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ABSTRACT

Surge phenomenon can be occurred in a compressor when compressor performance of
turbofan engine for an aircraft is changed considerably in a short time on the cases like
take-off phase and changing of RPM from idle to maximum, because performance of
aircraft engine is changed suddenly. This study is aimed to avoid surge in a compressor.
Dynamic simulation in a compressor is modeled by simulink in specific condition. Fuel
flow is control input, rpm and air mass flow are expressed in terms of transfer function.
Surge margin is obtained by using compressor performance map from NPSS.
VIGV(Variable Inlet Guide Vane) is controlled by PD controller with difference between
surge margin and reference. Finally this paper verifies IGV can prevent surge phenomenon
in a compressor.

714 HEH ARAM FE7) o]l v Ao Wt 2 A, olsHY F7
77b ol Fste AFolMel gol A IAWEERPM)E T (idle) el Hojz
] 237 rﬂﬁ} SR G el A A d el

=
o]-g3te] A A StV el dojvs %1—1 %3}"9’% J‘A}O}Oﬂ‘“/]‘ AS T3
o & RPM, ¥7|F &S A2d+2 Hetlon, NPSSE FallA
5% 457 A5 WS 3 AAAE YA AANS 71FE G 10% 2]
Z}o] & PDA o] &1 IGV(Inlet Guide Vane)ZtS WA ZoZH F, VIGVE ©] &34
4571 e MAGAFG & Atol9 wiRlE F7HAIA A dGo] B = AS W
A8+

Mol

Key Words : Variable Inlet Guide Vane(ZF¥ 7 <H9l), Compressor(¥=71),
Turbofan Engine(E]}:2.3 <lI%), Surge(X1A]), Simulink(A]& % 3)

+ Received: January 13, 2013 Accepted: June 20, 2013 http:/ /journal ksas.or.kr/
** Corresponding author, E-mail : baenggi@pusan.ac.kr pISSN 1225-1348 / eISSN 2287-6871



540 WAS - x5 - WZe - old¢ R ZE T B A

Nomenclature

BPR : ByPass Ratio
IGV : Inlet Guide Vane
VIGV : Variable Inlet Guide Vane
Wa : Air mass flow (kg/s)
Wf : Fuel Mass Flow (kg/s)
Wf_ini : Initial Fuel Mass Flow (kg/s)
OPR : Overall Pressure Ratio

Key Performance Data

PR . Pressure Ra'tio Engine Performance, Sea Level Static

SM . Surge Margin Standard Day, Nominal Engine
SFC : Specific Fuel Consumption Max Power

Y(s) : E=¥WS2 Laplace ¥ & F124 Maximum Thrust, |b 6280

U(s) : d=EWHS2] Laplace © & TSFC, Ib/hr/lb 0.78

exp(-fs) : AIZFAAEF2] Laplace HF Bypass Ratio 0.49

Corrected Airflow, |lb/sec 926

| M = Fig. 1. F124 Engine of Honeywell

Table 1. Engine design point input values
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Compressor Performance Map

Fig. 2. Block Diagram about Surge Margin
according to Wf in Simulink
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Table 2. Data of Compressor Performance

T Ry
W - -l RPM w, PR RPM w, PR
Transfer Fcn
Wa 25.1 278 23.7 2.56
258 279 24 4 2,57
WE ini 265 279 25.1 257
273 277 258 255
, i 100 28.0 274 95 26.5 252
Fig. 7. Value of Wa according to Wf %) 8.7 567 (%) 572 547
294 255 27.8 2.38
Air Mass Flow 29.9 2.38 28.4 2.23
2 ' : 30.2 2.15 287 203
' 303 1.91 28.9 183
224 235 21.1 2.18
23.1 236 218 2.18
237 235 224 2.17
24.4 233 230 2.16
9 25.1 231 85 236 2.13
(%) 257 226 (%) 24.1 2.10
26.3 2.21 247 2.04
26.8 2.09 253 1.95
272 192 257 1.71
, PSS 275 174 26.0 1.65
5 B L 199 | 200 185 1.86
0 5 10 15 20.1 2.00 19.0 1.86
t(sec) 210 1.99 196 185
] ] o ] 215 198 20.1 1.84
Fig. 8. Comparison Simulink with NPSS about Wa 80 2 1 196 75 507 Teo
(%) 26 193 (%) 21.2 1.79
3.1.3 37| 7k 23.2 1.88 217 1.75
237 1.81 222 1.69
AEAEFe e F/AEFe] #e 312489 201 | 170 227 160
RPMz#LS ok Azaket fAMSHAl +8 4 Aok 245 157 231 149
d4E T uE uytAuE Sl A7 X271 17.1 1.72 19.8 1.66
17.6 1.71 20.3 162
U kS FAAEAIA 09 digh 23 S YEidle 70 18.2 171 70 208 157
Audl s A @"/‘Fi Uehdith 283 A (%) 18.7 1.70 (%) 21.3 1.50
o] ZAE] AR w wo| S ob7h 7a 19.2 168 217 142
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Table 3. Explain of Coefficient in eq.(3)
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Table 4. Typical Surge Margin Requirement

at ISA, SLS
Fan LPC/IPC HPC
Miltary | 1 o0, | 20-25% | 25-30%
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Fig. 17. Surge Margin after VIGV Control
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