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Influence of Front End Structure on Vehicle
Cooling Performance
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Abstract: To study the influence of front end structure on
vehicle cooling performances, a simplified vehicle was
constructed. The grill, cooling fans, fan shroud and cooling
module layout of the vehicle were simulated by steady
Reynolds Navien Stokes (RANS) Navier-Stokes calculation.
According to the simulation results the cooling parameters
were analyzed. And the influence of changes for front end
structure parameters toward front end airflow and cooling
performance were summarized. The proper parameter
settings suited for the same type vehicles studied in this paper
were obtained. The study provides a reference for the

vehicle’s engineering application.
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Fig.2 Simple grid layout
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Tab.2 Flow inlet area for varied density grids

T/ m?

W emwm weExm FRRm O YC
Tt 0.1167 0.0481 0,0367 0.2015 0.74
W1 0.0850 0.0397 0.0279 0.1526  0.56
W2 0.0637 0.0289 0.0214 0,1140  0.42
&40 3 0.0350 0.0222 0.0214 0.0786 0.29
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Tab.3 Cooling parameter comparison for varied velocities and grid densities
i/ BESADRE/ (kg s D CMM f/(m? » min™ 1) RERAOBRE/(m-sD KB ChD KT/ Pa
Gem«h™) AT A2 RIS ARAEL ROl RS AR ARAEZ #sEES D At e Rl 3
20 0. 906 0. 901 0. 882 44, 4 44,1 43.2 2.72 2. 70 2. 65 185 212 209
50 0. 958 0. 957 0.910 46,9 46.9 44, 6 2. 88 2.87 2.73 170 183 200
80 1,092 1,030 0.923 53.5 50.4 45.2 3.28 3.09 2.77 142 159 191
110 1. 169 1. 153 0. 949 57.3 56.5 46.5 3.51 3. 46 2. 84 120 132 181
140 1. 295 1. 375 0. 987 63. 4 67.3 48.3 3. 89 4.13 2. 96 88 106 161
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Fig.3 Flow near grid at high speed for

varied grid densities
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Fig.4 Flow near grid at mid speed for

varied grid densities
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Fig.5 Mass flow rate for condenser inlet for varied

velocities and fan rotation directions
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Fig.6 Mass flow rate comparison between situation with

and without fan shroud for varied velocities
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Fig.7 ETA of fan shroud for varied fan rotation speeds
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Tab.4 Cooling components distance for varied layouts

freE d1/mm dz/mm ds/mm dy/mm
1 40 26 92 243
2 28 35 92 255
3 40 42 62 243
4 28 53 62 255
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Tab.5 Cooling parameter comparison for varied velocities and layouts
5/ BEmAODRE/ (kg s™1) CMM {E/(m® « min—1) BB AO®EE/(m- s
Gm-h™D  frE1  frE2 fES fE4 B E2 E3 WE4 mE] @mE2 GES  fE4
50 0. 616 0. 687 0,612 0,674 30, 2 33.6 30.0 33.0 1,85 2.07 1. 84 2.03
80 0. 866 0.924 0. 870 0. 888 42,4 45, 3 42.6 43.5 2. 60 2.78 2.61 2. 67
100 1. 141 1.214 1. 161 1,176 55,9 59.5 56.9 57.6 3.43 3.65 3.50 3.50
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