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Calculation of Quenching Surface Heat Transfer Coefficient of TC17 Titanium Alloy Based on
Improved Concentrated Heat Capacity Method

WU Zhijie"?, WU Yunxin"?, HE Peng"’, YUAN Zhongyu"’
(1. Research Institute of Light Alloys, Central South University, Changsha 410083, China;
2. State Key Laboratory of Precision Manufacturing for Extreme Service Performance, Central South University,
Changsha 410083, China)

[ABSTRACT] Surface heat transfer coefficient is an important boundary condition for numerical analysis of TC17
titanium alloy quenching. Its accuracy will affect the distribution accuracy of quenching temperature and stress field.
Based on the dynamic measured temperature drop curve of deep buried thermocouple, the heat transfer coefficient of TC17
titanium alloy quenched surface is calculated by using the improved concentrated heat capacity method, and the reliability
of the results is verified by numerical simulation. The results show that there are three main stages in the process of TC17
titanium alloy water bath quenching: Steam film stage, nucleate boiling stage and convective cooling stage. The surface
heat transfer coefficient increases rapidly in the steam film stage and nucleate boiling stage, and then decreases gradually in
the convective cooling stage. The surface heat transfer coefficient reaches a peak of 1299 W/(m’ + °C) at the 50th s, and the
quenching surface temperature is 355 “C. The calculated results are in good agreement with the measured temperature drop
curve, and the average relative error is only 1.4%.
Keywords: TC17 titanium alloy; Surface heat transfer coefficient; Water bath quenching; Improved concentrated heat
capacity method; Numerical verification
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Fig.1 Schematic diagram of workpiece temperature layer
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Table 1 Main chemical composition of TC17 titanium alloys
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Fig.2 Microstructure of TC17 titanium alloy

mm x 120 mm x 37 mm, %K~ 120 mm x 120 mms,

Shy I R AR A YR A R A TR AR E 118 52 o 7L o i
2 I EIRMEIR AL 4 1 04 mm HAL KRB S E AL
WA P S e R JC ML A 76 2 , 13 MIK-R6000C
RITCAR L S A S W AR (R . T R R S
P AN 3 I/, 1424 3% A4 SR (843 531 W i)
THIZ KZE LZ. MZHEREE, HhJ K L3
JE SR T (3) W R A, MOZ SR
FxF HLIGIE R A R BT A R

K Csx30-50 # H B fim #Aob 5 e JaRE i 4k &
860 °C,IFARIR 0.5 h i IR RS, ZIEHESs W
XPRFE AT R% ] RE R B o R v il ol P it P 12
22 WL BRIERE RS 56 UG IR FE IR AR T 850 C. ¥Rk
S AR R UE R — 1T R KT ) SEA R HOK ST
HEfddi
22 HEWIEEE

K H ABAQUS £ BRIT /47 TC17 #k & 4
VIR 4 RST AR, A TR S 30 0E AT . e /7Y
SN THMARSIS HY 1 IO X0 YA KR A 7 P06 B, AR A
R 24624, 715 S HCH 27380, WKl 4 Fir/R . el R e
KAFHI ) IR R Ve 850 °C (5 jEHE B RS B AR
FEMRE T R 22 ), IR E S 20 °C, Bl FERT (] 5
TRIG I R PRRE— B, IR AT B A R 5 T AR Y
i, 220 RR AR VR I AL 2 A T AR A SRR G B0
XA TR EE TR i TR, ARk S A P A
HRR [ A7 B 45 A ) DD R A B L 5 TR M )2 S
JE LA T 2T L LABGAIE 26 th 4 b R B R

[ X ]ﬁﬁ
. A B (i)
CEYEa 2 | . L K2 (2#AAE)

:::::::bt:'ﬁ':::::::\:::::—‘ME (4R )
(?ﬁergzﬁr’ﬂ) N (KT L2 (3#h i)

(b) P iR
3 FNAHRTEREBSHREE( mm)

Fig.3 Quenching sample size and thermocouple distribution
diagram (mm)

20244F 67 & 17 - A lGEEEAR 111



,—‘? N »
m%lﬁx RESEARCH

3 GRESH

3.1 REBRARBUHBELERSHH

TEATH KRR KSR Z 5 , WEE R SRR e i
BEIC B, PRJGRBE R Mg b T2 KR VLR
M ZRIRFEINZE, DL s 2 (5) TR 15 H VA m
(NJZ) I AnF 5 Fizn . J 2R Bt , Tk
T PRI ST B bR 7E 33 s I IR J2 ) e KL 25 15 3] 362
., [l —F 22 LR A A AN 28 R i U BR B B Vs K B AR
I A B P2 AR 33 s Z 5 J 2RIV KCTE TR
ZEZHI/IN, TE 700 s 747 PR PRI BE A T
—E WA KRR ETE 0~40 s T REHAR R, X2
FH TR A TR E R B BOBCA K s 55 7K A 22 44
RS BRI Z, 40~700 s ARV KCTET I TEE
et T AT TR D8 22 , T K TR ) 38 5 7K )i 2 2 i/
700 s 2 Ji P K TG B IRLEE T R AR e, R K T T
Skl A T —2

AR _E A SO A T SR i SR, SR A TC17 Bk
VK FREH I REL, ANE 6 TR o BRI A ] Y
&N S I IS WD, BE VAR TR i T R S DR ek

JIZ 1k fE )\
K2 (2B )N
MJZ (4R ) —
LIZ (i )~

N2 (P )

4 FENEETRER

Fig.4 Schematic diagram of quenching model
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Fig.5 Temperature drop curves of quenched samples
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Fig.6 Calculation results of heat transfer coefficient
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Fig.7 Finite element simulation of quenching temperature field
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