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The effect of operating conditions on the optimal performance of a two-bed
adsorption cooling cycle

Mohammad Sharifzadeh, Mohsen Ghazikhani*, Hamid Niazmand

Department of Mechanical Engineering, Ferdowsi University, Mashhad, Iran.
*P.0.B. 91779-48944 Mashhad, Iran, ghazikhani@um.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, energy and exergy analysis of a two bed adsorption cooling system have been performed.
Received 29 September 2016 Silica gel-water has been chosen as the adsorbent-refrigerant pair. Analysis is performed for evaluating
Accepted 07 November 2016 the effect of operating conditions on the optimal timing and then on the maximum value of the SCP,

Available Online 25 December 2016 COP, effectiveness and the minimum value of internal irreversibility and external irreversibility. A

lumped parameter mathematical model and a global optimization method called the particle swarm

izz’;;ﬁfn system optimization have' been used for this purpose. In thi§ m(?del, int.er.n.al and extemal.irreversibility have
Exergy been calculated with the new method without calculating irreversibility of the cycle internal component.
Effectiveness Energy analysis showed that maximum of SCP increases with the increase of the mass flow rate and
Coefficient of performance heat source temperature. Furthermore, an increase in the heat source temperature causes an increase in

the COP, but an increase of the mass flow rate causes a decrease in the COP. Exergy analysis revealed
that depending on the mass flow rate and heat source temperature, 65-90% of input exergy was
expended by internal irreversibility, 1-20% was expended by external irreversibility and 8-14% is
transferred to the cold reservoir in evaporator. The results also indicate, if the mass flow rate is less than
0.6 kg/s, the maximum of effectiveness occurs at 75 ‘C, but if the mass flow rate is more than 0.6 kg/s,
the maximum of effectiveness occurs at 65 'C.

Olgreds sl Sl (Sl Hgm a8 Gl Gl piass g5 00l 50 docdo -1
ciz ol 0gbice oolitul o eole plsieds Jlws S g wilr wole 4 ST5 iloge oSilr olsiea Sibay mbe wde il
odledly lacdz (le 0 95h0 4BLS QLS jgwppeS Olsiear Ghalop pies il el 43518 ar g 050 ceme iz aleye
oS 3 Guite G s 4 b s 5 O ke Blom siile aasyVT U olge 5 aSul sl el o 59 6l saSTy 55 4 apms

D ssbge s Slos o Glagssil 5 wlsise a5yl psd S s oolizial Ly osle lgicay

gleo o ad; ue )l Glagiil b and)yss 5o wile pdiasass

! Adsorbent

2 . = =
Refri .

, Ref gerant 35S0 0y 500
Silica-gel

4 Zeolite

Please cite this article using: 2 Lod 03] Jod @yl 1 Wlio ol 4 gl )l (610

M. Sharifzadeh, M. Ghazikhani, H. Niazmand, The effect of operating conditions on the optimal performance of a two-bed adsorption cooling cycle, Modares Mechanical Engineering,
Vol. 16, No. 12, pp. 583-592, 2016 (in Persian)



O 9 031y pub Joxo

© g 93 b o iualo s S S A 3 pas (59) SIU Joal i 3l

S on et oz JUES Gl g S5k b s )3 (Selus

0 23z Ghy, Ko L gose gy o 5o BBl oliSes 5 (STl
modls Gl 1y (eSS ey Cd b (S slasil B aple;
Ololeyw e golgin gangle) a5 ol plas byl 5 s il
ORIB 58 1 Gale e Sl 0 Shes o po asl 03,5 ol 3 1) Ay
Ll o0ls

Lulys Gl olges wSles 5) JSm oy Sl ompn b glejee
S o 0] GliSen 5 ol 08 oy p 0Skes (55, 3 |y @S
iz S Sy 0 Shes 55, 1y g9ys 05 2l sled Sl goas el
GRIFIL & awd oo lis L] IS @l 3,57 (o) 0 A i
Sl Bl pogate iuleyw <8yl 90°C 5 50°C 5l g34,5 p,5 ol sleo
Ll T8C L 65C sloo ar bgrye o, Shoe o po (s yniion Lol tily o

1y o 5 2l los ST Gen 5 g0 5 agly S350
Slsles Grllsls plas gl )5 gl s S (o JSw 0 Shoe (55,
3 08kes cupd Ll raasoe Gl 1) iale e Sudil i639)9 5
boe a8 VL (LS slales

oley IS 51k Ysane JSew ooy 31 g &2 bogrye slagiagy 5
4295 b Lol 1S (oo i Lol 51 (S0 aaple; b 0sion (oSS
2z sledSew 5 6ol az s Lz GLls o S SladSew Sl @
oloy 51 elS gy sl ot (Lo sl golil az o g0 (glyls 0
2gd gy Ol Slrys Gl plaSie e Bl sl o Sles g5, S
s Rl olRis e plSin a5 el e gz O 51 Olej Sl o) 2
S9d 905 (slaelipy (hr 398 (550580l p oliws oS 5SSy i8I
adl s S ]y anl B el oley Jsb o)l lulpd 4 4z b oS
G e Dz b lr Slosas (i cod g 6,8 Ll
Ll az g Wb A g0 4 gz cpl 4 aszle 5o Ll ccanl ool adl)
Lulys g gLl cuxdse @ dta (S sl ol asil sl
ol 5l Sglite (9099 p )5 f g0z (29 5 Lo o (o sl )y ¢ age
Sl dw Oloj iorie g o Sl pgs g walss Jgaz ;o eud 53
e il Sglite 6,5 Lyl 4 arg b Yool ool oats @l boasyls
odgazme Sy iy b plgien ) St cnl 09 wales om0 (Sloj ojb
28 d sl e sln el oy 0355 T 9 )1 Ll pS sl e

@ A0 g Lo lez) )5 Laulyd sl edgae S sl oo cnl
Saa b S slaanl 51 S e plol los (oSS Ol sl oo
Ao pdbeaSil od aneS 5 ogase (hleyw Cod)b (ad At
Iy skl s lgs oo adan Wiz (g5luaigs mi, o8l SO el ouls ailowe
ol (S s pRBEASL g i pgate Glopw Cobib a5
L ilotinge 5 09,28 Sl Jue olal p JSew (s3la e 05S Ty
Joe 5ol oad pbul Peld plosjl gjluaige w,eSl )l solial
il 0 dlolaee & jgody S T2l (6l (65, DV olee 00,08 o8 b
52> 209, b (2l g LD Slas piLetSil g ot aiiisl Jgese
05 & SYobee gl s el 0 dpasline S a3l el b

sl 00 > 4 4 p0 GUsS @il ogy b g ool Joad (5,8

(i 0 95 -2

® Particle Swarm optimization(PSO)

12 ol 16 09 1395 suawl (o) Sulse Swiie

ol 6N 5 Ayl slaaiza seia ol edle [2] el (oS5 g5 4
b b Sgnge 4o, 3] Cadl YU (ST 55 0 S ialo pus pimnsns
el (65970 Bt (al 55 5 Shos cp 5 Siale

(b Qi Gle s w0 Sles 350 50 S5 Jaloe 5l (S
L] sl g olss (souge canl 'OBl> jiw 0 ppm 5 LoyF Ll
2l @ s pwain Sleogas J1105 gaman Joo S ool
ol gl LI gl wisyS (puyp 3Skes s 5 Glaleye Sl
"o Shee cuypl Gl el O3l i slacnsd glis)| il a5 ams e
Do ogatte Gl Sodib LalS

Sloogas 5l 0,8 cud b Jae 5l eoliul b [S] 1LusST 5 STl
Loyl 50,5 (g Ghalo e IS it 0loj 9, 1y Sl sladone
o b ade 4 Jows Tsle,F Jlal axly slows ial38l a5 wiid § ames
g ogatte Gl Sodib Al cel Joe LIS

6 Ll 1 Sealiyoge s Joe o 5l oslizal b [6] o S 5 31,
2w S a o] o) ey sedyes (i S 0 Sles 55,
Ol 10,00 092 gy lej e sad e SIS Sl ojlaile sl a8
28 FSzsS ange Oloj peba L 1) eSS o5l Bl o

4 ;008 5 S oo JL8) 050l S 4y (65,1 Sl S den b (5, Alslee
dwle g (0, 8los loyiallh caiiSogame loanl B oS asin
S 65531 o Salinsgays o 3l bl 2 Lol s o] 58 e
ar dilise glaanls b s ans e olis 65,81 Jelw 5 cel CuaS
CodnS 8l Bl Jlade 5 Jdo (Jore g oads atulS (65,50 oS ) e
Slaptn (Ll lp plgios DMl pl 5l S o patia 1) 55
2,5 oslaiwl 95250 (Slapu 3, Slas Sg Sl Huirer g o>

SLEE Gamaw Joe o eslinad U [7] oKes 5 oLl
e 121 65,551 B Ol 2 1) D3 i (pwiia Sloogas
R L L R
B R I R I Sa RO LT
"o 275 565 Rl Ble Ul ol obsS Gley iz el
Slde B 098 o0 o bl g Qi Jolie 3bj loy 503 (g I 0gd
B98 i Jole ol 53 65,5 <0 S

Joe SOl bogsae Lragy o (8] oKes 5 gw
Jelos 1) iz Glalop JSw G0 gl adg ((Sealindge
cde a4 0,5] adgi woy0 90 a5 ol Glis edalcessds zuls iles S

B 4 Shlge Dygots fw 90 Casl oY g ale e R3S (610
5 ombor G 0loy b b S A Gley Wb (G onl gl a8
slr Sloy o3l 99 Azt jo il plp Qi by b bl plej (e
Sadib Sloy ol 93 Gl st Sl Az g 3500 Glalopw JSew o o

sleanlp Sy sleosl 51 9] Sy 5 gty 025 gy o 0
A S Lbui ...\Jo)f 33y Lfda'“ ol J&w Q)S.Lor- $9) l) Jiw;
Jols @ oswsy e 4 IS 0Slee (IS ley al3dl b oast s 3

! Adsorber
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3 Specific cooling power(SCP)

4 Number of Heat Transfer Unit(NTU)

584



O 9 031y pub Joxo

© g 93 b o iualo s S S A 3 pas (59) SIU Joal i 3l

Ok Gk Sl e st Ol sleS aS e has e 4 gl
@& s Jyl P o GLL jo sdios el (2B chaleye
445 (S eized Dgdoe S Gl g 0dd iz g Jate jpuilasS
ol )5 cnl 0sdian p)5 Gt 5 00d oz ol 5l eog Jate silalyl
P99 IS o 55 S (g0 03Lel 93 S o ) Ll 5 ol ald sl
Vb slaan] B ples 5 oad (o9e 55l nlsl 5 jgmilasS 4 L f Jlail i 5
Oilee adsi slp e Qi lere ot 9o S5
15 Hllsl o g el o odle ey 90 Jilas 4 zlisl atugy
31 005,08 Jhw 3l Loy Cdz g ke oole e b gslnlel jo yiole s
e 3 ales 1S [12] 098 0 ool loisles cislo o lucls
iy Jaw 5l eslaul b glnlsl 5 jeslans ey gles Ol s
ol Joe o oad 4T 5 s sl b b el o dpale 03,3
13,1151 el 55 25

Lol eSS Sl sl o plad jo jLid g Lo mjes @

Ded i G leSy jebay Wilg oo ile jw ole @

s le MelS YLl g 5> sla o ples o

n o S sl s L2 23151 e

I i 93 5l gy Glrar (i Gl o &5 Sl ol
clles ;5 ably o 45 Wl liogas bodle ol 0d oo osliul
Loasle a5 095 o | cdigicods cole SO 5l alaie polie calise
Aol (0 g oad de osle jlade g Leo g8 go pimew 4 LS 0,50 g
s3esS Masl 1) JLed @i s g5 ol 05 it 1) i
ShsS o0 2l
S 9 b JLaS (10 oudlaiS L olyen ey S Lot (nl 5o
Sy 0 e e JoSid | S ol JLad isu glnll Lol es 500
il (slos 5 o0 Bl S Sl 0l VU L5 iy o S o
o LIS g ool Tax Q3 Sl Ble e eole azeS jo s o il
Blojs oole G sy jgilaiST jLid 4y jLad a5 (285 b il oo (2l
LS ool caws 5L il yw oole jauslauS jo 048 co HaudlaiS o)l
Oloye s o H5ilnlsl oly blucsl ;o 5l joe b5 oad 0Bz (ol
P las 5 oad Q3 i 3)ls Sy Sl (JSe Gy JLES 250 o
0ol i jLid g 00l Q3 0y ke ju 00le dei jo Laes o ialS
osle o (pl )3 yglnlyl jled 4 ey jLid a5 (B U b
HFIRlel Sedise i 3)ly 5 0ad )5 glplsl I e Sl ke
o 1, ey o3be 51 (g oo ,Ltd Lii 5 o0 g5 oobe oo (sl

Condenser

Cooling water out

Cooling water in

| %
Hot water out

Bed A
Hot water in
é—
; 4

X—

)
Cooling water out
ﬁ ﬁ N

T

Expansion valve Bed B

Cooling water in

<
~

e/

Chilled water out

Chilled water in

Fig. 1 Schematic of system

! Lumped-Parameter Model
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Fig.8 The influence of the mass flow rate of the heat transfer media and the heat source temperature on exergy percentage
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