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Abstract: Active grille shutter can control vehicle front-
end opening area, thereby the fuel economy will be
improved. The control of grille angle and fan speed under
different vehicle driving conditions is a difficulty in the
research of active grille shutter. Firstly, the accuracy of
both computational fluid dynamics simulation and engine
cooling system one-dimensional model were verified by
wind tunnel tests and numerical simulation separately.

Secondly, an approximate model considering the AGS
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angle, cooling fan speed, vehicle speed and drag

coefficient, cooling air velocity was constructed by
optimal Latin hypercube sampling and neural network
fitting method, and then the model was input to the
cooling system model. According to the real-time engine
cooling demand, the AGS angle which can both meet the
cooling requirements and minimum drag coefficient was
chosen out. Finally the fuel reduction ratio of 0.6%~0.7%

could be achieved under different ambient temperatures.

Key words: active grille shutter; aerodynamic drag;

cooling  performance; approximate  model; co-

simulation
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Fig.1 Test vehicle and aerodynamic wind tunnel
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Fig.2 Test vehicle and climate wind tunnel
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Fig.3 Impeller anemometer and thermocouple mea-

suring points on the radiator windward side
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Fig.4 Partial test measuring equipment
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Fig.5 Vehicle numerical model
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Fig.6 Aerodynamic simulation domain
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Tab.1 Porous media parameter setting
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Tab.2 Drag coefficient simulation benchmark
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Fig.7 Pressure coefficient benchmark on the

vehicle cross section
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Fig.8 Flowrate simulation domain
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Fig.9 Average wind speed benchmark on the

radiator windward side
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Fig.11 Comparison of simulated and experimental

values of engine outlet coolant temperature
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Fig.12 Approximate model construction process
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Fig.13 Construction of AGS and deflector
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Tab.3 Experimental design sampling and CFD simulation results
o V';/i A/ A/ V/, G, V,i [ V'f/i A/ A/ V/, G, V,i
(rmin")  (°) () (kmh™) (mes™") (rmin~") (%) () (kmeh™") (mes™")
1 840 86. 4 19.6 128 0. 3499 4. 600 27 2340 63.0 21.2 172 0. 3501 6. 658
2 2520 79.2 29.2 176 0.3513 7.201 28 2460 84.6 37.2 76 0. 3523 3. 548
3 480 32.4 74.0 184 0. 3504 7.104 29 1740 27.0 85.2 36 0. 3538 1.818
4 2040 50.4 61.2 0 0. 0000 1. 440 30 2700 55.8 59.6 12 0.3577 2.081
5 600 64.8 83.6 40 0. 3452 1.463 31 2100 1.8 69. 2 124 0. 3473 4.104
6 1560 0 45.2 48 0. 3400 1. 409 32 1140 70.2 40.4 4 0.2761 0. 687
7 2760 10.8 42.0 152 0. 3479 5.016 33 2580 41.4 14.8 44 0. 3526 2.009
8 2280 57.6 90.0 96 0. 3525 4.418 34 1380 16. 2 18.0 148 0. 3418 3. 342
9 1680 90.0 58.0 72 0. 3506 3.142 35 1260 66. 6 11.6 84 0. 3439 2.743
10 1800 7.2 80.4 144 0. 3481 4.917 36 1500 45.0 50.0 92 0. 3517 3.713
11 1080 54.0 35.6 200 0. 3499 7.740 37 2220 9.0 46.8 28 0. 3461 1.534
12 2400 46.8 67.6 192 0.3471 8. 265 38 1620 77.4 82.0 60 0. 3501 2.700
13 1320 18.0 86.8 24 0. 3494 1.151 39 300 73.8 78.8 156 0. 3504 6.188
14 720 72.0 32.4 16 0. 3393 0.633 40 1020 30. 6 88.4 140 0. 3507 5.490
15 120 21.6 64.4 80 0. 3474 2.676 41 2940 19.8 30.8 132 0. 3485 4.516
16 0 68.4 54.8 120 0. 3519 4.450 42 1860 81.0 66.0 164 0. 3519 6. 989
17 960 3.6 38.8 160 0. 3393 4.238 43 1980 34.2 56. 4 196 0. 3507 7.846
18 1440 43.2 51.6 104 0. 3523 4.172 44 180 52.2 72.4 52 0. 3463 1.798
19 2640 28.8 22.8 32 0.3543 1.927 45 660 5.4 62.8 68 0. 3418 2.017
20 1920 36.0 10.0 136 0. 3449 3.863 46 60 37.8 27.6 108 0. 3486 3.565
21 2160 75.6 13.2 56 0. 3566 2.332 47 420 12.6 53.2 180 0. 3420 5.815
22 240 39.6 16.4 112 0. 3460 3.441 48 780 59.4 34.0 188 0. 3438 7.230
23 1200 82.8 77.2 168 0. 3516 6. 990 49 540 88.2 43.6 100 0. 3521 3. 785
24 3000 61.2 48.4 88 0. 3538 4.342 50 900 23.4 24.4 20 0.3374 0.661
25 2880 14.4 70.8 64 0. 3520 3.038 51 2820 48.6 75.6 116 0. 3492 5.418
26 360 25.2 26.0 8 0. 3230 0.210
A SN0 AR R 4 R . BT E AR,

ZMEE HP AR ZE MR S PR,
3R AR ) RP KT 0. 9 AT, A28 X 26 X%of
P LA R R o A X A B a5 S
TR 22 (246 XHELR S 38 m] 0, BHL 7 28 B0 #1 X3 1Y)
SER TR 2243 315 0. 002 3,0. 132 0 me-s™, iR 2248
INo BRI, SR R 28 I 48 305 T 1 mT R RS B 5

DL 4 120km bt XU R 55 5 ol &k 1), 56 9%
AGS 78 Ay R 52, an& 15,16, FIAT, 7RI
BRI S o BHL 7 2R BORA H1 i i A Bl AGS T
FA RSB IM G, AL RE R BT 3 R BT,
WA PRAE |- N AGS 2T HAE B JHE

XFH AGS 2 TF BB DL T 42 XU 5 X v H)
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Tab.4 Sampling point addition and CFD simulation results

o V'f/i A/ A/ v/ . G, V,i [ V.f/i A/ A/ v/ . G, V,{
(rmin~!) (%) () (kmeh™!) (mes™) (rmin~!) (%) () (kmech™) (mes ™)

1 0 0 10 20 0. 3291 0 14 1800 90 90 20 0. 3680 1.552
2 0 0 10 60 0. 3207 0 15 1800 60 60 20 0. 3635 1. 504
3 0 0 10 120 0.3217  0.003 16 0 90 90 60 0. 3463 2. 087
4 0 0 10 200 0.3245  0.005 17 0 90 50 60 0. 3460 2.036
5 0 0 90 20 0.3444  0.431 18 0 40 90 60 0. 3467 2.035
6 0 0 90 60 0. 3416 1.627 19 1000 90 90 120 0. 3527 4.921
7 0 0 90 120 0.3468  3.517 20 1000 90 40 120 0. 3477 4.682
8 0 0 90 200 0. 3451 6.029 21 1000 90 10 120 0. 3470 3. 822
9 0 90 10 20 0. 3451 0.445 22 1800 90 90 120 0. 3531 5.219
10 0 90 10 60 0.3414 1.679 23 1800 90 10 120 0. 3467 4.004
11 0 90 10 120 0.3459  3.625 24 2900 90 90 120 0. 3558 5.707
12 0 90 10 200 0. 3471 6.272 25 2900 90 10 120 0.3472 4.323
13 0 0 10 8 0. 3210 0 26 2900 50 90 120 0.3543 5. 640
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Tab.5 Neural network fitting error

AR GER RiEkR WAER DARETHE
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Fig.15 Influence of AGS angle on drag coefficient
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Fig.16 Influence of AGS angle on cooling air

velocity
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Fig.17 Influence of vehicle speed and fan speed on

cooling air velocity
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Tab.6 Change of cooling fan operating status with

coolant temperature

°C
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Fig.18 Function relationship between cooling air

velocity and fan speed
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Tab.6 Comparison of results between original strategy and AGS strategy (medium and high ambient
temperatures)
SERS AR/ THFE/ TFERRACLL R ENRE R
g BRBGRIE/C TRBIFE R/

- T (kgss™) & (L-00km) ) /% /K
28 0.490 0. 3539 646. 834 7.819 363. 899
Jerp il SR 38 0. 490 0. 3539 646. 834 7.819 364. 721
43 0. 490 0. 3539 646. 824 7.819 365. 116
28 0.161 0. 3294 642.613 7.768 0.653 369. 355
AGS Tl e gk 38 0. 186 0. 3301 642.778 7.770 0.627 370. 122
43 0. 208 0. 3309 643. 215 7.775 0. 558 370. 084
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Fig.23 Engine outlet coolant temperature compari-

son (low ambient temperatures)
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Tab.8 Comparison of results between original strategy and AGS strategy (low ambient temperatures)

N e e TR, . . e/ WFERRRIL AR
P PRI (kges™) PHEIRR Bl (L+(100km) 1) /% /K

0 0. 490 0.3539 646. 803 7.819 361. 828
D gz il SR —7 0.490 0.3539 646. 802 7.819 361. 379
—15 0. 490 0.3539 646. 801 7.819 360. 922
0 0.121 0.3283 642.510 7.767 0. 664 367.914
AGS Tl R mg —7 0.104 0.3280 642. 315 7.764 0.694 368. 047
—15 0.096 0.3278 642. 105 7.762 0.726 367. 594

B, BoE BB ) R BCRS JXE Sy B AR da il R
A T S 7 5 R AT REAS mi A A5 21X i
() CFD iy A5 2R iz HIfh 22 M 28 405 7 B 4 il i
PRI S RE G AR, e A T ORGP B  H
IR ) AT RIS

(3) HUA IV ENRE B A SR -5 AGS 42 il e s
IR , PTRIAGS F il m] {14 BRI S8 A4 13
LI, B A B B DA AE , (AN R PR B i
JE SEURIhE AR 0. 620~0. 70,

Sk

[1]  BUSCARIOLO F F, MAGAZONI F, MARUYAMA F K,
et al. Aerodynamic enablers review for automotive applications
[R]. Detroit: SAE, 2016.

[2] B, K% C201 8 4 gt SR I SCHEHORBIESE [ D] H IR
WK, 2015.

YIN Jie. Research on some key technologies of active grille
system for Changan C201 car [D]. Chonggin: Chonggin
University, 2015.

[3]  EL-SHARKAWY A E, KAMRAD J C, LOUNSBERRY T
H, et al. Evaluation of impact of active grille shutter on vehicle
thermal management [J]. SAE International Journal of
Materials and Manufacturing, 2011, 4(1): 1244.

[4] LANKT, XIAO L, SRINIVASAN K, et al. The impact of
vehicle front end design on AC performance [R]. Detroit:
SAE, 2013.

[5] XU B, LEFFERT M, BELANGER B. Fuel economy impact
of grille opening and engine cooling fan power on a mid-size
sedan[R . Detroit: SAE, 2013.

[6] MUSTAFA R, SCHULZE M, EILTS P, ef al. Improved
energy management using engine compartment encapsulation
and grille shutter control [J]. SAE International Journal of
Fuels and Lubricants, 2012, 5(2): 803.

(7] ZAeflevde . U 42 R L ShHLAG PV BB E S e [ D] ik

HEEE A, 2013,
LI Chuanfeng. Study and improvement of underhood thermal
management of a new vehicle [D]. Shanghai: Shanghai Jiao
Tong University, 2013.

[8] A, RAr, THEM, 5. PO A3y Eai s

[10]

[11]

[12]

[13]

[14]

A%l 22 T B A R R Ay 7 [T ] 1A TR, 2015, 37(11)
1240.

WANG Wenxi, WU Cunxue, GAN Nengqiang, et al.
Modeling of multi-opening control for active induction grille
based on central composite design [J]. Automotive
Engineering, 2015, 37(11): 1240.

BOUILLY J, LAFOSSAS F, MOHAMMADI A, et al.
Evaluation of fuel economy potential of an active grille shutter
by the means of model based development including vehicle
heat management [J]. SAE International Journal of Engines,
2015, 8(5): 2394.

CHO Y C, CHANG C W, SHESTOPALOV A, et al
Optimization of active grille shutters operation for improved fuel
economy [J]. SAE International Journal of Passenger Cars-
Mechanical Systems, 2017, 10(2017-01-1513) : 563.
SHIGARKANTHI v, DAMODARAN v,
SOUNDARARAJU D, et al. Application of design of
experiments and physics based approach in the development of
aero shutter control algorithm[ R ]. Detroit: SAE, 2011.
FRW], Kt G R BRI B ZE L X SR e s
TR [T ], RTE I 4 CHAARRAMD) , 2017, 45(9)
1372.

WANG Hongchao, SHAN Xizhuang, YANG Zhigang. Effect
of climate wind tunnel blockage on air-side flowfield of cooling
module [J]. Journal of Tongji University (Natural Science) ,
2017, 45(9): 1372.

P, 5355, BN S e R S o S
FREIERERI I [C] / /2018 R A B 12 o 43 R AR 22
W Bl PERE TR ESNE0r2,
2018:60-69.

CHEN Jiaping, JIA Qing, YANG Zhigang. The influence of
active grille shutter location and underhood deflector design on
aerodynamic drag and cooling performance [C]//2018
Academic Annual Conference Proceedings of Automotive
Aerodynamic Committee. Shanghai: Automotive Aerodynamic
Committee of SAE China, 2018 :60-69.

LR R E Ik ML dent: BlaEmb, 2006.

ZHAO Xuanmin. Experimental design methods [M]. Beijing:
Science Press, 2006.

SAHA J, CHEN H, RAHMAN S. Model based design and
optimization of vehicle thermal management system [R].
Detroit: SAE, 2016.



