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Abstract: In order to realize the virtual predictive flight test of military turboshaft engines under installed
condition, the steady—state performance calculation model of turboshaft engine was constructed by solving the
least square solution of overdetermined nonlinear equations with penalty function method, using regression analy-
sis to fit the curve of the component characteristics coupling factors, and optimizing the baseline steady state
model. Then considering the volume effect, rotor dynamics of rotating parts, and heat transfer effect of high tem-
perature parts, the component—based transient performance model of the turboshaft engine was developed, with
the support of the acceleration and deceleration experimental data. This model was used to simulate the steady
state and transient state under some engine working conditions in the flight envelope. Compared with the real in-
stalled test results, the results show that the steady—state prediction accuracy of engine parameters is less than
4.2% and the transition state prediction accuracy is less than 9.2%. The model can meet the technical require-
ments of virtual predictive flight test, and plays an important role in the design, experimental and service of tur-
boshaft engines.

Key words: Turboshaft engine; Flight experimental data; Acceleration and deceleration; Component—

based model; Model modification

* IRSEEA: 2020-01-12; EITHHE: 2020-04-07.
BIREE: ok ¥, ML, LRI, SFRaECh T RSl Re R
SIRMEs: ok W 2w, BIRIL ST R A Bl A S LPE REEEEOR [T ] HEUEROAR, 2021, 42(10) :2177-2186.
(ZHANG Hao, LI Mi, ZHAO Hai—gang. Performance Modeling Technique of Turboshaft Engine Based on Flight
Experimental DatalJ]. Journal of Propulsion Technology, 2021, 42(10):2177-2186.)



2178 ot

/N 2021 4F

1 35

BT i Bt e I LA 32 B TR g R M A
1 RATIRES S T A 3 M 0T 5 ik 26 77 BR A iR &
R T B8 b e S LR A AV BN ) TARRE T, W]
DA 3 o fE 400 B R AR T B S B . AR AR S A
DL 5 53k A Al v i A sh LR RE I 23 51 ABRIR
220 o TR Tl e S LIE SR FH 20 0 3 e A
F8 38 5 LAY, I 3k R I A R R A A A R T B
FRRLZR AT o 35 BERE T Bl A 3l AL K2 8500 07 T3l K
DAL, 4 2 TH BR AN AL S 1S 0 352 2 , DT AR O i T e
i %z s WL S22 BILPE BE B0 1A R

FLRI e Bl sl ALY 1 R R R D7 i 2 A 2K
— 2 TR, R R AR T ik
FENT R BMLR A S R T R R M 38 o SR A
PRIL R AR R, S8 U HLBE R G R e o B — 3%
J7 1 BE B e B AL AY A [R) A AR TG ik AR G
6 rh R DU B S H () I sk = 9 R Al T
b TET 6 AR A A 4SS TR AR AT P A P R e 23
AEBERIRZE . TR TT R AR M R A A S B K
A7 PR REAT A B R IR 22, X iy T 108 b e s LA HL
Z BV ETHHLIESE T e BEHE B R B TR R
WO Z s MR R A T AR L, R g E
TRALIERE AT E o A SCIUR IS —2R071k 455
& IE VAR LR AL RE AL R B RO . 285 ik
TR 1B TE S R FR AT R Y RE 68 1 46 4 T Y AR
U B BB A 2 M A R B AT R
52 A% R BT 25 F R B9 sl ALK 25 T BE A7 AE 1 K
W % AT IR B R R X

TE & S HLEE RUAE IE 5 56 TR D7 T, 15 N Ah 2 2 1
T B AR N A T A A R L3 O 3 4
A IR X 28 TARALR F AR ML AR T 8 5 28/ =
B, AT PR AR . AT 32 B A S
S M R A T AR LIS, a0 AT b Uy XU
B R RS G A RAN B E R L B THL
R WL AR GV IR] AR I A B4R 8l AR AR oK L B3
ek AR | R B B BT 1) A8 AL A N L B2 TR 3R T G A8 OE
PR B2 9 M P O K T AR AL

LY B A sl BRI R 22 0 T AR A M RE B F
G T WA TSRS BN R B D Sk
[ 14 75 i T A8 A 25 M 8000 A e 5 B PR 7 o 9 2 i
R = AR B R 20 T AL X — A SCHk [ 15
W B2 T AL B T A S AL e R 4 5
S TAE A W WS R R G R

il

B2 SRR BRBE P, B AT — 5 R TR B A BE e
Jz Wl 3 9 2R AR L DATIT X DA DR SIE 3 988 25 A Y 4 3 5
L

AR S T i Al A S LK TR R 1 4 o
BT B IE , 255 25 DB A AL 5% 1 1A L A1
PESE R, A A LS RAT AR T b A S LA
AT PSR o LU R 58 3 TR AT IR 45 R 1P A
77 3, i b e g HLTE REITAl L s E A P A 3
560 e UM IR 7St WL gt B A LR i a2 W A T T 4
PR Y ST %

2 ARMERITERZE

2.1 WRIFH

TF 5% 6 2 Sy [ 7= 58 Y 22 8 A & sh L, & shdL
AR PR 3 FE R UE 2O 4 B AR G — S
DR A RS E R b S A
BRI G AR H Bh IR A AL, R
W TR . %R & S LT SRR A O 2L R
AR H R OR IR T IR AL O, 3 i R
JH A 2 4 o

Station|1 2 24 331 41 4445 49 9

Power
turbine

Combustor
Compressor Gas
generator

Fig. 1 Section number diagram of turboshaft engine
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Table 1 Maximum steady state relative error

on the ground and in flight (%)

Condition W Q.. Tis.on Pa3 e
Ground 1.6 1.1 1.4 2.2
1km 1.9 2.3 1.4 2.1
2km 2.6 1.8 1.3 2.8
3km 2.7 3.5 0.9 3.3
4km 2.7 3.8 1.9 25
Skm 3.6 3.9 1.9 3.6
6km 3.5 4.2 1.1 2.2
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Table 2 Maximum relative error in acceleration and
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Acceleration Deceleration
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Fig. 8 Comparisons between calculated and experimental values of ground acceleration and deceleration processes
(p,=96.7kPa, T,,=2.3°C)
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