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The aerodynamic analysis on the three stages
centrifugal turbine of forganic working fluid
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Abstract: Based on one dimensional aerodynamic analysis theory, a three-stage centrifugal turbine was
designed by using R123 as working fluid. The aerodynamic performance of the centrifugal turbine was
studied by numerical simulations. Numerical results showed that the wheel efficiency of the three-stage
centrifugal turbine with equal blades and high straight blades can reach 86. 7% under design conditions.
Under the off-design conditions, the efficiency increases initially with increasing expansion ratio, reaches
a maximum and then decreases. The thermal parameters such as expansion ratio, enthalpy drop and re-
action degree of each stage of centrifugal turbine increase from high pressure stage to low pressure stage
with the change of expansion ratio of each stage group, and the last stage changes the most.
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Tab.1 The parameters of the centrifugal turbine
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i HER /K 373.23
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Tab. 2 The aerodynamic parameters of the centrifugal

turbine

IS4 BT

W R W
o I 3 35 R 0.97 0. 97 0. 97
B R A 0. 94 0. 95 0. 95
#3¥ /rpm 6 000 6 000 6 000
it/ kg - s 12.4 12.4 12.4
B 0. 47 0.78 0. 99
S 0. 03 0.4 0. 55
OIS/ 12 14 20
7 1.22,1.2 115,115 1.1, 1.1
Stk 0 EHA/m 0.198 2 0.282 1 0.365 3
Bk O EA/m 0.237 9 0.324 5 0.401 8
5 /m 0.034 29 0.034 29 0.034 29
RRBER/% 86.9
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Fig. 3 Blade profile of the three-stage centrifugal turbine
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Tab. 3 Verification of grid independence

RIS 7 WIAEE/ T Bt kg » s 1 RRSEIRR/ Y
W 1 40. 2 12.5 86. 12
Rt 2 70.3 12. 445 86. 45
Rt 3 116. 9 12. 443 86. 59
W 4 199. 3 12. 445 86. 75
W 5 320.2 12. 443 86. 85
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Tab. 4 The contrast of design value and CFD value

SR 1D CFD
SRR/ A 86.9 86. 75
i/ kg s 12.4 12. 44
BT/ kW 356 357
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Fig. 6 The streamline at 50% span
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Fig. 9 Variation of expansion ratio for each stage

21
L
18 __i:g&
isf ——%=% _~
/
g 9 ,Z/
-Eé._% - o OO
@ 6 i 7,7"_—‘:74]_7__——'
/
3L 7
0 !
3 4 5 6 7
ik Lt

B 10 B2t ey T AL 2%

Fig. 10  Variation of enthalpy drop for each stage
4.2 RZANBRRNETZUNRE

TEAE T O 55T o 2% SR K e AN e il 22 722
b & RN R ER S K11 &R
S RARZ I LU AR, BB — 2, YR Ak [
A B LU RS [ A8 AR AR /N o 2 1) 3 L SR A A
A8 B M BEAAE s TR ]2, B ALK LY

BETR  GARRE TG T R s/ )N o 2 50 JBE S R ook
N AR AR BN s R G P K HE B R 7R
TH B AR T 00 TR - 2 1A 2 K EU MR 6 B 2 4
R H TR PR S 8l B LR e 8l R
MK L 3G DRI O, 5 AR AR 0 i
{14 S 3l B AR A A LS I A — 2L

0.6
—— B2
04F T H=H _—
/
03F o
= -
B 02t ~
X o /
0.0[ 7(—————_"_
-0.1F+
3 4 5 6 7
Tk Lt

B 11 &R 3 BRI T A v 2
Fig. 11 Variation of reaction degree for each stage
4.3 EFRBYEMERMKENEERT LN
P 12 S R0 R BE I K L i) 22 1k
. TEARRIRYFEHCT 2 P RBORBERZ K LY 35 K
FEIE RGN AFAE— A B AR LE A SR R
IR B E KA s 2 BI85 ol 2 ) e (L 1)
JERe. N 1. 2no JAERZAK L/ N T 5 I SR YA

90
ol m
80 pay
st
8 / ——4 800 rpm, 0.8n,,
e 0r , ——6.000 rpm, 7,
= 65p / ——7200 rpm, 1.2n,
# 60|
55t
50

3 4 5 6 7
293
B12 BOE-TFRAKFEMEIKL T
Fig. 12 Efficiency vs. expansion ratio at different
rotation speeds

HIPE 9~ 11 Zed] N A5 4 Bt SR T K
FE AP R Al 0 - e R G A8 Al e R, 728 T
T FE R BCOR PR, H#E— B0 T =%
W LBV AEAN R8T L s R G D R i
ARECAYAEAE. & 13 SR AR G A AN [) 5% i i 2 it
I L AR A, FE RGO 1. 20, BEAK HE/NT 5
i £ A 2 W A R R K Ly 3 I e AR At
T AERE R 0. 8no » I AZ L IR/ ).

044003-5



# 58 %

v K FRCH KA F O % 4 #A

175
150 | 04 800 rpm, 0.8n,
125 | EZ26 000 rpm, n, |
100 [ EEER 7 200 tpm, 1.2n, e | |

HTh AW

3 4 5 6 7
Rk Lt
B 13 REHRT,HEFFH =R Tl
Fig. 13 Power ws. expansion ratio at different rotation
speed of the last stage

B 14 Fn& 15 Mg LA 3 B, 0. 8n 5 1. 2n,
BT 330 kW 0¥ % Fift 7 ) Ik 01 = &1L
TERZRKEE S 3 e N 0. 8no i » ARG Bl A R )
3T R WA B2 5 5 S 1. 2 I, RSl A
R A 0 A JBE X Bl A RS .

Pressure/Pa

3.3e+005
I3.le+005
13.06+005

2.6e+005
| 2:5e+005

1.5e+00.
1.3e+00.
1.1e+005
9.7e+004

B 14 MR 3,454 0. 8Bt EF RN EAEA

Fig. 14 The pressure contour at the expansion ratio of 3

and the rotation speed of 0. 8n,

Pressure/Pa

3.2¢+005
3.0e+005
2.8¢+005

2.6e+005
2.4¢+005
2.3e+005
2. le+0f
1.9e+00.
1.7¢+00:

5.4¢+004

B 15 BIkkh 3,44 L. 2n B FAEA=H
Fig. 15 The pressure contour at the expansion ratio of 3
and the rotation speed of 1. 2 n,

16 FE 17 AR LR 3, e R 0. 8ny AT
L 2no T 330 kW B2 2 i 2k 1. 53K
1. 2no BB TGRS = AR B A A BRI
PR PR TR R AR A T P BRI
RIILAE 1. 200 BB SRR AR,

Velocity/(m-s™)

B/ 16 MBI A 3,451 8 0. 8ny 2 F RIAL A

Fig. 16 The streamline distribution at the expansion ra-

tio of 3 and the rotation speed of 0. 8n,

Velocity/(m's™)

I176.0

132.0

4

B 17 SR A 3.4k A 1. 2n0 BT WA E A
Fig. 17 The streamline distribution at the expansion ra-
tio of 3 and the rotation speed of 1. 2n,

5 & it

ASCLA R123 2 TR, w3t 17 0 H TR FHAE A
TR A DA R PR R G0 805 1, IR BB AR U
Dk pge 7 Atk ge. AR g SRR (D) T4
KN TS BETT  SE N S 2 A LT BB OB
-l I BRI TR R IR BT AL N SRRk
Sk 86. 75 %6  BUH M IULE SR 5 — 4 S sh i T 25 R
22/NF 100, BT RE P AT LA IR X 2 A HL T
BB BRI, (2) BT HINg SR
FERR BT B0 3 A AR T T S A N
REINBIBHER. (3) FEAE AL T AL T
BBV e AR K B Hh 1 T ) L )
AR BRARLRS B /0N o T LU R T Tl L, 3R 2R
Wi 5 S 2 s FEAVR I 0L VR 2 i L, ) BRARLSE e TR
JEL SR EE /N R LA /N TR L B2 R B
TR AHRAZ BN BRIE S5 BR ] AT HLT S PR —
AN th B 11 1 g3k o 04 T80 T AE 2 11 1 g B
11 B s /INe S B2 i A 7 i) el TPk .
(4) FEAE THAAME T s 2R N T B 03 -4
PR B BB 0 B » SR G B L I sh S AR A g
7S SR T A8 A B K 7R F2 22 1 i A8 4k

044003-6



RIEF, F: =

ZHEAMIINE S E-TFAFERR % 58 &

SE Lk

[1]

[2]

[3]

[4]

[7]

Rahbar K, Mahmoud S, Al-Dadah R K, et al. Re-
view of organic Rankine cycle for small-scale appli-
(1l 2017,
134, 135.

cations Energ Convers Manage,
Lecompte S, Huisseune H, van den Broek M, et
al. Review of organic Rankine cycle (ORC) archi-
tectures for waste heat recovery [ J]. Renew Sust
Energ Rev, 2015, 47. 448.

Bao J, Zhao L.
pander selections for organic Rankine cycle [J]. Re-
new Sust Energ Rev, 2013, 24, 325.

Twomey B, Jacobs P A, Gurgenci H. Dynamic per-

A review of working fluid and ex-

formance estimation of small-scale solar cogenera-
tion with an organic Rankine cycle using a scroll ex-
pander [J]. Appl Therm Eng, 2013, 51; 1307.

Li Y, Ren X. Investigation of the organic Rankine
cycle (ORC) system and the radial-inflow turbine
design [J]. Appl Therm Eng, 2016, 96 547.
Zhang Y Q, Wu Y T, Xia G D, et al. Development
and experimental study on organic Rankine cycle
system with single-screw expander for waste heat
recovery from exhaust of diesel engine [ J]. Energy,
2014, 77, 499.

Wang W, Wu Y, Ma C, et al. Preliminary experi-

mental study of single screw expander prototype

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[J]. Appl Therm Eng, 2011, 31. 3684.
A, W, MR, FOBLRXE T IR
TH5HrT]. TRAYE2E4, 2016, 37; 2103.
FIE . WA, BB OB -4 ity
AV, TREMYEER, 2018, 39: 773.
Persico G, Pini M, Dossena V, et al. Aerodynam-
ics of Centrifugal Turbine Cascades [J]. J Eng Gas
Turb Power, 2015, 137 112602.
W, RS, MRTT, FOBLRGE TR LN
Frtkafoe )], TR A4, 2016, 37 1201.
W, AN, 224y, % BT NURBS 4y @0
BRI ]. vReEh ) TR, 2017, 32 47,
W, 4, R, & B0 B T s s
Bt ]. TR A=A, 2017, 38 767.
Li H, Huang D G. Aerodynamic optimization de-
sign of a multistage centrifugal steam turbine and its
off-design performance analysis [J]. Int J Rotat
Mach, 2017, 2017 4690590.
Luo D, Liu Y, Sun X, etal. The design and analy-
sis of supercritical carbon dioxide centrifugal turbine
[J]. Appl Therm Eng, 2017, 127 527.
RHEE, . BB AHL TR ORI
AT S PERERFFT [J]. TR #h ) B 2 4. 2017,
38. 1665.
SRR, AR, BZ, . LT Bezier fiZk Y15
it SR R R A LT HUBRAE B
2015, 37. 266.

L

Bl AA X
Yol S, g, XM, SIS SYUAHLT RS
i 58: 044003.

i

+ working fluid [ J]. J Sichuan Univ: Nat Sci Ed, 2021, 58: 044003.

t

BRG], 2 4 E%ﬂ%mjwhi

i

: Song Y P, Liu HY, Huang D G. The aerodynamic analysis on the three stages centrifugal turbine of organic +

1

e et

044003-7





