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Study on Design of Axial Turbine with Mixed Helium and Xenon
and Shock Wave Control
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Abstract: The helium-xenon axial turbine is one of the main components of the closed Brayton cycle.
However, there are few domestic researches on the design of such rare working fluid axial turbine. In this
paper ,based on the characteristics of the helium-xenon mixed working fluid, the Axial software was used
to compare the efficiency of the turbine under different load coefficients and flow coefficients. When the
load coefficient and flow coefficient are 1.8 and 0. 6 respectively, the turbine efficiency is high. On this
basis, the AxCent software is used to model the three-dimensional blades of the axial flow turbine. The SST
turbulence model is selected in ANSYS CFX software, and the designed blade is numerically simulated
under given working conditions. The influence of trailing edge angle , trailing edge wedge angle and mount-
ing angle on shock loss is stuclied. The results show that the trailing edge angle is between 5. 5° and
6.5°%,and the trailing edge wedge angle is between 11° and 13°, within which the shock loss is the low-
est. When the mounting angle is between 43° and 48°, the shock loss decreases with the increase of the
mounting angle. Meanuhile , The optimization of the original blade shape shows that the shock loss can be

reduced by improving the suction surface to linear and increasing the pressure surface curvature the nu-
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merical simulation calculation , the flow field of the original.

Key words; helium and xenon mixed working fluid, axial turbine, aerodynamic design, shock loss, flow
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Tab. 1 Physical properties table of air,helium,xenon and helium-xenon mixtures
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Tab. 3 Three dimensional blade profile parameters of helium-xenon turbine stator

(A mHElER A (0)  JLRESA/ () JUTI S () A/ mm Hif£542/mm R4/ mm
Ly 45 0 62 15 0.6 0.15
e 49 0 67 16 0.6 0.15
e g 55 0 71 18 0.6 0.15
x4 ATRARIMH=ZHMHESH
Tab. 4 Three dimensional blade profile parameters of helium-xenon turbine rotor
fiE AR A (7)) JUA#SA/ () JLTH A () FR I/ mm Hir£&2 42/ mm R4/ mm
it -18 50 -62 10 0.3 0.1
HifE -20 55 -63 9.5 0.28 0.09
L7 3 -25 60 -65 9 0.26 0.08
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energy loss coefficient and exit Mach number
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Fig. 5 Numerical simulation results with different

grid numbers

2 SEHRRRHNERESH

R H ANSYS CFX X gl , it 4T 1 500 i i
B TR AR RE W M W P2 N - S 5 #e, fm i A
RIS SST #EAL, FEXS BT ke Nl ) i S 1k R i
Frortit, R B SR & TR RSN B T
BRI IR
2.1 MEJLASHN S QIR R K R0

S P 0% s T O e I R U 9 i A



5 10 1) FE IR A TR R B 9 e U £ 159 -
S5 LR BRI BT RO ORI f R 2 S MR R, S8 B AR K
R WA, SRR LA B M A,

5 5585 2 T/ NI 00 7T 5 IS 4k P Jou o
TN, SRy v T R S A 2 0 voss| |
YA, 25 20 190 55 S 53 e 5 BE 9 E 95 56 3 R, i/ = 0042 1096 _
RAKR MRS LB LA RBRE ST & —— RN |
2 ARG E—EERE M TR & MR TUCR
RS AES HIEHE T I9ZOR . I, BEIUR ‘EM”/// | 088
OB A% ) M A 150 2% 40 2 % S N \\//P-Ms
s LE 3 s 10 1 12 1 o
REHLFAIC)

oA BT M R G A A B 2
S X D 5 B 4 R R R T R AR R
{00 v i 5 B A A R, B TR R U LR
Y, BRI s S A

Y, = po/Por (1)

AR po — I 1SR, P po, — 00 i 11 4
I ,Pa,

A = P/ Prin = 1 (2)
s po —U% 5 1 i KER IR, Pa; p,,, — I8

HIl Y foe /i L, Pa

H AR A9 SRR -5, BT AAE 10% IERiAL
SRR T A RN 2 L £ R 5 41T 5 1 A 280 22 £y
XPRTAR R W . R I L S R A
Jymi ARy SR Eh AT e A R S B 6 A T
8° ~ 13° LM A X0 A L VK B2 2% WO 10 it JE ) 52
Wi BLAEE 5 D0 - B Py R LA 0 10° . DAL T LA
A, RGBS i S A AR B R, A [F] 2
GO ISR % A [R] , S0 Y 5 BE A I B
FEZ B A S IEAR G B A S B SR 2R, hi
FAE— i B G A , e B it R A
JEEEh 11° ~13°, TEHHE B NG R B/, BRI
P fe /N

G4 faon N U BT 2R 5 - Wk
W T EI) 26 1) o £, ke R M S S O P R T A
WL 7 AT LA, RS M R KR A EOR
W R B A TR KRR . s R BT M
o 5° A BE AN R e Y R R T AR B, AR
R MBS 5° ~6.5° Z M, g Kl

Eo EHBAXEERS REFRIREERN
Fig. 6 Effect of trailing edge wedge angle on total

pressure recovery coefficient and shock wave intensity
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pressure recovery coefficient and shock wave intensity
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