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Modeling method and cycle analysis of high-speed gas
turbine engine with CCA technology
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Northwestern Polytechnical University, Xi’an 710129, China;
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Abstract: For the thermal protection of turbine components of high-speed gas turbine engines, a
variable cycle turbofan (VCTF) engine with cooled cooling air (CCA) technology was taken as an
example. The library of fuel thermal physical property, and the simulation model of the heat exchanger, the
turbine blade cooling, and the combustion chamber with fuel temperature change were established. The
iteration simulation model of design point for the high-speed VCTF engine was developed, and the
influence on the thermodynamic cycle performance of the VCTF engine with CCA technology was
analyzed. Results showed that at the same turbine temperature limits level, the CCA technology can further
increase the thrust of the high-speed gas turbine engine. However, the application of high-temperature
resistant material into turbine blades was still the key to improving the performance of the high-speed gas
turbine engine. For the low-pressure turbine (LPT) without high-temperature resistant material, the relative
cooling air bleeds of the LPT stator and rotor increased with the increase of high-pressure turbine (HPT)

temperature limits level; after the CCA technology was adopted, the relative cooling air bleed of the LPT
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stator decreased, and that of the LPT rotor without cooled cooling air further increased. Applying high-

temperature resistant material into LPT can reduce this adverse effect.

Keywords: high-speed gas turbine engine; cooled cooling air (CCA) technology;

modeling method; design point iteration; cycle performance
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Fig. 2 Simulation model for the VCTF engine performance with CCA technology
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£2 ET CCAHAM VCTF ZhHE#EIL T SH R G
MRS H
Table 2 Baseline design and overall performance parameters

of the VCTF engine with CCA technology

SHEBTT S B
KeHlE O 2 S/ (kg/ls) 41
HESIE BRI R AL 0.80
AU T L 1.40
AU A 3E LY 0.94
EEESHUEL 3.60
e AL B TR/K 992.0
RIMAR 0 IR EE/K 380
PRIAE 10 TR )/ MPa 26
PRI SR =5 0.97
BRI AR Kk 0.89
ORI -23 SRR E AR 5 | 60/% 10.43
SR -2 SR AAER RN S 01 A ER/K 526
RT3 SR 2 S L RGR/K 895
WRIN-25 SRR P R 0.238
WRBE th B T/K 1900
RS BRI E 8L 0.95

FHAHN G 6/% 57
B AHXT 51 St 655/% 29
5[] R B

[P AL To/K 1338
Byt BRI To/K 1338
BIERTUR) ERisE  0.85 (0.842)
S ASARR G 63/% 14
RN B 635/% 1.64
ICE A 1) - B i 1338

Ty,/K
et BRI Tw/K 1230
BIERTOF ) Z050% 0.87 (0.867)

S F/kN 11.63
EARULIAVE 2177

U R B U RTS8, FE AR R S B2 1 98 3
SR RER AR R it S5cn kR 3
7N, AT E R RS i FE 3k 1B S RO A i
B R RSHREm . % 39, Ma KRB s R
ARSI 7 R A, AR 4l SCHER [25] 3 EG L
o] 2 KU AR PE Mattingly 25 B3 42 H 9 5F- 2 2 (mean-
line) 75 & T2,

AL, A SR HI 2 22 590 07 00 AT iR R
B —4ET AW A BRI . DMK RAS
S, 3 2 RS EOTEA RN IR T R

®3 REMFRATENBASH
Table 3 Input parameters for turbine blade

cooling calculation

R R
NS 24

S L A% L

Ma, 0.3 0.3 0.35 0.3
7%+/m 0.036 0.045 0.058 0.068
i /m 0.034 0.028 0.048 0.037
I R/m 0.036 0.045 0.058 0.068

e 42 51 36 47

@ 0.5 0.5 0.5 0.5

MBREETHFLEITENIT R AR ik 4
PR o Herp—ZEJ7 it AT R H Y2 503 R T (cool-
ing flow factor) !, 5 ¥4 AR AR FL 4 HIRCR
YERb 25607 ik A S hak 4 T, e
W F Ve A0 —4E D7 1 5 2 290 05 S B A A X
G
F4 FREBWHES-EFETHEHER
Table 4 Calculation result comparison between

semi-empirical method and one-dimensional method

T HHSH A L
R+ 0.0312 0.0413

- POPITRESSIEY € 0.632 0.653
SRR 0.313 0.308

ARXT 5 S/ % 29.00 1.64

PRRTNE HIXEIRR% 29.52 1.69

22 EWERETE S

AT T A FEEARIKFE T, CCA B AR XS
VCTF % al Bl 1) 16 BF 1 BE #9532 LA . AN R H
CCA £ AR VCTF K S HLA % R -2 At B4
AR B AN, R T Ak A R H AR AR
MY RIS 5. SRR 5 TR Fe i i PR
il B9 HEJ5 %6 (C1~C5) Ik 5 iz, Horf 1530 K
B ¥ Kk & A # B (ceramic matrix composites,
CMO) [ im e Rl B BR A, it G H =
BT, AR R 5 A A e B BRI AEL,
Hofh FE RIS HE R | PRI S5
L3RR R R A A S BUR R — B
VR T B T IR RN I e P U B A PR K
FAFBIAY VCTE & sl AL AR 5]
S SRTERES AL TR A R 25 SR ER 1Y
PERESFUE AL A 7~ 11 FR .

FH &L 7 T UL, B 3 i e ARk iR Y 7K ST B
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Table S Selection of different parameters technology levels

for cycle performance analysis

oy e

cl c2 c3 c4 Cs
TJ/K 1900~2 200
To/K 1338 1530 1530 1530 1530
To/K 1338 1338 1530 1530 1530
Tw/K 1338 1338 1338 1530 1530
Tew/K 1230 1230 1230 1338 1530

o JE AL LR XS 513 65 B3 TR, A
KH CCA Hi R % CS AR CCAHE AR
7% C1 AR ERS ML D BAERTS | SRR 6.1%~
7.8%. K H CCA £ AR T % C5 BAKH CCA
AR ITE C1 IR RSP O A5 <
FEAR 7.6%~9.6%. 1T 5% C4 M4 C5 1Y
FEWR %S B AR iR 5 5 m) 28 2595k T CMC 11 L
BRARIE, AR FH AR T CCA F A Y i 5 R ASHL
F A AR5 A Y .

F L 8 W UL, 5 30 e b sk i 7 KP4 v
VCTF % shHL et J1 F, FLEG oh 1, 1 g ¥ 15 2]
P R TR F ARSI RE(E ) B
HIEAL, H CCA HARM B AM & sh ALY R —
LT RNRH CCAHARM % CS HARH
CCA BARM T % C1 ¥ J13E K 10.7%~14.8%,
H i R 0.47%~1.5%. >k H CCA AR M Ir £
CS5 HEAS R CCA HAR M 7 % C1 I & shHl v i
JIHER 11.5%~ 16.0%, Lt K 0.57%~ 1.70%.
H Il 8(a) AT UL, A LL TR FH CCA BiR, #2551t
A i Il (4 7K ST X e 4 ) AR TR A AR, AR
FH CCA AR, 163 %6 A RH i I 19 7K P AR IR 42 &
X VCTF & shiligife Jy 27+ an 2 6 s . AH
I 5 4 R I Y KSR, SR CCA 5 R AR
FH CCA B R W) VCTF & shbligefe I g4 F+-an e 7
Fims . 4543 6 ML 7 alHl, B8k CCA £ AR5
A BEUE HE— 25§ 5 & s Ly A g, (ER R e it
AR R AT 2: 1 24 % shAILPE REHE TH %) G4

9w, BEE i e MR K- 3 5, BT
s ARE RS T v B A SR R RS, — 7
il Vo ) 23 AU NS R AU 8 A S A A8 Y A7 TR
PR (E 9(a) , B 9(b)), 55— mfli e fik
T 50 7 - 0 aE 11 SR G K, SR L AR R g
7% TR FE AR (& 9Ce) L 1 9(d)) .
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Fig. 7 Relative bleeding air flow from HPC exit vs turbine inlet
temperature and turbine blade temperature limits
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Fig. 8 Overall performance of the VCTF engine vs turbine inlet

temperature and turbine blade temperature limits
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Fig. 9 Performance parameters of HPT and LPT vs. turbine inlet temperature and turbine blade temperature limits
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Fig. 10 Cycle parameters of fuel-air heat exchanger vs. turbine inlet temperature and turbine blade temperature limits
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R 6 TRA CCABARTREMKITIRAMKTEHRAIRS
Xt R T
Table 6 Net thrust improvement by increasing turbine ma-

terial temperature resistant level without CCA technology

UES HHEIRTTE S %
Cl1
C2 2.80~3.52
c3 2.52~2.60
C4 3.41~6.72
cs 0.90~2.07

F7 HEEREVRIIHREAKE TRA CCA HARI 4
HIERF
Table 7 Net thrust improvement with CCA technology
under same turbine material temperature

resistant level

UES HHIESR T E 3 L%
Cl 1.26~1.54
C2 1.47~1.56
c3 1.06~1.37
C4 0.5~1.49
cs 0.69~1.40

5 S 0 B AN T RO AR X 51 A I B K. LU
T R R R R (] 11() ), AR CCA H A
B 7% C5 AR CCA BRI % C1 By AH *F
SRR 1.9%~2.6%; K A CCA B A B 7 %
C5 AR H CCA AR I % CLIAHXT 5] < it
R 2.3%~3.0%. HE 11(c) . [ 11(d) A 0, &
JE i B BRI R KT (7 CL~ T % C3) 4
o A1 30 1 0 0 ) R TR R, T R AU
BT g R AT A . B 11(e) 4
TR R IR Al D IR R IR AR . ROR
FH CCA Hi R % C3 AR CCA BARB
% C1 LIRS SR A ADT S | SR K 0.38% ~
0.93%; K H] CCA H AR B 77 % C3 LA R CCA
AR % C1LAMIR IR T 10 25 AT 5 | R i
FEAIK 0.11%~0.33%. FH IE AT A, 78 2R CCA $;
ARG, AR R IR 58 S 10 2% (0 AT 5 AR FRAIG, 1 1%
FEIRB T T AR RIS SR, A5 <R
HE— R

WK CCA AR X = FE I A8 1 5 | i,
TR T 8 6 A R 102 51, I8 248 R ik 56 = 1n]
AN 24P B B P R R A CMC, TR R R F
5T PRI A 4 8 CMC.

3 & i

AT CCA HR K VCTF LSBT Y
AR ERE AT, 15 B E BB

1) ANFE TR A2 &L sk, & T
CCA H AR w5 By i B0 56 & sh WL A ikt Re Tt
BRI 2 25 SRR B A M S B Ak, Wt A Bh
BIL B BR e 2 AN I B8 3 A4 9 1RSSR, ISR
SBT3 M RE T R B S5 R .

2) AR CCA BRMTTS C5 AR CCA
FeAR M ZE C1BYHE T3 K 10.7%~ 14.8%; K H
CCA HARJG T % C5 AR RH CCA HAR B
% C1AYHE ST B K 11.5%~16.0%. 1EAH 7] I8 56 41
B LA KR, SR CCA H2 AR m i 4 7 318 KAy
W R 0.5%~ 1.56%. HIR CCA A 1Y 1 H g
% it — 25 8 K m S B0k e & sh AL g, R 2
T v L T8 A e ARk B I FH AT R 2 B T v S g
W4 R ShBILIE BE Y DG A

3) AR CCAEARB 7 % CSBA R
CCA BRI T % C1 1Yy F AL F AR 5
P 6.1%~7.8%; K CCA AR B Jr % C5
AR CCAHARM TR C1 By EESHLL A
F9 A X 51 PR 7.6%~9.6%. 1 XiF T 2% Fi it
e T B AR R R A (O R Cl~ T & C3),
Yot S R B A ARk T Sk 7K T ) s o 0 308 6 1 A X
IR K, 75K CCA iR )5, KRR T
B A 5 R 2, (AR IR Tl T ARR
FHB 51, FLA R 5] i o — 20 1, it & i
I R 4 18 FH 6 3 46 R 8 W i 6 AR bt AS )
AU

JEEERAE R, T HE AT I T LA 45 4 (R B A2
THERR, I UEIRAE I ¥ A 0 — 4T B ik, I
Ji v T R S MLAE IR S B BRI -2 A dke
TR Y 5 5 Gt BELARR 14 20 B, DA B 7 5 | A< A A
DRI, LAE—83E CCA AR B FH Al 471
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