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In this paper, the Ranque-Hilsch vortex tube aided vapor compression cooling 
(RHVTC) system and single vapor compression cooling system were designed 
and evaluated by using energy, exergy, and economic analysis. The cooling sys-
tems were designed for three different evaporator temperature and different 
compressor discharge pressures which were available for refrigerants. The high-
est value of net present value of Ranque-Hilsch vortex tube system was calculated 
as 35836 €. The helical vortex generator of J-type, 1st Ranque-Hilsch vortex tube 
body, control valve angle of 30°, 2nd control valve opening position, R-143a were 
used in this Ranque-Hilsch vortex tube system and the operating conditions of 
this system were T1 of 277.15 K, P2 of 1700 kPa, and P8 of 601.325 kPa. For the 
same system, the COP was calculated as 0.0347 and 0.0409 while exergy effi-
ciency was calculated as 0.0097 and 0.0079 for the summer and winter modes, 
respectively. 
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Introduction 

As a result of the rapid increase of the population, the sustainability of the food sup-

ply and energy sources have gained importance. The drying is a regional method used for 

long-term storage of foods. The cold storage of food is another method used for decades. Both 

these methods lead to higher energy consumption. For the last years, the studies, aiming to 

improve the COP of these methods and other systems have much more importance [1]. 

The vortex tube was discovered by Ranque in 1933 [2]. Ranque-Hilsch vortex tube 

(RHVT) consists of a principal tube, which a high pressure gas stream enters tangentially and 

the high pressure gas pass through the helical generator and then a swirling flow occurred in 

the RHVT body which resulted in the hot and cold streams were separated [2-4]. In literature, 

the energy separation in RHVT was investigated with different methods such as computation-

al and experimental methods [5-8]. Dutta et al. [5] examined the phenomenon of energy and 

species separation in a vortex tube operated with compressed air at normal atmospheric tem-

perature and cryogenic temperature using with a 3-D CFD model. Chang et al. [6] investigat-

ed the energy separation in vortex tube for different geometries. The hot and cold streams of 

RHVT were also evaluated by energy and exergy analysis [9-13]. Kirmaci [10] investigated 
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the effect of inlet nozzle number and inlet pressure on the cooling and heating performance of 

counter-flow RHVT by using air and oxygen as a working fluid. Dincer et al. [12] examined 

the effects of control valve angle on counter flow RHVT by using artificial neural networks 

and experimental data. Beside this, there are several studies on the cooling and heating per-

formance of both streams of RHVT in which the performance change with the different pa-

rameters such as geometry and operating conditions of RHVT conducted [14-24]. Aydin and 

Baki [14] conducted an experimental study on the geometrical parameters and performance of 

counter flow RHVT. Acar and Arslan [22] investigated the performance of vortex tube aided 

drying system. Acar and Arslan [24] also investigated the hybrid case in which both the cold 

and hot streams were concurrently used. 

The usage of RHVT is one of the methods to improve the COP and exergy efficien-

cy of the VCC system. As first, Hooper and Ambrose [25] used RHVT in the refrigeration 

system as a throttling valve and tested the system for 13 different refrigerants. Then, many 

studies were conducted for the direct use of RHVT in the cooling system taking the different 

geometries of RHVT, the different operating parameters, the different refrigerants and the dif-

ferent system configurations [26, 27]. Sarkar [28] studied the exergy analysis of the two dif-

ferent vapor compression refrigeration cycles in which RHVT used as an expansion device. 

Three different refrigerants were taken into account for the handled cooling system (ammonia, 

propane, isobutene), and it was reported that the increase of the exergy efficiency depended 

on the refrigerant, the operating conditions and the system configurations. 

In this study, the performance of VCC system integrated with RHVT was investi-

gated. In this aim, the geometrical parameters such as L/D, w/h and control valve angle, α, 

the pressure of inlet flow of RHVT and the cold mass fraction were handled. Moreover, 

nine different the helical vortex generators, three different control valve angles and three 

different RHVT bodies were also taken into consideration. The different RHVTC system 

designs were conducted according to the experimental results of RHVT. The RHVTC sys-

tem designs were analyzed by the energy and exergy methods from the viewpoint of ther-

modynamics. Finally, the optimum design was determined using net present value (NPV) 

combined with life cycle cost (LCC) analysis as an objective function. So, the availability of 

use of cold stream of RHVT in VCC system was conducted from the engineering point of 

view. 

Material and methods 

The experimental set-up of RHVT 

The schematic diagram of experi-

mental set-up of RHVT was given in fig. 1. 

The compressed air was stored in a pres-

sure tank – 2 with a capacity of 0.3 m3. The 

volumetric rate of the flow was adjusted by 

means of a spherical valve – 3. The com-

pressed and adjusted air enters to the heli-

cal vortex generator – A and exits as a 

swirling flow from RHVT body – C. Then, 

this swirling shape of flow is separated into 

hot and cold streams in RHVT body by 

means of the control valve – B.  

 

Figure 1. The schematic of the experimental  
set-up of RHVT 
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The pressure and volumetric rate of the cold and inlet streams were measured by a 

relative pressure transmitter – 4 and an air flowmeter – 6. The volumetric rate of the hot side 

was calculated using the conservation law of mass. The temperature of the cold stream and 

compressed inlet air were measured by a PT100 type of thermocouple – 5. The temperature of 

the hot stream was measured by a relative humidity and temperature transmitter – 10. All the 

measured data were stored in a data logger – 11. The technical properties of the measurement 

devices were given in tab. 1 [22-24]. The uncertainties of the measurements were given in tab. 

1. According to the findings of the uncertainty analysis, it was determined that the obtained 

results of the measurements were acceptable for the use in the design of the RHVTC. 

Table 1. Technical properties and uncertainties of the measurement devices [22-24] 

Device Type Property Sensibility Uncertainty 

Thermocouple, T6 Testo, PT 100 223.15- 573.15 K ±0.05 K ±0.264 K 

Thermocouple, T8 Testo, PT 100 223.15- 573.15 K ±0.05 K ±0.445 K 

Relative pressure  
transmitter, P8 

WİKA S-10 0-1000 kPa ±0.5% kPa ±5.68 kPa 

Flowmeter (cold exit) Testo 6441 0.25-75 m3/h ±3% m3/h ±0.218 m3/h 

Flowmeter (inlet stream) Testo 6442 0.75-225 m3/h ±0.3% m3/h ±0.303 m3/h 

Relative humidity and 
temperature transmitter 

T9, ϕ9 
Testo 6881 

233.15-453.15 K 
0-100%R H 

±0.2 K 
±1% RH 

±0.490 K 
±0.154 RH 

Data logger Elimko PR-100 12 channel, 85-265 VAC – – 

Designing of RHVTC system 

The RHVT mainly consists of three 

components named as the helical vortex 

generator, control valve and RHVT body, 

see fig. 2. The used geometrical parameters 

of RHVT were chosen as height, e, width, 

w, of the channel, inner diameter, d, of the 

helical vortex generators and length, L, di-

ameter, D, of RHVT bodies. All the helical 

vortex generators have a single nozzle and 

three different control valve angles were 

used (α = 30°, 45°, 60°). The technical 

properties of RHVT used in experiments 

were given in tab. 2. 

The designed RHVTC system mainly 

forms of six components namely: evapora-

tor – eva, compressor – C, condenser – 

con, heat exchanger – HE, throttling valve 

– tv, and RHVT. The schematic of 

RHVTC system was shown in fig. 3.  

The refrigerant enters to the com-

 

Figure 2. The helical vortex generator (a), control 
valve (b), and RHVT body (c) 

 

Figure 3. The schematic flow diagram of  
RHVTC system 
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pressor at point 1 and compressed refrigerant inlets to the condenser at point 2. The con-

densed refrigerant enters to the heat exchanger at point 3 and transfers its heat to the cold 

stream of RHVT. At this time, the cold stream of the RHVT inlets to the heat exchanger at 

point 6, and leaves the heat exchanger at point 7 taking the heat of refrigerant. Then, the re-

frigerant leaves the heat exchanger at point 4a for an expansion operation in the throttling 

valve – 5. During this process, the compressed air enters to the RHVT (8) and splits two 

streams namely: the cold – 6 and hot ones – 9.  

Table 2. Technical properties of RHVT 

Property e [mm] w [mm] h/w d [mm] D [mm] L [mm] d/D D [mm] L/D α [°] 

Vortex generator 

0 

2.0 4.5 0.44 

6.15 

12 

–  – – – 

A 3.3 –  – – – 

B 5.1 –  – – – 

C 6.0 –  – – – 

D 7.1 –  – – – 

M 

1.5 6.0 0.25 

3.3 –  – – – 

N 5.1 –  – – – 

O 5.7 –  – – – 

J 7.1 –  – – – 

RHVT body 

1 – –  – – 480  

12 

40 – 

2 – –  – – 350  29.17 – 

3 – –  – – 210  17.5 – 

The VCC systems were designed for different compressor discharge pressure and 

suitable evaporator temperatures of cooling tomatoes, T1. The compressor outlet pressure was 

chosen between 1300 kPa to 2000 kPa. The pressure of the inlet stream of RHVT was 

changed between 201.325 kPa and 601.325 kPa. The ambient temperature was considered as 

306.15 K for summer period (5 months) and 289.15 K for winter period (7 months). In exper-

iments, the control valve opening position was adjusted 5 different fixed position. In the 

study, four different refrigerants chosen according to availabilities of the cycle parameter 

were performed. The thermodynamic properties of refrigerants are determined using a pack-

age software called as REFPROP [29]. The parameters for designing of RHVTC handled in 

the study were given in tab. 3.  

Table 3. The design parameters for RHVTC system 

Evaporator temperature, T1 275.15-276.15-277.15 K 

Refrigerants R-134a, R143a, R404a, R507a 

Inlet air pressure of the vortex tube, P8 201.325-601.325 kPa 

Compressor exit pressure, P2 1300-2000 kPa 
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Energy and exergy analysis 

The energy analysis, essentially the first law of thermodynamics, enables to deter-

mine the amount of energy transportation and COP. However, the determination of the irre-

versibility of a system is not possible with only the energy analysis. Exergy analysis gives 

more significant assessments by specifying the association of irreversibility or exergy destruc-

tion of the refrigeration cycle components. In this study, the following assumptions were han-

dled in the energy and exergy analysis: 

– steady-state conditions were taken into account for all the components, 

– pressure losses in the pipelines were neglected, 

– potential and kinetic energy effects were neglected, 

– the compressor has an electrical, ηe, and mechanical, ηmec,  efficiency of 90%, 

– the compressor has an isentropic efficiency of 70%, 

– the heat exchanger has an efficiency of 70%, and 

– the reference state is 101.325 kPa and 293.15 K. 

Under these assumptions, the governing energy and exergy equations of the RHVTC 

were obtained. Energy equations of the RHVTC system components were given in tab. 4. 

Table 4. Energy and exergy balance of RHVTC system 

Unit Energy Balance Exergy Balance 

Evaporator eva 1 5( )RQ m h h   ,eva 5 1 eva

1

( 1) o
Rd

T
mEx Q

T
   

 
  
 

  

Condenser con 3 2( )RQ m h h   ,con 2 3 con

3

) 1( o
d R

T
mx

T
E Q   

 
 






 

Heat 
exchanger 6 7 6 3 4 HE) )( (R am h h m h h Q     

0
,HE 3 4 6 6 7 HE

he

( ) ( ) 1d R a

T
m m Q

T
Ex    

 
       

 
 

 

Compressor 1 2 1( )RW m h h   ,comp,1 1 2 e,1( )d R WE mx      

RHVT RHVT 6 6 9 9 8 8Q m h m h m h    ,RHVT 8 8 6 6 7 7 RHVT

6

( ) 1o
d

T
m m m QEx

T
  

 
  
 

      

Throttling 
valve 5 4R R am h m h  

,tv 4 5( )d R amEx     

Electrical power of compressor: 

 1
e,1

mec e

W
W

 
  (1) 

According to energy analysis, the COP of RHVTC system is obtained: 

 eva 9 9 7 7
RHVTC

e,1 e,2 8 8 RHVT HE

COP
Q m h m h

W W m h Q Q

 


   
 (2) 
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The COP of VCC system: 

 eva
VCC

e,1

Q
COP

W
  (3) 

Exergetic efficiency of RHVTC system, εRHVTC: 

 
,eva ,con ,HE ,comp,1 ,RHVT ,tv ,comp,2

1

0
8 8 e,1 RHVT HE e,2

6 HE

1

1 1

d d d d d d d

o

Ex Ex Ex Ex Ex Ex Ex

T T
m W Q Q W

T T





     
 

   
        

  

 (4) 

Exergetic efficiency of VCC system, εVCC: 

 
,eva ,con ,comp,1 ,tv

VCC

e,1

1
d d d dEx E x

W

x E Ex


  
   (5) 

Economic analysis 

The LCC, Csystem, of RHVTC system, eq. (6), occurs by the investment costs, Cic, 

salvage cost, Csc, operating costs, Coc, maintenance costs, Cmc, and benefit, Cb: 

 Csystem = Cic + Csc + Cmc + Coc – Cb (6) 

Investment costs, Cic: 

 Cic = CRHVT + CVCC + Che + Ccab (7) 

where CRHVT [€] is the cost of Ranque-Hilsch vortex tube, Che [€] – the cost of heat exchang-

er, Ccab [€] – the cost of cooling cabinet, CRHVT,comp [€] – the cost of RHVT compressor, and 

these devices costs are given in tab. 5 and cost values are constant.  

Table 5. The devices and unit costs [23, 30] 

Device Cost [€] 

Ranque-Hilsch vortex tube 80 

Heat exchanger 433.33 

Cooling cabinet 1200 

Cost of cooling system, CVCC, is calculated by [31]: 

 VCC eva(253.99 2061.3)C Q   (8) 

The salvage cost of RHVTC system, was taken as 10% of the investment cost [32, 

33]: 

 Csc = Cic 0.10 (9) 

The maintenance cost of RHVTC system, was taken as 2% of the investment cost of 

the RHVTVCC system [32, 33]: 

 Cmc = Cic 0.02 (10) 
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The benefit of RHVTC system, includes cooling earning: 

 b cp,33 33 cp,16 16( 3600 3600)0.0047C m t m t   (11) 

where t33 [hours] is the summer period, t16 [hours] – the winter period, ṁcp,33 [kgs–1] – the 

cooled product summer period, and ṁcp,16 [kgs–1] – the cooled product winter period. The unit 

price of cooled product is 0.0047 € per kg [23]. Operating costs of the system are: 

 Coc = Ce (12) 

where Ce is the electrical costs of RHVTC system. Electrical costs are: 

 e e,1(33) 33 e,1(16) 16[( 3600) ( 3600)]0.107C W t W t   (13) 

where 0.107 € per kW is the electrical energy [34]. The net cash flow is: 

 CT = (Cb – Ce – Cmc)(1 + i)t–1 (14) 

where i is the interest rate, and t – the related year time of cash flow. The net present value 

(NPV) of RHVTC system is: 

 
ol

T
sc ic

0 (1 )
( )

t
t

C
NPV C C

j

  


  (15) 

where ol is the lifetime of RHVTC system, and j – the discount rate. In this study, the lifetime 

of RHVTC system was added to calculations as 20 years. The discount and interest rates were 

taken as 9% and 7.25%, respectively [35, 36]. 

Results and discussion 

The change in COP, exergy efficiency and NPV according to parameters discussed 

in each chart within the other RHVT parameters and operating conditions indicates the same 

trend. So the most effective parameters graphs are used in the study according to analyzes. 

The RHVT designs with the temperature differences of cold stream and inlet stream of RHVT 

of lower than 5 K were used in the RHVTC system. For this reason, some parameters had 

limited in these graphs.  

Handling the operating parameters as R-134a, T1,a = 306.15 K, T1 = 276.15 K, 

P2 = 1300 kPa, RHVT generator type of J, α = 45°, 3rd control valve opening position, the var-

iation of COP of the RHVTC system vs. inlet air pressure of RHVT and RHVT body was ob-

tained as seen in fig. 4. 

As seen in fig. 4, COP values of RHVTC system increase by the increase of the L/D 

and the decrease of the inlet stream pressure of RHVT, P8. The COP of proposed RHVTC sys-

tem ranges between 0.021 and 0.308. The changing of the COP values of RHVTC system for 

R-134a, T1,a = 306.15 K, T1 = 276.15 K, P2 = 1300 kPa, RHVT generator J-type,  

P8 = 601.325 kPa, 2nd RHVT body, according to different control valve angle, α, and control 

valve opening position are given in fig. 5. 

As seen in fig. 5, the highest COP value of RHVTC system was obtained as 0.0255 

for 60° control valve angel and 2nd control valve opening position. The COP of proposed 

RHVTC system ranges between 0.0316 and 0.0632. The changing of the COP values of 

RHVTC system for R-134a, T1,a = 306.15 K, J-type RHVT generator, P8 = 601.325 kPa, 1st 

RHVT body, α = 45°, 3rd control valve position according to different RHVT generator are 

given in fig. 6. 
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Figure 4. The variation of COPRHVTC vs. P8  
and RHVT body; T1,a = 306.15 K, T1 = 276.15 K,  
J-type RHVT generator, α = 45°, P2 = 1300 kPa,  
3rd control valve position, R-134a 

 

Figure 5. The variation of COPRHVTC vs. control 
valve angle and control valve opening position;  
T1,a = 306.15 K, T1 = 276.15 K, JRHVT-type 
generator, P8 = 601.325 kPa, P2 = 1300 kPa,  
2nd RHVT body, R-134a 

According to fig. 6, COP of the RHVTC system increase with the increasing evapo-

rator temperature and decreasing the compressor outlet pressure of the refrigerant. The COP 

of the RHVTC system range between 0.236 and 0.310. The changing of COP values of 

RHVTC system for T1,a = 306.15 K, T1 = 276.15 K, P2 = 2000 kPa, P8 = 501.325 kPa, 0-type 

RHVT generator, 1st RHVT body, α = 45°, 3rd control valve position according to cycle con-

figurations and refrigerants are given in fig. 7. 

 

Figure 6. The variation of COPRHVTC vs. P2  
and T1; T1,a = 306.15 K, J-type RHVT generator,  
P8 = 201.325 kPa, 2nd RHVT body,  
3rd control valve position, R-134a 

 

Figure 7. The variation of COP vs. refrigerant 
and system configurations; T1,a = 306.15 K,  
0-type RHVT generator, P8 = 501.325 kPa,  
P2 = 2000 kPa, T1 276.5 K, 3rd control valve 
position, α = 45°, 1st RHVT body 

As seen in fig. 7, the highest COP value was obtained as 2.750 for VCC system 

while using the R-507a as a refrigerant and the best value of COP was obtained as 0.0304 

with using R-143 as a refrigerant in the RHVTC system. The changing of the exergy efficien-

cy values of RHVTC, εRHVTC, system for R-143a, T1,a = 306.15 K, T1 = 276.15 K, 

P2 = 1300 kPa, RHVT generator type of J, α = 45°, 3rd control valve position according to dif-

ferent RHVT generator are given in fig. 8. 

As seen in fig. 8, the exergy efficiency values of the RHVTC system increase by the 

decrease of the inlet stream pressure of RHVT, P8, for L/D of 40, 17.5. The exergy efficiency 

of proposed RHVTC system ranges between 0.0044 and 0.0309. The changing of the exergy 

efficiency values of RHVTC system for R-134a, T1,a = 306.15 K, T1 = 276.15 K, 
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P2 = 1300 kPa, RHVT generator J-type, P8 = 601.325 kPa, 2nd RHVT body, according to dif-

ferent control valve angle, α, and control valve opening position are given in fig. 9. 

 

Figure 8. The variation of 𝜺RHVTC vs. P8 and  
RHVT body; T1,a = 306.15 K, T1 = 276.15 K,  
J-type RHVT generator, α = 45°, P2 = 1300 kPa,  
3rd control valve position R-134a 

 

Figure 9. The variation of εRHVTC vs. control 
valve angle and control valve opening position; 
T1,a = 306.15 K, T1 = 276.15 K, J-type RHVT 
generator, P8 = 601.325 kPa, P2 = 1300 kPa,  
2nd RHVT body, R-134a 

According to fig. 9, the highest exergy efficiency value of RHVTC system was ob-

tained as 0.0126 for 60° control valve angel and 3rd control valve opening position. The exer-

gy efficiency of proposed RHVTC system ranges between 0.0078 and 0.0126. The changing 

of the exergy efficiency values of RHVTC system for R-134a, T1,a = 306.15 K, J-type RHVT 

generator, P8 = 601.325 kPa, 1st RHVT body, α = 45°, 3rd control valve position according to 

different RHVT generator are given in fig. 10. 

According to fig. 10, the exergy efficiency of the RHVTC system increase with in-

creasing the evaporator temperature and the compressor outlet pressure of the refrigerant. The 

exergy efficiency of RHVTC system ranges between 0.027 and 0.092. The highest exergy ef-

ficiency value was obtained as 0.2191 for VCC system while using the R-507a as a refriger-

ant. The NPV of the RHVTC system increase with increasing the evaporator temperature and 

decreasing compressor outlet pressure of the refrigerant. The changing of the NPV of RHVTC 

system for R-134a, T1,a = 306.15 K, T1 = 276.15 K, P2 = 1300 kPa, P8 = 601.325 kPa, 1st 

RHVT body, α = 30°, 3rd control valve position according to different RHVT generators are 

given in fig. 11. 

As seen in fig. 11, the highest NPV 17745 € of RHVTC system was obtained for  

C-type RHVT generator. The NPV of proposed RHVTC system ranges between 12601 € and 

17745 €. The changing of the NPV of RHVTC system for R-134a, T1,a = 306.15 K, J-type 

RHVT generator, P8 = 601.325 kPa, 1st RHVT body, α = 45°, 3rd control valve position ac-

cording to different RHVT generator are given in fig. 12. 

According to fig. 12, NPV of the RHVTC system increase with increasing the evap-

orator temperature and decreasing compressor outlet pressure of the refrigerant. The NPV of 

the RHVTC system ranges between 4229 € and 9587 €. The changing of the NPV values of 

RHVTC system for T1,a = 306.15 K, T1 = 276.15 K, P2 = 2000 kPa, P8 = 501.325 kPa, 0 type 

RHVT generator, 1st RHVT body, α = 45°, 3rd control valve position according to cycle con-

figurations and refrigerants are given in fig. 13. 

As seen in fig. 13, the highest NPV value was obtained as 11282 € for RHVTC sys-

tem while using the R-143a as a refrigerant and for the same system NPV value of VCC was 

obtained as 8756 €. 
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Figure 10. The variation of εRHVTC vs. P2 and  
T1; T1,a = 306.15 K, J-type RHVT generator,  
P8 = 201.325 kPa, 2nd RHVT body,  
3rd control valve position, R-134a 

 

Figure 11. The variation of NPV vs. RHVT 
generator; T1,a = 306.15 K, T1 = 276.15 K,  
P8 = 501.325 kPa, P2 = 1300 kPa, 1st RHVT body, 
α = 30°, 3rd control valve position, R-134a 

 

Figure 12. The variation of NPV vs. P2 and T1;  
T1,a = 306.15 K, J-type RHVT generator, P8 = 
201.325 kPa, 2nd RHVT body, 3rd control valve 
position,  
R-134a 

 

Figure 13. The variation of NPV vs. refrigerant 
and system configurations; T1,a = 306.15 K,  
0-type RHVT generator, P8 = 501.325 kPa,  
P2 = 2000 kPa, T1 = 276.15 K, 3rd control valve 
position, α = 45°, 1st RHVT body 

The COP of the RHVTC system increase with evaporator temperature and decreas-

ing inlet stream pressure. According to the energy analysis results, the most effective RHVT 

body, refrigerant, helical vortex generator, control valve angle and control valve opening posi-

tion are 1st, R-134a, J-type, 45° and 3rd, respectively. The maximum COP of RHVTC system 

was determined as 0.310 and 0.0.317 for the summer and winter mode, respectively. These 

system properties were J-type type generator, 1st RHVT body, control valve angle of  

45°,3rd control valve opening position, R-134a, T1 of 277.15 K, P2 of 1300 kPa and P8 of 

201.325 kPa. Exergy efficiency of this system was 0.0348 and 0.0384 for the summer mode 

and winter mode, respectively. The NPV of this RHVTC system was calculated as 9587 €. 

For the same operating conditions, COP of the VCC system was calculated as 2.6346. The 

NPV of the VCC was increased by integrating the vortex into the system. However, the ener-

gy and exergy efficiencies of the system were declining. The highest exergy efficiency of the 

RHVTC system was calculated as 0.0976 for winter period in which the helical vortex genera-

tor of J-type, 1st RHVT body, control valve angle of 45°, 4th control valve opening position 

and R-134a were used and operating conditions of this system was T1 of 277.15 K, P2 of  

2000 kPa and P8 of 201.325 kPa. The COP and NPV of this system were determined as  

0.239 and 3593 €, respectively. 
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Conclusion 

In this study, the performance of vapor compression cooling system integrated 

with RHVT was investigated. For this purpose, the geometrical parameters, the pressure of 

inlet flow of RHVT and the cold mass fraction were taken into account. Additionally, nine 

different the helical vortex generators, three different control valve angles and three differ-

ent RHVT bodies were also taken into consideration. In this regard, a number of 355040 de-

signs was formed and analyzed by energy, exergy and economic analysis. The exergy effi-

ciency and NPV of the RHVTC system are increasing with increasing RHVT body length, 

evaporator temperature and decreasing the inlet stream pressure. The exergy efficiency and 

NPV of the RHVTC system increasing with a decrease of the compressor outlet pressure of 

the refrigerant. The main reason for the decreasing energy and exergy efficiencies of the 

RHVTC according to the VCC system is the hot outlet stream of RHVT has not been used 

in this system. The cooling and drying have been extended the shelf life of the foods. In this 

sense, a hybrid system using the both cooling and drying process at the same time will be an 

efficient evaluation. 
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Nomenclature 

C – cost, [€] 
Ex  – exergy, [kW] 
h – specific enthalpy, [kJkg–1] 
ṁ – mass-flow, [kJs–1] 
n – number of measurements 
P – pressure, [kPa] 
ol – operating life, [year] 
R – air gas constant, [kJkg–1K–1] 
Q  – heat energy, [kJs–1] 
r – discount rate, [%] 
SD – standard deviation 

T – temperature, [K] 
t – time, [year] 
U – uncertainty 
W  – electrical power, [kJs–1] 

Greek symbols 

ε – exergy efficiency, [%] 
ψ – specific exergy, [kJkg–1] 
he – electrical efficiency 
hmec – mechanical efficiency 
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