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Numerical Study on the Variation of Axial Thrust of
Rotating Disc with Pump-Out Vane
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Abstract

Flows in the cavity with pump out vane are calculated using the CFX-Tascflow CFD code. Flow
calculations are performed for different values of vane height, numbers, leakage flow rate, and rotational
speed. The flow is very complex and three dimensional with strong vortex and leakage flow over the
vane. The variations of pressure coefficient and K-factor with these parameters and resulting effects on the
thrust and torque are studied. The present study contributes to showing the capability of flow simulation
of back cavity with pump-out vane. The calculated results are good enough to be used back cavity design.
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Fig. 1 Geometry of rotating disc and POV
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Table 1 Flow conditions

6(°)| w/is | Cpxio*
15 2/3 6.1057
1/6 6.1057

1/3 6.1057 N=3000 rpm

172 6.1057 71=31.75 mm

30 0.0 75=139.7 mm

2/3 3.0529 $=4.826 mm

6.1057 ¢, = ¢;=0.5 mm

5/6 6.1057
60 2/3 6.1057
rotation

[ 1 |
Level 1 2 3 4
Vrad: 48 -4 -3.2 -24 -

I S
5 6 7 1 13 14 15
08 0 08 16 24 32 4 48 586 64

()
Fig. 2 Velocity distribution at £=0.5 ; (a) relative
velocity vector, (b) streamline (c) contour

of radial velocity distribution
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Fig. 3 Flow characteristics at mid-span ; (a) relative velocity vector, (b) streamline, (c) pressure coefficient contour
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Fig. 4 Flow characteristics at mean distance between POV tip and casing (a) relative velocity vector, (b)

streamline, (c) pressure coefficient contour
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15

(©)

CP

0.0239
-0.0322
-0.0882
-0.1442
-0.2002
-0.2563
-0.3123
-0.3683
-0.4244
-0.4804
-0.5364
-0.5924
-0.6485
-0.7045
-0.7605

G,

0.0111
-0.0441
-0.0993
-0.1545
-0.2097
-0.2649
-0.3201
-0.3753
-0.4305
-0.4857
-0.5409
-0.5961
-0.6514
-0.7066
-0.7618
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Fig. 5 Effect of POV height on variations of (a) pressure coefficient, (b) K-factor, (c) axial thrust and torque

coefficient



POVt 22 33 Qe 232 W B A7 235
2 A7 3 dgigdol @ Aue 133y A Qe d5E AdMe FERHY e
AHEH A Z w/s=23 7tAe wdY ¥ AF3 o]lF e o] AA = ojokgirh
o] Z7to] wmel &= 7ald K-factor’t FA Fig. 6(b)°ﬂ K-factord] ®3tE el w4
bt £548L 343 ZasAT 56U A frEol 9le AFdE K-factor/} 836 whabA
ol E Eolg F7te vlgtd atx] & Aolg AA gtolvt FARFFol FI1ETE B o
®olx @ Ut} Wi e 2AL Addm = FIhEd 1.0 5T AAG
Hle] Folwrg mEdtgd w/s=23 Ry & ol21g ¢t&e] WalE Fig 6c)oll VERA upet
gav gvxn AzdEd Zo] FFEE #FAAA v =& Fig. 6(c)°l
Al FQEe ZeEFY FolE A3y Fi2
33 =R dE g3t EAs #2EE &+ Ak 28y F
FARFO] vAE JTFE gotry] Ao ¥ Aol F7hstd g9 iﬂ“—ii‘%% A &kA) 7]
HARFE C=6.1057x10"2 71F¥2o2 Al ErHF = delo] 7l Wi %59 2w ofg
X gAzRAN AL 00, 3.0529x10°E BEA ol ¥/ nEely FAHE FEE A A
A 23E AERAT. Fig. 6@ FARZY W o F dE Yool B2 oy
Shoj] w2 wkA “‘3‘}9—1 ‘L“"*—“, FEE YehyA
294 AEE M1 Y= FAFHE] FMESrE 34 el 2is2 g
Zinle W FA9 7‘“& B £28 FIHAA e sazk Foskd A asrh AAA
BFE dgsiA Hez 4" A4 }‘%*l 711]71] g Zolth wileY Mgt vXE FFE Gotr
Ao o] WIEe aura 2 abolsl zadel 7l Aalel M Abole ZE ¢=30° & AEeR
0 12 0 0.005
E , [
- E ,/,’;,;;}/ | r.'“"-~--—j-i:.‘.T:.:.'.f:.'_.'_f_'f_.'_‘.:.:.—_-
S
() [ .‘_,' ’,' xos:
o8} __,.—v"’,—” N = 3000 RPM s N =3000 RPM
[ -’ 9=30° aaf 9:230°
[.---~ WIS =2/3 3 WiS=2/3
'°°E‘ — c,=00 oz—L ———— C,=00 .
; SRt ot I S et S
1 I - PN FA 1 1 | P
b3 04 08 38 1 %z [ o8 [0 04 ¥ 2 3 4 5 0 o
R R C,(*10%)
(a) () {c)

Fig. 6 Effect of the leakage flow rate on variations of (a) pressure

and torque coefficient

coefficient, (b) K-factor, (c) axial thrust

o 12 0.005
r L
e F { B/a/”_a
e L] S 1
waf e y L oo
boeet ,- 0.
i B ) ]
[ P Fo E
04t - L 0.003
o A F I N=3000RPM ] z
o [ e/ X 06 & 021 Re=6.1"10° ] 8
[ 7, N =3000 RPM U e g C, =6.1057"10" ]
osf Lot Re=6a10' | [T o Jocoz
L o Cq =86.1057*10 1
L P i WIS=23 o4 —o—c ]
- N without POV b N '=3000 RPM i 3 —&—o ]
R - 150 02k Re=6.1"10" .- rs +
[ 9=30° § C, =6.1057*10" o=30" g
L 0=80° N wis =213 - - 9=60° I
AL [P | — 2 VP IV SRR T p L. ad, TN [
bZ a4 06 08 1 %2 04 06 0.8 1 04, 5 10 15 20 25D
R R n
(a) ()] (©)

Fig. 7 Effect of the number of POVs on variations of (a) pressure coefficient, (b) K-factor, (c¢) axial thrust

and torque coefficient



236 PRV IRTIRPE

02

N = 3000 RPM
0=30° I
wis=23 04~
C,=6.1057"10* o

o8 —— 5=0005 02l
----- $=001 F
e 5=0.0045

0.2 0.005

N = 3000 RPM
6=30"
WiS=23

C,= 6.1057*10*

[ N=3000RPM

——— 8=0005
------ S=001

4=30°
[ wis=213 —9—8 &
I C.=S.1057‘10‘ d

$=0.0345

N I 04

WS R T | i "
b3 B4 [ (%) %z 04

(a)
Fig. 8 Effect of the space ratio

torque coefficient

15, 60° 2 WA A AHE FEFHA Fig. 7(a)
o} (b)oll WiA9 sfgol whE AN 4y £ X
o} K-factor?] ¥3}E UeERGITE #Q) Apole) z+
Tt B285E, S Ay AT SIS
FAHE o WdE APy 4 e
K-factor® T7MA171A] B¢} o2 Q% £3589
24 ZFE Fig. 7091 YERA AT
Holg Ratsld HQlo] Qg %Ry 259
28 ZAANRE B 5 Aoy Hdy A
FMAZ o FaFE g
. 3 Fig. 7(c)oll A B
Z7HA 718 de% Bzt &
9 AFE F/MNA 9& 5 dE FFYHY
s A& WY ®o F
Aj mo) vlsted B

¥ off oy & ) ¥ i o
o Pro o £

kR
e
ke

?.
Az 49 dese st HdY JAee
o Wd et FLHA AFEHZ] Wil
gl e o v blgte Fad A
Az nstA] Yot d Aoz Yz

A7 A4 A GEol FyHo
31
1

ot ku
|6

[¢]

35 243 37|e dE

Ade pov Eolol W YPolME 139
3718 nAs WA Folg Aoz W
AN71AA ARE AES W/ S=23 AXo|H &
FEE FaArled 43¢ A3t g 2
st ol& EdE w/s=232 nAsT 3z
i3 Aol Atolo] Azl §=0.0345% 7|E 2
0.005, 0.012 ®BAA 7439 A77} vlA=
T FEFA

(b)

on variations of (a) pressure coefficient, (b} K-factor, (c) axial thrust and

1 PO TSR |
o8 1 oot 50z 503 70l
s

©

Fig s@el 439 277 97 9w o 2
Zol AL G dsach 139 2707
7185 % 49 Faigol 3t Be uol
s e 2% A24E 45 SAHoIA 2
oFR vioh Ze FYW EolAe) 5o FAol
U 39 gegelA] 2

23]
F59 Yol F =7}
a7t FAaH7 5
K-factord EXE EdA #2g 4 9o}

Fig. 8(c)dl= zt=<9 =77t

JFe Jephden k3o 3717 S5 o
g 5ol A2FE & F Aok 2Y (9
F7tEe EAY 4& 2B 3Fo AR o
Hel gol® FolAER FII2 Q% EFV}
BotAA "o wEty HF¥e Zad F7i
T E3E ety @ 35 3718 AR
of & Zloj}.

< Yolny| st HQl Alole] #& 4=30"° ,
W/s=2322 AN C~00, 3.0529x10%
6.1057x10*2) Al kA HFAFo| st A5
£ 100, 300, 500, 1000, 3000, 5000rpm>.2 ¥ g}
A71EA ARE FESUTS A9 A o
& olu2sE 242 2.03x10°, 6.1x10°, 1.02x10°,
2.03x10° 6.1x10°% 1.02x107¢l s} @&},

42 REE dolEzgst 5S¢4y 7
steFo]l AAA = a1 old wep FFo) gast
= AL Yl ojed AFL fFo) F



0.4

0.38 |-

"= 3. 0529110+
Cl=6.1057"10"
0273'Re’™
0.263'Re®*?
0.253'Re®

|l
107

Fig. 9 Effect of the Reynolds number ;

42 AT gon Cp~Re™22 YERA
g AF me 0017, 0.022, 0.0272 AT o]
Fig. 9(a)2) 71&719 Wgz vehdoh
Fig. 9b)dl< #olE247t ET vAE o
Fe UeRRIT sl 948 59 AS o
FAEY AT AY 4 ASE Re Vo v
= Aoz 28x glon ol Kurokawa®e]
Agolx A B AR FA&Y 2
d= EA AF7t Re VAo vlEsie A%L B
oju] #olxzse §F AFe F7ld wa E

o]
A As7t & ¢ F ok

rr e

J

) FB. ol

=z
=2
Za

o] &ol, “T‘fvﬂ%‘%k, ol st Tt
&2 st K-factor7}
a3y w2lg
ArZgez Qg

eetel ol

4 -

23|

2t

3y W #g A 237
102
Q -
Y §
o._ Tteo-o
~~~~~ 5. [o]
B
T
ISl o
r a
[ A& cro0
O  C.=3.0620"10" a
3 O  C.=6.1057°10"
0.0963°Re™*
----- 0.0633°Re™”
------- 0.0303°Re™
U St il ol
0y 107 107
Re
(b)

(a) axial thrust, (b) torque coefficient

3 EAE Re A0 nldshE A¥E BT

£ 7|
2 ATE FaeR AYSFI &R
o3t AL oo A =dYh
e
(1) Schallhorn, P. A. and Majumdar, A. K., 1997,
"Numerical Prediction of Pressure Distribution

Along the Front and Back Face of a Rotating
Disc with and without Blades," AIAA/ASME/SAE/
ASEE Joint Propulsion Conference and Exhibit,
ATAA-1997-3098.

(2) Kurokawa, J. and Sakuma, M., 1988,
a Narrow Gap Along an Enclosed Rotating Disk
with Through-flow," JSME International Journal,
Ser.2, Vol. 31, No. 2, pp. 243~251.

(3) Kang, S. H, Son, J. R, Jung, J. S. and Seong,
S. M., 2004, "Optimal Design of Balance Cavity
in Rocket Turbo-pump,” MOST Technical Report.
(4) Iino, T., Sato, H. and Miyashiro, H., 1980,
"Hydraulic Axial Thrust in Multistage Centrifugal
Pumps," Trans. of the ASME, Journal of Fluids
Engineering, Vol. 102, No. 1, pp. 64~69.

(5) Kurokawa, J., 1976, "A New Device to Control
Axial Thrust of Radial Flow Turbomachinery,"
Bulletin of the JSME, Vol. 19, No. 128, pp.
110~117.

"Flow in



