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THERMO-ECONOMIC OPTIMIZATION OF A VAPOUR COMPRESSED REFRIGERATION
SYSTEM USING ALTERNATIVE REFRIGERANTS

ABSTRACT

This study deals with the thermo-economic optimization of
superheating and sub-cooling heat exchangers in vapor compressed
refrigeration system. Using for R22 and its alternative refrigerants
(R410A and R407C), the temperature of condenser at the interval of
(35°C - 55°C) and temperature of evaporator at the interval of (-10°C
- 10°C) have been obtained from the calculation process. The second
law analysis of refrigeration system is carried out and then the whole
system is optimized Dby thermo-economically. As a result of
calculations, optimum superheating and sub-cooling temperatures of
heat exchangers areas corresponding to these temperatures are
obtained.

Keywords: Thermo-Economy, Optimization, Refrigeration, Super

Heating, Alternative Refrigerants (R410A and R407C)

BUHAR SIKISTIRMALI SOGUTMA SISTEMINDE ALTERNATIF SOGUTUCU AKISKAN
KULLANILARAK TERMOEKONOMIK OPTIMIZASYON

OZET

Bu c¢alismada, buhar sikistirmali bir sogutma sisteminde asiri
soutma ve asiri kizdirma 1s1 degistiricilerinin termo-ekonomik
optimizasyonu yapilmistir. SodJutucu akiskan R22 ve onun alternatifleri
olan R410A ve R407C icin kondenser sicaklik araligi (35°C - 55°C) ve

evaporatdér sicaklik aralidi (-10°C - 10°C) alinarak hesaplamalar
yapilmistir. Sodutma sisteminin II. Kanun analizi yapilarak tim sistem
termo-ekonomik olarak optimize edilmistir. Sonu¢ olarak, verilen

sicaklik araliklarina gdre optimum asiri kizdirma ve asiri sodutma 1si
deistiricileri alanlari hesaplanmistir.
Anahtar Kelimeler: Termo-Ekonomi, Optimizasyon, Sogutma,
Asiri Kizdirma, Alternatif Sodutucular
(R410A ve R407C)
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1. INTRODUCTION (GIRIiS)

Thermo-economic optimization is the process of optimizing
through analyzing the refrigeration system both thermodynamically and
economically [1, 2, 3, 4, and 5]. To achieve optimum design and
analysis of thermal systems, thermo-economic techniques are often
used. Plenty of studies have Dbeen carried out on optimizing the
operating parameters for better performance, minimum investment and

operating costs [6, 7, and 8]. To further Dboost the system
efficiency, superheating process in evaporator and sub-cooling process
in condenser 1is performed [13]. New alternative refrigerants are

searched for, which fit to the requirements in a heat pump, and
refrigerant mixtures which are composed of HFC (hydro fluorocarbon)
refrigerants having zero ODP (ozone depletion potential) are now being
suggested as drop in or mid-term replacement [14].

The heat exchanger operation has been optimized through thermo-
economic optimization of the heat pump by means of the CSB
(Coefficient of Structural Bond) method by Kocoglu [2]. Ammonia was
employed in the heat pump and the evaporator temperature was taken
between 0°C and 10°C, and the condenser temperature between 32°C and
44°C. Dingec [3] has effected the thermo-economic optimization of a
simple refrigerating system. R-12 was employed as refrigerant. It was
presumed that no sub-cooling and superheating was present during the
optimization. For optimum condenser temperatures of 47°C, 48°C and
49°C, optimum condenser areas of 1.41 m?, 1.22 m? and 0.96 m? have been
identified respectively.

Abou-Ziyan et al [4] have compared the widely used conventional
heat pump with the solar assisted heat pump for various refrigerants
(R22, R134A, R404A). Performance of the heat pump (COP) has augmented
by 50% with R134A, leading to a saving of 25% 1in collector area.
D’Accadia and F. De Rossi [5] have minimized all the operating and
depreciation costs in a particular refrigerating system. Condenser and
evaporator are equipped with a water-cooling mechanism where water
chilling the condenser is cooled down by the cooling tower. R-22 has
been employed as the refrigerant. In the article; compressor,
condenser (pump, cooling tower, electric motor) and evaporator have
been optimized. Upon calculations, optimum compressor isentropic
efficiency has been determined as 0.83; optimum evaporator efficiency
as 0.681; optimum condenser efficiency as 0.78 and optimum C.O.P as
4.5. Furthermore, after the optimization, a saving of 1.8% in
investment and operating costs and 10.8% in electrical ©power
consumption has been achieved.

The thermo-economic optimization of an irreversible Stirling
heat pump cycle with a parametric study for the finite heat capacity
of external reservoirs is presented by Tyagi et al [6]. He found that
the effect of regenerative effectiveness and the economic parameter
are more pronounced than that of the other parameters. The design
optimization of a condenser 1is discussed, using a thermo-economic
approach by d’Accadia [10]. A cost function to be minimized is the
amortization cost of the condenser, related to the heat exchange area
for R22, R134A and R410A. Dincer’s [11] study deals with the thermo-
economic optimization of vapor compression refrigeration systems along
with the cost terms. Cost of the system is determined by using the
annuity factor, the cost per mass flow rate of water and efficiency
for condenser and evaporator. The variation of component cost versus
component efficiency for evaporator temperature -10°C, -15°C and -
20°C. Cabello et al. [14] studied how operating variables affect the
energetic performance of a refrigeration plant from an experimental
point of view when using R134A, R407C and R22 as working fluids.
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2. RESEARCG SIGNIFICANCE (CALISMANIN ONEMI)

In this study, the impact of superheating in the evaporator and
subcooling in the condenser on the system’s performance and cost has
been surveyed, and optimum superheating and subcooling temperatures as
well as the heat exchanger areas corresponding to these temperatures
have been identified for alternative refrigerants (R407C and R410A).

3. EXERGY ANALYSIS (EKSERJI ANALIZI)

Energy-based efficiencies sometimes fall inadequate and are
misleading. For instance all energies in energy efficiency are taken
as equal. On the other hand, energy may be of a different quality in
practice. For example work 1is more precious than heat and likewise
heat at a higher temperature is more precious than heat that at a
lower temperature, because the whole work is transformed into heat,
but on the contrary whole heat is not transformed into work [1, 2, and
3].

Irreversibility is defined as the difference Dbetween the
reversible work and the useful work during a state change.
Irreversibility implies the unconvertible energy that can be
transformed into work. Exergy is the process of obtaining maximum work
from a fluid having a particular energy through reducing it into the
environmental conditions [2 and 3]. Accordingly, the exergy of the
refrigerant flowing through our refrigeration system can be defined as
follows with specific values:

2

V
ex:(h—To*s)+?+g*z—(ho—To*so) (1)
neglecting the potential and kinetic energies in equation (1),
e, =(h-T,*s)—(h, - T, *s,) (2)
is obtained.
E, =m;*e, (3)
To calculate the irreversibility of all system components in our

refrigeration system, amounts of all input and output energy for each
component should be calculated with the following equation.

W= Z(EQ) + Z(mR*ex)input - Z(mR*ex)output _TO *Sgen (4)
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e Internal Irreversibility of the Refrigeration System
(Sogutma Sisteminin Toplam Tersinmezligi):
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Figure 1. The vapor-compressed refrigeration system. Components and
LogP-h fig
(Sekil 1. Buhar Sikistirmali SoJutma Sistemi ve Log P-h Diyagrami)

Figure 1 shows the vapor-compressed refrigeration system which
is components and LogP-h. The sub-cooling area (in condenser) and
superheating area (in evaporator) are seen in this figure. Internal
irreversibility of the refrigeration system is the total of the
irreversibility value of each system component, namely

hJ=:§:|wmmmmmmms[2]. Using Eq. 2-4 is obtained Eq. 5-7 for condenser,

Eg. 8, 9 for evaporator and Eg. 10 for compressor as fallows.

IC,, = TO *|:mc* (scoz - scol) - rnR* (33 - S4):| (6)
ISC =T0*{mc*(sco3 _Scoz)_mR*(S4_S5)} (7)
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e :T0*|:n;e*(se01_Sei)_n;R*(ss_sﬁ):l (8)
I =To*l:rr.‘e*(5eoz _Seol)_rﬁR*(s7_51):| (9)
=M * Ty * (s, —5,) (10)
ley :”;R*To*(ss_ss) (11)
Ii,i=|C,+IC,,+ISC+IE+ISH+IC+IE.V (12)

The following equation is obtained by writing Eg. 5-11 into Eq.
12.

Ii,i =-I-O*|:mc*(sco3 _Sci)+me*(se02 _sei):| (13)

so—si:cp*LnT—0 (14)

° Uc. *Ab. *ATmc UC *AC *ATm Usc*Asc*AT

m — | — 1 1 Ch — msc
) Cp. ” _Tci) Cpcc *(Tcoz _Tcol) Cpcc *(T003 _Tcoz)

Pec €Oy
UE*AE*ATmE USH*ASH *ATmSH
E = =
Cpce * Tei - Teo1) Cpce * (TeO1 - Teoz )

Eg. 17 is obtained by substituting Eg.14, 15 and 16 with Eqg.13.
Eg.17 1is the final equation Dbuilt wup and yields the internal
irreversibility of the system.

(le)

| U, *A. *AT, T U, *A. *AT, T
L — C ACI Cl * Ln €Oy + Cu Abll Cl % Ln Co,
TO Tco1 _Tci Tci Tc02 _Tco1 co;
- U *Ac *AT, | Up*A *AT T
+me*c, *Ln|l+— Asc " AT, +—= Ae"ATn, Ln—2
N me*c. *T Tei _Teo1 Tei
Pec €O,

Usy * Ay *AT,

+mE*cpw*Ln 1 (17)

me*cp *T

eo;

In vapor-compressed refrigeration system, optimization
parameters and assumptions are provided below:

e Refrigerating capacity of the system, (?E= 2 kW and constant.

e 2" area of condenser inlet temperature, T; ranges between 35°C

55°C.
e First area of evaporator output temperature, T; ranges between -
10°C ..10°C.

e For condenser and evaporator cooling water Cpec= Cpee =4.181 kJ/kgK
and constant.
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e Input temperature of the condenser cooling water, T.= 20°C and
constant.

e Input temperature for the evaporator cooling water, T.;= 20°C and
constant.

e Output temperature for the condenser cooling water (input to the
sub-cooling exchanger), Teo,= 25°C and constant.

e OQOutput temperature for the evaporator heating water (input to
the superheating exchanger), T..;= 15°C and constant.

e All heat exchangers in the system (evaporator, condenser etc)
are of telescopic tubular design (parallel flow).

e All calculations have separately been effected for the
refrigerant R22, R410A and R407C.

e The wvalues of thermodynamic properties were obtained using
equations for R22 in Ref [4] and its alternative refrigerants
(R407C and R410A) in Ref [12].

4. THERMO-ECONOMIC OPTIMIZATION (TERMOEKONOMiK OPTIMIiZASYON)

Thermo-economy is the combination of the exergy analysis and the
economical analysis. Thermo-economy strives to ensure the balance at
minimum cost for any component in the system between its operating
cost and exergy cost. It 1is difficult to perform thermo-economic
implementations in complex systems. Therefore, simplified systems are
considered for optimization. Employing the exergy analysis in thermo-
economic implementations 1is quite wuseful. For instance, different
components of the system may be self-optimized. The component given
and the whole system can be recognized by referring to the local
exergy 1input cost or exergy loss, and also irreversibility highly
contributes to process perfection and identification of optimum system
parameters [1, 6, and 8].

4.1. Coefficient Structural Bond (C.S.B) (Yapisal Bag Katsayisi)
Coefficient structural bond is defined as follows [2]:

ol;
oX;

Opi =% (18)
ol

oX;
Here, it is presumed that the system is in equilibrium and input
energy 1is of constant quality. The impact of change in x; alters the

input exergy amount when output exergy 1is constant. In this study,
this method has been employed.

4.2. Equivalence of Optimization (Optimizasyon Esitligi)
In this optimization technique, electrical energy is supplied to
the system Dby a compressor at exergy input. Operating cost 1is

calculated through electrical energy consumption. Total annual
operating costs have been specified below for optimization [2]:
n
c M M
IVIT(Xi):top*'\/linput*Einput(xi)'i_a *ZMl (Xi)+b (19)
i=1
oE, ol
input — T (20)
OX; OX,;
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aX _t * Mlnput

In equation (21), rebulldlng the second term on the right side
of the equivalence,

n M n aMM
*Za'\"l =a'_k*z Ty (22)
oX;  OX ol

i=1 ii=l

M
oM, C*zaM 1)
i=1

Applying equation (20) and (21) to the equation (19), then the
equation is finalized as follows.
M
M _, Ml O o OM]

OX ox OX.

(23)

The x; value that makes the result of the so-obtained equation
(23) zero is the optimum wvalue. In other words, as seen in equation
(23), the x; value that makes the derivative of the operating cost zero
is the thermo-economically optimized value.
C

a
* *
input - Oki T7— :Bk,i (24)
op
If equation (23) is applied to equation (24) and the equation is
equaled to zero, then the equation for optimization is obtained.
c M
a ) [ a® ) (om) 5)
* |
OX; opt tp *My; OX;
The so-obtained equation (25) here yields the thermo-economical
optimization according to the x; parameter of the k' component in the
system.

hﬂLi=|W

4.3. Thermo-Economic Optimization Equivalence of the System
Components (Sistem Elemanlarinin Termoekonomik Optimizasyon
Esitligi)

4.3.1. Condenser (Kondenser)

a) Area I (superheating area) (Asiri Kizdirma Alani)

ol a‘ oMM
—C = = * C (26)
aAC| Opt top I\/I(:l,AI apb,
where
hﬂl =M * aC *
e = Minw *0c, a + 775, (27)
op
is calculated.
ol
_\ %,
O¢, A —T (28)
5Ac,
oy g,

(29)

Ohc,  Oh,
In Eg.28, o value is accepted as 1 at all areas of evaporator
and condenser due to Eq.29.
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M
oMM oMM aME oMM
Porn = o, Ta, Ta
CI CI CI cI
The following equation is provided by calculations required at
Eqg.30.

(30)

oMY Mg amM oMM

| oA OA,  OA. | OA,
Pen =| a1, "o "o A, (31)

OAc  OA,  OAc  OA,

The following equation is obtained by using Eg.26, 27 and 31.

oM

ol A,

oMY oM amM oMM

t, *M, oAc  OA,  OA. | OA

op input I C H
< o, e Ta, Tal
oA OA,  OA.  OA

Equation (32) given here 1is the thermo-economic optimization
equivalence based on the heat exchanger =zone of Area I of the

condenser.
b) Area II (Condensation area) (Yogusma Alani)

= (32)

I/ Opt

M
6Icu | _ aC * 6I\/Icu (33)
- |
8'Abn Opt tOP*MCuvAH aACH
where
aC
|
MCII,AII = Minput*O-C”,A" +_*ﬂCn~Au (34)
tOp
is calculated.
oMY oMY oMZ oMM
— E SH Sy sc (35)

ﬂcll YAII
ale, al, ol de,
The following equation is provided by calculations required at
Eg.35.

oMM oM amM oMM
| oA | OA,  OA. | A

B, n = . + . + ol + . (36)
oAc  OA, OA.  OAy

The following equation is obtained by using Eqg.33, 34 and 36.
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Fc®y
JNWSIZN

M
oM¢,
alCII — a,%II (37)
— - - —
A, o oMY Mg oMM amM
*
top I\/Iinput aAE + 8AC| + aASC + aASH
¢ ol ol ol ol
a T T T T
oAe  OA,  OA.  OAy
Equation (37) given here 1s the thermo-economic optimization
equivalence based on the heat exchanger =zone of Area II of the
condenser.
c) Area III (Sub-cooling area) (Asiri Sodgutma Alani)
c M
) [ a o OMEL 5
* |
aASC Opt top '\/ISC,ASC aASC
where
ac
| _ * *
MSC’ASC _Minput Osc, A +t_ ﬁSC,ASC (39)
op
is calculated.
oMM oM oM omM
ﬂSC,ASC = + -+ -+ (40)
ol ol Ol ol

The following equation is provided by calculations required at
Eqg.40.

oMY

oM

oM (';’L

W-FW-F a&u + aASH

oM,

ﬂSC,ASC = alT

ol

ol

ol

A

oA,

oA,

oA,

(41)

The following equation is obtained by using Eqg.38, 39 and 41.

e | |- - P - (42)
A Opt aMéVI M M 5'\/'9.”4
b Mg | O OR, | OR, oA,
a‘ ol; ol; ol; ol;
oA OA, OA, OA,
Equation (42) given hére is the thermo—economig- optimization

equivalence based on the sub-cooling exchanger zone of Area III of the

condenser.
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3.3.2. Evaporator (Evaporatdr)
a) Area I (Evaporating area) (Buharlastirma Alani)

o) a® | (oMY

A == (43)
]
oA o | tME, ) (oA
where
a’
I
MEVAE = Minput *O-E,AE +t_*ﬂE,AE (44)
op
is calculated.
aMmM oMY oMY amM
ﬂE,AE = sC C + Cy + SH (45)

o, ol al.  al,

The following equation is provided by calculations required at
Eq.45.

oMY AME MG amM,

— aASC a&l a,%ll aASH
Pen =751, a1, ta. e, (4e)

OAc  OA,  OA,  OA,

The following equation is obtained by using Eqg.43, 44 and 46.

8M2"
ol | ] O0A J ; ) )
oA opt GMé\g aMc. 8Mc,. GMS"{L
t *M. OA O0A. O0A. OA
op input C | 1] H
a |a, Ta, Ta, Ta,
A  O0A, O0A, OAy

Equation (47) given here 1is the thermo-economic optimization
equivalence based on the heat exchanger =zone of Area I of the
evaporator.

b) Area II (Superheating area) (Asiri Kizdirma Alani)

C M
g | [ a om .
I
aASH Opt top.k'\/ISH,ASH aASH
where
ac
I
MSH‘ASH = Mot " Tsi ag, +t_*ﬂSH,ASH (49)
op
is calculated.
M M M
oMM oM oM oM
[%HAm = <+ St Sy £ (50)

ol ol g ol ol g,

The following equation is provided by calculations required at
Eqg.50.
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oMY oME Mg oMY

_ 8ASC aAbl a'Abu a'AE
Powma =| 31, " a1, "ol el b

OAc  OA,  OA,  OA

The following equation is obtained by using Eg.48, 49 and 51.

oM
o
8|SH _| _ _ ASH 2 - _ (52)
A, opt aMSNé aMc, aMcII 8|\/|2’I
t *M, oA. OA. OA., oA
op |nput C I 1
< la, Ta, Ta, Ta,
A  OA, OA,  OA

Equation (52) given here 1is the thermo-economic optimization
equivalence based on the superheating heat exchanger zone of Area II
of the evaporator. Capital recovery factor is calculated with the
following equation [1, 9]:

; N
*(1+f
.oy -
N
1+f -1
(1+fy)
where
£y = 10% annual interest rate (%)
top = 800 hours/year,
Minput = 0.08 $/kW-h
a’ = 0.163 (calculated for an annual dollar interest rate of 10%
with equation (53))
N = 10 years (period for which the system pays itself off)
M M
Mg = Mg, = 323.3*A; + 83.07 $ [15] (54)
MY = MY = MY = s25.96%a, + 530.18 s [15] (55)

5. RESULTS AND DISCUSSION (SONUCLAR VE TARTISMA)

The variations of internal irreversibility (I;, kW) by condenser
and evaporator temperatures are showed in Fig. 3-6. Figure 2 shows the
variation of coefficient of performance (COP) by condenser
temperatures for each refrigerant. When condenser temperature
increases, COP decreases. Figure 3, Figure 4 and Figure 5 show the
variation of internal irreversibility by condenser and evaporator
temperatures for each refrigerant. When condenser temperature
increases, internal irreversibility also increases whereas when
evaporator temperature increases, internal irreversibility decreases.
Figure 6 shows the variation of irreversibility for all refrigerants.
The descending order of the refrigerants for their irreversibility
values is R22, RO7C and R410A.
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107 I I

; ; —e— R22
9 IR 1-- | —=—R407C|-
g | i |-—a—R410A|.

COP

Tc  (°C)

Figure 2. Variation of coefficient of performance (COP) by condenser
temperatures (ATgy=5°C, ATs=5°C)
(Sekil 2. SoJutma Tesir Katsayisinin Kondenser Sicaklidina Gore
Degisimi)

kw

o -10
Te (°O) 35 Tc Q)

Figure 3. Variation of internal irreversibility (Ip, kW) by condenser

and evaporator temperatures (R22) (AT¢z=5°C, ATg=5°C)
(Sekil 3. Toplam Tersinmezligin (I;, kW) Kondenser ve Evaporatdr
Sicakligina Gore Degisimi) (R22)
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(kw)

Tc  (°C)
Figure 4. Variation of internal irreversibility (Ip, kW) by condenser

and evaporator temperatures (R407C) (ATs=5°C, ATs=5°C)
(Sekil 4. Toplam Tersinmezligin (I;, kW) Kondenser ve Evaporatdr
Sicakligina Gore Degisimi) (R407C)

R410a

(kw)

IT

Tc (°C)
Figure 5. Variation of internal irreversibility (I;, kW) by condenser

and evaporator temperatures (R410A) (ATgg=5°C, ATs=5°C)
(Sekil 5. Toplam Tersinmezligin (I;, kW) Kondenser ve Evaporatdr
Sicakligina Gore Degisimi) (R410A)
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o -10
Te (°C) 35 Te  (C)

Figure 6. Variation of internal irreversibility (I, kW) by all
refrigerants and condenser and evaporator temperatures (ATs=5°C,
ATs=5°C)

(Sekil 6. Toplam Tersinmezlidin (I., kW) Tim Sodutucu Akiskanlar Icin
Kondenser ve Evaporatdr Sicaklidina Gore Dedisimi)

This study has been employed for identifying the thermodynamic
(irreversibility) and economical (investment and operating costs)
optimization of the refrigeration system. Thermo-economic optimization
results of condenser’s 1%, 2" and 3" areas together with the
evaporator’s 1°%, 2" areas have been obtained through utilizing the
design parameters given in equation (26), (27), (28), (29) and (30)
and effecting computer-aided iteration. As a result of the
optimization, best heat exchanger areas and the corresponding best
temperature values for alternative refrigerants (R410A and R407C) have
been identified. The results of the thermo-economical optimization of
the system are shown in Table 1, Table 2 and Table 3. For instance,
for an evaporator temperature of 7°C in a system where R22 refrigerant
is wutilized, thermo-economically optimized condenser temperature 1is
43°C, sub-cooling temperature is 5.1°C and superheating temperature is
5.0 °C. In other example, for an evaporator temperature of 7°C in a
system where R407C refrigerant is utilized, thermo-economically
optimized condenser temperature is 48°C, sub-cooling temperature is
5°C and superheating temperature is 5 °C. In another example, for an
evaporator temperature of 7°C in a system where R410A refrigerant is
utilized, thermo-economically optimized condenser temperature is 37°C,
sub-cooling temperature is 7°C and superheating temperature is 7°C.

In this study, thermo-economic optimization is conducted in both
sub-cooling heat exchanger and super heating heat exchanger. Variation
of internal irreversibility to exchanger area has been found and cost
analysis has made for this area. When a comparison is made according
to thermo-economic optimization; RAg=0.1086 m? of super heating area
and Ag=0.0397 m® of sub-cooling exchanger area for Ty= 7°C at R22.
Agy=0.2024 m? of super heating area and Ag=0.0398 m® of sub-cooling
exchanger area for Tg= 7°C at R407C. As=0.1604 m? of super heating area
and 2g=0.033 m?® of sub-cooling exchanger area for Tz= 7°C at R410A.
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Thus, the lowest exchanger areas for the same evaporator temperature
are R22, R410A and R407C respectively for super heating exchanger. At
the same conditions, the order is R410A, R22 and R407C for sub-cooling
exchanger.

Table 1. Thermo-economically optimized condenser, sub-cooling and
superheating temperatures and exchanger areas for various evaporator
temperatures (R22)

(Tablo 1. Cesitli evaporatdr sicakliklari icin termoekonomik olarak
optimize edilmis kondenser, asiri sodgutma, asiri kizdirma sicakliklara
ve esanjdr alanlarinin dedgisimi (R22)

Te=7°C Tz=8°C Te=9°C
Tc (°C) 43 61 40 49 36 39
AT.. (°C) 5.1 3.7 3.2 2.6 3.2 2.5
AT, (°C) 5 2 4 2 3.2 2.5
A:  (m%) 0.18643 0.104568 0.20942 0.14463 | 0.254547 | 0.21369
A, (m?) 0.03974 0.01733 0.02788 0.0153 |0.037716|0.022733
A (m?) 0.323672 0.323672 0.35933 0.35933 | 0.40409 | 0.40409
Ay, (m?) 0.108683 0.037836 0.09292 0.0397 |0.080992|0.059652

Table 2. Thermo-economically optimized condenser, sub-cooling and
superheating temperatures and exchanger areas for various evaporator
temperatures (R407C)

(Tablo 2. Cesitli evaporatdr sicakliklari ig¢in termoekonomik olarak
optimize edilmis kondenser, asiri sogutma, asiri kizdirma sicakliklara
ve esanjor alanlarinin dedisimi (R407C)

Te=5°C Te=7°C Tz=9°C
Tc (°C) 39 477 37 48 37 41
AT.. (°C) 7 5 8 5 4 3
AT, (°C) 9 8 7 5
Ac (m% 0.2282 0.1748 0.2542 0.1722 0.2544 0.2125
Agc (m?) 0.0891 0.0417 0.1322 0.03985 0.0648 0.0349
Ay (m?) 0.27031 0.27031 0.3237 0.3237 0.40409 0.40409
AQI(HF) 0.298 0.221 0.319 0.2024 0.1888 0.197

Table 3. Thermo-economically optimized condenser, sub-cooling and
superheating temperatures and exchanger areas for various evaporator
temperatures (R410A)

(Tablo 3. Cesitli evaporatdr sicakliklari ig¢in termoekonomik olarak
optimize edilmis kondenser, asiri sodgutma, asiri kizdirma sicakliklara
ve esanjdr alanlarinin degisimi (R410A)

Te=5°C Te=7°C Te=9°C
Te (°c) 42 51 37 52 38 42
AT.. (°C) 9 8 7 5 4 3
AT, (°C) 9 8 7 5 4 3
A (m?) 1.2473 1.017 1.4938 1.111 1.47 1.3121
Ao (m?) 0.078 0.06570 0.1238 0.033 0.0105 0.0306
Ag (m?) 0.27031 0.27031 0.3237 0.3237 0.4041 0.4041
A (m?) 0.186 0.155 0.2016 0.1604 0.1974 0.1683
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6. CONCLUSION (SONUC)

In vapor-compressed refrigeration systems, performance is
improved with increase in superheating and sub-cooling. However, as
phase transformation of the refrigerant ends and it turns into
superheating steam form in the section that provides superheating in
the evaporator. Heat transfer rapidly reduces and need to additional
surface increases. Results have Dbeen obtained for alternative
refrigerants (R410A and R407C). Descending order of refrigerants by
the amount of irreversibility 1is R22, R407C and R410A. After the
optimization, Dbest heat exchanger areas and the corresponding best
temperature wvalues for all refrigerants have been identified. The
lowest exchanger areas for the same evaporator temperature are R22,
R410A and R407C respectively for super heating exchanger; the order is
R410A, R22 and R407C for sub-cooling exchanger. Analyzes in the study
will contribute to implementations to be performed in the future for
new refrigerants in the thermo-economic optimization of vapor-
compressed refrigeration systems.
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NOMENCLATURE (KISALTMALAR)

a : Capital recovery factor

" : Annual cost of non-effected from optimization ($)
Cp : Specific heat capacity (kJ kg' K1)

E Exergy (kW)

E.V Expansion valve

g Gravitational acceleration (m s72)

h Enthalpy (kJ kg™)

I Irreversibility (kW)

. Mass flow rate (kg s™%)

K Overall heat transfer coefficient (kW m™?K™?)

P Pressure (bar)

Q Heat transfer rate (kW)

Sgen Entropy generation (kW K1)

s Specific entropy (kJ kg 'K™?)

T Temperature (°C)

U Overall heat transfer coefficient (kWm™?K™!)

\Y% Velocity (m s™)

W Work (kJ kg™)

X3 : System parameter

z : Local high (m)

MYy : Local unit cost of irreversibility ($ W)

MC : Capital cost (S )

Mz : Total operating cost of year ($ )

hﬂ;ﬂ : Investment cost of system components (1l..n) ($ )
M

hAE : Investment cost of evaporator ($ )
M .

hASH : Investment cost of super heating exchanger ($ )
M

hACI : Investment cost of condenser (area I) (S )
M

hﬂcu : Investment cost of condenser (area II) ($ )
M .

hAsc : Investment cost of sub-cooling exchanger (S )

Greek letters
Coefficient of structural bonds of element k with

Ok.1 respect to parameter i.

B . ;apital cost coefficients of element k wrt. parameter
AT, : Logarithmic mean temperature difference (LMTD)

ATgc : Sub-cooling temperature (°C)

ATgy : Super heating temperature (°C)

b : Summation function
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Subscripts

C : Condenser

C: : Area I (Condenser)

Crit : Area II (Condenser)

C : Compressor

cc : Condenser cooling

ce : Evaporator cooling

coq : Condenser (Area I) output
Ccos : Condenser (Area II) output
co3 : Subcooling output

E : Evaporator

E.V. : Expansion valve

i : Inside

€0, : Evaporator output

€0, : Superheating output

i, 1 : Internal irreversibility
k : k™ component

o : Outside

op : Operate

opt : Optimum

R : Refrigerant

sSC : Subcooling

SH : Superheating

T : Total

vy : Year

0 : Reference condition
Superscript

I : Irreversibility
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