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Real-Time Performance Smulatijon
of aM ixed-Flow Two-Spool Augnented Turbofan Engine
CHEN-M in, TANG Hai-long, ZHAN G Jing
(Scheol of Jet Propulsion, B eijing U niversity of A eronautics and A stronautics,
Beijing 100083, China)

Abstract: \ Study of\ real-time perfomance smulation of a mixed-flow two-gool
augmented turbofan engine used in a flight simulator was carried out Based on the engine
oontrol lanvs-compoenent matching relationships and experimental data, taking into account
features of-flight smulator, the application of curve fitting, interpolation method, orthogonal
design etc , to engine real time model was investigated A real-time simulation model of a
mixed-flow two-gool augnented turbofan engine w as established with C* " language The
results show that the error of steady state performance is less than 2% and that of the

transient perfomance is less than 5%, and every 4 ms or less the model can complete a
performance calculation

Key words aerogace propulsion systam; flight smulator; aircraft engineg
performance; real-time smulation; mathematical model

. 2004- 04- 21, . 2004- 07- 02
(1979- ),



14 20

@ 1 g SFC 7 ,

, , iz (= qnf/P 1/JTI) N 2z

11

2 1 Ma
’ F,.SFC g 7
, , 12
, ()
’ 121
, 4ms
25ms (71 :
’ ( ,
’ )
, 154
, 0. 86%,
' 0. 74%
122
[2] y
= Gt SFC ,
M a / ( : “ zh" : ),

F, Non  1.01 1.02



1 15
gmin= f (N 20) , F = {Ag[Psf (d) - Po]Vo} (1)
, Omfzh Vo yTo ;
) y A 0 ] P8 , PO
= f1(N 2),
= f2(N 22n), Th fzh
Cm O 1.0 <37=0a //‘
D gnin= f 3 (M), o
0.8 o M=15 -
, ( 2), , A-M>).9 e
0.6 P
Gmizh W /
Lo 0.4 a
0.8h 0.2 y‘//
| N S S
0.6 0.80 084 088 0.92 096 1.00
bS] 1" N,
E -~ 2zh
o 0.4F
-‘r
0.2 S
L 3 Fa=f (N2n)
0.0 L , L , - .
0.80 085 090 095 100 105 Fig 3 Fx=f (N 2n)
Nllh
\ ="1. 33,
1 gon=f (N 2n) , f (%)
Fig 1 gun=f (N 20) [8 10]
f= Gi(",H u, T3 Tes, Tsa)
1or e
0.8 /’ Cp =/G2(Te,f)
0.6 /.r' R = Gs(f) (2
! ;
o> [ ]
04¢ :‘"- K = G4(Cp,R)
0.21
/ f (%) = Gs(K)
0.0t . . .
0.0 02 04/ 0.6 0.8 1.0 1.2 - f ! rl Hu
n, T3 i Tes
; Tea ; Cp 'R
2 omin= f (TH)
Fig 2 ontn=f (TH) ,
123 1.42%,
2.37%
13
3 Ma= 1.9 ,
1 F y
N 2 , N 2
N 2
! N>= N2+ AtCNz/dt
Vo= 20.1‘1 TM N 2 N 2;N 2



16 20
N 2 oN 2/dt N 2 ai, az, as, a4 © At= aiaraszasts (At
N 2 ,oN 2/ ;b , 759 4
dt H 1 1
[2]
’ ’ y 1
, oN 2/dt Ny .y
131 N2 L
N 2 N 2 a
H N 2 3 RJ
N “ 1y, IL;, OL;” “ 1y, II;, OL;”
2
Ri=Max(I;, II;, 1) - Min(T1;, II;, III;)
M a ai
132 '
az as y
N2 M a a4
M a
98%
)
1
Tablel —~Acceleration_time analysis
H /km M'a /() /(¢/9) /s
1 0.5 25 7 1.5
2 1.8 40 35 1.75
3 1.0 50 56 3
4 10 0.5 40 56 3
5 10 1.8 50 7 4.25
6 10 1.0 25 35 1.5
7 12 0.5 50 35 3
8 12 1.8 25 56 2
9 12 1.0 40 7 3.75
I 6.25 7.5 5 9.5
II; 8.75 8 8.5 6.25
t= 23.75
111; 8.75 8.25 10. 25 8
Rj 2.5 0.75 5.25 3.25
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Table 2 Sguare deviation of the steady model
gi/%  SFC/% F/%
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