Parametric Study on the LiBr-H,O Absorption Process on Horizontal Tubes

J.K. Min and D.H. Choi

The LiBr-H,O absorption process on a horizontal tube has been analyzed numerically. The flow field, which
was calculated in the authors' previous study by solving the fully elliptic Navier-Stokes equations with accurate
free-surface-tracking method, is used to solve the temperature and concentration distributions in the absorption
film. With the assumption that the absorbent is linear, calculations have been made for various inlet temperature
and flow-rate conditions. For low inlet temperature, the absorption rate is large in the upstream region but the
mean temperature also increases and as a result the absorption decreases as the film flows to downstream while
high-inlet-temperature case does the opposite. The difference in the absorption rate due to the inlet temperature
change becomes smaller in the downstream than that in the upstream. For large flow rate, the heat transfer to the
wall becomes poor due to the thick film and so does the absorption rate. The analyses have also been carried out
for multiple tube arrangement and the results show that the absorption rate converges after a few tube rows.

Key Words : 3 4k A 9 8(CFD), Navier-Stokes 1% 4](Navier-Stokes equations), F52] 4¥%7)
(absorption refrigeration system)

1. M 8 F7)(absorber) 24 Al2=®e] AQF gl I}

2 4FgE vAE 2otk o] FFV|FAAME

71Z9 EAHQ Z7|gZAlo]Zo] WYujo d 2 2Fdd ¥ ol A{FFUE A&

gEFgdsol AF71Y de ALI= work- At fErtx] M2 Z}XEHA dAF o] F
operated Alol Q] nlate] FF2 Alo]EL o &3 A7 digdol Hx i

L 0] 85} heat-operated AlO]|E2A] HIAF U FF@dd gg 7|Ee dFE B £59

AR ALLE & Qo FHE Add. ANEAE f5o] ¢H3I] LIF B9 s

£g F5A-YE H,0-NH,, LiBr-H,0 $2 A}  Nusseli{l] 2¥2 713¢ ¥ 4 % 2d4d<9 %

f3tozn HZo FRRITF & AU} A28 M3 3 = Grossman[2]S BAME B4

H1 e ZHd 59 YuE I 5 JA B 9] dErFoA FAYsid 229 Tl B2

o wel 7 BAEI 2O8n Aok T4 9 = 2 P55 s A3FL B9tk Choudhury
704 71&9 W¥E7)9 AEHE RELS F S[312 @l i Moz RE {FFo] 2

Beole #eo Aol Aok FyAsol Fobd
TEEREsEd, /1A S B9t Andberg® Viiet(d] 23z wdA s}
2 H3ld, ¢ nstried, 7AFH HAEY[5] 5 2, 7= WA LHFF W




34

5 A4 A 5 88 A

AA7RA AAANA ALsAct. G714 ALgE
73 7| % ZAHboundary-layer approximation)oll ] &
ARNYE HAA Fodgtoe] o gk F2 F
Fa A dutox FFEgo] B2
e}ty wmE AIAD Azl A AT
Wz grol @t Holtt. a2y AAZFIAIE E
Agdgggo] FoI A, sF AAIGdAME
frESHA] &g 713 o] %lq'

Min@} Choil6, 71& APAFe] AutgEo
th 3 Navier-Stokes 6}]’43 Fsta o] o =
FRAS XS AN Azt 7]E9] MAC
81 FAs AMESIATE o] AFAAME
AR made FeHFol 18 A go
o2 AN 5&8A4E A% 53 2 2
TR BeAlA A & dojd A{EW
o HPNF] ARE AuAsd 2= 2 F&
A& Tote 294 WEE AHREin 93 vt
2 ol dg qiEe Adg Fid
o A FeRAAE 529 K5l EHAEH
o] &k 9]5‘1] 7129 AAZZAL E Nusselt
a1} zol7t FE& ERlEn 1 AFE %]
AErE 3‘4—1— st

2 dFoHE of AT dEom 2% T
sE% A42%9 20 9@ FLE49) W
g Adstdth & 9 PEe gt Fa2
AAF A Be Q7Ea) Be o
4o 54 nFAAG S4 BLABA
o 344 Ae AR ATLES 3 O
g umAAT 4 B Ade A9 45
49 Wl tlg AFE AR,

2. Xty Al 2 #xlslY

Fig. 1] UEhd BA85 2849 Aeha 5o
A o dshyel 2437t =5 ARstchn 7Y
9 e g A 244, ST, Uy, 3
e AMERAe AZ4AEANN e
2ol Azerh

V't =0 M

Tube wall

Water Vapor

LiBr+H,0
Solution No shear
fT.C) = p,
¢ = m Ha
Zp,eumvj =p -0c

Free Surface

Fig.1 Schematic of film flow

W -V =-vp +—V u ——1-_|

Fr @

1
RePr

-

VT

(W VT’ = @)

I Ce FEolth K )3'76]/—(} l—‘: TX]'°J§}%1
&g ulse o BAQ WHEY ot 0
3 2
. X . u - pP-D,
xX'=—,u'=—, p'=
S, Uy pl/g
= T-T, C= c-C,, )
TO_Tu CO_Cwe
2
Re=pv05°, Fr="20 , Pr=1, Se=Y
Hu 8%, a D

Aq71M s AFALFEA, v ATSE, p=
%, e 9FRE, T,E He%, Gt 97%
&, C, .= T,% polxe A3 szolt)h & 3
A2 02 4T, we FEE 9vjgt
B 294 Re:= Reynolds ¢, Fr& Froude F°, Pr
< Prandtl &, Sc= Schmidt o]t}
A9 AugAg o] Ui AAzAL
e FFzHY & ¢ B3
o giAPoA = tH%’Zézi%
Ay FEUFoza

L

B, o=



A58 A135.2000.5 FHY 49 LiBr-H:O 4544 g 47 35

Table 1 Properties of LiBr-H,O solution and input

conditions.
c,, = 1520 J/kgK
D = 1.4x10° m¥s
Properties of Ha =2.721x10° J/kg
LiBr-H,0 k =0.4258 W/mK
solution H = 0.006 kg/ms
0 = 1745 kg/m?
4 = 0.085 N/m
R =9.525 mm
Co =0.612
7, =35, 40, 45,48 °C
Input T, =30°C
conditions Up =0.223676 m/s
I =0.075~1.0 kg/ms
Dy =1kPa
H =7 mm
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Table 2 Nondimensional numbers,

r
[kg/ms] 0.075 0.1 0.25 0.5 1.0

Re 125 167 417 838 1667
Fr 265 199 796 3.98 1.99
1/We 5.1 3.8 1.5 076 038

Pr 214
Se 2456
Le 0.008
Eq 10.84 0.573 0.302
Ja 0.105 0.087 0.058 0.029
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Pressure Streamlines
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Fig. 2 Streamlines and pressure distributions.
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Fig. 4 Temperature and concentration for various inlet temperatures.
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Fig. 6 Surface mass flux and wall heat flux for various inlet temperatures.
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Fig. 7 Mean temperature and concentration for various inlet temperatures.
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