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Abstract: To improve the flight performance of advanced multirole fighter, with adaptive cycle engine as
the research object, a multi—objective optimization model which is composed of multi-role fighter aircraft / adap-
tive cycle engine performance model was established. Based on the constraint analysis and mission analysis of the
advanced multi-purpose fighter, the performance constraint condition and multi—segment optimization target of
the adaptive cycle engine are determined. The improved multi—objective comprehensive particle swarm optimiza-
tion (PSO) algorithm is used to match the design parameters of the engine. The optimized computation of the ad-
justment rules of geometry—variable parts under the different non—design point is conducted. The comparison of
the calculated results shows that the optimized adaptive cycle engine reduces the total fuel consumption by 9.5%
compared with the reference state, the thrust increased by 9.6% in the supersonic combat state, and the aircraft’s
range and operational performance are improved significantly. The analysis method for multi-role fighter aircraft /
adaptive cycle engine integrated analysis provides a reference.
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Fig.1 Structure and section number diagram of ACE
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Fig. 2 Variable geometry fan characteristics
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Table 1 Comparison of calculation results with GE21J11B4’s data™’ (take-off and supersonic cruise conditions)

Engine inlet corrected flow/(kg/s)
Flight condition

Installed thrust/kN

Installed thrust specific fuel
consumption/(kg/(N -h))

Reference Result Comparison  Reference Result Comparison  Reference Result Comparison
Take—off 381 381 0 201.63 201.82 0.1% — — —
Supersonic cruise 179 181 1.1% 55.4 55.66 0.47% 0.1437 0.1453 1.1%
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Table 2 Mission profiles of advanced multirole fighters

Phase Flight segment Description
1 1-2A:Warm-up t,=60s for warm—up, without using afterburner
2 1-2B:Take—off acceleration Accelerate from static to take—off speed V,, = ko V), with using afterburner
3 1-2C:Take—off ground roll Wheel lift until 7,=3s, with using afterburner
4 2-3A:Horizontal acceleration H=609.6m , accelerate from take—off speed V,,to climb speed Ma,=0.7, without using afterburner
5 2-3B:Climb and acceleration Climb and accelerate from H=609.6m, Ma,=0.7 to H=11km,Ma,=0.9, without using afterburner
6 3-4:Subsonic cruise H=11km, Ma,=0.9, cruising range R,=277.8km, without using afterburner
7 5-6:Combat air patrol H=10km, Ma,=0.68, patrol time ¢,=20min, without using afterburner
8 6—7A:Horizontal acceleration H=10km, accelerate from Ma,=0.68 to Ma,=1.5, with using afterburner
9 6-7B:Supersonic penetration H=10km, Ma,=1.5, cruising range R,=185.2km, without using afterburner
10 7-8A:Fire Ammunition consumption W, ,=500kg
11 7-8B:Supersonic combat turn H=9144m, Ma,=1.5, number of turn N=1, overload factor n,=5g, with using afterburner
12 7-8C:Subsonic combat turn H=9144m, Ma,=0.9, number of turn N=2, overload factor n,=5g, with using afterburner
13 7-8D:Horizontal acceleration H=9144m, accelerate from Ma,=0.8 to Ma,=1.5, with using afterburner
14 7-8E:Fire Ammunition consumption W, ,=298kg
15 8-9B:Escape dash H=10km, Ma,=1.5, cruising range R ;=46.3km, without using afterburner
16 9-10:Constant energy height Motorized from H=10km, Ma,=1.5 to H=11km, Ma,=0.9, without using afterburner
maneuver
17 10-11:Subsonic cruise H=11km, Ma,=0.9, cruise range R,=277.8km, without using afterburner
18 12-13:Loiter H=3048m, Ma,=0.4, loiter time ¢,,=20min, without using afterburner
Table 3 Constraint conditions of advanced multirole fighters at take-off and landing
Phase Flight segment Description
Take—off ground roll distance L, < 457.2m, H=609.6m, coefficient of frictional resistance
1 Take—off © = 0.05, maximum lift coefficient C,,, = 2.0, additional resistance coefficient C,,; = 0.0695, take—
off speed ratio k = 1.2, wheel lift until ¢, = 3s, without obstacles, with using afterburner
Land distance L., < 457.2m, H=609.6m, coefficient of frictional resistance u = 0.18, maximum lift
2 Land coefficient €, = 2.0, additional resistance coefficient C; = 0.7526, land speed ratio k, = 1.15,

brake system reaction time ¢, = 3s, without obstacles, without reversing thrust
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Table 4 Optimization variables and reference values of

ACE
Variable Upperlimit  Lower limit  Baseline value State
Bk 0.5 0.1765 0.2 Design
T pane 2.5 1.1 2 Design
By, 0.3 0.1 0.1 Design
Tt 45 2 3.5 Design
B o 1.0 0.05 0.164 Design
T cors 1.85 1.05 12 Design
T ype 7 5 6 Design
T, /K 1950 1700 1922 Design
0,,/(°) 50 0 0 Off-design
0,,/(°) 45 0 40 Off-design
AA, % 50 -50 0 Off-design
AA /% 50 -50 0 Off-design
A% 130 70 100 Off-design
Agm’ 0.26 0.33 0.28 Off-design

Table 5 Optimization constraints of ACE

Variable Upper limit Lower limit State
T o 30 Design
By / 0.2 Design
TJ/K 950 Design/Off-design
Ry / 0 Design/Off-design
Sy, ank / 10 Off—design
St Fan / 10 Off-design
Sy cors / 10 Off-design
S, e / 10 Off-design
TJ/K 2000 / Off-design
F. kN Flight resistance Off—design

requirement
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Fig. 6 Result of constraint analysis

Table 6 Flight drag at several segments

. Flight ACE minimum
Flight segment

drag/kN drag/kN
Subsonic cruise 332 16.60
Combat air patrol 27.6 13.80
Transonic acceleration 43.7 21.85
Supersonic penetration and escape 102.3 51.15
Supersonic combat turn 241.3 120.65
Subsonic combat turn 163.5 81.75
Loiter 20.5 10.25
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Fig.7 Fuel consumption at each flight segment
Table 7 Optimization objects and results at different flight segments for ACE
Aim F,../kN sfe.,/ (kg/ (kN-h)) sfe, ! (kg/ (kN-h)) sfe, ! (kg/ (kN-h)) sfe, ! (kg/ (kN-h)) F, .. /kN
Seg  Take—off roll Subsonic cruise Combat air patrol Supersonic cruise Loiter Supersonic combat turn
Ini 154.94 98.92 93.23 123.40 93.29 124.83
138.90 91.85 82.35 115.69 84.40 120.12
145.19 93.12 84.09 117.83 86.74 133.89
149.04 93.75 84.66 119.00 87.28 135.47
150.89 94.59 85.57 118.37 87.79 135.49
151.67 95.03 86.20 119.18 91.93 138.04
Opt
152.45 96.72 87.34 121.11 88.56 136.28
154.43 97.13 87.88 122.08 89.91 137.61
157.29 96.93 90.02 120.38 91.34 133.87
156.52 97.97 89.48 122.14 90.69 133.70
159.01 97.79 90.87 123.04 92.58 139.76
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Table 8 An optimum proposal of ACE (design point)

Design value BH.AI\IC B}xu. Buws T prAbE T fan T cors T e T‘_,,/K
Baseline value 0.1822 0.1532 1.0574 2.2921 4.1424 1.0574 6.0000 1818.7
Table 9 Variable geometry components position of the optimum proposal at off-design point
Flight segment 0,,/(°) 0,/ (%) AA ;1% AA 1% AA 1% Ag/m?
Subsonic cruise 14.6 34.6 99.8 9.12 10.60 0.2927
Combat air patrol 17.2 32.8 100 1.82 3.04 0.3158
Supersonic cruise / 29.8 101.9 -0.07 6.35 0.2761

Loiter 24.74 33.1 100 1.84 6.16 0.2950
Supersonic combat turn / 30.9 102.2 2.62 6.84 0.2827
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