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Fig. 1 Schematic diagram of the experimental apparatus
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Table 1 Chemical composition of the AZ31B
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Al Zn Mn Si Ca Mg
3.10 1.20 0.80 0.08 0.04 Ay
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Table 2 Experimental condition
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M wE R MR RE Kt A
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Fig. 2 Thermo-physical parameters of the AZ31 as a function of the
temperature
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Fig. 5 Effect of different cooling water flow rates on the interfacial heat transfer coefficient
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Fig. 7 Schematic diagram of the microstructure observation on
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(f) /K40 L/min; (g) . (h) .

FIFY@BARTE, EREEB, NEIEL, KEH
20 L/minfE=Z60 L/minfY, #HEEbEpElOEBRYSAIR
9 5E229.5 um, 547.5 pm. 526.5 umjE/NE
220.8 um. 311.3 um. 372.9 ymZAZ#A. MELTLUE
&, FIEMBEBEIOER, REIZKE 920 LiminkS,
BRARTERIBNERKLD; REKERA40 L/min
F160 L/minfY, FH@EMRTEBARIEIN. SEIKE
F320 L/min 125360 L/minft, Y8R T AKLIM
229~547 umjgi/\§220~372 um., B0, ESSHEE
AR ELRERLRIYSM .

3 4hie

(1) Rt T RIBELRFARABKS AN URE
FEF—RXERTRE, NETHARERERRE
T REBRPESERE T RREISHAKE AR
HERNFEBRARL . EREH, REABRARYERE
KR 7T EREABSERERER, REETEH=1M
B,

(2) EREXA, REEARHEESIKEN
IBINMIBIN . FEESEAIKEEM, RERAEHEE
S5RHKEZIEMRX, RHKEMH20 L/min £5%!

(i) 7KH60 L/min



Fg—-"
{EL% Founorey BEBEE Vol.72 No.2 2023

PRI 229.545.7 um EH B, 5475113 um i FHIRRR S 5265+ 10.5 um

LibOE TELA

0 0
100 200 300 400 500 600 700 200 300 400 500 600 700 $00 900 1000 1100 1200 200 300 400 500 600 700 8§00 9001000 1100 1200
it oA T A R um ik R um
()30 () 25
PE R T 2431 £ 99 um PR F: 364.1 £6.3 pm I AREIR T: 496.5£23.7 pm
251

A 45 35050
> =

=

5k
0 0
0 100 200 300 400 500 600 700 800 900 200 300 400 500 600 700 800 200 400 600 800 1000 1200
AT AN "-']'.Jl.lm AT AN "-']'.Jl.lm it N "T.-'pm
(2)45 e (h) — (O] s
40 FENER S 220.8 £ 10.6 pm 35t FEIERRF: 31132103 pm FERR S 3729 £6.7 um
30+
&
i
& 20
= 15}
L=
10+
5
0 0 0
0 100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 300 900 1000 200 300 400 500 600 TOO 800
RS um RS um LR um

(a) . (b) . (c)/KF20L/min; (d) . (e) . (f) K#E40L/min; (g) . (h) . (i) 7/K#E60 L/min

E9 RAVKEN RGN R T Dm0
Fig. 9 Effect of the cooling water flow rate on the distribution of the grain sizes of the round billet

o0 60 L/minfd, HRIMEEEEMIL 425.8 W/ (m*-K) 10
b K FJ2 7275 W/ (m?*+K) . BE#KERRNREIEE
i G IR .

50 (3) BFRKATRARMESE i EERE
2 soof BE, SHIEESTNEEMSHRIT, SAEMSE
Z3%0p THBIH2.88%, Z=BARTEE ST MR HVE SASEL 2 R0,
* 300t X S BB SRR M T RN R R A
250k f#,

200 . (4) EHAKSEEN, ESSI/KEVHENE

0w B2 o . X _ o _
i iflimilf.\':'hf " BRI TM . REIKEH20 L/mini2=EI60 L/min

B, E&ERIR T H229~547 umikf/)NE220~372 pum .,
E10 SR BN TISHIR RIS

Fig. 10 Effect of the cooling water flow rate on the average grain size



f 2 ‘!t
2023%F HE2HA/ET2E EERS5E rFounory

SEk:

[1] DREZET J-M. Direct chill and electromagnetic casting of aluminium alloys: thermomechanical effects and solidification aspects [R].
EPFL, 2000.

[2] VUAYARAM TR, SULAIMAN S, HAMOUDA A, et al. Numerical simulation of casting solidification in permanent metallic molds [J].
Journal of Matorial Processing Technology, 2006, 178 (1-3) : 29-33.

[3] ZHANG B, MAIJER D M, COCKCROFT S L. Development of a 3-D thermal model of the low-pressure die-cast ( LPDC) process
of A356 aluminum alloy wheels [J]. Materials Science and Engineering A-Structural Materials Properties Microstructure and Processing,
2007, 464 (1-2) : 295-305.

[4] K358, A, KBE, & EFEIENREAEHSTENSE (). SHHEREeES, 2008 (2) : 116-119, 79.

[6] Re&~FE, ZEHS. EHEIEFHM-FARERRTRIAIMTIERE [J]. HEEK, 2008 (9) : 1163-1166.

[6] NISHIDAY, DROSTE W, ENGLER SJ M T B. The air-gap formation process at the casting-mold interface and the heat transfer
mechanism through the gap [J]. Metallurgical Transactions B, 1986, 17 (4) . 833-844.

[71 #B¥6, BfE, D8E, & FRRMmEARIMONESEMS D] FINITIZ, 2007 (21) : 11-15.

[8] sKIZ32. BEARERARMRKRIEESEEMEFE T ZMM [D]. 7. #mEAS, 2011

[0 FREMR, MKRIR. ZN0EHHFEREAIRERLRIA [J]. HiSHAR, 1992 (5) : 36-37.

[10] ZHANG L, LI L, JUH, etal. Inverse identification of interfacial heat transfer coefficient between the casting and metal mold using neural
network [J]. Energy Conversion and Management, 2010, 51 (10) : 1898-1904.

[11] &R, #SHE, 75, EFDEFORMREHEZIREIRMAIAIMAE [J]. 22 T2, 2013, 20 (2) : 130-135.

[12] DOUR G, DARGUSCH M, DAVIDSON C, et al. Development of a non-intrusive heat transfer coefficient gauge and its application to
high pressure die casting: Effect of the process parameters [J]. Journal of Materials Processing Technology, 2005, 169 (2) : 223-233.

[13] LIU ZW, YIJ, LI SK, etal. Study on inhomogeneous cooling behavior of extruded profile with unequal and large thicknesses during
quenching using thermo-mechanical coupling model [J]. Transactions of Nonferrous Metals Society of China, 2020, 30 (5) : 1211-1226.

[14] SULAIMAN S, HAMOUDA A M S. Modeling of the thermal history of the sand casting process [J]. Journal of Materials Processing

Technology, 2001, 113 (1-3) : 245-250.

Study on Heat Transfer Coefficient of Semi-Continuous Casting of
Magnesium Alloy in Primary Cooling Zone Based on Inverse Heat
Conduction Method

YU Xiao—giang', JIA Yong-hui', LE Qi-chi', HU Wen-yi®, ZHAO Da-zhi', ZHU Ya-tong', WANG Ping'
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, Liaoning, China; 2. College of
Chemistry and Materials Science, Longyan University, Longyan 364012, Fujian, China)

Abstract:

In this paper, a mold casting experiment was designed and water spray cooling method was used to simulate
the heat transfer process in the primary cooling zone of semi-continuous casting of AZ31 magnesium
alloy, and the temperature variation curve was obtained for inverse calculation of the interface heat transfer
coefficient. The interfacial heat transfer coefficient between melt and mold with different cooling water flow
rates was calculated by inverse heat transfer method, and the effect of the cooling water flow rate on the
interfacial heat transfer coefficient was analyzed. The results showed that with the increase of cooling water,
the peak value of the interfacial heat transfer coefficient was positively correlated with the cooling water flow
rate, when the cooling water flow rate increased from 20 L/min to 60 L/min, the peak heat transfer coefficient
increased from 1 425.8 W/(m*-K) to 2 727.54 W/(m*-K) and the peak value of the interfacial heat transfer
coefficient of high cooling water flow rate appeared at the low temperature. With the increase of the cooling
water, the uniformity of solidification microstructure from edge to center of the billet was improved obviously.

Key words:
magnesium alloy; interfacial heat transfer coefficient; cooling water flow rate; inverse heat transfer method,
microstructure
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