NASA Conference Publication 3332
Volume 11

Thirteenth Workshop for Computational Fluid
Dynamic Applications in Rocket Propulsion
and Launch Vehicle Technology

R.W. Williams, Compiler -

Proceedings of a workshop held at
Huntsville, Alabama
April 25-27, 1995

L T
March 1996






NASA Conference Publication 3332
Volume 11

Thirteenth Workshop for Computational Fluid
Dynamic Applications in Rocket Propulsion
and Launch Vehicle Technology

R.W. Williams, Compiler
Marshall Space Flight Center ® MSFC, Alabama

Proceedings of a workshop held at

National Aeronautics and Space Administration Huntsville, Alabama
Marshall Space Flight Center ®* MSFC, Alabama 35812 April 25-27, 1995

e
March 1996






THIRTEENTH WORKSHOP FOR COMPUTATIONAL FLUID DYNAMIC
APPLICATIONS IN ROCKET PROPULSION AND LAUNCH
VEHICLE TECHNOLOGY - VOLUME I

TABLE OF CONTENTS

Page
X-34 SMALL REUSABLE BOOSTER (JW. COl€) ...vviiiiiniiiit i 1
REUSABLE LAUNCH VEHICLE (RLV) PROPULSION TECHNOLOGY (J.E. Lee)............. 13
OVERVIEW OF MSFC CFD ACTIVITIES (P. McConnaughey) ..........c.ocoviieiiiiiiiiiinnnn.. 41
CFD ANALYSIS OF THE ATD HPFTP INLET GUIDE VANES (R. Garcia and R. Williams).... 57
DYNAMIC WATER FLOW TESTS USING FOUR-BLADED AXIAL FLOW INDUCERS

(T. Nesman, W. Bordelon, and J. Jong) ...........ccoooiiiiiiiii 95
INFLUENCE OF TIP CLEARANCE AND REYNOLDS NUMBER ON THE FLOW IN
THE ADP INDUCER (J.G. Moore and J. MOOTE) .........cciviiiiiniiiiiiiiiiiii e 119
CFD ANALYSIS IN THE DESIGN OF A WATER-JET-DRIVE SYSTEM (R. Garcia)............. 135
PROCESS DEMONSTRATION AND REACT CODE VALIDATION FOR SHROUDED
INDUCER OPERATION AT AND OFF DESIGN (M. Subbaraman and E. Ascoli).................. 159
NUMERICAL SIMULATION OF THE UNSTEADY FLOW FIELD IN AN INTEGRATED
CENTRIFUGAL IMPELLER-VANED DIFFUSER SYSTEM (L. Walitt)...............coooiienn. 177
NUMERICAL SIMULATION OF DIFFUSER FLOW (W. Chen, E. Ascoli and A. Eastland) ..... 211
ZERO SIDE FORCE VOLUTE DEVELOPMENT (P.G. Anderson, R. Franz, R.C. Farmer,

Y.S. Chen, C.E. Brennen, and R.V. Uy) ..o 251
COMPUTATIONAL ANALYSIS OF VOLUTES (E.D. Lynch)..ccccoooviiiiniiiiiiniiiiniinn. 281
3-D COMPUTATIONAL FLUID STRUCTURE INTERACTION (FSI) FOR
TURBOMACHINERY; METHODOLOGY DEVELOPMENT FOR CALCULATION OF
ROTORDYNAMIC FLOWS (M. Williams, W. Chen, L. Brozowski, A. Eastland,

ANA M. SINAIT) . on it 293
ROCKETDYNE'S TURBOMACHINERY DESIGN PROCESS IMPROVEMENTS
FOR RRTT AND FUTURE PROGRAMS (G.H. Prueger, B. Kovac, W. Chen,

E. Ascoli, and D.P. MONAKAI) .....couiiiiiii i e 331
THREE-DIMENSIONAL VISCOUS FLOW ANALYSIS FOR ROCKET PROPULSION
SYSTEM WITH STRUCTURED AND UNSTRUCTURED GRID METHODS

(J. Loellbach and F. TSUNEZ)......ououiiiit it 357

A MESH GENERATION TEMPLATE FOR TURBOMACHINERY BLADE PASSAGES
(E.P. Ascoli and G.H. PrUEZEI) ... ..ottt 385

iii



TABLE OF CONTENTS (Continued)

AN ANALYTICAL INVESTIGATION OF THE EFFECTS OF STATOR AIRFOIL
CLOCKING ON TURBINE PERFORMANCE (L.W. Griffin, F.W. Huber,

and O.P. SRAITA)........oniiiii e

TURBULENCE MODELING AND COMPUTATION OF TURBINE AERODYNAMICS

AND HEAT TRANSFER (B. Lakshminarayana and J. Luo) ...

OPTIMIZATION METHODOLGY FOR UNCONVENTIONAL ROCKET NOZZLE

DESIGN (W. FOIE) .. vuvvneniniiitiieiean ettt ettt sttt bt

COMBUSTOR MODELING UNDER GOX-RICH CONDITIONS (M. Deshpande,

D. Schwer, H. Tsuei, S. Venkateswaran, and C.L. Merkle) .............coooiiiiiininns

OXYGEN-RICH COMBUSTION EXPERIMENTS IN A LOX/GH; UNI-ELEMENT

ROCKET (S.A. Rahman, HM. Ryan, S. Pal, and R.J. Santoro).......oeevveriviiiiiiiiinineenns

COMPUTATIONAL FLUID DYNAMIC ANALYSES OF OXYGEN-RICH

PREBURNERS UTILIZING SECONDARY DILUTION (J.M. Grenda and C.L. Merkle)........

SPRAY COMBUSTION MODELING WITH VOF AND FINITE-RATE CHEMISTRY

(Y. Chen, H. Shang, P. Liaw and T. Wang) ............coooooiiis

PROGRESS TOWARDS AN EFFICIENT AND GENERAL CFD TOOL FOR

PROPULSION DESIGN/ANALYSIS (C.F. Cox, P. Cinnella, and S. Westmoreland)............

NUMERICAL MODELING OF SPRAY COMBUSTION WITH AN UNSTRUCTURED-

GRID METHOD (H.M. Shang, Y.S. Chen, P. Liaw, M.H. Shih, and T.S. Wang)...............

NUMERICAL INVESTIGATION OF TWO-PHASE TURBULENT FLOW OF

CHARGED DROPLETS IN ELECTROSTATIC FIELD (S. Kim).......c.c.cocoiiiiiiiii.

GAS/GAS INJECTOR TECHNOLOGY PROGRAM (K. Tucker, B. Palaszewski,

B. Santoro, and S. Farhangi) ...........oooiuiiiii

iv

Page

403

427

467

479

515

537

567

593

613



THIRTEENTH WORKSHOP FOR COMPUTATIONAL FLUID DYNAMIC
APPLICATIONS IN ROCKET PROPULSION AND LAUNCH
VEHICLE TECHNOLOGY - VOLUME 11

TABLE OF CONTENTS

v

Page
COMBUSTION ZONE CHARACTERIZATION OF GO,/GH; ROCKET USING
LASER-INDUCED FLUORESCENCE OF OH (M. D. Moser and R.J. Santoro).................... 685°
SPATIALLY RESOLVED SPECIES MEASUREMENTS IN A GO,/GH; PROPELLANT
ROCKET (M.J. Foust, T. Ni and R.J. Santoro) ..........ccoooviiiiiiii i 703"
FLUCTUATING PRESSURE ANALYSIS OF A 2-D SSME NOZZLE AIR FLOW }
TEST (D. Reed and H. Hidalgo) ........couoiiiiii e 723
EXPERIMENTAL INVESTIGATION OF THE EFFECTS OF ACCELERATION ON
HEAT TRANSFER IN THE TURBULENT BOUNDARY LAYER

(W.M. Chakroun and R.P. Taylor) ... 745
COMPUTATIONAL AND EXPERIMENTAL EFFORTS IN GRAVITY PROBE
B MICROTHRUSTER ANALYSIS (A. Droege, A. Smith and J. Carter)..........c.ccoooveniiinne 773
A PARAMETRIC STUDY OF A PLUG NOZZLE USING THE LIQUID PROPELLANT _
PROGRAM (LPP) CODE (S.S. Dunn and D.E. Coats) ...........oooviiiiiiiii 791"
CFD ANALYSIS OF MODULAR THRUSTERS PERFORMANCE -

(R.J. Ungewitter, J. Beck and A. Ketchum)................oo 813~
PROPELLANT CHEMISTRY FOR CFD APPLICATIONS (R.C. Farmer,

P.G. Anderson, and G.C. Cheng) ........o.oiiiiiiiiiiiiiit i 829
THERMO-KINETICS CHARACTERIZATION OF KEROSENE/RP-1 COMBUSTION FOR
TRIPROPELLANT ENGINE DESIGN CALCULATIONS (T.-S. Wang)...........cc.cceeeeennn. 861.;,
APPLICATION OF OPTIMIZATION TECHNIQUES TO DESIGN OF UNCONVENTIONAL
ROCKET NOZZLE CONFIGURATIONS (W. Follett, A. Ketchum, A. Darian, and Y. Hsu)...... 879
TRANSONIC AERODYNAMIC CHARACTERISTICS OF A PROPOSED WING BODY
REUSABLE LAUNCH VEHICLE CONCEPT (A.M. Springer).......cccvivviiieiiiiiieniiiieennen.. 889
ASCENT AERODYNAMIC PRESSURE DISTRIBUTIONS ON WBO001

(B. Vu, J. Ruf, F. Canabal and J. Brunty)............ooooiiiiiii, 907 -
ASSESSMENT OF LIFTING BODY LINEAR AEROSPIKE PLUME EFFECTS ON _
VEHICLE AERODYNAMICS (J.H. Ruf, A.L. Frost, B. Vuand F. Canabal)........................ 935 -,
TPS SIZING FOR ACCESS-TO-SPACE VEHICLES (W. Henline, D. Olynick,

G. Palmer and Y.- K. CRen . ..ottt ittt et e e vt r et e et e e aes 963

COMPUTATIONAL ISSUES ASSOCIATED WITH TEMPORALLY DEFORMING
GEOMETRIES SUCH AS THRUST VECTORING NOZZLES
(K. Boyalakuntla, B.K. Soni, H.J. Thornburg and R. Yu) .........cooooi, 9717

v



TABLE OF CONTENTS (Continued)

HYBRID GRID TECHNIQUES FOR PROPULSION APPLICATIONS (R.P. Koomullil,

B.K. Soni and H.J. Thornburg)..........cooii i

A STRUCTURED GRID BASED SOLUTION-ADAPTIVE TECHNIQUE FOR COMPLEX

SEPARATED FLOWS (H. Thornburg, B.K. Soni, B. Kishore and R. Yu)..........................

GENIE++ - A MULTI-BLOCK STRUCTURED GRID SYSTEM (T. Williams,

N. Nadenthiran, H. Thornburg and B.K. Soni).............o.oooiii

SURFACE AND VOLUME GRID GENERATION IN PARAMETRIC FORM

(T. Yu, B.K. Soni, T. Benjamin, and R. Williams) ......................oooin .

OVERVIEW OF CFD ANALYSES SUPPORTING THE REUSABLE SOLID ROCKET
MOTOR (RSRM) PROGRAM AT MSFC (E. Stewart, P. McConnaughey,

J. Lin, E. Reske, D. Doran, R.H. Whitesides, and Y.-S. Chen)......c.ccccovvvvvvvvnnii...

RSRM CHAMBER PRESSURE OSCILLATIONS: TRANSIT TIME MODELS

AND UNSTEADY CFD (T. Nesman and E. Stewart) .............coooooiviiiiiiiiii

A COUPLED CFD/FEM STRUCTURAL ANALYSIS TO DETERMINE DEFORMED

SHAPES OF THE RSRM INHIBITORS (R.A. Dill and R. H. Whitesides)..........................

CFD FLOW ANALYSIS AND CODE VALIDATION FOR THE MSFC EIGHT-PERCENT

ASRM COLD FLOW MODEL PART II (J.Linand E. Reske) ................oooooiiiiiiiiin,

APPLICATION OF TWO-PHASE CFD TO THE DESIGN AND ANALYSIS OF A
SUBSCALE MOTOR EXPERIMENT TO EVALUATE PROPELLANT SLAG

PRODUCTION (R.H. Whitesidesand R A. Dill) ...,

NUMERICAL INVESTIGATION OF SLAG BEHAVIOR FOR RSRM

(P. Liaw, Y.-S. Chen, H. Shang, M. Shih, D. Doran and E. Stewart) .......................

COMBUSTION PROCESSES IN HYBRID ROCKET ENGINES (S. Venkateswaran

and C.L. MerKIe) ..o

CFD ANALYSIS OF THE 24-INCH JIRAD HYBRID ROCKET MOTOR

(P.-Y. Liang, R. Ungewitter and S. Claflin).................o.ooo i

vi

Page
1007, ~

1037,4

1073
V)

1119



