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Reynolds number effects on performance of turbofan based on
whole engine test data identification

WANG Guanfu, QI Xiaoxue, LI Changhui, REN Wencheng, JIANG Xiuxiu, LI Bin
(Shenyang Engine Research Institute, Aero Engine Corporation of China, Shenyang 110015, China)

Abstract: In order to investigate Reynolds number effects on the performance of turbofan and
improve state performance model calculation accuracy in flight envelope, a computational analysis method
based on whole engine test data identification was presented. Identification algorithm convergence and
result validity were improved through measurement parameters selection for gas path analysis. Component
performance scale factor for each test point was identified by non-linear gas path analysis method.
Statistical analysis of the relationship between Reynolds Number and component performance scale factor
was performed, and the performance change of each component affected by Reynolds Number was
quantitatively obtained. Baseline steady state performance model was modified and calculation accuracy
was compared and verified. Compared with test data, modified steady state performance model calculation
error was not more than 2.5%. Compared with baseline steady state performance model calculation result
for each parameter, the average calculation accuracy was improved 2.3%, and the maximal calculation

accuracy was improved 9.2%.
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engine performance
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Fig. 5 Unmixed high bypass turbofan engine

R T TR A TR v RO R Sh LI RE Y 2

TR 1
e 52
R 53
R 4
JE ]
R 6
7
N8
A9

¢ o E >PEHEO

LA 10
g 11
12
13

>0 > o

L6 HEAWRIE LU I B & Sl 25 P A IR
Fig. 6 Altitude performance test point of a high bypass

turbofan engine

AL D i S B FE AL R TT o
SR py, AR T, IR 753 Ny, & R+
ik Ny, {1 F, 2530 W, BRI I W, WU
R prs, WU EEGR T, 8 R R AALE
TR pas, 185 R SHLIE O RR Tos, B EESHLH
FEE po, e AL TR Ty, R IR 1
SVE pag, 1 RIS T EGR T, RIS H R
JE ps, AR %E Y HUER Tso

BiEHItE

B AR HLC B VA Re 2 UL (14) 1),
Krh p RoRAME B, L R Lt oz,

VR O RARR S, @ on s R
M

), A 1B 1 BCHE BU(RNL B4 590 I, ) RAF 5
Wi Re (W78 4k, Horp g5 i B0 Bi0w S e 3k ik
15 R BOR [R]85 0 F L SEBRIR G 5 T T B
A M (LR (15)) .
p-L-V

Mref
Pref * Lref : Vref

u
i T & S HLAE A [R5 i i I AN R
(L= L), AR BRAL AT B L — 4 S5 005 O L i
Ji | B 3l R RO B AR A 11 Bk KA
Al 260, AT LA =0 (16) 1,
)4

. Rref ) Tref . Href
P ¥V RT u

TE O V- AR E R S5 2% 0, p Kom i
PR3E IR, TR i B0k, R 3R
IREMHE R, p=101.325 kPa, T,,=288.15K. R.~
2871/ (kg-K), % 55 0 Kk sh WLtk O I,=1. Y5
K (15) B T BE Boe S, 13 F U O 2 5O
] B 25 1, B i s B0 A28 Ak ] LLRAEAS [A)ik
B TR Re 04k . TEREHLAAF T, S04 7
5 3 ) 1) S 480 REAS AT LR AF &3 1k 11
A, [l 2 sh AL AN ()3 58 o5 A v A1 2 7
P60 T T 1) 6 O G R SRR — B, AR N, B
T AERAS, KWL AE A [R5 itk 1
%ﬁﬁ%ﬁtmﬁ%—ﬁo

£S5 HHEE

TR HER T A RO AN 2 S0

15

IRn =

IRn: (16)



2686 o= 3

S5 DLW S R, RS2 T B T S G
AR BT 53 BT ) 45 B A4 1 R A8 1 R R XU | 14
FES . AL e FE I 56 G R I8 48 1 3%
KA i B IE &

R SR T W 45 SR, W F pay 524538
P R 52 i) UK, B 85 AT R0 I A 1) M e AR
A, T O IR 52 AFK [ A X DA o 0, RO S
S 518001,

WRYEFOCH AR, w,. F, flp, A
B i B A & (cos 6=0.99), p,s RERE FRAE W, FI F,,
B AT D 3k I S EOT AR R L, AT DL T
SRR I SR Ty, M T B AR YA S 1
(cos 6=0.96) , {H & BE % 5 W = H it 6 FAIR R I 48
FIPEREAETL

TEAR B Wiy Paas Piss Tag AT T 5 2250000 3
fili b, 8900 Ny pas. Tosy ps Ml Ty, AR R BFRIT 5336
B I 2 580 55 TR R 4B O R 4k R
TE 10 0 5 2 R BT B 45 SRk 30.1, /T AR 4%
1% 2 2% BRAIME 1000, HH 36 BF 2517 B AT IR
o R A ST KT, A BT RO SRS, ok B
I 1 S R RE % R AE Kk ShHL AT 1 i M RE AR 1k o
ANTRII e S R G 0 S5 AR RO L 25 SR 2% 1 TR,
FHF B3 A T o 2 550h% i 22 FACEE {5 N 5% 2
IR

F1 TAENESHASHSFEEHBITE
Table 1 Condition number of measured parameters

combination contrast

illEse 2 veive) FIHE
Wins Pags P13s Taas Tsy Nay D3y T3y Pas, Tas 30.1
Wins Pags Pr3s Tazs Tsy Nay P3, T, Pas, Ps 121.5
Wins Pags Pr3s Tazs Tsy Nay D3, Ty Pas, W 149.7
Wins Pags P13s Taas Tsy Nay D3y D5y Pasy Tos 615.7

F2 WESEBRAEZTNE
Table 2 Measured parameters standard deviation

and weights

W24 FRERE /% A
N, 0.1 1
Win 0.3 0.11
D3 0.2 0.25
Pas 0.2 0.25
Ts 0.3 0.11
Ps 0.3 0.11

VAR H37E
MESH B2/ % A
T, 0.2 0.25
D 0.3 0.11
Ty 0.5 0.04
T, 0.4 0.06

34 FEHEZHMEMENTIITE ST

TRl &4 B 5 A R =, 25+ ]
SPIEA R FE—EL, B BRI S R R AT 5 R
AT R H, Fa 5Pk BEAR AU % 18 HE B0 b AN
Bosem . @t AR I, B shblia S ke
FEZ IR, TR & sl TAVERIRAS AR B
2495 AR R 5% T W 5 dOIR SN, VTS SR AL
Ma FIEE L Re, BEW6 1 2 A [F] 38 5% [ 1 Rl 3R
IR MR A sl RES (W (17)), &
WD SR RE. WiEBLL., BmRs. smES
RO T I A

F W N,
P2 T :f(M“’Re’ m)

B AR SRR T N =
95% MR A PERE G 25 3R, SR 5 BEULTT A B X g
A2 B Re B B T, A ST 00 & i SO
ARG IE I F IR A9 AR A O 2R o AR50 15 9F
PSS R B 3103 25 SR 5 2 B bR eR B ARG 22
R, B RE B E IR T A R A 7,

FLZR AR A BEAR AL A AT G R4 4 M Al A b g
T4 6 FR AT, AR T8 b 1 B AL 6 g R A
gh BB LA R &SRR R S B TR A,
T HEEECGE W, 320G IE 5 /945344 v g
W RALTEIL R TAELR A Rl 3 B 5% o < S bk
B R WA R . LA T 56 B X o7 1 4%
TEPERE B IE IR 2% 5, E oS iR 06 B #ER
T B 23 B 46 1E T 284k 5 B T B

amn

1.03
1.02
° ° L] .. ..
M 1.01 - o ® . .
g 1.00
N
55099 _ s,
098 T S
=X 0.97 L4 Ei%zﬁ'ﬁ{ﬁ
: — BORIEL
0.96 o WETERTHSNE
— B R LA L
0.95 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0 1.2
Iy

(2) KU PEREEIER T



%124

FIE SR KT REHL I BAE HER I B 1A B0 163 B S BIL I P RS 2687

1.03

1.02+
M-1.01
= 1.00F

R

$30.99
sal
=098+
W
097}
096

0.95

o HOEISI
— RCEI A

o ST RS
D —OTRENAR
0.2 0.4 0.6 0.8 1.0 1.2
Iy,
(b) HFEGHE RS E 6
. HCRLAL
o BSTVCRFS(
. — BT RIAL
0.5 1.0 1.5 2.0

Iy,
() iR B RIS E P T
o BRI
— AR AL,

o BOTRIEIL

L —EREAR

05 1.0 15 20 25 30 35

I
(d) mIERAETEREIE IE T

o RCRIEE
— BRUEE

RN N7 e X
¢ — R EGE

0.2 0.4 0.6 0.8 1.0
1,

(o) (L IE AL PRI T I T

7 RO S AR ERE R (V,=95% )
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component (N,,=95%)
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