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Abstract:. The differential pressure of gas measurement is very often used in industrial measurements. During the gas flow, liquid condensation often 

occurs. The result is that when measuring a gas flow, the gas-liquid mixture is essentially measured. Errors in the indications of measuring instruments are 

starting to appear due to a change in the properties of the continuous phase, which is gas. In addition, the appearance of liquid droplets leads to flow 
disturbances and pressure pulsations. Therefore, new methods and tools for measuring the flow of gas-liquid mixture are being sought. The work involves 

the use of slotted orifices for measuring gas-liquid mixtures. An analysis of the influence of the slotted orifice geometry on the measurement of the biphasic 
mixture stream was carried out. Standard orifice and three slotted orifices of various designs. The experiment included measuring the air flow with a small 

amount of water dispersed in the form of drops. 
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POMIAR STRUMIENIA MIESZANINY GAZ-CIECZ Z WYKORZYSTANIEM KRYZY 

STANDARDOWEJ I KRYZY SZCZELINOWEJ 

Streszczenie. Pomiar gazu metodą zwężkową jest bardzo często stosowany w pomiarach przemysłowych. Podczas przepływu gazu bardzo często dochodzi 

do wykroplenia się cieczy. Powoduje to, że mierząc przepływ gazu w zasadzie mierzy się mieszaninę gaz – ciecz. Zaczynają pojawiać się błędy wskazań 

przyrządów pomiarowych wynikających ze zmiany właściwości fazy ciągłej, którą jest gaz. Dodatkowo pojawienie się kropel cieczy prowadzi do 
powstawania zaburzeń przepływu i pulsacji ciśnienia. W związku z tym poszukuje się nowych metod i narzędzi do pomiaru przepływu mieszaniny gaz-ciecz. 

Praca obejmuje zastosowanie kryz szczelinowych do pomiaru mieszanin gaz-ciecz. Przeprowadzono analizę wpływu geometrii kryzy szczelinowej na 

pomiar strumienia mieszaniny dwufazowej. Badaniom kryzę standardową oraz trzy kryzy szczelinowe o różnych konstrukcjach. Eksperyment obejmował 
pomiar przepływu powietrza z niewielką ilością wody rozproszonej w postaci kropel. 

Słowa kluczowe: kryza standardowa, kryza szczelinowa, mieszanina gaz-ciecz 

Introduction 

Orifice meters are employed in flow measurements in many 

branches of industry. When a particular industrial application 

involves the transport of gas, we often have to do with the 

conditions when liquids carried with gas are condensed inside a 

tube. The existence of small liquid droplets leads to the 

measurement errors resulting from variable physical properties of 

the flow in the conditions when measurements are performed 

using orifice meters. Such phenomena occur as a consequence of 

the loss of the homogeneity of the gas phase flow. In such cases, 

gas takes the form of a two-phase mixture comprising gas and 

liquid phases. As a result of using standard methods in the 

measurements of homogeneous fluids, significant levels of 

measurement error are encountered. For these reasons, some of the 

currently challenging problems facing flow metrology are 

associated with the measurements of two-phase mixtures. The 

measurements concerned with mass flow rates of gas-liquid 

mixtures play an important role in many branches of engineering, 

for example power sector as well as applications in petrochemical 

and chemical areas [4]. This stems from fact that the occurrence of 

a dispersed phase results in the variations of the physical 

parameters of the continuous phase [5]. 

The approach to measurements outlined above can also be 

applied in the areas where natural gas is saturated with liquid. Wet 

gas provides a common example of such flow, i.e. gas in which 

the liquid phase does not exceed 5% of the volume fraction [7]. As 

a result of the economic feasibility of extracting gas from various 

inaccessible sources, such as mining in sea beds, desert and arctic 

areas, as well as other remote places, there is a need to develop 

reliable, small size and low cost metering systems [7, 8]. Another 

area in which the principle of differential measurement can be 

employed, includes waste composting [2], where the flows of wet 

gas occurs. Research has been conducted over the past years in 

many research centers and scientific institutions with the purpose 

of improving existing techniques and developing new ones to be 

applied in the metering of two-phase mixture flows. It is common 

for such measurements to employ equipment with large 

dimensions, complex structure and high cost of performance. 

Therefore, a current challenge facing engineering is associated 

with the need to design metering equipment with a simple design 

that can be built and assembled at a low cost. Differential pressure 

meters provide some of the examples of cheap flow measurement 

solutions with high performance. AS a result of their simple 

design, low cost of production, they are suitable for applications in 

industry. Recent reports include a variety of examples giving the 

applications of orifice plate meters in the measurement involving 

mixtures comprising gas and small amounts of liquids [6, 14]. 

1. Measurements of flow mixture by differential 

pressure flowmeters 

The measurements of the fluid flow rates by application 

differentia pressure flowmeter consist in the use of a constriction 

of the flow cross-section. This constriction leads to an increase in 

the fluid velocity, and along with the change in the velocity, the 

static pressure decreases and a differential pressure is developed at 

the orifice. The resulting differential pressure ΔP forms a reliable 

source serving for determination of the fluid mass or volume [5]. 

Among the orifices meters, we can distinguish: orifice plates, 

nozzles and Venturi tubes [10]. In this work, various types of 

orifice meters were applied in experimental research. 

1.1. Standard orifice 

A vast proportion of metering systems apply standard orifices 

as the simplest and reliable equipment for measuring fluid flow. 

The standard orifice is also characterized by considerable strength 

and lack of moving parts. The standard orifice can be successfully 

applied in measurements involving liquids, gas and suspensions, 

as they perform measurements well in extreme operating 

conditions, over a wide range of pressures and temperatures [5]. 

Differential pressure flowmeters are designed for measuring 

single-phase fluids, ensuring high measurement accuracy. 

However, when these types of flow meters are used in wet gas 

applications, due to the presence of liquids in the flow, the results 

tend to have a positive bias in the flow measurement. The 

presence of liquid droplets in the flowing gas results in an increase 

in the differential pressure Δp [7, 8, 14]. Therefore, we can state a 

general remark that differential pressure flowmeters indicate an 

overestimated value of the gas mass flow. The uncorrected gas 

stream is often called the superficial gas flow. 
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1.2. Special orifice 

The differential pressure flowmeter may be used to measure 

the gas – liquid droplet flow, however it is necessary to use the 

appropriate measuring orifice construction. Over the years, many 

researchers, including Hall, Geng, Morrison, and Kumar, have 

presented various design solutions that are a modification of the 

standard orifice, Fig. 1. Such orifices are called special orifices, 

and you can distinguish, among others, slotted, perforated, fractal 

or other [1, 3, 7–9, 11, 12]. In the literature, you can also find 

orifices with various hole shapes, e.g. square, triangular, oval, 

longitudinal. 

   
a) b) c) 

Fig. 1. Examples of special orifices: a) slotted orifice [7, 8], b)perforated orifice 

[3, 9], c) fractal orifice [1] 

The reason for wet gas formation is often associated with 

a decrease in temperature or pressure, and when condensation 

processes are encountered in the pipeline, this leads to 

accumulation of small amounts of liquid in the form of droplets 

that are condensed on the pipeline walls. And it is known that 

even small amounts of liquid in the flow of gas can lead to flow 

disturbance. 

The Lockhart-Martinelli parameter forms one of the most 

commonly applied characteristic that can be used to define the 

relative fraction of liquid in a two-phase flow. It is defined by the 

formula [6–8]: 

     
  

  
 
  

  
 (1) 

where: mL and mG are mass flow rates of the liquid and gas phases, 

respectively, and ρL, ρG are the liquid and gas densities. For the 

wet gas, the value of the XLM parameter does not exceed 0.35. 

2. Experimental setup 

The diagram of the setup applied in the testing the flow of gas-

liquid mixture is presented in Figure 2. The purpose of the tests 

was to determine the effect of the slotted orifice geometry on the 

resulting pressure difference measured for the flow of the gas-

liquid mixture. 

The air into this installation was fed via a compressor. The air 

was routed for the experiment via a throttling valve, which 

provided a constant pressure value of 0.5 bar. The flow rate of the 

air was regulated by a valve. The parameters of the air flow were 

controlled by a measuring system comprising a pressure sensor 

and a temperature sensor and an orifice plate. Water was supplied 

from the water network to a chamber in which the two-phase 

mixture was formed, and the flow rate was regulated by a valve. 

The flow rate of the water was measured by a rotameter (VEB 

MLW Prüfgeräte – Werk) and its measuring rage was equal 

to 0.2–0.6 m3/h) . The horizontal section of the pipeline comprised 

a system designed for testing slotted orifice plates that could 

be removed and replaced. The differential pressure resulting from 

the installation of the slotted orifice plates was measured with 

a differential pressure transducer (Aplisens typ PR-50G) 

and the measuring range was -10 kPa–10 kPa. The static pressure 

value in the pipeline was measured with a sensor (TRUCK 

typ PC001-Gi1/4A1M-U8X-H114), measuring range 0–1 bar. 

A separator was applied to remove the air from the liquid 

at the end of the measuring section in the installation. The values 

of signals from the measurement sensors were recorded 

continuously by a dedicated card on a PC throughout the duration 

of the experiment. 

 

Fig. 2. Diagram of the experimental setup: 1a, 1b – differential pressure meter,  

2 – pressure sensor, 3 – reducing valve, 4a – liquid flow regulating valve, 

4b – air flow regulating valve, 5 – temperature sensor, 6 – rotameter, 

7 – water spray nozzle, a – air, w – water 

The measurements were carried out for two mass flow rates 

of air, which were equal to 216 kg/h and 313 kg/h, respectively. 

After the gas flow was stabilized, water was fed into 

the installation in the range of flow rates from 216 kg/h to 

576 kg/h. 

In experimental research, the orifices were used: standard 

and three variants of slotted orifices. Diagrams of the orifices used 

in the experimental studies are shown in the figure 3. 

a) b)  

c) d)  

Fig. 3. Orifice plates applied in the experimental research: a) standard orifice,  

b) slotted orifice 1, c) slotted orifice 2, c) slotted orifice 3 

Slotted orifices were designed by the authors of this work. 

The design of the slots in the slotted orifice is selected in such 

a way that the mass flow rate can pass through the entire diameter 

of the pipeline. The slots in slotted orifice 2 and 3 are arranged 

radially, with the only difference that the geometry of the slots 

is such that in comparison to orifice no. 2, the slots in orifice no. 3 

are wider and longer. The purpose of this geometry was to check 

which design can offer better flow characteristics. In addition 

to the slots with radial arrangement, slotted orifice no. 1 has three 

arc-shaped slots, which are arranged concentrically close 

to the wall of the pipeline. The dimensions of the slots 

in the slotted orifices were chosen so that the surface area of these 

slots was equal to the area of the orifice hole. The orifice ratio 

of all orifices was the same and was β = 0.5. 

The β ratio is determined by the formula: 

    
      

     
 (2) 

where: Aslots surface area of the slots, Apipe – cross-sectional area 

of the pipe. 
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3. Results of experimental research 

Figure 4 contains the results of the measurements of the 

differential pressure as a function of the mass fraction of liquid 

in the constant gas flow rates, for 216 kg/h and 313 kg/h, 

respectively. The values in terms of the mass fraction of the liquid 

were determined on the basis of the measurements of gas and 

liquid flows by application of the following relations: 

   
  

     
 (3) 

where: mL and mG are mass flow rates of the liquid and gas, 

respectively. 

The analysis of the results in Figure 4 demonstrates that 

the distortions in differential pressure in the orifice due to 

the presence of the liquid phase in the constant air flow. The value 

of differential pressure in this case is due to greater fraction of the 

liquid in the air flow. The distribution of the differential pressure 

is non-linear. We can note that for the case of slotte dorifice, lower 

values of differential pressure are generated by the mixture 

omprising air and water compared to the standard orifice. 

Thestudy demosntrated that slotted orifice with a radial of slot 

arrangement has the lowest sensitivity to fluctuations in the mass 

fractions of the liquids. 

a) b) 

  

Fig. 4. Dependence between the differential pressures and water mass fraction for the airflow rates equal to: a) 216 kg/h, b) 313 kg/h 

a)  

b)  

Fig. 5. Dependence between the calculated gas mass flow rate and liquid mass fraction for the airflow rates equal to: a) 216 kg/h, b) 313 kg/h 
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In such conditins, gas comtaining liquid droplets is carried 

over through the obstacle, and only a small proprtion of the liquid 

is separated near the orifice. The slots arranged on the cross-

section of the pipe result in the entrainment of the liquid along 

with the gas flow. In a standard orifice, some of the liquid is held 

up downstream of the orifice, leading to liquid accumulation and 

additional flow distortions. 

The chart in Fig. 5 contains the results of the comparison 

of the mass flow rate of the gas taking into account the differential 

pressure during wet gas flow and flow of pure gas. 

The results of a comparison between the mass flow rates 

of gas and one for water that was measured in the investigated 

orifices plates are presented in a grphical form in Fig. 5. 

The formula derived from the norm (ISO 5167) formed the basis 

for the calculation of the mass flow rate of the gas phase to 

account for the differential pressure that accompnies the gas-liquid 

flow. The horizontal lines on the diagrams denote the mass 

flow rates for the case of single-phase gas flow. The blue line 

marks the mass flow rate of gas for the standard orifice, red refers 

to the slotted orifice 1, whereas the green and violet ones relate to 

the gas mass flow rated measured for the slotted orifices 2 and 3, 

respectively. We can note that in the chart above marked by a, 

the green and violet lines follow the same course. 

We can remark here that the increase in the flow rate of water 

leads to the greater value of the error of the meausred gas flow 

rate. As a result of the application of the standard orifice in the 

flow of gas-small amount of liquid, the measurments of the flow 

rate of gas that account for the gas-liquid differential pressure give 

18–32% greater values in comparison to the case of the single-gas 

flow through the pipeline. For the slotted orifices numbered 1, 2, 

3, the range of this error is 11–30%, 10–25% and 5–23% 

respectively. 

4. Conclusions 

The results of the resrafch reported in this paper demonstrate 

that the surface profiles and the geometric details of the 

perforations on slotted orifices have an effect on the lnegth of the 

region needed for the flow to stabilize and affect the value 

of permanent pressure drop. The process responsible for this 

is associated with the separation of the mixture into several 

smaller fluxes. In the case when flow metering applies a slotted 

orifice, recirculation zone is not normally developed. The use of 

the common standard orifice forms the reason for the occurrence 

of flow distortions leading to the generation of energy losses. 

However, the length of the hydraulic stabilization region in the 

flow is dependent to a large extent on the design of the slotted 

orifices and its value takes on smaller value compared to the case 

of a standard orifice. Moreover, the results of the study have 

demonstrated that the existence of perforations on the surface of 

the slotted orifice meters has a positive effect on homogenization 

of the flow and decrease of pressure pulsations, which form 

the major sources of the measurement error. Nevertheless, 

a disadvantage of slotted orifices is associated with the decrease 

of the differential pressure, loading to a limited sensitivity of flow 

measurements. This area needs further analysis associated with 

an attempt to strike a balance between the the above advantages 

and disadvantages of the use of various slotted orifice designs 

in particular engineering applications. In this aspect, studies need 

to be concerned with the determination of the suitable 

arrangement of slots suitable in specific applications. 
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