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Architecture and Development Activities of the Full
Engine Simulation Program
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ABSTRACT

A virtual engine test based on "Numerical test cell' can extremely reduce the time and cost for the
development of a hardware by coupling multidisciplinary analysis. This paper introduces the
development activities of full engine simulation programs in US.A. and Europe, with the their related
techniques(the engineering models, the simulation environment and high performance computing)
based on the NPSS(Numerical Propulsion System Simulation). NASA Glenn research center leads the
development efforts of NPSS by assembling the current codes and improving their functions.
VIVACE(Value Improvement through a Virtual Aeronautical Collaborative Enterprise), a consortium of
universities, research centers and companies in Europe, is developing the PROOSIS(PRopulsion Object
Oriented SImulation Software). The capability for the domestic development is also estimated by

surveying the current status.
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Table 1. NPSS partner

EE; E R

- NASA Glenn Research Center at Lewis Field
- Honeywell

- Rolls-Royce Corporation(RR)
SAA h ’
3-83 - The Boeing Company
- Arnold Engineering Development Center(AEDC)
& - Wright Patterson Air Force Base(WPAFB)
- General Electric Aircraft Engines(GE)

NICE | . pratt & Whitney(P&W)
- Teledyne Continental Motors-Turbine Engines
- Williams International

new | Lockheed
- Aerojet

SAA - Rocketdyne
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Inlet/ | Fan | Compr | Turbine : Combustor Features Fidelity _E,_‘Q__ '%‘ Table 10“ L}‘F/}L}' 9),%13‘]] ?ﬂ%l 11]7—(]'
H 1 2 NASA/Glenn code _
Thermodynamic, engine 0-D %iﬂ %E‘E‘} 0}-\4 a‘, _6&%7] ]7_(} ﬁxﬂ %C}% }-‘-]_1—

system, weight, controls,
approximate flowpath gl_%_g_ OEl .)F_ 0]]:}_
Poupenioase | P NPSSE 7|Zo] WSold mTE o] 843

Detailed design, blades & 2D
flowpath

1 Engine system, 2D
axissymmetric agro
+ Aero, single/fmulti-blade 3D
H row, viscous, combustor,
i chemistry
T ASTRAN, PATRAN, WARS, ANSYS Structural, themnal 3-D
=] Probabilistic, thermal, 3D
structures

=1 Aero, emissions, noise, 3-0
“=4 transients, structural
i H dynamics, unsteady,multi-
i blade row, aeroelastic

*LAPIN (the one-dimensional LArge-Perturbation INlet code)
*MODFAN (Parametric Modulating Flow Fan)

*CMPGEN (Parametric Compressor Generator)

*CDP (Computerized dynamic posturography)

*UDO300 (Code for streamline curvature analysis of fans, and high
and low pressure compressors)

*ENG10/20 (a NASA developed axisymmetric engine simulation tool)
*NPARC (National Program for Application-Oriented Research in CFD)
*APNASA (the average-passage Navier-Stokes based viscous flow computer
code)

*ADPAC (the Advanced Ducted Profan Analysis code)

*HAH3D (A solver for the full 3D, nonlinear, incompressible Navier -
Stokes equations for turbo-. machinery flows developed by Hah)
*RVC3D (Rotor Viscous Code 3-D, for turbomachinery)

*NCC (the National Combustion Code)

*NASTRAN (NAsa STRuctural ANalysis, a general purpose finite
element analysis (FEA) program)

*PATRAN (a pre and post processing finite element package)

*ANSYS (general-purpose finite element analysis (FEA) software
package)

*NESSUS (Numerical Evaluation of Stochastic Structures Under Stress,
a modular computer software system for performing probabilistic
analysis of structural/mechanical components and systems)

*CSTEM (Coupled Structural, Thermal and Electro-Magnetic Tailoring)
*NESTEM (a computer code that combines the heat transfer amalysis
capability of the EPM backbone computer code CSTEM with Lewis’
in-house probabilistic structural analysis code NESSUS)

*IPACS (Integrated Power Attitude Control System)

*MSU-TURBO (a graphical user interface for a set of codes called
GUMBO(Graphical Unstructured MultiBlock Omunitool) and TURBO()
used for analysis of unsteady flows in turbomachinery.
MSU(Mississippi State University))

*TURBO-AE (an aeroelastic analysis code)

Fig. 5 NASA/Glenn Application Software
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Fig. 6 NPSS Object-Oriented Architecture
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Table 2. The development history of NPSS

A% T8 A=A
1987
1995 Conceptual, Prototypes

1996 |NDA, NICE-1, Formal Requirements Difinition
1997.6 {Space Act Agreement 3-83

1997.7 INCP Beta Release

1998.8 |Initial NPSS Release(NCP Version 1)
2000.3 |NPSS Version 1 - Full 0-D Functionality
NPSS Version 1.5

+ Initial Zooming,

2002.3 | - Code Coupling,

+ Visual Based Syntax(VBS, the GUI),
- Space Components

Space Act Agreement
2003.7 for Commercialization of NPSS V1.x

NPSS Version 1.6

- Enhanced Functionality (Based on user feedback)

VBS 1.6

20039 | - Enhanced Capabilities (based on user feedback)

"7 |CCDK Version 1.0

- CORBA Component Developer’s Kit
(Multi-Fidelity, Multi-Structural

L Distributed Objects)

Table 2= NPSS2l 8 ALAH101E ehy
o e, 19874 5E 8 AA JidS AH
2 71229 FeY A3 AjEHH =z
A RS AFSFFL, 199639 NDA(Non
-disclosure Agreement), NICE(NASA Industry
Cooperative effort) 5 A4 &7 =709 A7t
o] Fof Hom, 19979 6¥ Space Act §H& P
A teEdle NPsse] dalelgta & 4 3l
NCP(National Cycle Program)& 23, 1'd
1998doll= NPSS 27] MAE sA €k
THREHe F7ME J15E ZEE NPSsEo| A%
oz wEHY gov, AP olf sbs
NPSS WAE voi gich 19879HE A%
109718 9 71712 AR 197988 7153
7kt Z&& APE] olFolAL e HAE £
o 200 deo] ARbe] 28FHASS & F Utk
BEE U g A& 19999 Boeing 787 enginel.
EX AHEE GEY AoNAM ookt +E A
Lo gk AlEH el AE AAste] spEe] &
AT 15430l 28 H ATk Bilelrh

old HAFS AA AE zZRIYY Ve

Lo

X o o

oL

n)=e] g Abgle] zstEo] o WA &
HgEl, Joint Strike Fighter Program<e] F135
N H(GE, P&W, Lockheed-Martin, RR, WPAFB,
Edwards AFB #4d), Airbus A3802} GP 70001
Z(GE, P&W 33 F4}), Advanced Rocket 7H
J (Williams-International, P&Woll ¢33 CORBA
2%, Hypersonics(DARPA/ONR HyFly 271
WS 3 Aerojetd] AF AT Ed), AGE T
7 A 2®(GE Power Systems), AEHX|(CA
Irvine © 38}, Boeing, Florida Turbine Tech-
nology), HLH(JIMO =Ed), AMu] H2E AlF
Y o) A(AEDC) Tol 1 oojth T NPSS Vlx
= AR 285 E Foly] Yt B W
Aol B, F2 A2" FiAE 2Y F UEF

EES A¥sar 0]

N

33 ) A |

PROOSIS=  VIVACE(Value
through a Virtual Aeronautical Collaborative
Enterprise)2}= Table 304 Hole RA#} 2o
59 27 A% A7, 1Y 9 59

Improvement

o2 o]Fo)A ALXAAL T FH AFd Z
A P37 BE WY BE Pors de =z
AEe] Jyojri].
Table 3. VIVACE Partnership
“Acta Companies(20) Vendorsit) 1 Unvemiit)

Cranfield Univ.

Airbus Dassault Systmes

Ajilon Eurostep Group Imperial College, London
Alenia EPM Technology Luleaa Univ. of Tech.

Avio S.p.A Hewlett-Packard Univ. of Manchester Institute
BAE SYSTEMS I-Sight Software of Science and Tech.
W(EENAERO Leuven Measure. And Syst. | Nottingham Univ.

Dassault Aviation MSC Software National Tech. Univ. of Athens
Eurocopter Samtech Politecnico di Milano

Xerox
7 Ressach Gontonss) |

| Messier-Dowty " cerFacs Stutigart Univ.
MTU Aero Engines DLR(D} Tech. Univ. of Hamburg
Operator EADS CCF{F), EADS({D} UNINOVA, Lishon
Rolls-Royce NLR(NL) Warwick Univ.
Snecma Moteurs ONERA(F)

Techspace Aero

Thales Avionics
Thales Avionics ES
Turbomeca

Volvo Aero Corporation
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*GESTPAN (GEneral Stationary & Transient Propulsion ANalysis)
*RRAP (Rolls - Royce steady-state per-. formance simulation model)
*MARS (Modular Aerothermal Rolls Royce Simulation)

*PYTHIA (Generalized Gas Path Analysis computer program)
*GSP (Gas Turbine Simulation Program)

*GASTURB (GAS TURBine performance simulation program)
*MOPS (MOdular Performance Synthesis)

*MOPEDS (MOdular Performance and Engine Design System)
*TEACHES (Turbibe Engine Advanced Calculation and Health
assessment Educational Software)

*CASET(Codigo. de Analisis y Sintesis Estacionario y Transitorio, ITP
performance code)

Fig. 7 Gas turbine engine performance tools through
Europe
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