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Engine cooling fan layout study of a medium size pickup truck

QIN Dongchenl, LIU Sisi', SHAN Wangzhenl, LI Bin?, ZHANG Zebin" *
(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, Chinas
2. Vehicle Technology section, Model Development Department, Technology Center, Zhengzhou Nissan Automobile CO. , LTD,
Zhengzhou 450000, China)

Abstract: The cooling fan, a critical component of the automotive engine cooling module, holds utmost
significance in influencing the engine's cooling efficiency, particularly in high-power diesel engines. Its precise
positioning has a direct impact on the flow field structures in the engine compartment, the airflow through the
radiator and consequently, the engine's heat dissipation performance. In this study, an optimization method is
developed to determine the optimal placement of a cooling fan in a new engine compartment. This method aims
to refine the layout and flow field structures by closely examining the radiator flow and flow fluctuations, with
the fan's position as the variable. The optimization process begins by generating initial design sample points
using experimental design methods, followed by geometric parametric modeling. Next, typical vehicle speeds are
selected to simulate flow fields in the engine compartment under actual working conditions. A Kriging surrogate
model is then established based on the simulation results. A multi-objective optimization is subsequently carried
out, aiming to achieve the desired radiator inlet flow and standard deviation of flow rate. The Pareto optimal
solution set is obtained through a genetic algorithm, and the results are analyzed using multi-dimensional
parameter variable visualization method, which provides a valuable reference for the layout decision of parts in

the cabin. The results demonstrate a significant correlation between the positional change of the cooling fan along
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the vehicle's travel direction and the radiator flow. This correlation provides theoretical support for the global

optimality of the layout scheme of the new model's heat dissipation module.

Keywords: surrogate model; cooling fan; multi-objective optimization; automotive compartment layout;
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Fig.9 SOM visualization of random samples
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Table 5 Comparison between the reference and optimal solution

z/mm  y/mm  z/mm o Q/(kgs )
YIMEILE 0 0 0 1.0203 0.9115
s E 56 2 -42 0.7632 1.0721

RALFESE ~25.20% 17.62%

NT BV IR A O R, O e A
R TR AE 5 ) 46 o B T BB AT L AT BUE #,
A B T 75 e B A B 3 10 T S AN 25 50 1 R A
22 o PR T 25.20%. Vit & Q2 T+ T 17.62%, K K#i
b7 B B RE

24 ZERIHE

TERA € S LA 2 S 5 T a5 OO0 oA S8 3R AT B iiE o AR
I 5 M0 e 1 o B 38000, 75 2 504 i B A v AR BOET AR Y
HAR IR 2 A IR A2 #5147 CFD 1 Bt 5. B0 Jit s
(145 R 5 Kriging A& 8 I 1) 25 2R 3k 47 LL A, 70 B B
ARz, HAT g Rk 6 . & 6 B T AL
A7 B P ASE Y TN AR RO BT SRR PR et b g R, W DL
B, BASRAL B bR 22 3 1E 5% DL, SR B BT ST
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Table 6 Verification of optimization results

T Q/(kgs ")
Kriging A5 7% FU {5 0.7338 1.0844
CFD i 5t 5l 0.7632 1.0721
RE -3.85% 1.15%
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