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A Numerical Model for Heat and Mass Transfer Processes
within a Vertical Tube GAX Absorber
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ABSTRACT

A numerical model which simulates the simultaneous heat and mass transfer within a vertical tube
GAX absorber was developed. The ammonia vapor and the solution liquid are in counter-current flow,
and the hydronic fluid flows counter to the solution liquid. The film thickness and the velocity
distribution of the liquid film were obtained by matching the shear stress at the liquid-vapor interface.
Two-dimensional diffusion and energy equations were solved in the liquid film to give the temperature
and concentration, and a modified Colburn-Drew analysis was used for the vapor phase to determine
the heat and mass fluxes at the liquid-vapor interface. The model was applied to a GAX absorber to
investigate the absorption rates, temperature and concentration profiles, and mass flow rates of liquid
and vapor phases. It was shown that the mass flux of water was negligible compared with that of
ammonia except the region near the liquid inlet. Ammonia absorption rate increases rapidly near the
liquid inlet and decrease slowly. Both the absorption rate of ammonia vapor and the desorption rate of
water near the liquid inlet increase as the vapor mass flow rate increases, but the mass fluxes of the
ammonia and the water near the liquid outlet decrease as the mass flow rate of the vapor increases.

IsMy ¢ : zENEE

k dP=E [W/m -K]

B W% #AX, Fig. 1 [m] K 7149 22AEAT [m/s]

By, : 7149 fady —“rvﬂ Fig. 1 [m] L F7719 "ol [m]

C : dEYole B[R m F4€ [kg/m® - s]

D : BAFUAF [(m’ /s] b %9 [Pal

f; : Fanning v} &A% ¥ w7 wrgko] B FE, Fig. 1 [m]
R |9 WA E, Fig. 1 [m]

+ FUtD oy Re @ Reynoldss

= 339, FAUs 7)AT % T ex [T]



#2989 GAX &47] 43l 2 ¢ 84| e AT 103

t @l T4 [m]

u Zarer 5 [mfs]

x Zwrer FE, Fig. 1 [m]

z Z4me 7l dedel HEES

ag|A2Xx
@ dgaAF [m®/s]
r AIFF (ka/s]
8 darel £A  [m]
dx A e FwEF do] [m]
¢ g urgke] A4 o)
] BAuge) RaE AR
A g2z T4 [J/kel
© d44A% [kg/m-s]
v ERGASF [m?/s]
3 Zurgkol FA 49 HX
o BE [kg/m¥]
. ¢ AAIA FARY AAEE  [Pal
st&E X}
b ;99 T (bukk)
¢ Ty
g L grol/aEr] EFIIA
HO @ &
i o e d(node)e} ME
in I
{ ool
NH; : d=rel
s o dutst EF)A] BA
ot 1 YRYHE
.M B
F44 dyze sdrle BAF2E BAA
2+ AT 22 A9 F add CFC Yo
B A EEA g FEE 2u glofM HE dE
o] Wil Ay AREHI Qo AIdq= 7t
Hegozw A% FTYA F42 GHEEZE L
= d7E0 gusA 2ghn AP

FEolE GAX AlolZ F44 gUTE of

FH ol AFEL Aol Hlaste F&27}
Zrwets A Asrt w7 diEd aRdMe o
TUolES ALEEE GAX Apejgo]l FAET
299 A4 Yadrlz ggse] B AFuF
351 dod, FUIAE dEYoHE GAX
2o AggeaE ATE fF98m Q90
42 9yze @ % FAFLHRAFL R
542 Abgdol wa fe st g®
GAX AlolZ 42 99Z9 BA$ GAX A&
g 2@ 2AAG] AT @ AtolE A A

AeAeg A R3a ==
GAX 489 4 2 BdAZSE P37 e ¢

EF7ldA dolvtes € 2 EFdge] W
A7Ee wEE Z/LiBrol tsle o|FoH:,
AR ol/EL AgdE FFrd oiE A7
ok @2 @rth Briggs®E GEYHE FH4
AFgx F57]9] FFF(cocurrent), o FF(counter
current) 5716 di G Zdg& AAHG
31, Guerreri®} King®2 #3t9)el(falling film) §
710 e SALATEE AL Perez-
Blancd”e ¢EUolE FF7IS Az FU1E
1Ixdoz ZAety s 22 AAdNE
b, 34¢L 2oy dsME F71Y §=F
hz stdeor Fvtm  AgEen], Amany
Panchal® & o) A% Ago) FLel/E
o0 dRYolZE7I FFEHE HAA UAE
gape FHLT,. Kang® Christensen®e F&
T(vertical fluted) 24 # GAX F719 HFF
2de AN}RR, F41E 2P0 At
F58S EolEd 3719 £58 HUR stoof
st ASHatgdrt. Shailesh SP& #5¥ AN
719 ARy FFE7R o) R GAX 2
g Hdzzage ALit. AEEH =%
g0e yzreg q2d RUHE FFHYE
7ol F47l¢ dig 2xd AARAE A
o, Kim'e HBPe o) &dte FHUldN
Yojvs 4 ¢ ERALEGE #IAt
AEHA AANE F5719 HqELELS FF
7) Wy ¢t=ol gAY A g ArgEe
vz 27 A maE ddeE L 125
ekotrh. ey, At sixe] HAH &
= 7lale Ao e duo S SR I
AZAQ FLGg vAnz EAAG & e

=



104

From rectifier

To rectifier

! GAHX]

GAXD GAXA

vapor} lliquid liquid] | vapor

—

| R
SHD { } sca
1
H

Coolant

3
4
1 From evaporator

Absorber

<
Flue gas GFD HCA

Generator

Fig. 1 Schematic diagram of a GAX cycle.
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Fig. 2 Schematic of a vertical
tube absorber.
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Table 1 Geometry and reference operating
conditions of the absorber.

Parameter
Inner tube diameter {(mm) 25.0
Outer tube diameter (mm) 31.0
Inner tube thickness (mm) 1.0
Length (m) ) 2.0
System pressure (bar) 46
Solution inlet concentration (%) 9.6
Solution inlet temperature (TC) 120.0
Solution inlet flow rate (g/s) 3.0
Vapor inlet concentration (%6) 92.0
Vapor inlet temperature (C) 80.0
Vapor inlet flow rate (g/s) 1.0
Coolant inlet temperature (C) 77.0
Coolant flow rate ( £ /min) 12
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