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CFD PARAMETRIC STUDY OF CONSORTIUM IMPELLER

Gary C. Cheng’, Y.S. Chen', R. Garcia*, and R.W. Williams? P i

Abstract

Current design of high performance turbopumps for rocket engines requires effective and
robust analytical tools to provide design impact in a productive manner. The main goal of this
study is to develop a robust and effective computational fluid dynamics (CFD) pump model for
general turbopump design and analysis applications. A Finite Difference Navier-Stokes flow
solver, FDNS, which includes the extended k-¢ turbulence model and appropriate moving
interface boundary conditions, was developed to analyze turbulent flows in turbomachinery
devices. A second-order central difference scheme plus adaptive dissipation terms was employed
in the FDNS code, along with a predictor plus multi-corrector pressure-based solution procedure.
The multi-zone, multi-block capability allows the FDNS code to efficiently solve flow fields with
complicated geometry. The FDNS code has been benchmarked by analyzing the pump
consortium inducer, and it provided satisfactory results. In the present study, a CFD parametric
study of the pump consortium impeller was conducted using the FDNS code. The pump
consortium impeller, with partial blades, is a new design concept of the advanced rocket engines.
The parametric study was to analyze the baseline design of the consortium impeller and its
modification which utilizes TANDEM blades. In the present study, the TANDEM blade
configuration of the consortium impeller considers cut full blades for about one quarter chord
length from the leading edge and clocks the leading edge portion with an angle of 7.5 or 22.5
degrees. The purpose of the present study is to investigate the effect and trend of the TANDEM
blade modification and provide the result as a design guideline. A 3-D flow analysis, with a 103
x 23 x 30 mesh grid system and with the inlet flow conditions measured by Rocketdyne, was
performed for the baseline consortium impeller. The numerical result shows that the mass flow
rate splits through various blade passages are relatively uniform. Due to the complexity of blade
geometries, the TANDEM blade configurations were analyzed with the multi-zone grid structure.
Both the 7.5° and the 22.5°-clocking TANDEM blade cases utilized a 80K mesh system. The
numerical result of two TANDEM blade modifications indicates the efficiency and the head are
worse than those of the baseline case due to larger flow distortion. The gap between the
TANDEM blade and the full blade allows the flow passes through and heavily loads the pressure
side of the partial blade such that flow reversal occurs near the suction side of the splitter. The
flow split at the exit of impeller blades is very non-uniform for TANDEM blade cases, and this
will greatly induce the side load on the diffuser. Therefore, the TANDEM blade modification
in the present CFD analysis does not improve the performance of the consortium impeller.

: SECA, Inc., 3313 Bob Wallace Ave., Suite 202, Huntsville, AL
¥ Engineering Sciences, Inc., 4920 Corporate Dr., Suite K, Huntsville, AL
i ED 32, NASA/Marshall Space Flight Center, Huntsville, AL

§ ED 32, NASA/Marshall Space Flight Center, Huntsville, AL

PRECEDING PAGE BLARK NOT FILMED

AY
/] U
‘ PAGE.%_._ INTERNTICHAL DY 2 e

271



€661 'CC-0C T14dV 'O4SIN/VSVN
NOISTNdOYd 13INDJ0Y NI SNOILVIITddV d40 HOd dOHSHHOM HLNIAI 13

8988€E-8SVN "ON 10ERUOD VYSVN

191ua) 1ybil4 9oedg |jeysie|N YSVYN
Swel||IM "M'Y pue eiolen 'y

1S3 ‘UsyD ‘S'A

'ou] ‘y)3s ‘Buay) ) Alen

-- 3SVO MO14d NDIS3A %001 -

H43773dIN WNNILHOSNOD 40 AANLS JIH13INVHVYd dd40

‘oul ‘O3S

272



JONVINHO44H3d H3a113dNIT WNILHOSNOD JHL
NO SNOILVOIdIdOIN 4dvid W3ANVL 40 103443 dHL AdNLS @

41vd MO'1d N9IS3A %001
1V AH13IWO03D ININ3IsSva FHL HLIM d3T13dINT WNILHOSNOD
dH1 F1NdINOD ANV T4dOW dINNd dHL MHVINHON3IE @

SININOdINOD dINNdOdHNL 40 SISATVNY ANV NDIS3A JHL
d0O4d 13d0ON dINiNd ddO JAILD3443 ANV 1SNd0H V 4dOT1IN3Ad @

dAILO3rd0

"ouf ‘yD3S

273



NOILO3dId ISIMINVIHLS 1 ©

€C X €€ X L€ 'G# duoz

€T X LL X LG ‘p# BUOZ [€C X L X LG ‘g4 dUOZ
'€C X L X LG 'g# 9UOZ 1€Z X €€ X G| "L# dUOZ SINOZ HNO4 ©

ONINDO01D .G L H1IM 3AdV18 INJANVL @

(3YNSS3IHd OL NOILONS) NOILD3YIa 3avig-01-3avigd D o

NOILO3dId dIL-01-8NH «f ©

NOILO3HIA ISIMINVIHILIS 1 ©
SAIYO 0€ X €2 X €01l 'INOZ INO ©

d3T113dIAIl ININ3Sva @

‘oul ‘v23S

dNi13S NOILVHNOIINOD 15311

274



NOILD3HIA diLl-O1-dNH X ©
(NOILONS Ol 34NSS3dd) NOILDO3HId 3avig-ol-3avig ‘o
NOILO3dId ISIMINVIHLS 1 ©

€C X €€ X LE 'G# dU0Z

!EC X G X LG ‘p# dBUOZ (€T X L1 X |G "E# dU0Z
‘CZ X €L X LG ‘C# BUOZ €7 X €€ X G| 'L# dUOZ :SINOZ HNO4 ©

ONINO01D ,6°¢¢ HLIM 3aVv1g NIANVL @

NOILO3HId dIL-O1-9NH X ©

(NOILONS Ol 3YNSS3IHd) NOILD3HId 3av1g-01-3avig f ©
‘oul ‘v03S

275



ST13AO0IN IONITNGHNL 3-) dIANILX3 ANV AHVANVLS @
HIATOS LNIOd-AS-LNIOd LIDITdNIT D079 ILTNIN @

SINH31 NOILD3ANOD
HO4 JNTFHDIS NOILVdISSIA SN1d TVHLNID 43dHO-ANODJ3IS @

IW3ILSAS JLVNIQHOO0D A3Llld-AQ0g ‘IANOZ-ILTNN @

JINIHOS
ONIHOHVIA JNIL HO1D23HHOD-ILTNW SN'1d HO01201d3dd @

HOVOHddV 30N3H344Id J1INId d3ISVd IHNSSIHd @

3d0D SNA4 ‘H3IA10S MO1d SINO0LS-HIINVN @

AOH13N TVIIdIINNN

"oul ‘vJ3S

276



(di1-03-qnH) Jajledw] wniuosuo) ay} Joj nohe] waisAs yso ayl
| >. 1IVM cz\:ﬁom_

TIVM ODNILV1OH TIVM Q3XI4
TIVM SNILYLOH oo /

.«-_\ Lot

TIVM ONILVLIOH

cc=t

eL=\

‘0'a dins

e

toi =}

oul 'v03S

277



J9jedw] winiIosSuos) auijaseg a8yl 10} InoAe WaISAS Ysa 8yl

'0'8 OIMOAD

Ul "yo3S

‘0’9 OIMOAD

3avig 1N4d

3avig 11nd

‘08 OINDAD

A
7' N

0’8 OIMOAD

MO14

NOILv.LOH

278



19]jodwj ape|g WIANV.L Bunjoo|) ,G°2Z 10} 1noAe] walsAs ysap ayy

3avig ‘0'g
W3ANVL
'0°'8 DIMDAD '0°8 2IMDAD OIOAD
| < 7 /
oL =
Z# INOZ
3avig 1n4

Fr — e e ek e — e — 2 R T R e———

S# INOZ e# 3NOZ I# 3NOzZ | MO

NOILV1OH

3avg 1vVildvd

‘0'"d DINDAD ‘08 JITOAD 3avid 04
W3IANVL OIMDAD

- 4

“oul ‘'vo3S

279



19)jedwi apejg INFANV.L Bunjoo|d ,G L 10} InoAe] walsAS ysa aylL

gvg RON:!
0’8 ONDAD 0’9 JIM0AD W3ONVL J1NDAD
7 /
¢# INOZ 0L =
llllllllllllll - i ».V.v./ | — — == -
/ oL = |
3av1g 1ind
S# INOZ L# INOZ
e# INOZ
3av1g 1vilyvd
v# INOZ
/
-~ oL = |
'0'd OIMDAD ‘0’8 JINOAD 3avig 08
W3ANVL DJIN0AD

Ul ‘YO3S

v
‘J

MO

NOILVLlOY

4

280



H3113dINI JHL OL1 SNOILIANOD
137INI SV @3sN 3HV LiIX3 430NANI 3HL 40 WV3HLSNMOJd
S3711404Hd ALIDOTIA TVILNIONVL ANV 1VIXV dIHNSVIN @

29s/Q] 8'091 oled MO|{ SSEeIN
3,01 X661 Jaquunp spjouAay aouaiajay
00S/1} L¥'E€C A1100]9\ 9ouBi8}8Yy
sayoul 0’9 la1aweiq di] 19)uj
sayoul '€ 1818welq gqnH 19|u|
saydul G0'6 J819welq di] ux3
wdi 2Z€9 paads 1eys
(4o OL) 181BMA wnipay Bujiopn
| 9/9 Sope|g |ellied/sape|g |Ind

SNOILIANOD 1S31 @
EUMAEN

281



ape|g |eiped JO 9pIS ainssald

..EE._._._.E._._.E:._.L
oul ‘'y03s

ANIN3ISvE

ope|g [Iind Jo 9pIs uonodnsg

282



ope|g lind jo

oul 'vO3S

o

pIS 8inssald

ANIN3ISvE

apelg [elled JO 9pIS uonong

283



SECA, Inc.

BASELINE

Iy
o
4
oy

Suction Side

‘ /ﬁ/// 2

e

2 /»//////»«/////////

o e n /1////‘//

/7/?//////0‘ /// Wit

284

Velocity Vectors Near the Hub
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Velocity Vectors at the Mid Span



SECA, Inc.

BASELINE

i

il
iy

AW
Ve

P e

Z
2l e,

2
L) I/I {/A// IY,I,‘I“/ /

iz

,//‘/ff/ffm

286

Velocity Vectors Near the Shroud
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Pressure Side

Velocity Vectors at the Mid Span
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Velocity Vectors Near the Shroud
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Velocity Vectors at the Mid Span
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22.5° TANDEM Blade
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