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TRANSIENT HEAT CONDUCTION SIMULATION OF HYFLEX UNDER AERODYNAMIC HEATING

Naticonal Aerospace Laboratory
Kunihko Ohtake, Satoru Ogawa
National Space Development Agency
Takasi Kai
LTCB Systems
Kazuhiko Haneji

Transient thermal responce behavior of hypersonic re-entry flight test
vehicle HYFLEX was invesigated. The iterative CFD/FEM coupling analysis was
carried out. In this study, flow field around the body is computed by the finite
volume Navier-Stokes equation solver FIVAD. On the othe hand, heat conduction
behavior is calculated by the finite elemet solver THAP. The N¥T system and CKS
system of NAL are used for simulation, with the data file transfer by LAN.
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Fig. 4 Simulation Procedure

JIYHYFLEX
time after
Jettition

( second)

100
127
154
181

Tabie 1

Mach
Number

14.137
12.706
10.779
8.175
6524

Angle of
Attack

(deg)

490
450
405
318
300

Flight Trajectory Conditions

Atmosphenic
Temperature

(K)

193.678
235.644
264.647
245.836
244.606

Atmosphenc

Density
(kgfm *)

1.2289E-5
18261E-4
19195E-3
5.0803E-3
5.4281E-3

Stagnation
Heat Flux

(kW/m ™)

5527
19536
40952
208.44

9224
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$
t csh script
]
if ($Stargv != 1) then

echo “Usage:$0 number”

exit 1
endif
echo "rsh ews260m cd /usr/export/home/e80/THAPK20;

rm heatflux”
rsh ews260m "cd /usr/export/home/e80/THAPK20; rm heatflux"
rsh ews260m "cd /usr/export/home/e80/THAPK20;
rm thapdat thapdat?”
rsh ews260m "cd /usr/export/home/e80/THAPK20;
cp inittmp.6lay thaptmp"

echo "rm HEATF/thaptmp /small/e/e80/heatflux”
rm HEATF/thaptmp
rm HEATF/thaptmp?
rm /small/e/eB0/heatflux
rm /small/e/e80/heatflux?
rm /small/e/e80/take?
echo "cp HEATF/inittmp HEATF/thaptmp”
cp HEATF/inittmp.6lay HEATF/thaptmp

€ number = $argv(l)
€ count =1

while($count <= S$number)

echo H A A AN R AR A R A R R R A R A A A R R A AN RN R AR AR E T A AR R AR AR R R N A R
banner execute$count

echo LR R R R R R R R R R R R R R R R R R 2R

echo "cp HEATF/kuuinit$count HEATF/kuuinit.dat”
cp HEATF/kuuinitS$Scount HEATF/kuuinit.dat
cat HEATF/kuuinit.dat

echo "SUBMITTED NWT JOB"
nsub nwté6lay

@ endflg = 0

while($endflg == 0)
if(-e /small/e/e80/heatflux) then
echo "file heatflux data exist”
€ endflg = 1
sleep 60
else
sleep 150
endif
end

echo "rcp /small/e/e80/heatflux ews260m:
/usr/export/home/e80/THAPK20/heat flux"
rcp /small/e/eB80/heatflux
ews260m: /usr/export/home/e80/THAPK20/heat flux
mv  /small/e/eB0/heatflux /small/e/e80/heatfluxScount
cp /small/e/e80/cotake20 /small/e/eB0/takeScount
cp HEATF/thaptmp HEATF/thaptmp$count
echo "rsh ews260m cd /usr/export/home/e80/THAPK20;
trallédevarea”
rsh ews260m “cd /usr/export/home/e80/THAPK20;
cp thapdat.é6lay thapdat”
rsh ews260m “cd /usr/export/home/e80/THAPK20;
rsh ews260m "cd /usr/export/home/e80/THAPK20;
rsh ews260m “cd /usr/export/home/e80/THAPK20;
mv dev,thapdat thapdat”
rsh ews260m “cd /usr/export/home/e80/THAPK20;

trallée"
devareat"

cp thapdat thapdatS$Scount”

echo "rsh ews260m cd /usr/export/home/e80/° £20;

THAP.K20 > crttmp”

rsh ews260m “cd /usr/export/home/e80/THAP: <U;
THAP.K20 > crttmp"

echo "rcp ews260m:/usr/export/home/e80/THAPK20/thaptmp
HEATF/thaptmp"”

rcp ews260m:/usr/export/home/e80/THAPK20/thaptmp

HEATE/thaptmp

echo .

@ count++
end

Fig.5 Shell Script of Procedure Controll
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Table 2 Material Properties
Material Mass Thermal Specific
Density Conductivity Heat
(kg/m3)  (¥/a K) (J/kg KD
C/C Composit 1650. 0 40.0 1910.0
Ceramic Joint 2550. 0 2.1 1210.0
Ceramic tile 160.0 0.1142 1159.8
Aluminium Alloy 2851.3 95.0 950.0
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