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A Performance Comparison of an Absorption Refrigeration System
Driven by Wasted Energy from the Car Engine Cooling Water Using
Different Refrigerant Solutions

Abstract: This study investigates the possibility of using waste heat from the car engine cooling system
to drive absorption refrigeration system by using four different refrigerant solutions (water - lithium
bromide / ammonia - water / ammonia - sodium thiocyanate / acetone - Zinc bromide). Four mathematical
models had been built (model for each solution) to simulate the performance of the system and to
compare the performance of different solutions. Engineering Equations Solution (EES) program had been
used to perform this simulation. The results were as follow : Using refrigerant solution (water - lithium
bromide) at the conditions of no load on the engine can produce (14kW) cooling capacity at evaporator
temperature (14C°).While for the conditions of loaded engine it produced (32kW) cooling capacity at
evaporator temperature (17C®). Using refrigerant solution (ammonia - water) at the conditions of no load
on the engine can produce (12kW) cooling capacity at evaporator temperature (15C°). While for the
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conditions of loaded engine it produced (27kW) cooling capacity at evaporator temperature (17C°). Using
refrigerant solution (ammonia- sodium thiocyanate) at the conditions of no load on the engine can
produce (11kW) cooling capacity at evaporator temperature (15C°). While for the conditions of loaded
engine it produced (23kW) cooling capacity at evaporator temperature (17C°). Using refrigerant solution
(acetone - zinc bromide) at the conditions of no load on the engine can produce (13kW) cooling capacity
at evaporator temperature (16C°).While for the conditions of loaded engine it produced (32kW) cooling
capacity at evaporator temperature (17C°).
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8 1.18157 1 1 16 3.50716 8 0
(33) Uabeall il 53l 0 (4) J sl
aii aii aii aii
ago 9.9842E-6 g1 3.5489E-4 ag; -1.2006E-4 a4 3.2426E-4
ag -7.8161E-8 a;, 5.2261E-6 a;; -1.0567E-5 a;3 9.889E-6
ayg 8.7601E-9 ay -8.4137E-8  a,, 2.4056E-7 a,; -1.8715E-7
agp -3.9076E-11 a;; 6.4816E-10 a3, -1.9851E-9 a4 1.7727E-9

B
In Pinmz-Nasen) =AY o

(NH3-NaSCN ) (asseall i i —Lisa¥)) Jslne 5.4.2

: [13] (o (o2 smal) g 55 L 5a¥1) Jolad 58 i) 5550 pall s y3 g Jasaall (G 483l )

(34)

{ [13] ot (pstsmall s 5 L 1) Tl S8 501 5550l i 5 5 o sl Yy EBSMaY) L

h(nHz-Nascny = C + D (T-273) + E (T-273)% + F (T-273)3

(35)

[13] (2 (psedsmall s 5 13 5a¥1) Jaslad 58 i 5 551 al) A a5 ALK (o A8DNal) IS

P(NH3-NascN) = K+ M (T-273) + N (T-273)?

(36)

Y abeal) (e it g Jglaall 5€ 5 e liad st Cul SN M K« F«E«D«C«B<A &3

A =15.7266 — 0.298629 X

B = 2548.65 — 2621.92 (1 — X)3

C=79.72-1072 X + 1287.9 X? — 295.67 X3

D =2.4081-2.2814X +7.9291 X? - 35137 X3

E=10"2(1.255X - 4X2+3.06X3)
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F=10"5(-3.33X + 10 X2 - 3.33X3) (42)
K = 1707.519 — 2400.435 X + 2256.5083 X2 — 930.0637 X3 (43)
M= —3.6341 X + 5.4552 X% — 3.1674 X3 (44)
N=10"3(5.1X+3.6 X2 -5.4X3) (45)

(Acetone) o siw ¥/ zaliil] xiLe 6.4.2
D [14] o O sl il wilad 551 all Ay 5 Jaraall G 38Dl )
1214.616

T—273+229.745)
P(Acetone) = 75

10712926 -
(46)

;[15] o2 30 adl da ) e ALl ANl 8 () 53D o sl UV (p A8D)) L

hl(Acetone) = 177.185 + 2.154(T — 273) + (1.06E — 5)(T — 273)3 (47)

;[15] o2 30 oAl da )2 ae pendiall il Alls 8 G siand o i) WY (p AR Ll

1

hV(Acetone) - (0.001336— (2.172E-6) (T—273)+(2E—11) (T-273)3) (48)

.(Acetone — ZnBr2) (i3l s s -0y sisn)) Jslae . 7.4.2

: [A5] ot (Sl ase 50 -0 sipmslN) Jadad 58 51 55 5) all da jo 5 Jaxucall (g 48D

2 oD (T—273) X
P(Acetone -ZnBr 2) =100 ( eZI_O Z]_O al]( ) ) (49)

- [15] o2 Jstaall o sill MEYT 9550 all A ja 5 35S 5l oy A8 Ll

N 4 setone - znBr 2= Zi=o Zj=o by X' (T — 273)) (50)
: [15] (& (LW dpa g0 -0 sisma¥1) Iadad 5 50l 53 ) padl A o 5 AU (p 48Nl IS
P(Acetone - ZnBr 2) =1000( 1.051385— 0.002577258 (T—273) + (4.75227E-6) X3) (51)
. [15] (50) s (49) Astaall il 0l 0 (i (6) 5 (5) Jshaadl &) 3

. (49) Askadll il o5 (5) Ul

aj; ajj ajj

ago -2.41 ajo 5.35E-2 Ay -2.13E-4
agy 1.72 E-2 a;; -1.16 E-4 ay 3.66 E-6
agz '558 E'4 alz 238 E'6 a22 '461 E'8
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(50) Aabeall cul 5l o (6) J 52l

bii bij

bo1 1.892 by, -1.31E-2
by, -1.616 E-4 by, 2.8735E-5
bos3 1.486 E-5 by -5.02 E-7
b4 -2.439 E-8 by 1.755E-9

,5leﬂﬂwi4}ﬂdﬁﬁha,52

38 ela e Baasiall AL & Chad) 138 b dpaliaiel] il A shaial 3 jeaall 4y ) yal) A8k ()
) shaud diu (63 0y @yl Cand by Gadie) 3) ¢ (oaal e z el paludl el 5l & aa
eloaY 4 ,0aa 3l sl A8l il 55 aaal | [6] A.Shihab Galdl J8 (e H5 S0 Usisi g 53 (e 3kl
& aaie] 5l Ll dua st ) @ paall 138 3y 58 G shaial daSlall ci¥aleall &) 3) Lale dlaall o ol
Y il e e 1hs Ly
2 [6] 2 Bkl & a2y 55 ola (e Baaial) 5 ) all AneS

Qrad = r.nw pr ATw (52)

Al et Jreadl) axe Cigyh 8 ey Ledie @ el 3y 5o A shaiad Jalall el 3 5) s da 2 &) 3
: [6] &Y

T =134 N0.269 (53)

weinNL —

A.\.::L@_\ACJIAJ\ ;LAS\BJ‘PK;JJ;&M‘ AJ).G:\A}MJ;\JS\ ;Ld\'é‘)\);a;_)do:\gd)ﬂ\skuwj
- [6] &Y ANy Jpenill 2o ok

AT,, .= 0.0061 N + 3.6268 (54)
: [6] A5 A8l s Jpenill G sl (A Jarg Ladie @l yaall 3y 58 A sdaial Jalall el 3 ) ja A o Ll
Tyinewr = 0-006 N +71.19 (55)

A_QJJLA.\QLQ_\ACJ\AM;LA\EJ\);&AJJ}&M\AJ)JSM}MJ;\AM&LJ\BJ\);AAJJU;U&)A“}
6] A8V A8l (e rnuny Jpenil

AT,, .= 0.002 N + 5.87 (56)
. [6] AV ABally Jiaiy & jaall 3y 55 4 shaie DA elall (o Jaze () LS

m,, = 0.001 N - 0.1243 (57)
ptidieca alipll D o §i21 6.2

0 ae Al Aul Al e Aol il 4 jlae cy ol arsival bl daa e Gl ol
%02 BOEA) Ay s S g e 4y )i milial) culS 5 [13])uadll 8 (Da Wen Sun) Galill
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a5 gacall s i — L gl NH3-NaSCN
Jslaall ddae pump
il wile r
Jsladl) sol
(Ua9) A kel Al Y
& yaall a6 glata cla w
S yaall 4y i da glatal JAlal) cLall wein
Jraaill a2e NL
Jaenill as WL
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/ Te s Tay Te , N, Eex , Npump » Condition /

v

Condition =
No Load

l YES

Calculate T,y ;,, Fromeg. (53)
v
Calculate AT,, Fromeq. (54)
®
Calculate m,, From eq. (57)
v
Calculate T, From eq. (2)
v
Calculate Q,,q From eq. (52)
v
Calculate Q; Fromeq. (1)
v
T,=Ty, T,=T.. T =T
v
T4_=Te ,T5=Ta,T6=T5
v
T8:Tg,T9:T10
v
Calculate P, From eq. (22)
v
Calculate P, From eq. (22)
v
Calculate X5 From eq. (25)
v
Calculate Xg From eq. (25)
v
Calculate h; Fromeq. (24)
v
Calculate h, From eq. (23)
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Calculate h; From eq. (6)

v
Calculate h, From eg. (24)

v
Calculate hg From eq. (26)

v
Calculate hg From eq. (26)

v

Calculate Ty From eq. (16)

v

Calculate hg From eq. (26)

v

Calculate h;, From eq. (6)

v

Calculate Q. , Qa, Q¢ , s, g, My, hg, hy, Wyymp

From eq. (4), (8), (9), (10), (12), (13), (15), (18), (19)

v
Calculate COP From eqg. (20)

O—=&

Condition =
With Load

S

Calculate T, ;, Fromeg. (3-73)

v

Calculate AT,, Fromeq. (3-74)
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