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Approximate solutions on the absorption process of an aqueous LiBr falling
film : effects of vapor flow
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Abstract

Film absorption involves simultaneous heat and mass transfer in the vapor-liquid system.
In the present work, the absorption process of water vapor by an agueous soluton of LiBr
flowing inside of the vertical tube was investigated. The continuity, momentum, energy and
diffusion equations for the solution film and vapor were formulated in integral forms and
solved numerically. The model could predict the film thickness, the pressure gradient, and
the heat and mass transfer rate. Particularly the effects of vapor flow conditions on the
absorption process were investigated in terms of the vapor Reynolds number. As the vapor
Reynolds number increased, the shear stress at the vapor-solution interface also increased.
Consequently solution film became thinner at higher vapor flowrate under the co-
currentflow condition. Thinner film was capable of higher heat transfer to the wall and lead-

ed to higher absorption rate of the water vapor into the solution film

JlEMd Y g [ FE7EE(m/sY)
h @ gho2Ree] Hel(m)
A L Edg d3E(mY) 1Al (J/kg)
C :Fgomhye] %o debss k QA5G (W/mK)
D BARABAA L (mYs) L &5¥9/Ke)
e WA (J/kg) m o frde/s)
p 1 FHE(Pe)
 Feldeh gl o 712 8t a : dHEEW)
*¥* ol sty o 819l q” I ERHE(W/mYH)



glErzrloln 58 Fatnte] FFAAA e 24 Y5V frEe 9 145

R A3 A& (m) Aehe d W Bdady|z el Fv]e) 31&4H)
Re : glo]s=4 = F571iE BEtEA glEERvbe] 4 4-ofa)
T [ &=(T) e FaAe FEvh aog 4] &
t I AIZH(Gs) &2 F2dR e A /b g Al sl §477)
u I 4%(m/s) Aol Agor e v} A Froby
x O fElEE Al geibslys A R BAddel @4 9 1 v 3E
y L fEwde g & dEHog odfstn 1 ALAEL APH o A3
5l g EE 7 g W S5 Faze] ¥ Y
J2|ARK} 1a &3} 7HEEv
Frgdel 93t T F& vine] F4vIR
r a9 9539 dguabg-3#(kg/ms) Holy AL o] &7 FatYurae| Ankzo
8 gt FA(m) 8 OARRE AL Qloh o) Yhl S A Wzt o038
4 1 FEAAZ FA(m) o o FrubyE LAsl: F5UL LolEH
w0 A3 A 4 (Ns/m?) 48 4= A7) WRolr}. fafutel] gk pany
o Ux(kg/m*) 719 Fa-abd e Al A sieka ) 7)ol A
T DA (N) o] 2851 u). H3] T Kol gl FERvto]
= FFA Ay s 9 sl o7 71y
AHX} & @vivlel vpgiste] 3 @A A 9E o
S8 fateletal Favle] dusde e 2
— AR g o] el v} ghys] FEugiup

= kR Morioka®" & glgrRule|r f&o]| 4.2
W 9FE fratoute] e ey 4o o
31X} YO EEAY HES Bt AlawgiEe) o
A FENGES HE s AdeiAE Atedd
eq : 9 etz HE oh Kim 5V 73 93 fspivtal Fpvle)
D gt MFp el R FrSAE dEl ¢l
C ) 2] & 437 A7 Pk Kima Kang® e 5
o kA AL o] FAlM Fo golo] Ao HYWEE Feluel glEHavleln g
Q) T AVE] o] 4 9 BAAY 54L& FrI9E, £9en
s A -Z7) AW 1 g pake] bR At A 9 W BHEA

w &) o w@go] B S At dlo)mayh Al A
fs : AH-Z7)A WA A Hj2 gl R Rl 8o fafeiute] Faabdo) o
gs . A -F7|AAAAN F) & ool e efgHom Faluict Gross

man'”2- ube] A7} @l 4 uf EH oiutel &

1. A =2 P S bl whek Sn a2 Al g-slof e 4519
o Urakawa " &2 A3 E4r)e) 4+

Fo2l dgii= y|E CFCA Yol A= ¢ frateetdl et @ 9 BAdenAd g 278l {8
g 27145 Wwv)e] FAlE) s )] Wy 2R ol ofslod &) At el Kiyota2t Morioka'™
FH EF7R J% AHE e HEFE AGNE 7 = Fretfule] Sl Wl a1ed sk ek nD -
U weto g we Aol didge] sln AUt & TehA Ao geted FAHor FHA FolEld
F7)= B4R Feted A e



146

b efut

3]

o ouhel e FETHE <

1

ol
U

e

o] FFEE 2l o drhiirg dess

Ay 5

1

N

wo

9l

Nir

]

st 2t

5

el

L
o

=T

A

5l
3

A
i

I

&k o

AR o 7 AFeiol. aey o)y

ol

i
i

ot
G

Bu

EH’

nh
o
ol
el

E
=

Zx

)

e Il R F

e
of

w0

&

3

Yol whep e

7
A

M

F71e A

N A -

s

Jo

X

iy

o M Abg-E 7%

a4

(1) g&Erarto]

X
T

ol

21

gohzel o

o 11}

- A
L F

ul

71659

=
(<}
wesof gjuh.

1)

q

Z
x

A

njz1ol glrt.

b

e
L

e Apol

(6)

§A B

re

-
e

ol

T

5
=]

T 5235719 A A

ol Tt
oH U

271

A 2
a

AT}

bl Tl A el A o)

J’ oad Ay

d

4T om= _to=r ~
%! Mm; el P —
4r < Mo o M ~
3 Er o M
Mool W T g -
B3 3y ol i,v E. M
O B 5
wﬁ RO 4 T w B o <
R = —
ﬁ.L E.__ MJ_M» Mﬁ W‘M M ﬂh a‘ﬁﬁ
mw of M g T & 4 i +
N s N oar o - <
= Ee ! —_ | < a=)
% 3 MDJﬁDa =] S
A — o o 5 —
3 n”__ T T o, <
LY — IR
W o 5o R ) | & v
T <K T . : =
G R A T -
— dHew 3T N < =
W2 e T E B g
1 = L !
.ﬂo mﬁ E\w Mfl.# No oh ,a_.o M,m — {
do oaml T m R SIECEIRLIES
ofy of o {F T of oj
=T —— [
F———— -
. -
3 -
Hw ———— -
- -
> .
>
e
. S S N
- 5 >
w ™ = = !
[

Tube
wall

5
(T ow [dAcrrw

u
0%

(2)

Schematic picture of a falling film

Fig.1



OEEEL QIS

% | prefdAf*ef,% I pfd/\,+% [ ouida,

.0
*1fsEfPrU|dAr:vqw+QVs (3)
0 d .
V1A Be g o R, ok dus,
e o], it elErE

sl g Aol %94 ol sda I,

[
o
3
£
rr
4.%
1
2
2
2
|
N ol
>
_l&
a2
rEL
M
ACH
H
rt:
to & o,

71 BRI oHng IdEWAHY, &FH,
aRlT A wEAE et 2,

dJ d .

5J’pszg+a_XJ’pguszg: —m (5

d d J .

aj‘pgudigvung'pdig+a_xJ’pgusld*/\g

dp

Aus%fpgugdAE: — (K—pgg) J‘dAg'Frh

(6)
9 3 9 .
afpgegd/\g*eg\afpgd/\ﬁ 6—XJ"0,;L1|§1KdAg
]
- lxsg(‘fpguxd/\x: Qs (7
Z719] Al A
l fele] £, &5 T1E)3 &

Hofle] Al sl BY, &%
G tf 3 s Ao] vl sl

u(x, 0)=u, (8.1)
U((X, (()‘():O (8.2)
oui(x, 0 .
/Aﬁ—) =7, (8.3)
oy
Tdx, 0)=T, (9 1)

Fatolute] F5gl die A 8y 2

37 59 4% 147
Tx, 6)=T (9.2)
(?T(x O)
-k — m”L+ .
oy Q. (9.3)
Ci{x, 0)=C, (10.1)
C(x, 4)=C (10.2)
oC(x,4) ,
P (10.3)

o] 714 69} Lo Autsael §4oln g}ﬂz}

mpa 110\

I A
M, Sl gt AR AT e, e el
9§, 2 Fn Ao s 9f

gojth, $lo] Az wel faleire) A,

S I1g]al swe] By rhga) o] /}xgt;} 4=
Ut
vioon ¥
(x y)=ull ) +—(y -1 11
ulx, y)=u &2) M(} 6[) ()
. . ve
[ix, y)=T, +(T.-T)) =
S
m’L+q,)” vt
" (y- 12
K, (y 6[) (12)
Clx, y)=C1 2+ )#C( 4 )
X, y)=C(l ~—+— . =
Y 4 & A( 4
(13)

= ovie) o) FERAF FAel,

AW ARgHs Fpke A e Aue
©

u(x, 0)=u, (14.1)

ux, & R)=u,, (14.2)

Mx 0 R (14.3)
Y = 5

(15.1)



148 A= . o] ZS-

Ty(x, §—R)=T,, (15.2)
T ~R
6B (15.3)
ay
Z710] e A ox ] FAlddiAe gt
S ojulEly A Fv]e] AR} LnEYT o
o 2o} VA 4 9
2y y?
N=u.+ . kd 4 hd :
) =uc (o] s (&—R)J
(16)
. 2y ¥
Iix, y) =Tt (T T [ 4 ]
G y) ( N G-r) G-R)
a7
M -7 APelAle] F&Ae] T 7P
(2)o] olaf Atz Ha Aeel e Ate] BA 2]
25 thed} o] Foldt.
=C.(T, p) (18)
Aeld 2 % Bdsse d%xde g
ol Folzlth,
aTi{x, 0) " aT(x, 0)
~ki f(?y =Lk (19)
oC(x, 0)
On ”gip.’D! :Pg\'s (20)
oy
o714 D £d93haA Foln v Alve] v
gszolth AN FF WFle FraE
gEH gufolz ALt Ag 3

(21)

7)) Wwe vt 4 %‘—r R R
Ay Uy U Ty T Co % polth 2 (1)~(7
gla 2] (18)& A7kl o gt Aﬁtz}”m a2z
3 TR S ALESto] ofitstA) A {7 2

2 1oE rE 5 oAk Yen

emsl wRE oA -E) Aol

FAAAE A5 F7] el 2w
B@ B7lzle] Foldel drh. ofutel A5

o oAlE Fage) A4 dntol g2 E B
o .k

5ted Nusselt o] 2VeA Al 4ts]= 3t he] F
AZ }%3}010"4 Aol A= FPfEPoz
] ghatsiavth. F47] 9 el Al o Th ”*é—‘?"l
FEAAZ T ”ﬂl“ et p o} obF 2he gh(1/
1000) o2 pgsidet. #3719 FEx1 ‘3—! °
uhy} Zvje] A AL Fav)e SMxye
HE AAslon gdAge AS wido ewvl
AT 2219 ARSI
3. Aa ZEnt o pE

Table 18 ¥ olito] 2lg% Fa7)e) 77 #

EZAL BodEa 9,
R F-r71e g g dgAdgte] AoV ¢
a9 o 2 BaAAdel ofd HH fut glolszg

=
oF 12008 AN HE 2

e}

v

|
|

olt, o w A -

il 04
48 st & QoA AHE Fapeyute]
Blolsage oF 120008 of ] frajoiure] alol
s vew ol gejHch
Table 1 Conditions for the analysis of absop-
tion process
Parameters Values

Absorption tube diameter(mm) 125
Absorption tube length(mm) 500
System pressure(mmHg) 8.0
Wall temperature(C) 35.0
Solution water concentration( %) 42.0
Solution temperature( C) 42.0
Solution flowrate(kg/min) 0.4
Vapor flowrate(kg/min) 0.003~0.012
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