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GN&C

Structural Analysis

Outline

e Hypersonic Vehicles Research Framework

* MDO of vehicle shape related to mission objectives;
* Typical mission profile of an RLV;
* Design criteria adopted;
* Thermal heating problems;

* Soft objects modelling of Thermal Protection System;
* Basicidea of soft objects;
* Two-dimensional Integral Soft Objects for TPS modelling;
* TPS modelling procedure on conceptual RLV shape;

 TPS sizing for conceptual vehicle configurations
* Applications of modelling procedure over conceptual RLV shapes;
* Thickness distribution and coating material distribution;
. Resuzlts of applications for a conceptual design cycle;



Universita h .
degli Studi y&g&s,ou._lp
della Campania v

Lugi Vanvitelli _ m -

v
X
Shape model
|
SHi = 1, . s}

|Aerodynamics | |Massesﬁmz¢ion ‘

D xOr M2 | Mass
R (— ': | i
iq n.Vmpi Thermal
1Gdmo Tz P analysis i Objective Objective
R S T : function 1 function 2
:Z{)=Il ] ”ml.} 1
R
Structural Thermal
constraints constraints
Optimization |+

Overview

« Study Subject: investigation for Minimum Weight
Configurations for
hypersonic/supersonic/subsonic Vehicles.

* Shape Parametric Model.

« Parametric Model Thermal Protection System.
* Trajectory Model.

* TPS Thermal State Model.

» Multi-objective optimization for Minimum Weight
and Maximum Cross-Range performance.
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Pareto front obtained by MDO procedure
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Geometric Model: Symmetry Plane

The outline in the symmetry
plane is designed using:
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* Geometric modelling with basic primitives (lines, planes, etc. ) in some cases inefficiently represents smooth blending (RLV wing/fuselage
lofting; blunt nose/fuselage integration)

* Parametric variation of shape (commonly adopted in optimizations) drastically increases control parameters;
Soft Objects (metaballs, blobs) represents an object by a scalar potential field F
- Object instances can be modelled tracking an isosurface of F specified by the threshold T

- (Simplicit surface of equation F(x)-T=0 : potential field F created by three coplanar blobs) :

S:{x eR3‘F(x):T}

Mbioh X —X
field functions f; and distance metric, determine the shape of the object _ ( _ | ‘ illk
Fid)=f(d)  d-=
- Advantages: i=1 g

* Self & smooth blending among different objects (seamless blend);
* Complex shapes obtainable simply with potential field superposition;

* Self-blending property holds in two dimension;

T 6
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TPS modelling procedure

Rationale
(1) A 2d-grid (equal nr. panels, connectivity) emulates the topological map;

Each centroid of panel on topological map has same neighboring point either on the topological or morphological map.

(2) Sticks are defined over a topological map associated to object morphology

* Sticks positions & orientation
morphological map topological map

lower mid-line

1. Coordinates of centroids; 1 -
2. Orientation of axis 0;;

3. Strength and radius of sticks;

(3) The full integral field created
by sticks is mapped on

morphological (panelled surface) x

and modulates TPS thickness;

(4) Similar but completely independent o D
< leading

field modulates a dynamical || edoe

distribution of insulating material;

lower mid-line
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TPS modelling

Sticks positions assigned accordingly an (arbitrary) covering in regions of expected heating:

* Sticks are placed on vehicle nose; leading edge; leeward
* Thickness is assigned manually tuned accordingly:

a) Freedom to choose the thickness distribution;
Topology map projected on panel surface; b) Same TPS mapping is preserved on different RLV;

leading edge sticks

nose sticks
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Material modelling distribution
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A completely independent stick-based parameterization models material
distribution;
Test case: we assume a generic material 1 (red) to outperform material (2)

* Material 1: adopted on nose, leading edge and trailing edge
* Material 2: other regions of vehicle surface
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Launcher configuration under investigation
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The aeroshape under investigation features tfwo
hammerhead fairings

Aerodynamics and
Aerothermodynamics
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boosters and a central core stage with
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Boosters’ separation dynamics

the surface. Comparison between Motor-off and Motor-on conditions.

Aerodynamics and
Aerothermodynamics



Universita h .
degli Studi YRELSOIC
della Campania

Luigi Vanvitelli e -

CFD Analysis
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Overview of
pressure field on
launcher surface

at M=25 and =5 .75
deg with  skin » 06
. . 03
frictions v 0.15
2 %" —8.15
| r:f-oug ] X
30 _-l | Flow separation bubble
4 i J1s at fairing boat-tail and
_ S i B & effect of fuselage-
ZOjI | € booster  shock-shock
E | i T § interaction
N | il S
10} : | @
I ¢ -0.53
i 1 ]
| -0
0 Y T R without-booster

20
X, (m)

Aerodynamics and
Aerothermodynamics

with-booster



Universita h y
degli Studi VE}EK,SQD.!.C
della Campania e
Lugi Vanvitelli —

Flight Regimes Assessment
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Flight scenario in the Velocity/Mach-Altitude map.

Aerodynamics and
Aerothermodynamics
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ORV-WBB ORV-WB

WBB: winged bluff body
WB: winged body
SB: spatuled body

»

Aerodynamlcs and

Aerothermodynamlcs
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Design results
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Aerodynamics and
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