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//_l'or Drivers of Current Work

• To provide computational tools as an ¢conomiml option for developing
future _ace tn:nsportation systems (i.e. I_.V subsystems development)

dUl_bllity/_ l_ Acmmte qum_l_lcatbn of fb_

• Target
Turbo-pump componmntoml_lg .._ Entlw amb-rx_h_msdmul_on

co_ rm_rm_nt _ ku_
l_'l'_ goal is_ ad_s_ _ tim _ upo_r _ _ pouible in t992

Objectives
mm_l_

• To enhance incompn_ssible flow simulation capability for developing
aerospace _hicle components, especially, unsteady flow phenomena
associated with high speed turbo pump.
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INS3D - Incompressible N-S Solver

** Pr_bl _rJl_ ,* 8mwd _ ZtV_SD-UP

_PI _nd/tip Ix_allel ve_Ions
• Structured, overact grid orientation
. _,dng grid ,=_=b,_
• Based on method of artificial compressibility
. Both steady-state and til_:ccumte formulations
• 3_and §_'-order flux diffomnoa splitting for convective terms
. Central differencing for vismus term
, One- and two_luations turbukncs models
• Se_ml linear soh_m : GMRES, GS line-nBlaxation, LU-SGS,

GS point relL_=d'ion, ]LU(O).,**

.HISTORY

** 1982-1987 O_iginnl version of ZI',IS311)- Kvak, Chang
** 1988-1999 Throe dtffomnt versions were ckv=ped :

ZNS3G-4JP / Rogers, Kiris, Kvak
ZNS3D-LU / Yoon, Kl,_k
INS3D-FS / Romnfeld, Kirks, Kvmk

77me Accurate Formulation

• Time-integration sCkelne

Artificial Compressibility Formulation

• Inl_oduce a pseudo-time level ond artificial compeessibiltty
• Iterate the equations in pseudo-tilm for each time step until
incompressibility condition is satisfkcL

Pressure Projection Method

• Solve auxiliary velocity field fi_rt, then enforce
incompressibility condition by solving a Poisson equation

for pressure.
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Art/f /c/a l Compressibility Method

Time-A ecumte Formulation

Disc_ti_ thl til_ term in molwntum equotionl uling _cond-on_r
thnm-point bll_fffe_n_ fonmula

3U +_V +igWI"= 0 3q'"-4q'+q'-'
; =--r_+l

Intn_ducl a Imeucb-til_ k_l and ¢_ificiRI coml)r_lsibilt_/,
I_m_rl_ _ equations in I_mudo_Inm for eo_ timB step until
incomp_lbili_ / condition is mt_dlmct

-_r(p..,...,-p.÷,..)=-flVq.._..,

1.5__ .._.+,_q..,,. __r..t.+,_3q'"-4q" +q "-'
q 9At

Impul_b/Storted Flat Pblw at 90°

• "l_rr_ History of Stagnation Point

.r.
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H ...:":"'""*'"""
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i.ib-"
,_, w • EXP(_ 1_719

,.._._"- _ MS3D-UP.... _g_a$
at." ....... tainiBern.Sol.(Ya_da. t9_)
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Impulsively Started Flat Plate at 90'
mN_

• Tizrle History of Stagnation [_,tnt

fu'ti_ldal_p_ibility incorporatedwithPoimonsolver

3'
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•",.,I

//' / • BXP.CI_da. l_l)
• / ." / _ blNB-REIAXATLOt¢,tCSU)-lO
,_-" / .... aM___-_u(o__l_0

Time

Current Cl_llenges

• Challenges where impro_ments are needed
- Ti_-inteFution scttmB, mn_jenoe
- Movinggridsystem,zonalmnmcti_ty
- Parallel oodin9 and scalability

• As the computing n_sources changed to parallel and distributed
platforms, computer science aspects beoomc important.
- Scaiability (olgoritkmic & implementation)
- Portability. transparent coding, et_

• Computing resources
- "Grid" computing will provide new mmput'ing _ for

problem solving envimnn_nt

- High-.flcklity flow analysts is likely to be performed using "sq=e,
nook" v_ick is largely based on parallel arckitectum

10
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'_u INS3D Parallelization
dl

• IN53D-MPI

0:=,_'= 7'=_) "*'Oln=nA,'_l_('fro p,,=_)
ImpV.._r,_,e.d _ C,*,P_:_/C,*FT tool=

Jkl& C

s ..... _N

mu_mu.t n.,II
_-,-*mleU l_u

• _53D-_
CKJr_ O0 O0

Previous Work (SSME Impeller)

Pressure

12

........ _.. i .._.._,,._i....... . _ .,/.4ii- j

Page 6



Space Shuttle Main E_it_ Turbopump

roll

13

INS3D Paru lle lizatio n

R_i'nba__ _UI NumII_ _

14
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Parallel Implementat/on of INS3D
mm_

• LV 2_ _n T_l_
__ / 40 _s 114 _mz 1 343 M _d _

__i•" .......t _i̧_ !l_ _

........_,_._11_----_-- t -1. _ no-pin
£

- l L_: : L L ;, ._
4O t.011 I_0

NUmher o|. ,CPUI

RL V2 _ Gen Turbopump (SSME Rig1)
_ U _IW

le

Page 8



RL V2 "_ Gen Turbopump

O_r_et Grid System

In_t Guide Vane_
15 Blades
23 Zones

6.5 M Points

Diffuser
23 Blades
31 Zones
8.6 M Points

17

RL V _ Gen Turbopump
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Impeller O_rset Grid System

Blade

Backsround

Scripting Capability

.............. i

SCRIPTING CAPABILITY FOR GRID GENERATION

• Require expertlle to build lCrlptl the first tln_

• Allow rlpid m-run of entire grid generation pmcelS

• Eisyto do grid refinement and perimeter ltudIN

• Easy to try different grldding itrltegles

• Oo©umentatlon of grlddlng prooedum

• Written In Tel scrlpUng IImguage

• workl on UNIX, LINUX mind WINDOWS

• Integer Ind fnaltlng point Irlthmetlo r.,Iplblllty

• modullr procedure Cllll

• ealy to add GUI liter If needed
2o
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