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OUTLINE

Å Overview

Å Motivation

Å Simulation Path

Å Flight Simulation (FS)

Å Simulation

Å Modeling

Å Validation

Å Hybrid Engine Model (HEM)

Å Simulation

Å Modeling

Å Validation

Å Future Efforts

OVERVIEW
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PROBLEM

Å Commercial software programs have many limitations

Å Limited or no hybrid engine capability

Å Over-simplified input variables

Å No statistical flight analysis

SOLUTION

Å TAMU-SRT Flight Simulation (FS)

Å 6-DoF flight simulator for both solid and hybrid rockets

Å TAMU-SRT Hybrid Engine Model (HEM)

Å Full hybrid engine simulation from first principles

OVERVIEW | MOTIVATION

HEM

FS
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OVERVIEW | MODELS

INTEGRATED FLIGHT MODEL

FS

ÅRKF-45 integration

Å6 DoFEOM

ÅRecovery model

ÅModified standard 

atmosphere

ÅDryden wind model

HEM

Kinematic 

Model

Atmospheric 

Model

Monte Carlo 

Simulation

Engine 

Model

ÅStochastic systems

ÅHistorical weather

ÅStatistical analysis

ÅMultiphase flow model

ÅCombustion model

ÅTime-dependent thrust curve

Aerodynamic 

Model

Å High-fidelity CFD 

refinement

Å Wind tunnel testing
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METHODOLOGY

Å Quantify uncertainty of stochastic systems

Å Assign distributions ɷ step through many flights

Å Improved accuracy by accounting for off-nominal flights

FS | MONTE CARLO SIMULATION

ESTABLISH SPREAD STATISTICAL ANALYSIS
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FS | MONTE CARLO SIMULATION

RANDOM SAMPLING

ÅPre-flight uncertainties

ÅFlight day uncertainties

ÅUniform, normal, Latin Hypercube Sampling

ÅRandom seed control

POST-PROCESSING

Å Mean flight

Å Quantify spread of output ɷ min/max, „

Å Confidence in launch safety 
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KINEMATICS

Å Quaternion-based angular orientation

Å RKF-45 numerical integration

Å Reference frames

1. Inertial (Flat-Earth East-North-Up) 

2. Relative Wind(freestream + wind)

3. Body Fixed

FS | ARCHITECTURE
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