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Optimization of longitudinal finned-tube adsorber bed in an exhaust waste heat
driven adsorption cooling system
Seyyed Behzad Golparvar, Milad Mohammadzadeh Kowsari, Hamid Niazmand”

Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran
* P.0.B. 9177948944, Mashhad, Iran, niazmand@um.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper The considerable amount of internal combustion engine waste heat through exhaust gases and the
Received 25 October 2016 capability of adsorption cooling system to be driven by waste heats make adsorption cooling systems an
Accepted 03 December 2016 interesting choice for vehicle air conditioning. Low specific cooling power of these systems leads them

Available Online 31 December 2016 to be bulkier with respect to other cooling systems. Therefore, practical use of these systems has been a

challenge. One of the methods to enhance the system performance is adsorber bed optimization which is

ﬁ?;‘g%rt?;h cooling system only feasible by numerical simulations. Hence, an exhaust waste heat driven adsorption cooling system
Longitudinal fin with longitudinal finned-tube adsorber is simulated three dimensionally and considering heat and mass
Heat and mass transfer transfer details. Also, both the intra-particle and inter-particle mass transfer resistance has been taken
Adsorber bed optimization into account in governing equations in order to study the effect of adsorbent particle diameter on the

system performance. Results show that among the examined geometrical configurations, bed with 20 fin
numbers and fin height of 10 mm is the optimum case corresponding to the maximum specific cooling
power. In addition, adsorbent particle diameter in the range of 0.3-0.4 mm is the most suitable diameter
for the adsorber bed packed with zeolite13x grains.
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® Coefficient of Performance (COP)
* Specific Cooling Power (SCP)
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Fig. 1 Schematic diagram of adsorption cooling system powered by
diesel engine exhaust gases

U S 55 b i e % e Silad ol Sho 1 S
2550 59551 slasls

769

S5 eizred el i Ol il 35 I6 gyl Sl
e iz 50 e 8] 053 aaylesT Sragly aslal 50 [18,17]
2y Joe 50 08 Gleand gove Dy 1) 053 ulesl 055
Ll 3l ohd g 65l sl o &)l JUSH (59 damgs oud ool
@ Dygo 4 ) ol Jade 5 58 Jaa e ol JEl cope S
S8 g Dl gy a4 pamie cupd Gl JMie Sl (o 99l Cewsay
Glronl s a Lol 5lasb e e ey T 095 Liulejl jo a5 S1)d
D32y e 3 8es ML S 3 D)l g e JUE
Loy s caslio OI)3 Hhad o sy i olal (0,51 Cavody (sl dans
@33 gy 50 &5 (o2l Jue peizmen Sl pdy Sl sose sla g,
U len o) dwgay U adl mol> Jow canligo 05d o0 oolail
Syge iy s IS 3See p O3l ey Sglite slaaarie
sl 3 ol
& Qi % e Sl el iledoe dlis Gl s
cad S 5 5 ol Job slaid bl oSl iy Jane s
@ Jose il 5 oS soae 5 AT Gl tagsy Sl plaS g o e
olasd el oals oolaiul v Gz Wy ptegw Q3 i lsie
e lld s cedl Sae a5 Ll §l el onti By aigy b
e Gl o 5k elsl sl il Sglite Ay (b Slaw e Dglite
Ok Al Candy Galiee sloyad glar )l (o Ay olaad B ool e
2 sloyd Gan g e ez JU! Cuglie g U (85 s o L
J318X cdgy dle 3 a8y Sealio b oo xes cppiams 3,Skas
Sl iagh 5 5 9550l 45 Wl Cessy Q3 ey Joe cnl o w8 S

ol 43,55 118 ) 0 50 ALBAS

(P DA A g5 s -2
o ol opedasS Lol s ol a5 S ol (sl
28 Sl Joae Gl grend Q3 s il e D3l 5 LS
sols s i gy S a8 S 5 o LS s 3l 8 o
S Jor 53 (Sl oy sl Jsl a5 il ol w5 o s
o 4 63955 5 b bags 3l s it aty (J 1S glo et
B assly il dlr abiioes [Lid s e bl (gamii 45 5 438,5 O)l>
S Jo o (col Jlad slol) poo oo 0 ey HguslaS Lid o
b @Sl aldime 5 jeuidlaiS el OIS sl s Gale S Glizres
B 050 HguiliST o ly ol JLid o coads Yl b Ll 0y g 0us
s9lnlel Jlad @ Glesl sl Gl jsee b ool phal jgudlaiS j0 0y
Sy Sl lime aSOI L Wl (oo dalol Jae ol i0gd oo oyl 85l g 0o
o)bygs (Son Laly slo el Lulpd (ol )3 &5 sy (me e 4 T o
SET (b prz i) pom alose Lojed (od din b Sigde iy
Joe 4 6095 0SS Jlw bawgi Jis al> o (nl 5o o5 9l e
g0 dlaions )3 39290 Oy By (Sl i b oosls cews Jl ol
s8Rl JLad 4 alhdse JLad aS b wly Giels alaases (L2815 050 00
Jlad 4 abioe Jlad Gu) b (Col lad Qd2) ST dpe 55 ey
sla)lu Qi g o)l @ds o s plies s &S > o sl
s b Hglnll g DOl i o (JSUS ed cCunl daime 2l
Syee iSe cge g odd cd B obml Eely ol Jlas o b i

Slae ;3 0 iz b oyls aslol anl 8 nlosd oo sl nlsl o eals 5es

12 oplads 16 053 1395 siawl LA Adslcsb i


www.sid.ir
www.sid.ir

29551 AW )l pa (a5 )L b a3 3945 @i )3 Slob Sl yad b Aol dla jiy (5 )lwddsg

J> Slele 0392 wijls Ay Jo lagnd oS )8 s 4 pizren
ool o (e (e B3 090 s4) "3 USE” Gllas

ol 53 oges saaline "3 JSET o plgiioe |y o ejge sanaS
g7 Slwly 0 Dl g (b g Gla S e (unasd
SUS oz g sled by o DIl s 5 b GRS e
b8 sl o9l Jloel b asis Golato o2 (ol binl) 50 yta g dlg)
2ol (mizmes 3,8 Sjgo Sy 0je> 93 m by 0 (Sl
P @y gy (S5d olyS 5 5 il o oolital 3550 (la el )y
ol 00 03,91 1 Jgaz ;0 13% <dgs;

Porous bed

Heating/cooling
fluid
Fig. 3 Details of the control volumes in different solution domains
Jo iz glaojom (gam aw gy 4 Sl sz 3 SIS

b @3 % e @396 (53l ie o ooliiul 5 )50 syl )l 1 Jgua

59551 S35 (5959 6551 L
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adsorption cooling system
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Fig. 5 Variations of the cycle time with fin height for different fin
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