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this paper, the drag coefficients, independent or dependent on the diam
reviewed for gadiquid system A number of drag coefficients are used
Computational Fluid Dynamics (CFDpifferent forces are entered to the lige
bubble separation surface in diverse directions. Forces are investigate
mathematical proving for Newtonian fluids and Eulerian coordinate. Finall
external force as a new force, enter to the drag coefficienttiegsaDrag
coefficient is included force coefficient. Drag force is entered in mome
equationsDrag coefficient is used in twphase systems which bubbles and li

Keywords: are activated as dispersed and continuous phase, respectively. Bubbles a
carbon dicide are in contact with each othen separation surface on bubble. Drag forc
drag coefficient created slip on separation surface. The drag coefficients are investigated d
drag force on the size and configuration of bubbles. The drag coefficient of Krishna
gas- liquid two - phase system used dependemn bubble diameter. SchillerNauman model drag coefficient

Newtonian fluid estimated with 9% error and dependence on bubble diamietehis article, th

modern drag coefficients are studied independent on the diameter and sha
bubble. The Drag coefficiesit are resulted theoretical, mathematical
experimental independent and dependent of diameter bubble. The ne
coefficient is presented dependent on surface tension and diametertofvéh
hole with 6.3 of error approximately.

1. Introduction The drag coefficient is obtained with study of the order
Towers are applied with gadiquid system in large part of magnitide in mathematical equations fdifferent

of industry [1]. Momentum equations are governedforces and direction absolute valuethe separation
towers. Bubble columns are designed in biochemicakurface as well as solvingoverning mathematical
processes, such as fermentation, biological waterquations [23].

purification and fuel cells production by synthetic gasOverall purposes of present paper are as follows:
conversion processes and chemical processes such as

polymerization, chlorination and oxidati¢h]. Bubbles e The drag coefficients are presented varifarses

are distributed in liquid phase in the gas phase bubble evaluationwith excellent precision.

columns, from the bottom of the tower [Bhapes of e The drag coefficients are obtained independent on
bubbles are varied depending on different velocities and the diameter and bubble shape. Equal equations are

liquid-gas flow regimes. offered to the bubbles diametesally. There are
Various forms of bubbles arelevelopedsuch as replaced to equal diameter.

spherical, elligoid and cappubble [9]. Researchers are
received main problem in liquidas system [9]. 2 previous works
Important problem is analyzed drag -coefficients

independent on the diameter and bubble sf2gje
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The drag coefficient of the twephase fluid is 01, pq.U U, &, and g areliquid-phase density,
obtained by several researchers (Allen et al 1900, ¢ hasz densgit g” Uid velocity. gas velocity. qas
Langmuir et al 1948, Dalle Ville et al 1948, Gilbert et al hage fraction an)é'li ﬂiphase frac)t/i’or? res ectivgl’ 9
1955, Moore 1963, Kurten et al 1966) [2, 35486, 7]. P Momentum e uat?onS' ’ P y
(Abraham et al 1970, Clift et al 1970, Tanaka %0, q ' . . .
. Balance of momentum is obtained with the
Ihme et al 1972, Brauer et al 1972, White 1974, Ma andccumulated and momentum flux composition tioé
Ahmadi 1990, Grevskott et al 1996, Tsuchya et al 19973l ) P
. molecular and convective momentum flux, Pressure,
Lane et al 2000, Tomiyama 1998, 2004, Hameed et %Ira and other forces
2015) [8,9,10,11,12,13,14,15,16,17,18,19,20]. Igor asohase morﬁentu uation is:
Schiller and Newman(1935) [21] provided drag gasp ' ®a '
coefficient by dividing the bubbles shapes in different —(&,04Uy) + V.(e,04U U,) = —£,VP,

streams after precise measuremeoitsbubbleraising ot
speed. The drag coefficients are obtained fuitable + V.4 (VU +VU)) =M, +p69 4
Ia;('jvanc.ed equation @spersed fI_ow for_bub_ble forms. And for liquid-phase:
igurations are consisted sphercal, ellipsoid and
condensed cap particlesll drag coefficients depend on —(g,pb,) +V.(g, p,uu,) =—£,Vp.
the bubble diameter. In this model, Drag coefficient is Ot
showed constant valder spherical forms. +V.(5|,u|e”(Vu| +Vu|T))+ M, +p&9 5

Ishii and Zuber (1979) [22] Suggested a correlation
coefficient for different bubble structures in a wide
range of Reynolds numbers. The Drag -coefficien
provided depending on the bubble diameter. The dra
coefficient is shown value constant for spbakishapes.

Krishna et al. (1999) [23] proposed a drag coefficien
for bubble movement in gdguid towers, in Euler
Euler coordinate based on the slip and gas hold up f
hydrodynamic sieve trays. The drag coefficient i
presented depended on theardeter, but in the 33'1' Drag force
momentum equatiorvanishedusing the Bennett et al
(1983) [24] relationship.

Noriler et al. (2008) [25] showed correlation
coefficient for the towers in the EuleEuler structure
and dependent on bubble diameter in gadiquid M =§MC ‘u —u‘(u —u) 6
sygem. ol g4 ¢, P°re e T

Zhang et al. (2008)2[ b provided drag coefficient
based on proof mathematical equations, for dire
movement gf the bubble in the C;tatic fluid via thg\Where G, Co and Mg,
balance of forces interacting on the bubble.

g andg, respectively, show molecular viscosity and

gravity vector of kphase.p« is pressure field and has
me value for gas and liquid phasgs; pg. Mg, imply
omentum transfer between the gas and liquid phases.

‘ln addition, the momentum flux is caused from speed

luctuations and turbulenaghich there are incorporated

J')rp diffusion.

The drag forcés slip on separation surfacene of the
factors affecting momentum transfer. The drag force per
unit volume is:

are bubble diameter, drag
coefficient a relationship entering in momentum
equations and the drag force per volume ,unit
respectively

Now, applicate relations for simulation are described.

According to Schiller and Neuman approach in 1935,
Drag coefficient obtained pursuant to the result. This
method employed was also employed for -bgsid,
lmiuid - liquid as wel as solid- liquid systems.

For condensed spherical particle:

3. Mathematical model

The model is consisted ghquid system in the Euler
- Euler structure. The gdgjuid phases are interacted
together possess separate continuity and moment
equationsThe continuity and Navier Stokes equations
are written with average Reynoldsrfgas and liquid

phase as shown in: 4 relations. In the dense spherical particles for Reynolds:

Gas phase: o4

0 C, (spherg=——(1 40.15R&%*""
a(ggpg)—i_v'(ggpgug)zo 1 D( p e Rem( é‘ . 7
Liquid phase 0 < Re <1000

o Ren is mixture Reynolds number:
a(5|p|)+v-(5|/0|u|)=0 2 pl‘u—g_LTl‘Db

Re, = 8
Total volume of gas and liquid is obtained as: Hm
g,te =1 3  To measurenixture viscosity piy,:
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a 3
g 72-5amax( 0.4 )l (qu+)
Mo = 4l —) #R 9 Rre-_24 Eo 18
amax $D MO
is maximum amount of mixture and equals to . C . . .
0 ggax g A correlation distribution in regimes possessing

arious forms of Reynolds was offered by Ishii and

Ellipsoid particle region are condensed for Reynold uber (1979)7 2

above 1000: Y
_ &7 75
CD(eIIipsezgx/EoE 10 Cospree= 5 (1 0.1RE. 19
g (1+17.67 i) 11 Co =§Eo°-5 20
18.6# 3
For condensed Spherical Cap Regime for: Reynold€ o =2 21
above 1000; 3
8 _. In 1999, thedrag coefficienCy for simulation of
Co (Cap)=§ E 12 computational fluid dynamics and liqughs towers
E —(l-z,)? 13 with Drag correlation wagresented byKrishna et al
T % [23],
Dalla Ville in 1948 provided a relationship used for 4(p - p.)gd
computational fluid dynamics in terms of Reynolds C_ =_'—929 29
number. 3 pilug-u]
While axial sliding speed depended on the bubble
diametler X aing sp P ! This equation was presented within the Eul&uler
' 48 framework and used to raise swarm bubbles in the
C, =(0.63+ _')2 14  turbulent region.
VRe
Reynolds is given as equation 14: U,
pIUSIip dp ‘Ug —u ‘ = f average 23
Re=———— 1t g
H , . . .
Ug, is the slip velocityp, liquid density, x In this equatlon,‘ug —u,‘ls relative speed between
dynamic viscosity [4, 2. gas and liquid and can be estimated as a function of

White in 1974 proposed a relation depending on

bubble diameter in order to simulate for gigsid surface speeth, =Q /Ay, f; “““or average gas
devices, this Computational Fluid Dynamics relation, i _ , _
used [13, 41]. P y %oldrup was obtained from the equation provided by
24 6 :
C, =044 2 16 Bennett et al [24]

In 1976, Grace et al carried out dimensional analysi§ 2*®*=1 -ex Py C)gl
for individual bubbles going up in static fluid. Grace et P— R
al concluded dynamics have fully expressed in . o
accordance with dimensionless syfoups such as EO,  Correct replacemens appliedin momentum transfer
Re and MO. Note that the Re shows imribrce per equation of separation surface, in proper formC&éD
viscose ratio. EO is floating to the surface tension force
and MO is group property[z%]:f t wo Phases. c 1is based

24

Re 1++/Re
{ 12.58¢ .

tension surface between the two phases [29, 42]. 1 1
My =f,(p —g)[ 25
gl g\~ averagey2 (1 _ £ averay
4gd, (o, _pg) . . . U, 11779 A1)
g =— > . ellipsoid For the stock regimei]
:p 17
C, =24/Re, Re <1 Re, - pUeds 26
C, =0.44 0<Re <1000 Hy
24 27
The first relation is for ellipsoid bubble. Co :R_
Dimensionless values combination is as follows: &
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In another form of CFD applicatiorare assembled F, = gu, )
simplified equations of overall system steadystate
conditions. This problem is empirically calculated by , 3 C, l‘“ " |
combining the following equations; the average drad’ 4 § d, L
coefficient pforcefrgs showrintheg e dr a g
form of equations  and @ due to its application in

multi-phase and twghase fluids.32]

Table 1, Models of drag
coefficient

28

29

Researchers

Drag coefficient

Allen et al (1900) [2, 40]

Schiller and Naumann (1935) [2:

Lungmuir et al (1948) [3, 40]
Dalle ville (1948) [4, 42]

Gilbert et al (1955) [5, 40]
Moore et al (1965) [6, 40]

Kurten et al (1966) [7, 40]

Abraham et al (1970) [8, 40]
Clift et al (1970) [9, 40]

Tanaka et al (1970) [10, 40]

Ihme et al (1970) [11, 40]

Brauer et al (1972) [12, 40]

White (1974) [13, 41]

Grace (1976) [29, 42]

Ishii and Zuber (1979) [22]

Ma and Ahmadi (1990) [14]

Gravskott (1996) [15]

a)C, =10Re™? , 2<Re<500
b)C, =30Re**** 1< Re<1000

a) C,(spherg= 24 (L+0.15ReX®)
Re,

Re - = (1 %4 25 g #0400 g 1)
m T ’ m =

Hm max

6/7
) Co ellpsg - 2 Eo , £ = LL767T)
1867f

c) Cy(cap :éE/ , E'=(-q,)*
24 .63 4 .38
Cy, = R—(l+ 0.197Re™%*+ 2.6 x10* R€"*®) , 1< Re<100
e

4.8

JRe Y
C, =0.48+25Re*®® , 0.2 < Re< 200C
48 221
D~ R - Re’?

C, =(0.63+

+O(Re’5’6)}

Cp, =028+—73 R? +é

C, =0.29241+9.06Re Y2)? , Re< 600C

C, = % (1+0.15R€7) + 0.42/(1+ 4.25x 10 Re™®) , Re< 3x10°
e

log,,C, =aw’ +a,w+a, , w=log,,Re, Re< 7x10*

C, —036+ 4.48 ;4,Re<10“

0573

Co, =04+ R:UZ +ﬁ Re<3x10°

(O *O44+ﬁ+ 6

Re 1++/Re

_4 (p. £y)9d,
pU7
24/Re,Re <1 , bubbleis spherical
{0 44,1<Reg <100Q bubbleis spherical

G , bubbleis ellipsoid

CD‘SWE Re (1+ 0.1R€")

2
C :‘A'ECPE
° 3

8

D.cap — g

C, =24(1+0.1Re"™®) / Re,

C

5.645
Eo'+2.835

b =
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. 24(1+ 0.15Re™*)/Rg,
Tsuchiya (1997) [16] Co-(-sy) max{;( *EO )/ Re
3Eor d
Tomiyama (1998) [18] C,o- max{min{ 16,1, 015RE, @} 8_E }
Re Re| 3E,+4
4 I~ Fg 1 Ug ]
Krishna et al (1999) [23] Co =§p plp d T g —“|\=fTerage'Ug =QA

average p A
(Bennettet al 1983 , ;¥ _1exp{ 1255U, p_g,a)091:|
! 9

Lapple [33, 40] C, = %(u 0.125R€e*™?) , Re< 100C
Rumpf [34, 40] C, =2+240 ,Re<10
C, =1+24 ,Re<100
C, =05+240  Re<10’
Tomiyama (2004) [19] 8 Eo(l- Ed?) "
Co _5 E23E 2\4/3 f(E)
0+16(1- E?)E
; 6 21
Noriler et al (2008) [25] C, :o_ng,Rfem_)ﬁLFTe
C, =0.29241+ 9.06Re °°)2
c 34 -prla  _ 6V
Li Zhang (2008) [16] P4t puZ "z
_ 32 (a+1/2) Ho . o
Hameed et al (2015) [20] Co = (R =) ( 47[(/J()+M)(2ﬂ+sm(ﬁ) sin(28)
7 $3

- %sin(3ﬁ) L2t

/’ll
))(1+ 0.15Re”%¥7)

0 i

Mathematical relations23and 3 [34]:

Added mass force for namiform flow interacts with
bubble. Because of steadyte flow is entered and it is
monotonicthe added mass force is ignored.

= D(u,—u
Z F=ma FV = _gngpIC:\/ M 35
Dt
Where; Gravity force emerges from interaction of the
F +F +F.+F. +F +F +F gravitational constant, the bubble mass, the equivalent
WF boy T Td TG T Teen T et T Tam bubble mass and equivalent distance.
=R B (mmy)
. =G—"1

Where F,,F,..Fo. Fq . Fs.Fqy,Fy andF,are re 36
Inertial force, added mass force, external force, Equivalent bubble mass is analyzed equal to the total
centrifugal force Center gravity force, drag and sum of available bubbles in the investigated tower.

buoyancy force bubbles weight.

1

mg—%g—ECDAAUﬁG(%)
eq

D(Ul_uz)

+ rT"ga‘cen-’-m.u_gl‘S‘ZPI(:\/ Dt

34

=ma

52

Equivalent distancas equal to total distance of all
bubbles. Bubble mass is calculated by multiplying
density in bubble volume.

m = pgvbub
If the bubble diameter is estimated as 0.000@D1

m, bubble volume isestimated as 1010%8nT.
Density is also in the order of one, multiplying mass
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order in the volume of the bubble the order of bubble Pg+ P Nowpe » MU and d, are liquid and gas

mass is 16108k glf.the bubbles number in the tower : .
is in the amount maximum 10,000, the amount ofiensny, bubble volumeéyiass flow of gas inlet and gas

equivalent mass via multiplying the bubbles number irY€locity in equivalent outlet and diameted, is the
order is equal to X0'%kg. Equivalent distance of terminal velocity of the bubbl, . ,a andgare
bubble with another bubble is in order 61000 m. The  jnertia bubble rotational acceleration, and gravity

g][a\;lgatlonal c(;onsta_nt is of t{‘e ?rder of 1I-.O|t?_’lacehr_nentf acceleration. Balance form is investigated under steady
or these orders In gravity 107ce relalionship, Tfgiate. So,F, =ma or inertia force is equal to zero.

maximum values of gravity force [39]: b _
After simplification and ignore the very low amount

F. ~10 10°° Xlozlo_g 3 orders and the forcebat are perpendicular to the drag
¢ 000 forces. Forces are removed in steashate and relation
And for minimum values of gravity force: 4 s obtained:
10 x10™ 1 d 4 d
F.~10"———— ~10*% 39 ZC pa(2)U2=p S 2(2)
G (1)2 > 0P (2) =P 3 (2) g
The order of gravity force is ignored in balance force ﬂﬂ(g)s
equations. -p _”(9)39 Tmu3_2
The order of the centrifugal force idecreasedin 9372 Voub 47
opposition to the surface tension force and centrifugal Where[34]:
force is negligible. Mass and bubble radius are very low ! .
order against other forces. B mu
Mg-mg-+Cop AUZ + ma, C =i‘((p' pg)g+Vbub)d 48
2 D/ T en D 3 plu_l?
+mu=ma 40 The dag coefficient is used for Reynolds<ORe <

3000. For Reynolds numbers above 3000, the drag

coefficient amount is 2.62 [35]. The drag coefficient is
41 Obtained external forces precision increasing,

significantly. The drag coefficient is analyzed the most

1
5 ConAUT =mg+m, (.~ 9 -a)

+ relationships diameter precision at low Reyisol
Fluid contact surface with sphere is supposed to b& P Neter p :
circular: _The drag co_eff|C|ent in terms of Reynolds number is
q given as equation%4
A=rz(=)? m°u
2 42 (o —pg)9 + )d.
C, :f bubble 49
m = pV, 43 2 42
PG
Given bubble is also spherical: proou dg
4 d
Vo ==7(=)° 44 After arrangement ofterminal Reynolds number
3 g 2 g equivalent parameteis relation:
1 Dyeyz -, 4Gy m'u
R Conm(QUr =pigml)e (o = pg)g+—)d,
4 d., C :f bubble 50
4 d, 37 ° 3 piuzd? o 1 ul L1
+p,=7(= -g-a)+mu T XU XX
pg 3 (2) (acen g ) Vbub 45 ‘Ll|2 ,0| deZ
Reynolds dimensionless number is [36]:
After arrangement of4 51
Re]— — pIUTde
m°u eminal P
4 plg+pg(acen_g_a)+v !
— bub
Co 3 U2 d 46 M, is liquid viscosity. Reynolds number @b gives:
L
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the same time. Mtiply the numbers of bubbles in the

m°u
4((p| —pg)g +V7),0| d: number of hole are given total number of bubbles in
Cp=— 5 bubble 52 steadystate conditions.
3 H Rel’erminal VG = SGVTower 57

4. Conclusion
4.1. Approaches removing bubble diameter in drag Viower = A L 58
coefficient relationship

There are manyelations for different towers which Vs total
can be used according to the shown relationship toViuppe=— 59
remove diameter, in the drag coefficient equations. mn
These relationships are presented the bubble diameterqnang m are number of holes and bubblegoiwer,
terms of other mathematical parameters have their own _
specal accuracy. Due to the accuracy and placement figspectively.
drag coefficient relation, So Dragoefficient can be 412 Mass flow rate
shown independent of the bubble diameter. _ _ _
4.1.1. Bubble mass The bubble diameter is calculated using gas mass flow
One way to calculate the mass is equalization of bubblgte |n this method, the equivalent bubble diameter is
diameter its equivalent amount multiplying the density
in the bubble volume.

calculated by mass flow rate of incoming gas of each

4 d 53
m, = oV)e = pe —7(=)° hole.
3 2
. . qo |AMe 60
Extracting the diameter from 53: =
PclUc?
6m, 54 Calculated bubble diameter using mass flow rate is
d=3 o calculated via diameteéndependent drag coefficient.
Bubble volume is obtained frons5 o —p)gs m'u, )W
-
Vbubble=g7f(%)3 5t C. = 4 ’ Vouooie | PcUc” 61
~ D —

3 pU7
54 is placed in 48:

Terminal velocity in the range of bubble diameter

m°u , |6m,
4 (o) —pg)a+ "™ )3 Do larger than 1.5 mm isqual to [37, 39, 44]:
CD == 2u < 56
3 AT _ 2_U+g_db 62
d is bubble diameter and can be considered as thg dApo 2
most accurate diametem’ is mass flow rate of hole in The velocity inside of hole is given as follows:
which bubble is entered to fluid. . .
m m
One way to calculate the equivalent mass bubble ¥ OcA (%)2 63
steadystate conditions is that having bubble density in Pa’t 2

hand, only bubble volume is necessitated to obtain the

mass. Having the gasolume fraction ¢ and the . .
4.1.3. Surface tension and hole diameter

volume of the gas liquid contact toweY,,,., Total ) _ . _ _

: : o The main equation depending on the diameter is same as
gas volume is obtained. Multiplying tower surface Arelation &
and its length L, total volume of the tower is obtained. ' .
Mass bubble is given with dividg the total gas volume (o, - p.)g + mu
to the number of bubbles, equivalent bubble volume. 4 ! g
The number of bubbles in steasitateis obtained via Cp =
measurement of time needed to increase bubble average
and the number of bubbles are separated from hole at

)d,
Vbubble 64

pUT

w |
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The range of velocity inside of the hole is 1m/s and
less. Mass flow rate is measured By 6

d 70
* d ? U = 20- +h
m :PGUOAZPGUOE(%) 65 T d,Ap 2
m°u ,,6d,o. 3
Reynolds number inside of holes is obtained by 4((p' _pg)g+vbubble)( Ap) 71
relation &: Co =3 U2
u,d 66 T
Re, = Pg¥olo
Hg 4 dy.s
For very low flow rate of gas: Vousble = §7[ (Eb) 2

Qso <[20(0d,9.)° ((g8p)* pPT** 57

The amount of right side is 0.015718 and values of_, . : I ,
variables and volumetric flow rate of gas in the left are This rela.tlopshlp. |Srue.for hple diameter up to 10
given in Table2. So mm. For liquids with a viscosity of up to 1000cp [38,
Relation 68 is applied to measure bubble diameter g9l
contact with water [39, 43]. Q

6 d, = 2.31zﬂl_ GO )1/4 73
_00-)1/3 68 PL9
Ap

To calculate terminal velocity, _single bubbles is |t error percent is measuredCE —Cp Rea «100.,
swarmed to the water. For bubble diameter less than 0.7
mm, terminal velocity is given by relation 69 using

stock 2 soo baw [377]. total error rate than the top and bottom of the standard
U. = gd; Ap 69 figure are 6.3 approximately
T8y

db:(

D, Real

For bubble diameter larger than 1lf&he viscosity of
the liquid is low, the terminal velocity of single bubbles
that are warmm in water, up to two nemero digits, is
obtained by relation 70 [37, 39, 43, 44]:

Drag coefficient
300

250

200 Red line------ Calculateddrag coefficient
Blue line---- Real drag coefficient

150

Draacoefficient

100

50

0.1039 500 501 &7R8 12®/R 1717 1718 1752
Reynolds

Figure 1; Diagram of Drag Coefficient Terminal Reynolds
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Chem Rev Let2 (2019) 4858

tension on the terminal Reynolds numbers and other parameters [39].

m’ Qeo = vV V;
aGm | gy | Re | Tyl am | g | Re | G
(m/s) . s (m®)
0900 0.5}('21%,1500.2511'0018‘0'9001.0740.0co.1 A
0000( 0.5 i'gl(;fo 3'015 i'517010 0'800 1'3’1‘891' 0.3 5000.2
0000( 1 |37 >0 1'815011 000 i'?’l‘;gl' 0.3 501 0.2
000005 0. 5| 72711 s i.912095 0-001389%8 0. 257507
0.00 0.23('%%796.3‘}('5127 0'700 i'115071]0.2 1351, 4
0.0d 0.0 23715 1'5137 000 23221 0 2178
0.0d o. 1] 22CH 1'315070‘0'600 2322 02ty ®
0.0q 0.0¢2% ;|3a9s OTP10 0023 g ol s 1y
0. 04 0.20'600127.23105 00 ooooof 0. 2] 46227

Table, 4. Amount of Error Percent in different Reynolds in addition to the real drag coefficient and calculated is

Table. 3.Property of water filtered and air in 3(9[35].

Py 1.21Kg/
P 99&Kg/m’
U, 0.0010Xg/ ms
o, 0.072N/m

shown [35].
Terminal | calculated| Real drag Error Percent
Reynolds drag coefficient Co —Cp real
Re, coefficient| C, e (C—’ x100
CD D, Real
0.1039 251 241.23 +4
500 0.222 0.218 +1.8
501 0.222 0.2185 +1.6
578.8 0.3029 0.295 +2.6
1358 1.488 15 -0.8
1717 1.883 1.92 -2
1718 1.883 1.928 -2.33
1752 1.881 1.928 -2.43
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5. Conclusion sharif, Heat transfer measurement in a thplkase directontact
condenser unde flooding conditions, applied Thermal
The drag coefficients are investigated depended on the Engineering 95 (2016) 10614 N _
size and configuration of bubbles. The drag coefficien 1] L.A., Schiller, Z.Naumaan, A drag coefficient correlation
- . . Ver Dtsch, Ing. 77. (1935) 138.
of K_”Shna etal is used dependent O,n,bUbble d'ameterQZ] M. Ishii, N. Zuber, Drag coefficient and relative velocity in
Schiller - Nauman model drag coefficient is estimate bubbly, droplet or articulate flows, AIChE J. 25. (1979)
with 9% error and dependence on bubble diameker. 843-855.
this article, the modern drag coefficients are studiefk3] Krishna, Van Baten, J., Ellenberger, A.P., Higler, and
independent on the diameter and shape of the bubble. ~ Taylor, CFD Simulations of Sieve Tray Hydrodynamics,
The Drag coefficients are resulted theoretical, Chemical Engineering Research and Design. 77. (1999) 639
mathematical _and experimental  independent . _an 4] D.L., Bennett, R. Agrawal, @ P.J., Cook, New pressure
dependent of diameter bubble. The new Drag coefficient ‘yyop correlation for sieve tray distillation columns, AIChE J,
is presented dependent on surface tension and diameter2g, (1983) 434 442.

of thetower hole with 6.3 of error approximately. [25] D. Noriler, H.F., Meier, A.A.C. Wolf, Barros , M.R. Maciel,
Thermal fluid dynamics analysis of gdiquid flow on a
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