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Pressure Loss Model of the Coolant Flow through the Ball Bearing in Rocket Turbopump*

Satoshi KAWASAKI"', Toshiya KIMURA"!, Masaharu UCHIUMI ', Kosei GOTO 2 and Kazushi SUDA™

Abstract
In this study, numerical investigation of coolant flow across the angular contact ball bearing in a rocket turbopump
was performed to evaluate pressure loss of the bearing. The results show that the pressure loss tendencies against the bearing
revolution speed were significantly different between the flow directions. It was mainly caused by the flow separation behind the

ball and centrifugal force effect of swirl flow made by bearing revolution. Furthermore, we get a simplified pressure loss model

of the bearing and it can approximately estimate the difference of the pressure losses between the flow directions.

Key Words:

1. IZC®HIC

B AR O TEICIE, TR VY AMEBE T VT L
MEZFRICKFFCE DT X 2 7 Els Mg < 4
Sh, WMAHRMOT X2 v VR EE %55/, BT
VX 2 T RS T X 2 T Bl 2 E RS LT
MATARBEHEND, K127 ¥ a2 7 Eihisz ok
Bl & mT,

R T, VWi DI AV CEhs: o
WEBHAZIT-oTEY, B L OEEIO T IECHEMEIC
SWTIE, BRERESEATHDY, —F, KRR
TFTTHWwWsNDZr Yy NHY—RKR 7Ol cix, —
A 72 IR O H T ABEREIRFELL FIC /e 2 7= O m &
BHTAZ 3L, £2T, HEICIIR S FTHIE
L7 IR O HEERI O —EAFI A L, B OV TR
BRICGBRIEET 7o o8BI L SEIREE R E
i LANGAYSH

s OMAFFEILZ OB HFEMIC KR E B L RIT
T, BEHEM oM BT 2 — KRR FofE@Evtm ki
BWTHERBETH D, MHEHOA D= LEHL
MZT DD, #ZEY o7 a— "2 — o RuiERE
PEIZ DWW TCEEICHE T 5 2 L AR ETH D,

Bearing, Numerical Analysis, Pressure Loss, Rocket Turbopump

Contag‘ismgle
Double-guided H

Outer ring 7
[\
Inner ring /

Double guided type Matched mounting

Fig. 1 Angular contact ball bearing

X 2 cary MY —RE 7O m AR — 4]
Y, AR T PREICTHIE SN IR ED —H 2 #hsz
BENCHWD 720, BERRIIAR 7 ORh iR S 2D
R THRICHELERITT, £, vy MAY—AR
PTTIETHF U NMEBEEHY EOEDTLOITANT R
EANCBEE VD Z E RSO, X 2 1R G
HFEAL F2 13 A v _XTHO» LA X T wH (RNT A
) ZWOBZERND 20, BEEEOE B KITA
URIERENSHAICH L TCHEEBEH 2D, #oT,
a5y MHZ—ARR L TRFIZBN TR T RSN T
VAEABRUDAT A MIEERBERHET DD

* R 24 41 A 6 B EZfF(Received 6 January 2012)

TR v v AR FHRERAEE SR R v —
(Space Transportation Propulsion Research and Development Center, Space Transportation Mission Directorate)

*2 WHARRZ—T—27 A (B£) (East Japan Star Works co. Itd.)
*3  (#) IHI (IHI Corporation)

This document is provided by JAXA.



1

H 22 AF ZE PR JE R AIF 2 PR JE Bt

JAXA-RM-11-013

1st Impeller

= Inducer

2nd Impeller

Turbine

Fig. 2 Typical coolant flow paths of bearings in rocket turbopump
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Fig. 3 Computational domain and grid of angular contact ball bearing
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Fig. 4 Stream line through the angular contact ball bearing
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Fig. 5 Velocity vector around bearing ball at 40000rpm
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Fig. 6 Effect of bearing revolution on pressure loss and flow
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Fig. 7 Distributions of mean static pressure and mean rotational speed

V,=48(m/s)

4_Y2 o, il /’ )

~ 2 S S
\

\~~

7= <=
/
V,=45(m/s)

X2

Vy=54(m/s)

7
V,=41(m/s)

Fig. 8 Meridian flow and tangential component of velocity
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Fig. 9 Estimation of pressure loss (coolant flow rate = constant)
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