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Development of Gas Turbine Engine Simulation Program
Based on CFD

Sangwook Jin* - Kuisoon Kim** - Jeong-Yeol Choi** - lee Ki Ahn** - Soo Seok Yang*** - Jae Hwan Kim***

ABSTRACT

Gas turbine engine simulation program has been developed. In compressor and turbine, 2-D NS
implicit code is used with k-o SST turbulent model. In combustor, 0-D lumped method chemical
equilibrium code is adopted under the limitations, the products are only 10 species of molecular and
air-fuel is perfectly mixed state with 100% combustion efficiency at constant pressure. Fluid properties
are shared on interfaces between engine components. The outlet conditions of compressor have been
used as the inlet condition of combustor. The inlet condition of turbine comes from the compressor
The back pressure in compressor outlet is transferred by the inlet pressure of turbine. Unsteady
phenomena at rotor-stator in compressor and turbine is covered by mixing-plane method. The state of
engine can be determined only by given inlet condition of compressor, outlet condition of turbine,
equivalence ratio and rotating speed.
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Research Center)2] LSRR-I(Large Scale Rotating AAES] dg9rt Z2oe AS ol &3 HF wb
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Fig. 6 The Combination of 141 x 71 H-Type Grid at
Nozzle and Rotor in Turbine

Table 2. Blade Design Parameters for LSRR~

Parameter Stator Rotor
No. of Blade 22 28
Diameter(ft) 5 5
Stagger angle(deg) 49.5 32.7
Inlet flow angle(deg) 90.0 40.0
Exit flow angle(deg) 22.5 25.5
23 1a7] s v
AA FETME A A5E ARESHARL
HA Az BF AR EF, S S A
FAo] Agdves HE 50 Wl obhd &
FE ol F e 19 | sgEd v
©( CH,) 7}=E o] &3t o]& FAn|d Bt
SRS AN, AFAT A B4 wF
FF HAo] WAR 53 BRI 2T A
Ak a#Etga F1e Akae Hagw ol
ol Aow ARG ALE o AojAE

CH, +2(0,+3.76N;))~1CO, + 2H,0+17.52N;
N, =1, Ny,=2, Ny=1.52

* Neo,» N, Ny Molecular of Subscript Gas

o237 dAie Y9 3T
Ao A& FAGoNAM= thE
a2 ZdA HoO, €O, CO, OH, 0,, H,, N,, O,
H N117}A a4 AAE tefrivt uesta
=3

Table 3. Mole fraction of products depending on
temperature and pressure in CEA and
combustion module

CEA In house code  error
Temperature[K] 2318 2318
Pressure(bar) 11 11
H,0 0.18577 0.18541 0.19 %
COZ 0.08818 0.08761 0.64 %
co 0.00640 0.00693 8.38 %
OH 0.00224 0.00195 1293 %
NO 0.00182 0.00174 4.40 %
Mole
0, 0.00291 0.00342 1753 %
fraction
H, 0.00238 0.00261 9.66 %
]Vz 0.71027 0.71008 0.03%
o 0.00009 0.00008 1111 %
H 0.00016 0.00016 0 %
N 0.00000 0.00000 0 %
A5S S8 Hlu ez #8¥ CEA

(Chemical Equilibrium and Application) 5 =[28]
+ NASA Glenn Research Centero|A] A]Z=HEl 2]
o4 &9y 24AE Artsr] s AEE
Aoz 1) AHE 4953 dee 549 d 74
E 2) o]£%4 24 A% 3) Chapman-Jouguet Hl
Edlo]Ad 4) FZ 33 (shock tube) Al4te] 71538}
o W 2% 2318 K, ¢+ 11 barel A o] Aba
dagwt o]Foxl Frist wige] W& Fe
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Table 4. Engine Specification
Parameter Compressor  Turbine
Inlet angle(deg) 52.97 0.0
Inlet Mach No. 0.282 0.253
Chord Length(m) 0.03 0.03
Blade Height(m) 0.06 0.06
Inner Diameter(m) 0.4 0.4
Rotating Speed(M) 0.3
Equivalence Ratio 0451
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