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Numerical Prediction of Multiphase Flow with

Chemisorption

Sumitomo Chemical Co., Ltd.
Ehime Works
Naoki SHIMADA
Tatsuya OzAk1

Process & Production Technology Center

Tetsuya SuzuTa

A new computational fluid dynamics model was developed for application to compressible bubbly flows
with chemisorption by taking into account the dependence of phase densities on components. Then, a numeri-
cal method for solving the model was developed. The proposed method was verified through a sample calcula-
tion, i.e., (1) a simulation of a bubbly flow in a uniformly heated column of 10 m in height, (2) a bubbly flow
with CO2 absorption in NaOH solution and (3) a chemisorption in a bubble column. As a result, it was con-
firmed that the proposed method gave good prediction for the effects of pressure, temperature and chemical
components on phase densities and for the time evaluations of chemical components and gas holdup.
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BEEE  Examples of computational fluid dynamics
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1k:1155 8 Basic Equations of the proposed model
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volume fraction X
(XG+Q‘L+21(XBm =1
o=

conservative equation of [for bubbles]
mass Q0 __ Omm Duwpinm
ST V- (0tgn Vem) = P V>

[for continuous liquid phase]

dou. V-(ouVe) = - 2L Depr | 1

ot p. Dt

[for continuous gas phase]

N
cB cB AE
ZIFBmBm‘— T'GBm— FLBm]

=

N - ;
S - rGALLj

JdoiG y__0c Depe | 1 _ AE]
5t +V-(acVo) = oo Dt T 6L
conservative equation of [for bubbles]
momentum Won |y VVi=- L VP g- (Milo + Mis)
ot PBm
[for mixture of continuous phase]
. N
Ve Y Ve L VPR Fige S (Mi+ M)
ot pc pcoc m=1
conservative equation of [for bubbles]
w E
energy DryTom _ _ 1 V- (OBagun) + Qrn+ Qr};)m B 1 (@ QL)
Dt OBmPBmCBM OBmPBmCBm OB PBmCBMm
[for mixture of continuous phase]
Ve 0E+ om N
DeTe _ 1 g (qeq) + Q@@ 1 $on L o)
Dt oepeee ocpece et
conservative equation of [for bubbles]
component DonYimi _ _Momi__ {ownwsmi — (1 = Yomi) Bromi} — Pomi
Dt OBmPBm

[for continuous liquid phase]
DC CIj 1

Dt oupL

[for continuous gas phase]

= V'((XLPLDUVCU) + Wi + OT

aCLi DCTC aCLi DCP J

[EBLB’””BCJ{BTC Dt ' oP Dt

DcYoi = 1 V-(opcDeiVYai) + S {ogwei — (1= Ya) Bei} + @i
Dt oGPG oGPG
equation of state [for gas phase]
1y Y
p 7 pi(PT)
[for liquid phase]
Px= 2 Cii Myi
1
equations for mixture of O = Olg + oL
continuous phase Ve=Ve=T
Te=Tc=TL
pe = PLOL+ PcOiG
oL + O
cg _ CEOCLpL + C(];(XGPG

oLpL + 0Gpc

subscripts G = continuous gas phase, L = continuous liquid phase, Bm =bubble groupm (m =1, 2, ..., N), subscripts of
T = two phase for transfer (e.g. LBm ~ transfer from Bm to L).

variables o = volume fraction, ¢ = time,

p = density, T'CB=mass transfer rate due to coalescence and

breakup, T“F=mass transfer rate due to absorption and evaporation, P =pressure, g = acceleration of gravity,
MTg,, = force between m'h bubble group and liquid, Mg, = momentum transfer due to I, F" = viscous and

turbulent diffusion, FS = surface tension,

T = temperature, ¢ = heat flux due to molecular and turbulent

diffusion, @!%, = heat transfer between mt bubble group and liquid, Q.= energy transfer due to TGBm, QW =
work due to pressure, QF = other energy source, Q" =heat generated by friction, Y = mass fraction, C=
molar concentration, w = mole production rate due to reaction, D = diffusion coefficient, Bis»i = component i

transfer rate between bubbles and liquid, Bci

component i transfer rate due to I'em, Dsm/Dt - Dc/Dt = material derivative, M = molecular weight

= component 7 transfer rate between gas and liquid, ®Bwi - ®ci =
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BEEE  Phase classification in NP2 model 2
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| () Initialize p, o, V,P, T, Y |

¥
| () Calculate (9p/97)",@p/dP)" for each component |<—

| (3) Calculate (DkTk/Di)""1, (DxP/Di)**1,(DkYi/ D!

(4) Calculate Vi

| 6 Calculate, Vi, P!

A

(10) Calculate p™

Solution Procedure
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Te=Ta=Tn+ — B€E (Eq. 3)
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o= ‘g’LL (Eq. 5)
C.

Q oL Predicted

; ’ o (Eq.3)
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-1+ (272 Parameter values for chemical reaction

Reaction Kinetic constant ~ Equilibrium

(m3/s) constant (m3/mol)
I CO2+OH 2HCO3~ 5.0 6.1x 104
II HCO3™ + OH 2 COs% + H20 1x104 5.88
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m Transient pattern of CO2 chemisorption, (a) pH and void fraction (color : pH 12.5 (white) — 13 (black), con-
tour line: void fraction, 0.2% x 10 lines), (b) mole concentration of COz2 in liquid phase (color : 0 (white) — 5
(black) mol/m3)), (c) temperature of continuous phase (color : 21.8 (black) — 27.8 (white) °C) 2
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[Condition in column]

e Holdup
o Mixed quantity
e Mean temperature
[Input value]
eFlow rate [Condition at outlet]
e Properties e Composition
(Equation of state) e Temperature
¢ Condition e Pressure,
(Pressure, temperature =Performance
at inlet, heat source) -

[Correlative equations]
eInterfacial transport term
e Chemical reaction rate

PEEEN  simulation strategies for practical plants
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101 Parameter values for cyclohexane oxida-

tion

No. Reaction Reaction rate
1 CHX + O2 — R* + RO2* 0.0266
2 R* + O2 — RO2* 1.0x 109
3 CHX + RO2* — HPO + R* 9.3
4 2RO2* — AN + AL + O2 1.55 x 106
5 2R0O2* - D 0.2 x 106
6 HPO — AL + 0.502 0.0048
7 HPO - AN +D 0.0013
8 AL + 0.502 — AN + H20 0.5
9 AN +1.502 > D 0.37

10 HPO — RO2* +D 1.5x 104
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Selectivity of

Gas sparger

Liquid inlet

Gas holdup

01.6 m
(a) Schematic of apparatus

Time

(b) Time evolution of gas holdup

HPO, AL, AN CHX

Oz in gas

- — 02in Gas

Time

(c) Time evolution of components at outlet

02%

- "3
¢ o

® High liquid flow rate
A Intermediate liquid flow rate
® Low liquid flow rate

Gas/Liquid (m3/T)

(d) Mass fraction of Oz in exhaust gas

HPO+AL+AN

® High liquid flow rate
A Intermediate liquid flow rate
® Low liquid flow rate

S

Conversion of CHX

(e) Relation between conversion and selectivity

BEEEEN  Simulation of cyclohexane oxidation
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