg viscosity of air (pa)		viscosity		Flow rate of water (L/min)		Flow rate of air (L/min)

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		21442.4801974849		40282.9393295352		10514.9424861258		0.016		800.245		0.5586392115		0.0008037		0.2		1.225		1000		0.0000185		0.001		20		5		483.9976798864		989897.19948417		7.1		0.0000108972		46079.6255851737		1.1010663222

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		30318.8586877541		42380.3068596093		10740.492835675		0.016		667.075		0.5477190387		0.0006588333		0.3333333333		1.225		1000		0.0000185		0.000979		20		10		967.6081654993		989897.19948417		9.5		0.0000293324		62426.9324265006		1.3410726622

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		37141.3724157085		47066.914383894		11010.4109802365		0.016		571.9535714286		0.5869827932		0.0005536429		0.4285714286		1.225		1000		0.0000185		0.000955		20		15		1451.9930454671		989897.19948417		11.2142857143		0.0000747142		53419.257400431		1.037267134

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		42888.6321075532		51679.0745906503		11270.0348189988		0.016		500.6125		0.6575127934		0.00047575		0.5		1.225		1000		0.0000185		0.000933		20		20		1935.9905336904		989897.19948417		12.5		0.0001726335		40421.35882883		0.7349337969

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		47948.9790057893		55994.7035223322		11542.1981186892		0.016		445.125		0.7488431888		0.0004151667		0.5555555556		1.225		1000		0.0000185		0.000911		20		25		2419.6012109664		989897.19948417		13.5		0.000357949		30143.5619459988		0.5023926991

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		236909.006609947		70678.0925211635		17719.6430203366		0.016		937.5765625		0.9292014678		0.0008364687		0.0625		1.225		1000		0.0000185		0.000891		30		2		193.599070793		989897.19948417		4.625		0.0000026974		37615.4878630682		0.5531689392

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		374590.232992452		67433.8087641061		18126.5234570837		0.016		857.3178571429		0.86929088		0.0007492143		0.1428571429		1.225		1000		0.0000185		0.000871		30		5		483.9976798864		989897.19948417		6.0714285714		0.0000073969		67885.0741376412		0.9428482519

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		529659.158014854		81716.1667073085		18530.7534402816		0.016		750.30625		0.8222692918		0.000643625		0.25		1.225		1000		0.0000185		0.000852		30		10		967.6081654993		989897.19948417		8		0.0000152588		120005.183570503		1.5000647946

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		648850.202440234		81424.7144276057		18953.4236868186		0.016		667.075		0.8223021839		0.0005615		0.3333333333		1.225		1000		0.0000185		0.000833		30		15		1451.9930454671		989897.19948417		9.5		0.0000293324		136067.047053401		1.5821749657

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		749259.186491371		88216.5146380431		19372.0269093495		0.016		600.49		0.855194245		0.0004964		0.4		1.225		1000		0.0000185		0.000815		30		20		1935.9905336904		989897.19948417		10.7		0.0000552131		126384.570217714		1.4042730024

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		837670.228602872		87518.9804308994		19784.7141993983		0.016		546.0113636364		0.9119480729		0.0004436818		0.4545454545		1.225		1000		0.0000185		0.000798		30		25		2419.6012109664		989897.19948417		11.6818181818		0.0000999725		107928.278435034		1.1481731748

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		20739.1357871152		15955.7321454241		5989.7384617886		0.016		714.6357142857		0.2422528327		0.0005631429		0.2857142857		1.225		1000		0.0000185		0.000781		5		2		269.3552289293		285013.519032952		8.6428571429		0.0000198471		31016.3855677674		1.9433825544

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		24920.3747752863		26043.7556659337		6115.01403746		0.016		500.6125		0.2923741087		0.00039175		0.5		1.225		1000		0.0000185		0.000765		5		5		673.3880763637		285013.519032952		12.5		0.0001726335		18591.3914254091		0.7746413094

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		26663.1415511616		24279.7153571095		6245.6418406634		0.016		417.38125		0.3604582937		0.000322875		0.5833333333		1.225		1000		0.0000185		0.000749		5		7		942.2046002168		285013.519032952		14		0.0005282447		11445.2331151284		0.4335315574

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		28659.2852794397		33925.4567439553		6373.2775731021		0.016		334.15		0.4871342498		0.000257		0.6666666667		1.225		1000		0.0000185		0.000734		5		10		1346.2374476512		285013.519032952		15.5		0.0018645992		6423.9996093653		0.2007499878

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		31140.9551815389		51650.9460540733		6497.2024148013		0.016		250.91875		0.7309352743		0.000193875		0.75		1.225		1000		0.0000185		0.00072		5		15		2020.1642371716		285013.519032952		17		0.0075169468		3503.2582788122		0.087581457

		0.01905		0.2923741087		1.1694963224		20517.4394219777		43000		33066.0328364958		70981.9600028455		6635.4407640524		0.016		200.98		0.9940718796		0.0001558		0.8		1.225		1000		0.0000185		0.000705		5		20		2693.5520468736		285013.519032952		17.9		0.0184208967		2510.6600585969		0.0583874432

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		59433.1441070921		69735.1682675029		13793.848268631		0.016		833.5375		0.5065868741		0.0005680833		0.1666666667		1.225		1000		0.0000185		0.000678		10		2		269.3552289293		285013.519032952		6.5		0.0000087502		70351.2682390211		1.0050181177

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		93981.384638653		79655.3573139114		14042.386075273		0.016		667.075		0.4871342498		0.0004501667		0.3333333333		1.225		1000		0.0000185		0.000666		10		5		673.3880763637		285013.519032952		9.5		0.0000293324		109418.02429782		1.33436615

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		111178.178634872		84081.962145011		14321.9435315954		0.016		588.7397058824		0.5122807168		0.0003917353		0.4117647059		1.225		1000		0.0000185		0.000653		10		7		942.2046002168		285013.519032952		10.9117647059		0.0000623939		96898.6898205244		1.0308371258

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		132915.431948054		92386.177406799		14590.0610392072		0.016		500.6125		0.5845143204		0.00032975		0.5		1.225		1000		0.0000185		0.000641		10		10		1346.2374476512		285013.519032952		12.5		0.0001726335		69385.054906843		0.6924656178

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		132915.431948054		106517.611071794		14868.4087855832		0.016		400.735		0.7600791259		0.0002627		0.6		1.225		1000		0.0000185		0.000629		10		15		2020.1642371716		285013.519032952		14.3		0.0006722996		39169.7458949117		0.3210634909

		0.01905		0.6988910722		0.1169496428		15866.013880026		7000		66783.8657409367		74172.2554408457		18094.2672401529		0.016		857.3178571429		0.6157565822		0.0005323571		0.1428571429		1.225		1000		0.0000185		0.000618		12		2		269.3552289293		285013.519032952		6.0714285714		0.0000073969		83222.5826754491		11.8889403822

		0.01905		0.6988910722		0.2923741087		15086.7766378061		82000		100875.418398223		93462.4446234853		18422.1699413748		0.016		706.2426470588		0.5793272594		0.0004339118		0.2941176471		1.225		1000		0.0000185		0.000607		12		5		673.3880763637		285013.519032952		8.7941176471		0.0000211891		151469.458301502		1.8471885159

		0.01905		0.6988910722		0.4090898545		15346.1525653186		94000		117345.921044403		90661.690274413		18422.1699413748		0.016		632.0302631579		0.5921222025		0.0003901842		0.3684210526		1.225		1000		0.0000185		0.000607		12		7		942.2046002168		285013.519032952		10.1315789474		0.0000404003		149649.51370255		1.5920161032

		0.01905		0.6988910722		0.5845143204		16646.3927581954		100200		137807.944875622		91207.7277955089		18422.1699413748		0.016		546.0113636364		0.6469016395		0.0003395		0.4545454545		1.225		1000		0.0000185		0.000607		12		10		1346.2374476512		285013.519032952		11.6818181818		0.0000999725		119814.806082747		1.1957565477

																																		0.000842														68894.0942092593		1.3943600809

																																		0.0008027683

																																																68894.0942092593





Single phase 

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		ReL		equivalent particle diamter  de (m)		ρmixture (kg/(m3)		Umixture		μmixture		Vf		density of air ρ (kg/(m3)		density of water  ρ (kg/(m3)		μg viscosity of air (pa)		μf viscocity of water(pa)		Flow rate of water (L/min)		Flow rate of air (L/min)		Reg		f/2		delta p

		0.0254		0.1644604361		0.0657841741		1003.0089338056		4110		2572.9861005708		4097.2853482846		1218.2254527752		0.008		714.6357142857		0.1362672184		0.0007767143		0.2857142857		1.225		1000		0.0000185		0.00108		5		2		34.8478327427		0.9580247803		643.4995917054		0.1565692437

		0.0254		0.1644604361		0.1644604361		1199.1763325182		5870		4072.4497762311		3514.295779497		1218.2254527752		0.008		500.6125		0.1644604361		0.00054925		0.5		1.225		1000		0.0000185		0.00108		5		5		87.1195823795		0.8040454343		3375.4536255958		0.5750346892

		0.0254		0.1644604361		0.2466906552		1546.8574853315		7020		4993.4784383376		4766.053397804		1218.2254527752		0.008		400.735		0.2137985676		0.0004431		0.6		1.225		1000		0.0000185		0.00108		5		7.5		130.679374092		0.8007990981		7564.1068058725		1.077508092

		0.0254		0.1644604361		0.3287893052		1967.3006081047		9020		5772.6888479378		6580.5718059812		1218.2254527752		0.008		334.15		0.2740130155		0.0003723333		0.6666666667		1.225		1000		0.0000185		0.00108		5		10		174.1694697899		0.8002532446		13427.3864654076		1.4886237767

		0.0254		0.1644604361		0.4933813103		2986.2474685056		11930		7094.5678333929		11688.2298052319		1253.0318942831		0.008		250.91875		0.4111510918		0.000276375		0.75		1.225		1000		0.0000185		0.00105		5		15		261.3587481841		0.8000515155		30228.1814641102		2.5337955963

		0.0254		0.1644604361		0.6578416813		3999.3262841272		14020		8223.6408252045		18755.9793471852		1253.0318942831		0.008		200.98		0.5591654323		0.0002248		0.8		1.225		1000		0.0000185		0.00105		5		20		348.4782960643		0.8000162998		53736.6131059827		3.8328540019

		0.0254		0.1644604361		0.8221706156		5019.9851894534		15680		9233.5356273856		27858.2844189424		1253.0318942831		0.008		167.6875		0.7125522523		0.0001904167		0.8333333333		1.225		1000		0.0000185		0.00105		5		25		435.5282179739		0.8000066807		83935.5993801845		5.3530356748

		0.0254		0.3289208736		0.0657841741		2206.7106343855		1545		13308.5687521582		15431.6440080498		2554.7252315733		0.008		833.5375		0.285064757		0.0008614167		0.1666666667		1.225		1000		0.0000185		0.00103		10		2		34.8478327427		1.1568645235		777.0590738864		0.5029508569

		0.0254		0.3289208736		0.1644604361		2111.2811311799		19490		21046.8964211575		25778.5569432709		2554.7252315733		0.008		667.075		0.2741007278		0.0006928333		0.3333333333		1.225		1000		0.0000185		0.00103		10		5		87.1195823795		0.8091357316		3396.8231424883		0.1742854357

		0.0254		0.3289208736		0.2466906552		2319.4115195775		21320		25782.8449530002		32349.6590960252		2631.3669885205		0.008		571.9535714286		0.2936793514		0.0005793571		0.4285714286		1.225		1000		0.0000185		0.001		10		7.5		130.679374092		0.8018642289		7574.1677100232		0.3552611496

		0.0254		0.3289208736		0.3287893052		2586.2184536068		24460		29773.3799762349		37996.0192880871		2631.3669885205		0.008		500.6125		0.3288550894		0.00050925		0.5		1.225		1000		0.0000185		0.001		10		10		174.1694697899		0.8005907984		13433.0502541171		0.5491843931

		0.0254		0.3289208736		0.4933813103		3404.0851879513		29510		36495.1719115737		47692.106595131		2687.8110199392		0.008		400.735		0.4275971356		0.0004027		0.6		1.225		1000		0.0000185		0.000979		10		15		261.3587481841		0.8001192664		30230.7412837948		1.0244236287

		0.0254		0.3289208736		0.6578416813		4431.8105285901		34200		42172.5324855105		56028.9100596169		2755.3581031628		0.008		334.15		0.5482014121		0.0003306667		0.6666666667		1.225		1000		0.0000185		0.000955		10		20		348.4782960643		0.8000387812		53738.1231627845		1.571290151

		0.0254		0.3289208736		0.8221706156		5582.4634921441		37700		47186.5156789951		63480.87288755		2820.329033784		0.008		286.5892857143		0.6812421178		0.0002797857		0.7142857143		1.225		1000		0.0000185		0.000933		10		25		435.5282179739		0.8000163077		83936.6094321666		2.2264352635

		0.0254		0.6571839054		0.0657841741		5288.8795524341		54800		29062.5253277649		18987.5096025086		5771.0990593446		0.008		909.2022727273		0.6034202934		0.0008298636		0.0909090909		1.225		1000		0.0000185		0.000911		20		2		34.8478327427		1.6745993312		1124.818489155		0.0205258848

		0.0254		0.6571839054		0.1644604361		4991.4666945631		59900		45956.0889650369		31718.6294113474		5900.6411257721		0.008		800.245		0.5586392115		0.0007165		0.2		1.225		1000		0.0000185		0.000891		20		5		87.1195823795		0.8229431918		3454.7880779517		0.0576759278

		0.0254		0.6571839054		0.2466906552		4970.5740225311		64800		56290.2508326369		39803.890136608		6036.1323112089		0.008		727.6068181818		0.5452312008		0.0006385		0.2727272727		1.225		1000		0.0000185		0.000871		20		7.5		130.679374092		0.8046465894		7600.4490483017		0.1172908804

		0.0254		0.6571839054		0.3287893052		5090.7821568336		67800		64993.2518817278		46751.3234956249		6170.7408956138		0.008		667.075		0.5477190387		0.0005741667		0.3333333333		1.225		1000		0.0000185		0.000852		20		10		174.1694697899		0.8015087274		13448.4521130786		0.1983547509

		0.0254		0.6571839054		0.4933813103		5550.0241113848		74200		79639.1590593767		58681.649956838		6311.4900877106		0.008		571.9535714286		0.5869827932		0.0004839286		0.4285714286		1.225		1000		0.0000185		0.000833		20		15		261.3587481841		0.8003050175		30237.7594781211		0.4075169741

		0.0254		0.6571839054		0.6578416813		6318.591448458		81600		91990.9151819868		68939.4770395247		6450.8849608134		0.008		500.6125		0.6575127934		0.00041675		0.5		1.225		1000		0.0000185		0.000815		20		20		348.4782960643		0.8000988567		53742.1584012873		0.6586048824

		0.01905		0.2923741087		0.1169496428		2407.4649772264		5840		6083.9758507519		5983.6951099852		2931.068758557		0.008		714.6357142857		0.2422528327		0.0005752857		0.2857142857		1.225		1000		0.0000185		0.000798		5		2		61.9517026537		0.8415569316		1786.5286321205		0.305912437

		0.01905		0.2923741087		0.2923741087		2929.1533903607		7300		9202.0140595755		7263.6637420669		2994.8692308943		0.008		500.6125		0.2923741087		0.00039975		0.5		1.225		1000		0.0000185		0.000781		5		5		154.8792575636		0.8010893576		10628.8790284807		1.4560108258

		0.01905		0.2923741087		0.4385611648		3842.6717222068		10400		11062.1817572542		10642.8060156124		3057.50701873		0.008		400.735		0.3800863423		0.0003171		0.6		1.225		1000		0.0000185		0.000765		5		7.5		232.3188872747		0.8002201375		23889.0291145206		2.2970220302

		0.01905		0.2923741087		0.5845143204		4970.2567808945		14200		12613.7797168917		11868.9861410323		3122.8209203317		0.008		334.15		0.4871342498		0.000262		0.6666666667		1.225		1000		0.0000185		0.000749		5		10		309.6346129598		0.8000714055		42427.5291702691		2.9878541669

		0.01905		0.2923741087		0.8771223295		7433.7830163855		17900		15214.3732302577		15187.7807073167		3186.638786551		0.008		250.91875		0.7309352743		0.000197375		0.75		1.225		1000		0.0000185		0.000734		5		15		464.6377745495		0.8000143991		95531.5487701496		5.3369580319

		0.01905		0.2923741087		1.1694963224		10064.9151824437		21200		17417.1804953728		19099.9201870134		3248.6012074006		0.008		200.98		0.9940718796		0.0001588		0.8		1.225		1000		0.0000185		0.00072		5		20		619.5169707809		0.8000046535		169831.761634064		8.0109321526

		0.01905		0.5845143204		0.1169496428		5719.8926247794		26400		28431.5746043755		26244.8920215154		6632.7866142779		0.008		833.5375		0.5065868741		0.0005905833		0.1666666667		1.225		1000		0.0000185		0.000705		10		2		61.9517026537		0.9020423601		1914.932244193		0.0725353123

		0.01905		0.5845143204		0.2923741087		5560.7286364504		31200		44967.2482256446		31243.2181591465		6757.3909870895		0.008		667.075		0.4871342498		0.0004675		0.3333333333		1.225		1000		0.0000185		0.000692		10		5		154.8792575636		0.802666317		10649.8021751247		0.3413398133

		0.01905		0.5845143204		0.4385611648		6077.0318995037		34890		55091.2233757854		33677.6850833905		6896.9241343155		0.008		588.7397058824		0.5244159622		0.0004064412		0.4117647059		1.225		1000		0.0000185		0.000678		10		7		232.3188872747		0.8005386551		23898.5378437495		0.6849681239

		0.01905		0.5845143204		0.5845143204		6839.7995666993		40100		63625.4569512739		42165.627628696		7021.1930376365		0.008		500.6125		0.5845143204		0.00034225		0.5		1.225		1000		0.0000185		0.000666		10		10		309.6346129598		0.8001740932		42432.9746670754		1.0581789194

		0.01905		0.5845143204		0.8771223295		8948.6686301997		50600		78011.8593155504		34220.2529979599		7160.9717657977		0.008		400.735		0.7600791259		0.0002723		0.6		1.225		1000		0.0000185		0.000653		10		15		464.6377745495		0.8000350864		95534.0190870704		1.8880240926

		0.01905		0.8771223295		0.1169496428		9794.6817835157		58900		59175.2563924887		60335.6113401844		10946.9245492251		0.008		882.4970588235		0.7876902487		0.0005677647		0.1176470588		1.225		1000		0.0000185		0.000641		15		2		61.9517026537		0.9770664187		2074.1996970057		0.0352156146

		0.01905		0.8771223295		0.2923741087		9209.9762523245		65500		74747.7520570204		64984.4021815448		11155.7688967461		0.008		750.30625		0.7309352743		0.000476375		0.25		1.225		1000		0.0000185		0.000629		15		5		154.8792575636		0.8046281165		10675.8313935375		0.1629897923

		0.01905		0.8771223295		0.4385611648		9328.120812366		70120		96017.3895291772		70743.747316024		11354.3343625458		0.008		667.075		0.7309352746		0.0004181667		0.3333333333		1.225		1000		0.0000185		0.000618		15		7.5		232.3188872747		0.800932111		23910.2837105755		0.3409909257

		0.01905		0.8771223295		0.5845143204		9826.0476703131		79300		123427.928867202		78911.6676309484		11560.0965997583		0.008		600.49		0.7600791259		0.0003716		0.4		1.225		1000		0.0000185		0.000607		15		10		309.6346129598		0.8003012919		42439.719972205		0.5351793187

		0.01905		0.8771223295		0.8771223295		11231.9335489727		79300		198304.326940169		79516.6557131275		11560.0965997583		0.008		500.6125		0.8771223295		0.00031275		0.5		1.225		1000		0.0000185		0.000607		15		15		464.6377745495		0.8000594193		95536.9247308599		1.2047531492

		0.01905		0.8771223295		1.1694963224		13246.2104246866		93400		300508.436809335		94118.2974931013		11560.0965997583		0.008		429.2714285714		1.0441931826		0.0002707143		0.5714285714		1.225		1000		0.0000185		0.000607		15		20		619.5169707809		0.8000188006		169834.764905656		1.8183593673

										36365.5405405405																																		36719.0028887209		1.3896877115

																																														1.3896877115

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical				equivalent particle diamter  de (m)		ρmixture (kg/(m3)		Umixture		μmixture		Vf		density of air ρ (kg/(m3)		density of water  ρ (kg/(m3)		μg viscosity of air (pa)		viscosity		Flow rate of water (L/min)		Flow rate of air (L/min)

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		21442.4801974849		40282.9393295352		10514.9424861258		0.016		800.245		0.5586392115		0.0008037		0.2		1.225		1000		0.0000185		0.001		20		5		174.2391647591		1637.7872094396		27945.3971195757		0.6677514246

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		30318.8586877541		42380.3068596093		10740.492835675		0.016		667.075		0.5477190387		0.0006588333		0.3333333333		1.225		1000		0.0000185		0.000979		20		10		348.3389395797		452.301211395		30845.5878300277		0.6626334657

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		37141.3724157085		47066.914383894		11010.4109802365		0.016		571.9535714286		0.5869827932		0.0005536429		0.4285714286		1.225		1000		0.0000185		0.000955		20		15		522.7174963682		217.2325008861		33359.5455276766		0.6477581656

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		42888.6321075532		51679.0745906503		11270.0348189988		0.016		500.6125		0.6575127934		0.00047575		0.5		1.225		1000		0.0000185		0.000933		20		20		696.9565921285		130.6208172859		35660.309366205		0.6483692612

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		47948.9790057893		55994.7035223322		11542.1981186892		0.016		445.125		0.7488431888		0.0004151667		0.5555555556		1.225		1000		0.0000185		0.000911		20		25		871.0564359479		89.0313220943		37966.1587942259		0.6327693132

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		236909.006609947		70678.0925211635		17719.6430203366		0.016		937.5765625		0.9292014678		0.0008364687		0.0625		1.225		1000		0.0000185		0.000891		30		2		69.6956654855		19153.9606318494		52291.5335287992		0.7689931401

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		374590.232992452		67433.8087641061		18126.5234570837		0.016		857.3178571429		0.86929088		0.0007492143		0.1428571429		1.225		1000		0.0000185		0.000871		30		5		174.2391647591		3450.9460558853		58883.1427026122		0.8178214264

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		529659.158014854		81716.1667073085		18530.7534402816		0.016		750.30625		0.8222692918		0.000643625		0.25		1.225		1000		0.0000185		0.000852		30		10		348.3389395797		952.1898223696		64936.4937718705		0.8117061721

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		648850.202440234		81424.7144276057		18953.4236868186		0.016		667.075		0.8223021839		0.0005615		0.3333333333		1.225		1000		0.0000185		0.000833		30		15		522.7174963682		454.5278478698		69800.0638613518		0.8116286496

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		749259.186491371		88216.5146380431		19372.0269093495		0.016		600.49		0.855194245		0.0004964		0.4		1.225		1000		0.0000185		0.000815		30		20		696.9565921285		271.7089426314		74178.2600440638		0.8242028894

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		837670.228602872		87518.9804308994		19784.7141993983		0.016		546.0113636364		0.9119480729		0.0004436818		0.4545454545		1.225		1000		0.0000185		0.000798		30		25		871.0564359479		183.6639600043		78320.920169086		0.8332012784

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		20739.1357871152		15955.7321454241		5989.7384617886		0.016		714.6357142857		0.2422528327		0.0005631429		0.2857142857		1.225		1000		0.0000185		0.000781		5		2		123.9034053075		1450.6817039241		26626.4851889376		1.6683261397

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		24920.3747752863		26043.7556659337		6115.01403746		0.016		500.6125		0.2923741087		0.00039175		0.5		1.225		1000		0.0000185		0.000765		5		5		309.7585151273		262.4716859539		30109.5448933073		1.2545643706

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		26663.1415511616		24279.7153571095		6245.6418406634		0.016		417.38125		0.3604582937		0.000322875		0.5833333333		1.225		1000		0.0000185		0.000749		5		7		433.4141160997		143.5783602548		32245.5891225664		1.2214238304

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		28659.2852794397		33925.4567439553		6373.2775731021		0.016		334.15		0.4871342498		0.000257		0.6666666667		1.225		1000		0.0000185		0.000734		5		10		619.2692259195		75.9486136079		34822.0288114947		1.0881884004

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		31140.9551815389		51650.9460540733		6497.2024148013		0.016		250.91875		0.7309352743		0.000193875		0.75		1.225		1000		0.0000185		0.00072		5		15		929.2755490989		37.2536066518		38462.062379558		0.9615515595

		0.01905		0.2923741087		1.1694963224		20517.4394219777		43000		33066.0328364958		70981.9600028455		6635.4407640524		0.016		200.98		0.9940718796		0.0001558		0.8		1.225		1000		0.0000185		0.000705		5		20		1239.0339415619		23.1379558182		42468.4701911749		0.9876388417

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		59433.1441070921		69735.1682675029		13793.848268631		0.016		833.5375		0.5065868741		0.0005680833		0.1666666667		1.225		1000		0.0000185		0.000678		10		2		123.9034053075		4543.6282993131		83395.8622959424		1.1913694614

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		93981.384638653		79655.3573139114		14042.386075273		0.016		667.075		0.4871342498		0.0004501667		0.3333333333		1.225		1000		0.0000185		0.000666		10		5		309.7585151273		814.7114982557		93459.9568051296		1.1397555708

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		111178.178634872		84081.962145011		14321.9435315954		0.016		588.7397058824		0.5122807168		0.0003917353		0.4117647059		1.225		1000		0.0000185		0.000653		10		7		433.4141160997		442.4988368345		99378.7340547404		1.0572205751

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		132915.431948054		92386.177406799		14590.0610392072		0.016		500.6125		0.5845143204		0.00032975		0.5		1.225		1000		0.0000185		0.000641		10		10		619.2692259195		231.1471268032		105979.708211528		1.0576817187

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		132915.431948054		106517.611071794		14868.4087855832		0.016		400.735		0.7600791259		0.0002627		0.6		1.225		1000		0.0000185		0.000629		10		15		929.2755490989		110.7465075659		114338.97185139		0.9372046873

		0.01905		0.6988910722		0.1169496428		15866.013880026		7000		66783.8657409367		74172.2554408457		18094.2672401529		0.016		857.3178571429		0.6157565822		0.0005323571		0.1428571429		1.225		1000		0.0000185		0.000618		12		2		123.9034053075		6588.6080741264		120930.370064568		17.2757671521

		0.01905		0.6988910722		0.2923741087		15086.7766378061		82000		100875.418398223		93462.4446234853		18422.1699413748		0.016		706.2426470588		0.5793272594		0.0004339118		0.2941176471		1.225		1000		0.0000185		0.000607		12		5		309.7585151273		1180.6716533089		135441.223004144		1.6517222318

		0.01905		0.6988910722		0.4090898545		15346.1525653186		94000		117345.921044403		90661.690274413		18422.1699413748		0.016		632.0302631579		0.5921222025		0.0003901842		0.3684210526		1.225		1000		0.0000185		0.000607		12		7		433.4141160997		623.7616051143		140087.687261888		1.4902945453

		0.01905		0.6988910722		0.5845143204		16646.3927581954		100200		137807.944875622		91207.7277955089		18422.1699413748		0.016		546.0113636364		0.6469016395		0.0003395		0.4545454545		1.225		1000		0.0000185		0.000607		12		10		619.2692259195		317.2576742697		145460.928768561		1.4517058759

										64525.3846153846																																0		69515.1936777086		1.6369711595

																																										0





		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		9008.6046495219		12060.0752377572		4.0606313932		3.0332002187

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		18017.2092990437		21068.679887279		1.7326217013		1.4816783963

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		36034.4185980875		39085.8891863228		1.1772858189		1.0853740542

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		54051.6278971312		57103.0984853665		0.6256502518		0.5922168061

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		16015.2971547056		19066.7677429408		3.867498528		3.2485389766

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		32030.5943094111		35082.0648976464		1.6317239487		1.4897950842

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		48045.8914641167		48045.8914641167		1.0157693756		1.0157693756

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		64061.1886188222		64061.1886188222		0.7414489423		0.7414489423

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		19057.434566261		19986.141595709		2.0580382901		2.0580382901		2.1583306259

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		38114.869132522		41829.6972503142		1.1670198755		1.1670198755		1.2807623163

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		57172.3036987829		65530.6669638155		0.8662470257		0.8662470257		0.9928888934

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		66701.0209819134		78077.6820926521		0.6806226631		0.6806226631		0.7967110418

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		32257.5229555976														0		0

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		98333.5140836335														0		0

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		119498.724308527														0		0

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		152149.731049637														0		0

																				A=30000		A=30000

																						B=0.1

				ReL		Experimental (0.025)		Darcy (1856) (0.025)		Ergun (1952) (0.025)		Experimental (0.019)		Darcy (1856) (0.019)		Ergun (1952) (0.019)

		4934.115681		4934.115681		9260		19057.434566261		19986.141595709

		9868.231362		9868.231362		32660		38114.869132522		41829.6972503142

		14802.34704		14802.34704		66000		57172.3036987829		65530.6669638155

		17269.40488		17269.40488		98000		66701.0209819134		78077.6820926521

		4385.880605		4385.880605								17720		30696.5777387569		32257.5229555976

		8771.761211		8771.761211								56820		61393.1554775138		67636.9363448766

		10526.11345		10526.11345								87000		73671.7865730166		82662.831022019

		13155		13155								92000		92071.2432683026		106114.109415485

												single - spherical





		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417

		30861.711470306		30861.711470306		30861.711470306

		61723.4355321903		61723.4355321903		61723.4355321903

		92585.1347812586		92585.1347812586		92585.1347812586

		123323.399528636		123323.399528636		123323.399528636



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

1757.3964497041

1373.8376827966

2284.6153846154

7195.2662721894

5474.0388877239

9353.8461538462

25538.4615384615

21853.5142978323

33200

54005.9171597633

49138.4458857038

70207.6923076923

54005.9171597633

87328.8270952834

78643.0769230769

3792.3076923077

3055.2486493828

4930

16538.4615384615

12195.6485454266

21500

36384.6153846154

27421.1849953944

47300

66461.5384615385

48634.5082811705

86400



		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

5479.2899408284

10395.2243290903

7123.0769230769

19325.4437869822

41489.8468162568

25123.0769230769

39053.2544378698

93283.9047750613

50769.2307692308

57988.1656804734

126943.195640681

75384.6153846154

13630.7692307692

21256.0186640976

17720

43707.6923076923

84703.6907348222

56820

66923.0769230769

121896.365541134

87000

70769.2307692308

190342.914251804

92000



		



Experimental (0.025)

Darcy (1856) (0.025)

Ergun (1952) (0.025)

Experimental (0.019)

Darcy (1856) (0.019)

Ergun (1952) (0.019)

Particle Reynolds Number

Pressure drop (Pa/m)



		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		9729.2930214836		10339.5871391307		3.4813424711		3.2758562362		1315.7641815804		9609.1782928233		10422.9037830194

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		19458.5860429672		20068.8801606143		1.650401329		1.600212668		2631.5283631607		19218.3565856467		20032.0820758427

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		38917.1720859345		39527.4662035815		1.1905863314		1.1722039785		5263.0567263214		38436.7131712933		39250.4386614894

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		58375.7581289017		58986.0522465488		0.6462808398		0.6395941506		7894.5850894821		57655.06975694		58468.795247136

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		17296.520927082		17906.815044729		3.632214005		3.5084220947		2339.1363228095		17082.9836316859		17896.709121882

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		34593.041854164		35203.335971811		1.6373644638		1.6089786909		4678.2726456191		34165.9672633718		34979.6927535679

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		51889.562781246		51889.562781246		1.0970309256		1.0970309256		7017.4089684286		51248.9508950578		51248.9508950578

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		69186.083708328		69186.083708328		0.8007648577		0.8007648577		9356.5452912381		68331.9345267437		68331.9345267437

																								1.7669981529		1.7128829503

																										A= 27		A=27

																												B=.001

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		12704.9563775073		13633.6634069554		1.3720255267		1.3720255267		1.4723178625

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		25409.9127550146		29124.7408728069		0.7780132503		0.7780132503		0.8917556911

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		38114.869132522		46473.2323975545		0.5774980172		0.5774980172		0.7041398848

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		44467.3473212756		55844.0084320143		0.4537484421		0.4537484421		0.5698368207

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		32257.5229555976		1.7323125135		1.7323125135		1.8204019727

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		67636.9363448766		1.0804849609		1.0804849609		1.1903719878

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		82662.831022019		0.8468021445		0.8468021445		0.950147483

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		106114.109415485		1.0007743834		1.0007743834		1.1534142328

																										0.9802074048		1.0940482419

																				A=20000		A=20000

																						B=0.1

				ReL		Experimental		darcy		kozney

		2467.05784		2467.05784		2970		9008.6046495219		12060.0752377572		3.0332002187		4.0606313932

		4934.115681		4934.115681		12160		18017.2092990437		21068.679887279		1.4816783963		1.7326217013

		9868.231362		9868.231362		33200		36034.4185980875		39085.8891863228		1.0853740542		1.1772858189

		14802.34704		14802.34704		91270		54051.6278971312		57103.0984853665		0.5922168061		0.6256502518

		4385.880605		4385.880605		4930		16015.2971547056		19066.7677429408		3.2485389766		3.867498528

		8771.761211		8771.761211		21500		32030.5943094111		35082.0648976464		1.4897950842		1.6317239487

		13157.64182		13157.64182		47300		48045.8914641167		48045.8914641167		1.0157693756		1.0157693756

		17543.52242		17543.52242		86400		64061.1886188222		64061.1886188222		0.7414489423		0.7414489423

												1.5860027317		1.856578745

				ReL		Experimental		Darcy (1856)		Ergun (1952)

		4934.115681		1315.7641815804		2970		9729.2930214836		10339.5871391307

		9868.231362		2631.5283631607		12160		19458.5860429672		20068.8801606143

		14802.34704		5263.0567263214		33200		38917.1720859345		39527.4662035815

		17269.40488		7894.5850894821		91270		58375.7581289017		58986.0522465488

		4385.880605		2339.1363228095		4930		17296.520927082		17906.815044729

		8771.761211		4678.2726456191		21500		34593.041854164		35203.335971811

		10526.11345		7017.4089684286		47300		51889.562781246		51889.562781246

		13155		9356.5452912381		86400		69186.083708328		69186.083708328

												single - spherical





		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417

		30861.711470306		30861.711470306		30861.711470306

		61723.4355321903		61723.4355321903		61723.4355321903

		92585.1347812586		92585.1347812586		92585.1347812586

		123323.399528636		123323.399528636		123323.399528636



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

1757.3964497041

1373.8376827966

2284.6153846154

7195.2662721894

5474.0388877239

9353.8461538462

25538.4615384615

21853.5142978323

33200

54005.9171597633

49138.4458857038

70207.6923076923

54005.9171597633

87328.8270952834

78643.0769230769

3792.3076923077

3055.2486493828

4930

16538.4615384615

12195.6485454266

21500

36384.6153846154

27421.1849953944

47300

66461.5384615385

48634.5082811705

86400



		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

5479.2899408284

10395.2243290903

7123.0769230769

19325.4437869822

41489.8468162568

25123.0769230769

39053.2544378698

93283.9047750613

50769.2307692308

57988.1656804734

126943.195640681

75384.6153846154

13630.7692307692

21256.0186640976

17720

43707.6923076923

84703.6907348222

56820

66923.0769230769

121896.365541134

87000

70769.2307692308

190342.914251804

92000
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kozney
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Experimental

Darcy (1856)

Ergun (1952)

Particle Reynolds Number

Pressure drop (Pa/m)



		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		13512.9069742828		2946.2786546541		0.992013015

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		27025.8139485656		11604.9425256258		0.9543538261

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		54051.6278971312		46059.4259165222		1.3873321059

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		81077.4418456969		103363.450172689		1.1325019193

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		24022.9457320583		9187.1320788145		1.8635156346

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		48045.8914641166		36428.2223721638		1.6943359243

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		72068.837196175		81723.2708800479		1.7277647121

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		96091.7829282333		145072.277602467		1.6790772871

																				A= 150		A=1

																						B=.01

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		11434.4607397566		11239.771526208		1.2348229741		0.8098326813

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		32681.479139721		44768.5117591694		1.0006576589		0.9993427733

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		49022.2187095816		100586.220698884		0.7427608895		1.3463282923

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		57192.5884945118		136853.438433774		0.5835978418		1.7135087357

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		39481.0314660378		18961.5669351291		2.2280491798		0.448823127

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		78962.0629320757		75385.8190744352		1.3896878376		0.7195860631

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		94754.4755184908		108445.071787327		1.0891319025		0.9181624353

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		118419.313173257		169204.928090706		1.2871664475		0.7769003006

																				A=18000		A=150

																						B=1.2

				ReL		Experimental		darcy		kozney

		2467.05784		16446.0436124657		2970		13512.9069742828		2946.2786546541

		4934.115681		32892.0939349172		12160		27025.8139485656		11604.9425256258

		9868.231362		65784.168134582		33200		54051.6278971312		46059.4259165222

		14802.34704		131568.356004417		91270		81077.4418456969		103363.450172689

		4385.880605		30861.711470306		4930		24022.9457320583		9187.1320788145

		8771.761211		61723.4355321903		21500		48045.8914641166		36428.2223721638

		13157.64182		92585.1347812586		47300		72068.837196175		81723.2708800479

		17543.52242		123323.399528636		86400		96091.7829282333		145072.277602467

				ReL		Experimental		darcy		kozney

		4934.115681		19491.6112206917		9260		16340.7395698605		11239.771526208

		9868.231362		38983.210746419		32660		32681.479139721		44768.5117591694

		14802.34704		58474.8219671107		66000		49022.2187095816		100586.220698884

		17269.40488		68220.6217299743		98000		57192.5884945118		136853.438433774

		4385.880605		11286.5687662833		17720		39481.0314660378		18961.5669351291

		8771.761211		22573.1421374868		56820		78962.0629320757		75385.8190744352

		10526.11345		27087.7651474311		87000		94754.4755184908		108445.071787327

		13155		33859.7064342888		92000		118419.313173257		169204.928090706





		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417

		30861.711470306		30861.711470306		30861.711470306

		61723.4355321903		61723.4355321903		61723.4355321903

		92585.1347812586		92585.1347812586		92585.1347812586

		123323.399528636		123323.399528636		123323.399528636



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

1757.3964497041

1373.8376827966

2284.6153846154

7195.2662721894

5474.0388877239

9353.8461538462

25538.4615384615

21853.5142978323

33200

54005.9171597633

49138.4458857038

70207.6923076923

54005.9171597633

87328.8270952834

78643.0769230769

3792.3076923077

3055.2486493828

4930

16538.4615384615

12195.6485454266

21500

36384.6153846154

27421.1849953944

47300

66461.5384615385

48634.5082811705

86400



		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

5479.2899408284

10395.2243290903

7123.0769230769

19325.4437869822

41489.8468162568

25123.0769230769

39053.2544378698

93283.9047750613

50769.2307692308

57988.1656804734

126943.195640681

75384.6153846154

13630.7692307692

21256.0186640976

17720

43707.6923076923

84703.6907348222

56820

66923.0769230769

121896.365541134

87000

70769.2307692308

190342.914251804

92000
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darcy
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single - spherical
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		1003.0089338056		1003.0089338056		1003.0089338056		1003.0089338056

		1199.1763325182		1199.1763325182		1199.1763325182		1199.1763325182

		1546.8574853315		1546.8574853315		1546.8574853315		1546.8574853315

		1967.3006081047		1967.3006081047		1967.3006081047		1967.3006081047

		2986.2474685056		2986.2474685056		2986.2474685056		2986.2474685056

		3999.3262841272		3999.3262841272		3999.3262841272		3999.3262841272

		5019.9851894534		5019.9851894534		5019.9851894534		5019.9851894534

		2206.7106343855		2206.7106343855		2206.7106343855		2206.7106343855

		2111.2811311799		2111.2811311799		2111.2811311799		2111.2811311799

		2319.4115195775		2319.4115195775		2319.4115195775		2319.4115195775

		2586.2184536068		2586.2184536068		2586.2184536068		2586.2184536068

		3404.0851879513		3404.0851879513		3404.0851879513		3404.0851879513

		4431.8105285901		4431.8105285901		4431.8105285901		4431.8105285901

		5582.4634921441		5582.4634921441		5582.4634921441		5582.4634921441

		5288.8795524341		5288.8795524341		5288.8795524341		5288.8795524341

		4991.4666945631		4991.4666945631		4991.4666945631		4991.4666945631

		4970.5740225311		4970.5740225311		4970.5740225311		4970.5740225311

		5090.7821568336		5090.7821568336		5090.7821568336		5090.7821568336

		5550.0241113848		5550.0241113848		5550.0241113848		5550.0241113848

		6318.591448458		6318.591448458		6318.591448458		6318.591448458

		2407.4649772264		2407.4649772264		2407.4649772264		2407.4649772264

		2929.1533903607		2929.1533903607		2929.1533903607		2929.1533903607

		3842.6717222068		3842.6717222068		3842.6717222068		3842.6717222068

		4970.2567808945		4970.2567808945		4970.2567808945		4970.2567808945

		7433.7830163855		7433.7830163855		7433.7830163855		7433.7830163855

		10064.9151824437		10064.9151824437		10064.9151824437		10064.9151824437

		5719.8926247794		5719.8926247794		5719.8926247794		5719.8926247794

		5560.7286364504		5560.7286364504		5560.7286364504		5560.7286364504

		6077.0318995037		6077.0318995037		6077.0318995037		6077.0318995037

		6839.7995666993		6839.7995666993		6839.7995666993		6839.7995666993

		8948.6686301997		8948.6686301997		8948.6686301997		8948.6686301997

		9794.6817835157		9794.6817835157		9794.6817835157		9794.6817835157

		9209.9762523245		9209.9762523245		9209.9762523245		9209.9762523245

		9328.120812366		9328.120812366		9328.120812366		9328.120812366

		9826.0476703131		9826.0476703131		9826.0476703131		9826.0476703131

		11231.9335489727		11231.9335489727		11231.9335489727		11231.9335489727

				169834.764905656		139934.486412627



Experimental

Jamialahmadi (2005)

Nemec & Levec (2005)

Drift-Flux model

Mixture Reynolds number

Pressure drop (Pa/m)

4110

643.4995917054

4816.6825285594

4305

5870

3375.4536255958

6768.5178908552

6087

7020

7564.1068058725

7251.4640097241

7525

9020

13427.3864654076

7652.7272528971

8917

11930

30228.1814641102

8711.6029086301

11541

14020

53736.6131059827

10116.4833493252

13974

15680

83935.5993801845

11814.9476751966

16198

15450

777.0590738864

7451.1499516179

15820

19490

3396.8231424883

14910.5870076353

19721

21320

7574.1677100232

18661.487209228

22862

24460

13433.0502541171

20974.486744797

25891

29510

30230.7412837948

23893.5364994306

31560

34200

53738.1231627845

26191.3534183481

36638

37700

83936.6094321666

28536.3819888492

41061

54800

1124.818489155

11010.1248659442

56051

59900

3454.7880779517

24556.5432174469

63372

64800

7600.4490483017

36110.0044709855

68898

67800

13448.4521130786

46205.3753261591

73875

74200

30237.7594781211

61489.5040738556

82037

81600

53742.1584012873

71784.891444219

87661

5840

1786.5286321205

10752.7136625235

5972

7300

10628.8790284807

17184.7861675442

8644

10400

23889.0291145206

19383.7641022134

10909

14200

42427.5291702691

21117.6496450055

13206

17900

95531.5487701496

24955.6455115416

17893

169831.761634064

29601.5101382118

26400

1914.932244193

16633.8722577667

26663

31200

10649.8021751247

37856.9213364963

33311

34890

23898.5378437495

54041.0132657254

37573

40100

42432.9746670754

57878.9558183656

43653

50600

95534.0190870704

68446.4883386921

52774

58900

2074.1996970057

20740.4354789732

59924

65500

10675.8313935375

52094.5301721709

69760

70120

23910.2837105755

76241.1730015221

76942

79300

42439.719972205

95456.6158992724

83099

79300

95536.9247308599

122208.514469432

92046



Comp bet exp & empical (sph)

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamialahmadi (2005)		Nemec & Levec (2005)		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		27945.3971195757		46079.6255851737		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		30845.5878300277		62426.9324265006		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		33359.5455276766		53419.257400431		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		35660.309366205		40421.35882883		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		37966.1587942259		30143.5619459988		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		52291.5335287992		37615.4878630682		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		58883.1427026122		67885.0741376412		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		64936.4937718705		120005.183570503		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		69800.0638613518		136067.047053401		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		74178.2600440638		126384.570217714		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		78320.920169086		107928.278435034		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		26626.4851889376		31016.3855677674		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		30109.5448933073		18591.3914254091		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		32245.5891225664		11445.2331151284		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		34822.0288114947		6423.9996093653		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		38462.062379558		3503.2582788122		42988

		0.01905		0.2923741087								42468.4701911749		2510.6600585969

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		83395.8622959424		70351.2682390211		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		93459.9568051296		109418.02429782		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		99378.7340547404		96898.6898205244		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		105979.708211528		69385.054906843		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		114338.97185139		39169.7458949117		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		120930.370064568		83222.5826754491		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		135441.223004144		151469.458301502		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		140087.687261888		149649.51370255		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		145460.928768561		119814.806082747		116631

										69998.4		69515.1936777086		68894.0942092593		73444.2

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		27945.3971195757		46079.6255851737		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		30845.5878300277		62426.9324265006		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		33359.5455276766		53419.257400431		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		35660.309366205		40421.35882883		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		37966.1587942259		30143.5619459988		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		52291.5335287992		37615.4878630682		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		58883.1427026122		67885.0741376412		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		64936.4937718705		120005.183570503		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		69800.0638613518		136067.047053401		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		74178.2600440638		126384.570217714		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		78320.920169086		107928.278435034		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		26626.4851889376		31016.3855677674		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		30109.5448933073		18591.3914254091		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		32245.5891225664		11445.2331151284		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		34822.0288114947		6423.9996093653		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		38462.062379558		3503.2582788122		42988

		0.01905		0.2923741087								42468.4701911749		2510.6600585969

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		83395.8622959424		70351.2682390211		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		93459.9568051296		109418.02429782		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		99378.7340547404		96898.6898205244		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		105979.708211528		69385.054906843		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		114338.97185139		39169.7458949117		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		120930.370064568		83222.5826754491		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		135441.223004144		151469.458301502		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		140087.687261888		149649.51370255		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		145460.928768561		119814.806082747		116631

										69998.4		69515.1936777086		68894.0942092593		73444.2





Comp bet exp & empical (sph)

		



Experimental

Jamilahmadi

Emperical

Two-phase - Sperical particles



Comp bet exp & empical (cyl)

		



Experimental

Jamialahmadi (2005)

Nemec & Levec (2005)

Mixture Reynolds number

Pressure drop (Pa/m)



Comp bet exp & numerical (shp)

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamialahmadi (2005)		Nemec & Levec (2005)		Numerical

		0.0254		0.1644604361		0.0657841741		1003.0089338056		4110		643.4995917054		4816.6825285594		4305				0.1565692437		1.1719422211

		0.0254		0.1644604361		0.1644604361		1199.1763325182		5870		3375.4536255958		6768.5178908552		6087				0.5750346892		1.1530694874

		0.0254		0.1644604361		0.2466906552		1546.8574853315		7020		7564.1068058725		7251.4640097241		7525				1.077508092		1.0329720812

		0.0254		0.1644604361		0.3287893052		1967.3006081047		9020		13427.3864654076		7652.7272528971		8917				1.4886237767		0.8484176555

		0.0254		0.1644604361		0.4933813103		2986.2474685056		11930		30228.1814641102		8711.6029086301		11541				2.5337955963		0.730226564

		0.0254		0.1644604361		0.6578416813		3999.3262841272		14020		53736.6131059827		10116.4833493252		13974				3.8328540019		0.7215751319

		0.0254		0.1644604361		0.8221706156		5019.9851894534		15680		83935.5993801845		11814.9476751966		16198				5.3530356748		0.753504316

		0.0254		0.3289208736		0.0657841741		2206.7106343855		15450		777.0590738864		7451.1499516179		15820				0.0502950857		0.4822750778

		0.0254		0.3289208736		0.1644604361		2111.2811311799		19490		3396.8231424883		14910.5870076353		19721				0.1742854357		0.7650378147

		0.0254		0.3289208736		0.2466906552		2319.4115195775		21320		7574.1677100232		18661.487209228		22862				0.3552611496		0.8753042781

		0.0254		0.3289208736		0.3287893052		2586.2184536068		24460		13433.0502541171		20974.486744797		25891				0.5491843931		0.8575015022

		0.0254		0.3289208736		0.4933813103		3404.0851879513		29510		30230.7412837948		23893.5364994306		31560				1.0244236287		0.8096759234

		0.0254		0.3289208736		0.6578416813		4431.8105285901		34200		53738.1231627845		26191.3534183481		36638				1.571290151		0.7658290473

		0.0254		0.3289208736		0.8221706156		5582.4634921441		37700		83936.6094321666		28536.3819888492		41061				2.2264352635		0.7569332093

		0.0254		0.6571839054		0.0657841741		5288.8795524341		54800		1124.818489155		11010.1248659442		56051				0.0205258848		0.2009146873

		0.0254		0.6571839054		0.1644604361		4991.4666945631		59900		3454.7880779517		24556.5432174469		63372				0.0576759278		0.4099589853

		0.0254		0.6571839054		0.2466906552		4970.5740225311		64800		7600.4490483017		36110.0044709855		68898				0.1172908804		0.5572531554

		0.0254		0.6571839054		0.3287893052		5090.7821568336		67800		13448.4521130786		46205.3753261591		73875				0.1983547509		0.6814952113

		0.0254		0.6571839054		0.4933813103		5550.0241113848		74200		30237.7594781211		61489.5040738556		82037				0.4075169741		0.8286995158

		0.0254		0.6571839054		0.6578416813		6318.591448458		81600		53742.1584012873		71784.891444219		87661				0.6586048824		0.8797168069

		0.01905		0.2923741087		0.1169496428		2407.4649772264		5840		1786.5286321205		10752.7136625235		5972				0.305912437		1.8412180929

		0.01905		0.2923741087		0.2923741087		2929.1533903607		7300		10628.8790284807		17184.7861675442		8644				1.4560108258		2.3540802969

		0.01905		0.2923741087		0.4385611648		3842.6717222068		10400		23889.0291145206		19383.7641022134		10909				2.2970220302		1.8638234714

		0.01905		0.2923741087		0.5845143204		4970.2567808945		14200		42427.5291702691		21117.6496450055		13206				2.9878541669		1.4871584257

		0.01905		0.2923741087		0.8771223295		7433.7830163855		17900		95531.5487701496		24955.6455115416		17893				5.3369580319		1.3941701403

		0.01905		0.2923741087				10064.9151824437				169831.761634064		29601.5101382118

		0.01905		0.5845143204		0.1169496428		5719.8926247794		26400		1914.932244193		16633.8722577667		26663				0.0725353123		0.6300709189

		0.01905		0.5845143204		0.2923741087		5560.7286364504		31200		10649.8021751247		37856.9213364963		33311				0.3413398133		1.2133628633

		0.01905		0.5845143204		0.4385611648		6077.0318995037		34890		23898.5378437495		54041.0132657254		37573				0.6849681239		1.5488969122

		0.01905		0.5845143204		0.5845143204		6839.7995666993		40100		42432.9746670754		57878.9558183656		43653				1.0581789194		1.4433654818

		0.01905		0.5845143204		0.8771223295		8948.6686301997		50600		95534.0190870704		68446.4883386921		52774				1.8880240926		1.352697398

		0.01905		0.8771223295		0.1169496428		9794.6817835157		58900		2074.1996970057		20740.4354789732		59924				0.0352156146		0.3521296346

		0.01905		0.8771223295		0.2923741087		9209.9762523245		65500		10675.8313935375		52094.5301721709		69760				0.1629897923		0.7953363385

		0.01905		0.8771223295		0.4385611648		9328.120812366		70120		23910.2837105755		76241.1730015221		76942				0.3409909257		1.0872956789

		0.01905		0.8771223295		0.5845143204		9826.0476703131		79300		42439.719972205		95456.6158992724		83099				0.5351793187		1.2037404275

		0.01905		0.8771223295		0.8771223295		11231.9335489727		79300		95536.9247308599		122208.514469432		92046				1.2047531492		1.5410909769

		0.01905		0.8771223295								169834.764905656		139934.486412627						1.1753285153		1.0111639923

										35566.5714285714		36719.0028887209		35498.2953381564		37896.0857142857

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		26142.1865761855		39229.4248754686		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		28956.3621057889		55931.9382294308		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		31383.3316510485		49079.5043215568		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		33603.136984165		37714.4613500459		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		35825.6004498741		28422.8301216035		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		48435.879478751		28507.2090557117		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		54781.786827307		55881.041605293		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		60617.5126417821		104470.580155756		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		65287.441682057		121910.421913046		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		69483.6292146926		115318.784215495		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		73450.7361707913		99745.4241883025		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		25006.4364337806		27364.3024777689		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		28414.1410897154		17346.3815584812		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		30487.7205205656		10844.669526861		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		33002.8695812504		6168.7387779766		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		36583.4317386155		3403.9116819476		42988

		0.01905		0.2923741087								40525.6154318326		2455.2567419738

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		77665.8320418487		58810.7619217557		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		87436.8857185109		98034.004528694		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		93127.2904326322		88671.2471495972		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		99503.4675259665		64738.5453476773		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		107624.9378125		37219.1010298174		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		112314.939556127		68506.4377414894		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		126361.897935165		134022.335124445		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		130932.776562664		135428.401942162		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		136231.232124663		110730.744806205		116631





Comp bet exp & numerical (shp)

		



Experimental

Jamilahmadi

Emperical

Two-phase - Sperical particles



Comp bet exp &  numerical (cyl)

		



Experimental

Jamialahmadi (2005)

Nemec & Levec (2005)

Drift-Flux model

Mixture Reynolds number

Pressure drop (Pa/m)



Comp bet exp & empical

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.1644604361		0.0657841741		1880.6417508855		4110		653.9715048027		4866.8726569511		4305

		0.0254		0.1644604361		0.1644604361		2248.4556234717		5870		4031.6278701029		5001.2163896522		6087

		0.0254		0.1644604361		0.2466906552		2900.3577849965		7020		9068.5208423978		4887.2858323054		7525

		0.0254		0.1644604361		0.3287893052		3688.6886401963		9020		16108.1308528067		4901.1209389006		8917

		0.0254		0.1644604361		0.4933813103		5599.214003448		11930		36271.6497746492		5279.7392622642		11541

		0.0254		0.1644604361		0.6578416813		7498.7367827384		14020		64482.7162369012		5952.9046839232		13974

		0.0254		0.1644604361		0.8221706156		9412.4722302251		15680		100721.938532788		6825.5032927047		16198

		0.0254		0.3289208736		0.0657841741		4137.5824394728		15450		665.4787075628		11650.1806800071		15820

		0.0254		0.3289208736		0.1644604361		3958.6521209624		19490		4033.4690225224		15300.6797653068		19721

		0.0254		0.3289208736		0.2466906552		4348.8965992078		21320		9069.3876686397		16517.7924183231		22862

		0.0254		0.3289208736		0.3287893052		4849.1596005128		24460		16108.6188328737		16957.8544339283		25891

		0.0254		0.3289208736		0.4933813103		6382.6597274088		29510		36271.8703233041		17349.6992014403		31560

		0.0254		0.3289208736		0.6578416813		8309.6447411065		34200		64482.8463402043		17864.6333762569		36638

		0.0254		0.3289208736		0.8221706156		10467.1190477702		37700		100722.025556732		18677.9275868011		41061

		0.0254		0.6571839054		0.0657841741		9916.6491608139		54800		695.4409239316		28127.2429085606		56051

		0.0254		0.6571839054		0.1644604361		9359.0000523057		59900		4038.4631588762		38113.6642130991		63372

		0.0254		0.6571839054		0.2466906552		9319.8262922458		64800		9071.6520132107		46092.6796714605		68898

		0.0254		0.6571839054		0.3287893052		9545.2165440629		67800		16109.9458244962		51880.7186061923		73875

		0.0254		0.6571839054		0.4933813103		10406.2952088465		74200		36272.4749960971		58637.6037258613		82037

		0.0254		0.6571839054		0.6578416813		11847.3589658587		81600		64483.1940078269		61811.5439481513		87661

		0.01905		0.2923741087		0.1169496428		4513.9968322995		5840		2045.5705513197		11873.9019427752		5972

		0.01905		0.2923741087		0.2923741087		5492.1626069263		7300		12738.555770895		13708.2830914468		8644

		0.01905		0.2923741087		0.4385611648		7205.0094791378		10400		28659.515012202		13925.6333569683		10909

		0.01905		0.2923741087		0.5845143204		9319.2314641771		14200		50908.8173182111		14277.7114894757		13206

		0.01905		0.2923741087		0.8771223295		13938.3431557229		17900		114635.94334873		15761.1045706877		17893

		0.01905		0.2923741087

		0.01905		0.5845143204		0.1169496428		10724.7986714613		26400		2056.633535206		28423.4071364998		26663

		0.01905		0.5845143204		0.2923741087		10426.3661933445		31200		12740.3584649971		41939.0071080253		33311

		0.01905		0.5845143204		0.4385611648		11394.4348115694		34890		28660.3342642195		52666.8144521122		37573

		0.01905		0.5845143204		0.5845143204		12824.6241875612		40100		50909.2864907091		49400.811795202		43653

		0.01905		0.5845143204		0.8771223295		16778.7536816244		50600		114636.156186016		51792.41053404		52774

		0.01905		0.8771223295		0.1169496428		18365.028344092		58900		2070.3556823922		46992.3822514298		59924

		0.01905		0.8771223295		0.2923741087		17268.7054731084		65500		12742.6010874532		72856.0051168978		69760

		0.01905		0.8771223295		0.4385611648		17490.2265231862		70120		28661.346263285		88173.3089802551		76942

		0.01905		0.8771223295		0.5845143204		18423.8393818371		79300		50909.8676519455		97614.9963821255		83099

		0.01905		0.8771223295		0.8771223295		21059.8754043239		79300		114636.406530145		107189.742424952		92046

		0.01905		0.8771223295

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		25135.8448631925		42311.997795976		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		29813.4019950623		60513.6792919888		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		33610.8038822902		52936.5017489274		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		36991.4771900311		40491.4644304286		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		40266.7226085028		30370.810724892		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		41172.037164469		30263.4571172558		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		50972.3181003073		59986.0419571399		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		60384.578080861		112943.146069544		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		67655.8629869697		131896.880521749		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		74022.88560539		124545.206135472		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		79921.6324883325		107426.603015743		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		24036.9569044453		29606.2188507637		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		29916.6173544922		18623.6357813189		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		33162.5708736495		11556.295369652		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		37155.3775569134		6511.4125837891		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		42781.9540827582		3552.7358664358		42988

		0.01905		0.2923741087

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		70994.5971647196		63274.8778329585		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		87534.139499051		106064.593818013		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		96323.1743101257		95717.4225830148		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		106565.564518877		69505.394280806		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		119915.06539943		39592.1948275175		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		101005.274863103		73538.8949569245		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		124443.769532847		145014.248230116		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		133376.447479102		146420.996932374		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		143851.764653561		119257.879353715		116631

										exp & Numerical model - spherical





Comp bet exp & empical

		



Experimental

Numerical

Mixture particle Reynolds number

Pressure drop (Pa/m)



Relative permebility model

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.1644604361		0.0657841741		1003.0089338056		4110		653.9715048027		2918.2386482124		4305

		0.0254		0.1644604361		0.1644604361		1199.1763325182		5870		4031.6278701029		5129.5773489456		6087

		0.0254		0.1644604361		0.2466906552		1546.8574853315		7020		9068.5208423978		5911.3434952824		7525

		0.0254		0.1644604361		0.3287893052		1967.3006081047		9020		16108.1308528067		6506.9838899678		8917

		0.0254		0.1644604361		0.4933813103		2986.2474685056		11930		36271.6497746492		7764.6623788739		11541

		0.0254		0.1644604361		0.6578416813		3999.3262841272		14020		64482.7162369012		9252.6378867702		13974

		0.0254		0.1644604361		0.8221706156		5019.9851894534		15680		100721.938532788		10983.9691434623		16198

		0.0254		0.3289208736		0.0657841741		2206.7106343855		15450		665.4787075628		3638.8386869983		15820

		0.0254		0.3289208736		0.1644604361		2111.2811311799		19490		4033.4690225224		9608.2930275178		19721

		0.0254		0.3289208736		0.2466906552		2319.4115195775		21320		9069.3876686397		13297.0572118112		22862

		0.0254		0.3289208736		0.3287893052		2586.2184536068		24460		16108.6188328737		15895.6885165708		25891

		0.0254		0.3289208736		0.4933813103		3404.0851879513		29510		36271.8703233041		19477.8463184534		31560

		0.0254		0.3289208736		0.6578416813		4431.8105285901		34200		64482.8463402043		22270.0625695402		36638

		0.0254		0.3289208736		0.8221706156		5582.4634921441		37700		100722.025556732		24942.9430755615		41061

		0.0254		0.6571839054		0.0657841741		5288.8795524341		54800		695.4409239316		4219.249137399		56051

		0.0254		0.6571839054		0.1644604361		4991.4666945631		59900		4038.4631588762		12899.6887081334		63372

		0.0254		0.6571839054		0.2466906552		4970.5740225311		64800		9071.6520132107		21474.2977270705		68898

		0.0254		0.6571839054		0.3287893052		5090.7821568336		67800		16109.9458244962		29774.4673199546		73875

		0.0254		0.6571839054		0.4933813103		5550.0241113848		74200		36272.4749960971		43813.7349091684		82037

		0.0254		0.6571839054		0.6578416813		6318.591448458		81600		64483.1940078269		54402.7745935766		87661

		0.01905		0.2923741087		0.1169496428		2407.4649772264		5840		2045.5705513197		6514.6466259886		5972

		0.01905		0.2923741087		0.2923741087		2929.1533903607		7300		12738.555770895		13023.6325430427		8644

		0.01905		0.2923741087		0.4385611648		3842.6717222068		10400		28659.515012202		15801.510934351		10909

		0.01905		0.2923741087		0.5845143204		4970.2567808945		14200		50908.8173182111		17955.9785019144		13206

		0.01905		0.2923741087		0.8771223295		7433.7830163855		17900		114635.94334873		22242.9975145011		17893

		0.01905		0.2923741087				10064.9151824437						27073.8402617644

		0.01905		0.5845143204		0.1169496428		5719.8926247794		26400		2056.633535206		8123.3069095604		26663

		0.01905		0.5845143204		0.2923741087		5560.7286364504		31200		12740.3584649971		24394.7735347029		33311

		0.01905		0.5845143204		0.4385611648		6077.0318995037		34890		28660.3342642195		37895.1064071439		37573

		0.01905		0.5845143204		0.5845143204		6839.7995666993		40100		50909.2864907091		43864.0460931101		43653

		0.01905		0.5845143204		0.8771223295		8948.6686301997		50600		114636.156186016		55797.1056704239		52774

		0.01905		0.8771223295		0.1169496428		9794.6817835157		58900		2070.3556823922		8811.5092319692		59924

		0.01905		0.8771223295		0.2923741087		9209.9762523245		65500		12742.6010874532		29920.4505565581		69760

		0.01905		0.8771223295		0.4385611648		9328.120812366		70120		28661.346263285		49129.3555770262		76942

		0.01905		0.8771223295		0.5845143204		9826.0476703131		79300		50909.8676519455		66165.2610556222		83099

		0.01905		0.8771223295		0.8771223295		11231.9335489727		86000		114636.406530145		92616.7349749718		92046

		0.01905		0.8771223295				13246.2104246866						111868.944047949

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.1644604361		0.0657841741		1880.6417508855		4110		653.9715048027		4866.8726569511		4305

		0.0254		0.1644604361		0.1644604361		2248.4556234717		5870		4031.6278701029		5001.2163896522		6087

		0.0254		0.1644604361		0.2466906552		2900.3577849965		7020		9068.5208423978		4887.2858323054		7525

		0.0254		0.1644604361		0.3287893052		3688.6886401963		9020		16108.1308528067		4901.1209389006		8917

		0.0254		0.1644604361		0.4933813103		5599.214003448		11930		36271.6497746492		5279.7392622642		11541

		0.0254		0.1644604361		0.6578416813		7498.7367827384		14020		64482.7162369012		5952.9046839232		13974

		0.0254		0.1644604361		0.8221706156		9412.4722302251		15680		100721.938532788		6825.5032927047		16198

		0.0254		0.3289208736		0.0657841741		4137.5824394728		15450		665.4787075628		11650.1806800071		15820

		0.0254		0.3289208736		0.1644604361		3958.6521209624		19490		4033.4690225224		15300.6797653068		19721

		0.0254		0.3289208736		0.2466906552		4348.8965992078		21320		9069.3876686397		16517.7924183231		22862

		0.0254		0.3289208736		0.3287893052		4849.1596005128		24460		16108.6188328737		16957.8544339283		25891

		0.0254		0.3289208736		0.4933813103		6382.6597274088		29510		36271.8703233041		17349.6992014403		31560

		0.0254		0.3289208736		0.6578416813		8309.6447411065		34200		64482.8463402043		17864.6333762569		36638

		0.0254		0.3289208736		0.8221706156		10467.1190477702		37700		100722.025556732		18677.9275868011		41061

		0.0254		0.6571839054		0.0657841741		9916.6491608139		54800		695.4409239316		28127.2429085606		56051

		0.0254		0.6571839054		0.1644604361		9359.0000523057		59900		4038.4631588762		38113.6642130991		63372

		0.0254		0.6571839054		0.2466906552		9319.8262922458		64800		9071.6520132107		46092.6796714605		68898

		0.0254		0.6571839054		0.3287893052		9545.2165440629		67800		16109.9458244962		51880.7186061923		73875

		0.0254		0.6571839054		0.4933813103		10406.2952088465		74200		36272.4749960971		58637.6037258613		82037

		0.0254		0.6571839054		0.6578416813		11847.3589658587		81600		64483.1940078269		61811.5439481513		87661

		0.01905		0.2923741087		0.1169496428		4513.9968322995		5840		2045.5705513197		11873.9019427752		5972

		0.01905		0.2923741087		0.2923741087		5492.1626069263		7300		12738.555770895		13708.2830914468		8644

		0.01905		0.2923741087		0.4385611648		7205.0094791378		10400		28659.515012202		13925.6333569683		10909

		0.01905		0.2923741087		0.5845143204		9319.2314641771		14200		50908.8173182111		14277.7114894757		13206

		0.01905		0.2923741087		0.8771223295		13938.3431557229		17900		114635.94334873		15761.1045706877		17893

		0.01905		0.2923741087

		0.01905		0.5845143204		0.1169496428		10724.7986714613		26400		2056.633535206		28423.4071364998		26663

		0.01905		0.5845143204		0.2923741087		10426.3661933445		31200		12740.3584649971		41939.0071080253		33311

		0.01905		0.5845143204		0.4385611648		11394.4348115694		34890		28660.3342642195		52666.8144521122		37573

		0.01905		0.5845143204		0.5845143204		12824.6241875612		40100		50909.2864907091		49400.811795202		43653

		0.01905		0.5845143204		0.8771223295		16778.7536816244		50600		114636.156186016		51792.41053404		52774

		0.01905		0.8771223295		0.1169496428		18365.028344092		58900		2070.3556823922		46992.3822514298		59924

		0.01905		0.8771223295		0.2923741087		17268.7054731084		65500		12742.6010874532		72856.0051168978		69760

		0.01905		0.8771223295		0.4385611648		17490.2265231862		70120		28661.346263285		88173.3089802551		76942

		0.01905		0.8771223295		0.5845143204		18423.8393818371		79300		50909.8676519455		97614.9963821255		83099

		0.01905		0.8771223295		0.8771223295		21059.8754043239		79300		114636.406530145		107189.742424952		92046





Relative permebility model

		



Experimental

Numerical

Mixture particle Reynolds number

Pressure drop (Pa/m)



Jamalahmadi model

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.1644604361		0.0657841741		1880.6417508855		4110		687.7738022042		4866.8726569511		4305

		0.0254		0.1644604361		0.1644604361		2248.4556234717		5870		4037.0362376222		5001.2163896522		6087

		0.0254		0.1644604361		0.2466906552		2900.3577849965		7020		9070.9245612761		4887.2858323054		7525

		0.0254		0.1644604361		0.3287893052		3688.6886401963		9020		16109.4840269986		4901.1209389006		8917

		0.0254		0.1644604361		0.4933813103		5599.214003448		11930		36272.2740671486		5279.7392622642		11541

		0.0254		0.1644604361		0.6578416813		7498.7367827384		14020		64483.0674015024		5952.9046839232		13974

		0.0254		0.1644604361		0.8221706156		9412.4722302251		15680		100722.163350024		6825.5032927047		16198

		0.0254		0.3289208736		0.0657841741		4137.5824394728		15450		757.2969429001		11650.1806800071		15820

		0.0254		0.3289208736		0.1644604361		3958.6521209624		19490		4048.1599400001		15300.6797653068		19721

		0.0254		0.3289208736		0.2466906552		4348.8965992078		21320		9076.1817413703		16517.7924183231		22862

		0.0254		0.3289208736		0.3287893052		4849.1596005128		24460		16112.4435579528		16957.8544339283		25891

		0.0254		0.3289208736		0.4933813103		6382.6597274088		29510		36273.6180088254		17349.6992014403		31560

		0.0254		0.3289208736		0.6578416813		8309.6447411065		34200		64483.8627679036		17864.6333762569		36638

		0.0254		0.3289208736		0.8221706156		10467.1190477702		37700		100722.696984548		18677.9275868011		41061

		0.0254		0.6571839054		0.0657841741		9916.6491608139		54800		969.2613152522		28127.2429085606		56051

		0.0254		0.6571839054		0.1644604361		9359.0000523057		59900		4083.5940710425		38113.6642130991		63372

		0.0254		0.6571839054		0.2466906552		9319.8262922458		64800		9092.32820819		46092.6796714605		68898

		0.0254		0.6571839054		0.3287893052		9545.2165440629		67800		16121.9337002678		51880.7186061923		73875

		0.0254		0.6571839054		0.4933813103		10406.2952088465		74200		36277.9615624911		58637.6037258613		82037

		0.0254		0.6571839054		0.6578416813		11847.3589658587		81600		64486.3716088815		61811.5439481513		87661

		0.01905		0.2923741087		0.1169496428		4513.9968322995		5840		2080.5167991546		11873.9019427752		5972

		0.01905		0.2923741087		0.2923741087		5492.1626069263		7300		12744.3112792807		13708.2830914468		8644

		0.01905		0.2923741087		0.4385611648		7205.0094791378		10400		28662.145132896		13925.6333569683		10909

		0.01905		0.2923741087		0.5845143204		9319.2314641771		14200		50910.3405761005		14277.7114894757		13206

		0.01905		0.2923741087		0.8771223295		13938.3431557229		17900		114636.638437571		15761.1045706877		17893

		0.01905		0.2923741087								203797.414838239

		0.01905		0.5845143204		0.1169496428		10724.7986714613		26400		2160.9799503109		28423.4071364998		26663

		0.01905		0.5845143204		0.2923741087		10426.3661933445		31200		12757.4741371833		41939.0071080253		33311

		0.01905		0.5845143204		0.4385611648		11394.4348115694		34890		28668.1517327963		52666.8144521122		37573

		0.01905		0.5845143204		0.5845143204		12824.6241875612		40100		50913.7935430128		49400.811795202		43653

		0.01905		0.5845143204		0.8771223295		16778.7536816244		50600		114638.211098893		51792.41053404		52774

		0.01905		0.8771223295		0.1169496428		18365.028344092		58900		2273.91770656		46992.3822514298		59924

		0.01905		0.8771223295		0.2923741087		17268.7054731084		65500		12776.00112229		72856.0051168978		69760

		0.01905		0.8771223295		0.4385611648		17490.2265231862		70120		28676.5435992333		88173.3089802551		76942

		0.01905		0.8771223295		0.5845143204		18423.8393818371		79300		50918.6300463188		97614.9963821255		83099

		0.01905		0.8771223295		0.8771223295		21059.8754043239		79300		114640.297812749		107189.742424952		92046

		0.01905		0.8771223295								203799.461212677

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		Numerical

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		26142.1865761855		39229.4248754686		42699

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		28956.3621057889		55931.9382294308		49691

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		31383.3316510485		49079.5043215568		55447

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		33603.136984165		37714.4613500459		59858

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		35825.6004498741		28422.8301216035		62876

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		48435.879478751		28507.2090557117		69726

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		54781.786827307		55881.041605293		75852

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		60617.5126417821		104470.580155756		84720

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		65287.441682057		121910.421913046		91832

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		69483.6292146926		115318.784215495		97066

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		73450.7361707913		99745.4241883025		100365

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		25006.4364337806		27364.3024777689		16944

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		28414.1410897154		17346.3815584812		23898

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		30487.7205205656		10844.669526861		28296

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		33002.8695812504		6168.7387779766		34389

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		36583.4317386155		3403.9116819476		42988

		0.01905		0.2923741087								40525.6154318326		2455.2567419738

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		77665.8320418487		58810.7619217557		53672

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		87436.8857185109		98034.004528694		73452

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		93127.2904326322		88671.2471495972		93337

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		99503.4675259665		64738.5453476773		105389

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		107624.9378125		37219.1010298174		121163

		0.01905		0.6988910722		0.1169496428		15866.013880026		87200		112314.939556127		68506.4377414894		140255

		0.01905		0.6988910722		0.2923741087		15086.7766378061		95300		126361.897935165		134022.335124445		88849

		0.01905		0.6988910722		0.4090898545		15346.1525653186		99000		130932.776562664		135428.401942162		106710

		0.01905		0.6988910722		0.5845143204		16646.3927581954		117000		136231.232124663		110730.744806205		116631

										sperical





Jamalahmadi model

		



Experimental

Jamilahmadi

Emperical



Single phase sph particle

		



Experimental

Jamilahmadi

Emperical

Cylinderical prticles



Single phase cyl particle

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		ReL		equivalent particle diamter  de (m)		ρmixture (kg/(m3)		Umixture		μmixture		Vf		density of air ρ (kg/(m3)		density of water  ρ (kg/(m3)		μg viscosity of air (pa)		μf viscocity of water(pa)		Flow rate of water (L/min)		Flow rate of air (L/min)		Reg		Gag		n		kg		delta p

		0.0254		0.1644604361		0.0657841741		1003.0089338056		4110		2572.9861005708		4097.2853482846		2741		0.008		714.6357142857		0.1362672184		0.0007767143		0.2857142857		1.225		1000		0.0000185		0.00108		5		2		41.9853406539		189.2257241669		3.6528571429		0.010294308		4816.6825285594		1.1719422211

		0.0254		0.1644604361		0.1644604361		1199.1763325182		5870		4072.4497762311		3514.295779497		2741		0.008		500.6125		0.1644604361		0.00054925		0.5		1.225		1000		0.0000185		0.00108		5		5		104.9633522645		189.2257241669		5.1925		0.0273464998		6768.5178908552		1.1530694874

		0.0254		0.1644604361		0.2466906552		1546.8574853315		7020		4993.4784383376		4766.053397804		2741		0.008		400.735		0.2137985676		0.0004431		0.6		1.225		1000		0.0000185		0.00108		5		7.5		157.4450290266		189.2257241669		5.911		0.0488261005		7251.4640097241		1.0329720812

		0.0254		0.1644604361		0.3287893052		1967.3006081047		9020		5772.6888479378		6580.5718059812		2741		0.008		334.15		0.2740130155		0.0003723333		0.6666666667		1.225		1000		0.0000185		0.00108		5		10		209.8427346866		189.2257241669		6.39		0.0749509004		7652.7272528971		0.8484176555

		0.0254		0.1644604361		0.4933813103		2986.2474685056		11930		7094.5678333929		11688.2298052319		2741		0.008		250.91875		0.4111510918		0.000276375		0.75		1.225		1000		0.0000185		0.00105		5		15		314.8900580531		189.2257241669		6.98875		0.1339165969		8711.6029086301		0.730226564

		0.0254		0.1644604361		0.6578416813		3999.3262841272		14020		8223.6408252045		18755.9793471852		2741		0.008		200.98		0.5591654323		0.0002248		0.8		1.225		1000		0.0000185		0.00105		5		20		419.8533687521		189.2257241669		7.348		0.1940462367		10116.4833493252		0.7215751319

		0.0254		0.1644604361		0.8221706156		5019.9851894534		15680		9233.5356273856		27858.2844189424		2741		0.008		167.6875		0.7125522523		0.0001904167		0.8333333333		1.225		1000		0.0000185		0.00105		5		25		524.7327927397		189.2257241669		7.5875		0.2507334611		11814.9476751966		0.753504316

		0.0254		0.3289208736		0.0657841741		2206.7106343855		1545		13308.5687521582		15431.6440080498		5483		0.008		833.5375		0.285064757		0.0008614167		0.1666666667		1.225		1000		0.0000185		0.00103		10		2		41.9853406539		189.2257241669		2.7975		0.0066545988		7451.1499516179		4.8227507777

		0.0254		0.3289208736		0.1644604361		2111.2811311799		19490		21046.8964211575		25778.5569432709		5483		0.008		667.075		0.2741007278		0.0006928333		0.3333333333		1.225		1000		0.0000185		0.00103		10		5		104.9633522645		189.2257241669		3.995		0.0124136812		14910.5870076353		0.7650378147

		0.0254		0.3289208736		0.2466906552		2319.4115195775		21320		25782.8449530002		32349.6590960252		5483		0.008		571.9535714286		0.2936793514		0.0005793571		0.4285714286		1.225		1000		0.0000185		0.001		10		7.5		157.4450290266		189.2257241669		4.6792857143		0.0189728025		18661.487209228		0.8753042781

		0.0254		0.3289208736		0.3287893052		2586.2184536068		24460		29773.3799762349		37996.0192880871		5483		0.008		500.6125		0.3288550894		0.00050925		0.5		1.225		1000		0.0000185		0.001		10		10		209.8427346866		189.2257241669		5.1925		0.0273464998		20974.486744797		0.8575015022

		0.0254		0.3289208736		0.4933813103		3404.0851879513		29510		36495.1719115737		47692.106595131		5483		0.008		400.735		0.4275971356		0.0004027		0.6		1.225		1000		0.0000185		0.000979		10		15		314.8900580531		189.2257241669		5.911		0.0488261005		23893.5364994306		0.8096759234

		0.0254		0.3289208736		0.6578416813		4431.8105285901		34200		42172.5324855105		56028.9100596169		5483		0.008		334.15		0.5482014121		0.0003306667		0.6666666667		1.225		1000		0.0000185		0.000955		10		20		419.8533687521		189.2257241669		6.39		0.0749509004		26191.3534183481		0.7658290473

		0.0254		0.3289208736		0.8221706156		5582.4634921441		37700		47186.5156789951		63480.87288755		5483		0.008		286.5892857143		0.6812421178		0.0002797857		0.7142857143		1.225		1000		0.0000185		0.000933		10		25		524.7327927397		189.2257241669		6.7321428571		0.1038114336		28536.3819888492		0.7569332093

		0.0254		0.6571839054		0.0657841741		5288.8795524341		54800		29062.5253277649		18987.5096025086		10956		0.008		909.2022727273		0.6034202934		0.0008298636		0.0909090909		1.225		1000		0.0000185		0.000911		20		2		41.9853406539		189.2257241669		2.2531818182		0.0045035287		11010.1248659442		0.2009146873

		0.0254		0.6571839054		0.1644604361		4991.4666945631		59900		45956.0889650369		31718.6294113474		10956		0.008		800.245		0.5586392115		0.0007165		0.2		1.225		1000		0.0000185		0.000891		20		5		104.9633522645		189.2257241669		3.037		0.0075375134		24556.5432174469		0.4099589853

		0.0254		0.6571839054		0.2466906552		4970.5740225311		64800		56290.2508326369		39803.890136608		10956		0.008		727.6068181818		0.5452312008		0.0006385		0.2727272727		1.225		1000		0.0000185		0.000871		20		7.5		157.4450290266		189.2257241669		3.5595454545		0.0098050586		36110.0044709855		0.5572531554

		0.0254		0.6571839054		0.3287893052		5090.7821568336		67800		64993.2518817278		46751.3234956249		10956		0.008		667.075		0.5477190387		0.0005741667		0.3333333333		1.225		1000		0.0000185		0.000852		20		10		209.8427346866		189.2257241669		3.995		0.0124136812		46205.3753261591		0.6814952113

		0.0254		0.6571839054		0.4933813103		5550.0241113848		74200		79639.1590593767		58681.649956838		10956		0.008		571.9535714286		0.5869827932		0.0004839286		0.4285714286		1.225		1000		0.0000185		0.000833		20		15		314.8900580531		189.2257241669		4.6792857143		0.0189728025		61489.5040738556		0.8286995158

		0.0254		0.6571839054		0.6578416813		6318.591448458		81600		91990.9151819868		68939.4770395247		10956		0.008		500.6125		0.6575127934		0.00041675		0.5		1.225		1000		0.0000185		0.000815		20		20		419.8533687521		189.2257241669		5.1925		0.0273464998		71784.891444219		0.8797168069

		0.01905		0.2923741087		0.1169496428		2407.4649772264		5840		6083.9758507519		5983.6951099852		4872.4957359517		0.008		714.6357142857		0.2422528327		0.0005752857		0.2857142857		1.225		1000		0.0000185		0.000798		5		2		74.6406056069		189.2257241669		3.6528571429		0.010294308		10752.7136625235		1.8412180929

		0.01905		0.2923741087		0.2923741087		2929.1533903607		7300		9202.0140595755		7263.6637420669		4872.4957359517		0.008		500.6125		0.2923741087		0.00039975		0.5		1.225		1000		0.0000185		0.000781		5		5		186.6015151369		189.2257241669		5.1925		0.0273464998		17184.7861675442		2.3540802969

		0.01905		0.2923741087		0.4385611648		3842.6717222068		10400		11062.1817572542		10642.8060156124		4872.4957359517		0.008		400.735		0.3800863423		0.0003171		0.6		1.225		1000		0.0000185		0.000765		5		7.5		279.902273825		189.2257241669		5.911		0.0488261005		19383.7641022134		1.8638234714

		0.01905		0.2923741087		0.5845143204		4970.2567808945		14200		12613.7797168917		11868.9861410323		4872.4957359517		0.008		334.15		0.4871342498		0.000262		0.6666666667		1.225		1000		0.0000185		0.000749		5		10		373.0537505539		189.2257241669		6.39		0.0749509004		21117.6496450055		1.4871584257

		0.01905		0.2923741087		0.8771223295		7433.7830163855		17900		15214.3732302577		15187.7807073167		4872.4957359517		0.008		250.91875		0.7309352743		0.000197375		0.75		1.225		1000		0.0000185		0.000734		5		15		559.80454765		189.2257241669		6.98875		0.1339165969		24955.6455115416		1.3941701403

		0.01905		0.2923741087		1.1694963224		10064.9151824437		21200		17417.1804953728		19099.9201870134		4872.4957359517		0.008		200.98		0.9940718796		0.0001588		0.8		1.225		1000		0.0000185		0.00072		5		20		746.4059888927		189.2257241669		7.348		0.1940462367		29601.5101382118		1.396297648

		0.01905		0.5845143204		0.1169496428		5719.8926247794		26400		28431.5746043755		26244.8920215154		9740		0.008		833.5375		0.5065868741		0.0005905833		0.1666666667		1.225		1000		0.0000185		0.000705		10		2		74.6406056069		189.2257241669		2.7975		0.0066545988		16633.8722577667		0.6300709189

		0.01905		0.5845143204		0.2923741087		5560.7286364504		31200		44967.2482256446		31243.2181591465		9740		0.008		667.075		0.4871342498		0.0004675		0.3333333333		1.225		1000		0.0000185		0.000692		10		5		186.6015151369		189.2257241669		3.995		0.0124136812		37856.9213364963		1.2133628633

		0.01905		0.5845143204		0.4385611648		6077.0318995037		34890		55091.2233757854		33677.6850833905		9740		0.008		588.7397058824		0.5244159622		0.0004064412		0.4117647059		1.225		1000		0.0000185		0.000678		10		7		279.902273825		189.2257241669		4.5585294118		0.017513247		54041.0132657254		1.5488969122

		0.01905		0.5845143204		0.5845143204		6839.7995666993		40100		63625.4569512739		42165.627628696		9740		0.008		500.6125		0.5845143204		0.00034225		0.5		1.225		1000		0.0000185		0.000666		10		10		373.0537505539		189.2257241669		5.1925		0.0273464998		57878.9558183656		1.4433654818

		0.01905		0.5845143204		0.8771223295		8948.6686301997		50600		78011.8593155504		34220.2529979599		9740		0.008		400.735		0.7600791259		0.0002723		0.6		1.225		1000		0.0000185		0.000653		10		15		559.80454765		189.2257241669		5.911		0.0488261005		68446.4883386921		1.352697398

		0.01905		0.8771223295		0.1169496428		9794.6817835157		58900		59175.2563924887		60335.6113401844		14622		0.008		882.4970588235		0.7876902487		0.0005677647		0.1176470588		1.225		1000		0.0000185		0.000641		15		2		74.6406056069		189.2257241669		2.4452941176		0.005337002		20740.4354789732		0.3521296346

		0.01905		0.8771223295		0.2923741087		9209.9762523245		65500		74747.7520570204		64984.4021815448		14622		0.008		750.30625		0.7309352743		0.000476375		0.25		1.225		1000		0.0000185		0.000629		15		5		186.6015151369		189.2257241669		3.39625		0.0090209807		52094.5301721709		0.7953363385

		0.01905		0.8771223295		0.4385611648		9328.120812366		70120		96017.3895291772		70743.747316024		14622		0.008		667.075		0.7309352746		0.0004181667		0.3333333333		1.225		1000		0.0000185		0.000618		15		7.5		279.902273825		189.2257241669		3.995		0.0124136812		76241.1730015221		1.0872956789

		0.01905		0.8771223295		0.5845143204		9826.0476703131		79300		123427.928867202		78911.6676309484		14622		0.008		600.49		0.7600791259		0.0003716		0.4		1.225		1000		0.0000185		0.000607		15		10		373.0537505539		189.2257241669		4.474		0.0165812169		95456.6158992724		1.2037404275

		0.01905		0.8771223295		0.8771223295		11231.9335489727		79300		198304.326940169		79516.6557131275		14622		0.008		500.6125		0.8771223295		0.00031275		0.5		1.225		1000		0.0000185		0.000607		15		15		559.80454765		189.2257241669		5.1925		0.0273464998		122208.514469432		1.5410909769

		0.01905		0.8771223295		1.1694963224		13246.2104246866		93400		300508.436809335		94118.2974931013		14622		0.008		429.2714285714		1.0441931826		0.0002707143		0.5714285714		1.225		1000		0.0000185		0.000607		15		20		746.4059888927		189.2257241669		5.7057142857		0.0410482204		139934.486412627		1.4982279059

																																																35498.2953381564		1.1520470536

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		ReL		equivalent particle diamter  de (m)		ρmixture (kg/(m3)		Umixture		μmixture		Vf		density of air ρ (kg/(m3)		density of water  ρ (kg/(m3)		μg viscosity of air (pa)		viscosity		Flow rate of water (L/min)		Flow rate of air (L/min)

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		21442.4801974849		40282.9393295352		10514.9424861258		0.016		800.245		0.5586392115		0.0008037		0.2		1.225		1000		0.0000185		0.001		20		5		483.9976798864		989897.19948417		7.1		0.0000108972		46079.6255851737		1.1010663222

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		30318.8586877541		42380.3068596093		10740.492835675		0.016		667.075		0.5477190387		0.0006588333		0.3333333333		1.225		1000		0.0000185		0.000979		20		10		967.6081654993		989897.19948417		9.5		0.0000293324		62426.9324265006		1.3410726622

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		37141.3724157085		47066.914383894		11010.4109802365		0.016		571.9535714286		0.5869827932		0.0005536429		0.4285714286		1.225		1000		0.0000185		0.000955		20		15		1451.9930454671		989897.19948417		11.2142857143		0.0000747142		53419.257400431		1.037267134

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		42888.6321075532		51679.0745906503		11270.0348189988		0.016		500.6125		0.6575127934		0.00047575		0.5		1.225		1000		0.0000185		0.000933		20		20		1935.9905336904		989897.19948417		12.5		0.0001726335		40421.35882883		0.7349337969

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		47948.9790057893		55994.7035223322		11542.1981186892		0.016		445.125		0.7488431888		0.0004151667		0.5555555556		1.225		1000		0.0000185		0.000911		20		25		2419.6012109664		989897.19948417		13.5		0.000357949		30143.5619459988		0.5023926991

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		236909.006609947		70678.0925211635		17719.6430203366		0.016		937.5765625		0.9292014678		0.0008364687		0.0625		1.225		1000		0.0000185		0.000891		30		2		193.599070793		989897.19948417		4.625		0.0000026974		37615.4878630682		0.5531689392

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		374590.232992452		67433.8087641061		18126.5234570837		0.016		857.3178571429		0.86929088		0.0007492143		0.1428571429		1.225		1000		0.0000185		0.000871		30		5		483.9976798864		989897.19948417		6.0714285714		0.0000073969		67885.0741376412		0.9428482519

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		529659.158014854		81716.1667073085		18530.7534402816		0.016		750.30625		0.8222692918		0.000643625		0.25		1.225		1000		0.0000185		0.000852		30		10		967.6081654993		989897.19948417		8		0.0000152588		120005.183570503		1.5000647946

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		648850.202440234		81424.7144276057		18953.4236868186		0.016		667.075		0.8223021839		0.0005615		0.3333333333		1.225		1000		0.0000185		0.000833		30		15		1451.9930454671		989897.19948417		9.5		0.0000293324		136067.047053401		1.5821749657

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		749259.186491371		88216.5146380431		19372.0269093495		0.016		600.49		0.855194245		0.0004964		0.4		1.225		1000		0.0000185		0.000815		30		20		1935.9905336904		989897.19948417		10.7		0.0000552131		126384.570217714		1.4042730024

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		837670.228602872		87518.9804308994		19784.7141993983		0.016		546.0113636364		0.9119480729		0.0004436818		0.4545454545		1.225		1000		0.0000185		0.000798		30		25		2419.6012109664		989897.19948417		11.6818181818		0.0000999725		107928.278435034		1.1481731748

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		20739.1357871152		15955.7321454241		5989.7384617886		0.016		714.6357142857		0.2422528327		0.0005631429		0.2857142857		1.225		1000		0.0000185		0.000781		5		2		269.3552289293		285013.519032952		8.6428571429		0.0000198471		31016.3855677674		1.9433825544

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		24920.3747752863		26043.7556659337		6115.01403746		0.016		500.6125		0.2923741087		0.00039175		0.5		1.225		1000		0.0000185		0.000765		5		5		673.3880763637		285013.519032952		12.5		0.0001726335		18591.3914254091		0.7746413094

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		26663.1415511616		24279.7153571095		6245.6418406634		0.016		417.38125		0.3604582937		0.000322875		0.5833333333		1.225		1000		0.0000185		0.000749		5		7		942.2046002168		285013.519032952		14		0.0005282447		11445.2331151284		0.4335315574

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		28659.2852794397		33925.4567439553		6373.2775731021		0.016		334.15		0.4871342498		0.000257		0.6666666667		1.225		1000		0.0000185		0.000734		5		10		1346.2374476512		285013.519032952		15.5		0.0018645992		6423.9996093653		0.2007499878

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		31140.9551815389		51650.9460540733		6497.2024148013		0.016		250.91875		0.7309352743		0.000193875		0.75		1.225		1000		0.0000185		0.00072		5		15		2020.1642371716		285013.519032952		17		0.0075169468		3503.2582788122		0.087581457

		0.01905		0.2923741087		1.1694963224		20517.4394219777		43000		33066.0328364958		70981.9600028455		6635.4407640524		0.016		200.98		0.9940718796		0.0001558		0.8		1.225		1000		0.0000185		0.000705		5		20		2693.5520468736		285013.519032952		17.9		0.0184208967		2510.6600585969		0.0583874432

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		59433.1441070921		69735.1682675029		13793.848268631		0.016		833.5375		0.5065868741		0.0005680833		0.1666666667		1.225		1000		0.0000185		0.000678		10		2		269.3552289293		285013.519032952		6.5		0.0000087502		70351.2682390211		1.0050181177

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		93981.384638653		79655.3573139114		14042.386075273		0.016		667.075		0.4871342498		0.0004501667		0.3333333333		1.225		1000		0.0000185		0.000666		10		5		673.3880763637		285013.519032952		9.5		0.0000293324		109418.02429782		1.33436615

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		111178.178634872		84081.962145011		14321.9435315954		0.016		588.7397058824		0.5122807168		0.0003917353		0.4117647059		1.225		1000		0.0000185		0.000653		10		7		942.2046002168		285013.519032952		10.9117647059		0.0000623939		96898.6898205244		1.0308371258

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		132915.431948054		92386.177406799		14590.0610392072		0.016		500.6125		0.5845143204		0.00032975		0.5		1.225		1000		0.0000185		0.000641		10		10		1346.2374476512		285013.519032952		12.5		0.0001726335		69385.054906843		0.6924656178

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		132915.431948054		106517.611071794		14868.4087855832		0.016		400.735		0.7600791259		0.0002627		0.6		1.225		1000		0.0000185		0.000629		10		15		2020.1642371716		285013.519032952		14.3		0.0006722996		39169.7458949117		0.3210634909

		0.01905		0.6988910722		0.1169496428		15866.013880026		7000		66783.8657409367		74172.2554408457		18094.2672401529		0.016		857.3178571429		0.6157565822		0.0005323571		0.1428571429		1.225		1000		0.0000185		0.000618		12		2		269.3552289293		285013.519032952		6.0714285714		0.0000073969		83222.5826754491		11.8889403822

		0.01905		0.6988910722		0.2923741087		15086.7766378061		82000		100875.418398223		93462.4446234853		18422.1699413748		0.016		706.2426470588		0.5793272594		0.0004339118		0.2941176471		1.225		1000		0.0000185		0.000607		12		5		673.3880763637		285013.519032952		8.7941176471		0.0000211891		151469.458301502		1.8471885159

		0.01905		0.6988910722		0.4090898545		15346.1525653186		94000		117345.921044403		90661.690274413		18422.1699413748		0.016		632.0302631579		0.5921222025		0.0003901842		0.3684210526		1.225		1000		0.0000185		0.000607		12		7		942.2046002168		285013.519032952		10.1315789474		0.0000404003		149649.51370255		1.5920161032

		0.01905		0.6988910722		0.5845143204		16646.3927581954		100200		137807.944875622		91207.7277955089		18422.1699413748		0.016		546.0113636364		0.6469016395		0.0003395		0.4545454545		1.225		1000		0.0000185		0.000607		12		10		1346.2374476512		285013.519032952		11.6818181818		0.0000999725		119814.806082747		1.1957565477

																																		0.000842														68894.0942092593		1.3943600809

																																		0.0008027683

																																																68894.0942092593





Single phase 

		Cylindrical media

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical		ReL		equivalent particle diamter  de (m)		ρmixture (kg/(m3)		Umixture		μmixture		Vf		density of air ρ (kg/(m3)		density of water  ρ (kg/(m3)		μg viscosity of air (pa)		μf viscocity of water(pa)		Flow rate of water (L/min)		Flow rate of air (L/min)		Reg		f/2		delta p

		0.0254		0.1644604361		0.0657841741		1003.0089338056		4110		2572.9861005708		4097.2853482846		1218.2254527752		0.008		714.6357142857		0.1362672184		0.0007767143		0.2857142857		1.225		1000		0.0000185		0.00108		5		2		34.8478327427		0.9580247803		643.4995917054		0.1565692437

		0.0254		0.1644604361		0.1644604361		1199.1763325182		5870		4072.4497762311		3514.295779497		1218.2254527752		0.008		500.6125		0.1644604361		0.00054925		0.5		1.225		1000		0.0000185		0.00108		5		5		87.1195823795		0.8040454343		3375.4536255958		0.5750346892

		0.0254		0.1644604361		0.2466906552		1546.8574853315		7020		4993.4784383376		4766.053397804		1218.2254527752		0.008		400.735		0.2137985676		0.0004431		0.6		1.225		1000		0.0000185		0.00108		5		7.5		130.679374092		0.8007990981		7564.1068058725		1.077508092

		0.0254		0.1644604361		0.3287893052		1967.3006081047		9020		5772.6888479378		6580.5718059812		1218.2254527752		0.008		334.15		0.2740130155		0.0003723333		0.6666666667		1.225		1000		0.0000185		0.00108		5		10		174.1694697899		0.8002532446		13427.3864654076		1.4886237767

		0.0254		0.1644604361		0.4933813103		2986.2474685056		11930		7094.5678333929		11688.2298052319		1253.0318942831		0.008		250.91875		0.4111510918		0.000276375		0.75		1.225		1000		0.0000185		0.00105		5		15		261.3587481841		0.8000515155		30228.1814641102		2.5337955963

		0.0254		0.1644604361		0.6578416813		3999.3262841272		14020		8223.6408252045		18755.9793471852		1253.0318942831		0.008		200.98		0.5591654323		0.0002248		0.8		1.225		1000		0.0000185		0.00105		5		20		348.4782960643		0.8000162998		53736.6131059827		3.8328540019

		0.0254		0.1644604361		0.8221706156		5019.9851894534		15680		9233.5356273856		27858.2844189424		1253.0318942831		0.008		167.6875		0.7125522523		0.0001904167		0.8333333333		1.225		1000		0.0000185		0.00105		5		25		435.5282179739		0.8000066807		83935.5993801845		5.3530356748

		0.0254		0.3289208736		0.0657841741		2206.7106343855		1545		13308.5687521582		15431.6440080498		2554.7252315733		0.008		833.5375		0.285064757		0.0008614167		0.1666666667		1.225		1000		0.0000185		0.00103		10		2		34.8478327427		1.1568645235		777.0590738864		0.5029508569

		0.0254		0.3289208736		0.1644604361		2111.2811311799		19490		21046.8964211575		25778.5569432709		2554.7252315733		0.008		667.075		0.2741007278		0.0006928333		0.3333333333		1.225		1000		0.0000185		0.00103		10		5		87.1195823795		0.8091357316		3396.8231424883		0.1742854357

		0.0254		0.3289208736		0.2466906552		2319.4115195775		21320		25782.8449530002		32349.6590960252		2631.3669885205		0.008		571.9535714286		0.2936793514		0.0005793571		0.4285714286		1.225		1000		0.0000185		0.001		10		7.5		130.679374092		0.8018642289		7574.1677100232		0.3552611496

		0.0254		0.3289208736		0.3287893052		2586.2184536068		24460		29773.3799762349		37996.0192880871		2631.3669885205		0.008		500.6125		0.3288550894		0.00050925		0.5		1.225		1000		0.0000185		0.001		10		10		174.1694697899		0.8005907984		13433.0502541171		0.5491843931

		0.0254		0.3289208736		0.4933813103		3404.0851879513		29510		36495.1719115737		47692.106595131		2687.8110199392		0.008		400.735		0.4275971356		0.0004027		0.6		1.225		1000		0.0000185		0.000979		10		15		261.3587481841		0.8001192664		30230.7412837948		1.0244236287

		0.0254		0.3289208736		0.6578416813		4431.8105285901		34200		42172.5324855105		56028.9100596169		2755.3581031628		0.008		334.15		0.5482014121		0.0003306667		0.6666666667		1.225		1000		0.0000185		0.000955		10		20		348.4782960643		0.8000387812		53738.1231627845		1.571290151

		0.0254		0.3289208736		0.8221706156		5582.4634921441		37700		47186.5156789951		63480.87288755		2820.329033784		0.008		286.5892857143		0.6812421178		0.0002797857		0.7142857143		1.225		1000		0.0000185		0.000933		10		25		435.5282179739		0.8000163077		83936.6094321666		2.2264352635

		0.0254		0.6571839054		0.0657841741		5288.8795524341		54800		29062.5253277649		18987.5096025086		5771.0990593446		0.008		909.2022727273		0.6034202934		0.0008298636		0.0909090909		1.225		1000		0.0000185		0.000911		20		2		34.8478327427		1.6745993312		1124.818489155		0.0205258848

		0.0254		0.6571839054		0.1644604361		4991.4666945631		59900		45956.0889650369		31718.6294113474		5900.6411257721		0.008		800.245		0.5586392115		0.0007165		0.2		1.225		1000		0.0000185		0.000891		20		5		87.1195823795		0.8229431918		3454.7880779517		0.0576759278

		0.0254		0.6571839054		0.2466906552		4970.5740225311		64800		56290.2508326369		39803.890136608		6036.1323112089		0.008		727.6068181818		0.5452312008		0.0006385		0.2727272727		1.225		1000		0.0000185		0.000871		20		7.5		130.679374092		0.8046465894		7600.4490483017		0.1172908804

		0.0254		0.6571839054		0.3287893052		5090.7821568336		67800		64993.2518817278		46751.3234956249		6170.7408956138		0.008		667.075		0.5477190387		0.0005741667		0.3333333333		1.225		1000		0.0000185		0.000852		20		10		174.1694697899		0.8015087274		13448.4521130786		0.1983547509

		0.0254		0.6571839054		0.4933813103		5550.0241113848		74200		79639.1590593767		58681.649956838		6311.4900877106		0.008		571.9535714286		0.5869827932		0.0004839286		0.4285714286		1.225		1000		0.0000185		0.000833		20		15		261.3587481841		0.8003050175		30237.7594781211		0.4075169741

		0.0254		0.6571839054		0.6578416813		6318.591448458		81600		91990.9151819868		68939.4770395247		6450.8849608134		0.008		500.6125		0.6575127934		0.00041675		0.5		1.225		1000		0.0000185		0.000815		20		20		348.4782960643		0.8000988567		53742.1584012873		0.6586048824

		0.01905		0.2923741087		0.1169496428		2407.4649772264		5840		6083.9758507519		5983.6951099852		2931.068758557		0.008		714.6357142857		0.2422528327		0.0005752857		0.2857142857		1.225		1000		0.0000185		0.000798		5		2		61.9517026537		0.8415569316		1786.5286321205		0.305912437

		0.01905		0.2923741087		0.2923741087		2929.1533903607		7300		9202.0140595755		7263.6637420669		2994.8692308943		0.008		500.6125		0.2923741087		0.00039975		0.5		1.225		1000		0.0000185		0.000781		5		5		154.8792575636		0.8010893576		10628.8790284807		1.4560108258

		0.01905		0.2923741087		0.4385611648		3842.6717222068		10400		11062.1817572542		10642.8060156124		3057.50701873		0.008		400.735		0.3800863423		0.0003171		0.6		1.225		1000		0.0000185		0.000765		5		7.5		232.3188872747		0.8002201375		23889.0291145206		2.2970220302

		0.01905		0.2923741087		0.5845143204		4970.2567808945		14200		12613.7797168917		11868.9861410323		3122.8209203317		0.008		334.15		0.4871342498		0.000262		0.6666666667		1.225		1000		0.0000185		0.000749		5		10		309.6346129598		0.8000714055		42427.5291702691		2.9878541669

		0.01905		0.2923741087		0.8771223295		7433.7830163855		17900		15214.3732302577		15187.7807073167		3186.638786551		0.008		250.91875		0.7309352743		0.000197375		0.75		1.225		1000		0.0000185		0.000734		5		15		464.6377745495		0.8000143991		95531.5487701496		5.3369580319

		0.01905		0.2923741087		1.1694963224		10064.9151824437		21200		17417.1804953728		19099.9201870134		3248.6012074006		0.008		200.98		0.9940718796		0.0001588		0.8		1.225		1000		0.0000185		0.00072		5		20		619.5169707809		0.8000046535		169831.761634064		8.0109321526

		0.01905		0.5845143204		0.1169496428		5719.8926247794		26400		28431.5746043755		26244.8920215154		6632.7866142779		0.008		833.5375		0.5065868741		0.0005905833		0.1666666667		1.225		1000		0.0000185		0.000705		10		2		61.9517026537		0.9020423601		1914.932244193		0.0725353123

		0.01905		0.5845143204		0.2923741087		5560.7286364504		31200		44967.2482256446		31243.2181591465		6757.3909870895		0.008		667.075		0.4871342498		0.0004675		0.3333333333		1.225		1000		0.0000185		0.000692		10		5		154.8792575636		0.802666317		10649.8021751247		0.3413398133

		0.01905		0.5845143204		0.4385611648		6077.0318995037		34890		55091.2233757854		33677.6850833905		6896.9241343155		0.008		588.7397058824		0.5244159622		0.0004064412		0.4117647059		1.225		1000		0.0000185		0.000678		10		7		232.3188872747		0.8005386551		23898.5378437495		0.6849681239

		0.01905		0.5845143204		0.5845143204		6839.7995666993		40100		63625.4569512739		42165.627628696		7021.1930376365		0.008		500.6125		0.5845143204		0.00034225		0.5		1.225		1000		0.0000185		0.000666		10		10		309.6346129598		0.8001740932		42432.9746670754		1.0581789194

		0.01905		0.5845143204		0.8771223295		8948.6686301997		50600		78011.8593155504		34220.2529979599		7160.9717657977		0.008		400.735		0.7600791259		0.0002723		0.6		1.225		1000		0.0000185		0.000653		10		15		464.6377745495		0.8000350864		95534.0190870704		1.8880240926

		0.01905		0.8771223295		0.1169496428		9794.6817835157		58900		59175.2563924887		60335.6113401844		10946.9245492251		0.008		882.4970588235		0.7876902487		0.0005677647		0.1176470588		1.225		1000		0.0000185		0.000641		15		2		61.9517026537		0.9770664187		2074.1996970057		0.0352156146

		0.01905		0.8771223295		0.2923741087		9209.9762523245		65500		74747.7520570204		64984.4021815448		11155.7688967461		0.008		750.30625		0.7309352743		0.000476375		0.25		1.225		1000		0.0000185		0.000629		15		5		154.8792575636		0.8046281165		10675.8313935375		0.1629897923

		0.01905		0.8771223295		0.4385611648		9328.120812366		70120		96017.3895291772		70743.747316024		11354.3343625458		0.008		667.075		0.7309352746		0.0004181667		0.3333333333		1.225		1000		0.0000185		0.000618		15		7.5		232.3188872747		0.800932111		23910.2837105755		0.3409909257

		0.01905		0.8771223295		0.5845143204		9826.0476703131		79300		123427.928867202		78911.6676309484		11560.0965997583		0.008		600.49		0.7600791259		0.0003716		0.4		1.225		1000		0.0000185		0.000607		15		10		309.6346129598		0.8003012919		42439.719972205		0.5351793187

		0.01905		0.8771223295		0.8771223295		11231.9335489727		79300		198304.326940169		79516.6557131275		11560.0965997583		0.008		500.6125		0.8771223295		0.00031275		0.5		1.225		1000		0.0000185		0.000607		15		15		464.6377745495		0.8000594193		95536.9247308599		1.2047531492

		0.01905		0.8771223295		1.1694963224		13246.2104246866		93400		300508.436809335		94118.2974931013		11560.0965997583		0.008		429.2714285714		1.0441931826		0.0002707143		0.5714285714		1.225		1000		0.0000185		0.000607		15		20		619.5169707809		0.8000188006		169834.764905656		1.8183593673

										36365.5405405405																																		36719.0028887209		1.3896877115

																																														1.3896877115

		Spherical Particle

		Pipe diamter (m)		UL		UG		Rem		Experimental		Jamilahmadi		Emperical				equivalent particle diamter  de (m)		ρmixture (kg/(m3)		Umixture		μmixture		Vf		density of air ρ (kg/(m3)		density of water  ρ (kg/(m3)		μg viscosity of air (pa)		viscosity		Flow rate of water (L/min)		Flow rate of air (L/min)

		0.0254		0.6571839054		0.1644604361		8899.8031271729		41850		21442.4801974849		40282.9393295352		10514.9424861258		0.016		800.245		0.5586392115		0.0008037		0.2		1.225		1000		0.0000185		0.001		20		5		174.2391647591		1637.7872094396		27945.3971195757		0.6677514246

		0.0254		0.6571839054		0.3287893052		8873.1315609874		46550		30318.8586877541		42380.3068596093		10740.492835675		0.016		667.075		0.5477190387		0.0006588333		0.3333333333		1.225		1000		0.0000185		0.000979		20		10		348.3389395797		452.301211395		30845.5878300277		0.6626334657

		0.0254		0.6571839054		0.4933813103		9702.3386284691		51500		37141.3724157085		47066.914383894		11010.4109802365		0.016		571.9535714286		0.5869827932		0.0005536429		0.4285714286		1.225		1000		0.0000185		0.000955		20		15		522.7174963682		217.2325008861		33359.5455276766		0.6477581656

		0.0254		0.6571839054		0.6578416813		11069.9862791166		55000		42888.6321075532		51679.0745906503		11270.0348189988		0.016		500.6125		0.6575127934		0.00047575		0.5		1.225		1000		0.0000185		0.000933		20		20		696.9565921285		130.6208172859		35660.309366205		0.6483692612

		0.0254		0.6571839054		0.8221706156		12846.07271959		60000		47948.9790057893		55994.7035223322		11542.1981186892		0.016		445.125		0.7488431888		0.0004151667		0.5555555556		1.225		1000		0.0000185		0.000911		20		25		871.0564359479		89.0313220943		37966.1587942259		0.6327693132

		0.0254		0.9867626207		0.0657841741		16664.2929439959		68000		236909.006609947		70678.0925211635		17719.6430203366		0.016		937.5765625		0.9292014678		0.0008364687		0.0625		1.225		1000		0.0000185		0.000891		30		2		69.6956654855		19153.9606318494		52291.5335287992		0.7689931401

		0.0254		0.9867626207		0.1644604361		15915.523421735		72000		374590.232992452		67433.8087641061		18126.5234570837		0.016		857.3178571429		0.86929088		0.0007492143		0.1428571429		1.225		1000		0.0000185		0.000871		30		5		174.2391647591		3450.9460558853		58883.1427026122		0.8178214264

		0.0254		0.9867626207		0.3287893052		15336.9751352598		80000		529659.158014854		81716.1667073085		18530.7534402816		0.016		750.30625		0.8222692918		0.000643625		0.25		1.225		1000		0.0000185		0.000852		30		10		348.3389395797		952.1898223696		64936.4937718705		0.8117061721

		0.0254		0.9867626207		0.4933813103		15630.6245224129		86000		648850.202440234		81424.7144276057		18953.4236868186		0.016		667.075		0.8223021839		0.0005615		0.3333333333		1.225		1000		0.0000185		0.000833		30		15		522.7174963682		454.5278478698		69800.0638613518		0.8116286496

		0.0254		0.9867626207		0.6578416813		16552.315621377		90000		749259.186491371		88216.5146380431		19372.0269093495		0.016		600.49		0.855194245		0.0004964		0.4		1.225		1000		0.0000185		0.000815		30		20		696.9565921285		271.7089426314		74178.2600440638		0.8242028894

		0.0254		0.9867626207		0.8221706156		17956.436002518		94000		837670.228602872		87518.9804308994		19784.7141993983		0.016		546.0113636364		0.9119480729		0.0004436818		0.4545454545		1.225		1000		0.0000185		0.000798		30		25		871.0564359479		183.6639600043		78320.920169086		0.8332012784

		0.01905		0.2923741087		0.1169496428		4918.7526449978		15960		20739.1357871152		15955.7321454241		5989.7384617886		0.016		714.6357142857		0.2422528327		0.0005631429		0.2857142857		1.225		1000		0.0000185		0.000781		5		2		123.9034053075		1450.6817039241		26626.4851889376		1.6683261397

		0.01905		0.2923741087		0.2923741087		5977.9403588855		24000		24920.3747752863		26043.7556659337		6115.01403746		0.016		500.6125		0.2923741087		0.00039175		0.5		1.225		1000		0.0000185		0.000765		5		5		309.7585151273		262.4716859539		30109.5448933073		1.2545643706

		0.01905		0.2923741087		0.4090898545		7455.4441543227		26400		26663.1415511616		24279.7153571095		6245.6418406634		0.016		417.38125		0.3604582937		0.000322875		0.5833333333		1.225		1000		0.0000185		0.000749		5		7		433.4141160997		143.5783602548		32245.5891225664		1.2214238304

		0.01905		0.2923741087		0.5845143204		10133.9087672712		32000		28659.2852794397		33925.4567439553		6373.2775731021		0.016		334.15		0.4871342498		0.000257		0.6666666667		1.225		1000		0.0000185		0.000734		5		10		619.2692259195		75.9486136079		34822.0288114947		1.0881884004

		0.01905		0.2923741087		0.8771223295		15135.9682564446		40000		31140.9551815389		51650.9460540733		6497.2024148013		0.016		250.91875		0.7309352743		0.000193875		0.75		1.225		1000		0.0000185		0.00072		5		15		929.2755490989		37.2536066518		38462.062379558		0.9615515595

		0.01905		0.2923741087		1.1694963224		20517.4394219777		43000		33066.0328364958		70981.9600028455		6635.4407640524		0.016		200.98		0.9940718796		0.0001558		0.8		1.225		1000		0.0000185		0.000705		5		20		1239.0339415619		23.1379558182		42468.4701911749		0.9876388417

		0.01905		0.5845143204		0.1169496428		11892.8792817402		70000		59433.1441070921		69735.1682675029		13793.848268631		0.016		833.5375		0.5065868741		0.0005680833		0.1666666667		1.225		1000		0.0000185		0.000678		10		2		123.9034053075		4543.6282993131		83395.8622959424		1.1913694614

		0.01905		0.5845143204		0.2923741087		11549.6807295397		82000		93981.384638653		79655.3573139114		14042.386075273		0.016		667.075		0.4871342498		0.0004501667		0.3333333333		1.225		1000		0.0000185		0.000666		10		5		309.7585151273		814.7114982557		93459.9568051296		1.1397555708

		0.01905		0.5845143204		0.4090898545		12318.5223513223		94000		111178.178634872		84081.962145011		14321.9435315954		0.016		588.7397058824		0.5122807168		0.0003917353		0.4117647059		1.225		1000		0.0000185		0.000653		10		7		433.4141160997		442.4988368345		99378.7340547404		1.0572205751

		0.01905		0.5845143204		0.5845143204		14198.1586153318		100200		132915.431948054		92386.177406799		14590.0610392072		0.016		500.6125		0.5845143204		0.00032975		0.5		1.225		1000		0.0000185		0.000641		10		10		619.2692259195		231.1471268032		105979.708211528		1.0576817187

		0.01905		0.5845143204		0.8771223295		18551.3701408707		122000		132915.431948054		106517.611071794		14868.4087855832		0.016		400.735		0.7600791259		0.0002627		0.6		1.225		1000		0.0000185		0.000629		10		15		929.2755490989		110.7465075659		114338.97185139		0.9372046873

		0.01905		0.6988910722		0.1169496428		15866.013880026		7000		66783.8657409367		74172.2554408457		18094.2672401529		0.016		857.3178571429		0.6157565822		0.0005323571		0.1428571429		1.225		1000		0.0000185		0.000618		12		2		123.9034053075		6588.6080741264		120930.370064568		17.2757671521

		0.01905		0.6988910722		0.2923741087		15086.7766378061		82000		100875.418398223		93462.4446234853		18422.1699413748		0.016		706.2426470588		0.5793272594		0.0004339118		0.2941176471		1.225		1000		0.0000185		0.000607		12		5		309.7585151273		1180.6716533089		135441.223004144		1.6517222318

		0.01905		0.6988910722		0.4090898545		15346.1525653186		94000		117345.921044403		90661.690274413		18422.1699413748		0.016		632.0302631579		0.5921222025		0.0003901842		0.3684210526		1.225		1000		0.0000185		0.000607		12		7		433.4141160997		623.7616051143		140087.687261888		1.4902945453

		0.01905		0.6988910722		0.5845143204		16646.3927581954		100200		137807.944875622		91207.7277955089		18422.1699413748		0.016		546.0113636364		0.6469016395		0.0003395		0.4545454545		1.225		1000		0.0000185		0.000607		12		10		619.2692259195		317.2576742697		145460.928768561		1.4517058759

										64525.3846153846																																0		69515.1936777086		1.6369711595

																																										0





		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		9008.6046495219		12060.0752377572		4.0606313932		3.0332002187

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		18017.2092990437		21068.679887279		1.7326217013		1.4816783963

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		36034.4185980875		39085.8891863228		1.1772858189		1.0853740542

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		54051.6278971312		57103.0984853665		0.6256502518		0.5922168061

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		16015.2971547056		19066.7677429408		3.867498528		3.2485389766

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		32030.5943094111		35082.0648976464		1.6317239487		1.4897950842

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		48045.8914641167		48045.8914641167		1.0157693756		1.0157693756

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		64061.1886188222		64061.1886188222		0.7414489423		0.7414489423

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		19057.434566261		19986.141595709		2.0580382901		2.0580382901		2.1583306259

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		38114.869132522		41829.6972503142		1.1670198755		1.1670198755		1.2807623163

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		57172.3036987829		65530.6669638155		0.8662470257		0.8662470257		0.9928888934

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		66701.0209819134		78077.6820926521		0.6806226631		0.6806226631		0.7967110418

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		32257.5229555976														0		0

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		98333.5140836335														0		0

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		119498.724308527														0		0

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		152149.731049637														0		0

																				A=30000		A=30000

																						B=0.1

				ReL		Experimental (0.025)		Darcy (1856) (0.025)		Ergun (1952) (0.025)		Experimental (0.019)		Darcy (1856) (0.019)		Ergun (1952) (0.019)

		4934.115681		4934.115681		9260		19057.434566261		19986.141595709

		9868.231362		9868.231362		32660		38114.869132522		41829.6972503142

		14802.34704		14802.34704		66000		57172.3036987829		65530.6669638155

		17269.40488		17269.40488		98000		66701.0209819134		78077.6820926521

		4385.880605		4385.880605								17720		30696.5777387569		32257.5229555976

		8771.761211		8771.761211								56820		61393.1554775138		67636.9363448766

		10526.11345		10526.11345								87000		73671.7865730166		82662.831022019

		13155		13155								92000		92071.2432683026		106114.109415485

												single - spherical





		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417

		30861.711470306		30861.711470306		30861.711470306

		61723.4355321903		61723.4355321903		61723.4355321903

		92585.1347812586		92585.1347812586		92585.1347812586

		123323.399528636		123323.399528636		123323.399528636



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

1757.3964497041

1373.8376827966

2284.6153846154

7195.2662721894

5474.0388877239

9353.8461538462

25538.4615384615

21853.5142978323

33200

54005.9171597633

49138.4458857038

70207.6923076923

54005.9171597633

87328.8270952834

78643.0769230769

3792.3076923077

3055.2486493828

4930

16538.4615384615

12195.6485454266

21500

36384.6153846154

27421.1849953944

47300

66461.5384615385

48634.5082811705

86400



		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

5479.2899408284

10395.2243290903

7123.0769230769

19325.4437869822

41489.8468162568

25123.0769230769

39053.2544378698

93283.9047750613

50769.2307692308

57988.1656804734

126943.195640681

75384.6153846154

13630.7692307692

21256.0186640976

17720

43707.6923076923

84703.6907348222

56820

66923.0769230769

121896.365541134

87000

70769.2307692308

190342.914251804

92000



		



Experimental (0.025)

Darcy (1856) (0.025)

Ergun (1952) (0.025)

Experimental (0.019)

Darcy (1856) (0.019)

Ergun (1952) (0.019)

Particle Reynolds Number

Pressure drop (Pa/m)



		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		9729.2930214836		10339.5871391307		3.4813424711		3.2758562362		1315.7641815804		9609.1782928233		10422.9037830194

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		19458.5860429672		20068.8801606143		1.650401329		1.600212668		2631.5283631607		19218.3565856467		20032.0820758427

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		38917.1720859345		39527.4662035815		1.1905863314		1.1722039785		5263.0567263214		38436.7131712933		39250.4386614894

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		58375.7581289017		58986.0522465488		0.6462808398		0.6395941506		7894.5850894821		57655.06975694		58468.795247136

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		17296.520927082		17906.815044729		3.632214005		3.5084220947		2339.1363228095		17082.9836316859		17896.709121882

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		34593.041854164		35203.335971811		1.6373644638		1.6089786909		4678.2726456191		34165.9672633718		34979.6927535679

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		51889.562781246		51889.562781246		1.0970309256		1.0970309256		7017.4089684286		51248.9508950578		51248.9508950578

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		69186.083708328		69186.083708328		0.8007648577		0.8007648577		9356.5452912381		68331.9345267437		68331.9345267437

																								1.7669981529		1.7128829503

																										A= 27		A=27

																												B=.001

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		12704.9563775073		13633.6634069554		1.3720255267		1.3720255267		1.4723178625

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		25409.9127550146		29124.7408728069		0.7780132503		0.7780132503		0.8917556911

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		38114.869132522		46473.2323975545		0.5774980172		0.5774980172		0.7041398848

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		44467.3473212756		55844.0084320143		0.4537484421		0.4537484421		0.5698368207

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		32257.5229555976		1.7323125135		1.7323125135		1.8204019727

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		67636.9363448766		1.0804849609		1.0804849609		1.1903719878

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		82662.831022019		0.8468021445		0.8468021445		0.950147483

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		106114.109415485		1.0007743834		1.0007743834		1.1534142328

																										0.9802074048		1.0940482419

																				A=20000		A=20000

																						B=0.1

				ReL		Experimental		darcy		kozney

		2467.05784		2467.05784		2970		9008.6046495219		12060.0752377572		3.0332002187		4.0606313932

		4934.115681		4934.115681		12160		18017.2092990437		21068.679887279		1.4816783963		1.7326217013

		9868.231362		9868.231362		33200		36034.4185980875		39085.8891863228		1.0853740542		1.1772858189

		14802.34704		14802.34704		91270		54051.6278971312		57103.0984853665		0.5922168061		0.6256502518

		4385.880605		4385.880605		4930		16015.2971547056		19066.7677429408		3.2485389766		3.867498528

		8771.761211		8771.761211		21500		32030.5943094111		35082.0648976464		1.4897950842		1.6317239487

		13157.64182		13157.64182		47300		48045.8914641167		48045.8914641167		1.0157693756		1.0157693756

		17543.52242		17543.52242		86400		64061.1886188222		64061.1886188222		0.7414489423		0.7414489423

												1.5860027317		1.856578745

				ReL		Experimental		Darcy (1856)		Ergun (1952)

		4934.115681		1315.7641815804		2970		9729.2930214836		10339.5871391307

		9868.231362		2631.5283631607		12160		19458.5860429672		20068.8801606143

		14802.34704		5263.0567263214		33200		38917.1720859345		39527.4662035815

		17269.40488		7894.5850894821		91270		58375.7581289017		58986.0522465488

		4385.880605		2339.1363228095		4930		17296.520927082		17906.815044729

		8771.761211		4678.2726456191		21500		34593.041854164		35203.335971811

		10526.11345		7017.4089684286		47300		51889.562781246		51889.562781246

		13155		9356.5452912381		86400		69186.083708328		69186.083708328

												single - spherical





		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417

		30861.711470306		30861.711470306		30861.711470306

		61723.4355321903		61723.4355321903		61723.4355321903

		92585.1347812586		92585.1347812586		92585.1347812586

		123323.399528636		123323.399528636		123323.399528636



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

1757.3964497041

1373.8376827966

2284.6153846154

7195.2662721894

5474.0388877239

9353.8461538462

25538.4615384615

21853.5142978323

33200

54005.9171597633

49138.4458857038

70207.6923076923

54005.9171597633

87328.8270952834

78643.0769230769

3792.3076923077

3055.2486493828

4930

16538.4615384615

12195.6485454266

21500

36384.6153846154

27421.1849953944

47300

66461.5384615385

48634.5082811705

86400



		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

5479.2899408284

10395.2243290903

7123.0769230769

19325.4437869822

41489.8468162568

25123.0769230769

39053.2544378698

93283.9047750613

50769.2307692308

57988.1656804734

126943.195640681

75384.6153846154

13630.7692307692

21256.0186640976

17720

43707.6923076923

84703.6907348222

56820

66923.0769230769

121896.365541134

87000

70769.2307692308

190342.914251804

92000



		



Experimental

darcy

kozney

Single cylindrical



		



Experimental

Darcy (1856)

Ergun (1952)

Particle Reynolds Number

Pressure drop (Pa/m)



		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		13512.9069742828		2946.2786546541		0.992013015

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		27025.8139485656		11604.9425256258		0.9543538261

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		54051.6278971312		46059.4259165222		1.3873321059

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		81077.4418456969		103363.450172689		1.1325019193

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		24022.9457320583		9187.1320788145		1.8635156346

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		48045.8914641166		36428.2223721638		1.6943359243

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		72068.837196175		81723.2708800479		1.7277647121

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		96091.7829282333		145072.277602467		1.6790772871

																				A= 150		A=1

																						B=.01

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		11434.4607397566		11239.771526208		1.2348229741		0.8098326813

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		32681.479139721		44768.5117591694		1.0006576589		0.9993427733

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		49022.2187095816		100586.220698884		0.7427608895		1.3463282923

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		57192.5884945118		136853.438433774		0.5835978418		1.7135087357

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		39481.0314660378		18961.5669351291		2.2280491798		0.448823127

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		78962.0629320757		75385.8190744352		1.3896878376		0.7195860631

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		94754.4755184908		108445.071787327		1.0891319025		0.9181624353

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		118419.313173257		169204.928090706		1.2871664475		0.7769003006

																				A=18000		A=150

																						B=1.2

				ReL		Experimental		darcy		kozney

		2467.05784		16446.0436124657		2970		13512.9069742828		2946.2786546541

		4934.115681		32892.0939349172		12160		27025.8139485656		11604.9425256258

		9868.231362		65784.168134582		33200		54051.6278971312		46059.4259165222

		14802.34704		131568.356004417		91270		81077.4418456969		103363.450172689

		4385.880605		30861.711470306		4930		24022.9457320583		9187.1320788145

		8771.761211		61723.4355321903		21500		48045.8914641166		36428.2223721638

		13157.64182		92585.1347812586		47300		72068.837196175		81723.2708800479

		17543.52242		123323.399528636		86400		96091.7829282333		145072.277602467

				ReL		Experimental		darcy		kozney

		4934.115681		19491.6112206917		9260		16340.7395698605		11239.771526208

		9868.231362		38983.210746419		32660		32681.479139721		44768.5117591694

		14802.34704		58474.8219671107		66000		49022.2187095816		100586.220698884

		17269.40488		68220.6217299743		98000		57192.5884945118		136853.438433774

		4385.880605		11286.5687662833		17720		39481.0314660378		18961.5669351291

		8771.761211		22573.1421374868		56820		78962.0629320757		75385.8190744352

		10526.11345		27087.7651474311		87000		94754.4755184908		108445.071787327

		13155		33859.7064342888		92000		118419.313173257		169204.928090706





		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417

		30861.711470306		30861.711470306		30861.711470306

		61723.4355321903		61723.4355321903		61723.4355321903

		92585.1347812586		92585.1347812586		92585.1347812586

		123323.399528636		123323.399528636		123323.399528636
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Rynolds number

Pressure drop (pa/m)

1757.3964497041

1373.8376827966

2284.6153846154

7195.2662721894

5474.0388877239

9353.8461538462

25538.4615384615

21853.5142978323

33200

54005.9171597633

49138.4458857038

70207.6923076923

54005.9171597633

87328.8270952834

78643.0769230769

3792.3076923077

3055.2486493828

4930

16538.4615384615

12195.6485454266

21500

36384.6153846154

27421.1849953944

47300

66461.5384615385

48634.5082811705

86400



		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888
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87000
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		354.7257155795		354.7257155795		354.7257155795		354.7257155795

		532.0885733692		532.0885733692		532.0885733692		532.0885733692

		709.451431159		709.451431159		709.451431159		709.451431159

		886.8142889487		886.8142889487		886.8142889487		886.8142889487

		1064.1771467385		1064.1771467385		1064.1771467385		1064.1771467385

		1241.5400045282		1241.5400045282		1241.5400045282		1241.5400045282

		1418.902862318		1418.902862318		1418.902862318		1418.902862318

		1596.2657201077		1596.2657201077		1596.2657201077		1596.2657201077

		1773.6285778974		1773.6285778974		1773.6285778974		1773.6285778974

		1950.9914356872		1950.9914356872		1950.9914356872		1950.9914356872

		2128.3542934769		2128.3542934769		2128.3542934769		2128.3542934769

		2305.7171512667		2305.7171512667		2305.7171512667		2305.7171512667

		2483.0800090564		2483.0800090564		2483.0800090564		2483.0800090564

		950.9203988778		950.9203988778		950.9203988778		950.9203988778

		1267.8938651704		1267.8938651704		1267.8938651704		1267.8938651704

		1584.867331463		1584.867331463		1584.867331463		1584.867331463

		1901.8407977557		1901.8407977557		1901.8407977557		1901.8407977557

		2218.8142640483		2218.8142640483		2218.8142640483		2218.8142640483

		2535.7877303409		2535.7877303409		2535.7877303409		2535.7877303409

		2852.7611966335		2852.7611966335		2852.7611966335		2852.7611966335

		3169.7346629261		3169.7346629261		3169.7346629261		3169.7346629261

		3486.7081292187		3486.7081292187		3486.7081292187		3486.7081292187
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20

7.9903872672

30

15.2324319564

40

24.6390440162

50

36.2102234464

60

49.9459702471

70

65.8462844182

80

83.9111659599

130

104.140614872

170

126.5346311545

220

151.0932148076

300

177.816365831

30

61.6034992019

60

119.934828634

100

196.6192112868

180

291.6566471604

240

405.0471362547

390

536.7906785697

620

686.8872741055

790

855.336922862

1070

1042.1396248393



plot of spherical data

		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		air vel		viscosity		density		darcy		kozney		Experimental				pipe dia		Reynold number		Experimental		darcy (.025)		Ergun (1952)		Experimental(.019)		darcy (.019)		kozney (.019)

		0.0254		177.3628577897		60						0.77		0.3289208736		0.0000181		1.22		1.9186401779		44.8395142232		0.0327704268		76.8290572642		0.0254		354.7257155795		20				7.9903872672

		0.0254		266.0442866846		120						0.77		0.4933813103		0.0000181		1.22		2.8779602669		99.6762832942		A		B		0.0254		532.0885733692		30				15.2324319564

		0.0254		354.7257155795		180						0.77		0.6578417471		0.0000181		1.22		3.8372803559		176.1243936716		178.6885486411		4.60385709		0.0254		709.451431159		40				24.6390440162

		0.0254		443.4071444744		270						0.77		0.8223021839		0.0000181		1.22		4.7966004449		274.1838453552						0.0254		886.8142889487		50				36.2102234464

		0.0254		532.0885733692		340						0.77		0.9867626207		0.0000181		1.22		5.7559205338		393.8546383451						0.0254		1064.1771467385		60				49.9459702471

		0.0254		620.7700022641		440						0.77		1.1512230575		0.0000181		1.22		6.7152406228		535.1367726412						0.0254		1241.5400045282		70				65.8462844182

		0.0254		709.451431159		520						0.77		1.3156834943		0.0000181		1.22		7.6745607118		698.0302482437						0.0254		1418.902862318		80				83.9111659599

		0.0254		798.1328600538		830						0.77		1.480143931		0.0000181		1.22		8.6338808008		882.5350651525						0.0254		1596.2657201077		130				104.140614872

		0.0254		886.8142889487		1000						0.77		1.6446043678		0.0000181		1.22		9.5932008897		1088.6512233675						0.0254		1773.6285778974		170				126.5346311545

		0.0254		975.4957178436		1270						0.77		1.8090648046		0.0000181		1.22		10.5525209787		1316.3787228888						0.0254		1950.9914356872		220				151.0932148076

		0.0254		1064.1771467385		1620						0.77		1.9735252414		0.0000181		1.22		11.5118410677		1565.7175637165						0.0254		2128.3542934769		300				177.816365831

		0.0254		1152.8585756333		2300						0.77		2.1379856782		0.0000181		1.22		12.4711611566		1836.6677458504						0.0254		2305.7171512667

		0.0254		1241.5400045282		2870						0.77		2.302446115		0.0000181		1.22		13.4304812456		2129.2292692905						0.0254		2483.0800090564

		0.0254		1330.2214334231		3360						0.77		2.4669065517		0.0000181		1.22		14.3898013346		2443.402134037						0.0254

		0.01905		316.9734662926		100						0.73		0.5878298914		0.0000181		1.22		46.730504992		121.7087455031		0.0529977642		105.8437034885		0.01905		950.9203988778		30				61.6034992019

		0.01905		475.4601994389		170						0.73		0.8817448371		0.0000181		1.22		70.095757488		270.3398895075		A		B		0.01905		1267.8938651704		60				119.934828634

		0.01905		633.9469325852		320						0.73		1.1756597828		0.0000181		1.22		93.4610099841		477.4888810139		129.141296781		2.0700333868		0.01905		1584.867331463		100				196.6192112868

		0.01905		792.4336657315		490						0.73		1.4695747285		0.0000181		1.22		116.8262624801		743.1557200222						0.01905		1901.8407977557		180				291.6566471604

		0.01905		951		670						0.73		1.7634896741		0.0000181		1.22		140.1915149761		1067.3404065325						0.01905		2218.8142640483		240				405.0471362547

		0.01905		1109		920						0.73		2.0574046198		0.0000181		1.22		163.5567674721		1450.0429405447						0.01905		2535.7877303409		390				536.7906785697

		0.01905		1268		1270						0.73		2.3513195655		0.0000181		1.22		186.9220199681		1891.2633220589						0.01905		2852.7611966335		620				686.8872741055

		0.01905		1426		1850						0.73		2.6452345112		0.0000181		1.22		210.2872724641		2391.0015510749						0.01905		3169.7346629261		790				855.336922862

		0.01905		1584.867331463		2400						0.73		2.9391494569		0.0000181		1.22		233.6525249602		2949.257627593						0.01905		3486.7081292187		1070				1042.1396248393

		0.01905		1743.3540646093		3400						0.73		3.2330644026		0.0000181		1.22		257.0177774562		3566.0315516129						0.01905

		0.01905		1901.8407977557		4500						0.73		3.5269793483		0.0000181		1.22		280.3830299522		4241.3233231348						0.01905

		0.01905		2060.327530902		5800						0.73		3.820894294		0.0000181		1.22		303.7482824482		4975.1329421587						0.01905

		0.01905		2218.8142640483		7550						0.73		4.1148092397		0.0000181		1.22		327.1135349442		5767.4604086845						0.01905

		0.01905		2377		8100						0.73		4.4087241854		0.0000181		1.22		350.4787874402		6618.3057227122

												u		p

												0.3289208736		60		49.5274616816		10

												0.4933813103		120		74.4331905076		15

												0.6578417471		180		99.433584657		20
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Single phase cyl particle

		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		air vel		viscosity		density		darcy		kozney		Experimental				pipe dia		Reynold number		Experime(.025)ntal		darcy (.025)		kozney (.025)		Experimental(.019)		darcy (.019)		kozney (.019)

		0.0254		177.3628577897		60						0.77		0.3289208736		0.0000181		1.22		1.9260344878		40.1615114385		0.0327704268		76.8290572642		0.0254		177.3628577897		60				40.1615114385				10

		0.0254		266.0442866846		120						0.77		0.4933813103		0.0000181		1.22		2.8890517318		88.9188546603		A		B		0.0254		266.0442866846		120				88.9188546603				15

		0.0254		354.7257155795		180						0.77		0.6578417471		0.0000181		1.22		3.8520689757		156.7939228838		178.6885486411		4.60385709		0.0254		354.7257155795		180				156.7939228838				20

		0.0254		443.4071444744		270						0.77		0.8223021839		0.0000181		1.22		4.8150862196		243.786716109						0.0254		443.4071444744		270				243.786716109				25

		0.0254		532.0885733692		340						0.77		0.9867626207		0.0000181		1.22		5.7781034635		349.897234336						0.0254		532.0885733692		340				349.897234336				30

		0.0254		620.7700022641		440						0.77		1.1512230575		0.0000181		1.22		6.7411207075		475.1254775647						0.0254		620.7700022641		440				475.1254775647				35

		0.0254		709.451431159		520						0.77		1.3156834943		0.0000181		1.22		7.7041379514		619.4714457951						0.0254		709.451431159		520				619.4714457951				40

		0.0254		798.1328600538		830						0.77		1.480143931		0.0000181		1.22		8.6671551953		782.9351390272						0.0254		798.1328600538		830				782.9351390272				45

		0.0254		886.8142889487		1000						0.77		1.6446043678		0.0000181		1.22		9.6301724392		965.516557261						0.0254		886.8142889487		1000				965.516557261				50

		0.0254		975.4957178436		1270						0.77		1.8090648046		0.0000181		1.22		10.5931896831		1167.2157004965						0.0254								1167.2157004965

		0.0254		1064.1771467385		1620						0.75		1.9735252414		0.0000181		1.22		14.7750187413		1633.8587915033														1633.8587915033

		0.0254		1152.8585756333		2300

		0.0254		1241.5400045282		2870

		0.0254		1330.2214334231		3360																								Reynold number		Experime(.025)ntal		darcy (.025)		kozney (.025)

		0.01905		316.9734662926		100						0.75		0.5878298914		0.0000181		1.22		3.1805869776		81.0284369818		0.0418981481		90.3703703704		0.01905		316.9734662926		100				81.0284369818

		0.01905		475.4601994389		170						0.75		0.8817448371		0.0000181		1.22		4.7708804664		179.3905573037		A		B		0.01905		475.4601994389		170				179.3905573037

		0.01905		633.9469325852		320						0.75		1.1756597828		0.0000181		1.22		6.3611739553		316.3179455129		158.2647513812		2.4705		0.01905		633.9469325852		320				316.3179455129

		0.01905		792.4336657315		490						0.75		1.4695747285		0.0000181		1.22		7.9514674441		491.8106016094						0.01905		792.4336657315		490				491.8106016094

		0.01905		951		670						0.75		1.7634896741		0.0000181		1.22		9.5417609329		705.8685255932						0.01905		950.9203988778		680				705.8685255932

		0.01905		1109		920						0.75		2.0574046198		0.0000181		1.22		11.1320544217		958.4917174644						0.01905		1109.4071320241		1000				958.4917174644

		0.01905		1268		1270						0.75		2.3513195655		0.0000181		1.22		12.7223479105		1249.6801772228						0.01905		1267.8938651704		1220				1249.6801772228

		0.01905		1426		1850						0.75		2.6452345112		0.0000181		1.22		14.3126413993		1579.4339048686						0.01905		1426.3805983167		1590				1579.4339048686

		0.01905		1584.867331463		2400						0.75		2.9391494569		0.0000181		1.22		15.9029348881		1947.7529004017						0.01905

		0.01905		1743.3540646093		3400						0.75		3.2330644026		0.0000181		1.22		17.4932283769		2354.6371638221						0.01905

		0.01905		1901.8407977557		4500						0.75		3.5269793483		0.0000181		1.22		19.0835218658		2800.0866951298						0.01905

		0.01905		2060.327530902		5800

		0.01905		2218.8142640483		7550

		0.01905		2377		8100

												u		p

												0.3289208736		60				10

												0.4933813103		120				15

												0.6578417471		180				20

												0.8223021839		270				25

												0.9867626207		340				30

												1.1512230575		440				35

												1.3156834943		520				40

												1.480143931		830				45				475.5177106682

												1.6446043678		1000								619.9837527417

														1270								783.5835299526

												u		p

												0.5878298914		100				10				100

												0.8817448371		170				15				170

												1.1756597828		320				20				320

												1.4695747285		490				25				490

												1.7634896741		680				30				670

												2.0574046198		1000				35				920

												2.3513195655		1220				40				1270

												2.6452345112		1590								1850				1227.4121830626

												2.9391494569										2400				1551.1805026581

																						2400				1912.8025548564
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		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		air vel		viscosity		density		darcy		kozney						pipe dia		Reynold number		Experimental				Ergun (1952)		Experimental(.019)				kozney (.019)

		0.0254		354.7257155795		40						0.7		0.3289208736		0.0000181		1.22		6.3461710455		7.9903872672		0.0618394679		66.6909620991		0.0254		354.7257155795		20				7.9903872672

		0.0254		532.0885733692		110						0.7		0.4933813103		0.0000181		1.22		9.5192565682		15.2324319564		A		B		0.0254		532.0885733692		30				15.2324319564

		0.0254		709.451431159		140						0.7		0.6578417471		0.0000181		1.22		12.6923420909		24.6390440162		49.6770121547		4.3349202186		0.0254		709.451431159		40				24.6390440162

		0.0254		886.8142889487		200						0.7		0.8223021839		0.0000181		1.22		15.8654276136		36.2102234464						0.0254		886.8142889487		50				36.2102234464

		0.0254		1064.1771467385		270						0.7		0.9867626207		0.0000181		1.22		19.0385131364		49.9459702471						0.0254		1064.1771467385		60				49.9459702471

		0.0254		1241.5400045282		330						0.7		1.1512230575		0.0000181		1.22		22.2115986591		65.8462844182						0.0254		1241.5400045282		70				65.8462844182

		0.0254		1418.902862318		450						0.7		1.3156834943		0.0000181		1.22		25.3846841818		83.9111659599						0.0254		1418.902862318		80				83.9111659599

		0.0254		1596.2657201077		720						0.7		1.480143931		0.0000181		1.22		28.5577697045		104.140614872						0.0254		1596.2657201077		130				104.140614872

		0.0254		1773.6285778974		1020						0.7		1.6446043678		0.0000181		1.22		31.7308552273		126.5346311545						0.0254		1773.6285778974		170				126.5346311545

		0.0254		1950.9914356872		1300						0.7		1.8090648046		0.0000181		1.22		34.90394075		151.0932148076						0.0254		1950.9914356872		220				151.0932148076

		0.0254		2128.3542934769		2200						0.7		1.9735252414		0.0000181		1.22		38.0770262727		177.816365831						0.0254		2128.3542934769		300				177.816365831

		0.0254		2305.7171512667		2460						0.7		2.1379856782		0.0000181		1.22		41.2501117954		206.704084225						0.0254								206.704084225

		0.0254		2483.0800090564		6200						0.7		2.302446115		0.0000181		1.22		44.4231973182		237.7563699894						0.0254

		0.0254		2660.4428668462								0.7		2.4669065517		0.0000181		1.22		47.5962828409		270.9732231243

		0.01905		950.9203988778		30						0.57		0.5878298914		0.0000181		1.22		43.1554807847		61.6034992019		0.1641657285		177.0450286998		0.01905		950.9203988778		30				61.6034992019

		0.01905		1267.8938651704		60						0.57		0.8817448371		0.0000181		1.22		64.7332211771		119.934828634		A		B		0.01905		1267.8938651704		60				119.934828634

		0.01905		1584.867331463		100						0.57		1.1756597828		0.0000181		1.22		86.3109615695		196.6192112868		30.7189572843		0.2031404116		0.01905		1584.867331463		100				196.6192112868

		0.01905		1901.8407977557		180						0.57		1.4695747285		0.0000181		1.22		107.8887019618		291.6566471604						0.01905		1901.8407977557		180				291.6566471604

		0.01905		2219		240						0.57		1.7634896741		0.0000181		1.22		129.4664423542		405.0471362547						0.01905		2218.8142640483		240				405.0471362547

		0.01905		2536		390						0.57		2.0574046198		0.0000181		1.22		151.0441827466		536.7906785697						0.01905		2535.7877303409		390				536.7906785697

		0.01905		2853		620						0.57		2.3513195655		0.0000181		1.22		172.6219231389		686.8872741055						0.01905		2852.7611966335		620				686.8872741055

		0.01905		3170		790						0.57		2.6452345112		0.0000181		1.22		194.1996635313		855.336922862						0.01905		3169.7346629261		790				855.336922862

		0.01905		3486.7081292187		1070						0.57		2.9391494569		0.0000181		1.22		215.7774039237		1042.1396248393						0.01905		3486.7081292187		1070				1042.1396248393

		0.01905		3803.6815955113		2330						0.57		3.2330644026		0.0000181		1.22		237.355144316		1247.2953800373						0.01905

		0.01905		4120.6550618039		3790						0.57		3.5269793483		0.0000181		1.22		258.9328847084		1470.8041884561						0.01905

		0.01905		4437.6285280965		7100						0.57		3.820894294		0.0000181		1.22				1712.6660500956						0.01905

		0.01905		4754.6019943891		10200						0.57		4.1148092397		0.0000181		1.22				1972.8809649559						0.01905

		0.01905		4754.6019943891		11000						0.57		4.4087241854		0.0000181		1.22				2251.4489330369						0.01905

												u		p

												0.3289208736		40				10

												0.4933813103		110				15

												0.6578417471		140				20

												0.8223021839		200				25

												0.9867626207		270				30

												1.1512230575		350				40

												1.3156834943		465				50

												1.480143931		690				55

												1.6446043678						60

												1.8090648046						65

												1.9735252414

												u		p

												0.8817448371		30				15

												1.1756597828		60				20

												1.7634896741		120				30

												2.3513195655		200				40

												2.6452345112		280				45

												2.9391494569		320				50

												3.2330644026
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		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		air vel		viscosity		density		darcy		kozney		Experimental				pipe dia		Reynold number		Experimental		darcy (.025)		Ergun (1952)		Experimental(.019)		darcy (.019)		kozney (.019)

		0.0254		177.3628577897		60						0.77		0.3289208736		0.0000181		1.22		1.9186401779		44.8395142232		0.0327704268		76.8290572642		0.0254		177.3628577897		60				44.8395142232

		0.0254		266.0442866846		120						0.77		0.4933813103		0.0000181		1.22		2.8779602669		99.6762832942		A		B		0.0254		266.0442866846		120				99.6762832942

		0.0254		354.7257155795		180						0.77		0.6578417471		0.0000181		1.22		3.8372803559		176.1243936716		178.6885486411		4.60385709		0.0254		354.7257155795		180				176.1243936716

		0.0254		443.4071444744		270						0.77		0.8223021839		0.0000181		1.22		4.7966004449		274.1838453552						0.0254		443.4071444744		270				274.1838453552

		0.0254		532.0885733692		340						0.77		0.9867626207		0.0000181		1.22		5.7559205338		393.8546383451						0.0254		532.0885733692		340				393.8546383451

		0.0254		620.7700022641		440						0.77		1.1512230575		0.0000181		1.22		6.7152406228		535.1367726412						0.0254		620.7700022641		440				535.1367726412

		0.0254		709.451431159		520						0.77		1.3156834943		0.0000181		1.22		7.6745607118		698.0302482437						0.0254		709.451431159		520				698.0302482437

		0.0254		798.1328600538		830						0.77		1.480143931		0.0000181		1.22		8.6338808008		882.5350651525						0.0254		798.1328600538		830				882.5350651525

		0.0254		886.8142889487		1000						0.77		1.6446043678		0.0000181		1.22		9.5932008897		1088.6512233675						0.0254		886.8142889487		1000				1088.6512233675

		0.0254		975.4957178436		1270						0.77		1.8090648046		0.0000181		1.22		10.5525209787		1316.3787228888						0.0254		975.4957178436		1270				1316.3787228888

		0.0254		1064.1771467385		1620						0.77		1.9735252414		0.0000181		1.22		11.5118410677		1565.7175637165						0.0254		1064.1771467385		1620				1565.7175637165

		0.0254		1152.8585756333		2300						0.77		2.1379856782		0.0000181		1.22		12.4711611566		1836.6677458504						0.0254		1152.8585756333		2300				1836.6677458504

		0.0254		1241.5400045282		2870						0.77		2.302446115		0.0000181		1.22		13.4304812456		2129.2292692905						0.0254		1241.5400045282

		0.0254		1330.2214334231		3360						0.77		2.4669065517		0.0000181		1.22		14.3898013346		2443.402134037						0.0254		1330.2214334231

		0.01905		316.9734662926		100						0.73		0.5878298914		0.0000181		1.22		46.730504992		121.7087455031		0.0529977642		105.8437034885		0.01905		316.9734662926		100				121.7087455031

		0.01905		475.4601994389		170						0.73		0.8817448371		0.0000181		1.22		70.095757488		270.3398895075		A		B		0.01905		475.4601994389		170				270.3398895075

		0.01905		633.9469325852		320						0.73		1.1756597828		0.0000181		1.22		93.4610099841		477.4888810139		129.141296781		2.0700333868		0.01905		633.9469325852		320				477.4888810139

		0.01905		792.4336657315		490						0.73		1.4695747285		0.0000181		1.22		116.8262624801		743.1557200222						0.01905		792.4336657315		490				743.1557200222

		0.01905		951		670						0.73		1.7634896741		0.0000181		1.22		140.1915149761		1067.3404065325						0.01905		950.9203988778		670				1067.3404065325

		0.01905		1109		920						0.73		2.0574046198		0.0000181		1.22		163.5567674721		1450.0429405447						0.01905		1109.4071320241		920				1450.0429405447

		0.01905		1268		1270						0.73		2.3513195655		0.0000181		1.22		186.9220199681		1891.2633220589						0.01905		1267.8938651704		1270				1891.2633220589

		0.01905		1426		1850						0.73		2.6452345112		0.0000181		1.22		210.2872724641		2391.0015510749						0.01905		1426.3805983167		1850				2391.0015510749

		0.01905		1584.867331463		2400						0.73		2.9391494569		0.0000181		1.22		233.6525249602		2949.257627593						0.01905		1584.867331463		2400				2949.257627593

		0.01905		1743.3540646093		3400						0.73		3.2330644026		0.0000181		1.22		257.0177774562		3566.0315516129						0.01905		1743.3540646093		3400				3566.0315516129

		0.01905		1901.8407977557		4500						0.73		3.5269793483		0.0000181		1.22		280.3830299522		4241.3233231348						0.01905		1901.8407977557		4500				4241.3233231348

		0.01905		2060.327530902		5800						0.73		3.820894294		0.0000181		1.22		303.7482824482		4975.1329421587						0.01905		2060.327530902		5800				4975.1329421587

		0.01905		2218.8142640483		7550						0.73		4.1148092397		0.0000181		1.22		327.1135349442		5767.4604086845						0.01905		2218.8142640483

		0.01905		2377		8100						0.73		4.4087241854		0.0000181		1.22		350.4787874402		6618.3057227122								2377.3009971946

												u		p

												0.3289208736		60		49.5274616816		10

												0.4933813103		120		74.4331905076		15

												0.6578417471		180		99.433584657		20

												0.8223021839		270		124.5286441298		25

												0.9867626207		340		149.7183689261		30

												1.1512230575		440		175.0027590457		40

												1.3156834943		520		200.3818144889		50

												1.480143931		830		225.8555352554		55

												1.6446043678		1000		251.4239213454		60

												u		p

												0.5878298914		100				10

												0.8817448371		170				15

												1.1756597828		320				20

												1.4695747285		490				25

												1.7634896741		670				30

												2.0574046198		920				40

												2.3513195655		1250				50

												2.6452345112		1550				55

												2.9391494569
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		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		13512.9069742828		2946.2786546541		0.992013015

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		27025.8139485656		11604.9425256258		0.9543538261

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		54051.6278971312		46059.4259165222		1.3873321059

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		81077.4418456969		103363.450172689		1.1325019193

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		24022.9457320583		9187.1320788145		1.8635156346

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		48045.8914641166		36428.2223721638		1.6943359243

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		72068.837196175		81723.2708800479		1.7277647121

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		96091.7829282333		145072.277602467		1.6790772871

																				A= 150		A=1

																						B=.01

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		11434.4607397566		11239.771526208		1.2348229741		0.8098326813

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		32681.479139721		44768.5117591694		1.0006576589		0.9993427733

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		49022.2187095816		100586.220698884		0.7427608895		1.3463282923

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		57192.5884945118		136853.438433774		0.5835978418		1.7135087357

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		39481.0314660378		18961.5669351291		2.2280491798		0.448823127

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		78962.0629320757		75385.8190744352		1.3896878376		0.7195860631

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		94754.4755184908		108445.071787327		1.0891319025		0.9181624353

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		118419.313173257		169204.928090706		1.2871664475		0.7769003006

																				A=18000		A=150

																						B=1.2

				ReL		Experimental		darcy		kozney

		2467.05784		16446.0436124657		2970		13512.9069742828		2946.2786546541

		4934.115681		32892.0939349172		12160		27025.8139485656		11604.9425256258

		9868.231362		65784.168134582		33200		54051.6278971312		46059.4259165222

		14802.34704		131568.356004417		91270		81077.4418456969		103363.450172689

		4385.880605		30861.711470306		4930		24022.9457320583		9187.1320788145

		8771.761211		61723.4355321903		21500		48045.8914641166		36428.2223721638

		13157.64182		92585.1347812586		47300		72068.837196175		81723.2708800479

		17543.52242		123323.399528636		86400		96091.7829282333		145072.277602467

				ReL		Experimental		darcy		kozney

		4934.115681		19491.6112206917		9260		16340.7395698605		11239.771526208

		9868.231362		38983.210746419		32660		32681.479139721		44768.5117591694

		14802.34704		58474.8219671107		66000		49022.2187095816		100586.220698884

		17269.40488		68220.6217299743		98000		57192.5884945118		136853.438433774

		4385.880605		11286.5687662833		17720		39481.0314660378		18961.5669351291

		8771.761211		22573.1421374868		56820		78962.0629320757		75385.8190744352

		10526.11345		27087.7651474311		87000		94754.4755184908		108445.071787327

		13155		33859.7064342888		92000		118419.313173257		169204.928090706
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		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888
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Single phase sherical

		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney		Experimental										Re		Exp. (0.025)		Exp. (0.019)		Ergun, 1952 (0.025)		Ergun, 1952 (0.019)		total

		0.0254		19491.6112206917		9260		1757.3964497041		1373.8376827966		0.77		0.3289410454		0.001		1000		2892.0131868753		8266.127183246		9260		0.8926703222		1.8105208167		62974.6371018086				5263.0567263214		9260				8266.127183246

		0.0254		38983.210746419		32660		7195.2662721894		5474.0388877239		0.77		0.6578820908		0.001		1000		5784.0263737506		32885.8423499398		32660		1.0069149525		A		B				10526.1134526429		32660				32885.8423499398

		0.0254		58474.8219671107		66000		25538.4615384615		21853.5142978323		0.77		0.9868231362		0.001		1000		8676.0395606259		73859.1455000814		66000		1.1190779621		731.2812908885		1.1240874104				15789.1701789643		66000				73859.1455000814

		0.0254		68220.6217299743		98000		54005.9171597633		87328.8270952834		0.77		1.1512936589		0.001		1000		10122.0461540636		100478.392568945		98000		1.0252897201								18420.698542125		98000				100478.392568945

		0.01905		11286.5687662833		17720		3792.3076923077		3055.2486493828		0.57		0.2923920404		0.001		1000		22150.1460465485		15572.2056261315		17720		0.8787926426		15.6002791682		290237.751966867				4678.2726456191				17720				15572.2056261315

		0.01905		22573.1421374868		56820		16538.4615384615		12195.6485454266		0.57		0.5847840807		0.001		1000		44300.292093097		60920.4032677131		56820		1.0721647882		1105.5555555556		0.2228173267				9356.5452912381				56820				60920.4032677131

		0.01905		27087.7651474311		87000		36384.6153846154		27421.1849953944		0.57		0.7017408968		0.001		1000		53160.3505117164		87396.9600886717		87000		1.0045627596								11227.8543494857				87000				87396.9600886717

		0.01905		33859.7064342888		106114		66461.5384615385		48634.5082811705		0.57		0.877		0.001		1000		66437.0960970447		135990.379884094		106114		1.2815498415		15.6002791682		290237.751966867				14032				106114				135990.379884094

																												563.5860682488		0.2155715429

														5263.0567263214		4678.2726456191

														10526.1134526429		9356.5452912381

														15789.1701789643		11227.8543494857

		Single-phase Spherical pressure drop												18420.698542125		14032

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney		Experimental

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		12704.9563775073		13633.6634069554		9260

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		25409.9127550146		29124.7408728069		32660

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		38114.869132522		46473.2323975545		66000

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		44467.3473212756		55844.0084320143		98000

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		32257.5229555976		17720

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		67636.9363448766		56820

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		82662.831022019		87000

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		106114.109415485		92000

																				A=20000		A=20000

																						B=0.1

				ReL		Experimental		darcy		kozney

		2467.05784		2467.05784		2970		9008.6046495219		12060.0752377572		3.0332002187		4.0606313932

		4934.115681		4934.115681		12160		18017.2092990437		21068.679887279		1.4816783963		1.7326217013

		9868.231362		9868.231362		33200		36034.4185980875		39085.8891863228		1.0853740542		1.1772858189

		14802.34704		14802.34704		91270		54051.6278971312		57103.0984853665		0.5922168061		0.6256502518

		4385.880605		4385.880605		4930		16015.2971547056		19066.7677429408		3.2485389766		3.867498528

		8771.761211		8771.761211		21500		32030.5943094111		35082.0648976464		1.4897950842		1.6317239487

		13157.64182		13157.64182		47300		48045.8914641167		48045.8914641167		1.0157693756		1.0157693756

		17543.52242		17543.52242		86400		64061.1886188222		64061.1886188222		0.7414489423		0.7414489423

												1.5860027317		1.856578745

				ReL		Experimental		Darcy (1856)		Ergun (1952)

		4934.115681		1315.7641815804		2970		9729.2930214836		10339.5871391307

		9868.231362		2631.5283631607		12160		19458.5860429672		20068.8801606143

		14802.34704		5263.0567263214		33200		38917.1720859345		39527.4662035815

		17269.40488		7894.5850894821		91270		58375.7581289017		58986.0522465488

		4385.880605		2339.1363228095		4930		17296.520927082		17906.815044729

		8771.761211		4678.2726456191		21500		34593.041854164		35203.335971811

		10526.11345		7017.4089684286		47300		51889.562781246		51889.562781246

		13155		9356.5452912381		86400		69186.083708328		69186.083708328

						37466.25		37430.7523187634		37888.4729069987

												single - spherical
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Single phase 

		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		9008.6046495219		13861.7961676615		4.6672714369		3.0332002187

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		18017.2092990437		24672.1217470878		2.0289573805		1.4816783963

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		36034.4185980875		46292.7729059403		1.3943606297		1.0853740542

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		54051.6278971312		67913.4240647928		0.7440936131		0.5922168061

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		16015.2971547056		88169.7756392929		17.8843358295		3.2485389766

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		32030.5943094111		46530.0030370585		2.1641861878		1.4897950842

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		48045.8914641167		24022.9457320583		0.5078846878		1.0157693756

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		64061.1886188222		32030.5943094111		0.3707244712		0.7414489423

						37466.25																42936.6792004129

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		19057.434566261		8523.5276979401		2.0580382901		2.0580382901		0.920467354

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		38114.869132522		33763.7819259453		1.1670198755		1.1670198755		1.0337961398

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		57172.3036987829		75720.7626840155		0.8662470257		0.8662470257		1.1472842831

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		66701.0209819134		102968.025511825		0.6806226631		0.6806226631		1.0506941379

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		12886.6172453295														0		0

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		50748.3579601103														0		0

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		72886.088817469														0		0

		0.01905		33860		106114		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		113539.855339951														0		0

						59197																58879.6271478232

																				A=30000		A=30000

																						B=0.1

				ReL		Experimental (0.025)		Darcy (1856) (0.025)		Ergun (1952) (0.025)		Experimental (0.019)		Darcy (1856) (0.019)		Ergun (1952) (0.019)

		4934.115681		4934.115681		9260		19057.434566261		19986.141595709

		9868.231362		9868.231362		32660		38114.869132522		41829.6972503142

		14802.34704		14802.34704		66000		57172.3036987829		65530.6669638155

		17269.40488		17269.40488		98000		66701.0209819134		78077.6820926521

		4385.880605		4385.880605								17720		30696.5777387569		32257.5229555976

		8771.761211		8771.761211								56820		61393.1554775138		67636.9363448766

		10526.11345		10526.11345								87000		73671.7865730166		82662.831022019

		13155		13155								92000		92071.2432683026		106114.109415485

												single - spherical





Single phase 

		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417
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		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311
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		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney		Experimental										Re		Exp. (0.025)		Exp. (0.019)		Ergun, 1952 (0.025)		Ergun, 1952 (0.019)		total

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.77		0.1644705227		0.001		1000		1446.0065934377		2599.9147181748		2970		0.875392161		1.8105208167		62974.6371018086				1315.7641815804		2970				2599.9147181748

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.77		0.3289410454		0.001		1000		2892.0131868753		10310.325681177		12160		0.8478886251		A		B				2631.5283631607		12160				10310.325681177

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.77		0.6578820908		0.001		1000		5784.0263737506		41062.6363416637		33200		1.2368263958		4321.4084742533		1.5865275292				5263.0567263214		33200				41062.6363416637																v		p

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.77		0.9868231362		0.001		1000		8676.0395606259		92256.9319814602		91270		1.0108133229								7894.5850894821		91270				92256.9319814602																0.1644705227		2970

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.73		0.2923920404		0.001		1000		4157.4132695847		5691.2735129356		4930		1.1544165341		2.9280532727		86757.1340069971				2339.1363228095				4930				5691.2735129356														0.3289410454		12160

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.73		0.5847840807		0.001		1000		8314.8265391694		22508.2522105406		21500		1.0468954517		1105.5555555556		0.7454142041				4678.2726456191				21500				22508.2522105406														0.6578820908		33200

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.73		0.8771761211		0.001		1000		12472.2398087541		50450.9360928152		47300		1.066615985								7017.4089684286				47300				50450.9360928152														0.9868231362		91270

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.73		1.1695681614		0.001		1000		16629.6530783388		89519.3251597592		86400		1.0361033005		2.9280532727		86757.1340069971				9356.5452912381				86400				89519.3251597592														0.2923920404		4930

						37466.25																						3002.7117613827		0.7211741226																										0.5847840807		21500

														2631.5283631607																																										0.8771761211		47300

														5263.0567263214																																										1.1695681614		86400

														7894.5850894821

		Single-phase Spherical pressure drop												2339.1363228095

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney		Experimental

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		12704.9563775073		13633.6634069554		9260

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		25409.9127550146		29124.7408728069		32660

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		38114.869132522		46473.2323975545		66000

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		44467.3473212756		55844.0084320143		98000

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		32257.5229555976		17720

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		67636.9363448766		56820

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		82662.831022019		87000

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		106114.109415485		92000

																				A=20000		A=20000

																						B=0.1

				ReL		Experimental		darcy		kozney

		2467.05784		2467.05784		2970		9008.6046495219		12060.0752377572		3.0332002187		4.0606313932

		4934.115681		4934.115681		12160		18017.2092990437		21068.679887279		1.4816783963		1.7326217013

		9868.231362		9868.231362		33200		36034.4185980875		39085.8891863228		1.0853740542		1.1772858189

		14802.34704		14802.34704		91270		54051.6278971312		57103.0984853665		0.5922168061		0.6256502518

		4385.880605		4385.880605		4930		16015.2971547056		19066.7677429408		3.2485389766		3.867498528

		8771.761211		8771.761211		21500		32030.5943094111		35082.0648976464		1.4897950842		1.6317239487

		13157.64182		13157.64182		47300		48045.8914641167		48045.8914641167		1.0157693756		1.0157693756

		17543.52242		17543.52242		86400		64061.1886188222		64061.1886188222		0.7414489423		0.7414489423

												1.5860027317		1.856578745

				ReL		Experimental		Darcy (1856)		Ergun (1952)

		4934.115681		1315.7641815804		2970		9729.2930214836		10339.5871391307

		9868.231362		2631.5283631607		12160		19458.5860429672		20068.8801606143

		14802.34704		5263.0567263214		33200		38917.1720859345		39527.4662035815

		17269.40488		7894.5850894821		91270		58375.7581289017		58986.0522465488

		4385.880605		2339.1363228095		4930		17296.520927082		17906.815044729

		8771.761211		4678.2726456191		21500		34593.041854164		35203.335971811

		10526.11345		7017.4089684286		47300		51889.562781246		51889.562781246

		13155		9356.5452912381		86400		69186.083708328		69186.083708328

						37466.25		37430.7523187634		37888.4729069987

												single - spherical

				0.1644705227

				0.3289410454

				0.6578820908

				0.9868231362

				0.2923920404
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				0.8771761211

				1.1695681614
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		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		13512.9069742828		2946.2786546541		0.992013015

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		27025.8139485656		11604.9425256258		0.9543538261

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		54051.6278971312		46059.4259165222		1.3873321059

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		81077.4418456969		103363.450172689		1.1325019193

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		24022.9457320583		9187.1320788145		1.8635156346

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		48045.8914641166		36428.2223721638		1.6943359243

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		72068.837196175		81723.2708800479		1.7277647121

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		96091.7829282333		145072.277602467		1.6790772871

																				A= 150		A=1

																						B=.01

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		11434.4607397566		11239.771526208		1.2348229741		0.8098326813

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		32681.479139721		44768.5117591694		1.0006576589		0.9993427733

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		49022.2187095816		100586.220698884		0.7427608895		1.3463282923

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		57192.5884945118		136853.438433774		0.5835978418		1.7135087357

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		39481.0314660378		18961.5669351291		2.2280491798		0.448823127

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		78962.0629320757		75385.8190744352		1.3896878376		0.7195860631

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		94754.4755184908		108445.071787327		1.0891319025		0.9181624353

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		118419.313173257		169204.928090706		1.2871664475		0.7769003006

																				A=18000		A=150

																						B=1.2

				ReL		Experimental		darcy		kozney

		2467.05784		16446.0436124657		2970		13512.9069742828		2946.2786546541

		4934.115681		32892.0939349172		12160		27025.8139485656		11604.9425256258

		9868.231362		65784.168134582		33200		54051.6278971312		46059.4259165222

		14802.34704		131568.356004417		91270		81077.4418456969		103363.450172689

		4385.880605		30861.711470306		4930		24022.9457320583		9187.1320788145

		8771.761211		61723.4355321903		21500		48045.8914641166		36428.2223721638

		13157.64182		92585.1347812586		47300		72068.837196175		81723.2708800479

		17543.52242		123323.399528636		86400		96091.7829282333		145072.277602467

				ReL		Experimental		darcy		kozney

		4934.115681		19491.6112206917		9260		16340.7395698605		11239.771526208

		9868.231362		38983.210746419		32660		32681.479139721		44768.5117591694

		14802.34704		58474.8219671107		66000		49022.2187095816		100586.220698884

		17269.40488		68220.6217299743		98000		57192.5884945118		136853.438433774

		4385.880605		11286.5687662833		17720		39481.0314660378		18961.5669351291

		8771.761211		22573.1421374868		56820		78962.0629320757		75385.8190744352

		10526.11345		27087.7651474311		87000		94754.4755184908		108445.071787327

		13155		33859.7064342888		92000		118419.313173257		169204.928090706





		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417

		30861.711470306		30861.711470306		30861.711470306

		61723.4355321903		61723.4355321903		61723.4355321903

		92585.1347812586		92585.1347812586		92585.1347812586

		123323.399528636		123323.399528636		123323.399528636



Darcy 1856
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Experimental

Rynolds number

Pressure drop (pa/m)

1757.3964497041
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33200
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49138.4458857038

70207.6923076923

54005.9171597633

87328.8270952834
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3792.3076923077
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4930
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12195.6485454266

21500

36384.6153846154
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47300

66461.5384615385
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86400



		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888
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5479.2899408284

10395.2243290903

7123.0769230769
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56820

66923.0769230769

121896.365541134

87000

70769.2307692308

190342.914251804

92000
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		1315.7641815804		1315.7641815804		1315.7641815804		1315.7641815804

		2631.5283631607		2631.5283631607		2631.5283631607		2631.5283631607

		5263.0567263214		5263.0567263214		5263.0567263214		5263.0567263214

		7894.5850894821		7894.5850894821		7894.5850894821		7894.5850894821

		2339.1363228095		2339.1363228095		2339.1363228095		2339.1363228095

		4678.2726456191		4678.2726456191		4678.2726456191		4678.2726456191

		7017.4089684286		7017.4089684286		7017.4089684286		7017.4089684286

		9356.5452912381		9356.5452912381		9356.5452912381		9356.5452912381



Exp. (0.025)

Exp. (0.019)

Ergun, 1952 (0.025)

Ergun, 1952 (0.019)

Particle Reynolds number

Pressure drop (Pa/m)

2970

2599.9147181748

12160

10310.325681177

33200

41062.6363416637

91270

92256.9319814602

4930

5617.1021450378

21500

22211.5667389495

47300

49783.393781735

86400

88332.5832733945



Single phase sherical

		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney		Experimental										Re		Exp. (0.025)		Exp. (0.019)		Ergun, 1952 (0.025)		Ergun, 1952 (0.019)		total

		0.0254		19491.6112206917		9260		1757.3964497041		1373.8376827966		0.77		0.3289410454		0.001		1000		2892.0131868753		8266.127183246		9260		0.8926703222		1.8105208167		62974.6371018086				5263.0567263214		9260				8266.127183246

		0.0254		38983.210746419		32660		7195.2662721894		5474.0388877239		0.77		0.6578820908		0.001		1000		5784.0263737506		32885.8423499398		32660		1.0069149525		A		B				10526.1134526429		32660				32885.8423499398

		0.0254		58474.8219671107		66000		25538.4615384615		21853.5142978323		0.77		0.9868231362		0.001		1000		8676.0395606259		73859.1455000814		66000		1.1190779621		731.2812908885		1.1240874104				15789.1701789643		66000				73859.1455000814

		0.0254		68220.6217299743		98000		54005.9171597633		87328.8270952834		0.77		1.1512936589		0.001		1000		10122.0461540636		100478.392568945		98000		1.0252897201								18420.698542125		98000				100478.392568945

		0.01905		11286.5687662833		17720		3792.3076923077		3055.2486493828		0.57		0.2923920404		0.001		1000		22150.1460465485		15572.2056261315		17720		0.8787926426		15.6002791682		290237.751966867				4678.2726456191				17720				15572.2056261315

		0.01905		22573.1421374868		56820		16538.4615384615		12195.6485454266		0.57		0.5847840807		0.001		1000		44300.292093097		60920.4032677131		56820		1.0721647882		1105.5555555556		0.2228173267				9356.5452912381				56820				60920.4032677131

		0.01905		27087.7651474311		87000		36384.6153846154		27421.1849953944		0.57		0.7017408968		0.001		1000		53160.3505117164		87396.9600886717		87000		1.0045627596								11227.8543494857				87000				87396.9600886717

		0.01905		33859.7064342888		106114		66461.5384615385		48634.5082811705		0.57		0.877		0.001		1000		66437.0960970447		135990.379884094		106114		1.2815498415		15.6002791682		290237.751966867				14032				106114				135990.379884094

																												563.5860682488		0.2155715429

														5263.0567263214		4678.2726456191

														10526.1134526429		9356.5452912381

														15789.1701789643		11227.8543494857

		Single-phase Spherical pressure drop												18420.698542125		14032

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney		Experimental

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		12704.9563775073		13633.6634069554		9260

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		25409.9127550146		29124.7408728069		32660

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		38114.869132522		46473.2323975545		66000

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		44467.3473212756		55844.0084320143		98000

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		32257.5229555976		17720

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		67636.9363448766		56820

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		82662.831022019		87000

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		106114.109415485		92000

																				A=20000		A=20000

																						B=0.1

				ReL		Experimental		darcy		kozney

		2467.05784		2467.05784		2970		9008.6046495219		12060.0752377572		3.0332002187		4.0606313932

		4934.115681		4934.115681		12160		18017.2092990437		21068.679887279		1.4816783963		1.7326217013

		9868.231362		9868.231362		33200		36034.4185980875		39085.8891863228		1.0853740542		1.1772858189

		14802.34704		14802.34704		91270		54051.6278971312		57103.0984853665		0.5922168061		0.6256502518

		4385.880605		4385.880605		4930		16015.2971547056		19066.7677429408		3.2485389766		3.867498528

		8771.761211		8771.761211		21500		32030.5943094111		35082.0648976464		1.4897950842		1.6317239487

		13157.64182		13157.64182		47300		48045.8914641167		48045.8914641167		1.0157693756		1.0157693756

		17543.52242		17543.52242		86400		64061.1886188222		64061.1886188222		0.7414489423		0.7414489423

												1.5860027317		1.856578745

				ReL		Experimental		Darcy (1856)		Ergun (1952)

		4934.115681		1315.7641815804		2970		9729.2930214836		10339.5871391307

		9868.231362		2631.5283631607		12160		19458.5860429672		20068.8801606143

		14802.34704		5263.0567263214		33200		38917.1720859345		39527.4662035815

		17269.40488		7894.5850894821		91270		58375.7581289017		58986.0522465488

		4385.880605		2339.1363228095		4930		17296.520927082		17906.815044729

		8771.761211		4678.2726456191		21500		34593.041854164		35203.335971811

		10526.11345		7017.4089684286		47300		51889.562781246		51889.562781246

		13155		9356.5452912381		86400		69186.083708328		69186.083708328

						37466.25		37430.7523187634		37888.4729069987

												single - spherical

				0.1644705227

				0.3289410454

				0.6578820908

				0.9868231362

				0.2923920404

				0.5847840807

				0.8771761211

				1.1695681614





Single phase sherical
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Single cylindrical
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Pressure drop (Pa/m)



Single phase cyl particle

		



Exp. (0.025)

Exp. (0.019)

Ergun, 1952 (0.025)

Ergun, 1952 (0.019)

Particles Reynolds Number

Pressure drop (Pa/m)



Single phase 

		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		9008.6046495219		13861.7961676615		4.6672714369		3.0332002187

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		18017.2092990437		24672.1217470878		2.0289573805		1.4816783963

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		36034.4185980875		46292.7729059403		1.3943606297		1.0853740542

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		54051.6278971312		67913.4240647928		0.7440936131		0.5922168061

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		16015.2971547056		88169.7756392929		17.8843358295		3.2485389766

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		32030.5943094111		46530.0030370585		2.1641861878		1.4897950842

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		48045.8914641167		24022.9457320583		0.5078846878		1.0157693756

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		64061.1886188222		32030.5943094111		0.3707244712		0.7414489423

						37466.25																42936.6792004129

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		19057.434566261		8523.5276979401		2.0580382901		2.0580382901		0.920467354

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		38114.869132522		33763.7819259453		1.1670198755		1.1670198755		1.0337961398

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		57172.3036987829		75720.7626840155		0.8662470257		0.8662470257		1.1472842831

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		66701.0209819134		102968.025511825		0.6806226631		0.6806226631		1.0506941379

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		12886.6172453295														0		0

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		50748.3579601103														0		0

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		72886.088817469														0		0

		0.01905		33860		106114		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		113539.855339951														0		0

						59197																58879.6271478232

																				A=30000		A=30000

																						B=0.1

				ReL		Experimental (0.025)		Darcy (1856) (0.025)		Ergun (1952) (0.025)		Experimental (0.019)		Darcy (1856) (0.019)		Ergun (1952) (0.019)

		4934.115681		4934.115681		9260		19057.434566261		19986.141595709

		9868.231362		9868.231362		32660		38114.869132522		41829.6972503142

		14802.34704		14802.34704		66000		57172.3036987829		65530.6669638155

		17269.40488		17269.40488		98000		66701.0209819134		78077.6820926521

		4385.880605		4385.880605								17720		30696.5777387569		32257.5229555976

		8771.761211		8771.761211								56820		61393.1554775138		67636.9363448766

		10526.11345		10526.11345								87000		73671.7865730166		82662.831022019

		13155		13155								92000		92071.2432683026		106114.109415485

												single - spherical





Single phase 

		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417

		30861.711470306		30861.711470306		30861.711470306

		61723.4355321903		61723.4355321903		61723.4355321903

		92585.1347812586		92585.1347812586		92585.1347812586

		123323.399528636		123323.399528636		123323.399528636



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

1757.3964497041

1373.8376827966

2284.6153846154

7195.2662721894

5474.0388877239

9353.8461538462

25538.4615384615

21853.5142978323

33200

54005.9171597633

49138.4458857038

70207.6923076923

54005.9171597633

87328.8270952834

78643.0769230769

3792.3076923077

3055.2486493828

4930

16538.4615384615

12195.6485454266

21500

36384.6153846154

27421.1849953944

47300

66461.5384615385

48634.5082811705

86400



		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

5479.2899408284

10395.2243290903

7123.0769230769

19325.4437869822

41489.8468162568

25123.0769230769

39053.2544378698

93283.9047750613

50769.2307692308

57988.1656804734

126943.195640681

75384.6153846154

13630.7692307692

21256.0186640976

17720

43707.6923076923

84703.6907348222

56820

66923.0769230769

121896.365541134

87000

70769.2307692308

190342.914251804

92000



		



Experimental (0.025)

Ergun (1952) (0.025)

Experimental (0.019)

Ergun (1952) (0.019)

Particle Reynolds Number

Pressure drop (Pa/m)



		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney		Experimental										Re		Exp. (0.025)		Exp. (0.019)		Ergun, 1952 (0.025)		Ergun, 1952 (0.019)		total

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.77		0.1644705227		0.001		1000		1446.0065934377		2599.9147181748		2970		0.875392161		1.8105208167		62974.6371018086				1315.7641815804		2970				2599.9147181748

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.77		0.3289410454		0.001		1000		2892.0131868753		10310.325681177		12160		0.8478886251		A		B				2631.5283631607		12160				10310.325681177

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.77		0.6578820908		0.001		1000		5784.0263737506		41062.6363416637		33200		1.2368263958		4321.4084742533		1.5865275292				5263.0567263214		33200				41062.6363416637																v		p

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.77		0.9868231362		0.001		1000		8676.0395606259		92256.9319814602		91270		1.0108133229								7894.5850894821		91270				92256.9319814602																0.1644705227		2970

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.73		0.2923920404		0.001		1000		4157.4132695847		5617.1021450378		4930		1.1393716319		2.9280532727		86757.1340069971				2339.1363228095				4930				5617.1021450378														0.3289410454		12160

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.73		0.5847840807		0.001		1000		8314.8265391694		22211.5667389495		21500		1.0330961274		1105.5555555556		0.7454142041				4678.2726456191				21500				22211.5667389495														0.6578820908		33200

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.73		0.8771761211		0.001		1000		12472.2398087541		49783.393781735		47300		1.0525030398								7017.4089684286				47300				49783.393781735														0.9868231362		91270

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.73		1.1695681614		0.001		1000		16629.6530783388		88332.5832733945		86400		1.022367862		2.9280532727		86757.1340069971				9356.5452912381				86400				88332.5832733945														0.2923920404		4930

						37466.25																						3002.7117613827		0.7211741226																										0.5847840807		21500

														2631.5283631607																																										0.8771761211		47300

														5263.0567263214																																										1.1695681614		86400

														7894.5850894821

		Single-phase Spherical pressure drop												2339.1363228095

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney		Experimental

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		12704.9563775073		13633.6634069554		9260

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		25409.9127550146		29124.7408728069		32660

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		38114.869132522		46473.2323975545		66000

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		44467.3473212756		55844.0084320143		98000

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		30696.5777387569		32257.5229555976		17720

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		61393.1554775138		67636.9363448766		56820

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		73671.7865730166		82662.831022019		87000

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		92071.2432683026		106114.109415485		92000

																				A=20000		A=20000

																						B=0.1

				ReL		Experimental		darcy		kozney

		2467.05784		2467.05784		2970		9008.6046495219		12060.0752377572		3.0332002187		4.0606313932

		4934.115681		4934.115681		12160		18017.2092990437		21068.679887279		1.4816783963		1.7326217013

		9868.231362		9868.231362		33200		36034.4185980875		39085.8891863228		1.0853740542		1.1772858189

		14802.34704		14802.34704		91270		54051.6278971312		57103.0984853665		0.5922168061		0.6256502518

		4385.880605		4385.880605		4930		16015.2971547056		19066.7677429408		3.2485389766		3.867498528

		8771.761211		8771.761211		21500		32030.5943094111		35082.0648976464		1.4897950842		1.6317239487

		13157.64182		13157.64182		47300		48045.8914641167		48045.8914641167		1.0157693756		1.0157693756

		17543.52242		17543.52242		86400		64061.1886188222		64061.1886188222		0.7414489423		0.7414489423

												1.5860027317		1.856578745

				ReL		Experimental		Darcy (1856)		Ergun (1952)

		4934.115681		1315.7641815804		2970		9729.2930214836		10339.5871391307

		9868.231362		2631.5283631607		12160		19458.5860429672		20068.8801606143

		14802.34704		5263.0567263214		33200		38917.1720859345		39527.4662035815

		17269.40488		7894.5850894821		91270		58375.7581289017		58986.0522465488

		4385.880605		2339.1363228095		4930		17296.520927082		17906.815044729

		8771.761211		4678.2726456191		21500		34593.041854164		35203.335971811

		10526.11345		7017.4089684286		47300		51889.562781246		51889.562781246

		13155		9356.5452912381		86400		69186.083708328		69186.083708328

						37466.25		37430.7523187634		37888.4729069987

												single - spherical

				0.1644705227

				0.3289410454

				0.6578820908

				0.9868231362

				0.2923920404

				0.5847840807

				0.8771761211

				1.1695681614
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darcy
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Single cylindrical
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Particle Reynolds Number

Pressure drop (Pa/m)



		



Exp. (0.025)

Exp. (0.019)

Ergun, 1952 (0.025)

Ergun, 1952 (0.019)

Particle Reynolds number

Pressure drop (Pa/m)



		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		13512.9069742828		2946.2786546541		0.992013015

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		27025.8139485656		11604.9425256258		0.9543538261

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		54051.6278971312		46059.4259165222		1.3873321059

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		81077.4418456969		103363.450172689		1.1325019193

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		24022.9457320583		9187.1320788145		1.8635156346

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		48045.8914641166		36428.2223721638		1.6943359243

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		72068.837196175		81723.2708800479		1.7277647121

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		96091.7829282333		145072.277602467		1.6790772871

																				A= 150		A=1

																						B=.01

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		11434.4607397566		11239.771526208		1.2348229741		0.8098326813

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		32681.479139721		44768.5117591694		1.0006576589		0.9993427733

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		49022.2187095816		100586.220698884		0.7427608895		1.3463282923

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		57192.5884945118		136853.438433774		0.5835978418		1.7135087357

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		39481.0314660378		18961.5669351291		2.2280491798		0.448823127

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		78962.0629320757		75385.8190744352		1.3896878376		0.7195860631

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		94754.4755184908		108445.071787327		1.0891319025		0.9181624353

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		118419.313173257		169204.928090706		1.2871664475		0.7769003006

																				A=18000		A=150

																						B=1.2

				ReL		Experimental		darcy		kozney

		2467.05784		16446.0436124657		2970		13512.9069742828		2946.2786546541

		4934.115681		32892.0939349172		12160		27025.8139485656		11604.9425256258

		9868.231362		65784.168134582		33200		54051.6278971312		46059.4259165222

		14802.34704		131568.356004417		91270		81077.4418456969		103363.450172689

		4385.880605		30861.711470306		4930		24022.9457320583		9187.1320788145

		8771.761211		61723.4355321903		21500		48045.8914641166		36428.2223721638

		13157.64182		92585.1347812586		47300		72068.837196175		81723.2708800479

		17543.52242		123323.399528636		86400		96091.7829282333		145072.277602467

				ReL		Experimental		darcy		kozney

		4934.115681		19491.6112206917		9260		16340.7395698605		11239.771526208

		9868.231362		38983.210746419		32660		32681.479139721		44768.5117591694

		14802.34704		58474.8219671107		66000		49022.2187095816		100586.220698884

		17269.40488		68220.6217299743		98000		57192.5884945118		136853.438433774

		4385.880605		11286.5687662833		17720		39481.0314660378		18961.5669351291

		8771.761211		22573.1421374868		56820		78962.0629320757		75385.8190744352

		10526.11345		27087.7651474311		87000		94754.4755184908		108445.071787327

		13155		33859.7064342888		92000		118419.313173257		169204.928090706





		16446.0436124657		16446.0436124657		16446.0436124657

		32892.0939349172		32892.0939349172		32892.0939349172

		65784.168134582		65784.168134582		65784.168134582

		98676.2620694993		98676.2620694993		98676.2620694993

		131568.356004417		131568.356004417		131568.356004417

		30861.711470306		30861.711470306		30861.711470306

		61723.4355321903		61723.4355321903		61723.4355321903

		92585.1347812586		92585.1347812586		92585.1347812586

		123323.399528636		123323.399528636		123323.399528636



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

1757.3964497041

1373.8376827966

2284.6153846154

7195.2662721894

5474.0388877239

9353.8461538462

25538.4615384615

21853.5142978323

33200

54005.9171597633

49138.4458857038

70207.6923076923

54005.9171597633

87328.8270952834

78643.0769230769

3792.3076923077

3055.2486493828

4930

16538.4615384615

12195.6485454266

21500

36384.6153846154

27421.1849953944

47300

66461.5384615385

48634.5082811705

86400



		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888
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21256.0186640976

17720
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84703.6907348222

56820

66923.0769230769

121896.365541134

87000

70769.2307692308

190342.914251804

92000
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Experimental

Ergun (1952)

Experimental(.019)

kozney (.019)

Particle Renolds Number

Pressure drop  (Pa/m)

60

44.8395142232

120

99.6762832942

180

176.1243936716

270

274.1838453552

340

393.8546383451

440

535.1367726412

520

698.0302482437

830

882.5350651525

1000

1088.6512233675

1270

1316.3787228888

1620

1565.7175637165

2300

1836.6677458504

100

121.7087455031

170

270.3398895075

320

477.4888810139

490

743.1557200222

670

1067.3404065325

920

1450.0429405447

1270

1891.2633220589

1850

2391.0015510749

2400

2949.257627593

3400

3566.0315516129

4500

4241.3233231348

5800

4975.1329421587



10 points Singl phas cylind

		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		air vel		viscosity		density		darcy		kozney		Experimental				pipe dia		Reynold number		Experime(.025)ntal		darcy (.025)		kozney (.025)		Experimental(.019)		darcy (.019)		kozney (.019)

		0.0254		177.3628577897		60						0.77		0.3289208736		0.0000181		1.22		1.9260344878		40.1615114385		0.0327704268		76.8290572642		0.0254		177.3628577897		60				40.1615114385				10

		0.0254		266.0442866846		120						0.77		0.4933813103		0.0000181		1.22		2.8890517318		88.9188546603		A		B		0.0254		266.0442866846		120				88.9188546603				15

		0.0254		354.7257155795		180						0.77		0.6578417471		0.0000181		1.22		3.8520689757		156.7939228838		178.6885486411		4.60385709		0.0254		354.7257155795		180				156.7939228838				20

		0.0254		443.4071444744		270						0.77		0.8223021839		0.0000181		1.22		4.8150862196		243.786716109						0.0254		443.4071444744		270				243.786716109				25

		0.0254		532.0885733692		340						0.77		0.9867626207		0.0000181		1.22		5.7781034635		349.897234336						0.0254		532.0885733692		340				349.897234336				30

		0.0254		620.7700022641		440						0.77		1.1512230575		0.0000181		1.22		6.7411207075		475.1254775647						0.0254		620.7700022641		440				475.1254775647				35

		0.0254		709.451431159		520						0.77		1.3156834943		0.0000181		1.22		7.7041379514		619.4714457951						0.0254		709.451431159		520				619.4714457951				40

		0.0254		798.1328600538		830						0.77		1.480143931		0.0000181		1.22		8.6671551953		782.9351390272						0.0254		798.1328600538		830				782.9351390272				45

		0.0254		886.8142889487		1000						0.77		1.6446043678		0.0000181		1.22		9.6301724392		965.516557261						0.0254		886.8142889487		1000				965.516557261				50

		0.0254		975.4957178436		1270						0.77		1.8090648046		0.0000181		1.22		10.5931896831		1167.2157004965						0.0254								1167.2157004965

		0.0254		1064.1771467385		1620						0.75		1.9735252414		0.0000181		1.22		14.7750187413		1633.8587915033														1633.8587915033

		0.0254		1152.8585756333		2300

		0.0254		1241.5400045282		2870

		0.0254		1330.2214334231		3360																								Reynold number		Experime(.025)ntal		darcy (.025)		kozney (.025)

		0.01905		316.9734662926		100						0.75		0.5878298914		0.0000181		1.22		3.1805869776		81.0284369818		0.0418981481		90.3703703704		0.01905		316.9734662926		100				81.0284369818

		0.01905		475.4601994389		170						0.75		0.8817448371		0.0000181		1.22		4.7708804664		179.3905573037		A		B		0.01905		475.4601994389		170				179.3905573037

		0.01905		633.9469325852		320						0.75		1.1756597828		0.0000181		1.22		6.3611739553		316.3179455129		158.2647513812		2.4705		0.01905		633.9469325852		320				316.3179455129

		0.01905		792.4336657315		490						0.75		1.4695747285		0.0000181		1.22		7.9514674441		491.8106016094						0.01905		792.4336657315		490				491.8106016094

		0.01905		951		670						0.75		1.7634896741		0.0000181		1.22		9.5417609329		705.8685255932						0.01905		950.9203988778		680				705.8685255932

		0.01905		1109		920						0.75		2.0574046198		0.0000181		1.22		11.1320544217		958.4917174644						0.01905		1109.4071320241		1000				958.4917174644

		0.01905		1268		1270						0.75		2.3513195655		0.0000181		1.22		12.7223479105		1249.6801772228						0.01905		1267.8938651704		1220				1249.6801772228

		0.01905		1426		1850						0.75		2.6452345112		0.0000181		1.22		14.3126413993		1579.4339048686						0.01905		1426.3805983167		1590				1579.4339048686

		0.01905		1584.867331463		2400						0.75		2.9391494569		0.0000181		1.22		15.9029348881		1947.7529004017						0.01905

		0.01905		1743.3540646093		3400						0.75		3.2330644026		0.0000181		1.22		17.4932283769		2354.6371638221						0.01905

		0.01905		1901.8407977557		4500						0.75		3.5269793483		0.0000181		1.22		19.0835218658		2800.0866951298						0.01905

		0.01905		2060.327530902		5800

		0.01905		2218.8142640483		7550

		0.01905		2377		8100

												u		p

												0.3289208736		60				10

												0.4933813103		120				15

												0.6578417471		180				20

												0.8223021839		270				25

												0.9867626207		340				30

												1.1512230575		440				35

												1.3156834943		520				40

												1.480143931		830				45				475.5177106682

												1.6446043678		1000								619.9837527417

														1270								783.5835299526

												u		p

												0.5878298914		100				10				100

												0.8817448371		170				15				170

												1.1756597828		320				20				320

												1.4695747285		490				25				490

												1.7634896741		680				30				670

												2.0574046198		1000				35				920

												2.3513195655		1220				40				1270

												2.6452345112		1590								1850				1227.4121830626

												2.9391494569										2400				1551.1805026581

																						2400				1912.8025548564
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		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		air vel		viscosity		density		darcy		kozney						pipe dia		Reynold number		Experimental				Ergun (1952)		Experimental(.019)				kozney (.019)

		0.0254		354.7257155795		40						0.7		0.3289208736		0.0000181		1.22		6.3461710455		12.3195220081		0.0618394679		66.6909620991		0.0254		354.7257155795		20				12.3195220081

		0.0254		532.0885733692		110						0.7		0.4933813103		0.0000181		1.22		9.5192565682		24.9729851235		A		B		0.0254		532.0885733692		30				24.9729851235

		0.0254		709.451431159		140						0.7		0.6578417471		0.0000181		1.22		12.6923420909		41.9555829799		49.6770121547		4.3349202186		0.0254		709.451431159		40				41.9555829799

		0.0254		886.8142889487		200						0.7		0.8223021839		0.0000181		1.22		15.8654276136		63.2673155773						0.0254		886.8142889487		50				63.2673155773

		0.0254		1064.1771467385		270						0.7		0.9867626207		0.0000181		1.22		19.0385131364		88.9081829155						0.0254		1064.1771467385		60				88.9081829155

		0.0254		1241.5400045282		330						0.7		1.1512230575		0.0000181		1.22		22.2115986591		118.8781849947						0.0254		1241.5400045282		70				118.8781849947

		0.0254		1418.902862318		450						0.7		1.3156834943		0.0000181		1.22		25.3846841818		153.1773218149						0.0254		1418.902862318		80				153.1773218149

		0.0254		1596.2657201077		720						0.7		1.480143931		0.0000181		1.22		28.5577697045		191.8055933759						0.0254		1596.2657201077		130				191.8055933759

		0.0254		1773.6285778974		1020						0.7		1.6446043678		0.0000181		1.22		31.7308552273		234.7629996779						0.0254		1773.6285778974		170				234.7629996779

		0.0254		1950.9914356872		1300						0.7		1.8090648046		0.0000181		1.22		34.90394075		282.0495407209						0.0254		1950.9914356872		220				282.0495407209

		0.0254		2128.3542934769		2200						0.7		1.9735252414		0.0000181		1.22		38.0770262727		333.6652165048						0.0254		2128.3542934769		300				333.6652165048

		0.0254		2305.7171512667		2460						0.7		2.1379856782		0.0000181		1.22		41.2501117954		572.5159698342						0.0254		2305.7171512667

		0.0254		2483.0800090564		6200						0.7		2.302446115		0.0000181		1.22		44.4231973182		662.0115746012						0.0254		2483.0800090564

		0.0254		2660.4428668462								0.7		2.4669065517		0.0000181		1.22		47.5962828409		758.0008814797

		0.01905		950.9203988778		30						0.57		0.5878298914		0.0000181		1.22		43.1554807847		61.6034992019		0.1641657285		177.0450286998		0.01905		950.9203988778		30				61.6034992019

		0.01905		1267.8938651704		60						0.57		0.8817448371		0.0000181		1.22		64.7332211771		119.934828634		A		B		0.01905		1267.8938651704		60				119.934828634

		0.01905		1584.867331463		100						0.57		1.1756597828		0.0000181		1.22		86.3109615695		196.6192112868		30.7189572843		0.2031404116		0.01905		1584.867331463		100				196.6192112868

		0.01905		1901.8407977557		180						0.57		1.4695747285		0.0000181		1.22		107.8887019618		291.6566471604						0.01905		1901.8407977557		180				291.6566471604

		0.01905		2219		240						0.57		1.7634896741		0.0000181		1.22		129.4664423542		405.0471362547						0.01905		2218.8142640483		240				405.0471362547

		0.01905		2536		390						0.57		2.0574046198		0.0000181		1.22		151.0441827466		536.7906785697						0.01905		2535.7877303409		390				536.7906785697

		0.01905		2853		620						0.57		2.3513195655		0.0000181		1.22		172.6219231389		686.8872741055						0.01905		2852.7611966335		620				686.8872741055

		0.01905		3170		790						0.57		2.6452345112		0.0000181		1.22		194.1996635313		855.336922862						0.01905		3169.7346629261		790				855.336922862

		0.01905		3486.7081292187		1070						0.57		2.9391494569		0.0000181		1.22		215.7774039237		1042.1396248393						0.01905		3486.7081292187		1070				1042.1396248393

		0.01905		3803.6815955113		2330						0.57		3.2330644026		0.0000181		1.22		237.355144316		1247.2953800373						0.01905		3803.6815955113

		0.01905		4120.6550618039		3790						0.57		3.5269793483		0.0000181		1.22		258.9328847084		1470.8041884561						0.01905		4120.6550618039

		0.01905		4437.6285280965		7100						0.57		3.820894294		0.0000181		1.22				1195.7217177113						0.01905		4437.6285280965

		0.01905		4754.6019943891		10200						0.57		4.1148092397		0.0000181		1.22				1373.3478930782						0.01905		4754.6019943891

		0.01905		4754.6019943891		11000						0.57		4.4087241854		0.0000181		1.22				1563.209437259						0.01905		4754.6019943891

												u		p

												0.3289208736		40				10

												0.4933813103		110				15

												0.6578417471		140				20

												0.8223021839		200				25

												0.9867626207		270				30

												1.1512230575		350				40

												1.3156834943		465				50

												1.480143931		690				55

												1.6446043678						60

												1.8090648046						65

												1.9735252414

												u		p

												0.8817448371		30				15

												1.1756597828		60				20

												1.7634896741		120				30

												2.3513195655		200				40

												2.6452345112		280				45

												2.9391494569		320				50

												3.2330644026





		



p



		



p



		



Experimental

Ergun (1952)

Experimental(.019)

kozney (.019)



		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		air vel		viscosity		density		darcy		kozney		Experimental				pipe dia		Reynold number		Experimental		darcy (.025)		Ergun (1952)		Experimental(.019)		darcy (.019)		kozney (.019)

		0.0254		177.3628577897		60						0.77		0.3289208736		0.0000181		1.22		1.9186401779		44.8395142232		0.0327704268		76.8290572642		0.0254		177.3628577897		60				44.8395142232

		0.0254		266.0442866846		120						0.77		0.4933813103		0.0000181		1.22		2.8779602669		99.6762832942		A		B		0.0254		266.0442866846		120				99.6762832942

		0.0254		354.7257155795		180						0.77		0.6578417471		0.0000181		1.22		3.8372803559		176.1243936716		178.6885486411		4.60385709		0.0254		354.7257155795		180				176.1243936716

		0.0254		443.4071444744		270						0.77		0.8223021839		0.0000181		1.22		4.7966004449		274.1838453552						0.0254		443.4071444744		270				274.1838453552

		0.0254		532.0885733692		340						0.77		0.9867626207		0.0000181		1.22		5.7559205338		393.8546383451						0.0254		532.0885733692		340				393.8546383451

		0.0254		620.7700022641		440						0.77		1.1512230575		0.0000181		1.22		6.7152406228		535.1367726412						0.0254		620.7700022641		440				535.1367726412

		0.0254		709.451431159		520						0.77		1.3156834943		0.0000181		1.22		7.6745607118		698.0302482437						0.0254		709.451431159		520				698.0302482437

		0.0254		798.1328600538		830						0.77		1.480143931		0.0000181		1.22		8.6338808008		882.5350651525						0.0254		798.1328600538		830				882.5350651525

		0.0254		886.8142889487		1000						0.77		1.6446043678		0.0000181		1.22		9.5932008897		1088.6512233675						0.0254		886.8142889487		1000				1088.6512233675

		0.0254		975.4957178436		1270						0.77		1.8090648046		0.0000181		1.22		10.5525209787		1316.3787228888						0.0254		975.4957178436		1270				1316.3787228888

		0.0254		1064.1771467385		1620						0.77		1.9735252414		0.0000181		1.22		11.5118410677		1565.7175637165						0.0254		1064.1771467385		1620				1565.7175637165

		0.0254		1152.8585756333		2300						0.77		2.1379856782		0.0000181		1.22		12.4711611566		1836.6677458504						0.0254		1152.8585756333		2300				1836.6677458504

		0.0254		1241.5400045282		2870						0.77		2.302446115		0.0000181		1.22		13.4304812456		2129.2292692905						0.0254		1241.5400045282

		0.0254		1330.2214334231		3360						0.77		2.4669065517		0.0000181		1.22		14.3898013346		2443.402134037						0.0254		1330.2214334231

		0.01905		316.9734662926		100						0.73		0.5878298914		0.0000181		1.22		46.730504992		121.7087455031		0.0529977642		105.8437034885		0.01905		316.9734662926		100				121.7087455031

		0.01905		475.4601994389		170						0.73		0.8817448371		0.0000181		1.22		70.095757488		270.3398895075		A		B		0.01905		475.4601994389		170				270.3398895075

		0.01905		633.9469325852		320						0.73		1.1756597828		0.0000181		1.22		93.4610099841		477.4888810139		129.141296781		2.0700333868		0.01905		633.9469325852		320				477.4888810139

		0.01905		792.4336657315		490						0.73		1.4695747285		0.0000181		1.22		116.8262624801		743.1557200222						0.01905		792.4336657315		490				743.1557200222

		0.01905		951		670						0.73		1.7634896741		0.0000181		1.22		140.1915149761		1067.3404065325						0.01905		950.9203988778		670				1067.3404065325

		0.01905		1109		920						0.73		2.0574046198		0.0000181		1.22		163.5567674721		1450.0429405447						0.01905		1109.4071320241		920				1450.0429405447

		0.01905		1268		1270						0.73		2.3513195655		0.0000181		1.22		186.9220199681		1891.2633220589						0.01905		1267.8938651704		1270				1891.2633220589

		0.01905		1426		1850						0.73		2.6452345112		0.0000181		1.22		210.2872724641		2391.0015510749						0.01905		1426.3805983167		1850				2391.0015510749

		0.01905		1584.867331463		2400						0.73		2.9391494569		0.0000181		1.22		233.6525249602		2949.257627593						0.01905		1584.867331463		2400				2949.257627593

		0.01905		1743.3540646093		3400						0.73		3.2330644026		0.0000181		1.22		257.0177774562		3566.0315516129						0.01905		1743.3540646093		3400				3566.0315516129

		0.01905		1901.8407977557		4500						0.73		3.5269793483		0.0000181		1.22		280.3830299522		4241.3233231348						0.01905		1901.8407977557		4500				4241.3233231348

		0.01905		2060.327530902		5800						0.73		3.820894294		0.0000181		1.22		303.7482824482		4975.1329421587						0.01905		2060.327530902		5800				4975.1329421587

		0.01905		2218.8142640483		7550						0.73		4.1148092397		0.0000181		1.22		327.1135349442		5767.4604086845						0.01905		2218.8142640483

		0.01905		2377		8100						0.73		4.4087241854		0.0000181		1.22		350.4787874402		6618.3057227122								2377.3009971946

												u		p

												0.3289208736		60		49.5274616816		10

												0.4933813103		120		74.4331905076		15

												0.6578417471		180		99.433584657		20

												0.8223021839		270		124.5286441298		25

												0.9867626207		340		149.7183689261		30

												1.1512230575		440		175.0027590457		40

												1.3156834943		520		200.3818144889		50

												1.480143931		830		225.8555352554		55

												1.6446043678		1000		251.4239213454		60

												u		p

												0.5878298914		100				10

												0.8817448371		170				15

												1.1756597828		320				20

												1.4695747285		490				25

												1.7634896741		670				30

												2.0574046198		920				40

												2.3513195655		1250				50

												2.6452345112		1550				55

												2.9391494569





		



p
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Pressure drop  (Pa/m)



		Single-phase Cylindrical particles results

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume		wat vel		viscosity		density		darcy		kozney

		0.0254		16446.0436124657		2970		1757.3964497041		1373.8376827966		0.17		0.1644705227		0.001		1000		13512.9069742828		2946.2786546541		0.992013015

		0.0254		32892.0939349172		12160		7195.2662721894		5474.0388877239		0.17		0.3289410454		0.001		1000		27025.8139485656		11604.9425256258		0.9543538261

		0.0254		65784.168134582		33200		25538.4615384615		21853.5142978323		0.17		0.6578820908		0.001		1000		54051.6278971312		46059.4259165222		1.3873321059

		0.0254		131568.356004417		91270		54005.9171597633		87328.8270952834		0.17		0.9868231362		0.001		1000		81077.4418456969		103363.450172689		1.1325019193

		0.01905		30861.711470306		4930		3792.3076923077		3055.2486493828		0.17		0.2923920404		0.001		1000		24022.9457320583		9187.1320788145		1.8635156346

		0.01905		61723.4355321903		21500		16538.4615384615		12195.6485454266		0.17		0.5847840807		0.001		1000		48045.8914641166		36428.2223721638		1.6943359243

		0.01905		92585.1347812586		47300		36384.6153846154		27421.1849953944		0.17		0.8771761211		0.001		1000		72068.837196175		81723.2708800479		1.7277647121

		0.01905		123323.399528636		86400		66461.5384615385		48634.5082811705		0.17		1.1695681614		0.001		1000		96091.7829282333		145072.277602467		1.6790772871

																				A= 150		A=1

																						B=.01

		Single-phase Spherical pressure drop

		Pipe Diameter (m)		ReL		Experimental		Darcey (1986)		Ergun (1952)		Pore Volume

		0.0254		19491.6112206917		9260		5479		10395		0.640000		0.3289410454		0.001		1000		11434.4607397566		11239.771526208		1.2348229741		0.8098326813

		0.0254		38983.210746419		32660		19325		41490		0.640000		0.6578820908		0.001		1000		32681.479139721		44768.5117591694		1.0006576589		0.9993427733

		0.0254		58474.8219671107		66000		39053		93284		0.640000		0.9868231362		0.001		1000		49022.2187095816		100586.220698884		0.7427608895		1.3463282923

		0.0254		68220.6217299743		98000		57988		126943		0.640000		1.1512936589		0.001		1000		57192.5884945118		136853.438433774		0.5835978418		1.7135087357

		0.01905		11287		17720		13631		21256		0.540000		0.2923920404		0.001		1000		39481.0314660378		18961.5669351291		2.2280491798		0.448823127

		0.01905		22573		56820		43708		84704		0.540000		0.5847840807		0.001		1000		78962.0629320757		75385.8190744352		1.3896878376		0.7195860631

		0.01905		27088		87000		66923		121896		0.540000		0.7017408968		0.001		1000		94754.4755184908		108445.071787327		1.0891319025		0.9181624353

		0.01905		33860		92000		70769		190343		0.540000		0.877		0.001		1000		118419.313173257		169204.928090706		1.2871664475		0.7769003006

																				A=18000		A=150

																						B=1.2

				ReL		Experimental		darcy		kozney

		2467.05784		16446.0436124657		2970		13512.9069742828		2946.2786546541

		4934.115681		32892.0939349172		12160		27025.8139485656		11604.9425256258

		9868.231362		65784.168134582		33200		54051.6278971312		46059.4259165222

		14802.34704		131568.356004417		91270		81077.4418456969		103363.450172689

		4385.880605		30861.711470306		4930		24022.9457320583		9187.1320788145

		8771.761211		61723.4355321903		21500		48045.8914641166		36428.2223721638

		13157.64182		92585.1347812586		47300		72068.837196175		81723.2708800479

		17543.52242		123323.399528636		86400		96091.7829282333		145072.277602467

				ReL		Experimental		darcy		kozney

		4934.115681		19491.6112206917		9260		16340.7395698605		11239.771526208

		9868.231362		38983.210746419		32660		32681.479139721		44768.5117591694

		14802.34704		58474.8219671107		66000		49022.2187095816		100586.220698884

		17269.40488		68220.6217299743		98000		57192.5884945118		136853.438433774

		4385.880605		11286.5687662833		17720		39481.0314660378		18961.5669351291

		8771.761211		22573.1421374868		56820		78962.0629320757		75385.8190744352

		10526.11345		27087.7651474311		87000		94754.4755184908		108445.071787327

		13155		33859.7064342888		92000		118419.313173257		169204.928090706





		19491.6112206917		19491.6112206917		19491.6112206917

		38983.210746419		38983.210746419		38983.210746419

		58474.8219671107		58474.8219671107		58474.8219671107

		68220.6217299743		68220.6217299743		68220.6217299743

		11286.5687662833		11286.5687662833		11286.5687662833

		22573.1421374868		22573.1421374868		22573.1421374868

		27087.7651474311		27087.7651474311		27087.7651474311

		33859.7064342888		33859.7064342888		33859.7064342888



Darcy 1856

Ergun 1952

Experimental

Rynolds number

Pressure drop (pa/m)

5479.2899408284

10395.2243290903

7123.0769230769

19325.4437869822

41489.8468162568

25123.0769230769

39053.2544378698

93283.9047750613

50769.2307692308

57988.1656804734

126943.195640681

75384.6153846154

13630.7692307692

21256.0186640976

17720

43707.6923076923

84703.6907348222

56820

66923.0769230769

121896.365541134

87000

70769.2307692308

190342.914251804

92000
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		15119.3357581041		15119.3357581041

		25233.3016361112		25233.3016361112

		36281.7519442652		36281.7519442652

		45320		45320

		13153.9934260981		13153.9934260981

		27833.923763143		27833.923763143

		43969.5873576473		43969.5873576473

		61927.133554664		61927.133554664

		77482.7594663141		77482.7594663141

		24008.8459014454		24008.8459014454

		49391.569760163		49391.569760163

		74773.9632872579		74773.9632872579

		101881.706647475		101881.706647475

		114598.82651662		114598.82651662



Experimental

Blasius

Reynolds number

Friction factor

0.0076301851

0.0071243281

0.0063710672

0.0062680662

0.0055093428

0.0057240712

0.0058740598

0.0054144533

0.0066391998

0.0073767096

0.0071211626

0.0061162254

0.0057112081

0.0054555557

0.0048737962

0.0050079138

0.0040091719

0.0047350637

0.0073378532

0.0063464998

0.0051820104

0.0052992436

0.0050949726

0.0047773767

0.0042415823

0.0044218401

0.0042570986

0.0042937035



Experiment data with error bar

		

														-13.9019464034		16.7684033083

		Re		Experimental		Drift-Flux model		Blasius-Darcy		average		RMS						estimated

		15119.3357581041		260		265		243.3088387354		1.9230769231		1.9230769231						63.793554003		196.206445997

		22593.3798804672		346.1538461538		340		287.375559479		-1.7777777778		1.7777777778						264.192973726		81.9608724278

		26263.820979328		476.9230769231		405		329.9662061325		-15.0806451613		15.0806451613						403.5126437595		73.4104331636

		29912.6335950137		846.1538461538		476		370.9879037081		-43.7454545455		43.7454545455						568.7179424039		277.43590375

		33541.7482166598		1000		621		410.754448655		-37.9		37.9						759.4438178682		240.5561821318

		14827.2675314813		1123.0769230769		865		449.4928933514		-22.9794520548		22.9794520548						58.230646357		1064.84627672

		25233.3016361112		488.4615384615		463		481.5268924891		-5.2125984252		5.2125984252						361.6765236254		126.7850148362

		29295.9132451702		784.6153846154		550		540.2487106298		-29.9019607843		29.9019607843						538.9250784962		245.6903061192

		33386.5343099338		815.3846153846		607		597.7609797719		-25.5566037736		25.5566037736						750.7474492501		64.6371661345

		37456.7379057136		1038.4615384615		685		653.6614474919		-34.037037037		34.037037037						994.728771365		43.7327670965

		41507.5607325478		892.3076923077		789		708.1951417614		-11.5775862069		11.5775862069						1270.4451859814		-378.1374936737

		45540.0266399034		1015.3846153846		997		761.5535109574		-1.8106060606		1.8106060606						1577.5077359882		-562.1231206036

		36281.7519442652		750.9230769231		788		781.3622794242		4.9375128048		4.9375128048						920.8944279527		-169.9713510296

		40660.4633998127		838.4615384615		839		853.2120839503		0.0642201835		0.0642201835						1210.0742328296		-371.612694368

		45073.289780346		984.6153846154		914		924.1004226826		-7.171875		7.171875						1540.3025930173		-555.6872084019

		49467.591998215		1030.7692307692		1012		993.3893180967		-1.8208955224		1.8208955224						1907.8459053213		-877.0766745521

		53844.0250043025		1153.8461538461		1100		1061.2762692476		-4.6666666667		4.6666666667						2312.2791561171		-1158.4330022709

		58203.2371605663		1576.9230769231		1271		1127.9226464818		-19.4		19.4						2753.201530919		-1176.2784539959

		45320		1250		1200		1153.5747043062		-4		4						1559.9144		-309.9144

		15986.7362118508		307.6923076923		265		240.1197850922		-13.875		13.875						81.3203099981		226.3719976942

		15853.5944103264		230.7692307692		202		180.0231969098		-12.4666666667		12.4666666667						78.5322766546		152.2369541147

		15697.3117032382		192.3076923077		161		120.543295511		-16.28		16.28						75.3048971433		117.0027951644

		15348.2209870542		153.8461538462		114		61.3488983178		-25.9		25.9						68.2722787086		85.5738751376

		25887.3069969746		488.4615384615		463		478.4563777946		-5.2125984252		5.2125984252						387.9810172886		100.480521173

		25744.1478972128		250		401		398.5772532824		60.4		60.4						382.1499388739		-132.1499388739

		25612.1845930411		234.6153846154		339		319.478168053		44.4918032787		44.4918032787						376.8111875639		-142.1958029485

		25407.5850705773		180.7692307692		275		240.4568496289		52.1276595745		52.1276595745						368.6027018493		-187.8334710801

		25055.538720594		142.3076923077		210		161.6510296532		47.5675675676		47.5675675676						354.6746485247		-212.366956217

		37191.2865276285		750.9230769231		788		776.5406656116		4.9375128048		4.9375128048						977.806770429		-226.8836935059

		37033.6001632503		546.1538461538		695		679.311033501		27.2535211268		27.2535211268						967.8212992721		-421.6674531182

		36899.981646075		463.0769230769		604		582.9936969223		30.4318936877		30.4318936877						959.3988455385		-496.3219224615

		36720.156922566		419.2307692308		527		486.7288220467		25.7064220183		25.7064220183						948.1202139619		-528.8894447311

		36465.9821718992		319.2307692308		448		390.5561620531		40.3373493976		40.3373493976						932.2886500876		-613.0578808568

		36082.7402685205		188.4615384615		365		294.5691198438		93.6734693878		93.6734693878						908.6622763586		-720.2007378971

		13153.9934260981		238.4615384615		290		260.25482609		21.6129032258		21.6129032258						29.6490147094		208.8125237522

		19416.6250753079		376.9230769231		455		352.2651537912		20.7142857143		20.7142857143						165.3641159942		211.5589609289

		25629.7088970568		423.0769230769		515		438.4678871427		21.7272727273		21.7272727273						377.51815117		45.558771907

		31718.8533028012		692.3076923077		684		519.946877398		-1.2		1.2						660.3501538441		31.9575384636

		37689.4453542162		807.6923076923		784		597.9692654018		-2.9333333333		2.9333333333						1009.6793367475		-201.9870290552

		43544.6473989601		792.3076923077		959		673.3041459855		21.0388349515		21.0388349515						1421.4996604511		-629.1919681434

		27833.923763143		1023.0769230769		901		860.5492588854		-11.9323308271		11.9323308271						471.3375430342		551.7393800427

		34502.2128513367		1153.8461538461		1011		1016.7049431852		-12.38		12.38						814.3285715594		339.5175822868

		41179.8106039652		1384.6153846154		1272		1167.6260509296		-8.1333333333		8.1333333333						1246.9168657952		137.6985188202

		47784.8425227747		1692.3076923077		1555		1312.8781721267		-8.1136363636		8.1136363636						1762.5363914281		-70.2286991204

		54320.1893121389		2153.8461538462		1780		1453.5512019561		-17.3571428571		17.3571428571						2358.5929034043		-204.7467495581

		60786.4731371727		2230.7692307692		2010		1590.3890813857		-9.8965517241		9.8965517241						3032.422759261		-801.6535284918

		43969.5873576473		1846.1538461539		1718		1725.3611654009		-6.9416666667		6.9416666667						1454.0561102034		392.0977359504

		51001.8005140952		2153.8461538462		1975		1936.1484256267		-8.3035714286		8.3035714286						2045.2640300759		108.5821237702

		58065.5409251118		3015.3846153846		2379		2142.5758336959		-21.1045918367		21.1045918367						2738.6926468421		276.6919685425

		65075.711296998		3153.8461538462		2692		2343.162235751		-14.643902439		14.643902439						3525.522947673		-371.6767938268

		72032.9576003657		3269.2307692308		3032		2538.7531366884		-7.2564705882		7.2564705882						4403.5877428121		-1134.3569735813

		78937.9181957595		3538.4615384615		3360				-5.0434782609		5.0434782609						5370.7716207466		-1832.3100822851

		61927.133554664		2800.6153846154		2742		2814.0192474535		-2.0929466051		2.0929466051						3159.9641145514		-359.348729936

		69354.2949429552		2960.4615384615		3096		3073.2381016784		4.5782882087		4.5782882087						4054.0564121562		-1093.5948736947

		76826.3495991951		3209.2307692308		3430				6.8791946309		6.8791946309						5064.8807821065		-1855.6500128758

		84253.2449124354		3661.5384615385		3764				2.7983193277		2.7983193277						6180.2489087293		-2518.7104471908

		91635.4101721589		5230.7692307692		4340				-17.0294117647		17.0294117647						7398.2224265433		-2167.453195774

		98973.2692438739		6076.9230769231		4941				-18.6924050633		18.6924050633						8716.8993900621		-2639.9763131391

		13410.0511806174		238.4615384615		290		4161.4784799662		21.6129032258		21.6129032258						33.659914798		204.8016236635

		13329.049903162		230.7692307692		225		258.9799072772		-2.5		2.5						32.3769273765		198.3923033927

		13325.9228374972		230.7692307692		160		206.2612884193		-30.6666666667		30.6666666667						32.3276605422		198.441570227

		28328.760084456		1023.0769230769		901		128.922639469		-11.9323308271		11.9323308271						493.7351630021		529.3417600748

		28268.8241885328		942.3076923077		739		855.0600688538		-21.5755102041		21.5755102041						490.9962373472		451.3114549605

		28290.5513737841		784.6153846154		548		640.992459732		-30.1568627451		30.1568627451						491.9882870585		292.6270975569

		28229.1613837895		615.3846153846		460		428.5297722374		-25.25		25.25						489.1876933487		126.1969220359

		28214.8325770565		492.3076923077		341		340.7891102015		-30.734375		30.734375						488.5351022614		3.7725900463

		44667.6031999527		1846.1538461539		1718		212.7045015186		-6.9416666667		6.9416666667						1508.3179007489		337.8359454049

		44575.3522349729		1453.8461538461		1499		1718.5903804589		3.1058201058		3.1058201058						1501.0906875107		-47.2445336645

		44570.6577066973		1192.3076923077		1265		1430.0443777855		6.0967741935		6.0967741935						1500.7233594046		-308.4156670969

		44562.8407117296		1146.1538461539		1028		1144.0716348718		-10.3087248322		10.3087248322						1500.1118085411		-353.9579623873

		44547.2153788893		961.5384615385		802		858.099301964		-16.592		16.592						1498.8897503833		-537.3512888448

		44500.4113778787		746.1538461538		577		572.1269591594		-22.6701030928		22.6701030928						1495.2321287816		-749.0782826277

		63144.0767851399		2800.6153846154		2742		286.1543610621		-2.0929466051		2.0929466051						3298.9039960896		-498.2886114742

		63046.1690244628		2423.0769230769		2530		2800.5809425478		4.4126984127		4.4126984127						3287.6161862945		-864.5392632176

		63041.6926333744		2223.0769230769		2300		2447.7933049851		3.4602076125		3.4602076125						3287.1005603771		-1064.0236373002

		63035.4179432994		1938.4615384615		1995		2098.1534467183		2.9166666667		2.9166666667						3286.3778597045		-1347.9163212429

		63025.9989057239		1553.8461538461		1644		1748.5134011334		5.801980198		5.801980198						3285.2931499919		-1731.4469961458

		63010.3322664677		1323.0769230769		1330		1398.8727736886		0.523255814		0.523255814						3283.4893506262		-1960.4124275492

		24008.8459014454		2000.1538461538		1920				-4.0073840474		4.0073840474						314.7282611936		1685.4255849603

		35351.2873381848		2353.8461538462		2603		1768.1684532605		10.5849673203		10.5849673203						864.3844844807		1489.4616693655

		46547.2508866802		3384.6153846154		3433		2394.8099670617		1.4295454545		1.4295454545						1659.2815304427		1725.3338541727

		57468.2801830034		4000		4275		2982.6572810429		6.875		6.875						2676.1989731974		1323.8010268026

		68124.884425114		6723.0769230769		5137		3539.121111209		-23.5915331808		23.5915331808						3898.4386377014		2824.6382853755

		78527.0439391352		7384.6153846154		6021		4072.6089622692		-18.465625		18.465625						5310.5518508823		2074.0635337331

		49391.569760163		5650.4615384615		5790		4588.348629361		2.4695055543		2.4695055543						1901.1590529873		3749.3024854743

		61154.6250762075		6076.9230769231		6931		5888.3792084939		14.0544303797		14.0544303797						3073.3027548808		3003.6203220422

		72906.2914642854		7076.9230769231		8337		6958.8741142653		17.8054347826		17.8054347826						4520.6487581146		2556.2743188085

		84505.9065755364		8307.6923076923		9788		7994.0553981319		17.8185185185		17.8185185185						6220.1338644799		2087.5584432124

		95956.5439472306		12307.6923076923		11289		8991.1415694069		-8.276875		8.276875						8161.731997272		4145.9603104203

		107261.194833813		15384.6153846154		12843		9957.3010644016		-16.5205		16.5205						10335.8168934885		5048.7984911268

		74773.9632872579		12500		11492		10897.6812006817		-8.064		8.064						4776.1093858531		7723.8906141469

		86679.9040445582		13107.6923076923		13386				2.1232394366		2.1232394366						6568.5948110881		6539.0974966042

		98624.7654182938		14692.3076923077		15562		13391.9114354828		5.9193717277		5.9193717277						8651.8344107541		6040.4732815536

		110464.758254003		15230.7692307692		17864		14821.9242073633		17.2888888889		17.2888888889						10998.3969511466		4232.3722796226

		122201.322905708		16230.7692307692		20291		16211.9399687465		25.0156398104		25.0156398104						13601.1689002328		2629.6003305364

		133835.873470242		19230.7692307692		22848		17567.7845589009		18.8096		18.8096						16453.2300067169		2777.5392240523

		101881.706647475		18500.0769230769		19260		18893.9714832872		4.107675228		4.107675228						9269.3715469446		9230.7053761323

		114059.132439887		19230.7692307692		21979				14.2908		14.2908						11766.2411493448		7464.5280814244

		126301.309480227		20153.8461538462		25182		21433.8998951763		24.9488549618		24.9488549618						14575.3365030856		5578.5096507606

		138460.710296649		21153.8461538462		28622		23219.5786802138		35.304		35.304						17662.1465536192		3491.699600227

		150538.210413174		24230.7692307692		32312		24965.0638598211		33.3511111111		33.3511111111						21020.8863008975		3209.8829298718

		162534.673049979		28538.4615384615		36268		26675.1401297951		27.0846361186		27.0846361186						24645.8920072188		3892.5695312428

		24413.3111117883		2000.1538461538		1920		28353.6940557576		-4.0073840474		4.0073840474						329.9046683225		1670.2491778314

		24114.1687479198		1300.2307692308		1400				7.6731941076		7.6731941076						318.6486950508		981.5820741799

		23654.9696335864		1153.8461538461		994		1760.9254248879		-13.8533333333		13.8533333333						301.7184193598		852.1277344864

		49796.4055469138		5650		5790		1405.070824236		2.4778761062		2.4778761062						1936.9011849313		3713.0988150686

		49213.1681762344		4061.5384615384		4595		883.2013139611		13.134469697		13.134469697						1885.5123888214		2176.026072717

		48360.872432547		2661.5384615385		3418		5876.3746833045		28.4219653179		28.4219653179						1811.6404729223		849.8979886161

		45980.4955926983		1615.3846153846		2207		4408.8036904329		36.6238095238		36.6238095238						1613.0185729897		2.3660423949

		75534.1038300412		12500		11492		2954.4508181307		-8.064		8.064						4882.07910966		7617.92089034

		74981.53549196		9769.2307692308		10356		1499.630841446		6.0062992126		6.0062992126						4804.9319278697		4964.2988413611

		74381.4256222712		8076.9230769231		8825				9.2619047619		9.2619047619						4721.8389383187		3355.0841386044

		73403.5311061479		6761.5384615385		7175		9919.1147100574		6.1149032992		6.1149032992						4587.9798897942		2173.5585717443

		71526.6578195084		5000		5474		7954.1226052429		9.48		9.48						4336.4222085964		663.5777914036

		66454.6286470849		3000		3738		5988.9898433679		24.6		24.6						3691.8622163687		-691.8622163687

		102899.414286642		18500		19260		4023.4905217473		4.1081081081		4.1081081081						9466.6858448096		9033.3141551904

		102344.620526303		17461.5384615385		18123		2056.5781558179		3.7881057269		3.7881057269						9358.8649869362		8102.6734746023

		101810.003971312		15769.2307692308		16509				4.6912195122		4.6912195122						9255.5478653512		6513.6829038796

		101071.440305394		14384.6153846154		14513		17129.0103086629		0.892513369		0.892513369						9113.757346078		5270.8580385374

		99984.5604048516		12938.4615384615		12367		14704.6086406918		-4.4167657551		4.4167657551						8907.0806109385		4031.380927523

		98226.653473715		9615.3846153846		10114		12280.1183763041		5.1856		5.1856						8577.8049297818		1037.5796856028

										1.5599654347		1856.989386009

										-43.7454545455		15.3470197191

										93.6734693878

		Re		Experimental		Drift-Flux model		estimated

		15119.3357581041		260		265		124.371047151		94.9402669943		66.458186896		0.3651548731

		22593.3798804672		346.1538461538		340		399.4650895481		-37.317870376		-26.1225092632		-0.1078071811

		26263.820979328		476.9230769231		405		586.3065412546		-76.568425032		-53.5978975224		-0.1605466976

		29912.6335950137		846.1538461538		476		805.8308392801		28.2261048116		19.7582733681		0.0333581239

		33541.7482166598		1000		621		1057.5817693271		-40.307238529		-28.2150669703		-0.0403072385

		14827.2675314813		1123.0769230769		865		116.4903299063		704.6106152195		493.2274306536		0.6273930136

		25233.3016361112		488.4615384615		463		530.407194162		-29.3619589903		-20.5533712932		-0.0601110971

		29295.9132451702		784.6153846154		550		766.3614697063		12.7777404363		8.9444183054		0.0162853555

		33386.5343099338		815.3846153846		607		1046.1325276556		-161.5235385897		-113.0664770128		-0.1980949058

		37456.7379057136		1038.4615384615		685		1366.5256832174		-229.6449013291		-160.7514309304		-0.2211395346

		41507.5607325478		892.3076923077		789		1727.0077494424		-584.2900399943		-409.003027996		-0.6548078034

		45540.0266399034		1015.3846153846		997		2127.0896529744		-778.1935263128		-544.735468419		-0.7664027153

		36281.7519442652		750.9230769231		788		1269.7312918512		-363.1657504497		-254.2160253148		-0.4836257689

		40660.4633998127		838.4615384615		839		1648.1916530597		-566.8110802187		-396.7677561531		-0.6760132149

		45073.289780346		984.6153846154		914		2078.6769776974		-765.8431151574		-536.0901806102		-0.7778094138

		49467.591998215		1030.7692307692		1012		2556.3122097183		-1067.8800852644		-747.5160596851		-1.0360030678

		53844.0250043025		1153.8461538461		1100		3080.561598713		-1348.7008114068		-944.0905679848		-1.1688740366

		58203.2371605663		1576.9230769231		1271		3650.9199871508		-1451.7978371594		-1016.2584860116		-0.920652287

		45320		1250		1200		2104.198536		-597.9389752		-418.55728264		-0.4783511802

		15986.7362118508		307.6923076923		265		149.0478796956		111.0510995977		77.7357697184		0.3609160737

		15853.5944103264		230.7692307692		202		145.1364374223		59.9429553429		41.96006874		0.2597528065

		15697.3117032382		192.3076923077		161		140.6023797411		36.1937187966		25.3356031576		0.1882073377

		15348.2209870542		153.8461538462		114		130.6977688874		16.2038694711		11.3427086298		0.1053251516

		25887.3069969746		488.4615384615		463		565.5714731308		-53.9769542685		-37.783867988		-0.1105040009

		25744.1478972128		250		401		557.7816438766		-215.4471507136		-150.8130054996		-0.8617886029

		25612.1845930411		234.6153846154		339		550.6469474653		-221.2220939949		-154.8554657965		-0.9429138433

		25407.5850705773		180.7692307692		275		539.6722273158		-251.2320975826		-175.8624683078		-1.3897945824

		25055.538720594		142.3076923077		210		521.0363539782		-265.1100631694		-185.5770442185		-1.862935579

		37191.2865276285		750.9230769231		788		1344.3525957277		-415.4006631633		-290.7804642143		-0.5531867057

		37033.6001632503		546.1538461538		695		1331.2654976507		-549.5781560478		-384.7047092335		-1.0062698632

		36899.981646075		463.0769230769		604		1320.2251365908		-600.0037494597		-420.0026246218		-1.29568916

		36720.156922566		419.2307692308		527		1305.4382439326		-620.3452322913		-434.2416626039		-1.4797225724

		36465.9821718992		319.2307692308		448		1284.6771318643		-675.8124538435		-473.0687176904		-2.1170028675

		36082.7402685205		188.4615384615		365		1253.6827748593		-745.6548654784		-521.9584058349		-3.9565360209

		13153.9934260981		238.4615384615		290		75.5013136186		114.07215739		79.850510173		0.4783671116

		19416.6250753079		376.9230769231		455		265.2705282627		78.1567840623		54.7097488436		0.2073547332

		25629.7088970568		423.0769230769		515		551.5918753791		-89.9604666116		-62.9723266281		-0.2126338302

		31718.8533028012		692.3076923077		684		926.9628523779		-164.2586120492		-114.9810284344		-0.2372624396

		37689.4453542162		807.6923076923		784		1386.1103238912		-404.8926113392		-283.4248279375		-0.501295614

		43544.6473989601		792.3076923077		959		1923.9757844825		-792.1676645224		-554.5173651657		-0.9998232659

		27833.923763143		1023.0769230769		901		676.6402807281		242.5056496442		169.7539547509		0.2370355974

		34502.2128513367		1153.8461538461		1011		1129.7852848437		16.8426083017		11.7898258112		0.0145969272

		41179.8106039652		1384.6153846154		1272		1696.2977181605		-218.1776334816		-152.7243434371		-0.1575727353

		47784.8425227747		1692.3076923077		1555		2367.6350527836		-472.7291523332		-330.9104066332		-0.2793399537

		54320.1893121389		2153.8461538462		1780		3140.5238896345		-690.6744150519		-483.4720905363		-0.3206702641

		60786.4731371727		2230.7692307692		2010		4011.5965181219		-1246.5791011469		-872.6053708028		-0.5588113212

		43969.5873576473		1846.1538461539		1718		1966.3871324899		-84.1633004352		-58.9143103047		-0.0455884544

		51001.8005140952		2153.8461538462		1975		2734.577698831		-406.5120814894		-284.5584570426		-0.1887377521

		58065.5409251118		3015.3846153846		2379		3632.1685132174		-431.748728483		-302.2241099381		-0.1431819763

		65075.711296998		3153.8461538462		2692		4647.7577208877		-1045.7380969291		-732.0166678503		-0.3315754941

		72032.9576003657		3269.2307692308		3032		5778.605692686		-1756.5624464186		-1229.593712493		-0.5373014542

		78937.9181957595		3538.4615384615		3360		7022.038276953		-2438.503716944		-1706.9526018608		-0.6891423548

		61927.133554664		2800.6153846154		2742		4176.2311301801		-962.9310218953		-674.0517153267		-0.3438283697

		69354.2949429552		2960.4615384615		3096		5328.7112423203		-1657.7747927012		-1160.4423548908		-0.5599717379

		76826.3495991951		3209.2307692308		3430		6628.987100182		-2393.8294316659		-1675.6806021661		-0.7459200051

		84253.2449124354		3661.5384615385		3764		8061.3803674721		-3079.8893341535		-2155.9225339075		-0.8411462467

		91635.4101721589		5230.7692307692		4340		9623.4402518595		-3074.8697147632		-2152.4088003342		-0.5878427396

		98973.2692438739		6076.9230769231		4941		11312.7620166395		-3665.0872578015		-2565.5610804611		-0.6031156247

		13410.0511806174		238.4615384615		290		81.3147250547		110.0027693848		77.0019385693		0.4613019361

		13329.049903162		230.7692307692		225		79.4577737766		105.9180198949		74.1426139264		0.4589780862

		13325.9228374972		230.7692307692		160		79.386418702		105.9679684471		74.1775779129		0.4591945299

		28328.760084456		1023.0769230769		901		706.4026047016		221.6720228627		155.1704160039		0.216671902

		28268.8241885328		942.3076923077		739		702.7647389127		167.6800673765		117.3760471635		0.177946194

		28290.5513737841		784.6153846154		548		704.0824407721		56.3730606903		39.4611424832		0.0718480185

		28229.1613837895		615.3846153846		460		700.3623647432		-59.484424551		-41.6390971857		-0.0966621899

		28214.8325770565		492.3076923077		341		699.4954482595		-145.0314291663		-101.5220004164		-0.2945950905

		44667.6031999527		1846.1538461539		1718		2037.0445162905		-133.6234690956		-93.5364283669		-0.0723793791

		44575.3522349729		1453.8461538461		1499		2027.6356246318		-401.6526295499		-281.1568406849		-0.2762690045

		44570.6577066973		1192.3076923077		1265		2027.1573944326		-584.3947914874		-409.0763540412		-0.4901375671

		44562.8407117296		1146.1538461539		1028		2026.3612032004		-616.1451499326		-431.3016049528		-0.5375763053

		44547.2153788893		961.5384615385		802		2024.7701658567		-744.2621930228		-520.983535116		-0.7740326807

		44500.4113778787		746.1538461538		577		2020.0080811737		-891.6979645139		-624.1885751597		-1.1950591277

		63144.0767851399		2800.6153846154		2742		4355.5052208472		-1088.4228853623		-761.8960197536		-0.3886370443

		63046.1690244628		2423.0769230769		2530		4340.9433348897		-1342.5064882689		-939.7545417883		-0.5540502967

		63041.6926333744		2223.0769230769		2300		4340.2781380485		-1482.0408504801		-1037.4285953361		-0.6666619743

		63035.4179432994		1938.4615384615		1995		4339.3457972554		-1680.6189811557		-1176.433286809		-0.8669859823

		63025.9989057239		1553.8461538461		1644		4337.946432579		-1948.870195113		-1364.2091365791		-1.2542233929

		63010.3322664677		1323.0769230769		1330		4335.6193732938		-2108.7797151518		-1476.1458006063		-1.5938451335

		24008.8459014454		2000.1538461538		1920		467.4808017962		1072.8711310503		751.0097917352		0.5363943044

		35351.2873381848		2353.8461538462		2603		1195.5585663444		810.8013112512		567.5609178758		0.3444580734

		46547.2508866802		3384.6153846154		3433		2233.4428701962		805.8207600934		564.0745320654		0.2380834064

		57468.2801830034		4000		4275		3551.3888284034		314.0278201176		219.8194740823		0.078506955

		68124.884425114		6723.0769230769		5137		5128.3036053542		1116.3413224059		781.4389256841		0.1660461921

		78527.0439391352		7384.6153846154		6021		6944.6734577843		307.9593487818		215.5715441472		0.0417028285

		49391.569760163		5650.4615384615		5790		2547.6337512811		2171.9794510263		1520.3856157184		0.3843897417

		61154.6250762075		6076.9230769231		6931		4064.3731194569		1408.7849702263		986.1494791584		0.2318253748

		72906.2914642854		7076.9230769231		8337		5929.2105019096		803.3988025094		562.3791617566		0.1135237438

		84505.9065755364		8307.6923076923		9788		8112.5646497106		136.5893605872		95.6125524111		0.0164413119

		95956.5439472306		12307.6923076923		11289		10601.7614537406		1194.1515977662		835.9061184363		0.0970248173

		107261.194833813		15384.6153846154		12843		13384.6323315405		1399.9881371524		979.9916960067		0.0909992289

		74773.9632872579		12500		11492		6257.7629660594		4369.5659237584		3058.6961466309		0.3495652739

		86679.9040445582		13107.6923076923		13386		8559.6473388592		3183.6314781832		2228.5420347282		0.2428826832

		98624.7654182938		14692.3076923077		15562		11229.4481645147		2424.0016694551		1696.8011686186		0.1649844068

		110464.758254003		15230.7692307692		17864		14232.0495974172		699.1037433464		489.3726203425		0.0459007508

		122201.322905708		16230.7692307692		20291		17558.4571800076		-929.3815644669		-650.5670951268		-0.0572604755

		133835.873470242		19230.7692307692		22848		21199.9208790157		-1378.4061537725		-964.8843076407		-0.07167712

		101881.706647475		18500.0769230769		19260		12020.0403165361		4536.0256245785		3175.217937205		0.2451895548

		114059.132439887		19230.7692307692		21979		15213.7548579738		2811.9100609568		1968.3370426697		0.1462193232

		126301.309480227		20153.8461538462		25182		18802.6220088369		945.8569015065		662.0998310546		0.046931831

		138460.710296649		21153.8461538462		28622		22742.5591520201		-1112.0990987218		-778.4693691052		-0.0525719574

		150538.210413174		24230.7692307692		32312		27026.2507914137		-1956.8370924512		-1369.7859647158		-0.0807583562

		162534.673049979		28538.4615384615		36268		31646.5347922366		-2175.6512776426		-1522.9558943498		-0.0762357591

		24413.3111117883		2000.1538461538		1920		487.8472545743		1058.6146141057		741.030229874		0.5292665942

		24114.1687479198		1300.2307692308		1400		472.7443756677		579.2404754942		405.4683328459		0.4454905154

		23654.9696335864		1153.8461538461		994		450.0011802768		492.6914814986		344.884037049		0.426999284

		49796.4055469138		5650		5790		2594.0169163604		2139.1881585477		1497.4317109834		0.3786173732

		49213.1681762344		4061.5384615384		4595		2527.3254081361		1073.9491373816		751.7643961671		0.2644192952

		48360.872432547		2661.5384615385		3418		2431.4155782682		161.0860182892		112.7602128025		0.0605236485

		45980.4955926983		1615.3846153846		2207		2173.2831563515		-390.5289786768		-273.3702850738		-0.2417560344

		75534.1038300412		12500		11492		6394.010332633		4274.1927671569		2991.9349370098		0.3419354214

		74981.53549196		9769.2307692308		10356		6294.8230540237		2432.085400645		1702.4597804515		0.2489536237

		74381.4256222712		8076.9230769231		8825		6187.9770048831		1322.262250428		925.5835752996		0.1637086596

		73403.5311061479		6761.5384615385		7175		6015.8206601898		522.0024609441		365.4017226608		0.0772017291

		71526.6578195084		5000		5474		5692.1788449861		-484.5251914903		-339.1676340432		-0.0969050383

		66454.6286470849		3000		3738		4862.1598985535		-1303.5119289875		-912.4583502912		-0.4345039763

		102899.414286642		18500		19260		12272.5825518511		4359.1922137042		3051.434549593		0.2356320116

		102344.620526303		17461.5384615385		18123		12134.5866448645		3728.8662716718		2610.2063901702		0.2135474076

		101810.003971312		15769.2307692308		16509		12002.3462461404		2636.8191661633		1845.7734163143		0.1672129227

		101071.440305394		14384.6153846154		14513		11820.8478981108		1794.6372405532		1256.2460683873		0.1247608777

		99984.5604048516		12938.4615384615		12367		11556.2623755667		967.5394140264		677.2775898185		0.0747800974

				4547.0576923077		4870.1		4551.9426530602		-3.4194725268		-0.0007520187





Experiment data with error bar

		



Experimental

Reynolds number

Pressure drop (Pa)



Error -Pressure drop-Re  (2)

								94.9402669943		94.9402669943

								-37.317870376		-37.317870376

								-76.568425032		-76.568425032

								28.2261048116		28.2261048116

								-40.307238529		-40.307238529

								704.6106152195		704.6106152195

								-29.3619589903		-29.3619589903

								12.7777404363		12.7777404363

								-161.5235385897		-161.5235385897

								-229.6449013291		-229.6449013291

								-584.2900399943		-584.2900399943

								-778.1935263128		-778.1935263128

								-363.1657504497		-363.1657504497

								-566.8110802187		-566.8110802187

								-765.8431151574		-765.8431151574

								-1067.8800852644		-1067.8800852644

								-1348.7008114068		-1348.7008114068

								-1451.7978371594		-1451.7978371594

								-597.9389752		-597.9389752

								111.0510995977		111.0510995977

								59.9429553429		59.9429553429

								36.1937187966		36.1937187966

								16.2038694711		16.2038694711

								-53.9769542685		-53.9769542685

								-215.4471507136		-215.4471507136

								-221.2220939949		-221.2220939949

								-251.2320975826		-251.2320975826

								-265.1100631694		-265.1100631694

								-415.4006631633		-415.4006631633

								-549.5781560478		-549.5781560478

								-600.0037494597		-600.0037494597

								-620.3452322913		-620.3452322913

								-675.8124538435		-675.8124538435

								-745.6548654784		-745.6548654784

								114.07215739		114.07215739

								78.1567840623		78.1567840623

								-89.9604666116		-89.9604666116

								-164.2586120492		-164.2586120492

								-404.8926113392		-404.8926113392

								-792.1676645224		-792.1676645224

								242.5056496442		242.5056496442

								16.8426083017		16.8426083017

								-218.1776334816		-218.1776334816

								-472.7291523332		-472.7291523332

								-690.6744150519		-690.6744150519

								-1246.5791011469		-1246.5791011469

								-84.1633004352		-84.1633004352

								-406.5120814894		-406.5120814894

								-431.748728483		-431.748728483

								-1045.7380969291		-1045.7380969291

								-1756.5624464186		-1756.5624464186

								-2438.503716944		-2438.503716944

								-962.9310218953		-962.9310218953

								-1657.7747927012		-1657.7747927012

								-2393.8294316659		-2393.8294316659

								-3079.8893341535		-3079.8893341535

								-3074.8697147632		-3074.8697147632

								-3665.0872578015		-3665.0872578015

								110.0027693848		110.0027693848

								105.9180198949		105.9180198949

								105.9679684471		105.9679684471

								221.6720228627		221.6720228627

								167.6800673765		167.6800673765

								56.3730606903		56.3730606903

								-59.484424551		-59.484424551

								-145.0314291663		-145.0314291663

								-133.6234690956		-133.6234690956

								-401.6526295499		-401.6526295499

								-584.3947914874		-584.3947914874

								-616.1451499326		-616.1451499326

								-744.2621930228		-744.2621930228

								-891.6979645139		-891.6979645139

								-1088.4228853623		-1088.4228853623

								-1342.5064882689		-1342.5064882689

								-1482.0408504801		-1482.0408504801

								-1680.6189811557		-1680.6189811557

								-1948.870195113		-1948.870195113

								-2108.7797151518		-2108.7797151518

								1072.8711310503		1072.8711310503

								810.8013112512		810.8013112512

								805.8207600934		805.8207600934

								314.0278201176		314.0278201176

								1116.3413224059		1116.3413224059

								307.9593487818		307.9593487818

								2171.9794510263		2171.9794510263

								1408.7849702263		1408.7849702263

								803.3988025094		803.3988025094

								136.5893605872		136.5893605872

								1194.1515977662		1194.1515977662

								1399.9881371524		1399.9881371524

								4369.5659237584		4369.5659237584

								3183.6314781832		3183.6314781832

								2424.0016694551		2424.0016694551

								699.1037433464		699.1037433464

								-929.3815644669		-929.3815644669

								-1378.4061537725		-1378.4061537725

								4536.0256245785		4536.0256245785

								2811.9100609568		2811.9100609568

								945.8569015065		945.8569015065

								-1112.0990987218		-1112.0990987218

								-1956.8370924512		-1956.8370924512

								-2175.6512776426		-2175.6512776426

								1058.6146141057		1058.6146141057

								579.2404754942		579.2404754942

								492.6914814986		492.6914814986

								2139.1881585477		2139.1881585477

								1073.9491373816		1073.9491373816

								161.0860182892		161.0860182892

								-390.5289786768		-390.5289786768

								4274.1927671569		4274.1927671569

								2432.085400645		2432.085400645

								1322.262250428		1322.262250428

								522.0024609441		522.0024609441

								-484.5251914903		-484.5251914903

								-1303.5119289875		-1303.5119289875

								4359.1922137042		4359.1922137042

								3728.8662716718		3728.8662716718

								2636.8191661633		2636.8191661633

								1794.6372405532		1794.6372405532

								967.5394140264		967.5394140264



Experimental



Pressure drop-Re 

		

		Re		Experimental		Drift-Flux model		Blasius-Darcy		average		RMS

		15119.3357581041		260		265		243.3088387354		1.9230769231		1.9230769231		1.9230769231		1.9230769231

		22593.3798804672		346.1538461538		340		287.375559479		-1.7777777778		1.7777777778		-1.7777777778		1.7777777778

		26263.820979328		476.9230769231		405		329.9662061325		-15.0806451613		15.0806451613		-15.0806451613		15.0806451613

		29912.6335950137		846.1538461538		476		370.9879037081		-43.7454545455		43.7454545455		-43.7454545455		43.7454545455

		33541.7482166598		1000		621		410.754448655		-37.9		37.9		-37.9		37.9

		14827.2675314813						449.4928933514		0		0

		25233.3016361112		488.4615384615		463		481.5268924891		-5.2125984252		5.2125984252		-5.2125984252		5.2125984252

		29295.9132451702		815.3846153846		607		540.2487106298		-25.5566037736		25.5566037736		-25.5566037736		25.5566037736

		33386.5343099338		1038.4615384615		685		597.7609797719		-34.037037037		34.037037037		-34.037037037		34.037037037

		37456.7379057136		892.3076923077		789		653.6614474919		-11.5775862069		11.5775862069		-11.5775862069		11.5775862069

		41507.5607325478		1015.3846153846		997		708.1951417614		-1.8106060606		1.8106060606		-1.8106060606		1.8106060606

		45540.0266399034						761.5535109574		0		0

		36281.7519442652		750.9230769231		788		781.3622794242		4.9375128048		4.9375128048		4.9375128048		4.9375128048

		40660.4633998127		838.4615384615		839		853.2120839503		0.0642201835		0.0642201835		0.0642201835		0.0642201835

		45073.289780346		984.6153846154		914		924.1004226826		-7.171875		7.171875		-7.171875		7.171875

		49467.591998215		1030.7692307692		1012		993.3893180967		-1.8208955224		1.8208955224		-1.8208955224		1.8208955224

		53844.0250043025		1153.8461538461		1100		1061.2762692476		-4.6666666667		4.6666666667		-4.6666666667		4.6666666667

		58203.2371605663						1127.9226464818		0		0

		45320		260.6923076923		265		1153.5747043062		1.6524048392		1.6524048392		1.6524048392		1.6524048392

		15986.7362118508		230.7692307692		202		240.1197850922		-12.4666666667		12.4666666667		-12.4666666667		12.4666666667

		15853.5944103264		192.3076923077		161		180.0231969098		-16.28		16.28		-16.28		16.28

		15697.3117032382						120.543295511		0		0

		15348.2209870542		488.4615384615		463		61.3488983178		-5.2125984252		5.2125984252		-5.2125984252		5.2125984252

		25887.3069969746		250		401		478.4563777946		60.4		60.4		60.4		60.4

		25744.1478972128		234.6153846154		339		398.5772532824		44.4918032787		44.4918032787		44.4918032787		44.4918032787

		25612.1845930411		180.7692307692		275		319.478168053		52.1276595745		52.1276595745		52.1276595745		52.1276595745

		25407.5850705773		142.3076923077		210		240.4568496289		47.5675675676		47.5675675676		47.5675675676		47.5675675676

		25055.538720594		750.9230769231		788		161.6510296532		4.9375128048		4.9375128048		4.9375128048		4.9375128048

		37191.2865276285		546.1538461538		695		776.5406656116		27.2535211268		27.2535211268		27.2535211268		27.2535211268

		37033.6001632503		463.0769230769		604		679.311033501		30.4318936877		30.4318936877		30.4318936877		30.4318936877

		36899.981646075		419.2307692308		527		582.9936969223		25.7064220183		25.7064220183		25.7064220183		25.7064220183

		36720.156922566		319.2307692308		448		486.7288220467		40.3373493976		40.3373493976		40.3373493976		40.3373493976

		36465.9821718992		188.4615384615		365		390.5561620531		93.6734693878		93.6734693878		93.6734693878		93.6734693878

		36082.7402685205		238.4615384615		265.1999270582		294.5691198438		11.2128726373		11.2128726373

		13153.9934260981		376.9230769231		395.2801117305		260.25482609		4.8702337244		4.8702337244		4.8702337244		4.8702337244

		19416.6250753079		423.0769230769		523.8144677567		352.2651537912		23.8106923788		23.8106923788		23.8106923788		23.8106923788

		25629.7088970568		692.3076923077		650.85155935		438.4678871427		-5.9881080939		5.9881080939		-5.9881080939		5.9881080939

		31718.8533028012		807.6923076923		776.498133755		519.946877398		-3.8621358208		3.8621358208		-3.8621358208		3.8621358208

		37689.4453542162		792.3076923077		900.8124181925		597.9692654018		13.6947712282		13.6947712282		13.6947712282		13.6947712282

		43544.6473989601		1023.0769230769		878.882788279		673.3041459855		-14.0941635517		14.0941635517		-14.0941635517		14.0941635517

		27833.923763143		1153.8461538461		1095.311215864		860.5492588854		-5.0730279585		5.0730279585		-5.0730279585		5.0730279585

		34502.2128513367		1384.6153846154		1310.5119720412		1016.7049431852		-5.3519131304		5.3519131304		-5.3519131304		5.3519131304

		41179.8106039652		1692.3076923077		1524.4626798547		1167.6260509296		-9.9181143722		9.9181143722		-9.9181143722		9.9181143722

		47784.8425227747		2153.8461538462		1737.2479007659		1312.8781721267		-19.3420617502		19.3420617502		-19.3420617502		19.3420617502

		54320.1893121389		2230.7692307692		1948.8789497645		1453.5512019561		-12.6364608726		12.6364608726		-12.6364608726		12.6364608726

		60786.4731371727		1846.1538461539		1763.4485083899		1590.3890813857		-4.4798724622		4.4798724622		-4.4798724622		4.4798724622

		43969.5873576473		2153.8461538462		2053.4769144614		1725.3611654009		-4.6600004		4.6600004		-4.6600004		4.6600004

		51001.8005140952		3015.3846153846		2342.4455640438		1936.1484256267		-22.3168562945		22.3168562945		-22.3168562945		22.3168562945

		58065.5409251118		3153.8461538462		2630.3714362536		2142.5758336959		-16.5979788505		16.5979788505		-16.5979788505		16.5979788505

		65075.711296998		3269.2307692308		2917.2716669952		2343.162235751		-10.7658078331		10.7658078331		-10.7658078331		10.7658078331

		72032.9576003657		3538.4615384615		3203.163090332		2538.7531366884		-9.475825708		9.475825708		-9.475825708		9.475825708

		78937.9181957595		2800.6153846154		2877.2240391053				2.7354221829		2.7354221829		2.7354221829		2.7354221829

		61927.133554664		2960.4615384615		3232.5637099438		2814.0192474535		9.1912077879		9.1912077879		9.1912077879		9.1912077879

		69354.2949429552		3209.2307692308		3586.9826840011		3073.2381016784		11.7707931256		11.7707931256		11.7707931256		11.7707931256

		76826.3495991951		3661.5384615385		3940.4917542318				7.6184722794		7.6184722794		7.6184722794		7.6184722794

		84253.2449124354								0		0

		91635.4101721589								0		0

		98973.2692438739		238.4615384615		263.9106324933				10.672200723		10.672200723		10.672200723		10.672200723

		13410.0511806174		230.7692307692		222.5439282185		4161.4784799662		-3.564297772		3.564297772		-3.564297772		3.564297772

		13329.049903162		230.7692307692		155.0132356554		258.9799072772		-32.8275978827		32.8275978827		-32.8275978827		32.8275978827

		13325.9228374972		1023.0769230769		874.8161760504		206.2612884193		-14.491651965		14.491651965		-14.491651965		14.491651965

		28328.760084456		942.3076923077		702.2859971843		128.922639469		-25.4716900947		25.4716900947		-25.4716900947		25.4716900947

		28268.8241885328		784.6153846154		514.2202818909		855.0600688538		-34.4621209355		34.4621209355		-34.4621209355		34.4621209355

		28290.5513737841		615.3846153846		432.581743457		640.992459732		-29.7054666882		29.7054666882		-29.7054666882		29.7054666882

		28229.1613837895		492.3076923077		299.339277429		428.5297722374		-39.1967092722		39.1967092722		-39.1967092722		39.1967092722

		28214.8325770565		1846.1538461539		1697.9059693405		340.7891102015		-8.0300933274		8.0300933274		-8.0300933274		8.0300933274

		44667.6031999527		1453.8461538461		1478.0684406094		212.7045015186		1.6660832165		1.6660832165		1.6660832165		1.6660832165

		44575.3522349729		1192.3076923077		1246.74760124		1718.5903804589		4.5659278459		4.5659278459		4.5659278459		4.5659278459

		44570.6577066973		1146.1538461539		1000.1361509768		1430.0443777855		-12.7397989081		12.7397989081		-12.7397989081		12.7397989081

		44562.8407117296		961.5384615385		731.3086195733		1144.0716348718		-23.9439035644		23.9439035644		-23.9439035644		23.9439035644

		44547.2153788893		746.1538461538		424.2733195279		858.099301964		-43.1386272798		43.1386272798		-43.1386272798		43.1386272798

		44500.4113778787		2800.6153846154		2863.5150670799		572.1269591594		2.2459236213		2.2459236213		2.2459236213		2.2459236213

		63144.0767851399		2423.0769230769		2586.7712046757		286.1543610621		6.7556370184		6.7556370184		6.7556370184		6.7556370184

		63046.1690244628		2223.0769230769		2299.8111907784		2800.5809425478		3.4517144641		3.4517144641		3.4517144641		3.4517144641

		63041.6926333744		1938.4615384615		2000.4243247449		2447.7933049851		3.1964929432		3.1964929432		3.1964929432		3.1964929432

		63035.4179432994		1553.8461538461		1685.3614658066		2098.1534467183		8.4638567103		8.4638567103		8.4638567103		8.4638567103

		63025.9989057239		1323.0769230769		1349.4435177153		1748.5134011334		1.9928240134		1.9928240134		1.9928240134		1.9928240134

		63010.3322664677		2000.1538461538		1920		1398.8727736886		-4.0073840474		4.0073840474		-4.0073840474		4.0073840474

		24008.8459014454		2353.8461538462		2603				10.5849673203		10.5849673203		10.5849673203		10.5849673203

		35351.2873381848		3384.6153846154		3433		1768.1684532605		1.4295454545		1.4295454545		1.4295454545		1.4295454545

		46547.2508866802		4000		4275		2394.8099670617		6.875		6.875		6.875		6.875

		57468.2801830034		6723.0769230769		5137		2982.6572810429		-23.5915331808		23.5915331808		-23.5915331808		23.5915331808

		68124.884425114		7384.6153846154		6021		3539.121111209		-18.465625		18.465625		-18.465625		18.465625

		78527.0439391352		5650.4615384615		5790		4072.6089622692		2.4695055543		2.4695055543		2.4695055543		2.4695055543

		49391.569760163		7076.9230769231		8337		4588.348629361		17.8054347826		17.8054347826		17.8054347826		17.8054347826

		61154.6250762075		8307.6923076923		9788		5888.3792084939		17.8185185185		17.8185185185		17.8185185185		17.8185185185

		72906.2914642854		12307.6923076923		11289		6958.8741142653		-8.276875		8.276875		-8.276875		8.276875

		84505.9065755364		15384.6153846154		12843		7994.0553981319		-16.5205		16.5205		-16.5205		16.5205

		95956.5439472306						8991.1415694069		0		0

		107261.194833813		12500		11492		9957.3010644016		-8.064		8.064		-8.064		8.064

		74773.9632872579		14692.3076923077		15562		10897.6812006817		5.9193717277		5.9193717277		5.9193717277		5.9193717277

		86679.9040445582		15230.7692307692		17864				17.2888888889		17.2888888889		17.2888888889		17.2888888889

		98624.7654182938		16230.7692307692		20291		13391.9114354828		25.0156398104		25.0156398104		25.0156398104		25.0156398104

		110464.758254003		19230.7692307692		22848		14821.9242073633		18.8096		18.8096		18.8096		18.8096

		122201.322905708						16211.9399687465		0		0

		133835.873470242		18500.0769230769		19260		17567.7845589009		4.107675228		4.107675228		4.107675228		4.107675228

		101881.706647475		24000.8461538462		25182		18893.9714832872		4.9213008516		4.9213008516		4.9213008516		4.9213008516

		114059.132439887		28600.8461538462		28622				0.0739623088		0.0739623088		0.0739623088		0.0739623088

		126301.309480227		29300.7692307692		32312		21433.8998951763		10.2769683127		10.2769683127		10.2769683127		10.2769683127

		138460.710296649		30000.4615384615		36268		23219.5786802138		20.8914734645		20.8914734645		20.8914734645		20.8914734645

		150538.210413174						24965.0638598211		0		0

		162534.673049979		2000.1538461538		1920		26675.1401297951		-4.0073840474		4.0073840474		-4.0073840474		4.0073840474

		24413.3111117883		1300.2307692308		1400		28353.6940557576		7.6731941076		7.6731941076		7.6731941076		7.6731941076

		24114.1687479198		1153.8461538461		994				-13.8533333333		13.8533333333		-13.8533333333		13.8533333333

		23654.9696335864		5650		5790		1760.9254248879		2.4778761062		2.4778761062		2.4778761062		2.4778761062

		49796.4055469138		4061.5384615384		4595		1405.070824236		13.134469697		13.134469697		13.134469697		13.134469697

		49213.1681762344		2661.5384615385		3418		883.2013139611		28.4219653179		28.4219653179		28.4219653179		28.4219653179

		48360.872432547		1615.3846153846		2207		5876.3746833045		36.6238095238		36.6238095238		36.6238095238		36.6238095238

		45980.4955926983		12500		11492		4408.8036904329		-8.064		8.064		-8.064		8.064

		75534.1038300412		9769.2307692308		10356		2954.4508181307		6.0062992126		6.0062992126		6.0062992126		6.0062992126

		74981.53549196		8076.9230769231		8825		1499.630841446		9.2619047619		9.2619047619		9.2619047619		9.2619047619

		74381.4256222712		6761.5384615385		7175				6.1149032992		6.1149032992		6.1149032992		6.1149032992

		73403.5311061479		5000		5474		9919.1147100574		9.48		9.48		9.48		9.48

		71526.6578195084		18500		19260		7954.1226052429		4.1081081081		4.1081081081		4.1081081081		4.1081081081

		66454.6286470849		17461.5384615385		18123		5988.9898433679		3.7881057269		3.7881057269		3.7881057269		3.7881057269

		102899.414286642		15769.2307692308		16509		4023.4905217473		4.6912195122		4.6912195122		4.6912195122		4.6912195122

		102344.620526303		14384.6153846154		14513		2056.5781558179		0.892513369		0.892513369		0.892513369		0.892513369

		101810.003971312		12938.4615384615		12367				-4.4167657551		4.4167657551		-4.4167657551		4.4167657551

		101071.440305394		9615.3846153846		10114		17129.0103086629		5.1856		5.1856		5.1856		5.1856

		99984.5604048516		12938.4615384615		12367		14704.6086406918		-4.4167657551		4.4167657551		-4.4167657551		4.4167657551

		98226.653473715		9615.3846153846		10114		12280.1183763041		5.1856		5.1856		5.1856		5.1856

														0.9856272581		14.5015815315
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singl phase f comp with Blasius

		

														-13.9019464034		16.7684033083

		Re		Experimental		Drift-Flux model		Blasius-Darcy		average		RMS

		15119.3357581041		260		265		243.3088387354		1.9230769231		1.9230769231

		22593.3798804672		346.1538461538		340		287.375559479		-1.7777777778		1.7777777778

		26263.820979328		476.9230769231		405		329.9662061325		-15.0806451613		15.0806451613

		29912.6335950137		846.1538461538		476		370.9879037081		-43.7454545455		43.7454545455

		33541.7482166598		1000		621		410.754448655		-37.9		37.9

		14827.2675314813		1123.0769230769		865		449.4928933514		-22.9794520548		22.9794520548

		25233.3016361112		488.4615384615		463		481.5268924891		-5.2125984252		5.2125984252

		29295.9132451702		784.6153846154		550		540.2487106298		-29.9019607843		29.9019607843

		33386.5343099338		815.3846153846		607		597.7609797719		-25.5566037736		25.5566037736

		37456.7379057136		1038.4615384615		685		653.6614474919		-34.037037037		34.037037037

		41507.5607325478		892.3076923077		789		708.1951417614		-11.5775862069		11.5775862069

		45540.0266399034		1015.3846153846		997		761.5535109574		-1.8106060606		1.8106060606

		36281.7519442652		750.9230769231		788		781.3622794242		4.9375128048		4.9375128048

		40660.4633998127		838.4615384615		839		853.2120839503		0.0642201835		0.0642201835

		45073.289780346		984.6153846154		914		924.1004226826		-7.171875		7.171875

		49467.591998215		1030.7692307692		1012		993.3893180967		-1.8208955224		1.8208955224

		53844.0250043025		1153.8461538461		1100		1061.2762692476		-4.6666666667		4.6666666667

		58203.2371605663		1576.9230769231		1271		1127.9226464818		-19.4		19.4

		45320		1250		1200		1153.5747043062		-4		4

		15986.7362118508		307.6923076923		265		240.1197850922		-13.875		13.875

		15853.5944103264		230.7692307692		202		180.0231969098		-12.4666666667		12.4666666667

		15697.3117032382		192.3076923077		161		120.543295511		-16.28		16.28

		15348.2209870542		153.8461538462		114		61.3488983178		-25.9		25.9

		25887.3069969746		488.4615384615		463		478.4563777946		-5.2125984252		5.2125984252

		25744.1478972128		250		401		398.5772532824		60.4		60.4

		25612.1845930411		234.6153846154		339		319.478168053		44.4918032787		44.4918032787

		25407.5850705773		180.7692307692		275		240.4568496289		52.1276595745		52.1276595745

		25055.538720594		142.3076923077		210		161.6510296532		47.5675675676		47.5675675676

		37191.2865276285		750.9230769231		788		776.5406656116		4.9375128048		4.9375128048

		37033.6001632503		546.1538461538		695		679.311033501		27.2535211268		27.2535211268

		36899.981646075		463.0769230769		604		582.9936969223		30.4318936877		30.4318936877

		36720.156922566		419.2307692308		527		486.7288220467		25.7064220183		25.7064220183

		36465.9821718992		319.2307692308		448		390.5561620531		40.3373493976		40.3373493976

		36082.7402685205		188.4615384615		365		294.5691198438		93.6734693878		93.6734693878

		13153.9934260981		238.4615384615		290		260.25482609		21.6129032258		21.6129032258

		19416.6250753079		376.9230769231		455		352.2651537912		20.7142857143		20.7142857143

		25629.7088970568		423.0769230769		515		438.4678871427		21.7272727273		21.7272727273

		31718.8533028012		692.3076923077		684		519.946877398		-1.2		1.2

		37689.4453542162		807.6923076923		784		597.9692654018		-2.9333333333		2.9333333333

		43544.6473989601		792.3076923077		959		673.3041459855		21.0388349515		21.0388349515

		27833.923763143		1023.0769230769		901		860.5492588854		-11.9323308271		11.9323308271

		34502.2128513367		1153.8461538461		1011		1016.7049431852		-12.38		12.38

		41179.8106039652		1384.6153846154		1272		1167.6260509296		-8.1333333333		8.1333333333

		47784.8425227747		1692.3076923077		1555		1312.8781721267		-8.1136363636		8.1136363636

		54320.1893121389		2153.8461538462		1780		1453.5512019561		-17.3571428571		17.3571428571

		60786.4731371727		2230.7692307692		2010		1590.3890813857		-9.8965517241		9.8965517241

		43969.5873576473		1846.1538461539		1718		1725.3611654009		-6.9416666667		6.9416666667

		51001.8005140952		2153.8461538462		1975		1936.1484256267		-8.3035714286		8.3035714286

		58065.5409251118		3015.3846153846		2379		2142.5758336959		-21.1045918367		21.1045918367

		65075.711296998		3153.8461538462		2692		2343.162235751		-14.643902439		14.643902439

		72032.9576003657		3269.2307692308		3032		2538.7531366884		-7.2564705882		7.2564705882

		78937.9181957595		3538.4615384615		3360				-5.0434782609		5.0434782609

		61927.133554664		2800.6153846154		2742		2814.0192474535		-2.0929466051		2.0929466051

		69354.2949429552		2960.4615384615		3096		3073.2381016784		4.5782882087		4.5782882087

		76826.3495991951		3209.2307692308		3430				6.8791946309		6.8791946309

		84253.2449124354		3661.5384615385		3764				2.7983193277		2.7983193277

		91635.4101721589		5230.7692307692		4340				-17.0294117647		17.0294117647

		98973.2692438739		6076.9230769231		4941				-18.6924050633		18.6924050633

		13410.0511806174		238.4615384615		290		4161.4784799662		21.6129032258		21.6129032258

		13329.049903162		230.7692307692		225		258.9799072772		-2.5		2.5

		13325.9228374972		230.7692307692		160		206.2612884193		-30.6666666667		30.6666666667

		28328.760084456		1023.0769230769		901		128.922639469		-11.9323308271		11.9323308271

		28268.8241885328		942.3076923077		739		855.0600688538		-21.5755102041		21.5755102041

		28290.5513737841		784.6153846154		548		640.992459732		-30.1568627451		30.1568627451

		28229.1613837895		615.3846153846		460		428.5297722374		-25.25		25.25

		28214.8325770565		492.3076923077		341		340.7891102015		-30.734375		30.734375

		44667.6031999527		1846.1538461539		1718		212.7045015186		-6.9416666667		6.9416666667

		44575.3522349729		1453.8461538461		1499		1718.5903804589		3.1058201058		3.1058201058

		44570.6577066973		1192.3076923077		1265		1430.0443777855		6.0967741935		6.0967741935

		44562.8407117296		1146.1538461539		1028		1144.0716348718		-10.3087248322		10.3087248322

		44547.2153788893		961.5384615385		802		858.099301964		-16.592		16.592

		44500.4113778787		746.1538461538		577		572.1269591594		-22.6701030928		22.6701030928

		63144.0767851399		2800.6153846154		2742		286.1543610621		-2.0929466051		2.0929466051

		63046.1690244628		2423.0769230769		2530		2800.5809425478		4.4126984127		4.4126984127

		63041.6926333744		2223.0769230769		2300		2447.7933049851		3.4602076125		3.4602076125

		63035.4179432994		1938.4615384615		1995		2098.1534467183		2.9166666667		2.9166666667

		63025.9989057239		1553.8461538461		1644		1748.5134011334		5.801980198		5.801980198

		63010.3322664677		1323.0769230769		1330		1398.8727736886		0.523255814		0.523255814

		24008.8459014454		2000.1538461538		1920				-4.0073840474		4.0073840474

		35351.2873381848		2353.8461538462		2603		1768.1684532605		10.5849673203		10.5849673203

		46547.2508866802		3384.6153846154		3433		2394.8099670617		1.4295454545		1.4295454545

		57468.2801830034		4000		4275		2982.6572810429		6.875		6.875

		68124.884425114		6723.0769230769		5137		3539.121111209		-23.5915331808		23.5915331808

		78527.0439391352		7384.6153846154		6021		4072.6089622692		-18.465625		18.465625

		49391.569760163		5650.4615384615		5790		4588.348629361		2.4695055543		2.4695055543

		61154.6250762075		6076.9230769231		6931		5888.3792084939		14.0544303797		14.0544303797

		72906.2914642854		7076.9230769231		8337		6958.8741142653		17.8054347826		17.8054347826

		84505.9065755364		8307.6923076923		9788		7994.0553981319		17.8185185185		17.8185185185

		95956.5439472306		12307.6923076923		11289		8991.1415694069		-8.276875		8.276875

		107261.194833813		15384.6153846154		12843		9957.3010644016		-16.5205		16.5205

		74773.9632872579		12500		11492		10897.6812006817		-8.064		8.064

		86679.9040445582		13107.6923076923		13386				2.1232394366		2.1232394366

		98624.7654182938		14692.3076923077		15562		13391.9114354828		5.9193717277		5.9193717277

		110464.758254003		15230.7692307692		17864		14821.9242073633		17.2888888889		17.2888888889

		122201.322905708		16230.7692307692		20291		16211.9399687465		25.0156398104		25.0156398104

		133835.873470242		19230.7692307692		22848		17567.7845589009		18.8096		18.8096

		101881.706647475		18500.0769230769		19260		18893.9714832872		4.107675228		4.107675228

		114059.132439887		19230.7692307692		21979				14.2908		14.2908

		126301.309480227		20153.8461538462		25182		21433.8998951763		24.9488549618		24.9488549618

		138460.710296649		21153.8461538462		28622		23219.5786802138		35.304		35.304

		150538.210413174		24230.7692307692		32312		24965.0638598211		33.3511111111		33.3511111111

		162534.673049979		28538.4615384615		36268		26675.1401297951		27.0846361186		27.0846361186

		24413.3111117883		2000.1538461538		1920		28353.6940557576		-4.0073840474		4.0073840474

		24114.1687479198		1300.2307692308		1400				7.6731941076		7.6731941076

		23654.9696335864		1153.8461538461		994		1760.9254248879		-13.8533333333		13.8533333333

		49796.4055469138		5650		5790		1405.070824236		2.4778761062		2.4778761062

		49213.1681762344		4061.5384615384		4595		883.2013139611		13.134469697		13.134469697

		48360.872432547		2661.5384615385		3418		5876.3746833045		28.4219653179		28.4219653179

		45980.4955926983		1615.3846153846		2207		4408.8036904329		36.6238095238		36.6238095238

		75534.1038300412		12500		11492		2954.4508181307		-8.064		8.064

		74981.53549196		9769.2307692308		10356		1499.630841446		6.0062992126		6.0062992126

		74381.4256222712		8076.9230769231		8825				9.2619047619		9.2619047619

		73403.5311061479		6761.5384615385		7175		9919.1147100574		6.1149032992		6.1149032992

		71526.6578195084		5000		5474		7954.1226052429		9.48		9.48

		66454.6286470849		3000		3738		5988.9898433679		24.6		24.6

		102899.414286642		18500		19260		4023.4905217473		4.1081081081		4.1081081081

		102344.620526303		17461.5384615385		18123		2056.5781558179		3.7881057269		3.7881057269

		101810.003971312		15769.2307692308		16509				4.6912195122		4.6912195122

		101071.440305394		14384.6153846154		14513		17129.0103086629		0.892513369		0.892513369

		99984.5604048516		12938.4615384615		12367		14704.6086406918		-4.4167657551		4.4167657551

		98226.653473715		9615.3846153846		10114		12280.1183763041		5.1856		5.1856

										1.5599654347		1856.989386009

										-43.7454545455		15.3470197191

										93.6734693878
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		re		exp pre dep		velocity		fblasius		f exp		Blasius

		15119.3357581041		260		0.6578410893		0.0071243281		0.0076301851

		25233.3016361112		488.4615384615		0.9867586736		0.0062680662		0.0063710672

		36281.7519442652		750.9230769231		1.3156782315		0.0057240712		0.0055093428

		45320		1250		1.6439465261		0.0054144533		0.0058740598

		13153.9934260981		238.4615384615		0.5847493892		0.0073767096		0.0066391998

		27833.923763143		1023.0769230769		1.1694917614		0.0061162254		0.0071211626

		43969.5873576473		1846.1538461539		1.754237642		0.0054555557		0.0057112081

		61927.133554664		2800.6153846154		2.338899319		0.0050079138		0.0048737962

		77482.7594663141		3600		2.9237644883		0.0047350637		0.0040091719

		24008.8459014454		2000.1538461538		1.3156308669		0.0063464998		0.0073378532

		49391.569760163		5650.4615384615		2.6313564631		0.0052992436		0.0051820104

		74773.9632872579		12500		3.9470346946		0.0047773767		0.0050949726

		101881.706647475		18500.0769230769		5.2627129261		0.0044218401		0.0042415823

		114598.82651662		23500		5.9205757242		0.0042937035		0.0042570986

		re		Experimental		Blasius

		15119.3357581041		0.0076301851		0.0071243281

		25233.3016361112		0.0063710672		0.0062680662

		36281.7519442652		0.0055093428		0.0057240712

		45320		0.0058740598		0.0054144533

		13153.9934260981		0.0066391998		0.0073767096

		27833.923763143		0.0071211626		0.0061162254

		43969.5873576473		0.0057112081		0.0054555557

		61927.133554664		0.0048737962		0.0050079138

		77482.7594663141		0.0040091719		0.0047350637

		24008.8459014454		0.0073378532		0.0063464998

		49391.569760163		0.0051820104		0.0052992436

		74773.9632872579		0.0050949726		0.0047773767

		101881.706647475		0.0042415823		0.0044218401

		114598.82651662		0.0042570986		0.0042937035
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Blasius

Reynolds number

Friction factor




_1559835716.unknown

_1559815135.unknown

_1559821725.unknown

_1559822889.unknown

_1559821712.unknown

_1559763614.unknown

_1559814992.unknown

_1559815106.unknown

_1559763699.unknown

_1559483592.unknown

_1530822787.unknown

