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Abstract: In view of the effects of the selection of the engine control law on the integrated fighter / aero—en-
gine performance, the optimization design method of the engine control law based on the integrated fighter / aero—
engine performance was carried out. Based on the typical advanced fighter flight mission, the integrated fighter /
aero—engine performance design is carried out, and constraint analysis and mission analysis were conducted. Tak-
ing the lowest total takeoff weight as the optimization target, the optimal fighter / aero—engine were obtained. The
rationality of the design method was verified. The effects of different throttle ratios and different control laws on in-
tegrated fighter / aero—engine performance design were respectively studied by using the method of integrated
fighter / aero—engine performance. The results show that reasonable aero—engine control law under maximum con-
dition and reasonable aero—engine throttle ratio can effectively expand the constraint feasible region and reduce
the fuel consumption of engine and the total take—off weight of aircraft in the integrated fighter / aero—engine per-
formance.
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Fig. 2 Constraint analysis preliminary calculation results
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Table 1 Typical mission profile of four-generation fighter!"

Mission phases Segments Condition
=2 Warm-up and takeoff 'l‘akeof‘?[:tnsr::;li[l)efgf ;VTlLI Ef(lcvav:;)ruming
2-3 Acceleration and climb Minimum time—to—climb path, mil power
3-4 Subsonic cruise climb Total distance(2-4) 278km, mil power
4-5 Descend Descend to 9144m
5-6 Combat air patrol Patrol 20min at 9144m, mil power
67 Supersonic penetration Accelerate to Ma=1.5 with afterhuming., and :%upersuni(: penetration at Ma=1.5,
max power. Total flight distance 185km
Flight at 9144m; Ma=1.6,5g, one 360° sustained turn with afterburning; Ma=0.9,
7-8 Conbat Sg,two 360° sustained turn with afterburning; Accelerate from Ma=0.8 to Ma=1.6
and fire ammunition
8-9 Escape dash Flight at 9144m,Ma=1.5; Flight distance 46km , max power
9-10 Cimb Minimun time climb to BCM , max power
10-11 Subsonic cruise climb Flight distance 278km, max power
11-12 Descend Descend to 3048m
12-13 Loiter Loiter 20min at 3048m
13-14 Descend and land Land at sea-level

Table 2 Performance constraints of fighter on main flight
path[lz]

Constraint type Performance requirement

Take off Takeoff distance <460m

Climb Max climb ratio>145m/s at Ma=0.8
Flight Ma>1.5 at 9144m

Supersonic penetration

n>5g at 9144m,Ma=1.6

Supersonic turn

Acceleration time<50s,Ma=0.8~1.6, at
9144m

Acceleration

Land Land distance<460m

Max Mach number Max Ma number >1.8 at 12.2km
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Table 3 Selection range of engine design point cycle
parameter
Design parameter Values
W,/ (kgls) 120
T 22 ~28
B 0.2~0.35
r,/K 1900 ~ 2000
TR 1.07
T, /K 2200 ~ 2300
Mr 0.84
Mup 0.85
Ty 0.95
N 0.99
Mur 0.90
Ny 0.89
O wix 0.98
T 0.95
N 0.95
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Table 5 Aircraft design results

AN RHLIEARE LS50, VL3 mHE AE KL/ Aircraft geometry parameter F-22 value
K SHLIEBE — AL 0 28 Bt i S AR B B T Sy/m? 77 78.04
— YL AR R B, R SE LA BT SRS U A FTR Ay 2 2.15
HIl L A 42 BEEHE RS AL B R e 40 Y . AR Wing span [/ m 12.49 13.56
BRI L B K B 1, LB R K 15 KL R Aol (%) 42.5 42
JUf ZHOM CHLTHBEL R o WL A SR T LA 2 5K A 0-175 0.169
U AR 4 TR . Ly/m 18.85 18.92
Table 4 Selection range of basic airfoil geometry Table 6 Engine design results
Basic airfoil geometry parameter Range Engine design parameter F-119 value
S, /m> 70 ~ 80 W,/ (kels) 120 120
Ay 2.3 T 28 26
Aol (%) 40 ~ 50 b 0-33 0-25
Ty 4 3.4
A 0.15~0.25
T,/K 1900 1950
L e . ‘ L . T;/K 2300 2200 ~ 2300
XF ke SALEAT e IO S FIN IR S 42 RAT L2 - o5 B

RO, 8 IR AT 20 3000 BT RAT: 55 9 7 i AR 48 & 20 BIL AN
KAL) R RS AT (T BB A R
FE BB CAIL T RE 2 R AR R HLR R A
AN RS R AN 3, N AT LR R A BT
IR RALR CAHEE T /W, I R W, 1S TE
FE LY AT AT SN BE A5 T R TR BL I T AT 5 A X M e
ML R EK

—— Takeoff —— Horizontal acceleration
—— Constant speed climb —— Constant altitude/speed turn
—— Supersonic cruise —— Max flight Mach number
—— Landing —— Design point
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Fig. 3 Constraint analysis results of the final design
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Table 7 The max control law of engine

Inlet temperature of engine Control law

T,<288.15K n,., = const, Ay = const

288.15K<T,<309.15K

n, = const, A; = const

7,>309.15K

e e _
T, =T,,..As = const

PEPETT WL 1.03, 1.05, 1.07 F1 1.08 1 K i &0k
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BLHEAT R/ & — R AR 24 353 7 FIUAE 55 43 BT, 29 5 3 B
iR NE 4 AE S5 g Rk 8.

& 8 N AN A 9 I b K AL K B ML R — R R AT 55



2666 ot R 20184F

—— Takeoff . ——Horizontal acceleration —— Takeoff —— Horizontal acceleration
—— Constant _speed_ climb—— Constant altitude/speed turn —— Constant _speed_ climb —— Constant altltude/speed turn
—— Supersonic cruise  —— Max flight Mach number —— Supersonic cruise ~ —— Max flight Mach number
—— Landing —+— Design point —— Landing —— Design point
28 261
26F C
24F 22F
22F o
20F [
OF 1.8F
§§ 1.8 C §9 E
1.6 F F
S L S 14f
o l4r & r
12+ F
10F 1.0
0.8F C
04 =
0,2_|IIIIIIIIIIIIIIIIIIIII 02_|l|l|l|l|l|l|l|l|l|l|l
50 100 150 200 250 300 350 400 450 500 550 600 50 100 150 200 250 300 350 400 450 500 550 600
W, /S(kg/m?) W, /S/(kg/m?)
(a) TR=1.03 (b) TR=1.05
—— Takeoff —— Horizontal lerati —— Takeoff ) —— Horizontal acceleration
—— Constant speed climb Cgqulsztggtaal%%ﬁfieers%égg turn —— Constant speed climb —— Constant altitude/speed turn
—— Supersonic cruise —— Max flight Mach number —— Supersonic cruise —— Max flight Mach number
—— Landing —«— Design point —— Landing —«— Design point
26 26
22f 22F
1.8F _18F
) . A C
= 4 S 14f
&5 L & L
L * F *
10F 10F
06F \ 06 \
O.2r|||||||||||||||||||||| O-2r|||I|I|I|||||||I|I|I||
50 100 150 200 250 300 350 400 450 500 550 600 50 100 150 200 250 300 350 400 450 500 550 600
W, /Sl(kg/m?) W, /SI(kg/m?)
(¢) TR=1.07 (d) TR=1.08
Fig. 4 Result of constraint analysis with different throttle ratio
Table 8 Mission analysis comparison with different throttle ratio
Mission i—j TR=1.03 TR=1.05 TR=1.07 TR=1.08
1-2 Warm-up 1 1 1 1
1-2 Takeoff acceleration 0.986857 0.986863 0.986869 0.986873
1-2 Takeoff rotation 0.982168 0.982175 0.98218 0.982183
2-3 Horizontal acceleration 0.98033 0.980338 0.980344 0.980348
2-3 Acceleration climb 0.971919 0.971926 0.971933 0.971938
3—-4 Subsonic cruise 0.947423 0.947484 0.947517 0.947536
4-5 Descend 0.91746 0.917519 0.917551 0.917569
5-6 Air patrol 0.91746 0.917519 0.917551 0.917569
6-7 Horizontal acceleration 0.883361 0.883416 0.883445 0.883461
67 Supersonic penetration 0.858537 0.858608 0.858656 0.858684
7-8 Combat 0.787954 0.786866 0.786079 0.785707
7-8 Turn 1 0.729825 0.72876 0.728001 0.727648
7-8 Turn 2 0.69783 0.697695 0.697807 0.697855
7-8 Horizontal acceleration 0.681949 0.68181 0.681899 0.681934
8-9 Supersonic penetration 0.661773 0.661878 0.662047 0.662118
9-10 Minimum time climb 0.641939 0.641709 0.641635 0.641589
10—11 Subsonic cruise climb 0.639059 0.638818 0.638741 0.638694
11-12 Descend 0.615057 0.614824 0.61475 0.614705
12-13 Loiter 0.615057 0.614824 0.61475 0.614705
13-14 Descend and land 0.591872 0.591648 0.591577 0.591533

Total takeoff weight/kg 24084 24094 24105 24113
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42 EHNERKKREESINELL

FEXTRALE B LM BE— R Ak i it & B LR K
RSB A BT AT I, R R S AL I T
H1.05. & BIHLR FH LA AT I8 B f AR A 2 il LA
MIPRAE R T, = const (IFEHI L . T RITES

T O RO B 249 PR 32 B A B AR AE Okm = B
A% B AT R B Okm, Eh AR AR 1.3 ~ 1.6 X 1 14 & B L
SR T, R B O A R A5 4 i AR A L B Y
ML R 1~ 4 X TS, B oA 309.15K,
320.15K,335.15K Fl1 347.15K . & 31 U A dx KR 25 45
LA AN 9 TR o

Table 9 Design result of engine control law

Inlet temperature of engine Control law

T,<288.15K

n,, = const, Ay = const
n, = const, A; = const

288.15K<T,<T,,

T,>T,, T =T, Ay = const

210 M A [F] 45 B0 A AL/ & s HLME fiE— 1A ik
B4 b ah B IR AT LA 76 A H I8 B % 3h
ML S B 2 50 3 I B0 R, 2R U Fh i K
RS AL A 2 AL R Sh L fE— AR AT 55
B, 1A 2] LA &R EE N R B /MK IR R 5 il R
AL, A 2, P R 3 R A 4, X
T Bl & 45 A SR T B, & S LR T R
G, CHLAER © R E R, H T A ORI B 4 i
TR AL B Okm, ThAREL 1.3 ~ 1.6 AT 55 B, X A
b T B 49K il T RE A O A R R AR B, PR R )
S EE 1 A8 A 3 o R O A 1) 24 SR BE R T T

Table 10 Mission analysis comparison with different control law

Mission i—j Control law 1

Control law 2

Control law 3 Control law 4

1-2 Warm-up 1
1-2 Takeoff acceleration 0.986863
1-2 Takeoff rotation 0.982175
2-3 Horizontal acceleration 0.980338
2-3 Acceleration climb 0.971926
3—4 Subsonic cruise 0.947484
4-5 Descend 0.917519
5-6 Air patrol 0.917519
6-7 Horizontal acceleration 0.883416
6-7 Supersonic penetration 0.858608
7-8 Combat 0.786866
7-8 Turn 1 0.72876
7-8 Turn 2 0.697695
7-8 Horizontal acceleration 0.68181
89 Supersonic penetration 0.661878
9-10 Minimum time climb 0.641709
10-11 Subsonic cruise climb 0.638818
11-12 Descend 0.614824
12-13 Loiter 0.614824
13-14 Descend and land 0.591648

Total takeoff weight/kg 24094

1 1 1

0.986851 0.98685 0.986843
0.982163 0.982162 0.982157
0.980325 0.980323 0.980318
0.97191 0.97191 0.971903
0.9474 0.94739 0.947367
0.917438 0.917428 0.917406
0.917438 0.917428 0.917406
0.883342 0.883332 0.883313
0.858497 0.858484 0.858446
0.787268 0.787305 0.787396
0.729108 0.729141 0.729205
0.69813 0.698179 0.698242
0.682246 0.682294 0.682367
0.662051 0.662048 0.662085
0.642031 0.642043 0.642117
0.639148 0.639162 0.639236
0.615142 0.615156 0.615227
0.615142 0.615156 0.615227
0.591955 0.591968 0.592036

24071 24069 24058
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(d) Control law 4
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Fig. 5 Result of constraint analysis with different control law
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