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Table 1 Main Specifications and Design-Point Operating Conditions of the
NASA low-Speed Compressor

Parameter Value Unit
Number of impeller blades 20 -
Impeller backsweep angle 55 deg

Tip clearance 0.254 cm
Rotational speed 1862 rpm
Design mass flow rate 30 kg/s
Pressure ratio at design point 1.141 =
Isentropic efflcllency at design 0.922 _
point
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Fig. 1 Meridional geometry of the NASA low-speed compressor created
in ANSYS DesignModeler based on five-point Bézier curves
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Fig. 4 Three-dimensional geometry of the NASA low-speed compressor
in ANSYS DesignModeler
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Fig. 5 Structured mesh of the NASA low-speed compressor generated in
ANSYS TurboGrid
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Table 3 Boundary conditions for the NASA low-speed compressor
simulation

Boundary condition Type Value
Domain inlet Inlet P total 1 bar
T 288.15 (K)
Domain outlet Outlet Mass flow rate  18-42 (kg/s)
Shroud Counter rotating wall
Hub No slip wall
Blade No slip wall
Periodic Internal periodic

Periodic A

Periodic B ____
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(b) (a)
U= 5 (550 baslys £83 (2 NASA low speed jgupuaS (058 (I # JS&
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Fig. 6 a) NASA low-speed compressor blade b) Types of boundary
conditions and their locations
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Table 2 Mesh specifications for two different turbulence models

T 1 First I hickn N f
urbulence First layer thickness Growth rate umber o v+
model (m) elements
k —w SST 5e-06 1.05 1.2e06 1.102
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Table 4 Comparison of numerical results with experimental data reported
for the NASA low-speed compressor

Validation results
Mass flow rate

(ke/s) Parameter Experimental CFD Error
value result (%)
Total pressure ratio 1.14 1.139 0.17
Total temPerature 1.042 1.040 0.19
30 ratio
Isentropic efficiency
92.2 93.1 0.97
(%)
Total pressure ratio 1.169 1.165 0.27
Total temperature 1.050 1048  0.18
23.6 ratio
Isentropic efficiency
93.1 91.8 1.39
(%)

Olg3 53 o1 GIlS 2 pslie 5 332 > 51 Jol> ol
dulio SaSy b € Jgaz 53 SIS (gl 93 (gl [VF] @2ye
RO IFWA)

Loy WA kS e opyinios € Jgas gleesls kel p
el (633 o gy oo ySilo a4 el sad iyl

ool Julxs g digas (glasd -#-¥
oz o Jold IS el s Glagly ol (3 lwding Lo
s Glllbal (gdxio 93 )3 jouwpaS uwiis ladakie g
s9upseS i slapsiio 1 (led WSS el o s op
Aadse gioled |y gilpdlial (ga=éo ;3 NASA low speed
bl g IS slayl Jolds amio ol 53 j3uppeS uodio slayiie

ol 3950 5 Gl glaizie (JyuS

U

s4=io ;> NASA low speed jauwpeS uwiin glonsio W JS&

ool cias
Fig. 11 Geometric variables of the NASA low-speed compressor on the
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Table 5 Prediction error of the developed neural networks for modeling
compressor efficiency and pressure ratio

Train dataset Validation dataset
MSE R2 MSE R2

eff  0.000090 0.9874 0.000452 0.9291
Fold 1

Pr 0.000001 0.9998 0.000049 0.9876

eff  0.000106 0.9850 0.000446 0.9360
Fold 2

Pr 0.000001 0.9998 0.000036 0.9922

eff  0.000083 0.9883 0.000505 0.9280
Fold 3

Pr 0.000001 0.9998 0.000048 0.9888

eff  0.000056 0.9918 0.000349 0.9280
Fold 4

Pr 0.000002 0.9995 0.000035 0.9921

eff  0.000055 0.9921 0.000351 0.9514
Fold 5

Pr 0.000001 0.9998 0.000058 0.9865

eff  0.000078 0.9889 0.000420 0.9397

Avg
Pr 0.000001 0.9876 0.000045 0.9894
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Table 6 Parameters of the NSGA-II Genetic Algorithm Used for
Compressor Optimization
Number of Design Variables 21

Initial Population Generation Method Random

Crossover Probability 0.85

Eliminate duplicates True
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Table 7 Dimensions and geometric specifications of the optimized design
and comparison with the baseline desi

L cm 46.494 47.158

D1 cm 43.256 43.719

b cm 14.035 12.321

Hxb2 ° 0.1486 0.1188

Hyb3 = 0.6373 0.6027

Sxb2 = 0.1107 0.1328

Syb3 = 0.6236 0.7483

spanl_beta2_y deg -20.78 -16.63

spanl_beta4_y deg 58.68 52.06

span6_beta2_y deg 23.14 25.97

span6_beta4_y deg 57.34 45.88
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g(x); = Pry — Py pg5e =0 *)
s8Il 51 oslatanl b Ghmgdy ol 53 s3upseS duosins (g5l
BT (g 5lwdings p ogde Ul oai olail [+] NSGA-II
aLsls 3929 8 Ban &ili Wiz b yionzn Pl Jo Sl
e Phb S geias plid cuez ol 3 diged o bl
s3mpaS i yiolly YV Jold () p53309,5 45 cansl adedio
2 3081 (S5l @)ool 53zl (g33s 10y S wygo 4
31 eslil 4 (6305 B 39d e il pSalz Jie bauwgi Jud
3o 28l Sl @Vl Saeliny gaizie 5 sl Gy,
b (sloySlac I oalitwl b asy Jud 3381 (Sujly (b5
oals 51 a3z 1358 dsi (gl gblas Jlais! . wlosds sl

s 30yd Ve 35 i £ el oad a8 S )l )3 woyd AO

Uosde Syilse uwdige ele dolinle



YFa St 050081l 5 il (55450 oS 4y 5550 51 508 spunpgaS aSlac (immio (glabiisiy (5ludisg

Cgods dingd guwpseS (SAwds (il lliel johied
Jao 3l oselewddy jolde b ol b g cwl oads J> (g34c
5 oloaly yslie A Jgazcuwl ondh dulie A Jgaz 53 o3S0l>
a2 el bbb o] stunlio 5 dingy >hb lid cud
35,5 (galats

Sex e Oyl 45 a0 lid A Jgaz gleosls sy
2033 YY) b 4l 0SLS £V oz (03 4 bgae ool
Bl yolo 53 j5m550S losily sl aly 2 4 o Glali8)
xS jlaie 4 35 4l ©SsLS A oy (2352 4 SIS
anol @iBly i3]

o9l 20,3 W iSole i A Jssz mlS 4 42gi b
sl 03,5 (i U 4l 2 @SSLS WA oy (23 sl ol
Ao lis |y gledily (aoys VT el (so3e o il Ll
2o 3 g el (Sl Jae slas 1 oL i wlas ol
s Giolidl ede 3gd 0 0303 yieS lade b 3518 blas
9 090505 (531000 (@SS WA oz (23,5 ol Jae
Sosls udsS  padius wygod & el 2w o £589
ISt 53 38 e il Grae 4 w83 5 g3a¢ > I Jol>
ol 00 duulio S0uS5 b a5 dingr >k 3)Slac 413503 1Y
S3lwdingy 45 w230 gl WV S 53 j9mppeS 3;8ee l3gai
oS JLid o (losily Gl (e jauyseS (S48 3 ST
canl 313 38l 35U U eled 3 a3 il Slade 4,

31 digad 93 @1j5 gmrsaS (53lodings 330 583 Gy sl
I8 G Dge gl lsieds pliy Gldlins gl wasS
53 5 Sl jLad mjsi 18 JSd 9 A S ) el 48 S
Solelbal gamdio 55 (o Elo sae gajoi V) S g VeSS
S0 b gl ygmpeaS 3 g smpaS sl o3 s oy (sdxbe
sl 0dd dualBe

Modares Mechanical Engineering

(b) (@)
(A G8le 5 GBsS slas I ppwpmaS (ga dw sawsin WO JSB
Ay Gwdin (@ Gl (sawsin

Fig. 15 Three-dimensional geometry of the compressor from top and side
views (a) Baseline geometry (b) Optimized geometry
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Fig. 16 Three-dimensional isometric view of the compressor (a) Baseline
geometry (b) Optimized geometry
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Table 8 Pressure ratio and adiabatic efficiency of the optimized design
compared with the baseline design at five operating points

CFD Result  Surrogate Model Prediction

Pressure

. 1.1836 1.2738 7.62 1.2984 9.70 1.93
18 ratio

Pressure

_ 11628 12563 804 12772 9.84 1.66
24 ratio

Pressure ) 1378 12316 824 12554 1034 193
30 ratio

Pressure

, 11105 12089 886 12401 1166 258
36 ratio

Pressure ) 1903 11868 9.96 12168 1275 253
42 ratio
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Fig. 17 Performance curves of the baseline and optimized compressors based on surrogate model predictions and numerical simulation results
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Fig. 20 Relative Mach number distribution on the meridional plane at a
mass flow rate of 42 kg/s (a) Baseline geometry (b) Optimized geometry
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Fig. 21 Relative Mach number distribution along the mid-span blade-to-
blade plane at a mass flow rate of 42 kg/s (a) Baseline geometry (b)
Optimized geometry
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Fig. 18 Static pressure distribution on the meridional plane at a mass flow
rate of 42 kg/s (a) Baseline geometry (b) Optimized geometry

Pressure
1.145e+005

1.117e+005

/ 1.089e+005
1.0608+005
7 1.032e+005
1.004¢+005
9.757e+004
9.475e+004
9.193¢+004
8.911e+004
[Pa]
b) (a)

3 sl oy s oy (gemiio (Silkee ol 53 Sl HLis 23595 WA YK

g (Swid (P Gl (sdwin (A 40l o SeliS FY oy
Fig. 19 Static pressure distribution along the mid-span blade-to-blade
plane at a mass flow rate of 42 kg/s (a) Baseline geometry (b) Optimized
geometry
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