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ABSTRACT o Throat diameter ~ (m)
The paper presents a new approach to predict the two-phasee Pipe roughness  (m)
performance of jet-pumps under interference conditions. We f Friction factor ¢)
limit our study mainly to diffuser and transport regions of the jet Acceleration due to gravity 3)
pump. The five essential pre-requisites which form the backbone g, — ks Coefficients )
of our approach are a fairly generalized and accurate approach to Length (m)
(i) solid-fluid interaction, (ii) particle diffusion under general- |, Mass of a single particle (kg)
ized flow field, (iii) friction factor-Reynolds number equation, Mixture ratio = P2 )

(iv) solid-fluid flow through ducts and (v) mixing of primary and ps(1-A)

secondary jets using the approach of Wang et al. [1] based onN Particle number density #)
boundary layer concept. The extensive experimental data of sev-N Exponent in power law equation  (-)
eral research workers along with fresh data generated on spe-P/p Pressure  (Pa)

cially designed test-rig support the new approach. R/r Radius  (m)
Re Reynolds number 2¢ ()
T Particle terminal velocity )
NOMENCLATURE u Fluid velocity (@)
A Sectional area ) u* Shear velocity )
C Concentration ) ULx Slip velocity @
Cd Drag coefficient  (-) v Average velocity  [0)
c Local concentration ) Vs Secondary velocity )
T Mean concentration O] W Mass flow rate g)
Cp Concentration gt.the bottom wall ) « Distance from throat entry (m)
Co Pressure coefficient 0 e (+) when UP and (-) when DOWN  (-)
y Distance from the bottom wall (m)
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Greek Symbols
Boundary layer growth (m)
Azimuthal angle to definey 9
Pipeslope
Loading Ratio
Friction coefficient

Kinematic viscosity
Density (:—g)
Sphericity )
bscripts
Blasius
Centerline
Experiment
Gas/Fluid
Laminar
Nozzle
Newtononian region
Particle/Primary flow region
Solid/Secondary flow region
Shih
Swamee and Jain
Throat
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1 INTRODUCTION

Jet pumps have been used in several forms and in diverse
applications such as in mining, coal and cinder transport in
power plants, marine unloading of pulverized coal, chemica
plant circulating systems in dredging, deep-sea mining;aiit
fuel pumping, boiling water re-circulating system in nuslee-
actors etc. They have drawn the attention of a large number of
researchers like Cunningham [2], Reddy et al. [3], and Ndd4]
name a few. However, a systematic treatment of two-phase flo
under generalized flow conditions and the resulting penforce
particularly when the pump is subjected to interactiondbieat.
Many researchers even proposed generalized correlatging u
experimental data generated on set-ups where interfecamce
ditions clearly prevailed. It is obvious that such corrielas are
test rig specific, as dynamic similarity is not possiblevietn
set-ups affected differently due to different degrees tdrfier-
ence even for single phase flow as could be seen throughatever
graphs and tables of Idelchik [5], and Miller [6].

2 PREREQUISITES TO THE NEW APPROACH

Thorough study of jet pumps handling solids requires a well
established procedure to predict two phase pressurebdittm
along flow lines which in turn requires as a pre-requisitbma-
ting into the formalism, the following five aspects.

2.1 Solid-Fluid Interaction

The best source material to deal with solid fluid interagtio
is reported by Brown [7]. In one of our papers [8], we accepted
Cd-Rg, relationship for particle of sphericity to be of the same
form as for the spherical particles [9], as shown in Eqg. 1.

K

Re; Re < Rey
Cq= R% + % Rey < Re< Ry (1)
Can Rey > Repn

In each of the three regions- laminar, transition and Newto-
nian, there are two parametet§ (Rey), (K,£) and Ren,Cdy)
respectively to characterize the @y, plots of Brown [7]. The
numerical values of the six parameters for different suligri
are listed in Table 1. After interpolating the six paramgteor-
responding to the required sphericity, the parametersRe,),
(K,&) and Reyn,Cdy) can be obtained. They can then be used to
find the drag coefficient for the particle at any Reynoldsntuer
using Eq. 1.

Table 1. PARAMETER ARRAY.

U] 0.125 0.220 0.600 0.806 1
Regy 0.1 0.14 03 0.4 0.5

K| 77 74 59 42 24

K 2475 235 18 125 34

13 0.100 0.175 0.260 0.295 0.306
Ren 20 350 790 950 1000
Cay 20 8 3 15 0.4

Using this method for spherical particles, the agreement be
tween the predicted drag coefficient and the experimetailes
is found to be within 9% in the Reynolds number range up to
3000. On increasing the range of Reynolds number to 3,50,00(
the maximum, minimum, average and RMS errors expressed ¢
percentages are 12.61, -13.19, -1.37 and 6.47 respectively

2.2 Mass Transfer Parameter

In an earlier study [9], one dimensional mass transport-eque
tion was used to obtain the particle number density ditiobu
at a section. This assumed the particle diffusion coefiiicie be
equal to the linear momentum diffusion coefficient as régby
Taylor [10] and equals 1Qu*R. Where shear velocity u* equals
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(uz—‘/\/g). By integrating the diffusion equation the particle num-

ber density was found in terms of the particle number deragity @:D— e [ 1 =5
the base as shown in Eq. 2. e =

)
I

N _ efk/(1+sire);

here k =
Ng where

T
357u,/T @

When a very reliable data of Jotaki et al. [11] giving concen-
tration distribution was compared with theoreti%‘glpredicted
through Eq. 2, the agreement between the two ( details shown
by Chand et al [12] ) for aI% appear to be excellent as could be
seen through Table.2.

Figure 1. EXPERIMENTAL RIG OF SHIH- [13]

Table 2. CONCENTRATION VARIATION. Table 3. COMPARED WITH TYPICAL DATA OF SHIH

g ¢ (&)exp (5)Th S.No. Slope Rey,  fsn fs] T
1.000 0.342 0.148 0.148 ¢ 9 0 0 ) )
0.865 0.440 0.190 0.192 1 0.0 288467 .01713 .01717 .01365

0.710 0.600 0.260 0.258
0.565 0.755 0.328 0.340
0.440 1.050 0.456 0.432
0.300 1.300 0.564 0.564
0.140 1.735 0.753 0.765

0.0 311183 .01702 .01706 .01340
0.0 286059 .01719 .01719 .01368
8.73 315853 .01717 .01703 .01335
8.73 309463 .01723 .01706 .01341
8.73 294857 .01726 .01714 .01358
0.000 2.305 1.000 1.000 11 17.71 273858 .01728 .01726 .01383

16 17.71 297213 .01718 .01713 .01355

19 17.71 249948 .01740 .01742 .01415

© N O w N

2.3 Fluid- Wall Interaction

The need for the right form of correlation to connect friatio
factor with the pipe roughness parameter and Reynolds numbe o . . .
becomes essential particularly when interference fromoamd The three basic issues as listed above along with partiéle dy
nections become too important to ignore. namics approach of Chand [9] helped in establishing a method

As an example, the test-rig used by Shih [13] is shown in ogy to deal with solid-gas/ solid-liquid suspensions uralgen-
Fig. 1. After analysing his experimental set-up and esthbig eralized flow field. For the contribution of pressure drogped
e/D. ( if was found to be B7X10~*) of the test section, whefy, tq soIid;, the method proposed earlier [9] when used foresiop
is compared with predicted valuds;j, the agreement between pipes yields Eq. 3.
the two appear to be excellent as could be seen from Table 3.

Further, the computed, values are far from the experimental

2.4 Solid-Fluid Pressure Along Flow Line

valuesfg. du B U
Of the several friction factor equations available in the i d—p -_3 {M}Sirﬁ(i) 9 fon
erature, Haaland equation [14] or Swamee & Jain equation [6] X Up Pp Up
were found to be the right choice. The former is better astitctco 3pgCd [ Ug—Up 2
_ + - ®3)
be used for eveig = 0. 4ppd Up
3 Copyright (© 2004 by ASME

Downloaded From: https://proceedings.asmedigitalcollection.asme.org on 07/02/2019 Terms of Use: http://www.asme.org/about-asme/terms-of-use



where,
D D-2d\?
_ 9 Y e —“p-cogd)
fo 12de€ql1 ( D > ¢ 1
DApg
+mdeq (4)
and
_ D—d\ H’ Py
fo=2wd (Dz) ﬁcosﬁ+ (1 S> sind (%)
Also,
H — / zn{e*k<1+s"‘9)}(—sinB)(co§6)d6 6)
-2
and

H=["{e 2 e K151 (Gog0)de @

Ordinarily g, e’eq and p being experimental constants are
obtained by fitting the pressure distribution along pipe lafter
conducting experiment. The Least-Square-Distance Tqakeni
of Howell [15] when extended [16] for conveyance of mateyial
like rock-phosphate and coal dust, the three experimeoital c
stants were found to beyq = 0.00165,e/eq =0.00172 anqy =
0.84.

Table 4. RANGE OF EXPERIMENTAL VARIABLES

Variables Rose-P Rose-H Shih-H
umin(T)  18.29  4.27 2.59
Umax(Y)  36.28  6.71 3.43
Wiin(%9) 004 050 0.41
Winax(9)  0.18 2.27 2.93
Renin(10%)  37.9 14.9 20.6
Cumin(%) 51.37  8.44 2.56
Renax(10*)  75.8 23.4 31.1
Cumax(%) 90.84 3515  19.0
Pipeslop® 0 0 17.71

The works of Rose et al. [17], Saha [18] and Shih [13] with
a wide variation in parameters (see Table 4) were of immens
help in establishing the methodology. This part of the wark i
in fact, a fairly exhaustive comparison of theoretical pecgdn
with experimental data of many past researchers includioget
of Rose et al. [17], Saha [18] and Shih [13] and is left for pres
tation at a later stage. Only the prediction error boundoofes
researchers are shown in Table 5 which confirms, to a great e
tent, the validity of systematic approach to the problem.

Table 5. % ERROR-THEORETICAL
Rose-p Rose-h Shih-h
Max 6.62 18.99 4.08
Min  -5.65 -0.44 -1.92
Ave 0.33 8.24 1.01
RMS 2.63 9.91 1.76

2.5 Mixing Of Jets:- Boundary Layer Approach

The approach of Wang et al. [1] for boundary layer growth in
pipe entry could be extended to predict the decay of the pyima
core and the growth of the secondary core in the mixing regior
of the jet pump.

Figure 2. BONDARY LAYER IN PIPE ENTRY- Ref. Wang et al. [1]

Assuming the pumping action as visualized by Cunninghan
[2], the problem could be worked out for steady, incompisesi
and axi-symmetric flow. The details of the analysis is alali
in Ph.D. thesis of Raju [19] and [20]. A brief description bt
method is presented now for the sake of better reading of th
present paper.

Referring to Fig.3,

G=ri—rp;, E=ri—rp+8; andZ:% (8)
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Figure 3. CONTROL VOLUME FOR MIXING OF JETS.

The velocity distribution in the primary jet is assumed to
follow the power law equation. In the established flow regio
the modified power law is as in Eq. 9.

E<y<n

©)

2n?uc
n+1)(2n+1)

Uy — n+1
YT 1727

i V)o@

The shear stress at the junction of the two jets is given by
Eq. 13, whereCqx is corresponding t&e, obtained through Eq.

1 andRg, = “x e

\

o KipfiV2(rn—d)
X 8rt

i
2
aK,pufy

R&?2

Conservation of mechanical energy: Considering conser-
vation of mechanical energy, the energy equation can béenrit
as in Eq. 14.

(13)

Ks
+ 7Cdxpuﬁx

fiKipVZ
8

vrr? (%: + pgsin‘)) dx+ 21mrVs (

i

) ox

i
2
aK,pupy

W) 21(ry — E)u xdx

+ (Kg(édxp> Uy TI(rn — 8)u xdd
d m
+— [ 2mp(ry —y)uddydx=0 (14)
dx 0

Equation of motion for secondary and primary jets: Af-
ter incorporating the mass flow rate of the fluid that enfess

To take care of the shear stress between the two jets, the slipthe element "abcd’ through 'cd’ into the element 'cdeg’, thee

velocity u x, could be calculated by using the continuity equa-
tion and can be expressed as:

1

y n
U:ULX+Uc(r_> —ULX(
t

) (s

E
O<y<E (10

Similarly taking care of mass conservation, the average ve-
locity of secondary fluid/s andu,x at a cross section turns out
to be as shown in Eq.(s) 11 and 12 respectively.

Ve — V _ 2NUg
*T12-0 (n+1)(2n+1)7(2-0)
n—{(n+1)- (n+ ¢} (11)
5
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of change of momentum turns out to be as in Eq. 15 for the
secondary jet and Eq.16 for the primary jet.

dp

dx

2

—T[r{ —

(=87 (

d [ /E
+ (Ug — urx) dx [/o p2m(ry —yl)Ud)d] dx+Fyp

+ pgsirﬂ) dx— 2mmr¢TodXx

d

E
i [/ p2m(ry —y1) uzdyldx} +211(rp — 8)Txdx=0
0

(15)

WhereFq,, is the drag force due to the presence of particles
in the secondary fluid.

—T1(ry —8)? ((;p

dx + pgsirﬁ) dx—21(rp — 8) Txdx

Copyright (© 2004 by ASME
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_E t p2m(r, —y) uzdydx qbtain th_e_ values of A, ujp and p at a sect_io_n for the given i_ni-
dx Je tial conditions. In order to check the validity of the eqoat
developed for different cases, a software package wasajmset|
to predict the pressure distribution along a flow line whiore
compared with the experimental data generated on expetanen
setup shown in Fig. 5.

)
—uég/thH(rt—y) udydx=0 (16)
dx E

Next the set of first order differential equations Eq.(s) 14
15 and 16 was solved by the fourth order Runge-Kutta method
to obtain the values py and{ at a section for given initial con-
ditions. The mixing phenomenon will continue till the primga
core decays completely, dissipating its energy and mometdu

the secondary jet. A typical comparison of the theoretical p
diction using experimental data of Sanger [21] and [22] when
the nozzle is placed just at the throat entﬁl £0) is shown in
Fig. 4.
> g =
| THROAT 1 DIFFUSER
[ B} r
| -~ o C _|
.E‘ [ ol
= Ground level
= PART LIST ®ﬁ§
Froggey 1. Centrifugal pump (Two-stage)
& 2. Motor {not shown in fig)
= o1 3. Rotameters
‘_lf | : :’[r;r;;ri_\:al:rlme (:) e
L‘;’ 5 6 I’rimﬁg nozzle o+ M5
(- o 500009 ; JT‘r‘agxp;E-l pipe @— ™ \ i
9. Mixing tank {Secondary tank)
= J_L. a1 _: s ‘.‘ .'6 ). | - 10, Swivel bend & —fr—M3
& s H 1 L) % 11. Measuring tank &
AXIAL LOCATION FROM THROAT ENTRANCE, X./dt 12. Funnel an%ire(um flow line @* é W ‘E
13. Sieve-bend
14. Over flow bend
15, Clear water tank o
Figure 4. RESULTS COMPARED WITH SANGER’S DATA lebyapeiin ey
— A ——A—

Gate Valves 5 Plattorm

¥, in suction line ﬁ
¥y in delivery line

¥y and V, in between Rotameters Pit bottom 5
Wy in by-pass line 7

In Fig. 4, the pressure coefficient at a section is defined in

the non-dimensional form as in Eq. 17. Figure 5. SCHEMATIC VIEW -EXPERIMENTAL RIG

(17)

4 EXPERIMENTAL PROGRAM

3 SOLID HANDLING JET PUMP The jet pump and the duct connecting the main setup con
Having established a methodology based on strong footing, sisted of acrylic material. The transport pipe marked asr(8)

we now limit our study mainly to diffuser and transport raggo Fig. 5 was of 25.4 mm diameter having wall thickness of 3 mm.

of the jet pump assuming that the mixing process between the The three primary nozzles had sharp outlets of 6, 7 and 8 mr

phases is completed in the throat itself. Taking a genelifzict respectively. Major specifications of jet pumps were-(ixe-

having area A, fluid velocity u, solid velocity, and pressure pat  ter of throat,dy = 12.7mm(ii) Length of throat); = 63.5mmand

a section x changing to A+dA, u+dup +duy and p+dp respec- (iii) Diffuser angle = 65°. For pressure measurements, pressure

tively at section at x+dx and making use of geometrical vima taps marked as M3 through M9 in the Figure were located at 0.(
in A, conservation of mass, and momentum of the two phases, 0.0635, 0.1752, 1.5296, 2.3872, 2.6872, and 2.9872 m respe
and thus forming a set of simultaneous differential equastio tively. Sand of three different mean sizes (232, 420 and .68y}

a manner as it was done in one of our previous works [23]. They were conveyed at several flow velocities ranging from 3.286 m
were solved by using the fourth order Runge-Kutta method to to 0.92 m/s.

6 Copyright (© 2004 by ASME
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5 RESULTS AND DISCUSSIONS

the mixture passes through the transport region, theredatine

Using a software package developed for the purpose, the uous pressure loss almost at constant rate as seen thraugh Fi

variation of pressure along the flow line starting from Hezxit

to any station on the down-stream side could be found. Thie-pac
age is capable of taking care of the so-called unbalanoeatiin
like particle moving at higher velocity than the fluid. Inrgeal
the pressure variation along flow line for few typical floanam-
eters like sand of mean size 2@ are as shown in Fig.(s) 6, 7,
and 8.

140010 Thearetical
= Experimental
-

LETAT S T m——
E / e
o oL - o
g o [T
[T
b=
w 1
B (5 10’
W Flow Parameters:
a MV = 0.0268 [kgfs] V.= 14.5123 [mis]

1 3

I; 1] i.ll .'IJ &0
AXIAL LOCATION FROM THROAT ENTRANCE, «/d []
Figure 6. PRESSURE -THROAT ENTRY ONWARD.
¥S0000 - weeeee Theoretical
Experimental
- WA= 00271 [kgls] V. = 18.3458 [mis]

140000 F
= |
E 130000 !
Y |
g . i
©w 120000 ™~
@
[}
[
o .

110000 Theoretical +

= Experimental ~
WA = 00591 [kgfs] V= 21,8215 [mis]
100000 : : - :
a S0 {ui] 150 oo 50
AXIAL LOCATION FROM THROAT EXIT, xfd []

Figure 7. PRESSURE IN DIFFUSER ONWARD.

While proceeding for integration along flow lines in the
three figures the integration begins from throat entratiomat
and diffuser exit respectively. Along with the theoreticafves,
experimental points have been shown for all the 7 points. The
agreement between the theoretical points and the expdainen
values appear to be good particularly when integrationsegi
from throat exit ( Fig. 7 ) and diffuser exit ( Fig. 8 ). The pres
sure built-up in the diffuser region could be clearly seen.ewh

7

Lisnaact . Flow Parameters for data sels 1 & 2:
e 1MW = 00268 [kals] V= 145123 [mis]

‘2WW = 00271 [kals] V= 18.3458 [mis]

135000

125000 -

120000

Theoretical “1 .
= Experimental ‘1 ; Ly
------ Theorstical ‘2 T
*  Experimental ‘2

Pressure, P [Pa]

110000 -

150 00 250

]
AXIAL LOCATION FROM DIFFUSER EXIT, x/d []

50 oo

Figure 8. PRESSURE- DIFFUSER EXIT ONWARD

Interference due to end connectors: As stated earlier, the
upstream and downstream elements interact with the main el
ment and leave a mark on it. The interference effects duef+o di
fuser on the one hand and end connectors at the other end of t
transport pipe are considered here to elaborate the irtede
effects of the two.

The fluid phase and the solid phase play their own role in
the interference process. The role played by solid phasgtses
in weak or strong interference depending on whether thel soli
phase velocity dictated by Eq. 3 results in a velocity smalle
or larger than the one under steady state and established flo
conditions.

As an example, when the solids have to be picked up fron
the secondary section of the pump and has to pass through tl
mixing region, weak interference is expected. But when ttid s
phase has to get into transport region from the diffuseroregi
strong interference is expected. The degree of the intaréer
coefficient depends on the difference in the actual vejooft
the solid phase from its velocity in the established flowioag
This has to be established only at the input point from whieee t
integration begins. Next, the output parameters of ondmect
becomes the input parameter of the next section.

For interference effect due to the fluid phase, the trartspor
pipe is assumed to have three -(i) developing (ii) develcqredi
(i) reformed sections. It is assumed that in the develgpig
gion, the value of n in power law and friction factor are highe
at the entry of the duct and then decreases exponentiallyeto t
established flow values. Also on the downstream side thersev
happen. This requires two interference coefficients -¢ag for
the upstream, anotheK¢) for the downstream regions and yet
another Ks) to dictate the rate at which n and f change from
their maximum values to those in the established region ef th
duct. The effect of the three coefficientska) through Kg) on

Copyright (© 2004 by ASME
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pressure variation along flow line, when integration bedinom
same initial pressure conditions as at the exit of the diffuis 107000
presented in Fig.(s) 9 - 11 respectively.

Il_"‘
i 108400
&
L 3 005 o0 0%
I:L_'_ Varaton in K,_
]
a1 Figure 11. EFFECT OF COEFFICIENT K.
05000 4
4500 T T T T
000 005 010 015 020
Variation in K,
140000
Theoretical Pressure
Figure 9. EFFECT OF COEFFICIENT K. 135000 = Experimental Pressure

130000

E 126000
o
g 120000
S
w
@ qq5000
o
107000 - 110000 - | Flow Parameters: \
- MW =0.0268[kgis] V. = 14.5123[m/s]
106000 |
1 I Il I 1 I 1 L Il I 1
i DEEDD (- o a a0 100 150 200 250
% ol = / AXIAL LOCATION FROM DIFFUSER EXIT, x/dt [-]
E 06200 //
§os Figure 12. PRESSURE-DIFFUSER EXIT TO ONWARD.
’ P et @ “‘ ® Table 6. % ERROR AFTER ESTABLISHING K4-K6.

P-At Max Min Ave RMS
M-6 158 0.00 0.06 0.26
M-7 210 0.00 0.08 0.35

Job done through the software after introducing correct in- M-8 081 000 003 013
terference coefficient&y — Kg resulted in yielding close agree- M-9 0.00 -0.51 -0.02 0.10
ment of pressure distribution as could be seen through Fig. 1
The error bounds at 4 locations (M-6 through M-9) shown in
Table 6 also confirm the goodness of the fit. This was only ex-
pected because we systematically considered the five tiesen 6 CONCLUSIONS
aspects as stated in section 2 of this paper. Also we took care For a general sample, itis recommended to first charaeteriz
of the interference coefficient& — Kg under actual condition of ~ the sample for itg) value by conducting experiment determining
the transport pipe marked as (8) in the test rig shown in Fig. 5 the drag coefficient versus Reynolds number plot for thepdam

Figure 10. EFFECT OF COEFFICIENT K.

This resulted in having developing and reformed sectiong-of When as a typical case Shih experimental data was ana

spectively 0.02 and 0.2 times the transport pipe length kvtuo ysed, very high value of f was found. In our view, it must be due

appear to be fairly reasonable. to several couplings, and pressure taps between the tégtrsec
8 Copyright (© 2004 by ASME
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and also due to subtle interference from end connectorshé&ur [10] Taylor, S. G., 1954, "The Dispersion of Matter in Turbu-
the manner in which the test duct is supported, also conésbu lent Flow Through a Pipe”, Proc. Royal Soc. Of London, 223,
towardse/D value. Itis recommended to have experimental data  Series A, pp. 446.

generated on a model test pipe to obtain the equivalent rasgh [11] Jotaki, T., and Tomita, Y., 1971, "Solids Velocitiesdan

parameter for the particular portion of the pipe. The samveq Pressure Drops in a Horizontal Pneumatic Conveying Sys
alent roughness parameter can be used for extrapolatiahdor tem”, Proc., PNEUMOTRANSPORT-1, BHRA, UK, Paper
prototype. B3, pp 33-43.

We thus have an approach which can take care of interfer- [12] Chand P., Reddy Y. K., Saha A. C., 2001, "On solid-Gas
ence effects and simulate pressure distribution along ltve f diffusion Coefficient”, Powder Handling and Processingl-V
line in a systematic manner. It is advisable to begin sinmat 13, No.-4, pp. 353-356

from one end of the system and proceeding to next element un-[13] Shih, C. C. S., 1964, "Hydraulic transport of solids in a
til the complete system has been covered. While doing that the  sloped pipe”, J. of the PIPELINE DIVISION, Proc. of the
parameters at the end conditions of a section have to beghe in ASCE, \Vol.90, PL.2, pp. 1-14.

parameters of the next section. [14] Haaland, S. E., 1983, "Simple and Explicit Formulas for
The work was further extended to include the five basic is- Friction factor in Turbulent Flow”, Transaction ASME, Jeur

sues listed earlier along with Boundary Layer approach to mi nal of Fluids Engg., Vol. 105, pp. 89.

ing of two jets mainly in the throat region of the jet pump. §hi  [15] Howell, J. G., "A Least Square Distance Curve Fitting

of-course forms our program for coming research work. Technique”, NASA TN D-6374.

[16] Chand P., 1989, "Design Parameters for Pneumatic Con
veying of Rock Phosphate and Coal Dust”, Report submittec
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