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ABSTRACT: In the present research, a novel bi-evaporator combined cooling and power cycle based
on the integration of a double-stage organic Rankine cycle and an ejector refrigeration cycle is devised
to recycle heat from the exhaust gas of a marine diesel engine. Instead of using conventional pure
organic fluids, various appropriate zeotropic mixtures are screened for the proposed system and the
results are discussed in terms of the first and second laws of thermodynamics. The results indicated
that by recycling 434kW energy from the exhaust gases and using R142/Pentane with 51/49 percent a

maximum thermal efficiency of 43.28% and an overall cooling load of 166.36 kW can be achieved. In  Keywords:

this case, the net produced electricity and exergy efficiency are obtained as 21.83 kW and 20.22% which oy oo
can be increased by selecting other appropriate mixtures. Additionally, using R142/Pentane with 51/49 Marine diesel engine
percent as the working mixture, it is figured out that the auxiliary vapor generator contributes to the .
highest exergy destruction by 62.3 kW out of overall exergy destruction of 122.15 kW. Also, the energy Ejector

and exergy efficiencies of the system can be increased simultaneously by increasing the evaporator — Bi-evaporator

bubble point temperature.

Zeotropic mixture

1. Introduction

Nearly 40% of the overall fuel combusted by an Internal
Combustion Engine (ICE) is converted into useful work,
while the remaining part of this energy is discarded into
the environment at a high temperature (500-650 °C) [1].
Meantime, the International Maritime Organization (IMO)
has implemented several preventing regulations to hinder
pollution of the marine environment and reduce GreenHouse
Gas (GHG) emissions [2]. Among various devised innovative
methods, Waste Heat Recovery (WHR) of Marine Diesel
Engines (MDESs) via appropriate technologies is deliberated
as the most highly efficient approach by this organization.
Among various technologies, the Organic Rankine Cycle
(ORC) has shown an exceptional outcome for both low and
high-temperature WHR of the exhaust gases. A great deal
of in-depth investigations have spotlighted the merits of the
ORC for this aim such as its low cost, small volume, high
performance, lightweight, and simple and routine operation,
to name but a few. Since there is a poor thermal matching
between the pure working fluids through the evaporation
process of refrigerant and high-temperature fluid of the
marine diesel engine, it is worked diligently to resolve the
problem associated with this mismatching in the MDE-based
ORCs. One of the more efficacious methods to decrease this
mismatching between marine diesel engine and power sub-
system is using a zeotropic mixture which is accounted for
in this study. In zeotropic mixtures, the phase of the mixed
fluid does not change isothermally, and hence different
temperatures for saturated vapor or liquid state can be attained

*Corresponding author’s email: hghaebi@uma.ac.ir

in a specific pressure [3]. Meantime, Combined Cooling
and Power (CCP) systems refer to simultaneous generation
of cooling and power from the same source of energy. CCP
systems are classified as integrated energy systems and
are highly recommended for arid and semi-arid regions. It
is worthy to mention that no study has developed a system
for waste heat capturing of MDEs to produce cooling at two
temperature levels and power for voyage applications, which
is considered in the present study. The second novelty of the
present study is the design methodology used in devising
a new bi-evaporator CCP system which uses the extracted
pressure of each turbine at two different scales to provide two
primary pressures for ejectors. Thirdly, a zeotropic mixture is
used instead of a pure fluid, where only studies of Yang et al.
[4] and Yang and Zhao [5] can be found with this concept. An
extensive thermodynamic evaluation of the devised set-up is
presented.

2. Methodology

Fig.1 shows the schematic of the newly devised bi-
evaporator CCP system. Accordingly, the exhaust gases first
enter the vapor generator and are used to preheat the mixture,
then enter the auxiliary vapor generator and cool it to near the
saturation temperature of the gas. The heat is transferred from
the diesel engine to the cogeneration system and considering
some main thermodynamic processes, eventually, the process
leads to the production of the required electricity and cooling
in the ships.
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Fig. 1. Layout of the devised bi-evaporator cogeneration system, operated by waste heat of a marine diesel engine

3. Governing Equations

A thermodynamic code is developed in MATLAB
software coupled with REFPROP to simulate the proposed
cogeneration system. For this developed code, some
assumptions are made, such as (a) Kinetic and potential
energies are neglected, (b) Zeotropic mixture composition
does not vary during the simulation, (c) Temperature of the
cooled engine exhaust gases from the preheater unit should
be set above 375 K to avoid acid corrosion, (d) Temperature
profile of zeotropic mixture through the heat exchangers is
assumed to have a linear distribution. The first and second
laws of thermodynamics in terms of mass, energy and exergy
balances are used in the present study as follows:

Zn;lin = ;n;laut (1)
Q., W ., = 2(mh),, —2(nih), ()

ExD,k = z:ﬂEX in,i _z:=lExout,i (3)

Using the above formulations, each component of the
proposed system is analyzed and finally, the amount of
generated electricity and cooling are reported.

Energy and exergy efficiencies of the devised bi-
evaporator CCP system are articulated respectively as:

n — Q.eval‘ +Qeva2 '+Wnet (4)
“r O4ve +9¢
_Wnet +(Ex28 —Ex27)+(Ex30 —Ex29) (5)
ne.x ,CCP Exl _Ex 3
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4. Results and Discussion

Fig. 2 depicts the effect of mass fraction of different
zeotropic mixtures on the net electricity and refrigeration
load.

According to Fig. 2, it can be discerned that the devised
cogeneration system produces more refrigeration load than
electricity, and hence it is expected to have a pinnacle value
for refrigeration load due to its dominant impact rather
than for the net electricity. As Fig. 2 indicates, R142b/
Pentane is the best selection of mixture to achieve the
highest refrigeration load followed by Isobutane/Pentane.
The worst zeotropic mixture in terms of refrigeration load
is Butene/Isopentane, followed by Isobutene/Isopentane.
In terms of net electricity, the trend is nearly reverse. The
best zeotropic mixture in terms of net electricity is Butene/
Isopentane, followed by Isobutene/Isopentane. However, the
worst zeotropic mixture in terms of net electricity is R142b/
Pentane, followed by Isobutane/Pentane. Also, using pure
working fluids (presented in Fig. 2) can lead to higher net
electricity. In conclusion, using zeotropic mixture instead of
pure working fluid highly improves refrigeration load and
energy efficiency nonetheless decreases net electricity and
exergy efficiency.

Table 1 presents the main decisive factors of the proposed
system for the two best zeotropic mixtures in terms of energy
efficiency.

5. Conclusions

A new integrated bi-evaporator cooling/electricity system
working with two cooling temperature levels was devised in
this study. The main conclusions of the present study are as
follows:

. The maximum refrigeration load and cogeneration
energy efficiency were calculated 166.36 kW and 42.46%,
respectively, when R142b/Pentane (0.51/0.49) was used.
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Fig. 2. Effect of mass fraction on net electricity and
refrigeration load for different mixtures

. Using Isobutene/Pentane (0.36/0.64) and Isobutane/
Pentane (0.43/0.57) led to the lowest cogeneration exergy
efficiency of 17.79% and 17.91%, respectively. The highest
cogeneration exergy efficiency was associated with Butene/

Table 1. Main performance factors for different mixtures

Performance " KL e
W ot 21.832 22.879
Ocooling 166.364 150.203
Ten cap 43282 39.806
Tex cap 20.223 20.107
Fro 122.154 121.642

Isopentane (0.35/0.65) by 18.71%, followed by Isobutene/
Isopentane (0.34/0.66) by 18.53%.

. The highest net electricity was associated with
Butene/Isopentane (0.35/0.65) by 18.02 kW, followed by
Isobutene/Isopentane (0.34/0.66) by 17.63 kW.
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Table 2. Required thermodynamic input parameters for simulation
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Table 4. Energy and exergy balance equations obtained for evaluation of the devised cogeneration system

5,551 4lge Yol S50 5lge Y olas na <l
Ex"'=(Ex,—Ex)-W,, W =11, (hy = 1)1, oy = (hy —hs)/ (hy —hs,) )V otrs
Ex"? =(Ex,—Ex,))-W,, Wy =1ty (hy =i ) o1l urs = (ho =110 )/ (By =y, Y e

Ex " = (Ex,, —Ex,,)—(Ex,, —Ex ;) O, =11, (=115 )0, = it (P — o ) ) sadlS
Ex " = (Ex g —Ex o) —(Exy, —Ex ) O, =115 (g =11 ),0,0, =115, (hyy — 1y, Y oulSs

Exg“ :Wpu —(E’x17 —Exlﬁ)

Wpu =n, (hn —hy )aﬂis,pu

= (h17s _hIG)/(hH _h16) e

Ex}"% = (Ex,—Ex,)—(Ex, —Ex,,) O1ve =1y (hy~1,),0,6 =y (hy—hy,) )b;z'n
Ex®'=FEx ,—Ex, hy=h, \ Ll s

Ex}}”z :Ex20 —Ex22 hy, =h,, Y bl

Ex¢ =(Ex,—Ex,)—(Ex,—Exy) Ore =114 (I —1,),0,6 =1y (hy—hy) R
Ex & =(Ex,, —FEx ) —(Ex,, —Ex,,) Opr =114 (s =113 ), O =1y (g — g ) V oaiiS et
Ex$? = (Ex,, —Ex ) —(Ex 3 — Ex ) Qs =1y (g =13y ), 0,0 = 1130 (Pg — sy ) Y oasS ks

Exp =W, —(Ex 5, —Ex ;) W sy = 15 (Mg =P )sT0i py = (g =Py )/ (o = 5 o2

Ex " =(Ex,; +Ex,)~Ex,, mah, +mahy, =mahy,m Y ma = mn S b

Exgl :(Ex6+Ex15)—Ex7 ) s
1!5’)6?,’2 =(Ex10+Ex24)—Ex18 T ¥ 5
Ex® :ZExg - s JS

obsysnl 4 R142b 5 by & R142b lnspliisnsnl ol
Jhw &0 4 (Si2gs bolsue G allie (pl 5o canl oud Sl
o loges solod ;o aS 5 0 4y cienl ouls ools L ¥ Jlew 4
Ply> 3l P Sl )V b @ barye poyr S Dl
oad Ol (6,15 SVl (aiome ey slo il )b g (S udge

RV W J AR PRESI

Silw oo gl —F-Y
oS 5 a5 > 090 55l 003l g ol (aild 0ol ey 5 ol b (Rl
Cadyb 0us @)l lojen sy whas F S5 L Billae bl e

329 ol ple S o 0 (SO S lgs Ay Cond (6 g g S

Yool

635 Y b ol — ¥
O st ol o] YST S 5 5 caslio (615 Jlow o]
il o (655 Sl 5 Saps 3955 bglsna sl ool )5 psgie
SLgs eoog S 4 ol clin T Sl S la S 5]
w0y g Vb (Sl jLad g Lo o b L JBo (28ls (o L
I Jw 0Skae w5 5 0l oS 5 a3z o I¥eT o5 Ll
A3 b 6,955 % 5 45 2 Gl oo 9 (eSS 422 Sl e
S SVl g0l S ey e i ] 5 g b S
I G ol (Qbignl (ngnl (Bngnl Jolb )5 Jlw 7
5 =S 5 Seg gy bale 10 .ol sas ol R142b
I ogessal e bols Sevgyigs; boglie A wonds sl (6,15 Wl

ISl lbissnmlids ba/Fe lagnlobagn! s



YoVY B YooY axbo Moo JL..J A b)u QY 0y9d ;).:..5).:.9] «_i.u&n L;""'“\“‘Q(" A_v).u.u

20 —O— Wang et al —8— Present study 55
_ —O— Wang et al —e— Present study
19 u
18 5.0
(m)
174
E 4.5
16 e -~ 5
5 151 T 5 Fa0 = X
3 . RGN
&= 14 \ NN
3] \:/\E k3.5
124 ©
3.0
114 \
104+— : : : : :
0.0 0.2 0.4 0.6 0.8 1.0
MF Isobutane
(@)

50 T T T T T T 200 r11.0
O Yang et al —8— Present study -
A Yang et al —A— Present study 105
O Yang et al —o— Present study 10.0
45 o [ 19
—O—_ L
./ __ .\ 150 . Fos
\B\Q\r’]m. B
9.0
40 = Q
. k85 S
W F100 S =
) Srs0 &
351 S
P Qll7s
\Q A, k7.0
~4 A/A choling S0
30+ L 65
] 6.0
25 T T T T T T 0 -9
0 20 40 60 80 100
)
MFoputane (Y0)
(h

3 OlF o 5 4552 (55551 033k 9 9 i Cendyb AL T iy & U9l () Songg5) bgliko (o052 S 3T ouis (Lad ¥ U
il o0 [VA] pasly 45y (25205 andllae (65531 003l 3 oS i gedaws u2ls (5131 & (AN Glgi 1 L a 3l 4 Ugra 3l () 5 V4] ool s i
Fig. 3. Indicates the effect of mass fraction of zeotropic mixture (a) Pentane/Isobutane on net power, refrigeration load
and exergy efficiency for the conventional power and ejector refrigeration cycle [19] and (b) Isopentane/Isobutane on

power output per unit area of the evaporator and thermal efficiency for organic Rankine cycle [29]
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Table 5. Themophysical and environmental properties of the selected working fluid [28]
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Fig. 4. Effect of mass fraction on net electricity, refrigeration load, energy efficiency and exergy efficiency for different
mixtures
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Table 6. Main performance factors for different mixtures at a specific mass fraction to achieve maximum refrigeration
load and energy efficiency
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Table 7. Thermodynamic properties at each point of the devised cogeneration system with R142b/Pentane
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Fig. 5. Contribution of different elements to the overall exergy destruction for R142b/Pentane (0.51/0.49)
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Fig. 7. Effect of compression ratio of the booster on the net electricity, refrigeration load, energy efficiency and exergy
efficiency for different mixtures
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mixtures

Yoy



YoYY B e of amio OFe e Jls D oylods DY 095 ¢yueS pool KilSo pusiges 4y el

sdel s a5 il (et el 48,5 Oy (65,9 oyl
25 aMs nj Sped Ol |,

Voo b G Sy slabsle oz puS i b K
i a Jol 0ol edil 9wy Sl e (n i e
Loy & RI42bbglre 4 bgye FYIYA 4 5 V28/¥8 KW
Wb oo FA 4 DY po > S o

a bgye YoV 2Ll pgs o9l o33l Jluie p ytaS
9009 BV @ FY (co)2 puS Cnd b 0l 4 (B9l )8 Jlows
& g bslie 4 bgrpe g YVNEL Lyl g (y3il8 033 (5 s
Al e PO AT Cos b by gl

bylse 4 by pe YUY KWL 1l sadg oy oyt %
YAIYA KW o] s g ol oo 0 40 YO cos b oyl gl a0 o5 g
il PF XY Coi b pligsnl 4 Sisignl belse 4 by e
bgloeo a4y bgyyo YVAY KWL 1l odgs ol (2 eS (pizron
YYIAA KW T oms g o0 F9 a0 0) cees b oy 4 R142b
il oo B 4 T Coi b by & (lgeg il & gy e

5 SoS B 53135 4 by (65,551 w50 Sial ey
Sl ) Sl 4 by o] w

blasl s Gl L Glgion 1) s o0 Ol %
B 8l Gles palS g g oS15 Cand 285 N (e
Sl ioldl SaS

bl cos [2al8 b lgi oo 1) pias (oo pr cod)bs
B 155 sles Gl g @515 Cand Gl O Gy
Sl o8l Y eaisS s sles ilidl g (SeS

blal s 225 b lgion 1) i 5551 003k

B 155 sles Gl g @515 Cand Gl O Gy
Sl giol38l Y eaisS s sles ilidl g (SeS

blasl s BN L Olgon | pimes 65,551 035k %
B 8l Gles palS g g @15 Cand 285 N (e

Sl giol38l Y eaisS s sles ilidl g (SeS

(V-KV-KIkg) o5 sbo)s cuds C
s D

2 650 ) oaiS s sles Lial3dl a5 34 oo cslin 4 JS5 b
Srae )5 9 bim g e )15 1) ails sudys (alls Glys
oRlBl 5 s w s bbb L st Sl g g ey
a5l ol s led bl e ) oaiS s gle
el adsl by AT g jlad puile coli g ond ) guS]
St 02 (@9 (lplo wgdoe VSl e S A8
s JS 555 b il el 5 00,5 y508 ) 0aiiS s
S5 pleadly Sl pss Wiy c0ads lo b @ 4z bl ous
s 3 %55 Cubylo 3l o b (oS 5 43 2 65,55
5 5 Oleadly ) oainS e sles GRS L poghe (nl Gelel
ber (RIP! 55 e 63,557
solo w5 ol 4> 3 Shee a5 [YF] o o ol b gollas
Ol als Sl Holpll slos ralidl s S Sl )s g L,
cael Sl aygil JLed li8l 4 1o enl 00d pi (sougs
7 2085 ond el A (0 g Sl (ooyr Cannd Gl
5 i (SBrae Olg Gl Cel 5 w5 jsee g 5l g
WA &S Gl Ay 0 el odld e (65,55 0oL ialS
Y el plgl slos iali8l 51 g ls, s i allie ol o ous &)

")5)&59 )LL:.».:‘

& S 4o =0
99 bolyer w5 Ol W (S 5 a5z adllae (nl o
50 el 00308 slpainn alize oles alaw 9o j0 0ulS S
ooliiul sl Syze plgie 4 (2bye Jpo sgge I pheen o
OeSly a2 5l e Oy Rl joliie 4 a5 55k 4 eud
Ao 93 50 (295 o)l Ol Sdbik CobB L (slal> g0
38 85,55 oy Kool el glp caioren .l oo solaiul
6B Jbw lye @ Seug i bolie 5l 51> slapSalsle
Ee Om esthel slod fall b gt LS 030 Gl
Gl el oas colaul gl sbbSdole 4 Sl
pso 5 Jsl slagsill olws 5l pacen (Sesludge s Jelos
slabslie oy oS 180 e 9 0ud plxl Sislusge s
Coled 39 ol pwyp e me byl Saoss;
b s JU8) (59,5 (adeiin jglaie dy (gloo S (g el )y anlllas

YeVA



YoV LYY doao AFe v Jlo d ojloud Y 080 ¢pusS yuol SOl wiins 4 puis

L 325 9 L gVl
S ph
SeS 515w 5555 AVG
Jyame Pr

).'l.wg.) bOO

w2 pu

D5 9 Ol oS 5 4z, CCP
a4l b, st
el ch

Owyes tur
HeilasS” con
M9l VG

Sy cr
bl ojleds .,V )

JrS oz CV
béj.n qu}

&y

[1] H.H. Wang, H. Zhang, Performance Analysis of
Waste Heat Recovery with a Dual Loop Organic
Rankine Cycle System for Diesel Engine, in: 3rd
International Seminar on ORC Power Systems,
October 12-14, 2015, Brussels, Belgium.

[2]F. Yang, H. Zhang, S. Song, C. Bei, H. Wang, E. Wang,
Thermoeconomic multi-objective optimization of
an organic Rankine cycle for exhaust waste heat
recovery of a diesel engine, Energy, 93 (2015)
2208-2228.

[3] T. Wang, Y. Zhang, Z. Peng, G. Shu, A review of
researches on thermal exhaust heat recovery with
Rankine cycle, Renewable and sustainable energy
reviews, 15(6) (2011) 2862-2871.

[4] B. Orr, A. Akbarzadeh, M. Mochizuki, R. Singh, A
review of car waste heat recovery systems utilising
thermoelectric generators and heat pipes, Applied
Thermal Engineering, 101 (2016) 490-495.

[5] J.Y. Heo, M.S. Kim, S. Baik, S.J. Bae, J.I. Lee,
Thermodynamic study of supercritical CO2

¥erq

o1y s CR

Sigeips dif

kW) oLy 5,51 Sl
I

bl cews ER

35 en

Oy o )5 Sty GWP
okl b ev

(' -kJkg) pgars JT  h
odisS 5 eva

(V-kg.s) oz o Sl m
S ex

(%) o> 5 MF

u.’>9.~4 Fu
038l 45w Jemily ODP

@3 1N
kPa) Lz P
g5l 18

KW) ol o)l Saal O

ek gac  k

(V-K.V-kJkg) pgase g5l 8
Sl ix

KyLs T

oo bglse Jlws mf

KW) 5 yas 5 sy ol Saally

J;t noz

g pdle

LAl Jaie net
(7) o33t M
79> out

T RS
adol by pf



YoVY B YooY axbo Moo JL..J A b)Lo..:l QY 0y9d ;).:..5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

to recover waste heat from the exhaust gas of a
large marine diesel engine, Energy Conversion and
Management, 162 (2018) 189-202.

[16] B. Zheng, Y. Weng, A combined power and ejector
refrigeration cycle for low temperature heat
sources, Solar Energy, 84(5) (2010) 784-791.

[17] H. Rostamzadeh, H. Ghaebi, Parametric study
and working fluid selection of modified combined
power and refrigeration cycles (MCPRCs) using
low-temperature heat sources, Journal of the
Brazilian Society of Mechanical Sciences and
Engineering, 40(1) (2018) 30.

[18] H. Rostamzadeh, H. Ghaebi, S. Vosoughi, J.
Jannatkhah, Thermodynamic and thermoeconomic
analysis and optimization of a novel dual-loop
power/refrigeration cycle, Applied Thermal
Engineering, 138 (2018) 1-17.

[19] X. Yang, L. Zhao, H. Li, Z. Yu, Theoretical analysis
of a combined power and ejector refrigeration
cycle using zeotropic mixture, Applied Energy, 160
(2015) 912-919.

[20] X. Yang, L. Zhao, Thermodynamic analysis of a
combined power and ejector refrigeration cycle
using zeotropic mixtures, Energy Procedia, 75
(2015) 1033-1036.

[21] J. Song, Y. Song, C.-w. Gu, Thermodynamic
analysis and performance optimization of an
Organic Rankine Cycle (ORC) waste heat recovery
system for marine diesel engines, Energy, 82 (2015)
976-985.

[22] G. Shu, Y. Gao, H. Tian, H. Wei, X. Liang, Study
of mixtures based on hydrocarbons used in ORC
(Organic Rankine Cycle) for engine waste heat
recovery, Energy, 74 (2014) 428-438.

[23] H. Ghaebi, T. Parikhani, H. Rostamzadeh, B.
Farhang, Thermodynamic and thermoeconomic
analysis and optimization of a novel combined
cooling and power (CCP) cycle by integrating of
ejector refrigeration and Kalina cycles, Energy, 139
(2017) 262-276.

[24] H. Rostamzadeh, J. Rostamzadeh, P.S. Matin,
H. Ghaebi, Novel dual-loop bi-evaporator vapor

compression refrigeration cycles for freezing and

Brayton cycle using an isothermal compressor,
Applied Energy, 206 (2017) 1118-1130.

[6] A.T. Hoang, Waste heat recovery from diesel engines
based on Organic Rankine Cycle, Applied Energy,
231(2018) 138-166.

[71 S. Rech, S. Zandarin, A. Lazzaretto, C.A.
Frangopoulos, Design and off-design models of
single and two-stage ORC systems on board a LNG
carrier for the search of the optimal performance
and control strategy, Applied Energy, 204 (2017)
221-241.

[8] A.S. Panesar, An innovative Organic Rankine Cycle
system for integrated cooling and heat recovery,
Applied Energy, 186 (2017) 396-407.

[9] M.-H. Yang, Thermal and economic analyses of
a compact waste heat recovering system for the
marine diesel engine using transcritical Rankine
cycle, Energy Conversion and Management, 106
(2015) 1082-1096.

[10] M.-H. Yang, Optimizations of the waste heat
recovery system for a large marine diesel engine
based on transcritical Rankine cycle, Energy, 113
(2016) 1109-1124.

[11] C.N. Michos, S. Lion, I. Vlaskos, R. Taccani,
Analysis of the backpressure effect of an Organic
Rankine Cycle (ORC) evaporator on the exhaust
line of a turbocharged heavy duty diesel power
generator for marine applications, Energy
Conversion and Management, 132 (2017) 347-360.

[12] P. Liu, G. Shu, H. Tian, How to approach optimal
practical Organic Rankine cycle (OP-ORC) by
configuration modification for diesel engine waste
heat recovery, Energy, 174 (2019) 543-552.

[13] M.-R. Kolahi, A. Nemati, M. Yari, Performance
optimization and improvement of a flash-binary
geothermal power plant using zeotropic mixtures
with PSO algorithm, Geothermics, 74 (2018) 45-
56.

[14] L. Zhao, J. Bao, Thermodynamic analysis of
organic Rankine cycle using zeotropic mixtures,
Applied Energy, 130 (2014) 748-756.

[15] M.-H. Yang, Payback period investigation of the
organic Rankine cycle with mixed working fluids

Feye



YoV LYY doao AFe v Jlo d ojloud Y 080 ¢pusS yuol SOl wiins 4 puis

[28] E. Lemmon, M. Huber, M. McLinden, Reference
Fluid Thermodynamic and Transport Properties-
REFPROP Ver. 9.1, National Institute of Standards
and Technology, Boulder, CO, USA, (2013).

[29] Y. Wang, X. Liu, X. Ding, Y. Weng, Experimental
investigation on the performance of ORC power
system using zeotropic mixture R601a/R600a,
International Journal of Energy Research, 41(5)
(2017) 673-688.

[30] J. Roy, M. Mishra, A. Misra, Performance analysis
of an Organic Rankine Cycle with superheating
under different heat source temperature conditions,
Applied Energy, 88(9) (2011) 2995-3004.

air-conditioning applications, Applied Thermal
Engineering, 138 (2018) 563-582.

[25] A.M. Lavasani, H. Ghaebi, Economic and
thermodynamic evaluation of a new solid oxide
fuel cell based polygeneration system, Energy, 175
(2019) 515-533.

[26] H.R. Takleh, V. Zare, Employing thermoelectric
generator and booster compressor for performance
improvement of a geothermal driven combined
power and ejector-refrigeration cycle, Energy
Conversion and Management, 186 (2019) 120-130.

[27] A. Bejan, G. Tsatsaronis, M. Moran, Thermal
Design and Optimization John Wiley and Sons,
Inc. New York, (1996).

Amirkabir J. Mech. Eng., 53(5) (2021) 3003- 3022.
DOI: 10.22060/mej.2020.17567.6620

108 oolaul 5 ol 5l allae pl 4y el 1 sl
M. Feili, H. Ghaebi , H. Rostamzadeh, Design and Evaluation of a Novel Bi-Evaporator
Combined Power and Refrigeration Cycle Working with Various Zeotropic Mixtures,

Fery






