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Effects of Axial Flow Compressor Surge
on the Performance in Turbofan Engine

Chang-Yong Oh* - Ja-Ye Koo**

ABSTRACT

This thesis has analyzed the effect of the surge happening in flight on the engine performance
of the PW4000 turbofan engine. EPR is judged to be the most highly sensitive parameter
responding when surge occurs. Both N1 rpm and N2 rpm decreases almost simultaneously just
like an EPR. During the take-off rolling, the N1 vibration is more sensitive than the N2 vibration.

Consequently, the surge can be detected by EGT increase, while the other parameters decrease.
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Table 1 Engine Configuration [3]

Axial Flow, Turbofan
50:1
154.0 inch (391.16 cm)
94 inch (229 cm)
11,500 Ibs (5216 kg)

Engine Type
Bypass Ratio
Length
Fan Blade Dia.
Weight (wet)

Compressor Two Spool (LPC+HPC)
Combustor Annular Type
Turbine Split (HPT+LPT)
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Table 2 Engine Status for Study

Az A2 AE H| g )
A T o A Take-off
B A EA Take-off
C TR g way Take-off
D AZXA 7] &F Landing
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3.1 IF S4=HHI(Engine Pressure Ratio)
PW4000 131 F#e] Hrz=2X EPR W&
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Table 3 Engine Specifications [4]
Operating Condition
Parameter Idle . TaEe—off Cruise
Thrust(lbs) 2,100 56,000 9,000
EPR* 1.007 1.57 1.30
N1 rpm 707 3,506 3,100
N2 rpm 6,000 9,800 8,700
EGT(C)** 340 510 340

*engine pressure ratio, **exhaust gas temperature

3.2 4%l 3] (Engine rpm)

rpm A7|ol= % rpmSeZ FEA| S, Table 3
o= ® Aol wet FESIAT ©lF NI
rpm< 97.5% ©]i, N2 rpm< 99% ot} &3
N1 rpm< 86% ©]3L, N2 rpm-2 88% ©]tH3].

3.3 717}~ %(Exhaust Gas Temperature)

EGT= A ZAFHHE 7lsste df 8
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Table 4 PW4000 Engine EGT Limits [4]

Condition Time Limit | Max. EGT
Take-off 5 Minutes 654 T
Max. Continuous | Continuous 629 T
Starting(on Ground) - 535 C
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— 237 —



R
Z v
N
™
f
o
N
(€)1
c
2.
N
N
o
i
=
o

4. ot 3 @

4.1 97 =EB|(EPR)

Figure 19] X2 AlZH(Z) WS ZA] AR EA
AHE 002 FAFHL, YES EPRS YT
'A’IFEe EPR 1549914 11782 743ttt
BARL 135% ] 4] EPR 1.2672 7M§u, 23}
2 1.043~1.0260. 2 @*o}%ll:} C Az EPR
1.34890 4 1.3012 439, ‘DAL 1.51990
A 1.0142 24T AF] A7} LAY Ao
daEn o8 MA7E EAASH, EPRS &2

154 \ F15
[ -
14 'P{:::-.::: 14
o0%00 sbbeg,
0000000ne0nssnt Ind
« 134 F13
o .
w —m— 'A'Engine
124 —e— 'B'Engine | 12
'C' Engine
114 —v— 'D'Engine L4
W, b
e
10 m Lio

T T T T T T T T T
150 120 -9 60  -30 4 30 60 9 120 150
TIME(seconds)

Fig. 1 Variation of Engine Pressure Ratio with Surge
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Fig. 2 Variation of N1 rpm with Surge
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Fig. 3 Variation of N2 rpom with Surge
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Fig. 4 Variation of EGT with Surge
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Fig. 5 Variation of Fuel Flow with Surge

45 A7 = Z-F(Vibration)

MAZE BAAF Al Aol Bt

A #AE 7HAR YA HAFT

T Atk AA AAHANA Y FHS4 Wi}
u

2

oo ol

oA
)
oft
flo

g
o)
&)
=)
R
it
N
N
X
k
¥
X

o 2
R
2 2 o ro

4
%0
=
es!
o3
()
X
es!
9
AN}
il
i
&

WetEs vehla o

=
o] AR Y] AEe kst glend,

el gBBAZt 24 e ¥ 5 Atk

—m— 'A'Engine
- —e— 'B'Engine

'C' Engine Lao
—v— 'D'Engine

VIB (N1)

Py ™
0.5 wﬂy’\vv""‘v '»”I ¥ M o o Los
. Yim, v 4 't §
? - ""‘""".}"w\'ﬁué "N'W":!vﬁww

0.0 - T T T T T T T T T
4150 120 90  -60  -30 0 30 60 9 120 150

TIME(seconds)

Fig. 6 Variation of N1 Vibration with Surge
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