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ABSTRACT

This study presents the optimal design of a 1MW-class two-stage centrifugal compressor for high-temperature steam
generation heat pump using an Al-assisted design framework based on reactive response surface machine learning (RRSML).
The baseline configuration was obtained using an inverse design method, where the compressor flow was first determined by
meanline and meridional design, and the three-dimensional blade geometry was subsequently generated by prescribing blade
loading distributions and spanwise stacking conditions. High-fidelity CFD simulations were combined with RRSML-based
Kriging surrogate model and adaptive sampling, enabling efficient exploration of the design space and rapid identification of
optimal aerodynamic configurations.

The optimized compressor achieved an overall efficiency of 85.3% while maintaining a surge margin of 38%, indicating both
high performance and robust operational stability. These results confirmed that the Al-driven RRSML optimization framework
provides an effective design methodology for designing high-performance centrifugal compressor for high-temperature steam

generation systems.
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2. Heat pump system and compressor
specification

2.1 Heat pump system
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Fig. 1 System configuration of the 1MW steam generation
heat pump with a two—stage centrifugal compressor
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Fig. 2 Configuration of the two—stage compressor
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Table 1 Design parameters of the two—stage centrifugal

compressor
Item Value
Working Fluid R245fa
Mass Flow Rate 7kg/s
Compressor Type Centrifugal
No. of Stage 2
Pressure Ratio 5.27(~2.88(1st) /~1.84(2nd))
Impeller Efficiency >88%

Diffuser Type Low solidity vaned diffuser
Motor Type Permanent m;gor;z; synchronous
Motor Efficiency >97.5%
Ist stage Inlet Condition 4.5bar / 100C
2nd stage Outlet Condition 23.7bar

Bearing Type Active magnetic bearing
~24,000rpm(max. 25,000)
350kW

Can be operated at <65% of
rated flow rate at the rated
pressure ratio

7.7kg/s

Speed

Motor Power

Surge Margin

Choking Margin
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3. Design Methodology
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Baseline Design

Inverse Design

Meanline Deslgn (Baseline Geometry)

Optimization Process

Initial DOE Kriging Surrogate Multi-Objective

CFD Analysis Model Optimization

Sampling

Optimization Loop

Not Activated

Final Optimal Design

Adaptive Resampling
Additional CFD

Surrogate Update

Fig. 3 Design methodology integrating inverse design baseline
configuration and RRSML—based surrogate optimization
framework
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3.2 Inverse design method
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Fig. 4 Performance map of the first—stage compressor
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Fig. 5 Performance map of the second—stage compressor
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Table 2 Example of boundary conditions used for designing
a volute(stage 1)

Boundary condition Value
Radial velocity at inlet(m/s) 15.96
Tangential velocity at inlet(m/s) 45.25
Total pressure at inlet(Pa) 1374780
Total temperature at inlet(K) 408.93
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Fig. 8 Baseline volute designs: stage 1(top) and stage 2(bottom)
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Fig. 9 Performance results of the baseline first—stage
compressor
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Fig. 10 Mach number contour of the baseline
first—stage compressor at 110% flow
rate(mid span)

Static Entropy _

Streamlin
1910.07"

1905.0
1900.0
1895.0

1890.0
[ kg™-1KA-1]

00175 0083

Fig. 11 Static entropy streamline of the baseline

first—stage compressor at 80% flow

rate(mid span)

Fig. 129] 2tk baseline =7 FAFo] As 24 Y
A A v I R YA e
% WS} 24 ehts AL
$3F oAl Eviet A go
= YA IA 9] choking B
Aoz webdr, &4 A(loss
oA Tl A o] F205) 271
123 gis alsks

lo] HiFAYe Sl

=

o

oz e, 1 By %
% glet

ESH 42l 3]E A4 (pressure recovery coefficient)=

=SS =28

D MI29%, M4, 2026



RRSML 7|8t IMWE AE!l MM FEMIZ 2t Al QFx7|9| 2 2™ M|

2.2 .
21 B g
o 2 :
1.9
o1
1
51 sImpPr
1.6 | . DiffPr
51-5 ~VolPr
"ﬁl?ﬁ 08 085 09 085 1 105 11 115 12
Mormalized Flow Rate[-]
0.85
E 0.9 S - ] = -
E 0.85
E 0.8 « ImpPr
g 0.75 —-DiffPr
“~VolPr

0. = i
(7 0E 0 05 0% T 1B 1T T 12
Mormalized Flow Rate[-]

[=]
(=}

~-DiffLC
“VolLC

e
N e

Loss Coefficient[-]

75 08 085 09 085 1 105 11 115 12
Mormalized Flow Rate[-]

]

— DiffPRec

"§u_s “VolPRec
3 04 .

o

2 0.2

2 0

3 Mu?suﬂm 09 095 1 105 11 115 12
E- .

o -0.4

Normalized Flow Rate[-]

Fig. 12 Performance results of the baseline second-stage
compressor configuration

IR 2ANA FH3] fhsh AR g
S Yl /-5 537 SRS Bojstt
o]t A= 2% baseline FAFo] A HoAx
gt S UE AR, off-design 279X += -5 H84
O

oJulshy, E3] tJEA A 2 throat AA2]

S0 118% ZAoA mid-span $2|2] Mach number
contour® Lpeholch. TRl AE A wlel Aolo)

a
3

SERHMDIHSE =28 29, M4S, 2026

Mach Number
1.000e+00
9.333e-01
8.667e-01
8.000e-01
7.333e-01
6.667e-01
6.000e-01
5.333e-01
4.667e-01
4.000e-01
3.333e-01

2.667e-01
2.000e-01
1.333e-01
6.667e-02
0.000e+00
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4 1 Design variable definition
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Table 3 Main geometric parameters and

variations limit of

the first—stage impeller

Name Lower bound Value Upper bound Units
1 | LE Loading Hub 0.2 0.290991 | 045
2 LE Loading Shroud o 0.212433 0.4
3 Slope Hub 0.25 0631966 09
4 Slope Shroud 0.2 0918885 1.6
5 SP Slope Hub 0.5 1 1.8
] 5P Slope Shrowd -1 0439819 |2
7 SP LE Loading Hub o o 0.3
8 SP LE Loading Shroud 0 0122149 |04
9 rvt® Shroud TE 0.67 0.695 0.7
10 | 5P Work Ratio Hub 0.36 0.38 0.41
11 SP Work Ratio Shroud 0.34 0.36 0.39
12 M4_SPLITTER_LE_HUB -0.115 -0.07484 ]
13 | MA_SPUTTER_LE_SHROUD |-0.065 -0.046 0
14 | Ma4_SECTIOM_WIDTHS_[0] |23 24.18963 |26 mm
15 | M4_SECTION_WIDTHS_[2] |16 17.39727 |19 mm
16 M4a_REF_YPOINTS_[3] a5 85.51714 87.5 mm
17 | M4_SECTION_WIDTHS_[6] | 6.5 7.22764 |8 mm
18 | M4_REF_XPOINTS_[6] 55 50.58614 |70 mm
19 | Wrap angle[Shroud] -5 0 5 degrees
20 | Number of Blades 7 o 9

Blade Loading | Streamwise Blade Loadlng
[eesovviow )

ssssssss
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Fig. 15 Comparison of loading distributions and meridional

geometries between the baseline and optimized

first—stage designs
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4.2 Design of Experiments(DoE) using LHS
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o17]A, N 7] DoE A& ot} & Atolli= 27
surrogate model =& ¢J&] N=60 M= AF&35F9Th

4.3 High—fidelity CFD analysis
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gth o]gA HAE 7+ DoE AZ FAto] tis) 33 CFD
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4.4 Kriging surrogate model construction
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4.5 RRSML—-based optimization
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22 2 A3t £35t0] Pareto SRS A=t} I8
27] DoERre gL mE ulAyg §% AN E3| stall
choke, diffuser separation®} 7L 4% EAL FHJI]
HEgslr] ot whEhA, RRSML of|Af surrogate®| o=
QA & AeR AAElE Jo T Pareto front FH Q)
wzket oJ o) sl 7} sampling= $=8gkc},

Table 4= 28 %] HABE o3 U 9 ow
Hape THE 2049 SIsiEr A B} 2 wa
9] 318 H(lower and upper bound)E A|AJgtc} ZF ¥
£ baseline 84S 7|5£02 HAAEH, DoE(LHS)E &
3l sampling%]©] CFD &l|4] 71 t}S Kriging surrogate, ©]
e Rl Ao = RRSML 2| 2|3}19] qjglo s AR-¥ITt
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Table 4 Main geometric parameters and variations limit of
the second—stage impeller

MName Lower bound | Value Upperbound | Units
1 | LE Loading Hub 0.1 0.206166 | 0.4
2 | LE Loading Shroud v] 4] 0.3
3 | Slope Hub 0.3 0.702311 [ 1.1
4 | Slope Shroud 0.2 15 1.8
5 | SPSlopeHub 0 1 16
& | $PSlope Shroud 0.5 15 2
7 | SPLE Loading Hub ] o] 0.3
8 | SPLE Loading Shroud 4] 0 0.3
9 rvt* Shroud TE 0.675 0.7 0.71
10 | $PWork Ratio Hub 0.36 0.38 0.41
11 | 5P Work Ratio Shroud 0.35 0.37 0.4
12 | M4_SPUTTER_LE_HUB -0.103 -0.07332 | -0.053
13 | M4_SPUTTER_LE_SHROUD | -0.047 -0.03677 |0
14 | M4_SECTION_WIDTHS_[O] | 14.5 15.17172 | 16.7 mm
15 | M4_SECTION_WIDTHS_[2] | 10.8 11.49966 | 13.2 mm
16 | M4_REF_YPOINTS_[3] 67 67 69 mm
17 | M4_SECTION_WIDTHS_[6] | 5.9 643581 |7 mm
18 | M4_REF_XPOINTS_[6] 40 41.76956 | 50 mm
19 | Wrap angle[Shroud] 5 0 5 degrees
20 | Number of Blades 7 8 9
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Fig. 16 Comparison of blade loading distributions and meridional
geometries between the baseline and optimized

second—stage impellers

blade
meridional geometries between the baseline and

Table 5 Comparison of loading distributions and

optimized second—stage impellers

No Name Direction
1 OP2 Stage Efficiency Maximum
2 OP4 Stage Pressure Ratio Maximum
3 OP3 Stage Pressure Ratio Maximum

Table 6 Constraints condition for the first—stage impeller

optimization
No Name Lower Value Upper Units
bound bound

1 LELean 0 6.449358 12 degrees
2 LEBowRatio 0 1297087 14
3 LELeanSp 0 6.528028 12 degrees
4 OP1 Mass Flow Rate 7.72 7.7801 7.9 kg/s
5 | OP2 Stage Pressure Ratio 2.8 2.86823 3
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Table 7 Objectives of the second—stage impeller optimization

No Name Direction

1 OP2 Stage Efficiency Maximum

2 OP3 Stage Pressure Ratio Maximum

3 OP4 Stage Pressure Ratio Maximum

4 OP1 Stage Pressure Ratio Maximum

Table 8 Constraint of the second—stage impeller optimization

No Name Lower Value Upper Units
bound bound

1 Throat 1500 | 1585576 | 1,750 | mm"2
2 ThroatSp 1,500 1576.688 1,750 mm"2
3 LELean 0 3.918438 12 degrees
4 LEBowRatio 0 12.95282 14
5 LELeanSp 0 2.06702 12 degrees
6 | OP15tage Pressure Ratio 1.76 1.78229 21
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Table 9 Optimization setting of genetic algorithm

Name Value
1 Population Size(multiple of 2) 100
2 Number of generations 100
3 Crossover Probability 0.9
4 Mutation Probability 0.088
5 Initial DoE Size 60
6 Point Added Per Iteration 10
7 Number Of Iterations 4
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Fig. 17 Trigger—based adaptive resampling procedure

of the RRSML optimization framework
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Fig. 20 Comparison of baseline and optimized impeller

geometries for the first stage.

Table 10 Comparison of geometric parameters between the
baseline and optimized first—stage impeller

First-stage impeller Baseline Optimized
Blade number mar: 8 mai: !
splitter: 8 splitter: 7
Stacking angle 0° 2.65°
Diameter(mm) 171 175
Axial length(mm) 59.6 69.8
Stage 2 B Optimized
Bl Baseline

Fig. 21 Comparison of baseline and optimized impeller

geometries for the second stage.
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Table 11 Comparison of geometric parameters between the

baseline and optimized second—stage impeller

Second-stage impeller Baseline Optimized
Blade number sgi?titrel:r: 88 sgi?tjtr:r: 88
Stacking angle 0° 5°
Diameter(mm) 134 1372

Axial length(mm) 41.9 46.6

Fig. 22 Configuration of the optimized first—stage

compressor

Fig. 23 Configuration of the optimized second-stage

compressor configuration
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for final performance evaluation
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Table 12 Mesh size parameter

Grid 1 2 3 4
Global size Impeller 0.8 1 1.2 14
factor Diffuser 08 11 1.3 15
Spanwise
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Fig. 28 Comparison of performance curves between different

mesh sizes

A= oE AR +E HE3to 4571
H, 9 FF ol AR ol M= Al Axke] Heprt v
ughe RIS Axf ol e =71 e
Fig. 28] YER Tt

HAA| AR} 57 174900 9F 2735k o] @ 42 A Y
Aot HiA AR = s HollA =0l He A7t ¢l
ouR W= A7 v gl 1747t o] 842 g
5 A2 A% 2717F A== HHekE 9 gEH A
Aol le-6me] 3 WA A fzol7} AREE UL, A
stage 4 ZAF2] £ol= be-Tmo|tt,

- ul st o

5.3 Governing equations

golnz, )
AAATE] Reynols—averaged Navier—

A8 Agalddnh, A mEAe thew)

A7) U SES WA, AR, IR
HE Al o 2 3;<]_
Stokes(RANS) H}-4

2T,

34

3.0%,

—
SR
(=]

OS2 BRE0W 2
ooocooocoboof22h

Fig. 29 y+ contours on impeller and vaned diffuser of
stage 1(left) and stage 2(right)

o}
8_@(pui)_0 (15)
S5 WAL ot Zo] F@H

0 op I} Bui o j —

2 (pun,) =— — —pu;u; |+ S, 1
ox; (pulu]) ox; O, " ox; 6xi) Pt ! (16)
A7IA - §=

SW A st wdE 2
Coriolis force®] 3j@3}= source term®]t}, ofjufZ] Hl-A4A]
o hew 2ok

2] oT

Ie]
gj[uj(pE-i-p)]:gj (keff o, )+ul7'” off 17

SI7IM, pi W 0 ST AR p AR B E ou),
Ky o fE AT S A

yh=— (18)

FA7A 2] Az,

S=ERHDIHEE =28 292, K4S, 2026



RRSML 7|8t IMWE AE!l MM FEMIZ 2t Al QFx7|9| 2 2™ M|

Fig. 29+ stage 13} stage 2 Y2} 9 E]-lr_‘r7\1 A
o] y+ w325 YERdt stage 19] A, ¢ gloj=

W Aute] AR y+ gho] vl wtdstA o
B, 53] Eeol= FYFolAE y+gkol 10 olstz FA=
o A% o] HOR YT Y-S BT 4 9
o} ol 27] AAGA NN AR E27F A-s] AR EHUS
= oo},

" stage 29|4= YAl 95 E80]E leading edge
B yr o] FHAoR E/1540] At o 15 457

A ek gjodo] paIct olejet Ak 1ol A Hg

5 §50] 2 YTolN ATHHOR B SE Ul Ui g
H7) dole], SRAoR &= ) Z712 1)
ek o] 7 Az sHg,

£, R4 FZAAE 55 24 B A% A

Z7PE WA, AUHOR v gho] S8 W el

=0

A=) §5 wel L ARE BYS AR YA ZHD
+ S $2UE AL,

AN O B GANA y+ gho] oF 515 0] Lh]
e o, ol SST ko R 2 Age] Hite
M HPES shaskn geS ofudi

]:l
2 7|HFO 2 baseline ¢=7] 3

225} A4 GApol digt CFD AL Salsto] of

AN ogl

1 QoA

= AAYE 2%
o] RRSML 7|5t 2
baseline ¢t=7]9] 4

A3t 3y 9 2% A

E:

u&i

6.1 Performance Comparison of the baseline
and optimized designs

BN

[

Aol A stage 19] baseline W
2y BXE vk Aog, 7}
Fgel i Eelol= vk 90% span(AEHI} 50%
span(steh) ol 419] f-5 < HeEhdc

AA| K O Z baseline A= T]FA] Q7+ D B2
FolA =2 AERZT Jo(HM)o] FHLsHA =t 9l
oul, ol 9% el 9 4 £ WS st S
90% span GHolAl= Edo]|= AFolA9 tip 1eakage gl
27} §% POz ola FHA AET] ZA7} Fetsh
e},

W, 2243} A= &

Fig. 302 24 &%
2a} Aol ek 44

m

o]

i =

=

Jlm
> o,

OII

5 gAolA] 3 AEm] o

SERHMDIHSE =28 29, M4S, 2026

Static Entropy
1910.0
1908.0
1906.0
1904.0
1902.0
1900.0
-1898.0
1896.0
1894.0
1892.0
1890.0
[ kg1 K~4]

Fig. 30 Static entropy contours of the baseline(left) and

optimized(right) first—stage compressors at the

design flow condition(top: 90%, bottom: 50% span)

o] @8] 7haalw, AEZT HE7} 6 FUskA et
o}, ol -5 we7F JAIEAL, HirA WAl & 24
o] § Ao w °1T°1Mne o]t}
E3], 50% span©|A]+= baseline HA; tjjH]
of AE=Zw F7P7t skl ol= Edol= 5% FHlA
A& (flow alignment)o] A= 11 £&4o] gl o

= A==

243} At

QT3 A] Qe 20N £ FHS AN U
71e] B 4 AMEE B ARl ol 3 $5
of o] Qlale] e TiRA] Hefol=e] A T 7 U
B2 9T ¢ YA RS ouig, oleie Yol
SR e QJAbzto] Z|adtE|o], Selo]t AMtho Ao vt
7h Haskar, 2xF 50 W] AAEH, oY &5 Ae
o] gt W, f5 AHo| sk A w574 -5
dhzjel ez u] Ao F7ish, ol YA A4S 8
skal 45719 ke A Asket 4= Sl

Fig. 312 Stage 19]|4] baseline §4}3} RRSML 7|4} Z|

23} FAFol e Atet fel whetk vt daE vt
W A e e, s TemE BES 22y
el E e} LSVDE| s FAlol BlaLskelrh

WA, bS8 BEE B, A 555 F90lA 243k ¢
H 2} LSVD X baseline tH] AQFH OS2 =2 QFEHIE
FrABHE Aeke Helr, o= A3} oA -5 3% Eﬂ
S7F 2 oy Ag ago] MAEASS oulgit), vk,
1 2 JAALE nE FAboA b7t 2238] Aas)
L4, o] diffuser choking H+= G vteg] Z7}of 7]Qlst
AL s Ert

ag BxE By, 3= FAL baseline HhH] A &
% ol Qusl £ ARS LRI, B8l v v
gt goolx mE N Fol ZA ek,

O

ol 7I&

35



o
]

4
— 3.6
Q3.2 ==
" 2.8+t
; = 1 ller (basel
E 1 Z :::Imge“ er?geals'.'eelne)
—— mpeiller (O] 1 i
E 1'2 D (optlpl:ntnzed) -
0.7075 0808509095 1 1.05 1.1 1.15
Normalized Flow Rate[-]
0.95
0.9 FErrEe e e T e
— 085 """ |
> 08
8 &5 | ller (basel
2 o7 z::ilf" '??1 (‘i{(a(se:fnee')"e’
—1im ler (o |m|zed)
- 0062 eeD (optll)mlzed)
0.7075 0808509095 1 105 1.1 1.15
Normalized Flow Rate[-]
Fig. 31 Performance comparison between the baseline

and optimized first—stage compressor design
baseline @/JollA £t diffuser stall W =5

gojo] HHs}t YAHolH EHHOE R=] )
sheeic)

=2

2
Tzo=

E3E LSVDE] 7% baselineo] A= QHd tjr] AhA
0% e 5ag Roluf, A5 olFolt Qmelete] A
zpo|7F ZolEm AHFAQl S5 wjFo| FAtE AL I
4 Ut} o] Stage 19] impeller—diffuser coupling #|%]
3t AEHor SYEYSS oulFith

S0 2 Stage 22| baseline®} 2|23} HAre] A 2
Sholl ot 3 jolet

WA, Fig. 32+ stage 29| 4] baseline FA} 3l &
Aol 3H ERY HES vlngh A0S ehdn 47
O & stage 2= stage 12 ZIGF O] H] #Y(non
S U A=Y 1Y 5 7] gl
baseline F/dollA= HpA Y- X EHol= S=A %
3 qlews) 277 Uepdth £5), 90% span AelelA:
OFA 9 Feld 2 AERe Gee] dFHoR B
Sk, ol= 1ol A u)g
ol At slo] 2% £ W £40] W Aotz HHCt

uniform)d}il

ZIAF
e}

9%} tip leakage 5

o]

=
oleigt AR fF ©el L FRA A& Foio] FA
W o] ok

HR, A3} AL Y Gelel 1 AERY] G

o] WAS| F4stL, A= BE Yo7t & o A5l
I AT e mele o) A YA 55 4
ol AT, f5 B B0l B YA O o|FolFS
2 ojujaitt
36

- 1902.0
1901.0
1900.0

[Jkg"-1K-1]

Fig. 32 Comparison of static entropy contours between

baseline(left) and optimized(right) designs for

stage 2 at the design flow condition, shown at
90% span(top) and 50% span(bottom) at design
flow at 90% span(top) and 50% span(bottom)

Static Entropy
‘19100

" 19038.0
~1908.0
1807.0

1906.0

1905.0
15040
- 1903.0
I 1902.0

1901.0
1900.0
[ Kg"-1K~-1]

Fig. 33 Static entropy contours of the baseline(left) and

optimized(right) second—stage compressors at the 75%
flow condition(top: 90% span, bottom: 50% span)

TSt 50% span G oA = baseline tiH] A3} FA)

oM AER 3| 27} AN OR 24, ol Heol=
FAt FHollA 9] 22t -5 2 mixing loss7} AIFA 08 9
A= A2 e,

HB B3] AE)o] Stage 2 baselined} FZA3lE
47 A=y A W@ Fig 8ol terfole

A, 90% span Fol|lA] baseline B TFA A+
2 Q] S wet H WA 2 IER Y] Joo] FYE=
Ao| Ta=E) o|glgt 11 JEZT EX= tip leakage
flow®} secondary flow?] JFO2 F-50| H| HLU3HA &
3235}, LSVD channel o429 8%

o

B4

arrangement”} %3}

(=P~

S=ERHDIHEE =28 292, K4S, 2026



RRSML 7|8t IMWS AE M4 SIETIE 25t |N UE7|0] B2 2% 4

5 Ave s|AEch 53] oY W gake s 9%o] Hg
o 2HA £ Z7bH IS B4 Bold v, A
Aokel PAAE AAHOR B dERT] Szl 4
i, tip ZHNAE 2 A= Gojo] Zhasdt o] Bl
A}, o]t 50| vane passageS Tet Wk FAH

AEgIrh Aoleln BEEe, ATHOR shroud o]
K] dAlo] Tha olAlE RoR BERi
3HH, 50% span P Ho A+ baseline FAo|A A

YR oe "o 1 dERZY o] FAEe] glom, ol

L gE ue) W e Jole] 24 Uehiry, oleja 7
Z+= diffuser stall®] Az dAFO R sjAE 4 Qlom, H
i 5ol 27olA f-5 g0l AstEE 8 Yele®w &
&2tk olof Hial 223k FAfollAl= AL AEZT] Fo]
Hashal FAHOR AIRFHY, 50| vaned theh Rk
REYA B2L Ao Heldr), ol uhe] gejo] Haol
A ARE B0l AHEYSS SJulsi, FupH o o
FA W £A0) AT Aoz HAEn

Stage 29| baseline @/} 223} FA9| A5 vlugt
ATE Fig. 34 eI

Stage 29| baseline @A &35} Ao A5 vuE
Fig, 316 EAIBFYC), A 54|, sl 58 #x5
UERe, ddlleiel LSVD Z42he) 5 Hgte] ke e ®

3= Aol AAEle] et
UW USH] s ARy, A3 E P4 A 55
o] A4 baseline cﬂu] AP A =l QFEu|E x5}
= 75‘?%% Holoh, 53] Bg 7o Jo(Hqtst %’v’k 0,75

“0.9)014 2 Aol} Eetapl e, o
2.3 3
—2.2
© 2.1
i o2
e =
7 1.8 = Imysiy (Baaeline)
o 1.7 Imgeller {optlmlzed}
a 1.6 (optimized)
07 075 08 085 09 095 1 1.05
MNormalized Flow Rate[-]
0.92
09
- 0.88
>0.86
S 0.84
o -.- I 1l I
g os2 T {2psE barne
- T A

78
0.7 075 08 085 09 095 1
MNormalized Flow Rate[-]

1.05

Fig. 34 Performance comparison between the baseline and
optimized second—stage compressor designs
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6.2 Integrated two—stage compressor performance
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Fig. 35 The stages are connected by interstage piping;
the green one with a larger volute is stage 1
and pink one with a smaller volute is stage 2
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Fig. 37 Streamlines colored by static entropy for the
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(Normalized flow rate =0.62): first stage(left) and
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[rev/min] and a mass rate of

second stage(right)
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Fig. 41 Performance characteristics of the final two—stage
compressor at different rotational speeds
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Table 13 Comparison between CFD results and the predictions
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Fig. 43 Validation of the surrogate model by comparing the
predicted pressure ratios with the corresponding
CFD results at different operating points
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6.3 Effectiveness of the RRSML—based optimization
framework
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