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Fig.1 Schematic diagram of main components of adaptive

cycle engine with three outer culvert and tip fan

Table 1 Main components of adaptive cycle engine with

three outer culvert and tip fan

Component Legend Name

a Fan on blade
b Fan

Compression
¢ Core driven fan stage
d High pressure compressor
e Third bypass

Bypass f Second bypass

g First bypass

Variable area h Front variable area bypass injector

bypass injector i Rear variable area bypass injector

j High pressure turbine
Turbine

k Low pressure turbine

1 Bypass nozzle
Nozzle

m Main nozzle

n Main chamber

Combustor
0 Afterburner
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Table 2 Four working modes of adaptive cycle engines Start
Mode First bypass Second bypass Third bypass
M1 Open Close Close / Working condition input /
M13 Open Close Open l’
M2 Open Open Close | Initial steady point calculations
M3 Open Open Open ]
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2 2 ﬁ FT’E%&E’JM.LIE:U ]‘iﬁﬁ#ﬁﬁ! |7 ****** + ****** 1
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’ »( End

Fig.2 Calculation process of the simulation model
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Fig. 3 Transition state performance calculation process
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Fig. 4 Schematic diagram of adaptive cycle engine mode

switching
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Table 3 Performance parameters of different steady-state points in equal rotating speed variation rate of subsonic cruise

Parameter M1 M2 M3 M13
Relative speed of low pressure rotor 0.6 1.0 1.0 1.0
Fan on blade variable stator vane angle Byqy 1.0./(") -85 85 0 0
Core driven fan stage variable stator vane angle Byqy ¢pps/( ") =30 =30 =30 0
High pressure compressor variable stator vane angle Byqy ype/(*) =20 =20 =20 0
Front variable area of bypass injector A,, 1 1 1 1
Rear variable area of bypass injector A, 1 1 1 0.25
Area of high pressure turbine variable area nozzle Ay, ypr 1 1 1 1
Area of low pressure turbine variable area nozzle Ay, |1 1 1 1 1.1
Nozzle throat section area A 1 1 1 1
Thrust/N 7433 22208 27 883 29 369
Total air flow/(kg/s) 86.18 131.75 176.78 176.81
Rate of thrust change/% 199 275 295
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Fig.5 Fuel consumption law and thrust of deceleration

transition process of mode M1"”
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Fig. 6 Schematic diagram of rapid thrust change transition

process
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Table 4 Key parameters of the transition process of rapid

thrust increase

Parameter Value
Height/km 11

Flight Mach number 0.8

Time step/s 0.02

Inertia of low pressure rotor/(kg+m?) 7.0
Design speed of low pressure rotor/(r/min) 9170

Inertia of high pressure rotor/(kg+m?) 6.0
Design speed of high pressure rotor/(r/min) 15 000

Afterburner working condition No

Relative physical speed of initial low pressure rotor 0.6

Relative physical speed of final low pressure rotor 1.0
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Table S Adjustable geometric adjustment of transition process of rapid thrust increase

Time/s 0 3 4.5 6 8
Fan on blade variable stator vane By, p.q./(") -85 -40 -40 -40 0
Core driven fan stage variable stator vane Bygy cprs/( ") =30 -15 -15 -15 0
High pressure compressor variable stator vane Byqy ype/( ) =20 -10 -10 -10 0
Front variable area bypass injector 4, 1 1 0 0 0
Rear variable area bypass injector A, 1 0.25 0.25 0.25 0.25
Area of high pressure turbine variable area nozzle A\ pr 1 1 1 1 1
Area of low pressure turbine variable area nozzle A\ | p 1 1.1 1.1 1.1 1.1
Nozzle throat section area A 1 1 1 1 1
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Fig.7 Schematic diagram of adjustable geometric

adjustment of transition process of rapid thrust increase
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Fig. 8 Fuel consumption law of transition process of rapid

thrust increase and single model acceleration
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Table 6 Performance parameters of transition process of rapid thrust increase and single model acceleration

Scheme Rapid thrust increase Single model acceleration
Thrust . , Temperature Thrust . 7 ) Temperature
Parameter KN Total air flow/( kg/s) before turbine/K KN Total air flow/( ke/s) before turhine/K
Initial value 7.43 86.2 1125 7.45 86.1 1126
Terminate value 29.38 176.8 1638 22.19 131.7 1503
Relative change/% 295.42 105.10 45.60 197.85 52.96 33.48
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Fig. 10 Performance parameters of transition process of rapid thrust increase and single model acceleration

Table 7 Surge margin of transition process of rapid thrust change and single model acceleration (%)

Scheme Rapid thrust increase Single model acceleration
Parameter Fan  Fan driven by core engine  High pressure compressor  Fan  Fan driven by core engine  High pressure compressor

Initial value 55 5 29 55 5 29
Terminate value 36 56 26 34 21 39
Minimum value 18 3 25 34 4 27
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Fig. 11 Surge margin of transition process of rapid thrust increase and single model acceleration
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Preliminary performance research of rapid thrust change
transient process on an adaptive cycle engine

JIANG Yongrui', XU Yihao'?, ZHANG Jiyuan®, DONG Xuezhi', ZHENG Junchao'?, CHEN Min’

(1. Institute for Aero Engine, Tsinghua University, Beijing 100084, China;
2. School of Energy and Power Engineering, Beihang University, Beijing 100191, China;
3. Research Institute of Aero—Engine, Beihang University, Beijing 100191, China)

Abstract: As an advanced power device designed for the future flight platforms, the adaptive cycle engine
is based on the concept of a variable cycle engine and takes into account various factors such as aircraft—engine
integrated design and thermal management to ensure comprehensive performance. This engine drives more vari-
able components to adjust bypass ratio, pressure ratio, gas flow rate and working mode, which can adapt to the
complex requirements of different flight missions and obtain performance optimization in a larger flight envelope.
Based on the adaptive cycle engine performance model and previous performance researches, this paper puts for-
ward a new transient process to realize rapid thrust change via combined the acceleration/deceleration with operat-
ing mode switch transient process and carries out the contrast verification via the performance model. According
to acceleration/deceleration and mode switch control schedule design, the rapid thrust change transient process
performance analysis on typical working condition is carried out and the related control schedule design method
feasibility is verified. Under the subsonic cruise condition, the relative physical speed of low pressure rotor of en-
gine rises up from 0.6 to 1.0 at the minimum angle of the fan on blade of mode M3, leading to the maximum termi-
nation thrust growth of 32.4%. Compared with the single mode acceleration and deceleration transient process,
the thrust variation range is wider, the acceleration time is shorter, and the rotate speed variation range is smaller.

Key words: Adaptive cycle engine; Transition state; Rapid thrust change; Control schedule; Model

switch
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