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[ABSTRACT] To solve the severe thermal fatigue problem faced by air turbo rocket turbine guide vane under fuel-
rich gas environment, a quasi-static thermoelastic coupling model of a homogeneous plate was established according to
actual working condition of turbine guide vane. The effect of gas properties on the temperature rise characteristics, stress
and life changes of the plate subjected to thermal shock was obtained through Laplace transform and residue theorem. The
results agree well with the three-dimensional thermal-flow coupling calculation results of turbine guide vane. The results
show that the main components of fuel-rich gas is hydrogen, which has high specific heat at constant pressure and thermal
conductivity. As a result, the convective heat transfer coefficient is more than twice that of lean-burn gas under the same
conditions. And the heat flux, temperature rise rate, and equilibrium temperature of the plate are higher than those of lean-

burn gas plate under the same conditions. These cause the temperature gradient inside the plate to increase under fuel-rich
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gas environment. Due to the high temperature and large temperature gradient under fuel-rich gas environment, the peak

thermal stress to increase by 80% and its life is shortened by 32% compared to the plate under lean-burn gas conditions.

During the thermal shock, the stress increases rapidly to the peak and then decreases gradually. The main determinant of

the peak thermal stress is the gas properties, and the post-peak is mainly affected by coolant temperature. Additionally, The

influence of gas properties on peak thermal stress and life decreases with the increase of plate thickness.

Keywords: Gas properties; Thermal shock; Fluid temperature difference; Thickness; Life
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Fig.1 Geometry of guide vane
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Fig.2 Simplified schematic diagram of guide vane
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Table 1 Comparison of midpoint temperature of the flat plate
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Fig.3 Temperature rise at typical positions of the plate
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Table 5 Temperature and temperature difference of plate surface
under fuel-rich gas environment and lean-burn gas environment
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SRRl Il B A v el ST A aSOR I ) S A o
WA, L LA e AR T P g RS2 i) /N 1R B 3 2
SR, DRI AR ST T 1 TR B4R

HEL S AT UL, 1 s JEn gy 2 -2z , RIS
A SR T 1 T SRR AH R B RN T
ARYE K 4, HCE PR IR EE T V- A I R R B AR ]
BRI AR R, SRR 0N, DR G LR T
RTFRT AR

SRR S AR AR FF A 95200, 5 | A Manson-
Coffin 4=, B

O¢ c
g, =E‘(2Nf)" +&,(2N;) (20)

A, e, WAL ; 0 FIIETTIRIE R KL Ny HIEHEL &
NRESTIRNERRL; EAR b ISR TR AR ¢ ST
SEVEAR R

Pty S A AR 2 28U R AR R FRIE PR AT, T
T TF ORI T ZEX S—N i ZHEA TP X0 ) o 42 0 A2 )
fEIE. RH] Morrow WA B IR A A5, B

Ag -c
2eq _Si Ec’m (2N,) +&,(2N, ) (21)

Kb, 6, WERCFINL ] ; Ao AN AL .

R HTIE F AR E R R (21) th 24 B Ay
8 P 745 iy 5 02 7 JOE A A B R SR A A T R
JrAE PN AR AR ] A (14) A1 (15) 1532, fir
5 JE2 R SR B 4 HESCRR [11] 7P K465 il & i 1%
FAPEARE R . R B R TR 45 RARCA T T,
RIVRT A5 B X R A AF T B D5 A5 i AEARSCERE Y 26 AF
T, BB A AR 25005 WK, FOR AR i ol 36785
U, BRI PR i (N SR AR Y 68%.0 X2
I 57 7 O TN ) AR MR T A AR IR 5
PR, RIS g R A ey, A BT 5 JELISE Ay , R R
A BRFISAPEAR R, A7 B . R RSP AR I (AR
LR BRREH T 1.8 5 FLIELRE R RE 8 T 20K A, [

AR5 T AR F o

SRR, B AT A A o T T 1 v 2 g R
Je AR ) S PR REA Ik, (S HAE #E A bt B v iy
TR L ARIR ST B8 o™ 0 445 55 ) T
22 AREBREMZEMm

FEE RIS, PN FR IR B RN S Th o PRI AR
YIPE SRR E SR F R R 2 — . BEAh, B SR
BRI 25 TR 2 R i) B2 B 7 (m) L 431, M 52 )
FLFRN 7o PRI, Y S R A s 1) 2 A v e 2 )
55 5 R A5 A B D R 22— o kg W 0 S A R 2 X
S IR RN, 7 1 S AR L AR 7V SRR R 300
K.500 K.700 K 454 Xt dhalb A, 8 ik
O A S TR AH ], AR AR GR

SRR E D7 ) I BE 4 AT a1 6 . AT UL, 3
PR & BT A R Y v TR AR T HLAH
[FHRSIAIRE T (R RBE £ o3 A 8ok %% T AN R AA
BRI B i 2R AR AR R R B B . X U FHFE AT 3
A SR TSR P RS 2 FHIR BE S A B R iR 8 T
SRR SR A5

TR JE B 5 1 RN, ) 43 AR &l 7 il I,

G300~ Ts00~Tro0 T334 300 K ,500 K ,700 K &< F U 77,
T2 PR Ay A [ s 2] 8 A0 37 A 303 25 B R 1) S Al LA 5 v
ARG AR B T RN T /N 55 P Ak A B S T A OG
PR ISP AR T RN R A A T 2 22 T A OGS

ME 7 Ca) FTRAE 3 A ST T & B
NI FHHRETA o X UL BERHR AL o XN T 1 5%
M T AR 22 52 . B 7 (o)FTCe)RTLAIE H,0.5

20254E 5568 % 552000] - it hlE A 141



,—‘? N »
Hl:jl‘lex RESEARCH

650
600 F —— EE300 K
—— B H#A500 K
g —— EHRTOOK
500 F —— FTBR300 K
E ol —— FERE500 K
—— ZHRT00 K
400 |-
350 1 1 1 1 1 1
06 -04 <02 0 02 04 06
X/mm
(a)0.1s
1000
950 / —— EH300 K
ol /// e BTS00 K
¥ 850 —— EH#R700 K
by 800 - —— BR300 K
= st T FHES00K
ol ,;*‘”////// - oK
650 C 1 1 1 1 1 1
-06 -04 <02 0 02 04 06
X/mm
(b)0.5s
1100

—e— FR500 K
—— EHR700 K

1050 - M
1000 E ./././/./‘
M

2 950 —v— FHR300 K
= 00| M —— FIAR500 K
M — FTHRT00 K
850 - /
800 1 1 1 1 1 1
-0.6 -04 02 0 02 04 06
X/mm
(c)1.0s

M6 FRASEETTHRGOLRESS
Fig.6 Temperature distribution on the plate centerline under
different cooling temperatures

s I, 01300 = Or 5005 G1 500 = oo 31.0 8 I, 07700 = 0 700,
BRI SR BE AN RS EE T AR ) 2 2 W
Ao TV FRN 7 DR IE S, A0 A 0 2 AR T 1)
S SR TR I

i b b ik R b AR RS I (AN ) A7
R 5350, W IE A T 2 SR R B TR 2R 5 T ARN, g 0
(B , T A3 A I 22 S R AR A T ) I R
23 FREER N

H AT, TESORR IR P AR5 e £ O 2B Uiy
SE AR, T AT A5 B 1) e B o A A
WM, 368 5 AN [ JEE B R ARRN B Rl )9 57 e
TPRFLE, ARG T B e iR RO R, AT A5 B
WHUR LS SPAREEE 25 L 0.50 mm .0.75 mm . 1.00
mm,1.25 mm 1 1.50 mm, 7155 5 0 A5 STk
AHTA]

&l 8 Sy 5 FEL RS- e SR T Hh R . FTLAE 1,

142 Wi hEEAR - 2025455684 552010

300

200 - —=— 300K
< 100+ —e— 500 K
S ot —— EIHAT00 K
= -100 —— FR300 K
= -200 —o— FR500 K
E; -300 - —— FEHT00 K
A _400 F
-500F ) ) ) ) )
-0.6 04 =02 0 02 04 06
X/mm
(a)0.1s
150
100 - —— & BE300 K
£ 50+ —— E k500 K
Z 0 —— 700 K
E 50 | —— ZTR300 K
= ~100 - — fl'j\'.if}.éSOOK
H sl —— FYRT00 K
_200 C 1 1 1 1 1 1
0.6 04 =02 0 02 04 06
X/mm
(b)05s
100
—— HBE300 K
g 0T —— 500 K
S ot —— ERAT00 K
5 —— FTIKR300 K
E =50 —o— FTHE500 K
H o0l —— BRT00 K
_150 1 1 1 1 1 1
0.6 04 -02 0 02 04 06
X/mm
(¢)1.0s

7 ARRSEBEETFRAPUOERENSE
Fig.7 Stress distribution on the plate centerline under different
cooling temperatures

SRR BRSPS it BE 2 RAR I {H 2 S 28 0
IR T AR EJRRE 0.5~1.0 mm 3 il A, B 32 486 oo
B R T AR T SRR 1.0 mm 5, 4RSE R n)E
JERT A TR A R AN

SRR JEE X R ST B R W AP 9 B . 0.9 s i,
S0 JSE B X e TR AN T S8R ) ., =20 A [ JEE
AR ) ZEREAR /N o KR TR R BE RE RS AT
G- N ARG AR AR, FREAR B g B R AR s A
S JEEAR B S AR 5 R AR T R X A 8 114 3L JBE
B ERZMAR N (0 BERE S 5 P AR M 1, By DA 7 I
A [ J5 B2 P Al R T 22 B4R /)N, AEHEAR R84 TH
i TR

X A [+ P 221 P A [ 07 5 R0, A J5E B e
0.25 mm, ¥R 7 246 9 L (511 249 S 48R A L 1 2 sk L
B 1.5~4 7% BRI TIREESE NG , BRI A% 1 i
i P TR FEE A, 14 M50 52 o0 58 Dl /) 32 K, A A4



eI
RESEARCH Hltﬂtex

I3 U B

5 b, SN AR R RERE RN N ), 308 232 D BA i
T3 BRI AR R A SR e A R, i
SRR R AP ARRE

NPEFREIERRIE PR T & AR S 504 77
Xt LA, A TR 52 5 2.0 AT, X H g R an

1100
1000
900
800
X 200 L —=— p=0.50 mm
X —— p=0.75 mm
2= 600 —— b=1.00 mm
500 F —¥— bh=1.25 mm
—¢— bh=1.50 mm
400 -
300
1 1 1 1 1 1 J

0 0.5 1.0 1.5 20 25 3.0
A fE/s
8 AREEFERFORE
Fig.8 Temperature rise at different center of the plate with different
thinness

1700
1600
—=—0.3s

1500 - 065
g ——009s
= 1400 - —v— 125
R —+—135s
= 1300
4

1200

1100 -

1000 1 1 1 1 1 1

04 0.6 0.8 1.0 1.2 1.4 1.6
JEJF /mm
Ca) BRAMI A
1600
1400
—=—(03s

1200 —*—0.6s
[~
¥ L ——09s
g 1000 ——12s
E 800 —+—15s
£ 600

400

200

1 1 1 1 1 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6
JE /mm

(b) ¥ Ui s

9 AREEFRERHRL 5
Fig.9 Equivalent thermal stress distribution of the plate with
different thickness

E 10 Fias o LAKL 10 HhEREA ], # R EE 0.50 mm .0.75
mm,1.00 mm.1.25 mm F1 1.50 mm [ & #4505 5
0.50 mm FORREAGHEA TR EEXT L, — 3 By EL(E B A Ak
P B JEEJE Ll s K DB 5 R R R SE AR A5 i 5 0.50
mm FRR AT % He, 3 B F (B R AR BR
o TEARMFFBE AR T, 42 & AR
B FH/NBIR, B BRFN R A — 35 i LUAR I 0.66
0.67.0.68.0.73.0.73, #F 0.5 mm & A H JE 14 K
14, B AR S BN 2 1 mm, H A6~ 0.5 mm 2744
SEARFFAAY 0.86 1%, K+ 0.75 mm 1 1.00 mm Y 5 BAF
MEEREYE N 1 A%, HoF o022 4 0.75 mm Al 1.00 mm
TR AFATIY 0.91 F5A0 1.07 £5 . R, BlJS REIG A,
PRSI MEXT I8 57 FF s U5 , & SRR [l A gt
WRTARUEE R 22 457N
24 ZHSHHUHEEEBREN
241 FRAFEKMBT &

R T 5 MR AR R BT AR A A TR e S A iE
Vi BT AR E 2 F ATR & shALim e St = 4k S i
BRGSO L

i = HE PR RS TTECR FH Workbench 5044, B
Se R H CFX #E4T B SR 55, 45 R A
Static Structural BELHEA TR S0, WIRHEE T, B
DIAEEERAE A BES T R WIAE, B R 2F R T
BRI TSR, fi 5 XA R B 220 ()
YA TR S50 AT , FERIH 2.1 15 RO iR A% 57 i o

TS R TR A X 2 4%, WOR FHAE S5 F AL A,
IR BE S — 2 R4S = B R 1 opum, BGOSR 1.2, )2 50
15, 5 R #5 E ok 200 J7.395 J5 A1 570 U7, S IAR KK
395 T3 1 570 J3 B, i3 V34 R R EE AR G 22 1
INF0.1%0 B, S T BTSSR E A, A% £
W 395 77, Horp 9 M 177 7, S RA% 94 7, S

1.2
1.1
1.0
)
—_
& 09+ —=— h=0.50 mm
i —o— p=0.75 mm
0.8 —*— b=1.00 mm
—v— b=1.25 mm
0.7 | —*— p=1.50 mm
0.6 1 1 1 1 1 1 1

1.0 1.5 2.0 2.5 3.0 35 4.0
JRERE I
10 FHMBSKIKETHEEL - Fdatbisk
Fig.10 Thickness ratio-lifetime ratio curves under two gas

environments

20254E 5568 & 55200] - Bt hERAR 143



,—‘? N »
E{%l’ﬁi RESEARCH

KRG 124 J7

%MHM%K%S%%%%%MﬂﬁFﬂEﬁT
) B AR SN FA RS, TR AR AR AR iy 34
%@%@&ﬁ%mﬁc%}i&ﬂ¢§ﬂ%&—%

TSR 11 frs . F Rt 0o SRR R A

S, BE T TR 1200 K, TN R R R RN
j‘jz%’\/mlzw\}il_ﬁ*, H T A a0 B T A Sl g 0 A =
TR SR ) B 0 A A, 5 A T A i T
GG, SR AT T OO T 00, B AT SCF
M Sh S EORAE BT 00 T T 0 R 2 S 20 1, i
ARG S T3 i R A SST i A 7l
HRAE TR [3], BFRI2EABEN 0.5 s,

SN A T X A A e e R
G AR AL R 9 5[], 76 S T T 50% ﬂfm&ﬁl
I R, R T A T W A A 44 A S, PR T W

4N SSyo N E 5 NI T FEICE AR Eﬁuﬁﬂfﬁ
], S0 SS, s X AR BR S M s, B, S0 SS, s Xt
P ARSI S A BAE, HERTT B RIS T Sk
A AR e R ) BRORT B8R R AIE 7R IR R
FITHI B L 50% M A E 5 4~ s o T2k 7 NEE T
W S 440 LE, , Wik N BE TH IS & 444 LE, s R 71
HINBE TR W A5 A 44 R PS,, R 7 THT PNRE T W A i 44
PS,; FEZAHMEETHWEM fiA 248 TE, o 5 I a5 A 2 A
12 iR
242 BENS

KO/ T B EMSS, HARR RS, "L

L EPFRSIREL R, B S e R B AR T

SS, AR . T 22 I R RSP ABEAR Re
X (8) At (9) TS RN 1a-F- X X e A R B, %
5 3 T MRS i S R A S RS,
Hf s RS SRR 225, (HRARYE R 6 %,
ERRIAEE T, B SR SS, SO0 I # HA R E AR X i 2k

10%; ZRRIREE T, B S5 SS, sXH s SR B AR X i
Rt
KA
HE

I@ﬁﬁu eI L St

EHEE SR SUE
B 11 SHitEZE
Fig.11 Guide vane model for CFD

144 WishiEEAR - 2025455684 55201

250 6% , PR T 75 5% It 45 A 22 2501 Ml 25 AT 42323
BN .

K13 45 T SS, R SS, FIRTHIRER , 3+ 5
3 B A s iR TR AT . MIAL 13 (a)
R LAE Y, B A SS, sEA AR AR, H2
B i TR T SS, SR TR, 3 s B B R E
SS, AUREEML 6.5%. BEPKAHREZ 8 W%, SS, £IXTT
PR T B SR A LSS, SIRE T B
MR

M 13 (b) HPAl AL, 4 555 SS, SR FHREEARL
HI1.2s P A sl T3 5 T SS, sl i I 3%, 1.2 s
J& A JSIREMCT SS, AR, 3 s B T IR A AR R 2
H 4.1% X EFON AT RRATIN, A4 SO R AR
1077 W/ (m’+K),SS, SXHRHEECH 1153 W/ (m*+K),

o RUBR XTI B AR B S HI ORI T 4 A5
#Laj;):ﬂ;ﬁ PRT2Z A0 B 2R v T AR S, 44
IRy T A ) N BE T, 2SS, SRR T A4 05

BEAN, AR PRI 13 i ph e REBR AT AL 3 s N A4 25 F1 B

EL 2838 B FCEAr, 11T SS, Al SS, 5 1 A 1k F1) $1OF-

X AR A 5 T T R Ty ) (AL A T i ik v
R AR 1) RN T, Ir LA I W g T X o7 o7 e TG
PR S [] A 38 B FRP Al

K14 25 0 T PRGSO D) TE AR S A RE TR 3 4>
"kiﬂlurﬁﬁﬁiﬂﬂ%%o ATLAE 6 T ST, /T L s /N

IRTFE RN KFN/NN TE, . LE, &5 PS, s, A4 &

® TE,
SS,

%
SS, PS1

%

PS;
LE,
%
LE,
12 SHENSCETER
Fig.12 Schematic diagram of monitoring point locations for
guide vane

F6 FIRFISH IR AL E MR RIEIRRE
Table 6 Convection heat transfer coefficient of the plate and guide
vane corresponding locations

A=+ YRR R LY (W/ (m® - K))
AR RRR SN B 13687
SEARTEMRIR M B 6110
BRI ST SS, A 15268
BRI T SS, A 6497



PN
RESEARCH Hltﬂtex

BERIYAELE,3 s N TE, sk BI#CEMr, 1 LE, £ PS,
KM AR T IR B, R PO AR SCRF AR B S0 R
GALTCNR L5, I LU R ZE TR, 3588 B #F-fr , 11
SR H 2 B A o AN HOR TR T
PS, S

15 25 T SR IET G ORN i A T P BE T 2 AW A
HETHIhZE . vT LA W X S N BT, BT 1 s N LE, 5
N PS, sSETHMR AT S, 2 J5 LE, ASETHERMK T
PS, SR TIOR3 PR R RS P BE T A S T AR

1200

1000

B T Al LR T SRR B YN PS, AR
T I
243 # A5

16 4515 7SS, A5 SS, AL HR N 7 B R 251k il
2910005 B S A i AN B Es [R] AR TRl 2 7
XFEG FTLAE Y, SS, s T T SS, si#AN 7, 3% 5
S A 2 A BRI AR T 1 0 S AR g i 45 AR
7], S FLSP A I A AR, g ks e et ) A LR 5 St
o A7 B I AR ARG AR TR . I EASUE R, SS,

1200

800 |
% 600t

400

200 1 1 1 1 1 1 1
0 05 1.0 15 20 25 3.0

A ] /s
(a) B

1200

1000

800 |-

600 . A

—v— SSu

400 -

200 1 1 1 1 1 1 1
0 05 1.0 15 20 25 30

Fif /s
(b) BAM
B 13  FiRF1SH R A B R T

Temperature rise of the plate and guide vane corresponding

Fig.13
locations

1000

1400
1200
1000

¥

= 800

Juc

600

400

200

0 05 10 15 20 25 30
IR Ta]/s

14 SHHAMARAEIMNEER T

Fig.14 Temperature rise at other typical positions of the guide vane

800 -

%= 600

400

200 1 1 1 1 1 1 J
0 05 10 15 20 25 30

Fst 1] /s
15 SHEMARGENEmREF

Fig.15 Temperature rise at other typical positions of the guide vane

500 -
400
300

200 -

181N F1/MPa

100 |

1
0 0.5 1.0 15 20 25 30
1] /s
(a) BRSO

300 -

200

100 |

18]V F1/MPa

1
0 0.5 1.0 15 20 25 30
) /s
(b) &AM

B 16 FARMSMH I ALE RN S THITEE
Fig.16 Comparison of thermal stress changes at corresponding
positions of the flat plate and guide vane

20254E 5568 55200] - Bt hERAR 145



‘_‘i.‘ »
Hl:%lﬁx RESEARCH

SLVEAE AN TR B S W (AR ) AR (i 22 2.4%, 3

N IR A SSUEAE AN 1 A R 250 12.5%,3 s i} SS,
SSRGS A S T 1.6 /5% BEMARARIE 13 Fts,
HI0.5s N SS, siREE R T B AR, SS, MEEMT 4
IR A AR RE R T 1 0 A R W B s S X
DB AR . 3R 6 RN 7 I 7 3 s i,
W 71T SS A0 B PN AMEE T 25 5k 76 K, T~ 9 A il 2
R 55 K, ISP AR JEE ) A A S X I A7
B AR . RN KN TR R B )
IR IEAHSC  BOT AR AN AT S R o7 5 4408 o

17 5 T ORI RSO R ) T A EE T 3 A
WIS A BN ST BER AR 2. FTLAE Y, LE, £
PS, AR g i s 18] 114 28 Ak 34) 522 B S TGHERE o 32 T
YN AR R RS T TE, a5 30 7 BE [R] 0 A8 A ) 52 B
Vimese ) BN TN NN S N DR K S O Y P
RS2 IR IR ZE S, WIAR S Z LE 37 & 1 PS i/
B NAMEE TR FRR 2% (AR SR R T, X AR Y
JELJE T ) (AR 2245 /)N , DRI B AR A AR g e ek
JE BRI R TCI S, 12 EARI & L (H A5 5
PRI 2E B B B AR/ )N BEAN F1 AR RS
244 Fearstrt

2.3 745 F S A B ISR R S AT TR XA A
57 FEAT 5 ARG N e 0 R B S MO R S, KR
Wl R S ARV S, OB BEJEE 1.00 mm (145
M-8 7 2 0.5 mm 0.6 mm.0.7 mm.0.8 mm 1 0.9 mm,
[ g 7T 8 1.0 mm B9 F A8 % 0.5 mm 0.6
mm.0.7 mm.0.8 mm 1 0.9 mm,

K18 25 H T L 0.5 mm BEJE S FEUER) Sl SS 47 &
JELRE L — A H e, IR IS 1 10 L 0.5 mm BEJE
SR L )RR L — A L 2R T X e, DAEL 18
i bgg N 9], H5 BEJEE 0.5 mm 0.6 mm 0.7 mm 0.8 mm £/l

1000
800 -
600 -

400 -

1 J1/MPa

200 -

0_

0 0.5 1.0 1.5 20 25 30
i ) /s
17 SHHEMARGERE HTUITE
Fig.17 Comparison of thermal stress changes at other typical
positions of guide vane

146 Wi hiEEAR - 2025455684 552010

0.9 mm A1 1.0 mm [ & B0 SS 7 & 5EEE R 0.5 mm
PR G SS A7 BB TIEREXT L, Y FUAE B MRS AL bR
MEEE L DL 6 RER s A S SS i B A5 0.5
mm TR T SS AL E AR AT IEA T L, B LU RISy
PAbRI L. AT LAE AR AR R AR
- SS v B A LR — 2 FEREE LR, —F At
P RAX R 2E R 3.1%

T B DL S5 e e A RE R T Rl A
W T AR SS A B R R B AR R iR 0.7~1.0
mm, [ FER 0.1 mm, XF He AT PL 0.7 mm BEJE S FEAER)
S SS A E IR — FHar b ZFILL 0.7 mm JEEEH
FEMERY AR L — A Heih £k, 6 et SR an sl 19 fr
No LA, LL 0.7 mm ARk FE ARG B2 A DL S
SS o7 E 0.7 mm BEJE A FEUE A LR 1038 34—k, HAET]
JEREE T, —F B A KA R 22 /N 2%, BRI,
SR T AT 1 JEE B L — 5 E R REAS Sk S i T T R
RIS

11r
1.0
2 09
&
*®
08r —=— by
—— hgg
0.7+
1 1 1 1 1
1.0 1.5 2.0 2.5 3.0

JEEE L
18 0.5 mm FARFNS:A X AL B ) Fd be
Fig.18 Life ratio of 0.5 mm plate and guide vane corresponding
positions

0.74

0.72

FAi bt

0.70 by
0.68 |

0.66

1.0 1.1 1.2 13 1.4 15
JEREE L
19 0.7 mm FHFI SR AL BB EMwLL

Fig.19 Life ratio of 0.7 mm plate and guide vane corresponding

positions



PN
RESEARCH Hltﬁbtei

25 L, DAl b e 5 H G R AR O b i
e AR B RS e AL, L R R IR R 5 SR BRI
AR IE LU — A LR R R A T 5 S I T A A
T I

3 i

ASCHEET IR A BRIS s T & ARSI 1 X)
SR A e A AR i R R S5 R Y BZ R AL R, 4
VT AR RIS 5 B o R i R IR FA S
FF VR AU, IR T & SRR SR EE T iR
BRI REE R EBER ML T 2%, FEE5BIT,

(1) R A A = AR E R/ H A & R
RS v Fe e TR L VIS R AR, S EUE R
RSN A A0 ZR B8 v AT ) 2 PR BT RRR S,
2V S A e TR ARG R SRR D A B R BRI, 5 A TR) 2%
PR L, B RSP A e o Ao R PN S R A
B, v T RN A I B A 8 4% 1 L 0 BN ) B2 T
80% , A4 32%.

(2) PAAE YA IR E Bt 3 O M AT, (1
XM R T R s . Pashi AR BRI )
F2 A7 AL AR T 2 AR Py ks ), R 53 A
S e AR N E S redrs N V=R & T VA AN N
L P AR TR 25 P o

(3) Biti 5 A5 B2 388 i, BRI P S A A
TR B TN . DR, Ak B AR ) Y A
BRSO AR T K T IR SRS T 19
MRS RE , FLKE IS RN, B R S 3 AR 4

(4) 3833 5k = 2 G A BUE B AT S0, S A
T I AS AR SR 0 B B S T 5 S = 48
15 B2 T F B, PRk R T R S T AR
AL IR A5 2 R S TG R R S S 1 s N S Ak
AL, BTSN B2 S by, SEHROY 1 m TR
IR 3T R S RN TV HD, i Y
RIS N B A R ST R AR R

oM
SRR R 2 B TR R BT S o Se it et 2l )
ZilINIUB-E 58

2 & X W
(1] EREAR, i, TE, 55 A S mr i O 05 73 M 0], s
71%4H, 2003, 18(2): 186-190.
QIAN Huihua, LI Hai, CHENG Tao, et al. Thermal fatigue analysis to
nozzle guide vanes[J]. Journal of Aerospace Power, 2003, 18(2): 186-190.
[2] SCIELE, XUHSE, E 5. RS BOR S T A ) Kl
HIWEHRFZE[]. MU 53, 2015(1): 97-100, 104.

Al Yanting, LIU Zhongyao, WANG Zhi. Research of thermal stress
and cooling effect on a turbine guide vane during the start-up period[J].
Machinery Design & Manufacture, 2015(1): 97-100, 104.

[3] G, 3CHEAE, Ak, S5 a5 T ) i R B BB AT oY
[J]. HEHERE AR, 2016, 37(10): 19381945,

GUAN Peng, Al Yanting, WANG Zhi, et al. Numerical simulation of
nozzle guide vane subjected to thermal shock load[J]. Journal of Propulsion
Technology, 2016, 37(10): 1938-1945.

[4] KUMAR R, KUMAR V S, BUTT M M, et al. Thermo-
mechanical analysis and estimation of turbine blade tip clearance of a small
gas turbine engine under transient operating conditions[J]. Applied Thermal
Engineering, 2020, 179: 115700.

[5] CAILX,HOU Y F, LI F, et al. Impacts of startup, shutdown and
load variation on transient temperature and thermal stress fields within blades
of gas turbines[J]. Journal of Thermal Science, 2022, 31(3): 727-740.

[6] BRdeds, BAifh, LREAE, 55, AR RGeS A5 S0t Ay
R[], s 3l 1244, 2024, 39(10): 20220834,

CHEN Yingtao, LIANG Shuwei, Al Yanting, et al. Influence of variable
temperature circulating air on turbine guide vane life[J]. Journal of Aerospace
Power, 2024, 39(10): 20220834.

[71 TAAMALLAH S, VOGIATZAKI K, ALZAHRANI F M, et al.
Fuel flexibility, stability and emissions in premixed hydrogen-rich gas turbine
combustion: Technology, fundamentals, and numerical simulations[J].
Applied Energy, 2015, 154: 1020-1047.

[8] CHIESA P, LOZZA G, MAZZOCCHI L. Using hydrogen as gas
turbine fuel[J]. Journal of Engineering for Gas Turbines and Power, 2005,
127(1): 73-80.

[9] MAZZOTTAD W, KARAIVANOV V G, CHYU M K, et al. Gas-
side heat transfer in syngas, hydrogen-fired and oxy-fuel turbines[C]//ASME
Turbo Expo 2008: Power for Land, Sea, and Air, 2009: 1815-1825.

[10] NA S, DENNIS R A, ALSUP C, et al. Effects of hot-gas
composition on temperature distribution in a flat plate cooled by internal and
film cooling[C]//ASME Turbo Expo 2009: Power for Land, Sea, and Air.
Orlando, 2010: 657—-668.

[11] PARK Y S, PARK S, LEE J S, et al. Effect of variation of fuel
composition on gas turbine off-design performance[J]. Applied Mechanics
and Materials, 2014, 666: 194-198.

[12] g R AR 2 E SRS S TV, e
HC: BRI B, 2012

Chinese Society of Metals High Temperature Materials Branch. China
superalloys handbook[M]. Beijing: Standards Press of China, 2012.

[13] BOLEY A, WEINER J H. Theory of thermal stresses[M]. North
Chelmsford: Courier Corporation, 2012.

[14] TAKEUTI Y, FURUKAWA T. Some considerations on thermal
shock problems in a plate[J]. Journal of Applied Mechanics, 1981, 48(1):
113-118.

[15] BURLAYENKO V N, ALTENBACH H, SADOWSKI T, et
al. Modelling functionally graded materials in heat transfer and thermal
stress analysis by means of graded finite elements[J]. Applied Mathematical
Modelling, 2017, 45: 422-438.

[16] VITUCCI G, MISHURIS G. Analysis of residual stresses in
thermoelastic multilayer cylinders[J]. Journal of the European Ceramic
Society, 2016, 36(9): 2411-2417.

(F#% 161 ®)
2025465568 552010] - B BlE A 147



PN
RESEARCH Hltﬁbtei

compressive asymmetry in creep ageing behavior of Al-Cu alloy under
different stress levels[J]. Journal of Alloys and Compounds, 2020, 843:
156157.

[22] LIY, SHI Z, LIN J, et al. Experimental investigation of tension
and compression creep-ageing behaviour of AA2050 with different initial
tempers[J]. Materials Science and Engineering: A, 2016, 657: 299-308.

[23] ZHANG Q, ZHANG W Z, LIU Y Y. Evaluation and
mathematical modeling of asymmetric tensile and compressive creep in
aluminum alloy ZL109[J]. Materials Science and Engineering: A, 2015,
628: 340-349.

[24] HHAVE, 2RAKSC, BRI, 4. A BHAR B S I I AR AT R
KAKITRE]. hEA G m 4], 2011, 21(9): 2126-2131.

YANG Songtao, LI Jiwen, WEI Shizhong, et al. Pyroplastic deformation
behavior of pure molybdenum plate slab and constitutive equation[J]. The
Chinese Journal of Nonferrous Metals, 2011, 21(9): 2126-2131.

[25] GUIY W, LI Q A. Creep behaviors and microstructure evolution
of Mg—5Y-2Nd-3Sm-0.5Zr alloys[J]. Materials Research Express, 2019,
6(10): 106531.

[26] OROZCO-CABALLERO A, MENON S K, CEPEDA-
JIMENEZ C M, et al. Influence of microstructural stability on the creep
mechanism of Al-7wt% Si alloy processed by equal channel angular
pressing[J]. Materials Science and Engineering: A, 2014, 612: 162—171.

[27] WEERTMAN 1J. Steady-state creep of crystals[J]. Journal of
Applied Physics, 1957, 28(10): 1185-1189.

[28] LIL W, ZHOU D H, WEI C B, et al. Microstructure evolution
and mechanical properties at ambient and elevated temperatures of in situ
TiB,/2219A1 matrix composites during cold rolling[J]. Metals and Materials
International, 2024, 30(10): 2791-2807.

[29] MILLIGAN B, MA D, ALLARD L, et al. Crystallographic
orientation-dependent strain hardening in a precipitation-strengthened Al-Cu
alloy[J]. Acta Materialia, 2021, 205: 116577.

[30] MURAYAMA M, HORITA Z, HONO K. Microstructure of two-
phase Al-1.7 at% Cu alloy deformed by equal-channel angular pressing[J].
Acta Materialia, 2001, 49(1): 21-29.

[31] OH-ISHI K, HASHI 'Y, SADAKATA A, et al. Microstructural
control of an AI-Mg-Si alloy using equal-channel angular pressing[J].
Materials Science Forum, 2002, 396-402: 333-338.

[32] VRIERR. SRS S0 A AR [T 378 IR v 5k
REAFFE[D]. K¥b: R A, 2008.

XU Xiaochang. Basic investigation on the phenomenon of severe
plastic deformation induced re-dissolution of precipitated phases at low
temperature and its application[D]. Changsha: Central South University,
2008.

[33] VASIL’EV LS, LOMAEV I L, ELSUKOV E P. On the analysis
of the mechanisms of the strain-induced dissolution of phases in metals[J].
The Physics of Metals and Metallography, 2006, 102(2): 186-197.

[34] PSR, JH SO, BRI, 45 BR800 X123244 & 4 4141
JPEREIISE MR [T]. AR T A2, 2009, 37(10): 73-76, 80.

SUN Zhigiang, ZHOU Wenlong, CHEN Guogqing, et al. Effect of age-
forming on microstructures and properties of 2324 Al alloy[J]. Journal of
Materials Engineering, 2009, 37(10): 73-76, 80.

[35] b, XIS, TR, A ABREX Al-Cuty 450 B TB 175
AT IR AR [J]. BORERAETRAEAR, 2008, 29(6): 107-110.

PENG Beishan, LIU Zhiyi, NING Ailin, et al. Effect of strain energy

on sever plastic deformation induced dissolution of precipitation phase in
Al-Cu alloy[J]. Transactions of Materials and Heat Treatment, 2008, 29(6):
107-110.

BIEIERE LA, R CRRIN, 2N 1B R i .
(Uigh M &)

(L% 147 7))

[17] T, bk R IMY. JEat: AR F DR, 1989,

WANG Honggang. Introduction to thermo-elasticity[M]. Beijing:
Tsinghua University Press, 1989.

(18]  WsCh. fA-z[M]. 5 M. dbat: a5 #0R L, 2019.

TAO Wenquan. Heat transfer[M]. 5th ed. Beijing: Higher Education
Press, 2019.

[19] TAKEUTI Y, TANIGAWA Y. A new numerical method for
transient thermal stress problems[J]. International Journal for Numerical
Methods in Engineering, 1979, 14(7): 987-1000.

[20] K. 25 AR R 5 A0 A s 8 e 1) 1 Jr i B T
FXD]. TEFH: PRI B R KA, 2018.

BAO Tiannan. Numerical study on thermal shock of turbine guide
vane considering thermoelasticity coupling effect[D]. Shenyang: Shenyang

Aerospace University, 2018.

BEIER AL T 0L, Wit WP 1) AU S 2
(Uigh M A)

(EE% 154 )

[17]  BREAR. B0 R 40w mi N L5 BoR WL [D). K
RIS, 2023.

CHEN Shaochun. Research on high-speed and high-precision
machining algorithm technology of CNC system[D]. Dalian: Dalian Jiaotong
University, 2023.

[18] FRMYZE, BT, R, 4. Bods RETSARUMMB I H I LA
[9]. HLE TR AR, 2023, 52(4): 173176, 215.

CHENG Yinghao, JIA Heng, MA Huan, et al. Research on S-type
acceleration and deceleration control method of NC system[J]. Mechanical &
Electrical Engineering Technology, 2023, 52(4): 173-176, 215.

[19]  Ffdse. BEsHURLENLIN & FoR A58 5 0 D). 2 #
JERA%, 2024

CHEN Jiahao. Research and application of on-machine measuring
technology for CNC machine[D]. Wuhan: Hubei University, 2024.

[20] W-bBE MR AUELEAENLIN B R S 5 I RS D).
Vi PRLH TR, 2024,

MENG Shiqi. Analysis and development of blade pressing molds on-
machine measurement system[D]. Xi’an: Xi’an University of Technology,
2024.

[21] QIAN X M, YE W H, CHEN X M. On-machine measurement
for touch-trigger probes and its error compensation[J]. Key Engineering
Materials, 2008, 375-376: 558-563.

BARVEE - BT, TR, Wt RS 7 T e g AR
(Uigh M A)

20254E 5568 % 552000] - Wit hlE A 161



