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Abstract

Two series of experiments were conducted, one using 2 single liquid jet from a cylindrical nozzle modeled
on a liquid oxygen (LOX) post, and the other using gas/liquid jets of a coaxial injector element to study flow
characteristics of an injector of liguid rocket engines. Flows inside the nozzle and the coaxial injector were
visualized with a high-speed video camera. From the experiments, it was found that the flow in the
cylindrical nozzle was affected by cavitation generated by an inlet orifice mounted at the LOX post inlet.
Discharge coefficients of coaxial injectors with a recessed LOX post were found to be guite sensitive to a
variation of injection pressure drop. It was confirmed that the discharge coefficient was largely affected by

the interaction between the gas flow and the liquid jet in the LOX post recess.
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Fig. 1 Cylindrical nozzle with an inlet orifice for
single jet flow test.

L
T di|de
T

B-P, u,w,
KC=1I’72M,(D Re = L, (XZL,G),“@)
EPUL *

2
. 2y R); P\ ;
i, =4, Cd 2p(B-B)--- ¢)  Te=4c Cds ;tgfp[éf)‘{j; L)

ZIZT, Py, BBIOPIEENENEE, BHEBIUOKOHEIMAKIETHS. pldEHBETOTRAES
ISR, PWEATAOKEETHS. Eiz, UM/ TOFHRE, WITHE/NEIE, vIZEREIERREL
ThH5H. ZZTE NN EIE, AKAITIIALD AV 7 4 ZAER, dos, T A TIEBRIROBRERIE, (dg- du)/2,
BT, O ORWIRY, FTARZEOLEKA, GIEIFTAAE2FT. KB LT AORHHEEC, Cdsld
ERX @), @25, KITFEFEREEIRE, TALEREERELE UTH-> T, EERICFHAILZR& I Y RD
7=.

This document is provided by JAXA.



3. FUROE
(1) AR ZVNOFRN & R

F o L NR—NOEH (L) % 0.1 MPa ~ 0.5 MPaD R T T, KOVA S NVAEB—ELRDED
WCHEHE AR E Lo/ VAR E 2 XV ABROKEROKRTFO—Fl &2 Fig. 317§, 20L&
EXDULA )NV AEReE 70,000 THS. BT, HE, BEEE—KICZOLEDT T 7 4 AFITBIT
A% EF—a v Ke) bl Ke>0.541 OBEITHE, / AV Yy EF— 4 s UEIERE
B, Ke=0371T, #U 74 AFTHEBIZF ¥ ET— 3 IAORENERIEELR, AVIIOIKED
ETIEE LTV D ERG05. F7-Ke=0.182 ORFZIE, AV 74 ATEALLFYET—a Y
VL AVHOECHETAZ EALBEEL, / AVHAPLIEXFYET —Va VILK W R LTZES
RIEH SN TWEDORSNE. DFED, JAAHOF ¥ EF—va aDFEEILL Y, KEZOHAIL
REEICRES N TWAERSN L. EESIL, JETROBAOL L, MIEENLSFEINTT, &
B AN L AFREOEREIToTRY, ¥FEEARATA—FLL, VA I VAFLEFYET—a U
e EoT, ) AVRADF ¥ EF— 3 3 Vi OTRRER EBRIICER 4 >OFERIC O ETR D F2 R L.
70, ¥y EF—va VRRAETAKDBMEIZEES . ANVBRICK > THEDRRD2, #iaKe=0.5
METHAZ L ERALNC L. RERTHEIN
Ty ETF—Yarinet Sy 75— a VEDOH
1RIZ, ¥ AVOFREER—ET 22 LD,
MER ) Ao Th, Sy 75— a VB X
ST, NOFEEFETEDLLFRD.

Wiz, BEN -EOZME T T, KOEHEZER
BN, B AW SERDOF v BT — V=
v (Ke) EFiHRE (Cdy) DBEMPRO—Hl%TFig. 4
IR, XY, Ke = 03 fBRIZBWTRERED L :
RS B, Vb HHydmilic FlpAHEBT S pP O om0 o
% AT @Hydraulic Flipﬁi%_ﬁi?%) Fig. 4 J:T@fﬁ Ke=0.182, 0.371, 0.541, 0.734, 0.914
BIZIIE AT UV ARH Y, KOBEIEDH @R Fig. 3 Photos of flows in the cylindrical nozzle at
LEEE T, BAT MBI PRRELS. different back pressures.
WZIZFoFnigE s Lz, £, Ke<03 £Ke>03

18

DOEB TORBREOEE DL, Ke <03 D .08
SRS TIIR D BEIMT fEVY, CdhT Bz s+ 2 o Lo
E‘é [

2R L, Ke> 0.3 OB T, KeDZBIZH1T5Cd 040
OEALEIT/NZ VD, FOMEITRE LY D REL 2 08

%, DFEY, ZORIZBWT, Ko =03 RHET, J ﬂé@g T e .
ANRIZF X BT —a VRRET ZEARH Y, e

XY EF—a URRET S LT, WMHREILE  Fig. 4 Variation of discharge coefficient with
7 cavitation number.

(2) R RIS B 2R O AL & TR RS

Fig. 51%, UEBREIR=04, DFEV Y b A PNENGIREEEIERSRICRBNT, T —T 3 UK

12 L AKOEHEEOEN AT LEOLTHSD., ROERIT, FRAEEEIET, KOLEES S,
4-9

This document is provided by JAXA.



WEHE A B L S R B AR ETH D, & >
7, FRIZ T ORDTF — 2 DI b oE DEFHEZRT. " i st o
Erh 0 @00 & 5 ICTRT Rk OB ES — & & N -
L, W ADEREZ 0.55 ~0.35 MPa & #E 2L g e -
SHIBEOCLOTHIER, =5 —A—3Z DED) e -
18 & BB R R, Ke= 0.7 R Cd 0 R A - e |
RV Ko =0.7 HE A B L T2 DRSIEN R 5. ‘

0 0.5 i 15 2 25 3

BTEE O ) ALOFEND, Z OKePSLOXAR A o

PRI F Y BT = a VBRET SRETH S & Fig. 5 Variation of discharge coefficient with
Broex 3, DFEVY, Ke < 0.7 DEHTIZLOXR A+ cavitation number. (dy = 3.0 mm, dg = 4.6 mm, Py
Mz % v EF— g U RRAE L, KA, Ko > 07 O3MPAR=0d)

DEEIRTIE, F84 L7\, Fig 6 118 & ko LA /

L RH, Rey, THHLLEROCLDENTHS. Fig 1 T
6(a) VL AREER=0dy, (b) HR=10dOHkE i E e
%77, Fig. 5 LFig 6% WY 5 &, KelRe® = “warony
X BCAL D EBNIIW A ERXI O & RT 2%, Fig. g £
@IV T HCADREREANFEL, F¥ET— B o X\
Lo VRANERITFg 5 FBICERTE S, T o

Fig. 6(b}RT U A ER = 1.0 L OHEHEET
bH%. Fig.6 £V, R=04.0OHAL, TAOEHIZ

1
20000 30000 40000 50000 80000 70000
Rey

_ (a) R=04d,
L BEG R O HEDE S O BT RR T OR2IC
£, CAITABRNDROEE LD b 2 WREKE
LD, £, ZOBOIEHOX AR OIM L & N T e
LI E S R BERERT. —H, R=10 4058, Y I
KD B A LT RO CL OB ) & 2 04 I o ; ST
b, B8y 5, FAOENS LT P TS
T, CAlE U B AR ENB A LD S 2B L, . C ‘
BLOLBIENRAE < BB LRHNE. £72, K .
OWEFHEPLinj = 0.49 MPads LUV 0.45 MPaTid, v oo w0 o s ews oo
EF - 3 VRAER L &S I CA R AR ) Re10d

bt pBBNRALNE. LT, BT DL OC S ' ‘
PSRRI B B OB ORI TER o S e o e . D,
T 52 LMD, Fig 60) ITEFNETNOFHEELZE =03 MPa)

EAE L.

WIZ, HADOWREECdeE HAD VA J )V AEReg TEH L2 b D %Fig. 7 12779, Fig. 6 FRRIC ()
U 2EL, b) VERAES 0GOBETHD. JEARENES, CldlIkoBEHEIC L 5T, 131F
—EDEETS. —F, VERES 1040ES, 04DBEALIEREARY, KOBFREDEWIC X
DCAdgE R X BT A2 LB D. KOBEREMEWVIEECAI/NIWEEZR L, ReghPREL 2D
22T, Cdelizadiid L, Reg?t 20,000 ~ 25,000 PL ETITHEFRICHINT 5EmEZRY. £/, Plinj=
0.45 MPa # L 100.49 MPaTIE, CdglI RHRANCEILT B EHMBFET D, ZORHAIRELE R4 &Mt

4-10

This document is provided by JAXA.



09 7
m —— PLinj = 0.6¢ MPa
PLinj = 0.59 MPa | 088 i Plinj = 0.59 MPa
088 R ' . PLin =047 MPa L PLinj = 0.69 MPa —— PLinj = 0.4¢ MPa
! oL = 0:40 . i 004 PLinj = 0.59 MPa - — —PLinj=0.45MPa
e PLinj = 0.38 MPa
0.86 0.2 :
" SRS ——— 0.90 PLinj = 0.45 MPa
0.88 X
PLinj = 0.49 MPa
082
0.86 PLinj = 0.28 MPa
gt
o8 0.84
10000 15000 20000 25000 30000 10 20 30 40 50 60
Reg Ug/Uy
(8) R=04d, Fig.8 Variation of discharge coefficient with
injection velocity ratio.
0.98 T
——PLi=069MPa | 126 o096
0o . . PLinj=0.59 MPa | i :
: Plinj = 0.60 MPa e PLiD§ = 0.49 MPa. | H
o inj= ~ - PLinj = 0. 1 [
GN2 only i
092 122 0.82
g
- PLinj = 0.}4% MPa S’ 120 ] 0.80 §
WAZ ool it
088 e : g
PTING PLing = 0.49 MPa e N “\%('m,‘ﬁ»{’?w‘*m&h ‘ 0.88
0.86 i chl M
PLinj = 0.38 MPa gyl 0.88
0.84 .
10000 15000 20000 25000 30000 35000 40000
Res 114 : 0.84
0 20 0 60 80 100 120 140 160
(b) R = 10 dL Time [sec]
Fig.7 Variation of discharge coefficient with Fig.9 Relationship between elapsed time and
Reynolds number. (dp = 3.0 mm, dg = 4.6 mm, P, = discharge coefficient for water and nitrogen.
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