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A comparative study on the simulation of single-stage and multi-stage
refrigeration cycle using propane as a refrigerant
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Abstract In this study, comparison works have been performed for single-stage and multi-stage refrigeration cycle
using propane as a refrigerant in order to cool down the natural gas stream. A comparative analysis has been
performed for a single, two, three and four stage refrigeration cycle using propane as a refrigerant for cooling the
natural gas stream. For the simulation, natural gas feedstock properties supplied by KOGAS were utilized and
Peng-Robinson equation of state model was used. As the number of compression stages increase, the condenser heat
duty is decreased. The refrigeration heat duty for a four-stage refrigeration cycle is decreased by 20.36% compared
to that for a single-stage refrigeration cycle. Moreover, the total refrigerant circulation rate for a four-stage
refrigeration system is was reduced by 14.53% compared to the single stage refrigeration cycle. The total compression
power for a four-stage compression was reduced by 41.61% compared to the single stage compression.

Key Words : One-stage refrigeration, Two-stage refrigeration, Three-stage refrigeration, Four-stage refrigeration,

Equation of state.

1. N2 A= S A GAE SEAA 1 FLE ol 8ske
ol TR AR 57 A4S WeAle]FE FHE

AN G& wjotel L A9 &7t e eng wHy 7S Wakshs W o # Fig, 1
s A& W2 cooling) ©)2) kL, WAEAS & 3} gro] gt & WA 9 Zul B 47)9] Alo|F R 1A
£ WLk ot W As Wl Atk WEd  slo] sirk olele] Fig. 29} 2 tEu) dgy] AxE

S ATE 20139 B wATIA AT A9e Ba FRE AT

"Corresponding Author : Sanggyun Noh(Dong Yang Univ.)

Tel: +82-54-630-1094 email: sgnoh@dyu.ac.kr

Received April 4, 2014 Revised (1st May 2, 2014, 2nd May 7, 2014) Accepted May 8, 2014

3327



A& =R Al5A 5B, 2014

(bubble point) $F&el 50.00 kPaZ tla& zho] Hrh

Compressor

Condenser

A\

Evaporator

Expansion
Valve

<
<

[Fig. 1] Process flow diagram
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[Fig. 3] One-stage cooling process
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[Table 1] The coefficients for the new alpha function
in equation (10)

Component (o) G, (A

1. CHy 0.1195 0.9040 0.0000

2. CHs 0.2091 0.8681 1.6875

3. CsHg 0.2153 0.8498 1.8108

4. iC4Hio 0.6712 0.8859 0.8903

5. nC4Hio 0.1626 0.8569 2.4165

6. iCsHiz 0.1691 0.8535 2.4876

7. nCsHiz 0.8201 0.9228 0.8755

8. nCe¢His 0.4702 0.8264 1.3634

9. nC/His 0.1718 0.8445 2.9084
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[Table 2] Natural gas composition and flow rate of
the supply temperature and pressure

Component Mole%
CHy 97.17
CoHs 1.89
CsHs 0.29
iC4Hio 0.13
nC4Hio 0.12
iCsHio 0.07
nCsHip 0.05
nCeHus 0.04
nC:His 0.24

Temperature (C) 45,00

Pressure (kPa) 6,000.00

Flow (kg/hr) 625,000.00
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[Fig. 11] Cooling and heating curves for single-stage
cooling process

[Table 3] Results of single-stage refrigeration cycle

No. Contents Results
1 discharge pressure of compressor 153850
(kPa)
9 Outlet pressure of let-down valve 111.40
(kPa)
. Total heat duty of C3 evaporator .
3 (x10° kcal/hr) 246368
C3 refrigerant circulation rate =
4 (ke/hr) 55,163.94
Total power consumption of compressor
5 (kW) 2,721.42
(compressor efficiency: 70%)
Heat duty of condenser _
6 (x 10° keal/hr) 20268
Cooling water consumption
7 (ton/hr) 628.38
(supply / return temp. = 32/40C)
3.2 2t HE AlO|29| 4
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o] 11140 kPa°liL §}57] E&<hee] 153350 kPa 2!
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[Fig. 12] Cooling and heating curves for two-stage
cooling process
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[Table 4] Results of two-stage refrigeration cycle

No. Contents Results
Total heat duty of C3 evaporator o pop
! (x 10° keal/hr) 216368
Total power consumption of compressor
2 (kW) 1,855.44
(compressor efficiency: 70%)
C3 refrigerant circulation rate
3 (ke/hr) 48994.32
4 Heat duty of condenser 49309

(x 10° keal/hr)

Cooling water consumption
5 (ton/hr) 529.02
(supply / return temp. = 32/40C)
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Fig. 130 9J8hd A7k 4500ColA -37.00C 7}
A Wzts]E=d 23k heat dutys 354416x10° keal/hr
ojt}. o] FollA Ze4 =i ARZRE o A9
S 7krh -37.00Cel A 45.00CE 7FEEHA 37]¢]
d¥71E 58 5= F heat duty:= 32.8048x10°
keal/hrd] A& & 4= vk 28|31 Y| 3)4x oo} g
heat duty 2.6363x10° keal/hr= 10.32°C, ~17.45°C, -40.0
0C 7t7te] Zegh Yujs A8k 3719 Lww S

3333

715 &l 3]k
714 10.32TC Z23 Y& ARt 3 9 22
% Z7)7} el heat duty: 0.2474x10° keal/hr,
-1745°C 223 YujE ARgete 7 WA 223 S
7} S8l heat duty:= 0.6508x10° keal/hr, ~40.00C =
23 YulE ARgshe Al RA 22 7|7 Bdet
= heat duty: 1.73%6x10° keal/hro]th. Table 591 ©]3}
o 37]9] Zu)e A 26368x10° kcal/hrA yads 4

Aaie Zagh Zag Wuje] F £IFES 4784793
kg/hrol™, 5719 2858 T8-S 70.00%Ek L 7}
AedS W 1,690.16 kWS & 4= ot}

[Table 5] Results of three-stage refrigeration cycle

No. Contents Results
Total heat duty of C3 evaporator o pop
1 (x 10° keal/hr) 26368
Total power consumption of compressor
2 (kW) 1,690.16
(compressor efficiency: 70%)
C3 refrigerant circulation rate
3 (ke/hr) 4784793
Heat duty of condenser -
4 (x 10° keal/hr) A.0905
Cooling water consumption
5 (ton/hr) 511.31
(supply / return temp. = 32/40C)
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[Fig. 14] Cooling and heating curves for four-stage
cooling process
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[Table 6] Results of four-stage refrigeration cycle

No. Contents Results
Total heat duty of C3 evaporator
1 (x 10° keal/hr) 26368
Total power consumption of
2 compressor (kW) 1,589.16
(compressor efficiency: 70%)
C3 refrigerant circulation rate
47,148.21
3 (kg/hr) 148
Heat duty of condenser
4 (x 10° kcal/hr) 40034
Cooling water consumption
5 (ton/hr) 800.68
(supply / return temp. = 32/40C)

4. ZE

—

B oo E HA7FAE 4500CoHA -37.00C7HA

WzkA717] el Bed 29 WEAlelES 23} 3
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I 4550l 4 S5 o S71ES Yait
o] FoA AMEE = $57]19 heat duty®} 457 AL

=
=
2ol A4 st 53 19 g2 40 4=
A3}to] &%719] heat dutyzhol= 1.0234x10° keal/hr
W ok 2036% AT FATS &+ AT = 1T
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