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A Study on the Heat Balance of Cooling System for Armored
Vehicles
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Abstract : Heat transfer coefficient and fin efficiency of a heat exchanger dispersed in the microelement of
control volimme were predicted with various flow patterns, conditions and material properties. A computational
program was developed by using the method of effidency NTUMNumber of transfer 1umit). The modelling was
applied to heat exchangers, also was integrated in power pack cooling system in an armored vehicle. The
compatibility and the generdlity were proved by comparing the prediction values with the test results. The
developed program may be useful for the design of the cooling system in an armored vehide.
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[ Start simulation ]
1

F.ead data from input files

- % ehicle operating conditions
- Ambient temperature
-Engine speed

+

Calculation :
-Cooling water mass flow rate
- Cooling air mass flow rate

+

Caleulation :

- Heat rejection of radiator
-Heat rejection of transmission
-Heat rejection of engine

!

Output :

- Temperature of radiator waterside exit
- Temperature of radiator airside exit

- Temperature of transmission exit

- Temperature of engine exit

Mo
Tolerance = 0.001%

Y es
( End ]

Fig. 1 Block diagram of flow chart
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Table 1 Factors of the vehicle cooling system

Factor Specification
Heat rejection of engine, .
(kJ/s;5keal /h) 142; 121,93
Heat rejection of transmission, .
(kJ/s; keal /h ) 28974 2491
Coolant
* Flow rate
’ : 6.1446; 380
m,, (kg/5;1/min)
Deasiy, p,, (hg/m*) 5702
- Visicosity, C,, (kJ/kg - 'C) 4195
Cooling air
* Flow rate
’ 6.56, 364
my (kg/s;m’/min)
- Density, p, (kg/m®) 1.131
- Visicosity, G, (kJ/kg - C ) 1.0066
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Fig. 2 Engine outlet coolant temperature versus

cooling fan speed
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M, =686kg /s
C, =1.0066k / kg~ C
T,=40°C
Radiator
g, =170.974kF / 5

l

T, =80.4 C —

T,=643C
Fngine ]
g, =142k7 /s T =828°C
T.=839°C Transmission Oil
Heat Fxchanger
g, = 28974 /5

Fig. 3 Heat balance simulation at fan speed (5,000rpm)
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Fig. 4 Heat balance simulation at fan speed @,200rpm)
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Legend

1: Left dynamorneter

2: Left gear box

3: Left torque cell

4: Test power-pack

5: Right torque cell

& Right gear box

7: Right dynamormeter

8: Ground hop equipment

T

Data acquisition
rmodule

Drynamo cutput

- Cutput torque
- Output speed
-E/G speed

CWP16 amplifier

Fig. b Schematic of the cooling fest
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Fig. 6 Set-up of the cooling test

M
T
-
c
N
als
ro
Hn

57 AR} Hil £TA] 7|E YA S g7
%7t 25T A4S AR EF Y= e 778C
ot} o] W=7} 1T Ass e A Y
244wyl 1T ALIEZ frex 40CoAME
R8C7t 2 Atk o] k@ Table 29] EH
A e o] 23k 89.4TCe wlwshd 34T =t

N O
NN
-

A=H o]= Outlet Gril& F33 129 F7
oA Inlet Grill2 5ol Hdr)e] Wasd
729k Ao 70E Ao A7, 5%
SR Seme AA9 F AN Ao B
B}

o

rlo

= HALo= 65T 9@ Ao
o} o] 2% oA] oo 7 3 %91 8767 H
5 511483 2L olf u

Table 2 The results of the full load cooling test

Result

Test factor 5000 1pm | 4.200 tpm
Engine speed (rpm) 2,300 2,300
Fully diameter (mm) 275 250
Fan fully diameter (mm) 265 132
Fan speed (rpm) 5,000 4,200
Vehicle speed (km/h) 379 379
Ambient temp. (C) 25 30
Coolan't out}et temp. 778 65
of engine (C)
Coolant outlet temp. .
of radiator (C) 76 802
Variable temp. (TC) 52.8 565
Coolant outlet temp. of| g28§ %5
engine in ambient temp.
of 40C (C) .
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