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Prediction of Dynamic Response of Axial Compressor of Industrial Gas Turbine
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Owing to the spread of renewable energy, gas turbine engine has a role to compensate grid energy. In such

operation, prediction of dynamic state of gas turbine component is important. This paper investigates the dynamic

behavior of heavy-duty gas turbine engine. Simulation model constitutes of compressor, turbine, combustion chamber,

duct, and bleed component. Especially, compressor model is divided into four parts by bleed port. Start-up and

shutdown simulation are carried out to validate the simulation model. Simulation results show that in rapid shutdown

case the operating line passes through higher pressure point and load of rear stage of compressor grows temporary.
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Fig. 1 Schematic of dynamic simulation model
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Fig. 2 compressor pressure rise characteristic map
(Top: Pressure, Bottom: Temperature characteristics)
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Fig. 3 MHI ] series gas turbine ®
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Fig. 5 Start-up simulation results
(Top: Mass flow, Bottom: Pressure ratio)
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Fig. 7 Exit pressure of compressor block stage
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Fig. 10 Rotation speed during shutdown

Fig. Q@ BIIERE, & RBYVERE O LA O i - 1E )
FHERREERT, @ L) HEHEO L — M TIGVEZ BfE
bz ek h, EMEodEiEe LTEEENL
WMTEET S L%, FAIGVOEEL— % BT
52 EICX ) ZOMHMPBEFE IR > TV D, F72, Fig
101 IR D 2 B AL % 7% 3 B 208 T IR 1 A B &
y—VY roHFEONT ALY, —RICEEERS -
A5 5h, B EIGVEIEL — b % EIFCLEBIINE
Vo

Fig. 11, Figl2i2 & 71 v 7 Bt O B 554 O 58 % 7R
Fo 70y 7 B AN T O AR T Kk ITAL
LTWwb, 70y 27 1 TIRIGV-WEHEZHO L &
WX D EENICEANEZ TP TwA720, IGVOL — b
WBERELTT ey ZBEAMP TR E8 2R LTBHY,
COEEICL BHE) A7 IINEWEEZ SRS,

1.4

Blockl

o
N

——Normal

[y

---Rapid

W/W_ref[-]
=)
)

O
)

e
N

o
[N)

0 0.5 1 1.5 2

=
N

Block2

=
N

[

o
®

W/W_ref[-]

0 0.5 1 1.5 2
t/tref[-]

Fig. 11 Comparison of pressure coefficient
(Top blockl, Bottom Block2)

Block3
i
=
8I
>
~
>
0.7
0.5
0 0.5 1 1.5 2
t/tref[-]
1.5
=~ Block4
1.3
= 1.1
EI
2 0.9 =
>
0.7
0.5
0 0.5 1 1.5 2
t/tref[-]

Fig. 12 Comparison of pressure coefficient
(Top block3, Bottom Block4)

—J), 7uv 7 27TiE L -1t EHELSTHI LI
X0, t=06tref OEZNCTT O Y 7 AMAS A5 5H)
MR THEN S, IGVIZ X 2 HEAR D 123 L CTHEI O
PEND I LICL YA EAISEETBY, (EEAEL
EHPEDBEDNG AL o TRENDRTDES A
5o

Fig. 1217 avy 7 3, 70y 7 4 D#RERT, )
BOETIOPFASENT, —FRRYI/NT =M o iz 5 T
B § %72, FiHBICHRBEZEICAMIH KL TWw2,
FEMRRORMBEK TSNS 2ENETAENRL 20, &)
DL B OB — ISR T 5 & 52 5o

5. ¥&

1 BOCOEIFERIE T T IS DT, EMR/ BRI
W/ Y —E Y EETIMET S I LICX ) GTEROET) %
TH L7z S HICHMEZ B Todl L2l 2 £ 7
WABIZ KD, G I W IRF 038 P 19 7 B 2947 % 70T g
L, UToMRZRE,

o LM EW R IIIEMO%R B TIX, MEOIT
R LT T 2NEN S 7212, —REICE
AT OEIRIRE L 2 5

o AW AR AT 2HEMBITBVCIE, AT
iR S & D ICHEM LIRS A 720, BIBRICE
F5H =) 27 1EEL bR,

Download service for the GTSJ memper of ID | via 160.16.212.192, 2025/05/28.



274 HRE—EVEREBESREDER TR — (Z0D2) EERH R4 —E L DRRI— HA#HR2-—EFR0

o GO ANENEOBERELZ EIFSH I LI
L0, EHETOREPELS DI enb, BITE
B L35 7280, WY — V< — T Y OFFiA
VETH Do

CDEIBRFAFIvITIaL—Tary—alf
AT LI2LYD, HRAY =V VIEMEDBERT) D
HFHEASTTREE 2B & B X bNL, Tz, FEEEIZY RY
HHER I N2 A L, BMER L — FPOEER, N
7 - MEROMERLLE, IGV-VVEIEHII DA, R
PRt Yy 7 OEER EOM R FHAIHE LS 2 &
WUWEEE B EEZ BN D,

B2 E X

(1) M.W.Davis, Arnold AFS, W.F.O Brien, A Stage-
By-Stage Post-Stall Compression System Modeling
Technique, AIAA/SAE/ASME/ASEE 23rd Joint
Propulsion Conference, June 29-July 2, (1987).

(2) EM. Greitzer, Surge and Rotating Stall in Axial Flow
Compressors Partl Theoretical Compression System
Model, ASME Journal of Engineering for Power,
April (1976), pp. 190-198.

(3) K. Boyer, W.O. Brien, Model Predictions for
Improved Recoverability of a Multistage Axial-Flow
Compressor, AIAA 25th Joint Propulsion Conference
July10-12, (1989).

(4)

Download service for the GTSJ memper of ID | via 160.16.212.192, 2025/05/28.

Djordje Petkovic, Milan Banjac, Srdjan Milic, Milan
V. Petrovic, Alexander Wiedermann, Modelling the
transient behavior of gas turbines, Proceedings of
ASME Turbo Expo, GT2019-91008, (2019).

Hamid Asgari, XiaoQi Chen, Mirko Morini, Michele
Pinelli, Raazesh Sainudiin, Pier Ruggero Spina,
Mauro Venturini, NARX Models for Simulation of the
Start-up Operation of a Single-Shaft Gas Turbine
University of Canterbury. Mathematics and Statistics,
(2016).

Satoshi Yamashita, Ryosuke Mito, Yuji Koike, Makoto
Kishi, Kazushige Takaki, Investigation of Unsteady
Compressor Behavior under Transient Conditions,
Proceedings of the International Gas Turbine Congress
Tokyo, November 17-22, (2019).

Robert Normand Gamache, Axial compressor reversed
flow performance, Massachusetts institute of technology
doctor of philosophy, (1985).

Masanori Yuri, Junichiro Masada, Satoshi Hada,
Susumu Wakazono, Operating Results of J-series Gas
Turbine and Development of JAC, Mitsubishi Heavy
Industries Technical Review Vol. 54 No. 3, September,
(2017).


http://www.tcpdf.org

