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A Study On Component Map Generation Of A Gas Turbine
Engine Using Genetic Algorithms

Chang-Duk Kong* - Seong-Hee Kho** - Hyeon-Gyu Choi**

ABSTRACT

In this study, a component map generation method using experimental data and the genetic
algorithms are newly proposed. In order to generate the performance map for components of this
engine, after obtaining engine performance data through many experimental tests, and then the
third order equations which have relationships the mass flow function the pressure ratio and the
isentropic efficiency as to the engine rotational speed were derived by using the genetic
algorithms. A steady-state performance analysis was performed with the generated maps of the
compressor by the commercial gas turbine performance analysis program GASTURBI1].

In comparison, it was found that the component maps can be generated from the experimental
test data by using the genetic algorithms, and it was confirmed that the analysis results using

the generated maps were very similar to those using the scaled maps from the GASTURB.
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Table 1. Description of gas turbine unit
Type Two-shaft gas turbine
Single sided centrifugal
Compressor compressor{compr. ratio 2:1)
Compressor Single inward flow radial
turbine turbine(36000 ~ 120000rpm)

Power Single inward flow radial
turbine turbine(10200 ~ 36000rpm)

Combustor Single vertical can type
Max power 4kW
Manufacturer| CUSSONS TECHNOLOGY
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Fig. 1 Flowchart of simple genetic algorithms
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Fig. 2 Compressor map generated by GAs

5. Fahdel oSy

51 A% 4% ol

E a7 #HES 8 o= 9 HAg AY
dolg F 9= 3o A$E AF dHolHE
AReA AA8E 48 dolHe wriexg
dPzHez o 7|29 =FAWHIL FHA

dngEo s 33 AE7] AFAEE AR
GASTURBZ A¥s4& 35 I ZIAE
vl w3t o}

2 g5l Ad

521 MH tio[e|2 X3 FHE 44T o1&

3N 7]1EY FHYYPoRE FHE 47
BAeAdE B 4E7IEY, FHEN AsdxES
o]-&3st4q Cacy 334 zZzayl
GASTURBE Ad/de Asa4ds s8stA0
A7 A £¥ HESZ JFAEE AR
AGA A &7 Wi 718 Wy 21 A
% 4% HoJgE 42 Wy 2x4 23C= g
Hen, &7 A4 65000~90000 RPM At
o] 5000 RPM tFA oz &t AA3H A%

A49¢ Sastac

522 RXt LD2FCE Y3 MsME o2
13NN fAR FnEeR of
A ARY 447 A5
NN BAaaE 4

o
olr
<
1
o
4 o
Oozil
2{_:{
path
v}

53 Bl @ 24

7} Fig. 33 2t}

Ty —@—Test Data
—%——Scaled Map
1.8 wwdmeman M ap by GAS

Power (kW)
°
@

60000 65000 70000 75000 80000 85000 80000
Gas Generator Rotational Speed (RPM)

—@—=Test Data
0.002 ~——Scaled Map
m——tp—Map by GAS

0.0018 F

0.0016 F

Fuel Flow (xg/s)

0.0014

0.0012 F

0.001
60000 65000 70000 75000 80000 85000 20000
Gas Generator Rotational Speed (RPM}

—@——Test Data
19 ——5caled Map

—+——Map by GAs

SFC(kg/(kW+h))

60000 65000 70000 75000 80000 85000 90000
Gas Generator Rotationa! Speed (RPM)

- 198 -



@717 P HolHe mo]Z7t Ay
g HA Qo) F&g vlo]HE QA £
¢l Aoz MsHY, FF Hrl i A

Hole]l & ZXE o|&3d Ho He
Fdoj el HoHE YEI9 o)&FYd
Ho AR FHE ASHEE AT £+ S
Ao g FIdn

Mo X & 8 o

L oop oo o omu

3|

MO
re

1. Kurzke, J.. "Manual GASTURB 80 for
Windows - A Program to Calculate
Design and Off-design Performance of
Gas Turbines”, Technical Report, 1998

2. Sellers, J. F. and Daniele, C. ].
"DYNGEN - A Program for Calculating

- 200 -

Steady-state and Transient Performance
of Turbojet and Turbofan Engines”,
Technical Report TN-D-7901, NASA
Lewis Research Center, 1975

. Andrew Wpynne, "The Commissioning &

Development of a Gas Turbine Power
Plant”, The Bachelor of Mechanical
Engineering Honours Degree Thesis,
Liverpool John Moores University, 1994

. Kong, C. D, Ki, J. Y. and Kang, M. C..

"A New Scaling Method for Component
Maps of Gas Turbine using System
Identification”, Journal of Engineering for
Gas Turbines and Power, 2003

AR, RALTEAZR 3 3§, WAL

2002



—©———Test Data
——Scaled Map
wde—=Map by GAs

Ar Flow (ko/s)
©
N

0.1
60000 65000 70000 75000 80000 85000 90000
Gas Generator Rotational Speed (RPM}

Fig. 3 Power, fuel flow, SFC and air flow as to RPM
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Table 2. Relative error for scaled method and
GAs method to experimental data

Power MF |SFC((kg/| MA
(kW) (kg/s) | kW=*h)) | (kg/s)

S.M.|GM.(SM.[GM.|S.M.|GM.|SM.|GM
(%) | (%) | (%6) | (%6) | (26) | (%) [ (%6)|.(%6)

65000] 4.22 | 1.02 [5.34|3.15]9.982.11 [4.30[1.28
70000] 2.47 | 0.29 [5.65|5.77]8.335.50 |5.55[0.09
75000] 0.16 | 2.18 [8.64]|1.94|8.81 0.24|5.18/1.92
80000} 2.68 ] 3.19 15.46|0.22|2.70 | 3.51 [3.96|4.42
85000} 4.21 | 2.73 [0.01)2.97]4.41 |5.86|6.98|6.04

RPM

90000{5.44]0.51 17.5314.45[1.98[4.99|1.79/1.06
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