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Abstract — In absorption refrigeration system, it is well known that water vapor absorption into adjtréoos bromide
(LiBr) solution is enhanced by addition of surfactants. The Marangoni effect plays a role but its mechanism is not clearly
understood yet. In the present study, the enhancement of heat and mass transfer due to Marangoni effect was investigated using
mathematical modeling and numerical simulation in the falling film type absorber. We have developed an advanced Marangoni
convection model which is able to predict the velocity, temperature and composition distribution in the falling film type
absorber. Based on the model, the effects of Marangoni convection on the heat and mass transfer in the absorber have been
examined. As results, the efficiency of heat and mass transfer has been increased due to Marangoni effect. Atidtthe sens
analysis of different operating conditions for Critical Marangoni Number has been carried out. The Critical Marangoni Num-
ber has decreased as the inlet temperature and composition of the water/LiBr solution has decreased. In other word, these con-
ditions of solution can favor instability of the falling film.
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Fig. 1. Comparison of (a) vapor compression heat pumps and (b) absorption heat pumps.
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Fig. 2. Schematic diagram describing the gas absorption in the falling
film absorber.

d Newtonian-f-A| o] A| 28-S A g o]t

9,]% oﬂ_% 03036‘]—2(_41 %/ﬂ%k—‘;oﬂ % ul 15_1;_7]_

g A2 Arhal 7PYsig 2udEe
2 7P st

(3) 71-8 AW G5t {3 de ot

(4) 71Age] Ed7E 4

2 3 g A FAE 5 Yt
(6) W7ol 2= T dAsht
(6) A 2 FAIZ = At

£ ewsh §49) Fuo) weh W
2 soure A7} vl ke e B4
o gl BBY AR ne we Senhee sl ZAEeA
F7h Dok o U 9wl Aol dojui), B o ¥
s 0 GAEREG S
Y52 Ao R

1] S8 thest o] B W

mlotl o, r&

_1

=4 o}ﬁit‘r.
XD—_ yo=X yo=-Y%_ yo0=_Y
Lo D/L D/L,
pD: p tO= t TO= T_TO wl= W_WO
2’ 2,5’ T.-T, W, —W
ubD/Ly Ly'D e” 0 e~ Wo

=]

M40d ®M25 20024 43

3] - o718 - 299
AurA ) A Al (1)-61 o) P FA HaeE =Y
Alz=glo] gk b A A B A4S vh2F 23]
ou, du
oz U
ianc ax+ay 0 (6)

—+ 0 @)

ox" Yy 090X ax? ay’O
v du_Dop o o%0 &
Yox Yoy = SCIS_aeraszrayZ%thDz ®
dT 9T _ Scp’T 970
BERA - (|—
AUABAEA: Uz +o dy PrE’.JJ'ayH )
w  9°wO

2, WL Q0 (W O (10)

7<1 2
=R X 0y  [pyd

Ealn

BAZA 1 x=eA] BE yoll st (FaLer] ¥i)

UG, Y)=0, V6, )=0, T6, =0, L(zy) = (11-14)
AR 2 %<0 B E yoll DIl A1)

O, Y)=0, T(O, y)=Fungw(0, ). p(0, y) (15,16)
0y =ES0y) an
52(0.y) = Mar 5 (0,y)+Ma, 57 (0.y) 18)

714, Zhzbe] 2947 (dimensionless numbél) 2= T3} 74}

m HC, _ —AHPD(W,-w,)
Sc—pD Pr= K JE= —k(Te_TO)
LYy Bl
y _wT%Te—TO)é y _wwgwe—wo)é
aT_ uD ’ aW_ uD

AAZA 2 (16)e €984 HE B4 5 Ve 2188 412 Table
1o ERHATE 4 (17) 7]-8 AAA L] AUR|FAE 4] (18) A
& 42 (shear stresg) 34 (surface tension) &3 22 71e] 43
£ Uehle FAd A o]t

A EqA %%}01501 At 7159 dTolA] A AR O
02 FABAE A A g 51 Ao ulde =z Sis7] W
ol g9 35 HJ%‘H y e R 9] o5& A 4 (8) F
of ofgk a7 EdhE|of §) A A —rf’a
AHE-EF 2REs) el %"]—“EE‘S% AH8-8F 21 FrehR- v (Finite
Volume Method, FVMg- o]-& AAZAL FARAF
3171 915 X]—f@ro}ﬁi‘:‘r[S]-

2-2. &=X[2AF E|E
B AZgM = 1A -5 (velocity field)s 75171 s dEkE o

Table 1. Physical properties and dimensionless number

D 1.43<10°%m? - sY P 2.315<10°[Pa]
g 9.8[m- s7 Sc 1774.0

u 3.83<10%[kg - m? - s Pr 16.17

p 1.62x1C° [kg - m™] E 1.4

W, 40 [wit%) T, 290 [K]

T=1.458w+242.6 at 2.315 1C° [Pa] Eq. (16)
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: heat capacity of solution [JAPC]

: diffusivity of solution [nf/s]

: gravitational acceleration [m]s

: heat of absorption [J/kg]

: thermal conductivity of solution [Jfsm - °C]

: width of absorber [m]

: pressure [Pa]

: time [sec]

: temperature of liquid [K]

. initial temperature of liquid [K]

. velocity of liquid in xdirection [m/s]

. velocity of liquid in y direction [m/s]

- mass fraction of water [kg of water/kg of solution]
. initial mass fraction of water [kg of water/kg of solution]
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X : coordinate in the horizontal direction [m]
y : coordinate in the vertical direction [m]
Jz2|o|A 2Xt
U : viscosity of solution [kg/m s]
P : density of solution [kg/r
) : thickness of falling film [m]
o : surface tension [N/m]
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