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Optimization and numerical simulation for interstage

crossover of multistage pump
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(School of Astronautics, Beijing University of Aeronautics & Astronautics, Beijing 100191, China)

Abstract: The interstage crossover is an important component in multi-stage centrifugal turbop-
umps. It has a significant effect on the performance of pump. On the basis of investigating overseas'
advanced configurations, four possible design methods for the vaned cross-over configuration are pro-
posed. The cross-over region for a multistage liquid hydrogen pump is designed with these methods
whose correctness is validated. Every configuration is analyzed with CFD. The Centerline Circle Sec-
tion Method is the best one for reducing flow losses.
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Fig. 1 Meridian projection of crossover
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Fig. 2 Grid outspread plot of angle holding

transforming method
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Fig. 3 Variation law of channel’s section area

@) BB T8 IE S M 3045 RS
HEOB, RIFEFESTHE (3) MR PEHL T
S A, BERRERRE. N
TR RIS BRI, Sel—BOR
TR TR BBIE MiRE, % 3. 4 P RE
KM BEAMY ARG O ER, R
FERI 3 AT, [ 4 AEE AR

AT AT, SRR KR R S ALA
S RLL L7 BB —Fh Az i 2 A
FENSM, ETRETER, UiheJUR
HITERRI AT 5145

3 MEIESERSH

3.1 ZEISFHER
MHATEE S B, B T WE 4 BRI
WA, BEITE %R RNG K- fm iR,



28 : KOBTOHE O

20114 10 B

(a) ARt

() WiiE M 2

(b) WHEAFM 1

)

() WHET3

(e) WIERFM 4

Bl 4 A1) 3 -5 DU Ao O e A
Fig. 4 Models of 1 radial diffuser and 4 continuous

channel diffusers

32 EEAXNREXSHIHEERS

R Y AR T 2 AT E R AT e L
B, ZEAUMRELS NS (1) 5&mK
S gEfgEcoa AL, EERRESR ) 5
BRI ESERETT I, B 5 3mSR
A (1) RIPRE R R IE R A, X
PURR SO FESE A L R Oy SRR . A2
0] 27 IE S O B 3 T A — A Xt
RHEIX, M TEmRHNESER, RAREAIR
R EE 2, mMREXSH AR
HUMGEIE, DX RE b wPhiE . ER
P A B LG | e BE T v U R 6 E AR i R

A5 XSt S #E o m
Fig. 5 Static pressure distribution of radial diffuser and

continuous channel diffuser

B 6 Ky HAh S o M B O 5 AR AL il
%, HAPihek A REERR T, ik B RER
BREM, HWERFAMEZ T LR, WRERS
BB HY BEBHEAREEBE BRESRT
B, EMALBURER, s Tt B A X
SRR, ULEAAE M R RS 2 H) BB A AR
%, BARRRSHOAERRKTFRESH,

8.0F
7.6F
7.45

7.2

Total pressure/MPa

7.0}

-« IR | 1 s

0.0 02 0.4 06 08 10
XS LK N

Bl 6 2t 5 E RS SRR

Fig. 6 Total pressure distribution of radial and

continuous channel diffusers
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channel diffusers

FoAp SRR R O R A Bt T
THEAMTEERELE 1L, TUEDL, BRR
St B ESELRK, REHEREPRRLEE
BRI S B ER KRN

F 1 &S0 BER K H

Tab. 1 Total pressure losses of each configuration

B BEHR/MPa
7Zimen 1.004
MR 1 0.976
Wit a2 0.946
wiEA T 3 0.936
PB4 0.927
4 it
B R FAFLL T E518

1) AR EBCRBTR T, WX S0 AR
RSOEL, ARSI A T2 AV
S TR R R RER S

2) BRIk 2 R A B R —
BRI, TURATRER S, B
T RE R S G R, 1A %
A AR, SRRSO LS e
S — 4 v B PO T — T RS P A L —
BRI AR 0 v D L A WS # 7 o A TR
SR 2 o

3) VBB RV AR, R T
T S HAETARE A DR AR, Bk

/N

BE 30k

(1] SRRl BURFBARFAHMI. U5 FATH ARAL, 1995.

[2] ZEHKIC, KFRTT, V. ZLBERERA FHIRITHS
AT FAEEAR, 2006 (5): 1072-1075.

[3] MINICK A, PEERY S. Design and development of an
advanced liquid hydrogen turbopump, ATAA 98-3681[R].
USA: ATAA, 1998.

(T#HFE 68 )



68 KO O

2011 4 10 A

4.1 BTALXHER

BT ARSI, L tskEngine-
SeqCmd $U4T R BRI A E A . TEESIITT
BmARTFRERHES, HRADREREIC
A PTR B ESHE, MR BI R E R . R
H 2x7.5 ms BRI

HRH#ATREIIL, X FE—ME4S,
EREAES, BRE—RE, BIVRESRR.
RELHABRITIR, I TRIEXNREES WA
REJ1, 7E FMEA S#rEEmd b, RABRME SR
BEES, BIROEREERENT, RERE
MU R B ALBR LR, e Ab B EE SR 5 Tl 45 SR LT
Bk,
42 AR YR

BIETE S PATIE S 1skEngineAct, BEE
RSV, W B SR B IATE AR
MRS HIT SRR
4.3 WAREE R RS EkiX B iR .

MFE—ANERTRAS, WS PtTE R A
G, AT RGN R R RS I EE,
REFFAEARW . PATERE,

5 #FRiE

KA BRARAS LB 15 215 S0 0 ik
AERE AT SR8 S, HARH MU M4 iR
L. TR AEMTEA . dhe 38l 5 R84 0
BIESS, NIRE RS TARRSIE R W etk

BT &M, ARRRSHREAE B TR B 21
SCF PRI, EARHET

SE3H

(1] BREE) FER R. BRIBREER. M AR R S
RS BHM). SEB: I RE R, 2005,

2] £8, K, FEMK, §. ETHERRSHH TR
RG] PR TR, 2009 (8): 8-11.
31 BIE. ERRBSIRFERAXKAEED. BHPLS

MARELRIA. 2009 (5): 20-25.

[4] ZERRMS, PhIC. A BLREHIIERT SRR DT E B A
Y6 5 ¥, 2005 (5): 80-82.

[5] A&, XIER. SR 2 ROR I A R
). BRI EEE, 2006 (3): 45-47, 53.

(6] BHZENH. BB B A AT St O By Bt
[D]. 5T AP EAEREHTR A4 B s AR 24 5 R B
1Ly, 2007.

[7] CHAPMAN M.The final word on the 8051 [M/OL}. [2007-
06-24].  htip://www.ebookee.net/The-Final-Word-on-the-
8051.

[8] Texas Instruments. TMS320x281x DSP system control and
interrupts reference guide [R]. USA: Texas Instruments,
2008.

[9] Texas Instruments. TMS320 DSP/BIOS user’s guide [R].
USA: Texas Instruments, 2004.

(%18 : BRLER)

e o ) e A A e D D e A A N A A A e e A A A U

(E#EE29TT)
[4] BOSSON R, GOIRAND B. Design of a high performance

low cost hydrogen turbopump for VESCO engine, AIAA
99-2191 [R]. USA: AIAA, 1999.

[5] ALLIOT P, MARCHAL N, GOIRAND B, et al. The
VINCI hydrogen turbopump development status, AIAA
2002-40 [R]. USA: ATAA, 2002.

[6] Lhaei/R, XS, KBEIL, %. XUPTEM47K 57181 ] CAD
B SEUNTRED). HEEDLR, 2002 (2) :15-20.

(7] BFFHt, AR, BRK, . AR EBRE 90°T &N
7 WS B R NALY). WA K2R, 2009(12): 69-
73.

[8] GOIRAND B, GALLARDO J F, BOSSON R. VINCI hy-
drogen turbopump: a new step in safe, faster and cheaper
developments, ATAA 2006-3156 [R]. USA: AIAA, 2006.

[9] KAUPERT K A. Comparison of a vaneless and vaned

cross—over configuration for a cryogenic send—out pump,

ATAA 2004-5629 [R]. USA: AIAA, 2004.
(HiE: TRE)



