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Abstract :\ Simulation bias can cause the performance difference during turboshaft engine
tests in altitude test facility (AFT). Based on numerical simulation and tests research of a
turboshaft engine, a performance correction method of combining the resemble conversion
with small deviation analysis was put forward. The results show that the differences of out-
put power and specific fuel consumption were drop from about 3. 0% obtained by the resem-
ble conversion to about 1.0%, so this combination method is reasonable and scientific for

correcting the influence of simulation bias on the engine performance.
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Fig. 1 Sketch map of ATF

2 =R EF IS EFE
2.1 HMUBREREE

AHALL 0 SEABIE T 1k 2 T AL S, 72 & B
BEILAT AR AN T AR RS AL AT (B 5 4h
TEARAEAE RS JRBE ) BRAL 2 3 R AR B, 22008 S
TRIAT T P e TR T B0 5 ) DACRR R0 o D) 5 1 1 A
ISR AT 4 TR T YRR — Fh Mk RE A&
1E 5k

7l & B AL A B e S B AR L BB E
XN

ne=n~Tu./Ta (D

Wee = W.(pa.e/pa) » /Ta/Tue (2
Wie =W (pa./pi) » /Tu/ Ta  (3)
Nee = NeCpuo/pa) » V/Ta/ Ta (D
(s)e = s (5

X n R T5 0, W, o Sk, Wi
SRR . Ne 8 DR s o B D RE TR,
pa RERSHHLIE D B, Ty b & shplik SR, T
FRee” KR E ITIRE TS 5.
WA & Sh LA R B R T B R po B9 AL
B FAEIE A h
Tie = T e (Tu.o/ Tw) 6)

puie = pu* (pa.e/ pa) )



%9

Lh A A T e S HL G 2 £ AR UL 22 52 M 194 1 REAG 1R T vk 1999

PR R A S LA B AL
2.2 /IMREMBIE

/I 2246 TE JE T /I i 25 23 B /M i 22
B 5 1 0 S A D R T — A R I R GE ik — A
FELNE R G 24 RGeS 8O BUE 19/ i 2238
Bl A A B M P 2 20 A Al o Ok R S S BN il
Ak 22 ) A L O AR o BRBICS R Y AL 1 /) D 22
AT AL 3 55 T B A5 R

W & S LLE = 2 B dE AT M AR X 3 B L X 0
PERESH y AR A« "R N
y= f(x) = f(x a2, xN) (8)

x WUNEACSE S y 35 B PR T R S 2R
shi dy H

dy = Ef<”>dr+ Ef”(ro)dr +

52 e
MR (0 TER x = xo 19 2 B 8 0
R HOEA R, H Ax IR/, 2008 288 5 58
2 T K VL 45 5k v B /N i ﬂ%zlx f(x #2Dx) ~
fCx) s MBS v, Y AT IRSAELER
PR 2208 o 72 AN IR Sy 2B AT IR AR N
Ay = 2 JAac =

is1 d iy

oodad 4 e D)

ki Ax 4 ks Ady + o0+ EyAxy (1)

M dlnx) = dafx =~ Dx;/'v; =0, v )
(RO |

0y = adx\t+ @oas + =+ cxdaxxn (1D

. . , w . d
APkl ox Wy RS, ¢ = 2 2

y dx;
Tl 2 S BIL T A 7 8 e D SRR A L 3l g i e
S 1] A4 W I 5, G5 T ) A2 A AN 2 1) i A% 3 5
Wi RSk A s AR s R SR i B 1 il
AR sk e AR s Bl e B
(1 K% 3R R TS L o BT 582 0 8 1 368 e 114 i 1 ) 6.
Pl A2 S AL A A ] 45 33 S A D4 581 1

Ja B2 SR R R R R A R AR A

AR/ i b 5 Sl WL B 2 3R 4 {22 S R T ]
/I 22 53 BT 7 1 16 TE AR AU O 22 X5t i 14 D00 2R A 520
i A s BLs 1 2R N R A

1
ﬁDiW}’p (12)
Kb, M R VR R L, g, R B D1 IR R AOR
Ts S 11U B2 READL /)N Ml 22 A 220 W 1L 32 72 A X6
AR HERFZ W, N B W, m, . q, 1 Tos 925 4L
Al RN R
IN. = 8T + &, (8pis — 3ps) +

01, + oW, (13)
Ko N T WEMARE, o R on, B R,
e Ko WEEIRE, oo W, B REG ps H
R IE D B ps B T Ee I 0 AR,

g =1.0
J@ k=1
ATy 1o
lc‘g =1.0

¢ = 1.0

AR e 335G R AT 25 B U0 22 8 T
3P » 0 pr Cpu FHE T BEE 150 Tos 50 pus A1 3 ps
2 O, AR LR OR 22 X N 15200 2

SN, = oW, + 08Ty + (S py —dpy)  (15)

3 FETEERKRER
3.1 FEHEER

SR P 1) % 52 07 1%, 55 B s i R R 2 A 1
TER T Wi A& AL A A SR R T = B
TR0 B o6 BN T B0 B A5E, 76 M TH 45 1F T RS ALRS
T 1.0%.

FIRME AL AL, K sh HLTE SRR A o 40 50 7%
B on,.=1.0. 30 HIRFHEH n,=1. 0 = HIHRI T,
ST B 22 pa s pu AT Tu B SE R, THEA
A WLER 1, SR A RL 48 55 R /N i 2% 18 1E D7 15
) (4 b o VS TR SN PSR W R
F N FIFE HE Csio) o 5 BETE 2 PR B 19 AR X 22 55
UL 2, 1B 3R b i 25 R0 25 7 o SR 5 T T 1 bR
HE R AIRAT B AR R i 22

Rl RHRHNHETESMG

Table 1 Turboshaft engine simulation conditions

P
1 2 3 4 5 6 7 8 9 10 11 12
dpa/% —2.0 —1.0 2.0 4.0 0 0 0 0 0 0 0 0
d3Tu/% 0 0 0 0 0 0 0 0 —4.0 —2.0 2.0 4.0
dpu/ % 0 0 0 0 —4.0 —3.0 —2.0 —1.0 0 0 0 0
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P HAT A R R AR 285 RAE AT /M 2218 1E 5% N Cse) e Y

D) fEFR 1 B 22 15 Bl N R s LB 328 <
i W, SRR, HER IR .. =1. 0 B RS
BLIE F AR fE X W3 i AR DN i 2 B 400 fi 22 Xt e
S AL H R M AR

2) B 22T We S /N . 8 pa = 4. 0%
Spn=—4.0% 8Ty = 4. 0% I\ XF N (A {0 45 55
1B IE 45 R M XF 2 S K, 20 o — 0. 340,
—0.16% f1—0.79%.

3) LN 25 %5 Tos. W SE M AR /N, 7E 6 1 B4
i 22 36 61 P o R R0 98 55468 TF 485 SR 1 A 6T 25 RN T
0.2%.

O FEAE pa M py, BRI 25 B L AH AL 95 B30 I
FER I (NG FCs) o B AH R 22 5 550K
Spu=4.0% F &p, = — 4. 0% I AH ¥ 22 5 B K,
(Ney G518 2,77 % H1 3,03 % 5 Csi) o 50900 —
3.01% F1— 3. 09 %. #H L4 55 1& 1F J7 15 2] 1Y
(Neo) ZRBERZEFE A IR K SPLE O
R H A R 1 52

5) fEAE pu A1 py B 22 B L /M i 2248 1E 7
PREAE W W/ (N o T Csi) o B AT 22 57 A
N A CNe Do AHXT 22 5 4000 F B2 — 0. 72% AN
—0.59%» Cs) e 43000 T 2 0. 40 %0 F1 0. 44 %,

6) 8 TuXF Ne.o Fl Csio) e SEMEL/N o e KARNT 22
SEARk —0. 24 % F 0. 72 % 5 WG R & 1E 7 1245 3

I KA XS 22 55 505 = 0. 32 %6 1 0. 79 %.
3.2 REWER

SRR SIHLE S S S B R R pa F
To ANZE YT p BN 22 7E — 4. 026 ~ 0% 5 [Hl
AR AL R0 S5 DL 3R 2., R 1T AR UL 0 50 R /) g 2
1& 1E45 2 09 A5 W 7 1 KT Wo.oo Noo Ml
Csi)e TRERPE LR 3 A 4 (PR 5 F s
dp FRR BT A ED.

x2 BEEHIRBEHE

Table 2 Turboshaft engine test conditions

F5 ned%  nm/% Spa/% STu/% Spu/%
1 93.58 99. 90 —0.04 0.15 —0.16
2 93.73 99.91 —0.14 —0.19 —1.19
3 93. 80 99. 90 —0.16 —0.22 —2.12
4 93.75 99. 94 —0.18 0.02 —4.04
5 95.00 99.91 —0.04 0. 26 —0.16
6 95.04 99. 92 —0.27 —0.19 —1.16
7 94. 98 99.91 —0.23 —0.08 —2.13
8 94. 88 99.91 —0.07 —0.10 —4.15
9 96. 25 99. 90 —0.09 0. 08 —0.18
10 96. 27 99. 90 —0.11 —0.20 —1.13
11 96.22 99.91 —0.09 —0.04 —2.11
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