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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present study, for the first time, adsorbent bed of SWS-1L/water adsorption chiller with
Received 04 August 2016 rectangular and trapezoidal finned flat-tube heat exchanger has been simulated three dimensionally
Accepted 25 October 2016 based on the distributed parameters model and finite volume method. Effects of some important

Auvailable Online 18 December 2016 . L
parameters on the chiller performance such as bed averaged pressure, temperature and uptake variations

with cycle time have been examined for better understanding of bed dynamic behavior. Also, a

,'if,ysﬁ“fpﬂ?é'n chiller comparative study between two different configurations of adsorbent bed including rectangular and

Adsorbent bed trapezoidal fins has been conducted based on identical length and adsorbent mass. For this purpose, bed

Flat-tube heat exchanger temperature, uptake and pressure distributions as well as the vapor flow patterns at the end of heating

Numerical modeling cycle phases and also effects of fin height and spacing on the system performance have been studied. In
this investigation at fixed bed length of 20mm, fin height and spacing variations have been examined in
the range of 8-20mm and 3-12mm, respectively. Results indicated that the system performance with
rectangular and trapezoidal adsorbent beds are almost similar except for those conditions in which fin
spacing is 3mm and fin height is 14, 20mm. For the mentioned dimensions, the specific cooling power
(SCP) of rectangular beds is almost 5% and 17% (for fin heights of 14 and 20mm, respectively) better
than those of trapezoidal beds. Maximum and minimum SCP of adsorption chiller with flat-tube heat
exchanger were obtained about 882 and 163W/kg for the smallest and the largest bed geometry and
operating conditions considered in this study.

Ao easlsgzs 4 Qlse 5 ol Sleis 5 6550 5L 09381 55, SR doddo -1

Please cite this article using: “mlod o3liw! Jod @yl 5l dlis opl @ gl (sl

M. Mohammadzadeh Kowsari, S. B. Golparvar, H. Niazmand, Numerical investigation on the effect of flat-tube heat exchanger geometrical structure on the performance-of
adsorption chiller, Modares Mechanical Engineering, Vol. 16, No. 12, pp. 345-356, 2016 (in Persian)


http://journals.modares.ac.ir/article-15-12121-fa.html
www.sid.ir

Downloaded from mme.modares.ac.ir at 13:48 IRDT on Wednesday May 9th 2018

Obed 9 (5395 031)3exo Mo

b 3 Hha 3 Slec g Ki- Axwo (e )5 Jdue ik JUa e il Gaae wo

wilbiss 72l O3l saY ey JUl LS Jlsl slacaglie @
ad)S Sl )3 lae 9 O fw m o pyr 9 LS JUl o
D9 se

ol 5l JEl slacaglio (23,5050 b opyz g LS JUil slaoe
9 ,b8 e sz (ple el Sl aemlie (Sloj me &5 Wl ye 0 (S
3 J%e a8 g, ol 5l aS wies &l sy Glize bl o 1) s
ez ok S 2y dse ol IS ok & il s sladae G
dobes ol S3m hilyins c¥olee Sypo & Lol oS> selsles
4l Sl dolee 5 piiege Al > Sl dolee o555l 45lge
OBl (I jsb @ epyz g LS JUtl goudfysS DYoo Sz oo
OBl o5 go0e > (slahg 9 3,105 3929 SYoleo cnl (slp (ks >
Slewle loy az ST aniloo @3> Gl iy iloand ln 3Rl
a5 Lol 51.[4,3] coul alasde BB g e Lons Lo Joe o sl 00
ey S gvae iledoe lpeadmie sl yell Joe sl dlie cnl o
5 I el s eslizal G3le i Jare 5l ools g5 b ol i
5 LS Jusl sladas soj> p3 a8 S plonl wlalllas 1 (&0 4 aslsl
g se 0,L5l oy

D e o 3,Shae g0 aslllas S 5o [6] oo 5 ple
() L LI P PR GT ST S R SNe
2L G s Ol b o s9aie 4 alllae (pl o aissas
Sl 5 b by s ol ol 4y Sz 08 Sy g 9,Shos
@b b Gl T gaig i (ol S Jae (b o bse sl ez
s 9557 Sy 2 60b5 il la)F Joss a0 S o5 Sl i
58kas 05 mlats ol iy ke Sl Sl a3z o azliz 5 3
Dgse Sl oS s

Sloes Sl prizmed 5 3929 3B oy 0 [T] oo 5 (s 2Tyl
b 3z % s S0 Slos Gl s Ggalin (2,5
Stindar Sbod 5l 5nd LISy 05 i @l a0t 5>
aiiyd g jarg BB goaslio (50,5 4 pym (555 sdige Sk T
el 10,95 2 (b 9 e & S (65 0,8 s

b (b Ciz o o so0e saallas sl [B] aalils 5 anels
oolitul GFRD S L )5 i I (g5l (sland 5 (slailsinl yis
A samgs Sygo 4 ol gdalllas s Gl e (sileJae s,
e 8ol i glis)| Jald i (oo Sy b gy g 0d a8 S
@Sl Sl g 3,8kee Q3 DS Sl Gien 5 b
e J5 Gtale e ol o alitos gl IS b 4 ol ol gl
W yiels g Keix job a4 1) ey sojlasl Wlss oo 0 5l oolaxul
2 sl ogdlas ins e LS ) s S,y a4z 5]
93555 cord 4 litws gl ange a8 o atie oS b
)1 929 i ogate Giulerw Oy

CFSWS-IL J5lSkns iz 51 oslinl b [9] aiejls 5 olys- 550
Slamio slad Gl Jiw awais Coeal gaman Giludse o 0
s chagh 50 byl aisgel wyp |y (e Dl gl 5 Slee
09 SISt b CBleSs Jlad w0385 B s lp | sobee
sadlas galsl o [11] ) SKen o aiols [10] wisges &l L3l i

& Switching frequency
® COP: Coefficient of performance
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* Adsorption cooling system

% SCP: Specific cooling power
® Adsorbent bed

* Lumped parameters model

® Distributed parameters model
® Adsorbent

" Adsorbate
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! Flat-tube heat exchanger
? Intra-particle mass transfer resistance
® Inter-particle resistance
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2 Polanyi potential theory
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Fig. 2 Schematic of heat and mass transfer in trapezoidal finned flat-
tube heat exchanger: 1-inter-particle diffusion, 2-intra-particle
diffusion, 3-heat transfer between metal channel and adsorbent
particles, 4-heat transfer between fins and adsorbent particles [18]
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! General coordinate system

? Finite volume method

* FORTRAN

* Alternating direction implicit method: (ADI method)
® The tri-diagonal solver algorithm
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Fig. 7 Cycle time variations of the mean bed and chamber pressure in
the sample trapezoidal bed with FH=14mm and averaged FS=3mm

Bz o) sy alaize (Lid g OOl s (Sl Hlid Ol T Sl
3MM 58 o alold lawgio s 14MM (13 elas I U (gladsyed aiges yiws sl

351

1204 — 9000
110,: A Experimental E
E A Pressure Simulated I-8000
100 o
—~ E |- 7000
o 907 E o
® 1 | <
5 80 I-6000 °
= 1] I
g 70,: Temperature r é
g— E I-5000 g
e 60 -
- 1 |-4000 @
A 507: o 3
9 1 s =2
S 40 I-3000 =
I EIR F 3
S 30 r
z [ 2000
20 I
1 I-1000
104 o
0 T a0 200 edoo sdor -0
2000 4000 6000 8000 10000

Cycle Time (sec)

Fig. 6 Comparison between numerical and experimental time variations
of the mean bed temperatures and pressures in annular heat exchanger
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Fig. 9 Middle plains of the adsorbent beds
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Fig. 8 Cycle time variations of the mean bed temperature and uptake in
the sample trapezoidal bed with FH=14mm and averaged FS=3mm
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Fig. 11 Bed temperature, uptake and pressure distributions at the end of
isobaric heating process in the sample rectangular bed: Top:
temperature, middle: uptake, bottom: pressure and vapor flow pattern
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Fig. 10 Bed temperature, uptake and pressure distributions at the end of
isosteric heating process in the sample rectangular bed: Top:
temperature, middle: uptake, bottom: pressure and vapor flow pattern
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Fig. 13 Bed temperature, uptake and pressure distributions at the end of
isobaric heating process in the sample trapezoidal bed: Top:
temperature, middle: uptake, bottom: pressure and vapor flow pattern
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Fig. 12 Bed temperature, uptake and pressure distributions at the end of
isosteric heating process in the sample trapezoidal bed: Top:
temperature, middle: uptake, bottom: pressure and vapor flow pattern
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