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Performance Advantage Evaluation Method of Adaptive Variable Cycle Engine
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(AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In order to comprehensively evaluate the performance advantages of adaptive variable cycle engines compared with
conventional turbofan engines, two methods for evaluating the performance of adaptive variable cycle engines were proposed from two
dimensions of engine specific fuel consumption reduction and mass increase and the perspective of the relationship between engine
specific fuel consumption, aircraft fuel consumption and fuel efficiency. The results show that there is a balance point between the
decrease of engine specific fuel consumption and the increase of engine mass. Only when the increase of mass is less than the decrease of
specific fuel consumption can the performance advantages of adaptive variable cycle engine be reflected. The longer the flight, the better
the advantages of the reduced specific fuel consumption of the adaptive variable cycle engine. The relationship between engine specific
fuel consumption and aircraft fuel consumption and fuel efficiency is exponential. Assuming that the aircraft cruise range is 3500 km and
the lift—to—drag ratio is 10.5, the cruise specific fuel consumption of adaptive variable cycle engine can be reduced by 1% compared with
that of the conventional turbofan engine, which can reduce the aircraft fuel consumption by about 1.9% and increase the aircraft fuel
efficiency by about 2.4%.

Key words: adaptive variable cycle engine; fuel consumption; fuel efficiency; specific fuel consumption ; performance advantages;

evaluation method

0 58

R RIS K S LI] T LUK i as RSBl AR ik
T BRE— L A AT it ke A 237 HE 3 AN ARRAK ik
FER 2 18] 64 F J T %% 0 TAE . I8 s LB 4 )
R AR AR IR K 5 ORI LR B & LR il R
AR, (LR BR84SR/ N BT R & S LR
R R TR kN . DRI, A AR AR [T 55 R R T

AR RE B, (E DA RE [ o SR B 4 g FIAERAE T
FRIEOR o ARG K B HLE I A A A s AL LE
PER LR R 7 Bk ot HABA T IR ER AR <
e A S AL, R ARG 0 B e shALIR R 240, BEE
BRI R SRS R AT HI TR T AR R
UFryHERES,

FI I8 N AR PR R A S HILR AR IR ER A SHIL Y — b A

WKFmHE:2020-03-06  EETH :fias sh Ao m B % Bh

EE T : 22542 (1979), 5 Wit AARBL2A0FIE 01, BN FHizs K BHL SR RE BT TAF s E-mail : 66262751 @qq.com.

S| RN FEHF, TIFH, RisE. & i TG SHHLE BE L HGT (1 Ty el T] i 55 & 5001, 2021, 47(2) : 17-21.1L1 Ruijun, WANG Jingkai, WU Meng.
Performance advantage evaluation method of adaptive variable cycle enginelJ]. Aeroengine, 2021,47(2) : 17-21.



18 it = ko8 Hl 47 %
JER A LR TEIR R SILEA E RSB VERIA b Wy WL B s w7, O A RO B
WAFRPERE . ¢ T B & NETRIA A ShPLAYPEREDL S, RAHLIT B s W09 WL o

F R SCRRGE R I A — . SEE S ZESL R S T, A2 s B 5 R S BEAR SC B S HON K sl PL i

R & ShHLAYFE I 206 L F135 R SALEIMR 25% , i &
ML A 52 A2 18 0 25%~30% , S2 AT ) [8] 384 4111 30%~
409" 155 FAE IR L5 A6 10 B3 K SHLA B, 3 AR
PEFR K ShAILSE BAH R A TAE 55 AT AT 44 12%0~17%

ORI s 3 L 13 I % B LE R BF % ( Adapative

Engine Technology Development, AETD )35 H Hh#iff 5%
FIEGIE ) H 8 ARG 2 K LS F135 RS LE,
BRI TFAE LI 20% , 1HE T34 K 5% , i iS4k
10% AR AE R 30% "

A _EB800E R0 R IR T SCHER sl , i ik
FIRHE AT R 28 5, A7 B U2 FE T A R AI, A7 0 1 2
HR UM B o B R R B A, IR AN S —
X HE A SR A AR AR 5 i i it o )
P PLR AR B K sl ILEL 1 AR IR ER A S HLER BE A8
BBXAERIPEREDL S o A SCER X AOT PR F 1 17 A2
T A SIHLPEREL ST R A e
1 BENXHIERABITENTIE

fizs A shbL— AR A AL ) i LE A
FEVR PN A RE ST e A B i O, Sk SE AR R AR X L
Bt — , ERER A B A B BRI AR5 A i
RHLA IS & A I RE AN L . ARG A2 Fif
PRI T A E AR EER K S HLAPERE LRI A
1.1 A E

PO T RSP R R B R
2ASHAR N R ShHURE I R AN A BB i

F 18 I ARG 0 e S HL R R B L2 3 T LA
e, BUHTE DA i 2 o A 5 | AR S B R, X
TRALIAT Ly v, RIAT B AT ] ¢

(1)

t=—
Vo

B8 HL BT ARAR I A T UL it
W, Agti-al
W=l Footoi (2)
R o R B LSAARAS HE Ty 3d HRE HL
RGO L, A BB A R
RHLE KT W,

Wew=W.+ W, + W, +W, (3)

FfE—E AR T CHLTT ZHHFE AR R, th G LA
JEA I 5 B AN e S HILIT e S A ) Z A
We+ Wy

W= F. (4)
B (R A(2) 15
WF Yo' L (5)

Ky, A /\J&ﬁﬂﬁ]‘i@ﬂﬂ%fﬂﬁfﬁ
U\JC(S)*_IJWL,?“%%%MT‘I,Eﬂﬂma&ﬁnﬁﬂ“l‘l&ﬂz
IEPCIRDE LSS R INAN DR Sl B AP S T RN R Y
DB W, N B
1.2 FMAE2
R Hs AL B, 5L RHLR IR 1,...,»
FORTETEFE AL AT L 1 B RBLSE AT 55 A g 17K

- ORI Rz i3 ) L BRI
R-W,
Wy

ZSBI IR T LA BB I BT Y

(6)

Mrero =

e WO T RSP FE IR
S E AR T B R S HLRAIIE AR, 35 5 AL
Frit g
LV, 1
R=D-1M-1n((1 _u)) (7)

A LD R RHLTFFBE L 5 V, R 38 AT B s R KL
HHEY
W,
Wio
TEL A BRI AR B L T RG22 5 A 5K
%’*‘-ﬁ%%mi@w HRAE 2 (9) T HH L R 6
i, AR A AR X (8) 15 Hh Bk Tl T FE i, Bz AR A

(6), RIAT A5 RALRAIH AR
W, Ws.p

(8

M:

W,

1 B WTO WTO WTO (9>
2 BHENTTEIRZEEIEM
2.1 FAFEH#HITIEG
H 18 W ARG IR A sh ALty R FE T R BEAR A [R] s,

Bt ok K ghALTCRE A3 . AT 1 al g A I
JOE AE AT B S ARG I 36 A -5 At 16 o 2 8] ) - A



552 R A5 - P MR IR A S LV REDL ST 4 7 12 19

KF, K (5) AT L 2P 56 22 52 B0 AT s TA] 1 5
i), B AL UREAH G

s 15 TC ML AR Yl 4 B IO, ST R 11
km , 3T BEECK 0.8 B FE AT AR R AL 1%
N AL A3 10 19 X W, O —FBORLEE . R 40
4% #8 3500 ,4500 km TH5, S8 FE R AR ShHLIT
5 WX W SR BTSSR 1 TR

13:5"
—&—— R=3500 km

1%

13.0 - ]
12.5—_
1240—-
\ 115—-
\'&Z 11.0—~
10.5—-

10.0 —

—8—— R=4500 km
T T

9.5
9.0
—r ——————
-80 -60 -40 -20 0 10
1,.1%
MU T i 322 1k T By
(a) IEATFETN RN W, 52
13.57
——8—— R=3500 km
]
o 8 ——8—— R=4500 km
n
a
[ ]
[ ]
[}
12,5 H
a
a
a
12.0 1
11.54
X
= 11.0 1
10.5
10.0
9.5
9.0 —
T L T T T 5 T L T T T
0 50 100 150 200 250

W, 1%

(b) Wy W, BB
E1 RFERE L, YRR W, TS W, 0

M AT -

(1) SFE R B AN 2 ST e 438 o 28— Ay
S AFE W B /IMEL, B ST RE T SRt

(2) Wy Bt Pt s X 157 ) 2 ShATLRE THh 2R [ AR A A %
SHFLBT R INE S CHUTRRAR DG, URE R | X7 1 Ay
S SIAURE I R BRI (AL AN & ShHL e R

(3) FEA SR B AT 55 25 F L S i 2 R=3500
km B, A E SRR, #ETM 3R R 20 45% & ShHILJT
B2y 80% s W, A /)N 5 24 L FE il & R=4500 km
B il W, F5e /N 2 S AILRE T 3R AR A AN & Bh LT i
B R,

FEV SR ARACE SN s B 38 W ARG 2 & 3
HUAR H 8 B iR B & ShIL, 76 30 75 AR A R T R
FAEAT 10% | J5T 5 385 01 43 1) R 30% F1 20% 11 2 B 4% 1
T 5T RALALRR S B 2 /D, [ 3l R ARG 2 & shAlL
AH LGRS R B & S LR A DL, R R RN BT 5t w7, %F

W R 2 B

A AT I

(D WURE K, S N AR IR 28 & shAILAH Eb B
Fid & SIHLAG DL B I i

(2B 19 305 AR A1 B & sh LA H i B0 Bt % 3l
PUAESKACIRZS T BUAETH R AR 109 , Q2R 51 2 15 ik
2| 30% , W) A T 75 8 1 3500 km B, A REAR B [ 58 17
A B0 e s AL P R O A5 an SR o o 48 42 ) AE

x/
16 — /{ /.
[ ]
| /
/e
| ./
15 / /°/
W, 130% .
o
o /.
o o
14 .,'
'l
b
13 o
3
e
S ol
& ad
= a
/
/éo
4
11 /‘/’
10 - /
E ——— iGN AR R AL
9 —a—— LI & L
T 7 T J T T T
3000 4000 5000 6000

R/km

(a) RX#WE,,FIY‘]EZWEJ



20 it == g Hl 9547 %
5—
17 7
0 )]
16 -
iy sy
15 - -10
E [
-15
14
-20 - /
& 13 g .
= Y @
= 25
12 1
-30 /
1 [ J
1 s K
- .’./ —40 —
10 ﬁ ® —B— R=3500km, L/D=105
(Y
1 ¢ ﬂ’ﬁﬁ?ﬁﬂﬂzd}m —@— R=4500 km, L/D=10.5
—a—— LR R L —45 7
97 —J— R=3500 km, L/D=11.0
T T T T T T T -50 — 7
3000 4000 5000 6000 20 -15 -10 -5 0
7R/km I..1%
ney
(b) WX W, B3 (a) Ly, . X5 W52 )
B2 MmiERMERE W LI W, B0
0 @

20% , WAL AR TE 3000 km DL BRI RT R BE A 18 R AR 96 28
KL PERE L3
2.2 M AFIE2#TIEN

s RAILA B s =51, CHLIK i B V,=850
km/h, W55 CAHLZEAS R FHBH LG L/D FBLAR R 5544 F
F 38 I AR 21 & shAILAH EL i B i Bt & sh LRI AN TR
FEIHRAT, AL 4 BRI AE R A AR ROR $i
FHE . CHLZ E S SCRR[IS1E T 1158, 20 R 2L
il (7)) A S a  E R A, TR 5
B A 55 o) 2 ) AR O FUR TR R . [
FEAR L CAILR T 4350 B T3t , 38T =5 B2 11 km,
AT ED BRECH 0.8 IEATAEIM S L, XA TH AR T
W AR AR ., 22 W S 2 A5 R AN B 3 T/ o

AT

(1) F 38 N ARG 2 A& AL L8 FLI B & s,
TERETH R BRI, HXE ALK T 74 #E o Ak 5%
FRR IR P 5 R A CMLTHBH L AR G, KL R
A THBH ECAR /I FE T FR R ATt Sfe (A IAC £ B B 2

(2) ZERCATATFE R=3500 km, L/D=10.5 i}, {2 {4
T2 0 AR A B 2 SIAIL AR A RE T A LL R i B & Bl
HLAGREAS 10% , AT fdt CHLER T I FE T & 80> 29 19%,
AR BRI = 24 24%

(3)ZEIR LA FE R=4500 km, L/D=10.5 I}, {15

60 —

20

10 —M— R=3500 km, L/D=105 \

—$— R=35 =11.
Y- R=3500 km, L/D=11.0 )

e \:\

] —@— R=4500 km, L/D=10.5

T T T T T T T T T
-20 -15 -10 -5 0
L..1%

(b) L. % m,.., (K50
B3 AR L, IR WH ), B0
TN AT B R SN AL R S AL RE T AR LU H R I B K B
HLAGREAR 10% , AT ff CHLER T I #E 29> 24 24%, &
BRI RS = 2 30%

3 #it

ARSCIFIE T 2B VR4 H A 10 2 716 B & sh AL YE fE
PLHBITTERTSE . 55 1 PP I7 7R L R sh AL R EAL



55 2 1) R A5 - P MR IR A S LV REDL ST 4 7 12 21

R FE B Z A A B E 5 28 2 75 LRI
T FE I I AA N AN FARA, S m 1 AT
éél:illf\,:

(DPEREPFO T4 1 BEHIE T F @ N A2 3 K 5
PURE I AR FEARAT AR A DL 3, 7% 18 T K shpLIse i 3
A7 R 1 95 B, DA A A A A, BRI K ShBLFE
TR AL, T R R] B A Sl AL 1 A 22
SO N il = N E B VR (VB2 Vo) WA R0 K e AR N L)
KM AR A BEAR BT T

() PEREPEH T35 2 A5 16 1 G W ARG 3 % 3l
BB R B R R AL H , AR5 1 K s Lo B ity
iy B AR T TR . 2R TR
SHLFEIN R R R AL L2 7 R BB, &l
GRS TN IR R A= A RS R C W | B2
PEICHR M H Az BIHURE AN LB FE RS2 o TR 2
TE R SRR AR BRI A T e URIRRAT 55 15, Rl
AL RTINS AL G B HE T BN T4
Sk

[1] Robert O B. Design and development of aircraft propulsion engine[M].
Reston: American Institute of Aeronautics and Astronautics, 1989: 16—
21.

[2] Paul W H, Pratt W.Fighter aircraft/propulsion integration[R]. ATAA—
1986-2658.

[3] XVLLHE .GE 23 vl A6 0 K ShHLRG K JE (). it s & 3hAL, 2015, 41(2) :
93-98.

LIU Hongxia. Development of variable cycle engine in GE[J]. Aeroen-
gine,2015,41(2):93-98.(in Chinese)

[4] BLLM, B 5 4%, XG50, 45 BT ISIGHT (78 & 0 & sh ALk e A
AL FUR B i, 2012(2) :217-218.

HUANG Hongchao, WANG Zhanxue, LIU Zengwen, et al. A numerical
simulation system of the variable cycle engines[J].Machinery Design &

Manufacture,2012(2) :217-218. (in Chinese)

(5177 B4 ASEER R S AR A AR S 9T, 2004(8) : 1-5.
FANG Changde. Variable cycle engine[J].Gas Turbine Experiment and
Research,2004(8) : 1-5.(in Chinese)

[6] e A , Fh 2 ARAEER Az ShHLXT BT 55 RE 52 i TS,
fiias K EHHL,2017,43(1) :48-52.

NIE Yongbin, SUN dong. Investigation on influence of variety cycle en-
gine on fighter mission performance[J]. Aeroengine, 2017,43 (1) : 48—
52.(in Chinese )

(7] B S AR 908 PR A S AL 2328 B LR e i 4 3 3 (0. 1R Bl 25, 2012
(10) :37-40.

HU Xiaoyu.Variable cycle engine classification and the driving force of
its debelopment[]]. International Aviation, 2012(10) : 37-40. (in Chi-
nese)

(8] A . 3¢ [ [ 38 7 & SO 52t JRE ). R PRAfi S L 2015(3) : 53-55.
YAN Wuying.Research progress of adaptive engine in USA []J]. Interna-
tional Aviation,2015(3):53-55. (in Chinese)

(9] A5k, B4R ATs AR ER 5 I A B0 S AILEA K R (). i s ) 3
$R,2014(1) :54-57.

LI Bin, ZHAO Chengwei. Development of variable cycle engine and
adaptive cycle engine technology|J]. Aeronautical Manufacturing Tech-
nology,2014(1) :54-57. (in Chinese)
[10] FAUTES , A . G A 30 & S LIS 08 e 55 8 7R [, s 4
F#L,2017,43(1):95-102.
SUN Mingxia, LIANG Chunhua. Progress and revelation of US adap-
tive cycle engine development[J]. Aeroengine, 2017, 43 (1):95-102.
(in Chinese)

[11] Sosunov B A, Chepkin B M.The principle, calcuation and design of
aeroengine and power unit{M]. Moscow: Moscow State Aviation Insti-
tute ,2003:416-427.

[12] Walsh P P, Fletcher P.Gas turbine performance[M].2nd ed. Mumbai:
Thomson Press I Ltd,2003:31-36.

[13] Mattingly J D. Easy method of matching fighter engine to airframe for

use in aircraft engine design courses|R].ATAA-1989-2260.

[14] Diedrich A, Hileman J, Tan D, et al. Multidisciplinary design and op-

timization of the silent aircraft{R].ATAA-2006—-1323.

[15] Mattingly J D, Heiser W H, Pratt D T. Aircraft engine design[M].Res-

ton: ATAA, 2002:55-72.

(G- X1 )



