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ABSTRACT: A numerical program has been developed for the simulation of automotive en-
gine cooling system. The program determines the mass flow rate of engine coolant circulating
the engine cooling system and radiator cooling air when the engine speed is adopted by ap-
propriate empirical correlation. The program used the method of thermal balance at individual
element through the model for radiator component in radiator analysis. This study has deve-
loped the program that predicts the coolant mass flow rate, inlet and outlet temperatures of
each component in the engine cooling system (engine, transmission, radiator and oil cooler) in
its state of thermal equilibrium.

This study also combined the individual programs and united into the total performance
analysis program of the engine cooling system operating at a constant vehicle speed. An air
conditioner system is also included in this engine cooling system so that the condenser of the
air conditioner faces the radiator. The effect of air conditioner to the cooling performance, e.g.,
radiator inlet temperature, of the radiator and engine system was examined. This study could
make standards of design of radiator capacity using heat rejection with respect to the mass
flow rate of cooling air. This study is intended to predict the performance of each component
at design step or to simulate the system when specification of the component is modified, and
to analyze the performance of the total vehicle engine cooling system.

Key words: Automotive engine cooling system(Q1 - ¥ ZtA124) Radiator(44~]), Air condi-
tioner(F 7132} 71), Numerical simulation(==X]3]4})
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Table 1 Coefficients of polynomial for air and water thermal property

Air Water
co 1.28298 1.00005
c1 ~511505% 1073 1.55656x 102
Density 2 2.13532%107° ~593253x107*
3 —561226x1078 1.95357x107°
Cq 568065x 107" ~358479% 1078
co 1.71850 1.70606
c 5157631073 ~4,13741 %1072
Viscosity c2 —4.40531x107° 453979% 107"
c3 —-2.37551%x107%° ~2.21364%107°
ca 7.23546 X107 3.89564x107°
o 1.00526 4.20866
c 7.98283%107° —-161214%x1073
Specific heat 2 4.18066 %1077 258227x107%
s 469072x107"° ~1.29301x107*
Ca —1.24828%x107% 351456% 1073
co 2.41301 X 1072 559047 x 10"
o 7.94617x 107° 2.04849x 1073
Conductivity cz —~3.80879%x107® ~9.94605%107°
s 1.98727x 1071 1.64103x 1078
ca —1.05191x 107" ~1.95486x 107"
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Table 2 Engine specification
Number of cylinders 4
Firing order 1342
Initial crank angle of each cylinder | 0. 180. 540. 360.
Bore (mm) 79.0
Stroke (mm) 815
Connecting rod length (mm) 129.75
Compression ratio 86
Valve timing (crank angle degree) on 720° cycle
Exhaust valve opens 120.0
Exhaust valve closes 385.0
Inlet valve opens 342.0
Inlet valve closes 596.0
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Table 3 Radiator geometry

Radiator width (mm) 382
Radiator height (mm) 635
Radiator thickness (mm) 235
Tube surface area (mm?) 25%21.53
Tube thickness (mm) 0.32
Fin height (mm) 8.74
Fin pitch (mm) 3
Louver height (mm) 0.63
Louver pitch (mm) 1.14
Louver angle (°) 28
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Fig. 9 Radiator exit air and water temperature
at air conditioner on condition.
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Fig. 10 Radiator exit air and water tempera-
ture at air conditioner off condition.
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Fig. 11 Air and water temperatures of radi-
ator outlet and temperature difference
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