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ABSTRACT

This paper performed a numerical study to analyse the transient performance behavior of a turbofan
engine with variable inlet guide vane (IGV) and bleed air schedules. The low bypass ratio mixed flow
turbofan engine was considered in this study. For modeling the compressor performance with IGV, the
performance maps were generated by using a one-dimensional meanline analysis and feed to the
engine simulation program. The IGV and bleed air according to the rotating speed were scheduled to
satisfy 10% of surge margin at steady-state condition. The transient engine performance analysis was
conducted with the schedules. The engine with IGV schedule showed a higher surge margin and
lower turbine inlet temperature than the engine with bleed air schedule during the transient period.
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Nomenclature

Cal : Inlet axial velocity

h : Enthalpy

HP,  : Shaft power extraction
HPC : High pressure compressor
HPT : High pressure turbine

I : Moment of inertia

IGV  : Inlet guide vane

LPT : Low pressure turbine
m : Engine weight

m : Mass flow rate

N : Rotating speed

NRA : Nozzle rotation angle
PR : Pressure ratio

T : Engine diameter

SFy,, : Flow scale factor
SFpp : Pressure ratio scale factor
SF,;; - Efficiency scale factor

SFC : Specific fuel consumption
SM  : Surge margin
t : Time

U1l : Inlet tangential velocity
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oty AR FAF wWix], A9 H|FY, nlo] Table 1. Design parameters of the engine.

Performance : Sea level static, standard day,

ITEC F124 AZ[9]S F13lYtt Table 1 4 . .
nominal engme, max power

Al AN AeMFE Uehd ol

3 T Parameter Value

AR Aeshas s 48 <R AsEy = Maximum thrust (kN) 20.68
Za#el NPSS™ME Alg3etgdth dzlel &7 SFC (g/kN-s) 2210
A AsdldE fallXe FAEAFEY 45 HETL Bypass ratio 0.49
dasith A st AH9 Suzuki®t Kuno[10]<] Airflow (kg/s) 31.10
ATl vy e 47 deAdEE ARESE Turbine inlet temperature (K) 1600
Ak AW G| Bg stde dedreE 3 Fan pressure ratio 250
o AFESIAT 3T S/ 4571 A 4T ¢ Overall pressure ratio 19.00

gelol me Asuse wes] A8 9xd  Weight (ke) 47627
W WANAYS ol8sel AsHes wgs  Diameter (m) 0.9
o Apgstgrh 94 =7l AL Garrett I, high speed rotor (kg-m?) 1.14
turbine engine company?] 94 %Z7] A I, low speed rotor (kg~m2) 1.60
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Fig. 1 Block diagram of the turbofan engine.
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Table 2. Scale factors.

Table 3. Design parameters of JTF17A-21 engine.

Component SFyy, | SFpg SF, 4
Fan 0.279 | 0.939 | 1.014
HPC, axial 1.000 1.000 1.000
HPC, radial 0.210 | 0.866 | 0.942
HPT 0.273 | 0.534 | 0.954
LPT 0.144 | 0.206 | 0.970

Table 2= & AFolA AHE F4F A5
=9 FHHE Yehd Rolt.

A3 deol A= Eq. 49 Zo] EHuldA s
ol do] AEFV|NAM 2R E L Fo= uw
A Urte wE9s e AF Zolob dri{14].
3IA|YE Mol A= Eq. 59 Zo] I 84
ofgt B BHZ ERIAA F7HHQl T8

2

2B HTH14].
m Al = W.LLAhc +HP,, “4)
: . 2r \? dN
= | == 5
m AR chhc-i-( 60) [dt +HP,,, )

< o83t FHst

2
I _ [mr ]tergetengine 7 6
tergetengine 2 referenceengine ( )
mr

reference engine

3. A=7| ¢ssiiy =22
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Parameter Value
Maximum thrust (kN) 170.37
SFC (g/kN-s) 21.24
Bypass ratio 1.30
Weight (kg) 4535.92
Diameter (m) 1.56

I, high speed rotor (kg:m?2) 29.15

I, low speed rotor (kg-m2) 40.67
(Deviation angle)S ol53t7] 3] ZI2AS At
A £ A BYHE 28 A3
3l7] 918l /d<EA (Profile loss), &4 do] g

%4 (Shock loss),

u

2 "9  £4(Endwal

loss), ©|zF <=4(Secondary loss), 12|31 ZF
] ol ot £4(Tip clearance loss)S 317
3}9dt}. Table 4= B AFo A HL3 and
£2 Yl Aot Table 55 thd =719
AAR AeHTFE vErd Aoth

Table 4. Correlations for performance prediction of an

axial compressor.

Correlation Reference
Minimum loss Aungier [16]
Incid
nAdence I gan Aungier [16]
angle
Choking Kim et al. [15]
Reference Lieblein [17]
Deviation Ax.lal velocity Hu et al. [18]
angle ratio
Incidence angle Lieblein [17]
Minimum profile | Wright and
loss Miller [19]
Off-design pr(')flle Aungier [16]
loss (stall region)
Off-design profile
loss (choking Kim et al. [15]
Losses region)
Jansen and
hock 1
Shock loss Moffatt [20]
The other losses
(Endwall loss, Wright and
secondary loss, Miller [19]
tip clearance loss)

Flow blockage

Wright and
Miller [19]
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Fig. 5 Surge margin for the engine without schedule.
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Fig. 6 Scheduling algorithm.

30

AN
AN
A RN

0.85 0.9 0.95 1 1.05
Relative corrected RPM

IGV angle (degree)
O
/
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