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Aerodynamic design and axial force analysis of partial admission radial
turbine with cracked fuel vapor
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Abstract: Axial-force balance of the cracked fuel vapor turbine was studied from the perspective of
turbine structure. Partial admission cracked fuel vapor turbines with unshrouded, open, and enclosed
impellers were established respectively, and the aerodynamic performance and axial force of turbines
under the design condition were compared and analyzed by numerical simulation. Meanwhile, the
variation law of the total axial force with pressure ratio under off-design conditions was summarized,
which provided guidance and suggestions for the selection of cracked fuel vapor turbine structure forms.
The simulation results showed that the aerodynamic performance of unshrouded, open, and enclosed
turbines was similar, but the axial force performance was distinctive. When the pressure ratio changed, the
axial force stability of the open turbine was the best, the unshrouded one was the worst, and the enclosed
turbine axial force was the smallest among the three kinds of cracked fuel vapor turbines. The result

analysis showed that when the turbine pressure ratio was lower than 3, the unshrouded turbine should be
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discarded; if the turbine pressure ratio changed greatly, the open turbine should be adopted. In addition,

axial load of bearings should be sufficient when enclosed cracked fuel vapor turbines were exploited.

Keywords: partial admission; fuel vapor turbine; radial turbine; axial force;

turbine power generation
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Table 1 Temperature and pressure of cracked fuel vapor
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Fig. 1 Physical property analysis of cracked fuel vapor
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Table 2 Design conditions of fuel vapor turbine
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Fig.2 Configuration of partial admission radial turbine with

cracked fuel vapor
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Table 3 Geometric dimensions of three fuel vapor turbines

S0 il
Bg5E A H2A%/mm 12
S A 242 /mm 478
St 0242/ mm 42
S A A /mm? 9.3
S TE R 5
HF A48/ mm 413
e A O /mm 2.7
S TR A B /mm 0.5
B A kAR /mm 22.9
il AR /mm 14.3
e A 14
Traimfe g2 /mm 33.6
P A0 % 55 [HT B /mm 0.5
& B Ak 5

2 BETEAESWIE

A SCBAE TR A ANSYS CFX 543K figt =
2k 28 BB 1 F- Y Navier-Stokes(N-S) 7 F24H, 23]
B O T R OT R AT BRARER 12, Jin AR 7
K H B v i A 7 7 H HIAY shear stress trans-
port(SST) k-w 1AL 35f [4] J5 FE AL, IR AR A B2
KPR ST B TR R B E A
H ANSYS CFX 8 BRI B IF A3 A Ef 2
ff I AL IR A TR, Mk, ASCAATAIE T
X I A () 8 it A 1) 22 R UL R — A Bl LS X
PR RLPE LIRS &2 2 0 24l <Y, AeHE

20230624-5



IR DA

%39 %

PErp R R AR R B e AR R IR
B4 B OCHEYME SR, R E T AR P OR LSRR
RET G 4 rEE e ERAE 20T 3 24
AT % B S T b PRI, IR R B A
EHRAMAR T 30 )1 7 5 S IR B Rl iz 251
(AR Ak 3

A SCTE B FH W SR Workbench Mesh-
ing BIHLA B, 4R 9AS K/ 2 mm. RAS i A
Z55 1 2 PR & BE 15 8 0.01 mm, 31 72 25
10 2, KRR 1.2, KF 4 XAy
T2, e RIEA 5, ARG 2 SST k-w i
TR Y BESR OO AR ST SR FH B O SSbr o v SR
STk B D BARE 10 B % H iR vt O R
U O RS, T IR ) R A0 I = ]
MR 2E AL 0.5%. A% SCHT R F B 8E 55 07
W 1A ROPE B AR Sk [31] TR AR B IE, AR SOR T
TR

R REAR 5 A PR IE CFD T 53 45 5 14
Pk, ASCHERE T 8 RS [R] 7 S 1 A% 25, 43l it
AT 2 T T AR A 7] DA% 5T X 07 1 s R 3k
SR, Oh B IE X AR BT 4 LT R A 1 s ), 3
AERILE 3, FTLLE 2, Y WA T 1063
TBE, AR ARREEAAS . Ik, AR S
151 By 099 5 B8 45 LR KT 1100 T3, DAGRAIE {5 B 45
A S AAER T

71
70 - k- n n
69 //
. 681 /
< e7f
¥
=66
= 65t
® 64 "
63
62+
61 L - 1 1 1 1 1 1 1 J
300 450 600 750 900 1050 1200 1350 1500
WIS E T
3 RS TC AR S BT
Fig. 3 Grid independent analysis
3 RS

AR SR FPEUE R A 7 4858 1 2P0 O
A5 M TR AE BT T 00 B BB fE -5 4l
li F3, X AR B T A0 il A8 Bl e g Bl EE
(A AR MU 1 PR AR 23 BT, DAl 1) 7 SF-1408 1) £ 1
TR AL S PP T 5 SRR

3.1 TR THESIREHE 9

FaxF T TR TR A 3 AR
A B RE S, I EIRBhMERE S 4L
A, AR 5 R AR R A TR R
L TR DL RS ROR Y R 22 55 500 R 0.59% .
0.69% 1 0.1%, Y7 1% LA, 1 A =0 ik ie 5
T A AR TR R PR S SRR
B 22 53 50N 0.4%. 3.4% F1 3.8%, YJ7E 4% LN .
3 i OB S HOR R, FFm Rk 5k
2 A 6 OGBS B S 8 1) e 22 Y 7E 5%
LA, i P s AR e 5 R S AR e R
BB B W) 22 397 4% LA . ik X ke 3 A
AR SR RS 55 R I B S
ARSI R EE A TR AR AR 6 B M RE Y 52 i O
AR

F5HNH TR AR R A AR AR
K2 I mR I D TR R . TR A SR
25 NNk 1) 048 IR A R T, 5 R B T )
AHTRD, Sl 77 2 EAE, MHREEHT AL, iR, feak
R PR 2T 58 46 i SMI T 32 % ) 3 2434 ) s e 7 A
5 RS mA R, Sl il . ATRLE R,
AT TR LA R A = AR S B ) i 1)
Bogs my s g6 b 0, Horp, 2 IR = A FE R )
Fde K, IBE T 1300 N Z2 47, HF 2l AR 5 il
] 71 824 N, 2k 2 FF = it 8 A il ) 07 19
2/3, 1 P = AR A Sl 1) 7 ok 535 N, AT
MR B A8 12,0 X H 3 R AR
252 1 Sl 1) 0] DA B, T 2 AR S R
SR S W R N I DA b NS A ]
ST LA O, 10 P AR R R 1
5 I AR S S 1) 7 0 25 R BRI AR R
5 R 000 vl e g 1o

e EAE R, AR R R A E R ECR A
B A . — 07 E, BT ARIRR T
S BN, B RN, MR T R e Y
SR A K, SR FH R 45 4 B 0% 4 S B Tl I
AR T EERENEEE 5 —m, RA
B X SR S T B A S v H I, 1
a7 Ak 45 48] 1 [i] B AT LA A A AR Ak 10 IR PR 5 o,
o Bl A ] Eof K 52 3 K A ) g 28er S5 A A7 o T
RIS W5 BELE A 25 R Il ) ) 5L T
i) 1 S 3R 52 97 K/INATAT DU G B e+

SR 53 M 5 A TR 2 i AR e i 1) ) R
W), B SCHCREET AL M R B AR O EWE M .

20230624-6



%534 FRAEE: R AR m RO W RS S A
x4 3IWHKRBEBSHSHEIILL
Table 4 Comparison of key aerodynamic parameters of three fuel vapor turbines
- S W AL i

BE Bl IW#/% Al I 2E/%
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SERTRCR Y% 69.098 69.029 -0.100 71.755 3.844
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B AN L% B/ (m/s) 333.664 327.868 -1.737 338.078 1.323
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e AOAIXTSAA/(°) 57.560 59.960 4.170 55.815 -3.031
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el O A X S/ () 73.101 76.679 4.895 88.799 0.215
B DAY S/ (°) 134.298 136.751 1.826 143.289 0.067
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Table S Comparison of axial force on each surface of three

fuel vapor turbines
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