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Table 1 Experimental Plan for Surface Heat Transfer

Coefficient Measurement

Type Testing Item

Heating 1) Directly into the furnace for heating
400. 600, 800. 1000. 1100. 1200°C
2)  Heating up with furnace 800. 1000. 1200°C
3) Step Heating 800°C—1000°C—1200°C
4) After covering, directly into the furnace for
heating 1100°C
Cooling 5) Air cooling 400.600.800.1000.1100.1200°C
6) Furnace cooling 1200°C—800°C
7)  Water quenching 1000°C
8)  Oil quenching 1000°C
9)  Air cooling after wrapping 1100°C
10) Forced convection air cooling 1000, 1200°C
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Fig.3 Visual identification method of 7-segment digital tube
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coefficient: (a) mesh, (b) monitoring node location
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Fig.5 Experimental temperature change curve of the core
position of the GH4169 alloy sample directly put into the
furnace during the heating process
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Fig. 6 Surface heat transfer coefficient of GH4169 alloy

directly put into the furnace during heating process

K 7 5 GHA169 #dh B (KO 12.1°C) Bl I+
TR R A SR, bR B gl i k. W BRI
TR AR 5 iR A7 R W R RO O e Tz G A T
I T AN AR AL, TP T AR AR S5 I A 5 4% 2% A %
VIRASG, [RI B ENT Bl r TH R AT AL TGV E AR B
TR A TIERH BRI R ISR BT T
H, SR THRS R S S HEA THR SRR —
R IR 2R T 45 24 R O

N T RENS SCBLBE I T i E RE TSR 4 A, R FILM
TREFFE N T BRI T I R P S AP A2 A il 2 A
HETHR SRR RS PR S Rm . Hrd,
K HPA% B H 4 (8 SRR AT = 20, i)
FR:

t-t;
Te(t) = Ty,

t—tiya
Y L. B 9
ti—tiva Pl -t ©)

KO TN ¢ RZIFR CC, ¢ it (s,
tAEE AN IR ST (), ti g NER 1 AN PR
e B[] Cs), Tp N8R 1 AN SRR CCD,
Tf,i+1§‘3% i+ AN RS SR CCO.

K 7 R T 800°C. 1000°C. 1200°C By FHiF il FE
(1) GH4169 £ 41 fb O BB A7 B I Wi i e, v BAJRHL
TR RSN RYIE, KT L BN FHR
{10 2 T 46 A R EOE F TRl AR

e
T T T T T T T T T
1200
1000
8 800 -
(3}
E
s v,
b5 600 |- u? ® Exp. Center Temp. (800°C)
g' v Exp. Center Temp. (1000°C)
S 400 ®  Exp. Center Temp. (1200°C)| |
= —— Sim. Center Temp. (800°C)
Sim. Center Temp. (1000°C)
200 ——— Sim. Center Temp. (1200°C)|
Measured Furnace Temp.
1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1

0 .
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time/s

K7 B T R A O A B S 5 T SRR 2k
Fig. 7 The experimental and calculated temperature curve
of the core position during the furnace heating process

Kl 8 4y GH4169 & &rEkH 800C I THE %
1000°C\ 1200°C By AL B IR B B4, TLLRILG
BT R A BT S B TR AR 2R A, BRI BUR
FAURE S THIR ORI TR BTN, BRI BB T
T A R T R RO, U AN BB SR A B
I AR AE L, P DA BT SR h 25 e 8 v hi ik
SEII € FRE Al AR AE L, Rt E TR R 3R
T REE I E T BB TR AR .l L EBEA,
R ELHN N T U S50 A5 ) 3 T 4 P RO Y AT ok
FAEANPTHR . B THER . G THRS =M IR
T, AR EELE .. FBRSEmA, (OFREENY
T S50 AL AT A2 TR %A A R B s R K

1200

1150 |

1100 |-

1050

Temperature/°C
=
S

©
S
S

v Exp. Center Temp. (°C)
Sim. Center Temp. (°C)
Measured Furnace Temp.| -

©
S
S

o0
S
S

®
S
S

. . . . .
500 1000 1500 2000 2500
Time/s

K8 BRirTH I R O A B SE U6 5 T IR £

Fig. 8 Experimental and calculated temperature curves of

o

the sample core position during the step heating process
3. 2 R AT IERERA AR

FEAR T Eii & e bR E = i e, B R A
WA Th A KU SR, WAL
iR B RS B E B T 2AE0L,  ASRAR B )
PR, TR A A oS DU A DL v I R T e 3 T e A
FRBONE TAE.

Kl 9 2 GHA169 & At i 75 v i AR RS A B P il



el

R (FiR 12.1°C), KIS FEVIIEE R 1273 th2k
16 BARTEEUNECA IR, RSV WIIRE v A R AL
e, BEE VI TR IEA, FE iR L T R R .

1200 Center Temp. (400°C) |
Center Temp. (600°C)
1000 Center Temp. (800°C) |
Center Temp. (1000°C)
Center Temp. (1100°C)
800 Center Temp. (1200°C)|

Temperature/°C

1
0 500 1000 1500 2000 2500 3000 3500
Time/s

K9 2L GHA169 & &b bt Al A B Sl FE AR fb
Fig. 9 Temperature curve at the core position of GH4169
alloy sample during air cooling process

10 RIS 21 GHA169 £ 425 ¥ ik FE 3R T 4 74
RBH, A BEEG, AT RA E R e R B 2 an =X
(10)FrRHIK R,

h(T) = exp(2.75446 + 0.00214T) (10)

R(0O)H, W(DHREHAZRE (WmK), T N
AR TR (°C), JEENEE-1200C. B 10 gt T
FGH96 & &UIH) 2 ¥ R A R EHHE, TR
GH4169 &4 HA 5HELKME, H GH4169 &4
T 45 4 3 B0 2 T UL FE R R 70 FGHO96 & i . 25
HH 6 AP THES RN R RN RE, TR
IR (SR A IR ZmA &R
M ARBIEENE.,

AT MR & & SEbrE = 2, fila0 GH4169 &
SR ENERE, — BRI S RS S 7 o fe I
AERR, CAWVRIESE 1190°C BHES A LB FERT K
BRI A28, SEESHR, FIkH AR E—K
A ZE 800~900C, AREHTAREIR. N THE
AR R IR R AL, e RS TE 1200°C P EAT
K (RS HR AL B CESFRENR S IRIR 10 min), $RJ5 %M
I, SREER TRE S B RO iR AR A
WA 11 frs, RIBEE YA TR HEAT, # 5O 5
RIRZE RS T (BE/AND, REZELN 50T,

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Temperature/°C

Bl 10 AR GHA169 & 4 MR M R 2K
Fig. 10 Surface heat transfer coefficient of GH4169 alloy

during air cooling process
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Research on Systematic Determination of Surface Heat Transfer Coefficient of
Wrought Superalloys

Li Xin!?, Jiang He', Wang Xiaobo?, Dong Jianxin!
(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2. Advanced Technology Research Center, China United Gas Turbine Technology Co., Ltd, Beijing 100016, China)

Abstract: In order to accurately predict the heating and cooling process of wrought superalloys during the manufacturing process, accurately
evaluate thermal stress and control damage, and reduce energy consumption and production costs, it is necessary to perform a systematic study on
the surface heat transfer coefficient of various heat transfer conditions of wrought superalloys, and determine a reliable surface heat transfer
coefficient for actual process design and simulation calculation. In this paper, 10 typical heat transfer conditions involved in the manufacturing
process of GH4169 alloy disc forgings are taken as examples, and the surface heat transfer coefficient of GH4169 alloy is determined by
experimental temperature measurement and finite element parameter optimization method. The study found that the surface heat transfer
coefficient measured by the direct heating process can comprehensively describe the temperature change of the alloy in different heating processes;
the furnace cooling process can be described by the surface heat transfer coefficient measured by the direct heating process; the insulation
materials can make the alloy have an extremely low surface heat transfer coefficient and remain stable in a large temperature range; the surface
heat transfer coefficient measured by a small laboratory sample can accurately describe the heating and cooling process of industrial large ingots.

Key words: Surface Heat Transfer Coefficient, Wrought Superalloy, Parameter Optimization, Numerical Simulation
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    q  c =  h  c  (   T  i n g o t −   T  a i r )


    q  r = ε σ  (   T  i n g o t 4 −   T  a i r 4 )
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   h  r = ε σ  (   T  i n g o t 2 +   T  a i r 2 )  (   T  i n g o t +   T  a i r )


  q =   q  c +   q  r = h  (   T  i n g o t −   T  a i r )
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   (  h    T 1 ,  h    T 2 , … ,  h    T  n )


  f  (  h    T 1 ,  h    T 2 , … ,  h    T  n )


    T  f = 2613 . 69  exp ⁡   ( − t / 759 . 69 ) + 366 . 9
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  h  (   T  f , T ) = 41 . 265 +  ( 4 . 32 ×  10  − 4   T  f − 0 . 0708 ) T
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    T  f  ( t )


    t  i


    t  i + 1


    T  f , i


    T  f , i + 1


  h  ( T ) =  exp ⁡   ( 2 . 75446 + 0 . 00214 T )


  h  ( T ) = 1 . 035 T − 580 . 875


  h  ( T ) =  exp ⁡   ( 2 . 75446 + 0 . 00214 T ) + 40


  h  (   T  f , T ) = 41 . 265 +  ( 4 . 32 ×  10  − 4   T  f − 0 . 0708 ) T


  h  ( T ) =  exp ⁡   ( 2 . 75446 + 0 . 00214 T )


  h  ( T ) = 1 . 035 T − 580 . 875

