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ABSTRACT

An efficient aerodynamic thermal load element is developed to reflect the effect of
coupled aero—thermo-elastic behaviors in the early design stage of hypersonic vehicle. To
this aim, semi-analytic relationships depending on structural deformation are adopted for
pressure and thermal load, and the element is formulated based on the relations. The
proposed element is implemented in the form of ABAQUS user subroutine, and coupled
finite element analysis is carried out to investigate the aero-thermo-elastic behaviors of
control surface of hypersonic vehicle. Through the analysis, usefulness of the proposed
aerodynamic thermal load element is identified.
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DESIGN PHASE

Requirement or Task

Feasibility Study
(Synthesis/analysis)

Detail requirements
or specification

Project Study
(Synthesis/analysis)

Detail design
Production planning
Test specimens
and Prototype
Ground and Air
testing

Fig. 1. The design process [11]

PURPOSE

The basic need

Confirm that need can be
met Assess methed of
meeting need. Define

specification.

Basis of project process

Establish configuration

and size Optimise mass;
cost Confirm confidence
to meet the specification

R S|

Define data for
manufacture

Produce hardware for
ground and flight testing

Prove performance and
operation. Cbiain
certification

MNormal feed back ——
Feedback if major ---
problem found
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Thermal Protection System)o] ©A1® Tx&& Table 1. Properties of materials used for
nEA xFdAe FE/A/aHE A4 AHE FEM modelling [21-25]
Tt ol & T AAATY TS F
o1tz Aotel F&E dalE 849 F8A4L g Properties R M T
skl Density
ko] 8240 256 4550
.2 = g/ m
E(Cc;;n?s Modulus M) 221 ~ E(gl)]
— = =1 - a
2.1 S=S4% #doM 285 = v|dA 2
ITx nag Poisson’s Ratio 0.31 - 0.31
B A oA & ATF[01 fAbe gy | Thickness 38 | 38 | 3175
2FAe A7ddon dgstach dae ss  |mml
g4 YL Fig. 29 2ov, Fig. 3o+ 4 W Thermal Coefficient i 1] ~ »
3 ANz"dS TAEHT 2ga 5254 0¥ [pm/m/ K]
A= o2& oﬂ 0 k o] Hb&
A RAsE el oR D ot B Thermal Conductivity
Azt 9% 87 bl A BARE BALE | (/K] 180052 7
2k S o] T A T}
S Gradiation = E_ ] ]Ol')\)\‘:]: SpeCifiC Heat(cp)
283 AMES AR BEAXE Table 160 A A ko) K 541 858 525
SArH21-25]. Table 104 R, M, T= 717} g
Renedl, Min-K, TIMETAL834%& <jvat, &  |Maximum 1500 | 1250 | 873
A7 exo wal WeE A4S (T2 %738 Temperature [K]
3, o9 g7 FuEHE HrEATt ol B4
2 ¢} 7181eA PAS vgor FIila s mdS feta s Rde dH 281272 Rd YA
TAFQAL, WE +22 el 98] Fig. 491 ®, Renedl®d} Min-K& 6% ZE]Z 94 3456
= g9 HSs AAS 53 a4 EdS TAE 7N, TIMETALR34+= 3= A2t & @ 4 3430
k. AZ mdy sk =g 2 Aol e
8 dsts 84 17288 =FW 9, oblel
g3}
Flow Direction 13]-_’1— T % ]'}‘ O] ’1"] Oil—‘: @g?jiﬂ Min-K
->3m 340 18° Z A7 98, EwolAl Renedlz T34
TIMETALS34¢] Z+ ==& 73] E(Rigid Beam)
2 AZAsdh =3 AA 2ro A g g
‘ S.4m ’ H(Wing Root)®] y¥3 ®HHE F+&F3x,
f o2 ¥FAYE 2F3W FEEF ddEdEE 2HEL
‘ I 0.04c+15.2[mm] BE ReEs 72390

c

Fig. 2. Geometry of control surface [20]

Qrad:azzon

N/

Heat Shield: Rene 41

Insulation: Min-K
Structure: TIMETAL 834

Fig. 3. Stacking scheme of TPS [20]

Fix all D.O.F

Fix y-direction displacement

Fig. 4. Finite element model of control
surface
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Table 2. Comparison between analytical
and numerical solutions

Pressure [Pa] Temp [K]

Loc.
SE Euler SE Euler

1 1928.3 1954.5 210.7 212.0

2 648.5 627.6 154.3 1771

3 57203 | 57185 295.6 303.3

4 2331.0 2240.2 228.7 211.4
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Fig. 7. Schematic for construction of
aerodynamic thermal load element
along with ABAQUS user subroutine
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Table 3. Analysis condition of model
[0 1) Dimension 1m X 1m < 0.01m
N Material Rene 41
Element Type C3D6eT
. Fully-Coupled
Analysis Type Thermal-Structure (100s
(Time, At) s) '
L1 Init. Condition 293.15K
(0,0) (Lo)
. . . Apply Force Boundary Condition (load case)
Fig. 9. Iso—-parametric domain of UEL Put UEL on these surfaces (UEL case)
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Fig. 11. Comparison of Temperature
distribution (left—-ABAQUS, right-UEL)
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Table 4. Model definitions corresponding to
coupling scheme

Type Coupled Method
Model 1 Aero-Thermo—Elastic Analysis
Model 2 Aero-Thermal Analysis

ElementID: 8151

ElementID: 7840

ElementID: 7946

Fig. 13. Locations of data extracted

1600
—#—Model 1, 7946
1400 ||~ » =Model 2, 7946
—6—Model 1, 7840
< L= © -Model 2, 7840
° 1200 —#—Model 1, 8151
2 — % -Model 2, 8151 1500
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Fig. 14. Estimation of wall temperature on
each section
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Fig. 15. Deformed and undeformed
configurations of cross-section of
wing root
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Fig. 16. Rotation angle of outward normal
vector according to time
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