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Effect of Climate Wind Tunnel Blockage on Air-
side Flowfield of Cooling Module

WANG Hongchao , SHAN Xizhuang, YANG Zhigang
( Shanghai Automotive Wind Tunnel Center, Tongji University,
Shanghai 201804, China)

Abstract: Based on a numerical simulation, a 1: 1 scaled
model of the climate wind tunnel and that of the passenger car
were created to investigate the effect of climate wind tunnel
blockage on the cooling system experiment and analyze the
air-side flowfield of cooling module and the frontal velocity
profile. The results indicate that, along with the increase of
blockage ratio, the velocity distribution on the windward
surface of radiator will make a difference, but little change for
the uniformity index of velocity distribution. As the blockage
surpasses 0. 486, the air mass flow through the radiator has an
obvious decrease, even up to 5% . Due to the blockage effect,
the frontal velocity profile exists an offset, which is
inconsistent in different positions. Consequently, the climate
wind tunnel needs to perform a blockage correction according
to the different experimental targets.
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Tab.1 Cooling module performance parameters
AREH/m? BE/mm RN R BHEEI R
0,218 16 110, 34 641. 81
0. 28 16 93. 41 805. 69
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Fig.1 Configurations of underhood and underbody
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Fig.2 Schematic of domain model and mesh on

symmetry plane
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Tab.2 Key parameters for different climate

wind tunnels

A BELIHAR/m? WAELE/ Y BHEEN/ %
R CWT L8 7.78 125.6
BE/REEYE 15 CWT 2,97 4.71 76. 1
BE/RMEEY 25 CWT  4.65 3.01 48.6
KA CWT 6 2.33 37.7
W% CWT 1 S8t0 7 2 32.3
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Fig.3 Vehicle surface pressure measurement
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Fig.4 Comparison of the measured and the calculated

pressure coefficient on symmetry plane
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Tab.3 Velocity uniformity index of windward

surface of radiator

BLSE /% _ ﬁ;)ﬁﬁ]’ﬁ'r%?ﬁiﬁt _
40kme+h™' 8 km+h?  120kmeh!
0. 05 0.877 6 0.892 6 0.8811
32.3 0,877 6 0. 890 2 0.8805
37.7 0.883 7 0. 895 8 0. 886 4
48.6 0.880 9 0.890 5 0.880 5
76. 1 0. 876 8 0,891 2 0,880 9
125. 6 0.8815 0. 898 9 0,887 8
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Fig.5 Dimensionless velocity uniformity index on

windward surface of radiator
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Fig.6 Velocity distribution on windward surface

of radiator
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Fig.7 Frontal velocity profiles under different blockage

AT 5 DI b TR A P 8 0 B 0T LU B FEL
FELLRHEIN (>0, 377) , i 0 5 E B EOINE , 44
AT R T E I AR AR AR B R
-3 {5 /U i v B DL B, PR O B 2 B A B 2 X A
SR FBF S P A — R, DT R AR 358 XU 45
PR
2.3 BEEABMNESHEREN

FigATR R, REIPLT AR RR REY
HIWEHF 2 EOES , 7R I8 1 AT Bk Bl A As
SH. AHWEREBRARERRESS PG
AT (2)R4E

Q= C,mAT (2)
K. C, IR R m AREBREN S AR
Wi AT AR HESEBMRSEERENEHER
Z. HIZAF UE S AT ERE N ER R
PoE AR I BE R B ARE B8 R 4 i
2 TOLF 38 0 SR 1 R a] () 25 SRR IR &, BT A
HEEH, BIHASEAMNESIERE SR

F4 BAERBTSRERE (kg s™")
Tab.4 Air mass flowrate passing through
radiator (kg + s™!)

ESEERE/ Kg-s!

RELZE L/ %

40 km ¢ h™! 80 km ¢ h™! 120 km « h!
0.05 0.240 9 0.643 0 1.046 7
32.3 0.240 4 0.641 3 1.050 9
37.7 0.241 7 0.639 4 1,044 0
48. 6 0.240 7 0.627 2 1,046 2
76.1 0.2331 0.618 6 1.026 2
125.6 0.229 1 0.619 6 0.997 1
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Fig.8 Dimensionless air mass flowrate passing through

0.
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radiator under different blockage
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