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Fig. 1 Schematic diagram of the geometric model

F1 04ARFENUIEMER (680 K)
Tab. 1 Physical properties of stainless steel (680 K )

W (g-em®) ki) °C FERES (kI -kgt - KT) PG (W-m™-K)
7.75 1.398~1 454 0.54 20.2

F2 HEBANZESYEER
Tab. 2 Physical properties of air in the computational domain

I Y (kI kg'-Kh) K/ (e®kg-mt-s) PFR (W-m'-K)
FRARAS AR 1006.43 1.789 4 0.024 2
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Fig. 2 Cross-sectional view of the mesh PR, EEHMATEETEL82x 10°~3.36 x 10°2(8], 55—
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Fig. 3 Comparison of model fitting performance
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Fig. 4 Assembly diagram of the test platform
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Fig. 5 Dimensional schematic of the air inlet duct and cooling channels
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Fig. 6 Thermocouple-measured temperature variation with time
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Fig. 7 Contour plot of cooling channel simulation results
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Fig. 8 Experimental verification results
3.40x10' 700
—e— 0 ksl —— O -k
—— PRk —o— W
650
3.06% 10"
600 |
2.72x10' |
& = 550
2.3x10' F
500 |
2.04x10' | -
1:‘0 = L 2 - -
1.70%10° 400
0 65 130 195 260 325 0 65 130 195 260 326
)/ iffal/s
(a) FHTEReBEI H] AR 1k 56 R & (b)) BFFEIRBNubEI H] A5 1k 5 R &
T00
: " BRuk
o WMZikeie
gl !\u'—jlie-ff:m{‘r
L
600 =
-
L]
= 550
L ]
L]
%o a
a
-
150 | o™
400
1L70X 100 2,04x10° 238x10° 2.72x10' 3.06x10° 3.40x10°

Re
(c) BFFEIRBINuB TR R Re L AL R K]
B9 FHEIEE (Re) FISSE/RE (Nu) TIHE
Fig. 9 Variation patterns of reynolds number ( Re ) and nusselt number ( Nu )

UEH TR SEREREZBNSITRER, EER
EREE. Rk, EREIESNKE, BT RIS
MIAFREEERNEN, AR EE, SERERR
(2) R BERSHRHIEANIRENT5%,
UESE T RAFNIT B 75 AR St . SANOIRE

KRS, BHEEURIN, RARmAEEERE, AP
BIERAHE AP EAREIARER, 1BR T RAR
AOSRE, MMmSEESE/REUEM.

(3) NI FAIXTIRIRAR IR = [imiERE
T, AHRIKE T RABERS RS RFNIE S
ROSSZR/RE (Nu) SEEH (Re) ZEAIXER, &K



f 2 ‘!t
2025%F HEOHAIETAE E £ rFounoRw

A AT RUEBRRAREITE. SRP TR AEEREITE, NFETZERERFT
KB NG ERENHFRE, RTT IR T ERREERTOREM

SEYH:

[11 K&, EEE, PR SRARISEERAEPION AT [J]. B8RS T88, 2020 (2) . 58-61.

[2] POLAT S, HUANG B, MUJUMDAR A'S, et al. Numerical flow and heat transfer under impinging jets: a review [J]. Annual Reviews of
Heat Transfer, 1989, 2 (2) : 157-197.

B] EME EAERBRLUMARE ] BESINTAR, 1994, 22 (3) : 17-18.

[4] MARYANI E, PURBA H H, SUNADI. Analysis of aluminium alloy wheels product quality improvement through DMAIC method in
casting process: a case study of the wheel manufacturing industry in indonesia [J]. JESA, 2021, 54 (1) : 55-62.

[6] EHREESA LI ERARNIERERISN [D]. =225 MHULKF, 2017.

[6] fOIFM., AEE, Bk, & RSB EESHBEEFSHIERZMm [J]. $5&, 2023, 72 (10) : 1336-1344.

[71 =pp=, RER, BT, & MEHSEESRR L ZSEEARIBRIRIE [J]. SRR, 2024, 45 (2) : 163-172.

[8] AR, FER, AFMh, £ ARTESSERVORHEEFET ZHEURMMN D). FHFERERaSE, 2024, 44 (4) .
484-489.

€] #2E, FPR, T, £ MESSTAEFERRI [J] 5iE, 2024, 73 (2) : 220-223.

[10] REIPERT P. Optimization of an extremely light cast aluminum wheel rim [J]. International Journal of \Vehicle Design, 1985, 6 (4-5) :
509-513.

[11]] MROWKA-NOWOTNIK G, SIENIAWSKI J. Microstructure and mechanical properties of C355.0 cast aluminium alloy [J]. Archives of
Materials Science and Engineering, 2011, 47 (2) . 85-94.

[12] (FEM=ZHFR) FEERS. FEMRFR (M]. 2R At PEREDRKE, 2002.

[13] M. ANSYS CEX XREMEBEIRIUERN 22 [M]. db=: Efp Tl iR, 2010.

[14] B%, £EH, ENE PIELOHIERLEMESIFEENE U] KEYIESE, 2017, 30 (2) : 116-119.

[15] SBtEsR, MRERES, K% ETmaREN WIREERHENEMS V] BS54, 2024, 54 (5) . 766-773.

Simulation and Experimental Validation of High Velocity Gas Jet Impact
Heat Transfer in Casting Die Cooling Channel

HE Xue-li*, HOU Bai-kang', YANG Hao-yin', MA Xiao-ying®, FENG Shu-wei’, LUO Zhi-qun®, CHEN Zhao-
dong', WANG Jun-sheng®, DOU Rui-feng*

(1. School of Energy and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2. CITIC Dicastal
Co., Ltd., Qinhuangdao 066011, Hebei, China; 3. Advanced Research Institute of Multidisciplinary Science, Beijing Institute of Technology,
Beijing 100081, China)

Abstract:

This study adopts computational fluid dynamics method to numerically simulate and experimentally
investigate the transient heat transfer process of gas impingement jet in the cooling channel of aluminum alloy
wheel hub casting die, and to obtain the rule of change of convective heat transfer coefficient in the cooling
channel, and the wall temperature of the cooling channel. Compared with the experimental data, the results
show that the mathematical model of the wall temperature prediction accuracy within + 5%. It is found that
the stationary point position has the highest heat transfer coefficient, while the side position of the cooling
channel has a relatively low heat transfer coefficient. The heat transfer coefficient in the cooling channel
increases gradually with the increase of gas inflow velocity. This study provides accurate boundary conditions
for the simulation model of aluminum alloy wheel casting process.
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