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Abstract: To reduce the radial dimensions of centrifugal compressor volutes, investigate the flow
characteristics within internal volutes, and improve their aerodynamic performance, this paper
proposes an aerodynamic design method for internal volutes based on the principle of angular
momentum conservation, Using full three-dimensional numerical simulations, a combined
analytical approach employing vorticity and entropy generation theories is adopted to compare and
analyze the entropy generation rate and vorticity magnitude distributions of volutes designed by
the angular momentum conservation method and the average velocity method. The simulation
results indicate that, compared with the average velocity method, under design conditions, the
volute designed by the angular momentum conservation method achieves a 21. 8% increase in the

outlet static pressure recovery coefficient, a 31. 6% reduction in the total pressure loss coefficient, and a
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174% increase in velocity uniformity. This volute exhibits a well-organized overall flow field, with
a small recirculation zone near the volute tongue, ensuring the operational stability of downstream
components. Two secondary vortex regions with significant flow losses exist on the hub and
shroud sides of the volute, and a relatively high entropy generation rate is observed within the
0°~—90° circumferential flow region of the volute. Based on the volute designed by the angular
momentum conservation method, cross-sectional profile optimization is conducted to streamline
the flow and suppress the formation of secondary vortices. As a result, both the entropy generation rate
and vorticity within the volute are reduced, the secondary vortex intensity is diminished, the flow
conditions in the 0°—90° circumferential flow region are improved, and the flow losses are
decreased. Compared with the volute designed by the angular momentum conservation method,
under design conditions, the optimized volute achieves a 13.7% increase in the outlet static
pressure recovery coefficient and an 18. 1% reduction in the total pressure loss coefficient, while
the velocity uniformity remains essentially unchanged, thereby enhancing the overall performance

of the volute. The research findings serve as a reference for the aerodynamic design methodology

%60 %

of volutes and the performance optimization of centrifugal compressors.
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Fig. 1 Schematic diagram of the inner volute section

TEIZ O A T L BURE 2 W 72 Bl 2k - 4k 1R 3o an

FE 1 AR o s HOm AU dA, L SR dr,

KN b, 455 oh it sF 18 2 HEAS 2Z oT A 1) i
R dG, R

dG, = pcbdr = pcyury %dr 2)

AP o, IPOTAL AR JE [ 5o, R IRFEHE N
{14 Je 1) S B 734 s Ry DA TSR 0 f AR AR e
HEF SRR A B, RIRE [ 242 5 0 AR MR 1) 2 2

22005 B 5 2E 11 B R R K g e 7 R T A
R —Ry 8y + Ry XF(2) AT, %8
TET PR S Jo 5

ry TR, b

Gy, = pc,lur,lJrrRy Tdr (3)
KD HKX GBI
°o R
R L (1)
(11 =R, T




182 G N PN I 4 60 %
Hrp
5 5 - L
b2 SRI—G =1y 0 A
. . . " o~
H3R (R AR (DR 1 iy
N = I 33 (6) <)
G 360°
A Q 9° 9 Q
7200107((,1,,;’1 180° 270°
B = [20emcun: 7
G, D) @
LiSLivE
- z
R = B — () (8) Fs AMIEHRR E
e o R s . Fig. 3 Schematic diagram of the computational
I AR 72 TR B k3 B T LR Ty domain of the inner volute
G, = 2pmribicy, (9

K o, HIRFEHE TS8R W Fe i S tana, =
Cu/CansCoy 2% R W ST HE 1A AR 1) R BE A 1, DU AT
BRIKA N
R, — J0r4€%t§0n ar <Hbét6aor‘1) a, )
R 5 B Y 34 B R A R AT LA P
o7 B i 1 A I 2 A R R U

2rib,sina, 0

0.48  360°

(10

Ry = an

BItERIER

TR TF IR E O S 6, =15 mm, #F
S o, =20, FF 42 r,=140. 5 mm. K
i1 2l S IE O B R R T 0 5T A5
R, GniEl 2 prw, ml LA A1 o) o <7 835 3 0 09 I
FEAR T 2 AR N BRI T I ) R~F . AR SC iR
FEU AR WAL G & 3 R, Hoh b R B K

L=316 mm,
551 "

1.2

=73
Feiz

45 =

Ry/mm
W
W
T
n
L
"
L]
L ]

()
(o3
T
L}
L]
L ]

© LR SRV IR
o ° o fuBhispaik

w
T
[ ]

200 300 400

0/(°)

0 100

B2 PR T T ik e T A i 7 0 2 AR LA
Fig. 2 Comparison of the volute section radii obtained from

two design methods

zkxb. xjtu.

2 BAE TR SR

hREH
A SCEO E4E WL SE B9 T R245fa, i % 4
Pringe 1 iR,

2.1

A1 ARAEH
Table 1 Boundary conditions
S K
OB P, /kPa 600~625
PR T, /K 389
R /O 20
HHEE P /kPa 595
Wil ERE G /(kg+s™") 5

A SCHBIE 5T G 32 IR 0 R AR DL N I 5 S
P2 N R R R 1 S L % ) R R e A UL Dyt < RV
SRR HLEL, O T AR T R e AR B[] B B A Sk
Y 5% 48 R 3 WY R ST Y 3 AR SRR R o
R 22 1R B4 22 AR /N 100 EL I 4 5 08 52 1 R B B
PR B A 1Y G 0, SR T T AT,
THEA XA Kt 52, HABCE W4 52 iF 188 S #0m 1
SRS SR — 20, FE BRI TR 38 i AR HE
8 4 7 U

T L UL I  FEBOTT SRR W oe iE 1 B Oy
40 m/s,
2.2 ESIEESH
[N /EY GBS

Ps-,Olll 7 Ps.'l
Ps.

P, — 12

C, =

4

SRR R BUE LR

edu. cn



11 AR & LB ESH LAY N RS R R Sk ik 183
¢ _ Pu—Pu Gy R T PR o, R R o,
' P HE U 0, W55 E 11558

Ao, P WS TR S P, RS SE TEE

P, TR H O BE; P ow TR O RE,

W 5 T A B A X S R B L R R R Ui
1 TAEERE L AR SCR T AR X b 1 O 2200 31 5 05 5%
Y R ST L TR MR S A A A K
SRFEAT W 4 R, 36 81 MREA S,

WA C, MARER 2 S 40 Bl Xl

s

Co=(1-2) x100% (14)
v

s= [ w, - (15)

s SONARIEDR 225V, 5 A SR AR R
VBT A R R0 B 50 R SRR B

.
.
.
.
3
.
.
3
.
.

4 S e F A o R A

Fig. 4 Data sampling points on the volute outlet section

T4 e 22 5 BOHE T B 7 B PR
IS IR B o TR S P O R 7 A
A5 e 2 W36 FE R O3 2 7 , o E L T
43 0V B ERE IS i B PERE I D 7
SCATSRFH 4 8 7 4% 9 52 14 190 7 I 36
P HYBRHER P 369 F 3k Y

T+

s=2£[(5) +(5) +

|
E[(R 300 4 () 4 (2 )]

+ (5

dz

dx dz 9

(16)

s e TR S T B T O M 2 R s w0
w 3R oy oz J7 1) R O

AE T AEAN R T80 H#E AT FE B R (16) UL
I R

27T, s,

17
{0471i/b4 an

- f—
Sy =

zkxb. xjtu. edu. cn

2.3 HEHERZE

AHIF 5T 6 S 5 0 R 46 LI P R 58 A AR i =
éﬁﬁﬁ@ﬁzﬁ],/\om N IE AL 95 W e AR AT RE B Y
W ES R UL RAPL T R245fa fEFFE T
%TE’J%@”’W’%X}LWM;:LE’JE’UH T, A 5T ik
T Menter 4 i #9351 1 77§ 12 (SST) kw P J5
P A A R A% O A TR A R
BTt 78 BE DXCCR TR E Y e BEHY, D)4 2
IR DXl ) I B R A S S RE T Y S U XU
T PE R ke BEAL, DLRE IR H X A W) 85 45 F 19 B
PE N4 R I & . SST AL RE % 01 4f b
OO 36 s A BE R A B O B 1Y & e R BT 0 e =
R I = VB == P U T e .0
Mojaddam %5 &1 X B0 FRAR LR 72 TP T 5L 5
BAE BRI ST, R F AL IR £ X 5% 56 38 1 O 3 F 17
T R SST ko i it 155 B K fif i 37 45 R
7N B TOUIN ) G o s 5 ) R A A AR S I Ak A
EFEHI LA BRI Bk 7 EUE TR e SR
AR Y TE 8 AL AR 0l 100 355 P 5 o Pk 2 A5 B
ZWFGE T IZ B UE

AR SO ¢ B(EASE AU % S5 S L 2l ORI UL Y 2
FREREZE 10 LLR , JE 1003 o | ol B 45 W o
B AS AL A3 0. 1% K i B U8,

A5 R A Fluent Meshing %114 5 DU T 44 4
S5 A6 A TR SR AT O A S8R 43 0TI L e A AS B U
L A B0 52 2% 1 DCISUFE AT J) 3 48 PRk G T 58 S5
i AR MR RO 446 J7 (RIA% 1) 695 T3 (I HE 2) Fil
1129 73 (A% 301 3 A MAS EAT B3, 1815
ARSI R B B A

K5 A%

Fig. 5 Mesh of the computational domain

P I 5% 1 56 kSR HH R0 A% i Sl 2 (GCD Oy
FEU LA A 270 BT A B BE I B AR 43 A A R
6 JE AR UE Y H bR A8 f  BEAS i 8L 6 BT




184 [T S 11/ Y NI O O ] %60 4
//// . 3 R 58
/ : 3.1 RESAMEESN
/ . PR 5 T R 1 0 0 5 4 A R Bh M g ) 8
[estmm B, o X T B R G, = 5.0 F
\ . / BRI M A AT L7 1 B O R, 1
\ fe : PR S 3 B AR 5 1 P 458 2 % S 0
\\\ | . T S 34750 B DU A 8 T O
\\\_L s 0.60
6 T T B RE A B — ——
Fig. 6 Sample points for mesh independence verification 0501
045 . .’-/\.
B 7 R T AT e M g . T8 T () N S -
3 AL R R A R % 5 GCT a8 1 i 0BT B
L e TR
TR 270 WA 40 A Bl 2 = b REAR R 030r o fyaye ik
FIXE TR 0 14 0 8 Ol o % A B o B L 7T 27
0.20

PLE AN [] A T 58 0 <0 B A8 Ak i 3 — 3%, H
A% 2.3 FHAMEAE 22 1. B’ T(h) Sy A 2
PR T 5 S R A 1 2 4 L L A R M A A R iR 2
A9 21 % 0l /2 GCT 5 B A XT3 22 /N F 10 %6 1 %2
Ko PRI AR SCMIAS 2 1T DL R AR TG e R
70 ¢

60 |

50

v/(m *s™)

- - - 446 J (MK 1)
— 6955 (M #%2)
ok —= 112975 (M#43)
HMHEAR

0 02 0.4 0.6 0.8 1.0

Ca) S B BE WY 270 TAT 119 431

o
f=}
T
=

0 0.2 0.4 0.6 0.8 1.0

(b)695 JT Mg T 45 R 5iR 20
B 7 WA TG e B AIE 45

Fig. 7 Results of mesh independence verification

zkxb. xjtu. edu. cn

25 30 35 40 45 50 55 60 65 70
G,/(kg=s™)

(DO EWRE 2

0 'R S S T R SN S
25 30 35 40 45 50 55 60 65 7.0
Gy/(kg+s™)
(b IR RS R R
70
60
° o—o —
3 .\.\.\.
50
g aor
“ 30t \ .
I\./ \. /\.
20 F ~
== A
10 —o— ffy Ay b S AR
0 ; i . ; ; \ 5

25 3.0 35 40 45 50 55 60 65 70
Gy/(kg+s™)

(o) M 17T R 3 5] B2
B8 WR B IRFE LA kR L
Fig. 8 Comparison of comprehensive aerodynamic performance of

volutes designed by the two methods




8011 )

R A B TR AR ALY P9 R 5T AL B B O ik 185

2 SF R R TT B IR S 1 #E R 5E FR HOR
R Y5 B T S8 R T R A, B R
4 9% ZR BIOMIG T 1 49 3 B 3k R T 0 W 5 L AE 1B T T
Wi R L A B SP R R BT A R T Y R B
RABARTET 21. 8%, BEH K REBEIRT 31.6%,
REE RS EE R T T 174 %, BT 3 T A Bl i sF E
BT RS A R sl tEge .

FE/NG B T AR, 7 e A T R 5T 5 A
Bl P T A WA T R R R R RO 228
K ARAE R £ T O0RT , F 259 380 BE 32 1 1 9 Wi 52 119
145 % 2R B0 o el b 378 s 46 O BE 3

PNOSSE T INDE S I B B SR R A L
7 1) L Sh B % BEA , # R FE T RCR I R, B R
FRUEME, A AR IL T S UL BT R 52
3.2 EREHH

IR B & i & Tl 6], & 9 JB/R T 7
J3E 3 R AR Bl A S PR 3 TR T A 4 A A VA L R R i R
T A 9 JC & R 7= %, T LUE L AT 3
B BT IE B A MR SEAE 90° ff K i B AT
KB F= 2R, 3 BT 9% 07 BT 4 i 5 1 i R
RN NI R B 5 =1 | 5 A NI S i 7 N
F3 A WL 9 38 AT LA B2 20> i, B g 5 48 55
) Ci 526 A F 43 5 38 s F R A AT G e
B 5 1) 58 B0 Clig 52 A0 T B T3 T , A~ IR
T3 118 RUST R 0 i 2 78 R~ 1 184 K 3 K

(a) - 1) g ik

(b) ff) 3l i 57 1H &
L9 PRIy vk 5 T I 0 58 A5 48 T 094 G o 0 7 %
Fig. 9 Dimensionless entropy generation rates at cross-sections

of volutes designed by the two methods

zkxb. xjtu. edu. cn

VI 10 JE % 1S 44 I 35 i 3l A 0
F A1 A S T D ) 8 T Ak £ 4 B . T DA
B4 R 4 A 270° T U8 IX A 79
A 5 10 AL 1 A T T L SR 50
O3 XS TR I U B A L A T O I i R e
AT L B BT R K 3l
SPAR R V0 W 5 28 270° I - 0 0 X A —
A HR ph B S A 54 B
FIF LI 7= SN

___UNEEEEEE

-30 -1.8 -06 06 18 3.0

w/ks”
90° -
( ’

N

C—

270°

Lo gl

() - 34 T 7

- | —
(b) £ 3l i 7 15
(&1 10 9 Bl i B T 0 i 5 T8 T Y 99 i
Fig. 10 Vorticity at cross-sections of volutes designed by the

two methods

L1 A 12 235 i 7s 1 # gl < 4E 5 A 3
JE BT A S 58 A B TR T A B 4 A4 i R T i 48 TR
N2 PN A = g vt koih s R ER e iDL
SEUERB N 5 AR IR L D, 1 R 2
11147 38 P 9 B ) i 7 D R 5 O 2R L o R T X 3
Z PR Z YT B A B R
JEARRY L) AR Tz A7 I 20 58 1Y 2585 PR RE 4 il 2
I S S R AR . ZE AR 10~12 1]
B L U B R 5 A o A R 1A
XX 5N G B AR AR G

PN 58 PN Y SO0 T S I 7 AL AR B T —
T JRE B4 R 3K Y 10 Ak & 3 s 8 4 A1 e s X
B 52 AR /INER 3 SO I 1 T R ARSI
SR I 5 R AR S SR T sk . T A s




186 [ |

%60 4

EE B ¢

EAFIEIE BRI SELE 0~ 90" M BT R SF &/, I
A LAY B e T AU [0 3 ) B TR S R U,
AU PR BB IS AR TR TERE.

S 249 R 3 T SR P AR (] A 3 SR 5 A
FR 20 1 A S TR AR 1) 0 A S P AT R AR S
TR H A 9 5 8 2 AR R AR K, AT A /N 1Y
ot (EUR ph T 20 5 1) B T BUR AT S R A
PO 30 AR (015 09 7 A9 AR 7 AR A v TR B A 2R
B G35 TR RE IR ARG, 7 HL 3G I 17 8 56 #9428 1) RS
ANH T 0 F 4 HLEY /N R A R

11 g e E ot i 8 78 AR 4
Fig. 11 Streamlines inside the volute designed by the angular

momentum conservation method

P12 S 34 v T Y 3 5T A AT I 4R

Fig. 12 Streamlines inside the volute designed by the average

velocity method

3.3 WEBZMMUL

B 3R T U6 % AR B B SE AR IR T T B R S Y T
AW S AR SCZ IR SE AT T LLF 3 Ay

)X F 8 72 56 2000 %) 3 3 30, AR 8 3 1 RN,
PEAT 138 2 A 180 15 Ak B L DL RE 1A B eh s
5k .

()X F g sede s M B sh R  F BT 90° 44
TRI18 , LAYE /IS 0 AR 5 207008 18 /N e

() XF FWhFEAE 0~ 90° J& ] £ I 38k P4 I 3 41 2k
BRI ) R, o 8 57 6 5 0] O 08 194 8 3 46 <00

zkxb. xjtu. edu. cn

TS, I R A

LI 180°ff i A 4, P Ak FE e e 1R i s = 0 A
13 frm s B AR (1) (2) FC3) &b 518 2l 4 1) %6F 1
(D (D F(3)3 k.,

HfZ: mm

R 13 Ak R 50 B s 2

Fig. 13 Schematic diagram of the optimized volute section

AL R e 2 S YEREAN I 14 iR, AT LLE
AR B R R L SO AT TE A L 1R
FEHH R RBOE I T 13, 700 1 R AR R
FBEAR T 18, 100 s 7u /N B Y 11 5 2 4% 0 2 W%
AR PRI, ST BER A I ROk UL A1
JESRSE I PERETR B T 3T, SR A P A

0.70

- LA HT
045+ _‘_ﬁt'ﬂﬁ)ﬁ

25 30 35 40 45 50 55 60 65 70
G,/(kg+s™)

(a) Y 111 TR M 52 R 5

0031 A .
A /

F002r //

0 . . . L A . A . )
25 30 35 40 45 50 55 60 65 70
Gy/(kg=s™)

(b O BRIk R E




5511 I RE A B PR AL P e B S B B Uy ik 187

o [ 16 JR% T LA T 88 M o
.l DL th . 5 885 2 90° 4 0T A 9 8
28015 4 400 0 03 1 1 3 g
S By VUSSR B AT 5K
s e S 17 SRR T ML IR 5 4 0 2R 5 4 A s
ol o I PR AT 302 2 P AP o T LR 5 00 A A
iy 4 b I B 1 1 11 3 57, D 1
st Bl
Y5730 35 40 45 50 55 60 65 70 ___UNEEEEEE
G/(kg - s -3.0 -18 —o(f/kso_;s 18 3.0

T 1 1/ A R 160 6 T A B R 7 L
LAt 0I5 008 5 7 90° B D ff A Ak 1 A 7
SR I T S W b 320 2 0%~ 90° B 1) 97 Bk
PR B35 /1 B A 0 8 -
S 00 5 4 0 19— VK 2 34 I 0 4 \

S/ IN o T30 X 2 ) R AL B T — 52 B %@ .

270 WIS
g

16 PRALTT IS i 58 45 T i &
() AL i

Fig. 16 Vorticity at cross-sections of volutes before and after
270°
907,

(o) Y 1 B ¥ &) B
g s pe - = N 270°
Bl 14 IRARTT IR W 5T 25 & Bl fE LR
Fig. 14 Comparison of comprehensive aerodynamic performance ° —
of volutes before and after optimization
DA R A A Tk L B 15 R T AR AR ‘w/ .

() AL i

optimization

P17 Ak W oE N R 2k

(D HALR Fig. 17 Streamlines inside the optimized volute
B 15 RTS8 e 4 I G i 0 7= %
Fig. 15 Dimensionless entropy generation rates at cross-sections 22 F AR Ak S R A R BE B AR T . i sh i
of volutes before and after optimization S AR R AT,

zkxb. xjtu. edu. cn



188 [ 7 . ]

EE B ¢

%60 %

4zt 8B

R SCOR FH A 3 e S v OF B R A 4 BT
T B TEAR B N I 5 b JE 2 SR B O Uk L
BT WA S 0 25 A v R BT IR T A R BR
AR SCHG H 5 57 B M i e e b A L e ) X i e 4%
T A2 14 G B0 I O 12 AT 40 BT 5 416 e X B s fE
BT 8 7 AT Ak L 45 R 7 R AT LR S A0
BLEEUIT,

CL) o 31 35 3 B 1 T 1 ) P i 5 428 i) IRUF ke
PEBE 22 55 [n) U, AR SCHE T A ol 2 S 1 R R T —
Foft 9 % 7 S BT O 3 b AR T Rl T 4 R A 22
o ZEIR LI A IR ST AR ) RSN B
A F R T RO R E T N DR R E R
BT 21. 8% . B R REBEAMRT 31. 600, U
Pys pEsiein 7 174% ., NIk, A o i SF 4 G Y8R 5T
BT 73R B0 4 AL /N LA ks AT BRI T
B

(2) 3 3 45 - 49 3 B vk B A A 5% 1Y LA, A
T A i SR R BT R 5E 1 T SRR L S SRR
i1 8l i SE I L BT A WA DX 38 R 3 0 L Sk G TP
4y 3 B 9 BT A 8 5 Y R IX R B IR AL R A
BG4 5 3 10 76 300 KA — > E i i
BHL R BN, SR, WA 5T 2 00 R 0 58 S A
WAL A 5 B U S B sh B R A X R

(3) X WIHR B T T B f 2 5P AE VA BT R R 5T
3 e 2 W AL LA Ok A TR ES S| B R T e R i
S5 BER L 3 2oL X 0 A 50 55 O R S 5 4 ) A AT
T HIZRARAL W/ P Ak R A TR A SR L DN T R 5T
BRI 7 A T I S 5 PR T R 8 [ L R 15 JE £
0°~ 90 R 43 1 L 58 PN 3t 3 46 2 0 /N, 4 45 0 5 1 11
FER R ZBCEAN T 13, 7% . MUK RBURE T
18. 1% , S ¥ 5 B AR AR A4S,

S 2K

[1] Hosseinpour J, Howard J, Chen Jinbo, et al. Challen-
ges for developing and marketing a Brayton-cycle-based
power genset gas turbine using supercritical CO, and a
compressor design for simple recuperated cycle [J].
Journal of Energy Resources Technology , 2022, 144(3):
032101.

[2] Xu Cheng, Amano R S. Integral design of a turbo-
charger for internal engine energy saving: centrifugal
compressor design [J]. Journal of Energy Resources

Technology, 2022, 144(5): 052103.

zkxb. xjtu. edu. cn

[3] Liang Ertang, Yao Yingxue. Blade design and analysis
of centrifugal compressors for the transcritical carbon
dioxide refrigeration cycle [J]. Case Studies in Ther-
mal Engineering, 2023, 45: 102884,

[4] Van den Braembussche R A, Hande B M. Experimen-
tal and theoretical study of the swirling flow in centrif-
ugal compressor volutes [ J]. Journal of Turbomachin-
ery, 1990, 112(1): 38-43.

[5] Yu Lei, Cousins W T, Shen Feng, et al. Numerical
investigation of the effect of diffuser and volute design
parameters on the performance of a centrifugal com-
pressor stage [CJ]//ASME Turbo Expo 2016: Turbo-
machinery Technical Conference and Exposition. New
York, USA: ASME, 2016: V02DT42A024.

[6] Kim S, Park J, Ahn K, et al. Improvement of the
performance of a centrifugal compressor by modifying
the volute inlet [J]. Journal of Fluids Engineering,
2010, 132(9): 091101.

[7] Adjei R A, Fan Chengwei, ljaz S, et al. Aerodynamic
optimization for stability improvement of a centrifugal
compressor using arbitrary-shape volute design [J].
Case Studies in Thermal Engineering, 2025, 73:
106654.

(8] Zfh. B.OJESHHLHER T = B 3 bk it I = ot
58 [DJ. dbat: trERA B (b E R B TR R
HHFFT O, 2021: 60-63..

[9] Qiang Xiaoging, Teng Jinfang, Du Zhaohui. Influence of
various volute designs on volute overall performance []].
Journal of Thermal Science, 2010, 19(6): 505-513.

[10] Baloni B D, Channiwala S A. Design and analysis of
volute casing: a review [ C]J]//ASME Turbo Expo
2012: Turbine Technical Conference and Exposition.
New York, USA: ASME, 2012. 657-664.

[11] Mishina H, Gyobu I. Performance investigations of
large capacity centrifugal compressors [C]//ASME 1978
International Gas Turbine Conference and Products Show.
New York, USA: ASME, 1978: VO1AT01A003.

[12] RWAK, #ZE, XM, 4. Pareto £ AR IETEE

O A AL B 58 A i g LT 0. 2 8 s 4
2016, 31(1): 92-99.
Wu Yadong, Cao Anguo, Liu Pengyin, et al. Applica-
tion of Pareto multi-objective algorithm in centrifugal
compressor volute optimization [J]. Journal of Aero-
space Power, 2016, 31(1). 92-99.

[13] Sciacovelli A, Verda V, Sciubba E. Entropy generation
analysis as a design tool: a review [J]. Renewable and
Sustainable Energy Reviews, 2015, 43: 1167-1181.

[14] Herwig H, Kock F. Local entropy production in tur-




EORR ]

Rk G L B0 TR AR AL N i e R R B B O 189

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

bulent shear flows: a tool for evaluating heat transfer
performance [ J]. Journal of Thermal Science, 2006,
15(2): 159-167.

Tanganelli A, Balduzzi F, Bianchini A, et al. An in-
vestigation on the loss generation mechanisms inside
different centrifugal compressor volutes for turbo-
chargers [J]. Journal of Engineering for Gas Turbines
and Power, 2019, 141(2): 021004.

XNn—, A%, BEF, OB R ZE Ak O
vl TR E i (& 17k il X | S D I B a8 N
242025, 59(10): 96-105.

Liu Ruyi, Diao Anna. Chi Zhinan, et al. Research on
flow loss decomposition and loss characteristics of su-
percritical carbon dioxide centripetal turbine [J]. Jour-
nal of Xi’ an Jiaotong University, 2025, 59 (10):
96-105.

ek, RlEEAR. m0#E P S EL RPN [M]. bt
BUBR ol i R A, 1987 1-357.

R, BRI (M. JEaE
#t, 1990: 1-261.

Hagelstein D, Hillewaert K, Van Den Braembussche

BB Tl 8 f

R A, et al. Experimental and numerical investigation of
the flow in a centrifugal compressor volute [J]. Journal of
Turbomachinery, 2000, 122(1). 22-31.

2R, iR, BEEGR. SR W U A A 3 A HEAT
frde br e B 5 M AESE ()] # o & W, 2013,
42(11): 60-63.

Li Tan, Jin Shiping, Huang Suyi, et al. Evaluation in-
dices of flow velocity distribution uniformity: compari-
son and application [J]. Thermal Power Generation,
2013, 42(11): 60-63.

Zlatinov M B, Sooi Tan C, Montgomery M, et al.
Turbine hub and shroud sealing flow loss mechanisms [J].
Journal of Turbomachinery, 2012, 134(6): 061027.

Menter F R. Two-equation eddy-viscosity turbulence

[23]

[24]

[25]

[26]

[27]

[28]

zkxb. xjtu. edu. cn

models for engineering applications [J]. AIAA Jour-
nal, 1994, 32(8): 1598-1605.

Mojaddam M. Hajilouy-Benisi A. Experimental and
numerical flow field investigation through two types of
radial flow compressor volutes [ J]. Experimental
Thermal and Fluid Science, 2016, 78: 137-146.
XN — . 22, UG, SR A A Ak
BV A R R PR L)), sl TR, 2025, 46
(T 2) . 14-23.

Liu Ruyi, Diao Anna. Deng Qinghua. et al. Thermal-
fluid-structure coupling characteristics in radial inflow
turbines with supercritical carbon dioxide [J]. Nuclear
Power Engineering, 2025, 46(S2) . 14-23.

XUYNPE ., B, Buide, 5. 05 4815 $o i
Il 5 — SR AR 17 0> 35 - S B 5 0 3l e 1 1 /R AL
i [T, P8 %320 R 2274l . 2025, 59(5) : 156-167.
Liu Zhouyang, Liao Jianxin, Deng Qinghua, et al.
Action mechanism of heat transfer between the work-
ing medium and the impeller on aerodynamic perform-
ance and flow characteristics of radial inflow turbines
with supercritical carbon dioxide [J]. Journal of Xi’an
Jiaotong University, 2025, 59(5): 156-167.

Keep ] A, Jahn I H J. Numerical loss investigation of
a small scale, low specific speed supercritical CO, ra-
dial inflow turbine [J]. Journal of Engineering for Gas
Turbines and Power, 2019, 141(9): 091003.
Shojaeefard M H, Saremian S. Effects of impeller ge-
ometry modification on performance of pump as turbine
in the urban water distribution network [J]. Energy.,
2022, 255: 124550.

Celik T B, Ghia U, Roache P J, et al. Procedure for
estimation and reporting of uncertainty due to discreti-
zation in CFD applications [ J]. Journal of Fluids Engi-
neering, 2008, 130(7): 078001.

(i

H i)




