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Research on heat transfer coefficient in hot forging of TC18 titanium alloy
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Abstract ; In the hot forging process of TC18 titanium alloy, the heat transfer coefficients between forgings and air, forgings and mold have
significant impact on the hot forging process. Therefore, in order to accurately measure the heat transfer coefficients between forgings and
air, forgings and mold under different process conditions, the corresponding heat transfer coefficients of TC18 titanium alloy under differ-
ent conditions were studied by the heat conduction inverse problem method based on process experiments combined with Deform=3D finite
element analysis. The results show that during the heating process, the heat transfer coefficient between TC18 titanium alloy and air chan-
ges in the range of 0. 1-0.3 N - (s - mm + °C) ", and during the cooling process, the heat transfer coefficient between sample and air
changes in the range of 0.02-0. 10 N » (s - mm + °C)~". However, the heat transfer coefficient between sample and mold is greatly af-
fected by the conditions of contact surface. The peak heat transfer coefficient of interface without medium and glass lubricant is relatively
large, about 4.5 N+ (s - mm » °C) ™", while the heat transfer coefficients of interface with insulating cotton, glass fiber cloth and new
composite cloth are small, around 0.4-0.5 N -+ (s » mm + C) "
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Fig. 1 Schematic diagram of specimen for surface heat transfer

coefficient experiment
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Fig. 2 Experimental photos of surface heat transfer coefficient measurement

(a) Load sample into furnace
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(b) Air cooling outside furnace

AT X LG, 2559 anE 3a Fios, MK 3a Al LA
W, A ARG B2 T e P R B0 PL45 SR 5 S
BOGVCHC R 45, UEB T AT IR R M AR
1919 TC18 KA 4 B b 3L I B A 2 ThT 46 34 R 250
F 3b i, 7E0.10~0.30 N « (s - mm - °C) ™" 5[
AR,

0.35[

% 030/

o

'g 025}

5 o020

® o]

£ oo}
0.00

0 200 400 600 800 1000
iR B/ C
®)

B3 TP I THR MR (a) BARRIRTHAR B (b)

Fig.3 Temperature rise curves of sample heated in furnace (a) and corresponding surface heat transfer coefficient curve (b)

RFEZS R B B W0 B T 152k 895 °C, MR
FEVBEA 20 °C o WS 2 ¥4 A T i 42 S D3R, i 7
A B A AR BB 50 ~ 100 C & i E 15
P, IFKe 2 v I AR v Y 3R T 4 P R B R R
0.00001~1 N+ (s - mm - °C)~", FmEHHREmm
HBEN0.02 N - (s - mm - C)™', AT REITHEL
R BIRDR AR AR R4 0. 001 ~10 s, B
K R R AR L A 1 °C, AR SR
Kl 4 fin, Hasd R R THRE G, 7
0.02~0.10 N + (s - mm - °C) " JLHENZS1L

FEUATRVRE Ry 5 AN ) 2644 F B TC18 Bk A 47
20~895 CZ [l R A REGHATINE , H 455

PIZERINER 1 fige 2 R, & EaE 5 poos,
Bl 5 AL, JCie e bl b THE A 2 4 W B, FEIA
PRI o 2R T 2R B8 /N T A R A5 1 1
TR, SRR IR Ry, W5
TR R W R B AR TR R R 2, (HAR R T O R
AN B —E R ERCR

2 ARG AR R Ak A R A
2.1 ZBRFE

TERUPER R IR I, A% A B L A 1
Pz TSR 22 8] ) 5 T 422 fiph $5 0 3R B A R i



K S U ZI S LTS VORI 27

a4 TR REE . TC18 k&
1000
800 -
3
© 6004 *
& \ — HREE
E 400 \ .......... @muﬂg
200 \\"
0 500 1000 1500 2000 2500 3000 3500 4000
FF 8)/s
(@
B4 REEM RN (
Fig. 4

1 AEAEGFTHIPARIERPHREBRIRE
(N« (s-mm-°C)™")
Table 1 Surface heat transfer coefficients under different

conditions during heating process in furnace

(N+(s*mm-°C)™)
RE/C &M 1-1 12 KMF1-3 FKfF1-4
27 0.12347 0. 12360 0.01384 0.01336
100 0.16116 0.30578 0.01765 0.01623
300 0.11323 0. 07891 0.01753 0.01946
400 0. 12630 0. 10254 0.01847 0.01892
500 0.13170 0. 09052 0. 02988 0.01957
700 0.23534 0. 08483 0.01828 0. 01607
800 0. 10390 0. 11280 0.01922 0. 01664
895 0.12254 0. 18910 0. 04373 0. 00973
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Temperature drop curves of sample cooled in air (a) and corresponding surface heat transfer coefficient curve (b)
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Table 2 Surface heat transfer coefficients under different

conditions during cooling process in air (N - (s - mm - °C)™")
WEE/C o A 1-1 X 1-2 XM 1-3 KM 1-4
50 0. 01540 0. 01406 0.00445 0. 00475
150 0. 02026 0. 01906 0.00517 0. 00438
250 0. 02435 0. 02169 0. 00552 0. 00546
350 0.03022 0.02797 0. 00638 0. 00557
450 0. 03959 0. 03561 0. 00667 0. 00702
550 0.05139 0. 04737 0. 00893 0. 00659
650 0. 06840 0. 05301 0. 00681 0. 00381
750 0. 09581 0.09714 0.01425 0. 01397
850 0.09184 0. 12984 0.00712 0. 00800
900 0.03453 0.04712 0.01642 0.01711
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Fig.5 Surface heat transfer coefficient curves of sample in temperature rise (a) and temperature drop (b) under different conditions
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Fig. 6  Simplified schematic diagram of experimental device
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Fig.7 Sample physical picture for interface contact heat transfer experiment
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Fig. 9 Interface contact heat transfer simulation process
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(c) Stage 3
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Fig. 10 Measured and simulated temperatures of interface contact heat transfer under different hot forging conditions
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Table 3 Interface contact heat transfer coefficients under

different hot forging conditions (N - (s - mm - °C) ")

Bflal/s  Z5fF2-1 &fF2-2  %&fF2-3  &Mb2-4  &fF2-5
0 0.02 0.02 0.02 0.02 0. 020
5 4.00 4.50 0. 40 0.45 0. 400
8 0.70 0.65 0.18 0.35 0. 160
10 0.70 0.65 0.18 0.30 0.145
15 0.70 0. 65 0.17 0.28 0. 144
20 0.65 0. 60 0.17 0.26 0. 142
25 0.30 0.30 0.16 0.24 0. 140
30 0.20 0.25 0.15 0.22 0. 130
40 0.15 0.15 0.14 0.20 0. 120
50 0.10 0.10 0.12 0.18 0.110
60 0.05 0.10 0.10 0.15 0. 100
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Fig. 11 Measured results of interface contact heat transfer

coefficient under different hot forging conditions
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