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Abstract —In this study, a simulation technology for refrigeration cycle which can liquefy and store
liquified petroleum gas (LPG) using pure propane as a refrigerant has been introduced. Cooling water as
the second cooling medium was used for the liquefaction of propane. Peng-Robinson equation of state was .
used for the entire refrigeration cycle. A new alpha formulation proposed by Twu ef al. was used for the
more accurate prediction of vapor pressures of pure propane component and LPG constituents. API method
for the accurate estimation of liquid densities of propane and LPG was used instead of using Peng-Robinson
equation of state. PRO/II with PROVISION release 7.1, a general purpose chemical process simulator was
used for the simulation of the overall refrigeration system. Through this work, we can successfully simulate
the real propane refrigeration plant operating at domestic site.
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Fig. 1. Schematic diagram of refrigeration cycle.
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Pae; :actual liquid density
pgo :liquid density at 60°F
C,.; -actual correlation factor
C¢o :correlation factor at 60°F

Table 1. Coefficients of ethane, propane, iso butane and
n-butane for a new alpha form.

Component (O C, Cs
Ethane 0.2091 0.8681 1.6875
Propane 0.2153 0.8498 1.8108
I-butane 0.6712 0.8859 0.8903
N-butane 0.1626 0.8568 24165
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Table 2. Feed composition and condition for LPG.

Component Mole %
Propane 7.80
Isobutane 49.08
Normal butane 43.12
Temperature (°C) 10.0
Pressure (bar) 1.2
Flowrate (Kg/Hr) 15,078
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Fig. 2. Algorithm for finding vapor pressure using a Peng-
Robinson equation of state.

| Print the equilibrium vapor pressure. I

Exit or repeat calculation
At another temperature.
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Fig. 3. A schematic diagram for determining refrigerant
circulation rate.
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Fig. 4. A schematic diagram for refrigeration cycle
simulation results.

Table 3. Material balance.

Stream No. 1 2 3 4
Temp. (°C) -20 71.3 45.0 -20.0
Press. (bar) 2.439 15.886 15.886 | 2.439
Density Kg/m®)| 5.465 30473 | 459.031 [559.918
Flow (Kg/Hr) 27,164 | 27,164 | 27,164 {27,164
Enthalpy
(Kecal/Hr) 2,275,900 ( 3,090,100 | 807,500 {807,500

Stream No. 5 6 7
Temp.(°C) -20 71.3 45.0
Press.(bar) 2.439 15.886 15.886
Density (Kg/m®)| 5.465 559918 | 5.465
Flow (Kg/Hr) 27,164 | 27,164 | 27,164
Enthalpy
(Kcal/Hr) 2,275,90013,090,100| 807,500

LPG LPG C/wW C/wW

SweamNo. |\ v’ | our | I OUT
Temp. (°C) 10 -10 32.0 4.0
Press.(bar) 1.2 1.2 35 3.5
Phase A\ L L L
Flow (Kg/Hr) | 15,078 | 15,078 | 286,099 | 286,099
Enthalpy
(Kcal/Hr) 1,393,000 —75,990 | 9,155,000 { 11,438,000
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Table 4. Simulation results summary.

Item Result
1.469 x 10 Kcal/Hr

Compressor discharge pressure | 15.886 bar

Evaporator heat duty

Expansion valve outlet pressure|2.439 bar

Refrigerant circulation rate 27,164 Kg/Hr
Compressor power 946.84 kW
Condenser heat duty 2.283 x 10° Kcal/Hr
Cooling water flow rate 286,099 Kg/Hr
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: Pressure

: Temperature

: Gas constant

: Critical temperature

NN NY

:Reduced temperature

Q

: Energy parameter in PR and SRK equation
of state

o

: Covolume parameter in PR and SRK
equation of state
C,, Gy, C;: Coefficients in alpha function proposed by

Twu
z : Compressibility factor
J2jojA 2X}
o :alpha function
f:.) : Fugacity of component ‘i’ at the vapor phase
! . L

f; :Fugacity of component ‘i’ at the liquid phase
d)r : Fugacity coefficient of component ‘i’ at the

vapor phase
¢f : Fugacity coefficient of component ‘i’ at the

liquid phase
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