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Control effect study on thermal boundary loading in

optimization design of turbine disk

DING Shui-ting, SUN He-xing, LI Guo
(Airworthiness Technologies Research Center,
National Key Laboratory of Science and Technology on Aero-Engines Aero-thermodynamics.,
School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: For the optimization design of aeroengine turbine disk structure, the reasona-
ble temperature and stress distribution was obtained by changing the thermal boundary load-
ing coefficients of rim and hub under the constant heating and cooling condition. An optimi-
zation design process including modeling, CFD analysis, FE (finite element analysis) was
developed based on ISIGHT softwave which is used to solve fluid-heat-structure coupling
problems and the effect of optimization design of turbine disk structure imposed on thermal
boundary loading was explored. Result shows that the optimization result varies from the
different thermal boundary loading coefficients. The maximum equivalent stress of disk hub
decreases 5.93% and 12. 01% respectively, the mass of disk decreases 1. 25% and 2. 24 % re-

spectively when the thermal boundary loading coefficients of 0. 1 and 0. 2.

Key words: turbine disk; optimization design; thermal boundary loading;

ISIGHT softwave; stress level
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Table 1 Physical parameters of disk material

SR ALz SR Az
a/1075°C ! 14.7 © 0.3

M W/(m+ C)) 47 o/ (kg/mm*) 7840

E/10° MPa 1.54 || ¢,/(J/(kg+C)) 470
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Table 2 Computational boundary condition of model
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Table 3 Ratio of heating energy of disk hub

¢ Q/W  ¢/(W/m* Q/W  ¢/(W/m")
0 600 19084. 08 0 0
0.1 540 17175. 67 60 8266. 97
0.2 480 15267. 27 120 16533. 95

3.3 MUFHT=MNARELEFNHE

AR S AN AT B0 HRE AR i 0 B AR X
g U R IR 6 =c(+/197. 1) P
B e, kAN 2 AR AT AR AT b, BT AR BB
e B A B 20 B L Ol A T AR T 2k 5
BN G AR AR BAE R o R R MR R, IR
SRR B AH S A G AR i /D i B0 S BR AR 4
AR PSR R — A, B R L R A

e K EE RN T3 AN A5 88 5 o4 R B /7 T E 7 o A SRR
T 14 29 S5 R 4 B B R U HT G
3.4 MRUEITREHTE

NE ¥ S SUR R ECE I DOR e R iR
M), 2 SR 380 A 04 P Ak 5 SR 40 A
P b 25 R EAT X L AR T ¢=0,0. 1 Al
0.2 = Fiii &l 1 P Ak 45 SR H A ok 2 Tk 1Y) 29 o
S Al A T B R AR RN T, 3 =0 B 1 B /N
TEAE R 9 FAR. e Abash A8 43 195 35 4 52 1 S 30 i 1
(DOE) M4 Rl 4k. DOE 23 #r J& i+ 5 o=0 & 1F
T E AT R R Y {E AR A A O 1Y SR K SRR
JIAE B 2 o B BN EAE I — 2 Rk
LAY I R AP o i | R = R R K2 S
o ARG G0 T 5 B U0 AR 25 2R L O Hy 0 ok )
P30 G AT R0 X e A T R S . 4 SR A Ak R
MistfeEk X FEER B EEATIH2 RS
T RE 77k o 95 AR B p e
3.5 T EMNBE

ARSI BETT AR I A AR ik, HL B2 (A %
A A E LT 25 A B 5 . R TR A T e K B
BRI AR N AN B E R 1 R SO Y [
F] 0. 75<Tk<C100. FEIFH BB A, Y £>2.3
B AR 2k b i R 25 K, A4 G A B T
JEE MR R (BT A R 45 /N B 0. 75 << k<
2. 35.

4 HRKEHH
4.1 DOE 4%t

DOE 4r#r # H A9 3 B2 1 a8 29 o A8 i &
H KAV 7 9 E. DOE % vk 3 4 W 7% 31,
YES R R B NN 0. 8~2. 3 (8] T G /NS R
WA (R, FE T R A ] 4 s . A b Je 4
FAY R RS RUY 1. T DOE 2304 it B R i 45 k
(0 BBl 2 AN 0. 8~2. 3 L7 38 K iy . L 4 A LU
LB kAR K 2R RGN ST 0 HIME
G077 ek N R B K AL B, /N R 85. 86
MPa, HAE k=1. 27 B BRI . BB o 29 R AR o 4 4
e K AE RN 1 W {E Sk 85. 86 MPa.
4.2 BELEWY

SR FE A RIS T 3 Al B
A3 TE R BOR R LT 1A A 285 5. O Ak i 72 b
FI AR PR AR 56 SR B VORI 4 1 3 K 25 350
T1 G L5 N G WS 52 L. BT 5 T LAFE
L3 b B AR A BE AR BRI T g 4 4



511

TOKITEE s e B AL BT rb B Pl S8 42 R F 2735

0,.,/MPa

G\Ill:l\fM Pa

o, /MPa

O'Irll.ﬂ’lrh/i Pa

90

89t
88|
87}

86| -

85 1 1 1 1 1 1 1 Il Il
=20 0 20 40 60 80 100 120 140 160
BRI
Kl 4 DOE 55
Fig. 4 Calculation procedure of DOE

90
89+ -
L=
88+ - = ']
- |.
- M .r
87+ |_ . '
- L ]
sl A ko |
85 1 1 1 1 1
0 50 100 150 200 250
SR ¢
(a) =0
90
88
86 1. -
|
g4 m ;

il Pﬂﬁﬂiir“ﬂﬂﬁn

80_ - -
0 50 100 150 200 250

IZ R
(b) =0.1

86

84+

82r

80+

! Wf‘i! S

O, T TP

74— ' .

0 50 If30 ISIO 200 250
SERUH
(c) p=0.2
[ 5 ka0 s RAF RN S Sy s

Fig. 5 Convergence history of Gmax

DR RN 123t T 225 kR AR AR T
WS . o 4 J6 AR Ak s TED, CFX 20 AT o 48 1
R WS SR 2 AR Sy 1 SR 2ok B B ) AR A e 2 3 Aol
TWEAE T AL R FRAE 32h 22 4.
4G T I R o I R BOR RS LT
AR HE by o Ak BOARARAE. N ZE P A 50HE T LA
AR RUA) U A5 e RO A ] L 2800 48 2% 1) L 24
St ] B 5O I AR 7 BN B Y LR ] L 3
TH A8 & 09 s AR A RSH R A A o AN R 1
=0 B Y RS, 315 BH 4 25 110 A 3 28 28k o 4 i) Xof
o BRI 0 TAT — E HYSE.
F4 BHTBHRUER

Table 4 Optimization results of design variables

BT AR 5
¢
b/mm c k
0 36. 4 4. 81 1. 27
0.1 30. 6 4. 88 1.19
0.2 27.5 4.93 1.13
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Fig. 7 Temperature distribution of different thermal

boundary loading coefficients
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Table 5 Optimization results of volume of disk and the

maximum equivalent stress of disk hub

G0 T e 43 i R AL
=0 ¢=0.1 ¢=0.2
Gimax / MPa 85. 86 80.76 75.55
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Table 6 Variation of volume of disk and maximum
equivalent stress of disk hub comparison with and

without optimization

P 7 o L R AL
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