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Combined variable geometry regulation schemes for variable cycle engine

LUO Guang-qgi» LI You, LIU Kun, WU-Taos HU Shen-dao
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Airforce Force Engineering University, | Xi’an-710038, China)

Abstract: Based on object-oriented design thought, a caculation model of-double bypass
variable cycle engine (VCE) was_built;~and the typical engine work/points were selected to
study optimized method ‘of combined variable geometry regulation. The results show that
suitable adjustment of fan'‘guide\ vane angle can adequately develop double bypass VCE per-
formance advantage at subsonic cruise-and supefsonic cruise points of double bypass VCE.
The scheme 4 at the subsonic and supefsonic cruise points are all better than adjustment

schemes at the design point.
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Fig. 1 Configuration of double bypass VCE
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Fig. 2 Flowchart of numerical simulation for VCE
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Table 1 Design point parameters of VCE B 8 RAIC R iR 58 5 1) 9 1o AR AT DA AIC R B 7 3t
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5 TR T AR L5 /% 100. 0 100. 0 Table 2 Combined variable geometry regulation schemes
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Table 3 VCE performances during subsonic cruise in different regulation schemes
ES F./N Sie/(kg/(N « h)) B, w/%  m/% Sh.fan St cdfs Sh. hpe T /K ./ (kg/s)
1 24409.7 0.09296 0.4259 85 89.42 0.2542 0.2237 0.2688 1503.4 43. 44
2 20744. 6 0.09082 0.4930 85 88.97 0.2815 0.2170 0.3232  1403.7 42.49
3 23508. 5 0.09108 0.4780 85 91.36 0.2713 0.2117 0.3163 1461.8 44,95
4 23006. 3 0.09091 0.4789 85 90.73 0.2725 0.2330 0.3133 1448.7 44,57
5 22175.3 0.09119 0. 4877 85 91.24 0.2733 0.2217 0.3261 1440.3 43. 69
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Table 4 Combined variable geometry regulation schemes

during supersonic cruise

FE Ban/ ) Bare/ ) B/ ) B/ () A/ %5 A/ %

1 5 5 5 4 35 95
2 6 8 6 4 30 90
3 1 5 5 8 30 90
4 1 5 10 5 30 90
5 0 5 8 4 30 90
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Table S VCE performances during supersonic cruise in different regulation schemes

HE  F./N  F/(N/(kg/s)) S./(kg/(N+h) B,

n/% m/ % Sh.fan S cdfs Sipe  ma/(kg/s)

1 52946.2 581. 2 0.13095 0.2098
2 47938.7 585.7 0.13409 0.1817
3 53724.5 598. 3 0.13161 0.1695
4 52206.5 595. 2 0.13221 0.1706
5 52388.1 594.5 0.13198 0.1759

98.67 102.12 0.1165 0.1892 0.3101 91.09
93.72 99.97 0.0758 0.0810 0.2959 81. 85
98.73 103.56 0.1544 0.1350 0.3090 89. 80
99.01 100.15 0.1099 0.1981 0.2791 87.72

99.98 100.28 0.1096 0.1624 0.2894 88.13

FES PR R, R 1 R RRIE
BT A AR JUART 98 15 7 58 L TR B O /AL R
WL R TRl 102.12%, T4 it
T 11 7 AR ] AN BB SR TR X R [
(R AT IR B B A LA IR T 7 R AR W A A
.

FE R SRR A L R R AL TR S
G RS IR 578 R AR REAN S TR RiR
F TR E N AR TR AB PR OR AR, 2 K KU S A
B XU 8 EO T W 8K 2 Al XU T B T
SIS A8 IR Wi I 4 R /N VICE i 7 B IS A7)
B, P8 K CDFS Ml R S ML S B, 2 il
1o FE 5% 7 5 S B AC s IR A e e S0 AR B, ik
AT =N A SR s o VN (A e 2w O =
JE A F i T AR IR TAEL TR KU
Wi P A B2 3G K. %8 2 v, X XUB L CDFS Al g
FEASAMLT I B AR EAT T OE R P AR
JE 2 B RS A 7 S AR, A Hh B e L BLRL
Ji3 A1 CDF'S Fitg iz 44 £ 4B FL B AIK. 1 F VCE 28 A3t
AR, VCE (4 ) 8 Hth 7 8 S A1,

i 3~TJ5 % 5 P 1 gy KL BN TR
Jad S AR R RLIGX 3 RO ZE v VCE i i i
B T TS 20 Horp 7 58 3 XK R I R 18 4
B HRAN T IR /N AU 3 I o B R XU Wi B
SR AR S 80m TR s T 4 TEIR R
G I8 48 3 A R Y ) B R KT R R ARL
WLl VCE 7 R & R R SRR 8 TR
[ B o & A M . T O 48 4 X TR R ASHL S
PE AT R BK T 2 Rk AR 0L, VCE iR iE
FEBAR i VCE B s s 5% 4 ML

225 X U e R N R, i A R e T
24 AR R RS AU R RN 5 R E
T5 %8 4 WG HE Y AL K, (B BRL 74 J RN FE il 232 g
AN RS AT BN T 2L 2R A B ) TR,
CDF S A ey hmdie #5 BE , e 57 % 4. (1
AHMER 7 4 U5 AT LI R R A R e i
ES

4 2 ip

WA VCE W7 75 3 36 i A8 75 1 A 5 i 21
B AR TUART ] 15 BF 5, i s T A MY AR A2 ]
B8 VCE #f 1 2 80 fb i 47 855 xC 5% 4 i 98 1
TR EN .

1) 7E VCE (30 75 3 8 A A 75 8 it TAF
S VR XU e i PR BB R R A L A
AT XURE 5 0 A R T DL KRR & 4% VCE MR
(N

2) FEAT KAFRBL T . VCE 8 14 % &
A TN VCE 19 742 JUAAT Jy 48 58T #4781y
LAk, B 1 AR L AT 3 5 28 OR Be k5
VCE e 1.

3) e F R A R A AR LA R T A ALEE
A SO VR BT A B AT AR P A AR AR
VCE G G A8 JU T 77 & e g &
¥ it sl VCE (948 JLA] I 5 7 22 Pk Re 4k

FT—4B TAERETHA KN VCE FALZ
BREM AL B M, 78 AT & N AN [F] X 3% VCE
AT AL, 720 & ¥ VCE 1P E.

SE Wk

[1] Willis EA,Welliver A D. Variable-cycle-engines for supersonic



2278

1o iR

529 &

[3]

[5]

[6]

[7]

L8]

(9]

[10]

cruising aircraft [ R]. California; ATAA/SAE 12th Joint
Propulsion Conference, 1981,

75 B BRI R SALLT ] MR IR R SL I 5 5T, 2004, 17
(3):1-5.

FANG Changde. Variable cycle engines[ ]J]. Gas Turbine
Experiment and Research,2004,17(3):1-5. (in Chinese)
Johnson ] E. Variable cycle engine developments at Gener-
al Electric 1955-1995[ R]. ATAA-97-15033,1997.

RZTH. SN RAE E R BB K R R M 5 T 58 4y BT
FELRD. JL 5T s v el 1] 5 R 2 B AR e 4, 1998,

RZ . ST R AL ARG R K ShHLAE 3F S 8 R T
PERESFHTIR . JE5E < v ] 1 B A} 2 AR 45 2000.
THEAR. RS0 AL A 21 K sl AL il A B 5 % g A3 B
[DJ. deat: b st 2 it K K4, 2007.

WANG Hongdong. Investigation of performance model
and performance analysis for double-bypass variable cycle
engine[ D]. Beijing: Beijing University of Aeronautics and
Astronautics, 2007, (in Chinese)

XUHESC, B Ay % B L A5 R AR B R S LA e A A
(7. #2381 J1 24,2010, 25(6) : 1310-1315.

LIU Zengwen, WANG Zhanxue, HUANG Hongchao, et
al. Numercial simulation on performance of variable cycle
engines| ] |. Journal of Aerospace Power. 2010, 25 (6):
1310-1315. (in Chinese)

FIT R, B AR, ARG I R S LR BeR B S L) . i
ZE 8 J1%4R . 2013,28(4) 1 954-960-

WANG Yuan. LI Qiuhong. HUANG Xianghua. Research
of variable cycle engine modeling techniques| J J:--Journal of
Aerospace Power,2013,28(4),:954-960. (in\Chinese)
XUHESC, F 5 ST IR, AR AR B R S DL 28 s a5 (A A4
(1. Mizs 3 J1 24, 20114, 26 (9) . 2128-2132.

LIU Zengwen, WANG Zhanxue, CAI Yuanhu. Numerical
simulation on bypass trahsition/of variable cycle engines
[J]. Journal of Aérospace Power,2011,26(9):2128-2132.
(in Chinese)

Johnson J E. Turbofan engine with a core driven super-

charged bypass duct and fixed geometry nozzle:US,

[11]

[12]

[13]

[14]

(15}

(164

[17]

[18]

5806303[P]. 1998-09-15.

O )E XL, 22 L 4. 1) X R A A & Sh LY Ak 05 B
REMELRBIL] ] B E LB RS ¥iR. ARE, 2013,
4(8):3-8.

LUO Guangqi, LIU Kun,LI You,et al. A study for object-
oriented approach for aeroengine performances simulation
framework[ ] . Journal of Airforce Engineering Universi-
ty: Natural Science Edition,2013,4(8):3-8. (in Chinese)
FEE e, K TR G 0 %S R S L R O LR T RO
JrEWEFE L], ALZE 312541, 1999, 14 (4) :421-425.
TANG Hailong, ZHANG Jin. A study of object-oriented
approach for aeroengine performance simulation[ J]. Jour-
nal of Aerospace Power,1999,14(4):421-425. (in Chinese)
A JE SCRE B A SR S R PR R B B AR O A
ALI] ez 873 %: 4%, 2013, 28(1) : 104-111.

GOU Xuezhong, ZHOU Wenxiang, HUANG Jinquan, et
al. Component-level modeling technology for variable cycle
engine[ ] |. Journal of Aerospace Power,2013,28(1):104-
111. (in Chinese)

Kurzke J. Gasturb\10 technical reference [ M ]. Dachau,
Germany : Gasturb Company,2004.

Goyviaerts J. Modelling\and simulation of the revolutionary
turbine accelerator[ D]. Ostend, Belgium: Katholieke Ho-
geschool Brugge-Ostende,2009.

Gronstedt T. Development of miethods for analysis and op-
timization of-compléx jet engine systems[ D]. Goteborg:
Chalmers Univérsity of Technology.2000.

2R, B 3G 5T, 228 A8 LA ER A X8 Sl L 18 45 ) 43
MrlI]. Atz & 3hHL,2005.31(2) :6-7.

LI Zhigang. TAO Zengyuan, LI Jian. Effect of variable ge-
ometry components on engine performance [ J]. Aero-
engine,2005,31(2) ;6-7. (in Chinese)

RZEN L ZEAR. AL JUART I8 B & ) WL L AT 81 5 % 1 e 11 32 )
(1. #0288 124, 1999, 14(1) : 35-38.

ZHU Zhili, LI Dong. Influence of geometric variation on
performance of VGE[]J]. Journal of Aerospace Power,

1999,14(1) :35-38. (in Chinese)



