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A Study on the Optimization of Heat Flux in Engine Room of
Auxiliary Power Unit for Self-Propelled Artillery
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Abstract In this study, we analyzed the effect of FAN and oil cooler application on APU. MIL-STD-810
was applied to the atmospheric environment and radiation dose in order to perform thermal flow
analysis. The heat flow was analyzed for the case in which the inlet / outlet fan was applied (Case 1),
the case in which the inlet fan and the oil cooler were applied (Case 2), and the case in which the inlet
/ outlet fan and the oil cooler were applied (Case 3). As a result, it was confirmed that the cylinder head
temperature of Case 3 was 21.4 times lower than that of Case 1 and 8.0 times lower than that of Case
2. Experiments were conducted under the same ambient conditions in order to examine the validity of
the results. The numerical values and experimental results showed a difference of less than 7%. Through
this, we were able to confirm that the APU heat flow optimization model satisfies the design conditions.

The results of this study are expected to be used as basic data for optimizing heat flow of APU.
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Fig. 1. APU schematic

Table 1. APU operating condition

Ambient 3250 ©
temperature MIL-STD-810F
(Hot dry;A1)
Solar radiation 1120 W/m2

Design spec APU Engine Oil temp. under 110 T

—8— PV Curve

250

200

Pressure (Pa)

Velocity (m/s)

Fig. 2. Fan data sheet
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Table 2. Specifications of design parameters

Suction Fan Oil cooler Emission Fan
Casel o X o
Case2 O O X
Case3 O O O

Table 3. Boundary condition of APU and oil cooler

Oil cooler Oil cooler
(equipped) (non equipped)
Q()ilwuring 1,221W -
Qﬁemaining Heat 900W 1,300W
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Fig. 3. Temperature distribution of Case 1
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Fig. 5. Temperature distribution of Case 3

Table 4. Result of case study

Casel Case2 Case3
Mass flow rate | 0.122kg/s 0.112kg/s 0.122kg/s
Cylinder head | 6 o 136.5¢C 1285¢C
temperature
Oil temperature| o, ¢ 1019¢ | 86.0~928C | 80.9~873C
(assumption)

Table 5. Result of Ambient temperature effect

Ambient temperature

50T

Temperature
distribution
¥ =
L T
Cylinder head 128.5C 146.7C
temperature
Oil temperature 80.9~87.3C 92.4~99.8C

(assumption)
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Fig. 6. APU temperature test
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Table 6. Temperature measurement test result

120 minutes after
operation

70 minutes after
operation

Temperature
distribution

g YT RY. FY S L WU R

Cylinder head 133.2C 132.6C
temperature

Oil temper-ature 79.0C 76.0C
(assumption)

Table 7. Comparison between analysis value and test

value
Casel Case2 Case3
Mass flow rate | 0.122kg/s 0.112kg/s 0.122kg/s
Cylinder head | 46 o 136.5C 128.5C
temperature
Oil temperature .
R 94.4~101.9T 86.0~92.8TC 80.9~87.3C
(assumption)
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