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ABSTRACT

Recently, high performance liquid rocket engines tend to require oxygen pumps of higher
speed and higher head. In order to develop oxygen pumps to meet these requirements, various
problems must be overcome.

In this study, a small, high speed, high head centrifugal liquid oxygen pump (N=20,000 rpm,
Hp=1,051m, Q=18 1/s, Ns=118) was designed and experiments were conducted in many aspects
using water and liquid nitrogen as test fluids.

A preliminary experiment with cambered inducers was conducted in a water cavitation
tunnel and it was clarified that the attack angle of inducers decisively determines the cavitation
performance. The inducer of the pump investigated was designed according to the results of this
preliminary experiment and showed good suction performance. The validity of the other design
procedures discussed in this report was also clarified because of the good general performance of
the pump.

Liquid nitrogen and water tests showed a little difference in general performance. In par-
ticular, liquid nitrogen brought about a little better pump efficiency but lower volumetric ef-
ficiency than water. The former may be attributed to the decrease of disk friction and hydraulic
losses and the latter to the increase of leakage loss, due to the extremely lower viscosity of liquid
nitrogen.

In the test using liquid nitrogen, the amount of required NPSH (net positive suction head)
decrease due to the thermodynamic effects of cavitation was measured and two-phase operation
was experienced.

Some unsteady characteristics of the pump were investigated by measuring pressure oscilla-
tions at the pump inlet and outlet. The pressure oscillations of low and medium frequencies oc-
curred in the pump circuit and these oscillations became more serious at lower flow rate.

In this experiment, also, the radial and axial thrusts were examined and confirmation of ball
bearings, mechanical seals and plastic wearings lubricated with cryogenic fluids was made.
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Table 21 Geometries of inducers investigated inwater
Cavitation tunnel. :

A T o =T OERHEIC(A v F o — WARHER)

Test inducer F G1 G2
Tip diameter (Dt mm) 127. 0 101.6 101. 6
Hub-tip ratio (&p1) 0.291 0.364 0.364
Number of blade (n) 3 3 3
Blade thickness (h mm) 3.3 2.5 2.5
Solidity™ (s ) 2.5 2.0 2.0
Inlet blade angle™ Bt ) 7. 5° 9.6° 11.4°
Outlet blade angle® () 12.0° 13.2° 13.8°
Angle of camber™ (fyy~ /511 4.5° 3.6° 2.4°
* at tip

Inducer entrance velOcity triangle

a[8ue 391100

]

Dt ]

Fig. 2-1 Geometries of inducers investigated in
water cavitation tunnel.
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Fig. 2-2 Overall performance of inducers in- Fig. 2-3 Overall performance of inducers in-
vest igated in water cavitation tunnel. vestigated in water cavitation tunnel.
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Fig. 2-4

Suction performance of- inducer F.
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Fig. 2-5 Suction performance of inducer G1. Fig. 2-6 Suction performance of inducer G2.
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Fig. 2-7 Comparison of suction performance of F, G1,
G2 and flat plate inducers.
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Cavitation on pressure surface .
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Fig. 2-9
of cavity

Comparison of the shape of leading edge with that
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Table 3—1 Main specification of the pump investigated.

HHK Y T OEBHT

NAL (for study)*

Single stage centri-

Pump  type fugal with inducer
Pressure rise &g/ cem?) 120.0
Speed  (rpm) 20, 000

Flow rate (1./%5) 18

Impeller type With front shroud

Aluminum alloy

RL10A3-3

Single stage centri-
fugal with inducer

40.4
12, 390
11.1
With front shroud

Stainless steel

Impel ler material

Impeller diameter (mm) 134 97
Specific speed

(rpm, m¥min., m) 18 124
Efficiency (%) 65 64.3
NPSH (m) 13

Power (PS) 443 93

*Design value

Table 3—2 (Geometries of the pump investigated.

BEA > T OEBEE

Inducer tip diameter (inlet) Dt1, mm 65
Inducer hub diameter (inlet) Dn1 mm 19. 5
Blade angle at tip (inlet) t1 10. 3°
Blade angle at tip (outlet) te 16. 2°
Number of blades n 3
Chord length at tip Lt, mm 124. 0
Solidity at tip s 1. 93
Tip clearance (Plastic insert A)* C, mm 0.4
Tip clearance (Plastic insert B)* C, mm 0.2
Impeller diameter D4 mm 134. 0
Blade angle (Impeller inlet) B3 13. 8°
Blade angle (Impeller outlet) fa , 25. 0°

Number of blades (Impeller) n 6
*Values at 20TC
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Plastic insert

Impeller

Balance hole

Inducer — |

Ball bearing

Fig. 3-1 Liquid oxygen pump investigated.
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Fig. 3-2  Impeller and inducer.
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TEKRY b

Fig. 3-5 The pump investigated .

(Liquid nitrogen test)
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e a2y s LABRTRETD Y, LEWLGLTAED RS
T EMTE B,

Fig. 3-4 Plastic insert.
52y 24— b (75 VHER) BEBEEROBEEH 4 - 1 ICHNT, 5000 ) »
bR £ 2 (Supply tank)2s HEETFE, 7 4 v &

— %@ Y, K7 THEIhARERESER, EETHF

This document is provided by JAXA.



a2y NRNERESEEREBRESR 7 OERNTTR

Vent
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Fuel tank

i

Pressure ‘controlling
accumulator

&)—GNz supply

(Water or Kerosene)
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GN2 supply GNg supply

5M3
Oxidizer
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il“- LN supply
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Oxidizer
receiver tank

L

0

>
Turbine flowmeter
Vacuum pump <
Heat Flow control valve
exchanger =
Turbine flowmeter
< !
¢ .
Flow control valve
il <
1] -
Fig, 4-1 Schematic diagram of test facility.
ABRER R R
Table 4—1 Measured parameters
Bt E
Parameter Number used Sensor type
Tank Pressure 1 Strain gage
Inlet pressure (Pump) 1 Strain gage
1 Force balance
Qutiet pressure (Inducer) 1 Force balance
Pressures of various parts 13 Strain gage
Inlet pressure oscillation 1 Semi~conductor piezo resistance effect
Outlet pressure oscillation 1 Semi-conductor piezo resistance effect
Flow rate 1 Turbine flowmeter
Rotat ive speed 1 Magnetic pulse pickup
Torque 1 Phase - contrast
Inlet temperature 2 Thermo -couple (C-C)

%38 >T5000 Y » bAsZ s 2 (Receiver tank) IC 9
PHERE AT ThE, Zrr s OBREBUME 2 21T
bETh, ROEBTHLNI 5,

B R > 7 OFRENR (LB B EEE M Nyax = 24, 000 rpm,
BRA 7 330 KW - D53k BT E I E KB I 5T (Dynam-
ometer) T 5,

T THRHBRIC L H2EROFEE BRICR N5, %
PTHRE A~ TR BNIENCERMD, BEE, ISR 0EE
B, i s v 2 CBRBEREL TR T D, DEC TSR
5, TV IZOREF IV T RF, 2 LEESS

DEE (AT 4 » 7)) OBELER L OOREORE # 5K
T o MIOEBREZETILIDORT 4 » 2
PE LB ICHRE ¢ B CERE (47 1 EER)
T7 527 » 7B LEERY 2 U4 5, 524 CAhn
BRHINFEERTHR Y T 0%0 S HICEE T B 508 9 2
BHRERAL, —HEBRRL IRy TR A X 2
LOARBRERRT 90 B, #ARE BRI L,
R TIEFRFICH L EB 2 /288 |4,

Fy THBEE A Y 7 AD L MOE S, AD &HOE
BT, 7—vr 7RE), SE, AQERE, <7 >
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JBE, g, B,
LoDEER T 1T = 72,
EROTZEAAITEBE 2584 — 1 KR L% K v 7TEH
EN% EOBABEEE TOTF — 433 ~NTF—2v 3
- LY, ZOMEFTNCT v argEEL T4 T

U R (AR Q5= % (W29

EEBLEES € v 2 7 » 7 (Magnetic pulse pickup)
&b, a2 dEIBDEO v 75IAE 2 Y DK
i % 6 Mz 53 (Phase - contrast ) TEtA & 5 HEIC &
b, 2AMEBE #— ¢ FEET (Turbine flowmeter)
X hRIE Lico

K7 AQ, 4 rF.—¥yHO, K 7HOEDES
K © P8R (Force balance M5k a% (HRMELRY )
TRV, TOMOBHENZITNTR b F—Y
R (Strain gage)E gz A7,

- R YT AR, HORBENONEIC NSk e %)
£ (Semi-conductor piezo resistance ef fect) ( &
HTH% ) £ A,

Ry 7EBOBERAECE T~ TREN (BRI
C—A, BERAKEC—C) 2BV, BEZREROSE
B, FHILARKERREORIEN LREOEAL L
BB OBIEE T =720

FBHE RRERLEE

5.1 K % &

511 —#4RE

FFAT =Y I4FA(F v 7T2%EC=04mm)
R LR R 7O BRI E (Volume flow,Q) & #F
FE#% (Pump, inducer static head), M v 2 (Pump
torque, T) OEBREFELTHS — 1 KR LK, K&
BHRETEEBAKBBR TS 5,

M5 -1 0RFREEEKALER L CEE L0
5-2Td5, BEOQ QI EFKEHEE (/2 & ZEN=
20,000 rpm D & 3 Qa =184/ )IC 3 2 #| & (Volume
flow ratio) , HEENL AR TOLMBEXIE 9
7QHp

bz, 2y oWE %R EREER

1= —7 Y
H > TENR 4, »
Hp
= 2
% (U, &) @
$j= —Db (3)
(U3 /9

EFRLTVS, k8 LAY T 2a—VOBBEHKE LT
B4 rFa—vHOOEAFAREK X 5KERXERIh

TnEaWn, Liedio T4y T - —FOENFEERS -
COMBLDVETKEL A>TnB D EEL DN D,

R TENRE ¢p BHRETEIC TN TH= 0.5
0.51 &% hE&EHE S, = 0.53 %4 F FE -k, E&HO
BEIIC X D FE NMREAIKR B 2 AR S R Ooh 528, €
NEbTHTd b, BREBBARXEIMED 25 ~—E b
1% THET VOEMERL, KWEHOHECDR -
TEEZBENTFET D » o

B IEREHREB I T )=67% & 3%EHE6S% & L[
D, LdbBERRIITONICHE L, TOBHRERX
DEHEED o 75 b Ky 7 " B E R FHEE
27 BT L B R L EL bh b, ¢ OFE
LLTHBRTRLI Oy - T v /OB D %<
TERZE, PLIUFA T —dLEPRERLEORA
O BT A %D b % fe O R BEBIEE AV NI A o 72 L
LD RMEL LN b,

42 F o — % OFE NFRBIEEREHREICEH N T $i=0.140
Lok COMITIEA YT o — 4 HOOREKE MREIC
LBAEBNERIN T nE N, i & OB HHRERE D H
SHEWK S L WERSE Lick 8 ©4 v 7 - — YV OEIRE
i ¢i= 0.170 L & b, BETE ¢ = 0.150% 4T LB\l » 72
LW BB, BEC B » THHEBREICH T HLEMH
ZEFBLTA T a—HDF » 7+ 5% (Tip clearance,
C) bz b KELLAD, TAKEI M YT a—v0
BRI TORM oA FREBEL LI THLH, K5
2 DEBHRAEAHUQ =1.2 fFEKRNLAZ—-DODFERA &
LT, 204 »F - — FOBRBLCH O 1O B Ha=E
BEO#MmMrEL bbb, L L1 YT 2 —VOBBRARE
AR TOMREFZZEL(ETIRTLE 9T EMN LA
LRATKhbZ Ehb, BEXKRYT7OI 54 T 2 —
VOBEBREETEEAMCKELLTHE TED —DOK
AL LTELLRBIDER Y,

M5 -3 4vFa—¥54FA(Fs 7+ E82C=
04mm) A ¥ Fo—954FB(F» 7 T2 FC=02
mm) kB st OfE, R, ENREOBERETR
Lo Fv7TEZONIRZBEEA 72—V OE
NEE @1 ZEBLSKREL R o TWnBED, R ITHRY
EENFRE ¢ B LAET T AEMLAR LR B, 20
BRELTA YT 2=V OBENEL 2 HDICHE- T,
A7 —VHOBFORENKECZ hiBEAZ L,
PLUCOREORFRBE Ofcdd 1 7 L oI O
<=y FYIHEL Y, BEBEE L EICH S ikiEL %
W3k I ENELORL, LHELENROLES5 -3 0
04 YT a—VOBBENELCKERIBETY EY
THEOBETELTHTdb, 2O ERDI 1T
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AvF . —vOBREEEMTKELBLIT LEED HERLT AR, M3 -1 0L50C<TY) »I7LDon
T Twh, TRHERE FRABB L WS, vy PRAKRYTO
5.1.2 HFEE Lo BEnEE T, 2 OoMIEREAEOL S MR EK
— ey o, RR T TTEASESE T HMIC L, KN oR { ZWERIC L 28R 2172 B6 ki,

@ Pump static head,

& Inducer static head,

1,000 }—
O Pump torque, T
/
o
) \Qg
/ &
/
800 \04\ @
E 600 |—
3
. o
s ‘
£ 400} "\. /9/1;/’ ° —{8

B —|6
- s
~ P 2
g 200f- s —1¢ «
3 o/ e ~
o -" ~ > )
- /Q / N N % =
o ' 0 =
3 /) ?"k’ \' A’\ 7 ’\ [—'o
y . / .~ g %, . |2
8 / \'\ 47§ \
é / '\'3000
— Ve
e
0 7 I I l [ | 0
0 5 10 15 20 20

Volume flow, Q@ (18D

Fig. 5-1 Overall performance of the pump investigated.
(Water test)
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Pump and inducer head rise cofficient, ¢y, ¢;

0.6

o
S

=4
o

MEFEE TR HE 415 5

pump overll performance.

AvFa—V5y 7T 22 OEE

ON=12,500rpm
0O 0R & - & N=15,000 rpm
GD%U #p 0o N=17,500rpm
40
ogp <>N=19,000rpm
Q
—1.0
5]
A
7 i
’lﬂl“' °
<+ “
2 o q A
7] g .A <
2 —0.5
[} 273 -
? o gt &
[
277 oga =
2 S
K2 ] b
=
] | | 0
0.5 1.0 1.5
Volume flow ratio, Q,Qd
Fig. 5-2 Overall performance of the pump investigated.
B R o~ 7O —AEPERE
oTip clearance C =0.4 mm
0.6~ o C=0.2mm
<
; QO\\.
0*0\0\.\13
- o _
- O\
5 °
2
-
w04 —1.0
Q
5]
L3
v
E
2 7 1
2 — e *o—o—
& PRI v Sl =S el
5 =0 S
<Q -
5 02l —H0.5 2
£ g
- \.\.‘. s §
g \'\. 1 -
a "'O\. ﬁ
£ — B
=
Ay
i [ [ 0
0 0.8 1.0 1.2
Volume flow ratio, Q. Qd
Fig. 5-3 The effect of inducer tip clearance on

This document is provided by JAXA.



a s b ANV SEGSRBEERESR 7 ORBRIIVI

NTY LT mb AR L OERERA R 7 XM ET
FBLAEVERLAZTIE A S, LHLZDORT
2 OFRNEIEECHELAMBEO—2Td b, &Kl
KB 7 THRE DEHOERBIE K- ~T ) » 7
R L, 8o 2 bR AIN D LT A
BN TE, H7OEBC A=Yy —2D
FEHEAZECIWERE LT LK 2 b,

(@ FEHMmMRZZ b

27 A MIEBENET AT LT T L, s~
TOHER CURCERORBEI 6, ARRTHETH K
) = — b (Double volute A b DENHAELEREL, <
OEH»HA4 T mbAEFE HHZ 7 2+ (Radial
thrust, Fr) 2R 5 kR Lie T O BECRE
A~ 7 BT AR THW b, Inversen m)‘%VC‘IL
> THERR TR EDLNW—EDRINTnb,
ITHE DA ) «— M R SES L 12 OFLIH
£ 0.5mm) b HGEUE Lc, 845 — 4 FLll#sgE N=10,000,
15,000, 17, 500 rpm C2WT, fidl Q. Qq) 233IZ
BLEEDKEY - = PROENSMAERLAIDTH L,
5 —4 bBL% L OKE DO AEEER LT L
AEBR L Thian,

5 — 5 E&HN = 15000 rpm COW THRB ZE
X7t EQOENPHER LSO TH b, RETHE

15

ML HENTENIHES o E b 2D LR R o Tnd,
TWRDBA T B Liehr->T, KW (Cut-water ERT
TRELENERY, Lo —HoKkGh e obthlokd

DT CTENGR EH T AEICH 5, REVREHRE
bR RDLEBICKY b HATCREE IR bR,
Y)Y B35 KG) D I Tt AIRNCEE A3 518
BAR LN 5, ZOTEKY - — A Y OENHHOBE
BERERERIN THWEEER S 7OB—x) . — M
WORENGHE Dbl o Tnh, LA
TREOFYRRER Y 7OZEKX Y - — VA Y OENG A
DFH—LRFFEHI LT LHH, T 2b bEREER
VC 5\ T E PR B A b T D B 9 fihhik
L, KIS Tk 8] b PRER A & PR A BICH 9
vk U, Zh o OREPREN B OE S MO R
¥, LHLTHLLEEL S,

B5 -5 D& 9WEN% 2id bl TR,
FPREONEC b » THRA L TBERFHA T A
b EMBOBGREMS -6 IWRLA&, BlEHOEME &
bUhROREZFEFE R TR M REL TN S,

M5 -7 Cd¥EFMAT X %

Fr =K, HyDs ba  (ke) (4)
L EDA 52 MR (Thrust factor, Ks YD %
RRFEREIN TABEEF > 7O —K ) 2~ b (Sing-

1.0f—
G N e

- S v =R——RA /N
: | X
[P
Q
=
[
™
2.; 0.5—
@ O N=17,500 rpm, Q/Qd=0.866
[}
E g
& A N=15,000rpm, Q-Qd=0.870

O N=10,000rpm, Q-Qd=0.850

ol L | SRS S NN N N S SN N SR N
1 12 1 2 3 4 5 6 7 8 9 10 11 12 1
Location of pressure taps.
| | 1 I | 1 !
0° 60° 120° 180° 240° 300° 360°

Angles from cut-water A,

Fig, 5-4 The effect of

rotative speed on pressure

distribution in the double volute.
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Radial thrust, Fr (Kg)

Fig

M EEHEMAF RS 415 5
g ~Sf——""_ o——0 © T~f—d
& “q::o O O o O'\\(
: e
E 0.5— ® QQd=0.23
° ® Q Qd=0.56
=¥
B 0O Q/Qd=1.00
@ QQd=1.45
N=15,000 rpm
oL | I | | | 1 | | | | | L |
11 12 1 2 3 4 5 6 7 8 9 10 11 12 1
Location of pressure taps.
| 1 | 1 1 | {
0 60° 120° 180° 240° 3007 360
Cut ~ water A Cut -water B Cut -water A
Angles from cut-water A,
Fig. 5-5 Pressure distribution in the double volute.
(Pd: pressure rise at design point)
WE LR o — rREHNE OBREK
(Pd : HFEtBRK T AEN EH)
le volute) OEEHBL TR %o, KRR TROAZKs
oW T B SR BOHBIIFER KA 7% { FHITN=15,000
o N=17,500 rpm L 17 500 pm TOERBNW—B %R LAk, 32K &
® N=15,000 rpm LTEZEXY o — MNCBERER, TabbX7X b
sol 7 N=12.500 rpm AR REECRALZ b, B+ X CBXIE
TNEL A2 AERZERL TN,
— M5 —7HnT, N=175 DIEEZEFR Y = — } D
° Ry 7B LBE, 272 MREBOREICH T 1R
0 /° ML T ER, BEEONE 2R AR 7O
ST BRERRT A MEEE & > Tnbo KRR >
// L U B O (B — ) e MR 72 AR
D ///ijr\g B LCEREBRICENTE 27 2 MBS 2EE %
o
201 '/// eé/“ @ o7, REMRBMA THILAKE ZEE % o7,
g OB # 7D = 57 b RBICET BER AT ©
. /@ RNk, BMRA Ry 7O O—20ERFIN S, (K
”’
A | | FH T EDERR ULOEETMEELSSL LELN B
0
0 0.5 1.0 1.5 28, R o — P ROIERE L KE % (N=20,00rpm,
Volume flow ratio, Q/Qd Q=184 TH U o— MOFPHEHHRE Vo =70ms) 2
. 5-6 Radial thrust of the pump investigated, HEF V7 TL Y KEZENHHONTH—PELL L E

(water test)

FELOFHE (KRR )

LT3R NERTHAEWERDbh 5,
SEWHE 5 — 8 ICEPRBEICMbAERFRR 7R b
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Thrust factor, Ks

oy, P NESESBRBERE R v T OEBRAIPIE 17

0.15

I
—

0.051-

o N=12.500 rpm
® N==15.000 rpm
@ N==17,500 rpm
17)

----- Agostinelli
Stepanof f 2)

Angle from the cut -water A, & (degrees)

Volume flow ratio, Q/Qd

Comparison of thrust factor Ks.

2 5 2+ REKs Ol

-100°

D FiE &K b AD b DI (Angles from cut-water
A) &L TRL o INWIHU IR IC /e » TED S O
Wt Al S he ) . — F OE 2ORNWH
M ER o CTnb, THIEKY o — P OIHEIOKE
ZRCOH NRED T FRER T ECIDIDEELD
b,

b) @ifm = 7= b

#i 5= 7 2 b (Axial thrust, Fa) CDOWTHEE
BIERITO%R 2o 2By, K> 7ROESH bl m X 7
2P OEHERS 2o

WERS5 -9 CEnT, TPREOHME Y = 59 FO
HEEHRNOENFHEBE LSO ET5E, FH R~
Z7TRY =TV FORFEDRELNOT, ZOHH2HL
BEMDAS AMRELANTER R D, K-~
TV Il T ARBELAENDT, Pr P 3EL
WD LT 5,

o 7ROEBHBENICE LT RTF 2 b Ty

Tn= g QVim )
EMEICLBRAT AMT,
Tp = 5 DyiPy ~ (D D)) Pr (6)

OME LT ER 27 2 MEBEHIN DL, % HFMUR KR
Y7 TCHBEBENCHK S AT A M Tp e~
Thk b A&, '

~N

o ® N=17,500 rpm
O N=15,000 rpm
Cut-water A A N=12,500 rpm
O N=10,000 rpm
&j Fr

\5
C\O A\A/A'\A/-A w‘:——.f_ T~a
\o/ %107?/3, \\ N

Cut ~water B

J I

0.5

Volume flow

1.0 1.5
ratio, Q/Qd

Fig. 5-8 Direction of resultant radial thrust.
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XTP, ¢ P OEFEEANTROESG@E A2 7 = b
%M 5~10 ICR Lico RE LB 510 ICHANTEP=0
KCHIET B2 T2 PATRINTWND, B & o ICEERH
OREIICHE: » TEIFE X 7 % FE A% b KE % AIHR

e F BT AT 415 5

Mdb, I OEARMA TR MCE
E(P ) EmIKEAERBTEL T

4 v 7 -y S
by 3 A AT

Y7 TCRHAOEND (P ) # K& LGS L7ABE,
EMOEMICH: > TEE BRI 2 5 % b 23Ez L, HT0oH=

P Pg Mechanical seal
_ L__J LE%L
P PS Y
P, P2 !
= £ &
Fig. 5-9 Pressures of various parts in the pump.
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Fig. 5-10 Axial thrust of the pump investigated Water test)
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B R Lo

HER R TROENHBeHRMICTE LI L2 DR
AL THAEY, EECEEPRECEEKRIKHE->TLY
BHMLEENARCE o TnBI0EEL2 LR b, LW
2 CL VEHAZBAS A PCOWTRERAZ ECLES
BOHR T HLREZ bEn,

AYRRAR T OEFREOXE L LUBMHMEX 7 2 b
COWTHRN e, ERRECEHTL0E D, FHEF
YT ONWTIRRX 72 VCBET ARE FOMBERE L%
Motke By VARV I TREBRRDLNEAELR%
EOFEEREDO R A b 2 KERXMETD 5, 4
HRchOnWTHMh L LI TE AL o2, 58
DB E L\

5.1.3 RAERE

B5-11 dEEHERBET —EL L, ABENEEX
72 & & DR T HEHBAKIE (Net positive suction
head , NPSH) & R v 7E IR ¢p, 1 ¥ F = —VED
FE o, R THENOBRERLAIDO TS5, TO
ERICEZA YT a—V734FB(F>7FT582C=02
mm) %AWk, NPSH OETIHE>TA »TFa—%
DENFREMETL, DWCEFREQOERNPSH L
Ténb, ®r7ENRE (B ) 2HET T 5 k158
EICHbh Tnb,

BAMRE & B 5 OICER & — AT 55 BodLEE
(Suct ion specific speed, S)

-

> e g
OfrL, F o €F — v o WL bR v TOBRH2 4 —
€ MU F LR TCHD L, QQy=1 KFNTS=
5,400 , Q/Qy = 1.09 TS=5200, QQy=08 T
S=5,700 & RIFLFERCH oo TORKOEARE L
T, 2 HECFELLA v F 2~ VEEERTHARER
PR LARH BN EN Tho L HIDEE
2 LN DB, Lo TAYTFa—FAQC T RN
BEOLE L) BFLBAMEZRESELATAZ LR, TO
BEA Y TOERICL > CTRBICEST bhe d D EF
%2 bh b,

DR F L KT~V a Y LBA YT o~ TOBRE
T LR ROMFEEADLE, ¥y T~y YOREKL
DA T o— TOBRHE LET LBETIHERD
BTREBLEAERD NS, X 7OHBRETIELT
O TRHRETFTEL T b, chidd ¥ F - —v0%H
BOA Y 7THRIC LY 2EE0/0 3 RBHRR Y 7 O
mEBbh b,

AYFa—PDFy 7TTEERFELREEDOR YT O
BOAMAERB 512 1CLic, F» 7 TEETORELRS
B IE B S T BAKRE DK T2 bh 528, Thid
FoTHFET— s YCEALLDTHA, L LA
HE IO NTEHI5-11, 5-12 Ok 9 % BAtEGE
DHICLE> TREEHELLEWREDODS T & ERER
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Net positive suction head NPSH» (m)

Fig.5-11

The pump - suct ion performance( Inducer plastic insert B).
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S =5, 400
\¥s=mm Hp
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60 600 [ 2 ~ A
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’»I: é‘ Hl
& 40 . 400 <f
a By
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P 2 Hi
< a A
A
5 E /
g 20 £ 200 a
//// Q=144 1,5 O @C=02 mm
, /P Q=149 1/s A & C=0.4 mm
0 0 L ! L |
0 10 20

Net positive suction head NPSH, (m)

Fig. 5-12 The effect of inducer tip clearance on pump suction
per formance . ‘
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DEL(RNBZEICT B,

5.1.4 JFEERFHE

Zht COKEROBREITNTERMRECEL T 600}
ok, COM, vy VEKRLTELTHEICL 2T
hEz oz ok, EBCELROETEE K, +I
URyITRF » €T — v 5 ¥ EGEL BRI LIECERHE
Rdby, EELUECIEL Ty vy ORtEE REMIC
EATAREOSBE LS LR TRE,D Lzt
b2 5 LaMEICown TREROEE 2 Vs 5 EHT
OREINL, ERTHBLCIN THERNREWNE ST
Bbh b,

FHETHEA>Z7ADO, HAOENES) (Pressure 7, 500 rpm
oscillation) QHIED LAEMH R 7 OIEEERED 1
—HEBNBZLERHDL Thic, TORREUTIRT,

TFHE N Vo HAloREFIErORE *—F &
Ll 20BE  MEFEEN-131C, F¥7A0%
JUHODOENES* ch en 3¢, B@5-14 KR Fig. 5-13 Pump head and flow.(Numbers in thi s
Lo BUESOBMICH » TENEBIZAD, MOk figure correspond to those in fig.57 14 3
K& % BEAPEEICH DN T\ Do N=12,500 rpm Bty 7OME LBE (MFOBESIE
€ BT RRHORIC A7 b BER OB EREROE 5-14 OESICHIL)

5015,000rpm
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Pump head, Hp (m)
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. | |
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@ 5,000 rpm

Inlet

Qutlet

@ 7, 500 rpm

® 10,000 rpm

Inlet:0.8%ata, Div,
Outlet:1.79 ata /Div,
Time : Ims, Div,

Fig.5-14 Pressure oscillation.

(Numbers in this figure
correspond to those of
fig. 5-13.)
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TEE 0 b 5, T OREEVER ~» 7 ETHRE
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Cavitation erosion at the tip
of an impeller .
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Fig, 5-16 Pump head and flow, (Numbers in this

fig.5-16 correspond to those in fig.
5~17)
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Bz E E R ATRE 415 5

Inlet

Outlet

Inlet: 0.45ata Div .
Qutlet: 0.90 ata Div .
T ime : 2ms Div,

N=10,000 rpm

Fig. 5-17 Pressure oscillation,

(Numbers in this figure
correspond to those of
fig.5-16.)
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Fig. 5-19

Suction performance of the pump investigated. (Numbers in this

figure correspond to those in fig.5-20-a, b, and c.)
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Inlet

Qutlet

Inlet: 0. 89ata Div.
Outlet: 1. 79 ata,/Div.
Time : 2ms/ Div,

Q=12.4 1%
N=16, 000 rpm

Fig. 5-20-a Pressure oscillation

(Numbers in this figure correspond
to those of fig, 5-19)
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Q=14.3 1%
N=16, 000 rpr

Fig. 5-20~b Pressure oscillation

(Numbers in this figire corres -
pond to those of fig.5-19)

EAES (HFoFERHE5-19(1C
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Fig. 5-20-b

Q=15.6 1%
N=16, 000 rpm

Fig. 5-20-c Pressure oscillatin
(Numbers in this figure corres-
pond to those of fig.5-19)
FEH#ES ( HFo&ESEE 5-19 I

XFIE )
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Fig. 5-20-¢
® Q=12.4 1%
Inlet
Outlet
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Fig. 5-21
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figure correspond to those of
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Minimum cavity
length

Max imum cavity
length

Fig. 5-22 High speed photographs of an unsteady type
of cavitation. (IN=17,500rpms, ¢,=0.160 ,
K=0.068, f=30Hz (on one blade surface))
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Fig. 5-23 Overall performance of liquid nitrogen
test and comparison with water test.
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Fig. 5-25 Calibration of thermocouple using

liquid nitrogen.
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. 5-26 Suction performance of the pump investigated
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Fig. 5-27 Thermodynamic effects of cavitation on the suct ion

performance of the pump investigated
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Fig. 5-28 Ball bearing (After 1iquid
nitrogen test)
K—n_7Y v 7 (BEEHR
EEBRE )

Fig. 5-29 Mechanical seal (After
liquid nitrogen test ).
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(BHEEERE )
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Fig. 5-30 Contact of casing ring with impeller
(After liquid nitrogen test).
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Fig.Ap.-1

Inducer geometries.

This document is provided by JAXA.



7y PRNEEERBREGRESN 7 ORBROHE 43

'Cééo
A4 5 o— 3 HOFHEIEE Vneas) &,

Vma(u19 = QL9 /ED 2 (1-,3)

= 10.01 m/s
Tdh, Lho THOFHRERE 62 1.5) &,
Vm2(1.15)
0] = ——= 0. 165
2(1.15) Usa

Thh,
2. ZEtMBCEHT 2EE=/BE
YT, HREHMETOD, 17—V HOOEE=AK
2R To
4> F 2= HOR T 5 FH8IEE Ve 3,
Vme =Q/ D (1-6,9)=8.71 ms
THbh, TOL ERBEFRE ¢ 2,

Vinz
6, = _I—JT; = 0.144

Td 5,
Lictio TREROFERR D T2, %5t - il
TOEIMRE $2 &

$=0.15
EF 5,
zzT,
__ Hind
P Uyare)

1
Hindzﬂ(EUsz)

¥AnAL, HOPHEERTO U2 21,
7 DN
U2 = 60 =

47.1 ms4

THhHT 0L, BAAEEL, &,
Vy =12.97 s
EE B,
3. AYF =V OFURBE
BEHED 115 % TO A4 ¥ 7 - —F ADERERER,
gD & 51
Vmi.5)=7- 22 ™4
THHDT, TNTCOT m o 5r— VEERLENWEED
ABBER

Ae1(115)= tan™! ~————-Vmé<:1']5) =6 03’
EOBICRE LAA VT 2 — FOTHEROKREEE
kL, &bl
¢2a.15) = 0.107
$2(1.15)= 0. 165

BT L oK,

HOBE Fun &,
Bi2= 16" 457

AOBE &1 &,
Bey = 10° 157

ET B, L, B, DAL ICETREMCE LA
Tnhb,

4. ERe v, VR TEOBRAMEBEO LB

BN Y TOBAMRECE LT}, 5. 1.3k X052
2HICENWTEL (BRNAD, ZICKER 2WTER
EENTVWER Y 7 EOUBERLTH o

2 (FigAp-2) K4 ¥ 7 - — + AORERE &6
FERAHEE OBREZ LUREHRR A 7 2L UM
r oy bR TOMEELR Lo

HonKHRBRE NI T EICE Y BoAKRER
MET225, chixTRELTHICEELTHRNA L 9%
&, TRHLLIVIILZTRAEE LB/ ODAVLA
THb, ZORKDODNTHEFPICRE N TIBEES S
b REEHERI LE 5,

ITCHEHREAR Y TORMERERD, EROm & » P F ¥
TERBLTY, 2% VR LEAMBEREEL OGNS,
% PAEMERA L T TEHARO L KA »F -V ALA
B (By) A TREMCKE (o &, F7cPdtE
BB 1T o VAT B ARBRERAL T AL &
EERRETHZ LY —EOMAER LR T B

E
2
-
£ 70,000} ‘\ © Rocket pumps (U.S.A.)a»
= \
s K=0.005% ® The pump investigated
— \ (NAL)

60,0001 \
) 2.\ The values in ( ): Ay
o (5) \
]
~ \

50,000} K=0.01

N

o \ o
(7.5) \ (7.9)

40,0001 b \.(10,3") s
\® (9.75)
o} o
K=0.02 oo (14.157)
30,000} (9.8) -
/9‘?\!{-0.03
20,000} o
0 Brumfield’s criterion]
10,000 L

! L i i ] "
0.04 0.08 0.12 0.16
Flow coefficient, ¢;

. 2
Corrected suction specific speed, S/A/1-&p

Fig.Ap. -2 Relation between inlet flow coe
fficient and suction specific
speed, Water test)

4 v F o — VIRBRE & BuALEE
OBtk (KEE )

This document is provided by JAXA.



This document is provided by JAXA.



TR—415 I #& =
S E:—.
P5 el sl
Fig.2=-7 * Tan—l(ﬁtl) ( *Tan Fi1)
” F oo TV e
(*Tanmlﬂtl) (*Tanﬁtl)

This document is provided by JAXA.



MZFPEBRNARARELS

WRAI50 £ 8 H 5 AT
R OB E F W K M W R O
B OR OB OE O W OWR K F H 1880
T RE R B = M (0422)47-5911 (kA E) T 182

Rl Ar R X & # &
EFEMBERARWLA - 1 -T(FHEN)

This document is provided by JAXA.



Printed in Japan

This document is provided by JAXA.





