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Inlet distortion’s effects on stability and performance
of turbofan engine

ZHAO Yun-sheng, HU Jun, TU Bao-feng, LI Liang, LUO Ju

(College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: For assessing the inlet distortion’s effects on the stability and performance of

turbofan engine, a two-dimensional method was developed. The unsteady two-dimensional

inviscid integral Euler’s equations were used; units were divided along the axial and circum-

ferential directions and solved by time-matching. Simulations of a two spool mixed flow tur-

bofan engine show that this method would obtain the distortion transfer curves along the

flow path, which can assess the attenuation of components such as fan or high pressure com-

pressor for distortion. Capabilities to resist the total pressure and total temperature distor-

tion were analyzed for typical operating points in the flight envelope, and the most danger-

ous point was confirmed; under the given total pressure distortion condition, the turbofan

engine’s thrust decreases and the specific oil consumption increases, and the maximum a-

mounts of change are 10. 5% and 11 7% respectively.

Key words: turbofan engine; inlet distortion; numerical simulation; stability;

engine performance
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Fig. 1 Sketch map of axial units of mixed turbofan engine
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Fig. 2 Axial geometric parameters of the units
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Fig. 3 Sketch map of circumferential units
1 .
(D
QLJ pdV =*3€S‘0C'ds+g
21 pc —ﬂ;pCJ(C.dS)—ﬂgip,,dS,JrF,.
(1
2] pCdV == 0C.(C d$)— p,dS, +F,
aJvP oWT+E )dv——ﬁg‘p<cpr+ J(C-ds)+ QN
C , C s Cp . )
.oy . C, .C, CFD L FLLF, /
’F,r 9F0
s g ’ N ’
9Q 9p“ ’ F,z-9F(19
.S . T .V Q N
,‘0 R “6” “I” .
(D
(D F..F,,Q N (2)
G _ 1 B
=T b oc.chds ﬂgp,‘ds +E],
oT k—1T 9, C? —ﬂg
9L kT T— T B /A .
= B[+ G a9 @i N] = (e GY) T (f e - i8)
aC, _ 1 _ﬂg . _3g _ = _ﬂg
T {[ L C)(C - dS) Sp,,ngJrFoJ c0< oC dS)C}
% A4 o(eT k=10, C
s v [ <¢ +& )(c dS)+Q+NJ v at(pzv>
(2)
“ » “e”
’ d :
v A 1 d—{zju,y) (3)

(2)



6 : 1301

Fig. 4 Geometric structure chart of turbofan engine
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Table 1 Main design parameters of a turbofan engine
/(kg/s) 49.5 0.97
0.8 /(kg/s) 0. 604
0.99 /(r/min) 14600
2.8 /(r/min) 22800
0. 86 0.9
3.0 2.82
0.88 0.91
7.0 2.08
0. 86 /kN 32.18
/K 1600 /(kg/(N<h)) 0.068
0.99
b
+1 +1

, C
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Fig. 7 Distortion transfer curve of W along

turbofan engine flow path
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Fig. 8 Total temperature distortion transfer curve Fig. 10  Steady-state total pressure distortion index
along turbofan engine flow path
b
3
Table 3 Evaluation results of §T.. 11, 12
3T/ %
A 5.7 ’ ’
B 6.8
0.
C 6.6
oL
D 4.4
< -4
E 7.8 5 —— LA
% -6F o ThB
F 8.9 B gl —— T#mC
:‘:" | —~—TWED
G 5.9 qﬁl _]{)_—“—IZB—I_I.,ﬁﬁ'
—— LA F
~12F —— TG
3.3
14 \ \ \ \ \ . L \ )
9 9 0 1 2 3 4 5 6 i 8 9
g o SRR R %
[1] , 10 . 11
Fig. 11  Effects of steady-state total pressure
1.05 - distortion on thrust
1.00 +
095t 1=
E 000t —e— T %A
E 12+
Z 085t
g 08 « 10]
080 @
]I
075+ g
% °f
n_?n 1 1 1 1 1 1 1 1 1 J ;H
1 2 3 4 5 6 7 &8 9 10 ﬁ 4
TR i
9 L L L . L . : )

0 1 2 3 4 5 6 7 8 9
Fig. 9 Relative total pressure distribution
8 P s SRR S 0%
12
, Fig. 12 Effects of steady-state total pressure

distortion on specific fuel consumption



1304

28

10.5% 11.7%. ,

(1]

[2]

(3]

[4]

[6]

,2004.

(1] .2001,14(1) :46-52.
HUANG Shunzhou, LU Deyu. A numerical investigation
in effects of inlet temperature distortion on engine stability
[J]. Gas Turbine Experiment and Research,2001,14(1)
46-52. (in Chinese)

HU Jun, Thomas P, Leonhard F. Numerical simulation of
flow instabilities in high speed multistage compressors[ J].
Journal of Thermal Science,1999,8(1) :23-31.

Gorrell S E. Application of a dynamic compression system
model to a low aspect ratio fan: casing treatment and dis-
tortion[ R]. ATAA-1993-1871,1993.

Kimball A S. Application of a modified dynamic compres-
sion system,model to low aspect ratio fan:effects and inlet
distortion[ R]. ATAA-1995-0301,1995.

. . Ll

,2006,21(6) :1085-1091.

L9]

[10]

[11]

[12]

[13]

[14]

[15]

HUANG Shunzhou, HU Jun. Investigation of the effect of
combined distortion on engine stability[ ] ]. Journal of Aer-
ospace Power,2006,21(6):1085-1091. (in Chinese)
L1l +2006,34(8) : 15-19.

WANG Peng,CAI Yuanhu, WANG Zhanxue, et al. Effect
of pressure and temperature distortion on turbine engine
stability[ ]]. Fluid Machinery,2006,34(8) :15-19. (in Chi-
nese)

L. . 2007, 28(1);
20-25.
WANG Zhanxue, WANG Peng, QIAO Weiyang. Aerody-
namic stability assessment for compression component
running in turbofan engine with distorted flow[J]. Journal
of Propulsion Technology, 2007, 28 (1): 20-25. (in Chi-
nese)

’ ’

[yl , 2003, 21(3);
265-268.
YE Xinnong, WANG Zhanxue, QIAO Weiyang. Effect of
inlet pressure distortion on stability margin of missile tur-
bojet engine [ J]. Jounrnal of Northwestern Polytechnical
University,2003,21(3) :265-268. (in Chinese)
Orkisz M, Stawarz S. Modeling of turbine engine axialflow
compressor and turbine characteristics[ J]. Journal of Pro-
pulsion and Power,2000,16(2) :336-339.

[D].

,2005.

LI Yang. Research on inlet distortion’s effect on perform-
ance and stability of aero-engine [ D]. Nanjing: Nanjing
University of Aeronautics and Astronautics,2005. (in Chi-
nese)
[l ,2002(2) ;25-28.
TIAN Ning, CHEN Jinguo, ZHANG Enhe. Effect of dis-
tortion on aeroengine stability[ J]. Aeroengine, 2002 (2):
25-28. (in Chinese)

[J1.

,2004,17(2) :36-40.

YE Wei. Numerical study on the effects of inlet pressure
distortion on the stability of a turbofan[]J]. Gas Turbine
Experiment and Research, 2004, 17 (2): 36-40. (in Chi-

nese)

L. »2006,27(5) ;426-430.
HUANG Shunzhou, HU Jun. Model of the effect of inlet
flow distortions on engine stability[ J ]. Journal of Propul-
sion Technology,2006,27(5) :426-430. (in Chinese)

s . [M].

,2005.



