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A Study on Component Map Generation of a Gas Turbine
Engine Using Genetic Algorithms

Chang-Duk Kong* - Seong-Hee Kho**

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 GASTURB.

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 2. Gas generator and ___ MFP 4,
power turbine data MFP=—35p map, design MEP 1z ®)

N 90000 1121

6 RPM bt mbar n= NV design Ny 9)

to, | 322 C | tw | 7085 T T\ map, design
Ap [24.09 mbar| tu | 6268 C B Q7da AAdE Adsaide o433
toz 964 C tos 6223 C GASTURB{5JAME BAH HAAH AF4ds
MF | 2.377 g/s |Powe 28 dF A A HA4- Ae dHelHE

14290 W

p3 0.64 bar T

Table 3. Design point experimental

data
Tor | 3052 °K | P3 | 1.659 bar
Toz | 369.6 °K | P4 | 1.130 bar

Tos | 9815 °K | M. |0.150 kg/s
Tos | 899.8 °K | M: [0.002 kg/s
P, | 1.018 bar |Powe
P, | 1.683 bar r

1.429 kW

Table 4. Results of calculation on
experimental data

PR¢ |1.6534| PRcr |1.4681| PRer |1.1101

MFP MFPc MFPe
0.1049 1.9692 2.7680
C T T

nc |0.7346] ncr 10.9107| mer |0.1998
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Station 12} T P URstd PUSD = 1.4
anb 305.17 101.800 earc = 5.02283
2 0.147 305.17 101.800 0.159 vo = 8.31
3 0.147 36%.00 16B.316 0.100 FN res = 8.00
31 0.147  369.00  168.316
4 0.148 981.54 165.623 0.168 up = 0.00199
41 0.148 991.54 165.623 0.168 5 NOX = 0.03400
43 0.188  500.66 113.076 Thorm Eff=  0.01389
44 0.148  900.66 113.076 P45/P44 =  1.00000
45 0.148 900.66 113.076 Q.235 Zwpld = ©.00000
49 0.148 993 .44 103,981
5 0.148  893.44  103.981 0.253 Incidsnce=  0.06000
s 0.128  993.44  101.902
0.148 8d83.44 101.%02 0.259 P8/Panb = 1.80100
PZ/Pl = 1.0000 A8 = C.01642
Bfficioncies: isentr polytr RNT P/P TRQ (%} = 180.0
Compressor 8.7360 0.7539 0.922 1.653 ota t-s =  0.72828
Burner 0.39600 0.984 Loading %= 18G.00
HP Turbine 0.9180 0.5059 0.209 1.465 WHDBld/w2= 0.00000
LP Turbine 5.9100 0.9091 0,165 1.087 WHel/uz =  0.00000
HP Bpool mech 0.6900 Nominal Spd 89816 unel/wz = 0.00000
PT Spool mech 0.4920 HNominal Spd 33180 wBld/wZ = 0.00000
Fuel PHY humidity war2
Generic 51,600 0.0 0.0000
Composed Velues:
1 ZP3q2 = 1.653400
2: pusp = 1.425448
3 SPC = 5.022849
4: puapg2 = 9.729704
5: Pagad = 1.464710
6: P45qS = 1.087460
7 w2 = ©.146505

Fig. 3 Results for performance analysis of
design point
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Ao a7 G0 WE 77t A3
qH. 92719 Sded mE 2% 2= 65000 | 70000 | 80000 | 85000 | 90000
Zk& Table 591 veRA 2T
a | -30 |-2.912]-1.901|-1.338|-2.105
chrom| b | 0902 | 2962 | 3122 | 1.706 | 3.367
600
best | ¢ | 2763 {-0.783|-2.310|-1.152 | -1.557
500 d | 24883990 | 3494 | 3604 | 40
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S 4n 2105 3.7 -1.577 4.000  51.543  0.000 Table 6. Results of chrombest as to RPM
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Fig. 8 Compressor map generated by GAs
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Table 7. Verification experimental data as to

RPM

RPM |Power(kW) | MF(ke/s) |~ S1C  |MA(ke/s)

((kg/ (W)

65000| 0.2581 0.00137 19.069 0.12970
70000{ 0.4068 0.00140 12.398 0.14035
75000f 06617 0.00142 7712 0.14594
80000| 0.7471 0.00153 7.357 0.13960
85000| 1.2008 0.00169 5.066 0.14056
90000 1.5999 0.00194 4.373 0.15091
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Table 8. Main results as to RPM

RM [Power (k)| MF(kg/s) | (ws(ia*h» MA (ke/s)
65000 0.2472 0.00144 20971 0.12413
70000| 0.3967 0.00148 13.430 0.13257
75000| 0.6607 0.00154 8.391 0.13838
800001 0.7671 0.00161 7.556 0.14512
85000 1.1503 0.00169 5.289 0.15037
90000| 1.6870 0.00209 4.460 0.14820
522 SAAl YTE|E0R MAS MSME 08
(M SRR GRPZOE olLated AF
A AT dF7] AsAE 7}7\]5’- e zA

N ggel s
o 7+ RPMolM el F2
B gt

Table 9. Main results as to RPM

FC

RPM |Power (kW) | MF(kg/s) ((kg/S(kW*h)) MA (kg/s)
65000| 0.2607 0.00141 19471 0.12804
70000| 0.4056 0.00132 11.716 0.14048
750001 0.6473 0.00139 7.731 0.14313
80000| 0.7233 0.00153 7.615 0.14577
85000 1.1680 0.00174 5.363 0.14905
90000{ 1.5917 0.00203 4591 0.14931
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| ~—+——Map by GAs

Power {kW
o
©

Gas Generator Rotatlonal Speed (RPM)
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) T —o—TestDala
0.002 - ——¥——Scaled Map
==—t——Map by GAs

Fuel Flow (kg/s

0.0018 -

0.0016 -

0.0014 -

Q.0012 -

] |
0.001 — —-— — —
60000 65000 70000 75000 80000 85000 90000
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o 2 @

3 - e G G —
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Gas Generator Rotationa! Speed (RPM)

Fig. 9 Power, fuel flow, SFC and air flow as to RPM

A8 dolelste] 92a&E Table 1091 e}
YAtk g7l A, SM. 2 Scaled mapg GM.
2 GAs map= 9u]3ic}

Table 10. Relative error for scaled method and
GAs method to experimental data

SFC
{(ke/(kW*h))
SM [GM|[SM{GM.|SM|GM.(|SM.|GM.
(%) | (%) (%) (%) |(%)| %) |(%){(%)
65000] 4.22 11.0215.34{3.15{9.98] 2.11 14.30}1.28
70000 2.47 |0.29(5.65{5.77 |8.33] 5.50 |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(5.4610.22 |2,70] 3,51 |3.96]|4.42
85000 4.21 [2.7310.01{2.97 {4.41]| 586 {6.98(6.04
90000] 5.44 10.51)7.53] 4.45]1.98| 4.99 11.79]1.06

Power (kW) | MF (kg/s) MA(kg/s)

RPM
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