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NUMERICAL STUDY ON THE EFFECT OF THE SHAPE OF THE HEAT TRANSFER PLATE
ON THE THERMAL PERFORMANCE OF THE RADIATOR

YJ. Kim,! J.H. Doo.> M.Y. Ha,”' S.W. Son,' JK. Kim® and S.H. Lee’

'School of Mechanical Engineering, Pusan National University
“Rolls-Royce and Pusan National University Technology Centre, Pusan National University
*Power & Industrial Systems R&D Center, Hyosung Corporation

In this study, the natural convection phenomenon of the air side and the forced convection phenomenon of the
oil side were simulated in the radiator through a 3-D numerical analysis, and the total heat released by the oil
side into the radiator heating plate and then to the air side was evaluated. Also, a quantitative analysis was carried
out on the effect of each thermal resistance on the overall heat transfer coefficient through a 1-D thermal circuit
analysis on the heat transfer mechanisms of the radiators considered in this study. In addition, for the diverse
shapes of the heating plates considered in this study, the pressure drops of the oil side were quantitatively
compared and evaluated. The temperatures at the air side and the oil side outlets of the radiators with 8 different
fin shapes considered in this study had almost similar values showing a difference of +/-3% and, accordingly, the
total heat transfer also showed similar heat dissipation performance in all the models. As a result of the I-D
thermal circuit analysis, in all the models considered in this study, while the thermal resistance of the air side
accounted for 92% to 96% of the total, that of the oil side was 5 to 7%, and that of the heating plate showed a
very small value of 0.02%.
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Fig. 1 Schematic diagram of the radiator model; (a) internal
matrix of the radiator and (b) unit computational model of
the radiator matrix

Bl Oil Path, B Air Path

(2)

(b)

(©

()

(©

()

(&)

(h)

Fig. 2 Geometries of the heat transfer surface on the cross-section
of the x-y plane; (a) case 1, (b) case 2, (c) case 3, (d) case 4,
(e) case 5, (f) case 6, (g) case 7 and (h) case 8
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Table 1 Key design parameters of the heat transfer surface and operating conditions

Case Air side (Natural convection) Oil side (Forced convection)

Saq (m) Aht,air (mz) T}n,air (K) D, (m) Aht,oil (mz) Re Wit (K)
1 0.02024 1.126 293.15 0.01025 1.0195 10 348.15
2 0.02024 1.1260 293.15 0.01025 1.0195 10 348.15
3 0.02015 1.0827 293.15 0.01115 0.9761 10 348.15
4 0.02004 1.0467 293.15 0.01216 0.9331 10 348.15
5 0.01994 1.0391 293.15 0.01270 0.9325 10 348.15
6 0.01982 1.0458 293.15 0.01289 0.9358 10 348.15
7 0.01954 1.0705 293.15 0.01363 1.0060 10 348.15
8 0.01943 0.9811 293.15 0.01621 0.8745 10 348.15

Table 2 Results of the grid dependency test
. Air side Oil side
No- of grids | e &) % 0 Towsair (K) % o %

782,292 311.1179 0.00% 336.34 0.00% 344.5747 0.00% 0.038103 0.00%
1,015,452 311.1551 0.02% 332.81 -1.05% 344.5227 -0.02% 0.038690 1.54%
2,151,303 309.4677 -0.53% 283.21 -15.80% 345.0704 0.14% 0.036645 -3.83%
2,585,664 309.4433 -0.54% 281.55 -16.29% 344.4402 -0.04% 0.036485 -4.25%
2,911,887 309.4018 -0.55% 280.50 -16.60% 344.4244 -0.04% 0.036500 -4.21%
4,756,014 309.3763 -0.56% 280.00 -16.75% 344.4241 -0.04% 0.036428 -4.40%
5,873.848 309.3791 -0.56% 280.09 -16.72% 344.4176 -0.05% 0.036409 -4.45%
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Fig. 3 Validation result of Fanning friction factor as a function of
Reynolds number for the square duct flow
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Fig. 5 Local wall temperature distribution on the heat transfer surface in air side; (a) case 1, (b) case 2, (c) case 3, (d) case 4, (e) case 5,

(f) case 6, (g) case 7 and (h) case 8
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Fig. 12 Effect of the weighting factor on the aero-thermal
performance in terms of the multi objective function; (a)
variation trend in the case showing the best aero-thermal
performance and (a) variation trend in the case showing
the worst aero-thermal performance
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