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Conceptual design of ceramic matrix composites turbine blade for
typical turbofan engine

SHI Duoqi, WANG Zhenyu, LIU Changqi, ZHANG Weihao,
CHEN Min, YANG Xiaoguang

(School of Energy and Power Engineering, Beihang University, Beijing 100191, China)

Abstract: For the purpose of technological progress for ceramic matrix composites (CMCs) turbine
blade design in advanced aero-engines, based on main performance parameters of typical turbofan engine,
and according to the forward turbine blade design process, a conceptual design method was established
from aerodynamic design to structural design finally to deformation and strength analysis, and a CMCs
low pressure turbine rotor blade was designed, which was solid without cooling. In the conceptual design
method, strength was taken as the major constraint, aero-engine thrust and specific fuel consumption taken
as inputs, and model of turbine blade body taken as output. The simulation results indicated that
aerodynamic performance, strength and vibration performance of the designed blade under design
conditions satisfy the design requirements. Reserve factor of safety reached 1.8 and the external load level
of the turbine disk was estimated to be reduced by 50%, proving the feasible application of CMCs on
advanced aero-engines. Turbine efficiency increased approximately 0.98%—1.17%, which demonstrated
the potential of CMCs to promote the performance of high-temperature components in advanced aero-
engines.

W s B 8A: 2022-07-18

E ST H : HEK A R4 (51772009, 51911530201)

TEE B I 129 (1975—), B, i, TSI, T, B & SIS M3 B A i Al b RiRLbE R 12 T A B 25 )7 1
RIS o

BAEVEE A (1996—), H, Wik, NI SHOR - 5 BB, A% % BIH LA H 3 5 I ] St 25 7 TR B
E-mail: lecqturbocae@buaa.edu.cn

IR A2 ar, TIRT, XA, 55, AL B A S B I B8 6 52 5 b RHIR A - A B it D). fiuas 3 J1 2441, 2023, 38(2): 431-444. SHI

Duogi, WANG Zhenyu, LIU Changgi, et al. Conceptual design of ceramic matrix composites turbine blade for typical turbofan engine[J].
Journal of Aerospace Power, 2023, 38(2): 431-444.



432 o= 3

VAN S 1

38 %

Keywords: ceramic matrix composites (CMCs); turbine blade; aerodynamic design;

structural design; deformation and strength analysis

YRS s B, 36 B ZE 05 FOAi ) 9 H R A
FE A2 A BV RESE B rh BR HE BT LE A AR I
FREEARSN, BRI RCRT 25 10%~30%, HL I3 FIHA
EHIRE TR = 2~20 %, HESERCR T IR 10%~
25%M. i RAVERETR AR, T SR R A R SR
PRI Z 85, LAARAS 3T 22 9706 P18 A 70
PR . Ho, BEINAA PR R L, R4 R e 4
R, A4 S 2 R S LS B AG A 280Eh 11
BEIRAR, KRR A e A R S P R A A
AR | T3 8 e TR M B BB 3 ) L B RN Bl B
[ R, il AR 5 B S AL F119-PW-100 B9 s %2 Hip
TR F] T 1870~2010 K&, i 7 8 48 1 F Y
F BRI L A TR IR R e A #
1350~1370 KM, R, St i sk sh il b s e
I S B T 2RI B ) SR A R P
R BT B B4l A P RE R B SRR S
e S R SR A A0 T B . RS LT 4ERS F) K
I Z 4 B (ceramic matrix composites, CMCs)
& 20 Th20 70 A A B A R Ok 1 — b v Ui AR 2
FRE R, Fi 502 SiC/SiC & &Pk, MRS E | &
FEamBE | PR . BUR b TR L T 2B
AR M B 25 FR B, BAT A 4 i iy A
PERE R Y, 5 R R T b R
o i B < A BAT PR e BB B 2~ 2.5
glem?®, ORI R 5 G %A 1/4~1/30, al LA
B S A3 109 e 8 A2 01 O s TR 25 S8 20
PIERRZ SO0 T, TARIREE AT Ik 1470 K PAL,
TR IR AT 5 1870 K,

2% [E IHPTET (integrated high performance tur-
bine technology) Fll VAATE(versatile affordable ad-
vanced turbine engines) T %] JF & Jf % 4iE T CMCs
e TR TR S 2SO T e, DR S MR YRR
MG a w7t R AT 7 alg R oA, S5 Kk
CMCs 13 5 1~ I R B9 B B2 1 50%, 18 207X
HIH T 20%. 2009 4F, GE 23 w5 FIE B2\
YL =S & SR A A BAR ) CMCs Wt HE 27 3 21
IR I 8 7 i, DA 2010 4F T 1R %2 4 7 F136
KEHPLEIEAT TSR, 2010—2012 4R 1],
H A ] 8 4 B 8 T4 W] IR & T THIIM270(/)h A
TP AR K S HL) 25 1 i ¥ CMCs # 1 it
F, AR & S AL 5 s e s, G 25 2R B
/R CMCs # T 76 1320 K F 4205 413 h B 1%
FL45 48 Y B FIIE #5451k oK B R, AR

7 AL B 25 b PSR RS [R) 350N 1) 8 2R B 2 A
TR BB 1 1 A A Ty kY 2015 4R
2 H 10 H, GE L% 2~/ #F F414 & S HLAL D) 5 ik
T CMCs &7 5, M & shLEAR R 5 1%
3T CMCs 7+t Fr, 56 25 2 /R CMCs #% 1
R FEZE D7 500 MR fir A B S IR, TiERH CMCs
Bt R BE AR SZ AT N O R Y AR R
FE7E CMCs i it B i Xl & e 7 — %
FIR B AR . TS TR KFE A 24
A A& B T —Fh CMCs iR 8 5% 1 1, 2047
TEROR B S A, 1R RAF, ORI TR
FIT, BRI CMCs I 5e I 8 AR & i A K
P2 D F SR CMCs 2R R M, B A4
A3 AE S 005 s AT J B W ) AR, 2R
AR AE 15 @ BT CMCs T 257K F i
T8 M AF AR RMERE o T, CMCs %8
B, 5 B I B g R AT B A, SRR
T EEF BT MERE .

BIRAFTE R Z HOARME 5, (B ZE ] HLIE &
P ARAIL ] T S ARHLES A2 19 G R R B B, 4
3] CMCs H R #E25, IR E R ] CMCs B3 S i A
23 RAWLICR HIRES I T 0k R py T A, TR
N SRR AR LB . MRS B R R
TR G R s R R X R 01 i Y C S ) B2 NN
SERHBT, e 5 SCER A4 T R B & S LI
e R RS BOTT IR A, s R R A
F AR RO TN AR it R R T IR R R ST A B
AT R Sk iR Ae i i i B E A
WAE I R 25K i a1, SR R R 45 R A8 A6 55 7
X, FEE At i — R R, R B e 57
PEREUS, 45 4E X CMCs 858 %t 5 vk, 18
A AR I g5 R i AL -, R AL T CMCs
P i R B AR ST Bl B U 254 {HOR & TR
W RTERE . AL SRR B & B AL F119-PW-
100 I% & 8 %8 5% 7 it 7 S et H bw, % R H]
CMCs R 4 0 & i 71 2= v fg, PFAL F119-PW-100
R iR e 280, I = fE —4E i3T5
R AR B = AR, A e R — A
CMCs A4 }a B BR 1 T A9 R R 58 e 1 o 2
HRGWM ST R, i 55 & CMCs 7]
Phig T H A SR e R ShHUIR R iR Ae g 1, |
AR I 23 1A B 3 (I LASR S i FE 3R | e e
F5AZ T 1A LA e 48 0T A AR v R S AL AR



523

A2 MARL R S B AL A S AR e i B & BT 433

PERE, HA B T SACHL A& sh AL #5644 3= 2
FHM B E
1 RN FEEEEIT

LA SRR B 22 B HL F119-PW-100 {I% & i #5 2%
B PE E S BN BT &R A, 5 IR OE ) 3R R,
R R P s R Wi 5 S ELoh A A
#Ar, w1 TR . A st EE R R
BE =AM T, TR 4 AT ) R A
LEM VT EE O IR A i B A B,

T AT T2 SR AT S S M RE SR A R SR
Mt
N
KBRS
v L
SEMUR IR T U ERER
= AR 7
TR, I A
PIYCHR R T
— — AT BB ST
W R Z AT
T 5 LT 28
gk

1 st s iR

Fig. 1 Turbine blade conceptual design process
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Table 1 Calculation results of design point

SR IR FEAEMHD
rp RS HE S /KN 105.5 105.5
A FEI %/ (kg/(daN"h) ) 0.8371 0.837
s s [t/ (kg/s) 124.02 126.50
SR 27.169 5 26.1
HRIE LT 03112 0.3
S AR /K 1802.9 1860

SRR B R, 2R 1 A A T DA Y
s ] BTN G I R R - M N e W s RANY ]
IHGR L, WD R A A 20, FEARERAHE T .

3) AR A AU R A R AR AR R R B 1 R
TR Bk A T i 2s & B AL & 3R, AR B 641t
AR B e, R U RITER I8 G T3 2 R

£ Gasturb FXPF i A BS80S T AR
SR NFE 1 PR, WA S AE L, PRk
BAE ST AXHR 222 0, Hp R]FE I R AR KR 22 0
0.012%, B = MR/ T 2.48 kg/s, Bk o #
T 107, EE FL R T 0.01, IRFE IR B> T
57.1 K, 58] T Hii it Hir

T2 o, 4R EUS B R IR i e BE S
BNk 2 Frs .

®2 RERERERSEE

Table 2 Performance parameters of low pressure turbine
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Fig. 3 Block diagram of velocity triangle calculation at average position in turbine
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Table 3 Radial dimension of inlet and outlet rotor blade
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T TR B Y/m? 0.22 0.27

F4 MHPLEE=RARLITE
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average position
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Fig. 9 Static pressure distribution of cascade at section IV
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Fig. 10 Relative velocity distribution of cascade at section IV
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Table 7 Blade surface temperature of design sections
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Fig. 12 Radial displacement distribution
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Fig. 13 Radial stress distribution
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Fig. 14 Radial stress distribution at blade root trailing edge
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Fig. 15 Resonance speed diagram
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