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Abstract

On the basis of an endoreversible absorption refrigeration cycle model with Newton’s heat transfer law, an irreversible four-heat-reservoir
cycle model with another linear heat transfer law@tx A(T~1) is built by taking account the heat leak and heat resistance losses. The
fundamental optimal relation between the coefficient of performance (COP) and the cooling load, the maximum COP and the corresponding
cooling load, as well as the maximum cooling load and the corresponding COP of the cycle with another linear heat transfer law coupled to
constant-temperature heat reservoirs are derived by using finite-time thermodynamics. The optimal distribution relation of the heat-transfer
surface areas is also obtained. Moreover, the effects of the cycle parameters on the COP and the cooling load of the cycle are studiec
by detailed numerical examples. The results obtained herein are of importance to the optimal design and performance improvement of a
four-heat-reservoir absorption refrigeration cycle.

0 2004 Elsevier SAS. All rights reserved.

Keywords: Finite time thermodynamics; Thermodynamic optiation; Four-heat-reservoir absorption rgéiiator; Linear phenomenological heat transfer
law

1. Introduction reservoir endoreversible [15,16] and irreversible [17] ab-
sorption refrigeration cycles with another linear heat trans-
The absorption refrigerators can be driven by ‘low-grade’ fer law, i.e., linear phenomenological heat transfer law,
heat energy such as waste heat in industries, solar energyD « A(T~1). A three-heat-reservoir absorption refrigerator
and geothermal energy, and have a large potential for reduc-s a simplified model that the temperature of a condenser is
ing the heat pollution for the environment. Thus, absorption equal to that of an absorber, but a real absorption refrigerator
refrigerators for industrial and domestic use are generatingis not. Therefore, a four-heat-reservoir absorption refrigera-
renewed interest throughout the world. In the last years, tion cycle model is closer to a real absorption refrigerator.
finite-time thermodynamics [1-6] was applied to the perfor- The performance of the four-heat-reservoir absorption re-
mance study of absorption refrigerators [7—20], and a lot of frigeration cycle with Fourier's heat transfer law was studied
results, which are different from those by using the classi- by Chen [18], Shi et al. [19] and Zheng et al. [20]. On the
cal thermodynamics, have been obtained. Yan et al. [8-10], basis of these research work, a four-heat-reservoir absorp-
Goktun [11], Bejan et al. [12,13] and Chen et al. [14] an- tjon refrigeration cycle model with linear phenomenological
alyzed the performance of the three-heat-reservoir endore-heat transfer law, which inatled the heat leak from the heat
versible [8-10,12,13] and irreversible [11,14] absorption re- sjnk to the cooled space and the finite-rate heat transfer be-
frigeration cycles with Fourier's heat transfer law [21]. Chen ween the working fluid and the external heat reservoirs, is
et al. [15-17] studied the performance of the three-heat- gstaplished in this paper. The fundamental optimal relation
between the COP and the cooling load, the maximum COP
~* Corresponding author. and the corresponding cooling load, as well as the maximum
E-mail address: Igchenna@public.wh.hb.cn (L. Chen). cooling load and the corresponding COP of the cycle cou-
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Nomenclature
a distribution rate of the total heat reject quantity 7» temperature of working fluid in the
between the condenser and the absorber eVAPOIatOr .. .o K
A total heat-transfer surface area of the heat T3 temperature of working fluid in the
eXChaNQerS . .....oveeeeiie e ’m CONABNSET .. .\ttt
Aq heat-transfer surface area of the generator?. m T temperature of working fluid in the absorber K
A2 heat-transfer surface area of the evaporato. m U, heat-transfer coefficients of the
A3 heat-transfer surface area of the condense”. m QENErator. . ..o eeeeeeeanns k¥m—2
Ay heat-transfer surface area of the absorber 2 m U, heat-transfer coefficients of the
Kr heat leak coefficient................... ki eVaPOrator . ... oo kW-m—2
or rate of heatleak......................... kW U3 heat-transfer coefficients of the
01 rate of heat absorbed from heat source .... kW CONAENSEr ..., k¥m—2
02 rate of heat absorbed from cooled space ... kW y, heat-transfer coefficients of the
03 rate of heat released from the condenser absorber........................ kWm—2
toheatsink.............. .. ...l kW y total heat exchanger inventory ......... KV
4 rate of heat released from the absorber
¢ toheatsink............................. kW Greek symbols
R coolingload...........oovuuuieiniiii.. kW t cycle period
Rmax maximum coolingload.................. kW 11 ratio of the temperature of the condenser-side
R cooling load at the maximum COP ........ kW heat sink and the evaporator-side heat source
Ty temperature of heatsource................. K 12 ratio of the temperatures of the generator-side
Ty temperature of heatsink................... K heat source and the absorption-side heat sink
1L temperature of cooledspace ............... K ¢ COP
To temperature of heatsink................... K émax maximum COP
T1 temperature of working fluid in the generator K &g COP at the maximum cooling load

pled to constant-temperaturedt reservoirs are derived. The and the external heat reservoirs are carried out under a fi-
results can provide the theoretical bases for the optimal de-nite temperature difference and obey linear phenomenologi-
sign and operation of real absorption refrigeration operating cal heat transfer law, and these heat exchange processes are

at four temperature levels. isothermal and the equations of heat transfer may be written
as
2. Physical model 01=U1A(T] 1 THl T

A four-heat-reservoir irreversible absorption refrigeration Q2 = U2A2(T, ! T, l)f
cycle with linear phenomenological heat transfer law that ( )

1 1
consists of a generator, an evaporator, an absorber and aQ3= UsAs(To™ = T3 7)7
condenser, is shown in Fig. 1. The flow of the working Q4= U4A4(T T, ¢
fluid in the cycle system is stable and the different parts 1 1 1
of the working fluid exchange heat with the heat reservoirs OL=KyL (2TL -1, T )T (1)

at temperaturd’y, Tr, To and Ty during the full timer,
whereas there are thermal istances between the working
fluid and the external heat reservoirs. Therefore, the corre-
sponding working fluid temperatures &g, 7>, T3 and T4,
respectively. The cooling load of absorption refrigerators
is always smaller tharp, because of the heat leak from
the environmental reservoio the cooled space. Work in-
put required by the solution pump in the system is negli- 4 _ AL+ Ar+ A3+ Aq )
gible relative to the energy input to the generator and is

often neglected for the purpose of analysis. From the first Defining the parametet (the distribution rate of the to-
law of thermodynamics and the second law of thermody- tal heat reject quantity between the condenser and the ab-
namics, one ha®)1/T1 + Q2/T> — Q3/T3 — Q4/T4 =0 sorber):

and Q1+ Q2 — O3 — Q4 =0. It is assumed that the heat

transfers between the worlg fluid in the heat exchangers @ = Q4/03 )

whereU1, Uz, U3 andUyy are, respectively, the overall heat-
transfer coefficients of the generator, evaporator, condenser
and absorberK; is the heat leak coefficient, anth, Ao,

Az and A4 are, respectively, the heat-transfer surface areas
of the generator, evaporator, condenser and absorber. The to-
tal heat-transfer surface area is
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Fig. 1. A four-heat-reservoir irreversible absorption cycle model.

3. Fundamental optimal relation

According to the standard definitions of the CO8 (
and the cooling loadR) of an absorption refrigerator, one
obtains

R _0:-0 _%<l_g)
01 01 01 02
_ Tt +ar, - A+ a1yt
A+ a1t -1t —ar,?

E =

x {1— %{[(Haﬁz‘l ~ Tyt —ar,

< [Un(T7 =T [T5 + et - A+ 1))

1189

1
+ -
Up(Ty, 1 =T,
-1 -1
+ T2 B Tl
Us(Tgt = T3 DT +aT, - A+ )T Y
a(Tyt =10
+ -1 i — -1 -1
Ua(Tyt = Ty HIT5 el - A+ a1 Y
4)
and
R— 02— 0L
T
-1 -1 -1
_ { A+ a) T, =Tt —arT,
Uty =Ty DI +aT - A+ )T
N 1
Up(Ty, 1 =T,

-1 -1

n I, -1

-1 -1 -1 -1 -1

Us(Ty* — Ty O3 +al, t —A+a)T; ]
a(Tz—l_ 1—1) -1

+ -1 -1 -1 -1 -1

U4(TM - T4 )[T3 +aT4 - (1—|—a)T1 ]

—qL (5)
whereg; = Qr/t. For the sake of convenience, ket =
T3t bo= A+ )Tyt b= 1+ a)Tyt, by =aly?,
C=gqr/A andC =qr/A. Then, Egs. (4) and (5) may be
rewritten as

8_b1+b4—b2
" b3—b1—bs

bz —b1—b
8 {1—C[ i 3 _11 4
Ur(1 — Ty ) (b1 +ba — b2)
1
+b37
U2(1+—a —TL)
n bz — by
Us(1+a)(Ty" — b1)(b1 + ba — b2)
a(bz —by) “
Ua(Ty* — %) (b1 + ba—b)

(6)

bz —b1— by 1
k=4 by -1 _ b3
Ui(5 g )(b1+ba—b2) Uz —T1)
n bz — by
Us(L+a) (Tt — ba) (b1 + ba — b2)
a(bz — b2) -1
+ 1 ba —4qL
Ua(Ty,~ — 72)(b1+ ba— b2)

(7)

3.1. The maximum COP and the corresponding cooling
load

Using Eqg. (6) and the extremal conditiofs/db1 = O,
de/ob, =0,0e/0b3 =0 andoe/dbs = 0, one can derive the
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temperatures of the working fluid in the generator, absorber, A1 = x D2 A

condenser and evaporator which correspond the maximum

COPSmaX as follows

T =Ty = Y[ +x(T,; - B)]
To=To =1Y[T," +y(Ty" — B)]

Ty =To = 1/[T5" ~ 2(T;7* - B)]

Ty=Tse=1/B (8)
where

B (14 a)UsTy C 1 — [y(L+a) +a +z] — /B1

(L +a)UsC T
Bi=[yA+a) +a+z]" - QA+ a)Us(aTyt + T4t
+ L+ a)?UsTrC 7t

x=(Ua/UDY?,  y=(Us/Up)"/?

2= (Ua/ Ua)"/?

Substituting Eq. (8) into Egs. (4) and (5), one obtain the
maximum COP

D
Dy [1
D;

qr . 1+a)(xD2+yD1) + (z+ a)D3}
Emax = - X 1
A (14 a)D1U4(T,; — B)
9)
and the corresponding cooling load
A(l+a)D1Us(T;;* — B)
: i au (10)

" I+ a)xD2+yD) + (z+a)D3
where

Di=aB+T, ' — 1+ a)T;* — (T — B)[z + L+ a)x]
Do=Q+a)T; ' —aB—Ty + (T, — B)[y(1+a) + <]
D3=D1+ D>

emax and R, are two important parameters of absorption

refrigerators. They determine the upper bound of the COP 7, — 7., — 1/[T51 — Z(Tfl —

and the lower bound of the cooling load.
Using Egs. (1) and (8) one can obtain the optimal

x|+ a)(xT 1 = yTyY) + (v = 0)(T5 +aB)
+@ra) (T~ T +aly -0 (T~ B))
(12)
Ar=yD1A
x {L+a)(xT = yTy Y + (v —x) (T, +aB)
Fe+a) (T =T +aly —0) (T - B)} !

(13)
Az =2zD3A
x {1+ [A+a)(xT, - yTyt)
+ (@ —x)(Tyt +aB)
+e+a) (T =T +aly —0)(T = B)]}
(14)
Ag=aD3A
x [+ [A+a)(xT, - yTyt)
+ (@ —x)(Tyt +aB)
+e+a) (T =T +aly —0) (T = B)])
(15)

3.2. The maximum cooling load and the corresponding
COoP

Using Eq. (7) and the extremal conditiof® /db; = 0,
0R/0bp =0,0R/0b3 =0 anddR/dbs = 0, one can derive
the temperatures of the working fluid in the generator,
absorber, condenser and evaporator which the maximum
Rmax as follows

T1=Tig=1/[T;* +x(T;;* — E)]
Tr=Tor = 1/[T + y(Ty,*

M

Ta=Tawg=1/E (16)

distribution relation of the heat-transfer surface areas aswhere

follows

A1 xD> Az 2
A Tybi A a
A1+ A2

A3+ Ay

={A+a)(xT; = yT;Y)
+ =0Ty +aB —z(T,;* - B)]}
<@+ a7t =T+ (- 0(T - B)])

(11)

From Egs. (2) and (11), one can find the relations between
the heat-transfer surface areas and the total heat-transfer
where

surface ared as follows

. [x(1+a)+a+2T, + A+ T, -1,
2lx(14+a)+a+z]

Substituting Eq. (16) into Egs. (4) and (5) yields the
maximum cooling load

AL+ a) FLUy(Ty* — E)

Rmax = — 17
"X At o) FatyF) + G +a)Fs - ()
and the corresponding COP
. 1! [1 av (1+a)(xF2+yF1)+(z+a)F3}
R = 7= -
P A (14 a) FiU4(T;;* — E)
(18)
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Fi=Ty" — A+ a)T +aE — [+ a)x +2)(Ty;* — E)
FB=A+a) T~ Tyt —aE+ [+ a)y +2](T," - E)
F3=F1+ F>

Using Egs. (1) and (16) one can obtain the optimal -

1191

One can prove further that Eq. (24) also holds for other
optimum states of absorption refrigerators. Substituting the
solutions of Eq. (24) into Egs. (4) and (5) yields

Tyt — (A4 )T +ba— (L + a)x + 2)(Ty;t — baja)

distribution relation of the heat-transfer surface areas as™ (1 4 a)TL_l — To—l —ba+[A+a)y+ z](T,Ql — baja)

follows

A1 xF» Az z
A2 YR A a
A1+ A2

A3+ Ay

={A+a) (T =Ty
+ =0Tyt +aE — (T, — E)]}
< {e+a[T =Tt + o -0 (T - B)]}
(19)
From Egs. (2) and (19), one can find the relations between

R
R+gqrL

X

(25)

R={UsA(L+a)(Ty;* — bafa){Ty" — A+ a) Tt
+ba—[(A+a)x +2](Ty," — ba/a) }}
x {A+a)(xT; = yT ) + (0 — )Ty — ba)
+@+a) (T =Ty + (v —x)(aTy,t = ba) )~

—4qL

1

(26)

the heat-transfer surface areas and the total heat-transfer Eliminating b4 from Egs. (25) and (26) yields a funda-

surface ared as follows
A1 =xF2A
x {L+a)(xT =T Y + 0 —0)(Tyt —aE
Fe+a) (T =T +aly —0) (T — E)}
(20)
Ar=yF1A
x {L+a)(xT =T + 0 —0)(Tyt —aE
Fe+a) (T =T +aly —0) (T - E)}
(21)
Az =z[3A
x {L+a)|d+a)(xT = yTY)
+ O —x) (Tt —aE)
+e+a) (T =T +aly —x)(T, - E)])

(22)
Ag=aF3A
x {L+a)|A+a)(x1 = yT;1)
+ (v —x) (T, —aE)
+ G+ (T = TN +aly—x)(T - E)])
(23)

3.3. Fundamental optimal relation

Combining Egs. (6), (7), and the extremal conditions
de/oby = 0, de/dby = 0, de/dbz = 0, de/dbg = O,
dR/3db1 =0, 0R/db; =0, 0R/3db3 =0 anddR/dbs =0
yields a general relation

Uy 2[b2/ A+ a) — T, = U3 %[bs/ L+ a) - T, ]

= U3(T5" = b1) = Uy*(Ty7" — baja) (24)

mental optimum relation of an irreversible absorption refrig-
erator, which can be used directly to analyze the influence of
major irreversibilities on the performance of an irreversible
absorption refrigerator and to plot the characteristic curve of
an irreversible absorption refrigerator with linear phenom-
enological heat transfer law, as shown by curve a in Fig. 2.
It exhibits a loop-shaped one. The characteristic curve of
an endoreversible absorption refrigerator with the sole irre-
versibility of heat resistance is also illustrated, see curve b in
Fig. 2. Itis similar to a parabola. Fig. 2 shows the difference
of the characteristic curves tween an irreversible absorp-
tion refrigerator with heat resiance and heat leak losses and
an endoreversible one with heat resistance loss. In the cal-
culation,A = 1100 n?, Tp = 303 K, Ty = 403 K, Ty =

305 K, T, = 273 K, a = 1.5, U; = 682223 KW-K-m~—2,

Us = 458167 kW-K-m~2 Uz = 16225 kW-K-m~2, Uy =
145206 kW-K-m~2, K; = 104284 kWK are set [7,22].

251

Rw)

Fig. 2. The optimal COR versus the cooling loa&.
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4, Resultsand discussion Tie > T1 > Thr, Toe = To > Tog

4.1. It is seen from Fig. 2 that th&—¢ characteristic ~ 73k = 13 = T3, Tar > Ta > Tae (28)
curve of an irreversible absorption refrigerator with linear
phenomenological heat transfer law is divided into three

parts by the three operating stateseot= 0, ¢ = ¢eg and 45 |y order to discuss the optimal performance, defining
¢ = emax. When the absorption refrigerator is operated in heo ratiory = To /T, of the temperature of the condenser
those parts of th&—e curve that have a positive slope, the 54 the evaporator, and the ratie = Ty /Ty of the
COP decreases as the cooling load decreases. These regio'ﬁémperature of the generator and the absorption. One can
are not the optimal operating regions. The optimal operating analyze the performance numgily. In the calculation, the
region of an absorption refrigerator should be situated in that cycle parameters are set as same as stated above.
part of theR—e curve that has a negative slope. In such a ~ The influences ofr; on the maximum CORpmax and
case, the COP will increase as the cooling load decreases,g corresponding cooling loak,, the maximum cooling
and vice versa. Thus, the COP and cooling load should be,jqaq g .. and the corresponding CQR: of the four-heat-
respectively, constrained by reservoir irreversible absorption refrigeration cycle with
er <& < Emax Rmax> R > R. (27) linear phenomenological heat transfer law vergusith
Ty = 403 K is shown in Figs. 3-6. Figs. 3—6 show that

According to Eqg. (27), one can determine that the optimal for 3 fixed a, emax, Re, Rmax and eg decrease with the

regions of the temperatures of the working fluid in the heat jncrease of1. Whena is larger than one value, the influence

exchangers are of 1 0N emax, Re, Rmax and ez are less. For a fixed,
32 32
30 20t
~ 28} 281
& &
= =
i i
24t o2
M— T, =111
22F 22
201 =114 201 =114
18 1ak
15} 164
1 L 1 1 1 1 L 1 1 1
0 1 2 g 3 4 5 0 1 2 a4 3 4 5
Fig. 3. The influence of; on the maximum CORmax versusa. Fig. 5. The influence of; on the maximum cooling loa&max versusa.
14 0s55r

05F

045F

&
S 12— T =111

12 W 04'.,__-____ =111
T,=114
11.5
035F r,=114
11F
03
105}
]0 1 1 1 1 l 025 1 L L 1 1
] 1 2 a 3 4 5 ] 1 P 3 4 5

Fig. 4. The influence of; on the cooling load?; versusa. Fig. 6. The influence of; on the COR:; versusa.
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there is an extremal point at = 1.1172 for the cycle. inventory [12]. If one us&/ A = U1A1 + U2A2 + U3zAz +

Whenty < 1.1172 gmax > 0.6708,R, > 12.3, Rmax > 22.8, UsAq 1o replaceA = A1 + Az + A3 + Ay, i.e., using

R = 0.3802 andemax, Re, Rmax and sg decrease with the distribution of the heat conductance to replace the
the increase ofi; and whenty > 1.1172,emax < 0.6708, distribution of the heat-trafesr surface areas, one can obtain
R:. <123, Rmax < 22.8, eg < 0.3802 andsmax, R, Rmax the optimal distribution relation of the heat conductance as

and e increase with the increase af These imply that  follows
they will reach their agyptotic values, i.e §max— 0.6708,

A b
Re — 123, Rmax — 228, ¢z — 0.3802 whena tend to 2241 _ Ty = A+ a)T;  +ba— (2+a)(TA}1 _ _4>
infinity. U242 a
The influences ofr, on the maximum CORmax and UsAz 1

the corresponding cooling loak,, the maximum cooling UsAs  a

load Rmax and the corresponding CQR: of the four-heat- UA

reservoir irreversible absorption refrigeration cycle with U141+ U242=UsAs+ UsAsa= R (29)

linear phenomenological heat transfer law verausiith

To = 313 Kis shown in Figs. 7-10. Figs. 7-10 show that for

afixeda, emax Re, R;ﬁx?;ng increase with :jhe increase of . T(;l — 1+ a)Tgl +ba— 2+ a)(TA;l — ba/a)

72. Herer; > 1.1172 holds , Re, Rmaxandeg increase = - - -

viith the irllcrease af. Fmee o Tmex ’ A+ )T, =T —bat 2+a) Ty, = ba/a)
R

and the cooling load and the COP are

X 30
4.3. The performance optimization can be carried out R+qL (30)
by optimizing the distribution of the heat exchanger total
7,=1.40
5l =140 25|
/ r,=135
06fF r,=135
%\ 201
05k £,1.30 ug r,=130
o
4 04f 15F
7,=1.25 r,=123
0.3
10
02g
- : - : : %0 ] 2 3 4 :
*1s 1 2 a4 3 4 5 a .

. . . Fig. 9. The influence of> on the maximum cooling loa&, versusa.
Fig. 7. The influence of, on the maximum CORmax vVersusa. 9 2 9 max

T, =140 r, =1.40
14} 0.4r
13/ T, =135 r,=1.35
- 035
|5 N/ 7,=130 r,=130
= - 03f
mulo_ [\
ar 1..2 =125 0.25F T2 =125
8-
‘T-
6.
1 1 1 3 5 4 45 f

Lh

o
—_
[

o 2 4 5

Fig. 8. The influence of, on the cooling load?; versusa. Fig. 10. The influence of, on the COR:; versusa.
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R={UA(Ty;* —ba/a)[To* — A+ a) Tyt +ba
— 2+ a)(Ty" = baja)]}
s {2(r =1 - an

H
Eliminating b4 from Eqgs. (30) and (31) yields a funda-
mental optimum relation of an irreversible absorption refrig-

(31)
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Whena =1, Tyy = Tp and Uz = U,, the four-heat-
reservoir irreversible refrigeration cycle becomes the three-
heat-reservoir irreversible refrigeration cycle with linear
phenomenological heat transfer law which included heat
resistance and heat leak lossasd the cooling load and the
COP are

-1 -1
erator. e (x —|l- 1)b4 _lTH —xT), y R (33)
T, "+ yT),, —(+1Dbs R+qyL
4.4. When K; = 0, the four-heat-reservoir irreversible . i =
absorption refrigeration cycle with linear phenomenologi- , _  2UaA(Ty” — ba)lx + Dba — Ty, — xT) ]
cal heat transfer law becomes the four-heat-reservoir endore- [(1+ x)TL_l -1+ y)Tf;l] +(y— x)(T&l — ba)
versible absorption refrigeration cycle with linear phenom- —qr (34)

enological heat transfer lawrom the calculation, th& —e
characteristic curve of an endoreversible absorption refriger-
ator is a parabola curve, i.e., there are the maximum cooling
load and the corresponding COP, and wheattains a maxi-
mum value, the corresponding cooling load is zero, as shown
by curve b in Fig. 2. On the contrary, thie—¢ characteris-

tic curve exhibits a loop-shape with heat leak, i.e., there are
the maximum CORyax and the corresponding cooling load
R., the maximum cooling loa®&ax and the corresponding
COP¢g. Thus, heat leak has changed tRe-¢ character-
istic. The R—¢ characteristic of real aorption refrigerator
curve exhibits a loop-shape, as shown in Ref. [7], therefore,
it is necessary to consider the influence of heat leak on the
performance besides the heat resistance loss.

4.5. The results of this paper include the optimal perfor-
mance of the three-heat-reservoir irreversible refrigeration
cycle with linear phenomenological heat transfer law which
included heat resistance andat leak losses, the two-heat-
reservoir irreversible refrigeration cycle which included heat

resistance and heat leak losses, the four-heat-reservoir en-

doreversible refrigeration cycle, the three-heat-reservoir en-
doreversible refrigeration cycle and the two-heat-reservoir
endoreversible refrigeration cycle.

Casel K; =0.

If there is only heat resistance loss, i.&€; = 0, elimi-
natingb4 from Egs. (25) and (26) yields a fundamental opti-
mum relation of an endoreversible absorption refrigerator as
follows

R={AUsQ+)[(1+e7 ) (aT),t + 1,1
~ A+ a1+ T Y]]

x[A+a)(y+xe )+ 1+ DNe+a)]? (32

Eliminating b4 from Egs. (33) and (34) yields a fun-
damental optimum relation of an irreversible three-heat-
reservoir absorption refrigerator.

If Ty — oo further, the four-heat-reservoir irreversible
refrigeration cycle becomes the two-heat-reservoir irre-
versible refrigeration cycle with another linear heat trans-
fer law which included heat resistance and heat leak losses
[23,24].

Cae3.a=1,Ty=Tp,U3=UsandK; =0.

If a=1, Tyy = Tp andUsz = U,, the four-heat-reservoir

irreversible refrigeration cycle becomes the three-heat-reservoir

endoreversible refrigeration cycle with linear phenomeno-
logical heat transfer law which included the only loss of heat
resistance [17]. The fundamental optimum relation of this
refrigeration cycle is given by

CAULA+ e (@ T — (7 + T e )
N Ay +xeH+ L+ D)2

If Ty — oo further, the four-heat-reservoir irreversible
refrigeration cycle becomes the two-heat-reservoir endore-
versible refrigeration cycle with linear phenomenological

heat transfer law which included the only loss of heat re-
sistance [25].

(35)

5. Conclusion

The performance of the four-heat-reservoir irreversible
absorption refrigeration cycle with linear phenomenologi-
cal heat transfer law, which included the heat leak from
the heat sink to the cooled space and the finite-rate heat
transfer, are analyzed andtopized by using finite-time
thermodynamics in this paper. Moreover, the effects of the
cycle parameters on the COP and the cooling load of
the cycle are studied by detailed numerical examples. The

The four-heat-reservoir irreversible refrigeration cycle with ranges of the selection for the practice parameters the four-
heat resistance and heat leak losses becomes the four-heafeat-reservoir irreversible absorption refrigeration cycle are
reservoir endoreversible absorption refrigeration cycle with derived. The results of this paper have quite commonly
heat resistance loss. significance, and include theptimal performance of al-
most all kinds of the refrigeration cycles with linear phe-

Case2.a=1,Ty =Tp andUz = Usy. nomenological heat transfer law (the three-heat-reservoir
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irreversible refrigeration cycle, the two-heat-reservoir ir- [9] z. Yan, A three-heat-reservoir endwersible absorption refrigeration
reversible refrigeration cycle, the four-heat-reservoir en- cycle, Vacuum & Cryogenics 8 (3) (1988) 8-12 (in Chinese).
doreversible refrigeration cycle, the three-heat-reservoir en-[10] Z. Yan, J. Chen, An optimal endoreversible three-heat-reservoir
doreversible refrigeration cycle and the two-heat-reservoir _ "éfigerator, J. Appl. Phys. 65 (1) (1989) 1-4. _ ,
endoreversible refrigeration cycle, see Section 4.5). Thus,[ll] S. Goktun, Optimal performance of an irreversible refrigerator with

th It btain h in h listi ianifi d three heat sources, Energy 22 (1) (1997) 27-31.
€ results obtain herein have realistic signimcance an [12] A. Bejan, J.V.C. Vargas, M. Sokolov, Optimal allocation of a heat

may prOYide some new theoretical guidance for the op- exchanger inventory in heat driven refrigerators, Internat. J. Heat Mass
timal design and performance improvement of refrigera- Transfer 38 (16) (1995) 2997—3004.
tors. [13] M. Sokolov, J.V.C. Vargas, A. Bejan, Thermodynamic optimization of

solar-driven refrigerators, TranASME J. Sol. Energy Engrg. 118 (2)
(1996) 130-135.
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