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Improving the Performance of the Adsorption Cooling Cycle
Using Heat and Mass Recovery Techniques

Dr. Wajih Naimeh®
Eng. Rania Awari®

Abstract

This paper aims to improve the performance of an adsorption cooling cycle using heat and mass
recovery techniques. Basic design parameters have been calculated for an adsorptive icemaker that uses
activated carbon fibers (BusofitATYM) with ammonia as a working pair, and operates on industrial waste
heat at a design condensing temperature of 36 °C, a maximum bed temperature of 85 °C and a minimum
of 36 °C.

It was found that the coefficient of performance COP in the basic cooling cycle is 0.1937, the COP
increased to 0.308 as a result of heat recovery, increased to 0.385 as a result of mass recovery, and
increased to 0.504 as a result of mass heat recovery. Thus, mass heat recovery technique is considered the
best in order to obtain the highest performance of the cycle.
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tdadll e & gprealls alieY) S5 dag

Xmax = XA » Xmin = XM

deadll i (A S B OsSs

Ax* = x4 — x = 0.07704 kg/
kg ......(32)

Alaaddll 3alall ‘):\S‘).} Lé)ﬁ ‘_g SJLDS\ J\JSA u\.u;

PN F P I ENE Tt

6x = xp — xp = 0.04596 kg/

i b abae Y A laendl salall oS5 ol

S i) ddee Algs A HL Galiacal)
Xg = x4 +0x = 0.25358 kg/
kg.........34)

s o gpally bV Sl A
:UALAAJY\

Xmax = X6 » Xmin = Xp
(P-T-X) Lhia %) M)@Ad\ Tv\)aj\ u\A)J u\.m; [ ]
M rPevap - TN =57°C
x¢,Bn = Tg =46°C

Xg ,Peona = Tx =58°C

idee PLa py ol A asiall 3y al) dseS Glva m
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s owlesl) G S gl i) Lle D-M 5 A-G
darcall Jals

sl gadd ddee G-K-D

cAY ol ayn Alee M-N-A

st eelegll o Al IS elaiul ddee & m
& Ml ¢ S JKE (Juad /oabast) dilee
doaill oy gpha Ay (85 Aleal) 038 Al
Ay pdi ey Ty = Tp = 85 °C 44l AL

G T A Ty e DL pabian¥) s 8)ha
il e ol LA JLa) (gl all (g5l
LOAL)

a4 Plbarl
13.9

4--
34114

A

2

15 :2'5 - A S S
LS £ la i) a2l 393 (6) Jed)

Joadll oy 8 Aacnd alall 3-S5 Glus m

{ B ¢ s ) dulee e 8 ALl

Xy = Wy Py- EXP [—D (TM. lni—Z)n]......Gl)

xy = 0.13057 kg/kg
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cop = Qgﬂ — 0.3848

SCE =22 = 8356 k] /

KGads---wmeemeen (43)
jlie dal (e (4) dsaall 3 bl oda a5y m

)yl

@bl 35 s plaia) il -3-5
Cpl) B3 el e

glajiu) o8 TSl e la 5] bl mpa g 25
tleads (7)J88l) e 3ysall oda 8 (g5hal)
D-M Ll Lgliay :allia IS e laiul dolec m
tAgleall 038 A5 ¢ A-G Ll
ey Opelegll G haaall dalay

By = "2ertleond g 6557 bar

e Jeadll iy o8 Alacrall Balall HS 5 alty
s (b Aasaall Balall 585 Ay oy ) Xp
b Sy s+ X ) X e mlaanY)
AxT = Ax 4 0x 1 S g lajial dlee aay )yl
M-J bl Lebiay sadliall (g hall g lajin) ilec m

G-K-1 bl
Shall AueSy 1-D lasall Lbiay ppudl (it lec m

+ Qneat = Qip » 4eidl

AaS5 -N-A sl Leliay oyl gy dlac
« Qeoot = Qja & Axsyhdll 3)all
) gy llual) elya) 25 Gl s oy m

(4) dpd i
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Qox = Ceot(Tx — Tg) + Myc. X6 (hL,K -

hi)-
(35)

b Aoy 1)) jpyall deaial) 3)hal) daaS lea
: K-D dlaeddl saldl Iy M‘;M\

Xgtx
Qkp = Crot(Tp = Tx) + M. =2 (hyp —
hL,K) + Mac(xG — Xp). haas

Crddll £la) VA Aasial) 5ad) duas
: G-D Sals

Qneat = Q¢p = Qgk +

Qneat = Qep = 4344.62 kJ

5 8 5yl5al) apl) s deS s

Gla 25 Mo p 2l g daS b ey

&L“S SCE sCOP 5 Mice 5 Qevap 5 Qcona

Qcona = M:ef (hv,D -
hl,cond)

Qeona = 197145 kJ

Qevap = :ef (hv,evap -
Ricond)---wemmee- - (40)

Qevap = 1671.67 kJ

_ Qevap

= 3.88 kg
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Liblialy mililll -6
e 5939 RO dala¥) 33500 ¢ 4558l ~1-6
‘RH @wha glasial
Y @bl g lainl) dlee () rdaiiall alall 408 (1
28 (Sl gylall b ol Jas d0aS e g0
Aadiall adal) eSSBS (ABG Qpgp il 528
als 3)50 Pea
.(8)Jll. 1.565 kg

Mice::t et i} a3

(&

g la i) Aaii fopinadll DA Ladial 35l 308 (2
el e Qg Ball (a HpeS JES (g lyal
D) (miayy Jally () el I Al

8] ls e Qnear —a)
(9)Jsill . 2189.49 k] I 3481.78 k] (e

-
o A

YN
=

)

slall el Y1 culyisa (3
25 Cptail) A pe 3 (gylall DY) (mliasl A

Lali SCE &5 <0.308 ) 0.1937 (-« COP
kJ .

Aol ey ol 5,08 BN 33,71 o “ads
.(9) s

o= 8545 RO Al 5,901 (s A lal) —2-6
‘MR S £l il

Crelesll (o Janall (58 dadin rdaniiall adal) d0aS (1
O Al Hlagd) 4eS cuslS Auhall hag il s
0.9195 kg b Ll Ll ) ALl ey
O Myop 3ol (8 apill Javss 40l Ul
508 cul) dagills (1,541 kg ) 0.6218 kg
e 3L) ) 63 Lo ¢S IS Qg Al
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5x Ax
oA\ P [bar] ki B 5
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I
l’ /
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©
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I
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b & A p o e a0l 350 (7) Jea

dnasaatl) aliluwall 45;lEa (4) Jgaad)

Aag ) @yl o

g | OR | HR | MR | MHR
xmax
0.20762(0.20762| 0.25358 | 0.25358
[kg/kg]
X min
0.17654(0.17654| 0.17654 | 0.17654
[kg/kg]
ox
0 0 |0.04596]0.04596
[kg/kg]
OM ey 0 0 |09195 | 0.9195
[kg]
Ax
0.03108(0.03108| 0.07704 | 0.07704
[kg/kg]
Mrer | 06218 | 0.6218 | 1.541 | 1.541
[kg]
Q[jé}’id 795.35 | 795.35 | 1971.45 | 1971.45
Qevap
674.41 | 674.41 | 1671.67 | 1671.67
[k]]
Mice
1565 | 1.565 | 3.88 | 3.88
[k]]
Q[’mt 3481.78(2189.49| 4344.62 | 3315.28
Qreg—h
0 |120220] 0 |1029.18
[k]]
SCE
3371 | 3371 | 83.56 | 83.56
[k]/kgacl
C[Qf 0.1937 | 0.3080 | 0.3848 | 0.5042
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.(9)JS2 .3315.28 k] . 3481.78 k]

slall ¢ 1Y) cine (3
O— SCE a5 . 0.5042 1 0.1937 :— COP 43

. kJ kJ
.(9) Jsil . 83.56 Koo ) 33.71 Ku
0.9195
0.9195
1.541 1.541
0 0
0.6218 0.6218
3.88 ._‘%S\PA .
1.565 1.565
MHR MR RO HR
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1.565 kg (s Mice baals )5 3 daiial aylal)
.(8)Jsil) .2.315 kg ey 51 3.88 kg

Jyan dai :cpdall PLa desiall shall 4.8 (2
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