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Simulation for Performance Analysis of a Grain Cooler
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SUMMARY

This study was camried out to develop a simulation model with EES(Engineering equation solver) for
analyzing the performance of a grain cooler. In order to validate the developed simulation model, several
main factors - which have affected on the performance of the grain cooler were investigated through
experimenis. A simulation model was developed in the standard vapor compression cycie, and then this model
was modified considering irreversibe factors so that the developed alternate model could predict the actual
cycle of a grain cooler.

The compressor efficiency in vapor compression cycle considering irreversibility much affected on the
coefficient of performance(COP). The COP in the standard vapor compression cycle model was greatly as
high as about 6.50, but the COP in an alternative model considering irreversibility was as low as about 3.27.
As a result of comparison between the actual cycle and the vapor compression cycle considering
irreversibility, the difference of pressure at compressor outlet(inlet) was a litile by about 48kPa (8.8kPa), the
temperatures of refrigerant at main parts of the grain cooler were similar, and the temperature of chilled air
was about 8C in both. The model considering irreversibility could predict performance of the grain cooler.
The theoretical period required to chill grain of 1,383kg from the initial temperature 24°C to below 117 was
about 55 hours 30 minutes, and the actual period required in a grain bin was about 58 hours. The difference
between the predicted and an actual period was about 2 hours 30 minutes. The cooling performance predicted
by the developed model could well estimate the cooling period required to chill the grain.

Keywords : Vapor compression refrigeration cycle, Simulation model, Grain cooler, Performance
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Fig. 2 Comparison of actual cycle and
standard vapor compression cycle.
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Table 1 Variables for performance analysis of standard vapor compression cycle

Variable Name

Remarks

Qchill
Q_evap
T air
Q_con
We
cop

Capacity of cooling (kW)
Evaporator capacity (kJ/kg)
Temperature of chilled air (T)
Condenser capacily (ki/kg)
Work of compressor (kJ/kg)

Coefficient of performance

Table 2 Functions used in the simulation

model

Functions

Remarks

Temperature(R22, H=H[1], P=P[1])
Pressure(R22, T=T[2], X1=X[3])
Enthalpy(R22, T=T[3], P=P(3])
Entropy(R22, T=T[4], P=P[4])

Temperature(Ex: T[1])

Pressure(Ex: P[2]), Quality(Ex: X[3])
Enthalpy(Ex: h[3])

Entropy(Ex: s[4])
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Table 3. Variables at main components of vapor compression cycle considering irreversibility

Component Variable Name Remarks
EvapTemp Refrigerant temperature of evaporator outlet
X1 ISEN Quality of saturated vapor
PressDropE Pressure decrease of evaporator outlet
PressDropEXP Pressure decrease across evaporator
OverHeat Temp Temperature increase according to overheating
Evaporator . .
1 T1_ISEN Temperature of evaporator outlet considering reversibility
P1_ISEN Pressure of evaporator outlet considering reversibility
T[1] Temperature of evaporator outlet considering irreversibility
P[1] Pressure of evaporator outlet considering irreversibility
s[1] Entropy of evaporator outlet considering irreversibility
h[1] Enthalpy of evaporator outlet considering irreversibility
Com_Press Pressure decrease of compressor outlet
Compressor CompEff Compression efficiency
[2] P2_ISEN Pressure of compressor outlet considering reversibility
h2 REAL Enthalpy of compressor outlet considering irreversibility
ConTemp Refrigerant temperature at a condenser
Condenser PressDropE2 Pressure decrease across evaporator
[3] OverCool_Temp | Temperature decrease according to overcooling
T3 ISEN Temperature of condenser outlet considering reversibility
Expansion Expan_Entaphy Enthalpy incrcase considering irreversibility
Valve [4] Expan_Entropy Entropy increase considering irreversibility
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v
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Read input data
T_AME, RH_AMB

DEN, Air flow _

A

I Ma=sRate _air A1

TL11, P11

h

I SV_refri, VolumRate refri A]

'

| MassRate refri A1

Q. _evap, MassRate_refri

Q chill

MassRate_air, C_air

T_chill

v

-

End )

Fig. 3 The flow chart of performance analysis program about vapor compression cycle

considering irreversibility.
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Table 4 Effects of COP and compressor exit temperature according to compression

efficiency
Compression efficiency cor EStimaéZi}:;;Ef;ﬁ?:ée) after Rei::g:i::?:;?cé;ﬁcr
0.45 3.15 937
0.48 3.27 88.9 89
0.50 3.30 25.4

Table 5 Change of cooler performance according to overcooling of refrigerant at a
condenser outlet(compressed efficiency 0.48, overheating 37C)

Overcooling Evaporator Work of Estimated Temperature of
) capacity(kJ/kg) compressor(kJ/kg) CoP temperature of a chilled air(C)
pactty & P J condenser outlet(C)
3 165.8 51.1 324 32 7.8
4 167.1 51.1 3.27 31 7.6
5 168.4 51.1 3.29 30 7.5
6 169.7 511 3.32 29 7.3
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Table 6 Change of cooler performance according to overheating of refrigerant at an
evaporator outlet (compressed efficiency 0.48, overcooling 4C)

Overheating Evaporator Work of Estimated Temperature of
(C) capacity(kJ/kg) | compressor(kl/kg) cop femperature after chilled air(C)
evaporator(C)
1 165.7 50.4 3.29 1.0 7.5
2 166.4 50.7 3.28 2.0 7.6
3 167.1 51.1 327 3.0 7.6
4 167.8 51.2 3.28 4.0 7.6

Table 7 Physical characteristics of refrigerant at main components of a grain cooler

Pressure(kPa) Temperature( C) Enthalpy(kJ/kg) Entropy(kJ/K-kg)
Standard I”;Y;;Si' Standard I”;Y;;Si' Standard I“;‘;;;S" Standard I"]fi‘l’ftrys"
Evaporator outlet (1) 4974 492.5 0 3 250.0 252.2 0.9269 0.936
Compressor outlet (2) | 1,354 1,352 51.45 88.8 274.8 303.3 0.9269 1.01
Condenser outlet (3) 1,354 1,345 35 31 87.7 79.9 0.321 0.3004
Expansion valve (4) 497.4 517.1 0 1.194 87.7 85.0 0.3329 0.3094
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Table 8 Estimates of cooling performance and temperature of chilled air

Item Standard Vapor compression cycle Vapor Comp;s;gfsi;ﬁ:; considering
cor 6.50 327
- Q_con 187.1 kl/kg 223.4 Ki/kg
Q_Evap 162.3 kl/kg 167.2 kl/kg
We 24.8 ki/kg 51.1 kl/kg
Qchill 24.5 kW 247 kW
T_air 72 T 78 T

Table 9 Comparison of pressure and temperature at main components between a
refrigeration cycle with irreversiblility and an actual cycle

Variabes constiong ety | ol oo
Pressure (kPa) Compressor outlet(inlet) 1352(492.5) 1400(500)
Evaporator outlet 3 3
Compressor outlet 88.8 89
Tem(p%r;lmre Condenser outlet 31 31
Expansion valve outlet 1.2 0
Chilled air 78
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Fig. 4 T_s line and P_h line of refrigerant

in the vapor compression cycle
considering irreversibility.
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Fig. 5 Change of grain temperature in silo
according to time.
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