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Investigation on Flow Field Characteristics of a Liquid Rocket Open Impeller
Based on Compressible URANS Simulation

Hideyo NEGISHI, Shinji OHNO, Yohei OGAWA, Kenji AOKI, Teiu KOBAYASHI, Koichi OKITA,
and Tsutomu MIZUNO

The open impeller applicable to liquid rocket pumps is a new technology compared to the conventional closed impeller
widely used in existing liquid rocket engines. This paper describes the application of three-dimensional and unsteady
Reynolds-averaged Navier-Stokes simulations to investigate the detailed flow field in a liquid rocket hydrogen pump with
an open impeller. In order to investigate the influence of the compressibility of hydrogen, both compressible and incom-
pressible URANS simulations were performed for comparison with the LE-X hydrogen pump test. First, the computed
results were validated relative to the experimental results obtained in the pump test. Second, the detailed flow field was
investigated by comparing the compressible and incompressible URANS results. The computed results agreed well with the
experimental results, and revealed several key features in the open impeller.
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Fig. 1  Schematic of the LE-X liquid hydrogen pump
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Fig. 2 Entire computational domain and boundary
conditions
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Fig.3 Comparison of time-averaged and normalized static
pressures at multiple measurement points inside the

pump

4 20184E121

EOERIT & A AT RS B O RS E O ik & R
To HFOKAEIX, RHTEE P % BE 0,U 0
12 CE > THERTCILL7ZDDTH S, 1 X
FANARLT A4 72—, K a— MIPTT
DAL VHEEIZOWTIE, FHEMRIES T
AEHI FIPGVDF % Bt & #3580 % $97% O
JETHREEZ M L TW5D, A > ALIEH
MPGVDFIZDWTIE, FEEAMEMEETH T5.6% D
AEFATH LT, BRI E TR 12.7% DR &
o THBY, MDD % LIZKBEEIK
gV, A Y XRTHFHONEBIEERLALIZONWT
(3. FHERE R I3H6% DR EE CREME 2 Tl L
TWh, REDOHFEIZDOWTIE, FTPHARHKER
IZBWTHRY 22— FERTERHAI L 728 > 7 iR
J£28.8 KIZHF LT, AWFZED M TERT AR
282KTHY, BBILZ—HTAHZ L &AL
726
KRIEARERTER R, FEEMIERE R L
THERBNET O T RAEEEDSEAL L 7255, IR
*TPMTE DT CEMEND L, B ORRASE
WE LTid, BERIELDFH W BB E 12 & 5
BER BT OF RO TSR EZ b, 4
BOMFHRETH L, RFFRICBVTIE, K
Mk B R BB L ZHELTBY, A
Y RIWERD~ 7 1 2 BN IOV TR
ST EE & HIT L 72,

4—2 A NFTNIOFENFE

Fig. 4 (a)~(d)IZEAEEURANSHRAT 12 & 5 By
DOFFHE. B, Mach#, % Omidi Fo7m &
T IR S WA, JEEMEEURANS
AT IC & 2 B AT (. TEARIERRATAS L & 130T
FfkCTdh o720 Fig. 4(QDFIES NS, 1 ¥
NIRET 4 7 2 —FEOMMHERIZLY 77
7 2 — UL N O DS 7 B AR -2355 20
%o Fig. 4 b)DFHRIT AT TIE, A > ZHLE M
TRMGHR LAV SN S, ZIIFig. 4(c)
THARED B DA T X 72 W Mach$>0.3D

This document is provided by JAXA



JFEMEEURANSIRITIC X Btk a 7 v b+ — 7 0 4 RS OFRBFEEHAE--- (5) 709

20/l -]
1.40

(a)  Static pressure

(b)  Static temperature

Mach [-]

0.36
HO.IB
0.00

(¢)  Mach number

p ke/m’]

74.0
571.0
68.0

(d) Density

Fig.4 Instantaneous static pressure, static temperature, Mach number, and density contours on the mid-plane computed by

compressible URANS simulation
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Fig.5 Comparison of instantaneous relative velocity magnitude distributions between compressible and incompressible URANS
simulations. The entire impeller region is shown at the top; close-ups of the region are shown at the bottom
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Fig. 6 Comparison of instantaneous vortex cores colored by normalized helicity and surface restricted lines. Streamlines are also
shown, where black lines denote tip leakage flows and pink lines denote leakage flow through the balance hole from the
rear side of the impeller

(a) Compressible URANS (b) Incompressible URANS

Fig. 7 Comparison of instantaneous total pressure loss distributions on constant radius planes with tip leakage streamlines and
leakage streamlines through the balance hole
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Fig. 8 Comparison of instantaneous wall pressure
distributions on the rear side of the impeller
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Fig. 9  Comparison of axial thrust coefficient
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