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Design of an Aerodynamic Thermal Simulation Facility (ATSF)

Ho-nam OK*, In-sun Kim*, Seung-Ho Ra***, Seong-Lyong Kim***, Gwarng-Rae Cho***

Abstract

Space launch vehicles and reentry vehicles are exposed to extreme heating conditions
due to high aerodynamic heating while flying' at high Mach numbers in the
atmosphere. To protect the vehicle itself or the payload from the aerodynamic heating,
the thermal load imposed on the surface should be exactly predicted and proper
thermal protection should be applied based on the prediction results. But this requires
rigorous thermal analysis and testing' to prevent loss of payload capacity caused by
excessive heat shielding, and the amount of thermal protection material to be applied is
determined through aerodynamic heating tests. Various design points to. be considered
to upgrade the prototype aerodynamic thermal simulation facility(ATSF) used for the
KSR-series sounding rocket development to the one suitable for the KSLV{Korean Space
Launch Vehicle)-series launch vehicle are considered in this research. The need and
limitation for the facility are first considered, and the functions required for KSLV
testing are determined. The specifications of the upgraded facility are briefly suggested
and these results will be used for the future fabrication and installation of the facility.
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Angle)g- 18.45°, ZolE 3m, 181 AR
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a7% ARle 2 9L vAA g 23]
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g 29 2xe oY YA qiEE 2%
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el 87 =4, 53 Y &

dAGgHES ATY F dE 1Y A¥EE Eﬂ—r
2o Ak A A oiA Ao Ba} 7
d(Infrared  Radiant Heating) A8|E o] 83},
E3] T3 ®x®l 29 #Z(Tungsten Quartz
Lamp)7} 7}4 ®o] AHE fth [11]. o] AL A
Y 529 BYUES 3/8 inch AR 49 F
Be 92 Aoz HgWES 43E =] 3
Argono|i} Halogen -2 E&4 7Al5 FYs3)
715 gt "W EE 54000074 71EEr, 4
@ TR x4 AL FA] HiMe
2,500°F o]st= WzbA| Aok gt} HE FH XW
o F71& Eo FE WHoE Y¥L4e v, F
B9 ok EtHEnd Seals) A 232 7] ¢35
650°F o]3t2 Wzimofof grh. Edl FwolM
2500°F o]} i2E QFse A$ Bzl
Wzto] 448 EAFLE HEEY AEY w3
A7b ohd KSLVe}F 22 dhAlale] QlojMe 3

————
SE7HE Algad] €A

v Al zddMe "Hd
A B wsh ge @A 9
Graphite Element Heater)”}
e 23 BARY =

1)
e
E

H: AF %EH%(Vacuum Chamber) A 8ol =3
Bol] AMEET aEa garl Ao f@zo] njs)
o ZF Aol o} ckAst AUyt A&
e A4S AYa vk 2ev 37] FdAE
28H(Oxidation)s] 7] 4131, 7] 4 (Off-The-Shelf)
o] glo] FE AFE ok 3y, EAXA 44
Heol ofgote FHel Stk E 29 o] F
7HA A e BYEAS Haw Ny dEE U)F
oz vusPoen, KSLVY a4 21§ £ o
94 SEHE AMREord BEE o|fE zolry)
oyt waba KSLV s e T4 A
A= g2 4o P2 E APEsto] FA8A
4 B,

1960Ldtﬂ Aol e S
B we T3 Yx AEel 9 g
EH‘:‘HO /\}E‘rz}_z_, =) Research Inc. 9ol
gt 829 AFS ISt FPE AEFL
FTEEI e Aow RIT [12] B 4y
Aluminum ¥FA}(Reflector)S AlE-3 2 2%

l

Ello
o i
r&
-4
N
)
rot
o
o 12

0

A4 Seld dEE TR WHoRE oHF & AT Slo), o]5S HEs) 2 ALE
olgl&& T F A& AR A Had oz diE duUAE 9L 2% gL HoE
49 WL A LMW/m® A59] JUAE Ry AxeRy pdd AdmHE x|
E 1 SHIE ANE B @7 Mg F2F
Zone Area Max. Heat Max. Surf. | Total Heat Heater Power
(m2) Flux (kW/m2) | Temp. (K) | Flux (kW) | Efficiency | Required (kW)

Nose Cap 1.57 30.00 800 4712 0.40 117.81

Cone 19.88 15.00 600 298.19 0.50 596.39

Cylinder 28.29 15.00 600 424.36 0.60 70727

Sum 49.74 769.68 1,421.47
29 EWe) g 4 glon, gmzRy puE  38¢ A0 ANAE HEH dus v
AAE GEEL WY 50~70% AR dehd el AE ARA slok sht, UT e 3
. T HIZU REY Y RIA ouAe BF
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QAo] Ak wekA o2 melste] HAF 7}
AL §Asok 34, ZPHOR o 3 inch A%
7 AR Row dHA Qo

3.3 Mol mu| 4%

Aol Aol AR kA FHILE AP
o] Ao} Alxgo] ofFA FAHH o M} FAE
HA mEsta, ol uhel 1 5] g Aw
AAshe Aol &MY Aot a7 7o ¢
A FErtd AgAn Y AoA FAEE 2
TAEIR oY, Aol F2 84E :L%] 2
Zo ¥ 379 AuE FAEGE & & Stk
WA Programmers AHE-A7} Vc?} A7kl
2 25(EZ2 714¥) EAS Controllerd] A

FT 98 Y48 18 60 e A
2o wed Ao QoNE H2d 371
ool MR o FEItd ¥ (Profile)o] Fof
Aok 3, AT AFE e €4 9 B

Ao oz mlm r

r

o H o2 8
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2. Tungsten Quartz LampQ] ZCHE H|:

» Rapid dynamic response compared
with graphite elements ’

» Less susceptible to oxidation than
graphite elements
A4 | -+ Commercially available

* Tungsten elements dissolve on
failure where graphite elements can
short and spark to ground creating

safety and setup damage problems

» Lower heat flux density than
graphite elements

+» End seal oxidation and
high-temperature failure of the quartz
tube ;

+ Tendency to become dirty and
heat-up for carbon-carbon specimen

« Difficult to cool the lamp in v
vacuum

» Electrical arcing in a vacuum

& o) AL W= @ Folg. AN 1970

Wojo] Ax18 NASA Marshall®] Space Shuttle
A &4 2Y FHIE AgdRe 9, o,
ol 3l FAE EF F UERE Hol Uk AR
3= shte] el thste] shte] Programmer7} 3
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Zof k)i Regulatoroﬂﬂ] 714 AA = Eﬂd
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g B 5 gtk flelA d& £ NASA
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4.1 ATSS at George C. Marshall Space
Flight Center

NASA  Marshall Flight Center¢]
ATSS(Aerodynamic Thermal Simulation System)
£ 1971d RI(Research, Inc)olr AA st o m
[13,14,15], Space Shuttle®] A+&/8}7F W3] A
TE7td @e dSsy] 9 AR
Space Shuttle FA ¥4 &4 2o 3 A
o] HES T3 lampe wAsGOM (13
8), "ol =Ao| 7tz dradjustable cantilevered
frame(stanchion frame) W&l esle] =

o
2
)
e
(O8]
&

Space
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FEL%71% H3H M1z

g Aol Watodx A FA e APl JbE A= 4
g AHAE Zlo] EAolth. st AHizE 2 TEEH st

T-3 lampE& AHESHH, Y4 aluminum YA 2& H9E AL & 4 9l o) 9g9EL =
(Reflector) 0. & lampe] EAlGE FAFAZth 7] 5 36719 zonel 2 AE-Ho] vE AAD 719
A ALE B WEst] 7MEe] ofd Wz 2 27 dojd § UxE AojHAd. Ho HEY
Ax BAME 4= A Ho 9ok - X (Maximum Equilibrium Temperature)i= $

CE 3 MAS SEIE Aldddd] s

Name Purpose Control Power and Misc.
ATSS(Aerodynami
¢ Thermal To subject the various scaled
. . . . temperature/he
Simulation down configurations of the Space 115 MW at 460 V
) . at-flux control .
System) at Shuttle to the dynamic heating for each of Model 160x180x126 in,
or each o
George C. conditions it may encounter in various section shapes

. 36 ‘
Marshall Space ascent and reentry flight max Zones ;

Flight Center

RHF(Radiant To simulate a wide range of

Heat Facility) at
Sandia National

thermal environments from
high-level, short-duration
programs to low-level,

Laboratories .
long-duration programs

Thermal and

20 MW
Cryogenic To simulate the thermal 510 zones,

; Cooling Capability, Wat
Systems of Flight | environment for the hypersonic | Tmax=2500°F, 00.ing “apanliity, Tater

Loads Laboratory aircraft and structural dT/dt=150°F/s,
at Dryden Flight components q=100Btu/ft2/s
Research Center

Cooled Reflector, Ceramic
Fences for Zone
Boundaries

To test launch vehicle TPS by

o ) constant 2500T3/CL of 2.5kW, 25
subjecting it to transient thermal

Thermal Vacuum

Facility at . temperature all in length
and pressure conditions and ,
Langley Research , over the No Reflector Cooling,
evaluate the system’s overall
Center surface Pressure Control

performance

RHTF(Radiant To petform radiant heat testing

P Control
Heating and Test | of small TPS(Thermal Protection | ressure Lonuwo

22 independent | ‘Operation from 1974 at

Facility) at System) components or multizone
y) Y ; ) p heater zones cost of 1.260M, upgrade
Johnson Space heating tests of large spacecraft
cost of 3.5M
Center TPS and structures




w 1,200°F, ¥ 1,800°F, ¥ 2,500°F, A} 7}
d WF 66,648 in’, ol Bd 7] 160" (height)
x180"(base)x126"(depth), &7 #H&-e 60 Hz 34
460 Volt 11.5 MWtk

Heater’} A3 5d ¥9le] 7p7t$d 71g &
2 Y § Ao, WA 7dxs} "o
A & doin HAs A4S fAsteek s,
od7|HE 6-8 inch A9 & AYstz 9ot
A x¥e] 7t4F AE A3 AME Hie)
M, Hth 36709 zoned] thatel E A<l A oj7}
o]tk Rd P4E BE templates WE
a2 Fd 7hE ARE AR Ao X
& 5 templateg AA3ta 2dg A2FH 3
ot Waom BT

22 8. ATSS at NASA Marshall Space Flight
Center

4.2 RHF at Sandia National Laboratories

v]= Sandia National Lab.2] RHF(Radiant
Heat Facility)= #& ¢t 1&88& Q3le
RAMEE AEHE 2d AL a7se 714
Ao o] 271744 s A 87 B$-8)0)
£% Anleltt [16]. ATSS) wlztriAlz 60 Hz
480 Volt T-3 lampE HHdo g ALE3)n, 40
Heol o 86% Amrl BAldE Agdcia 3
o o AE BEAY AFPEnE oy 7HA
FHY sIElE ZF3 den, 289 uE £y

SHTHE Alg 4 A

49 94 474 PaE AseIE Bt o
ooz A &= wEA T3 lamp ol
graphite resistor heateri} ceramic fiber heater&
g9oz & FuE 233 vk

4.3 Thermal and Cryogenic Systems at
DFRC

NASA Dryden Flight Research Centere =%
&% HgAe Y AL A 93
Mg 230 QR 1 544 4% 70
Algol 7hsdtth 1® 99 K= whel o] ]
A @l kol 3EY &&& FUsE F
VEE frames W& ARt HA9ieH, F
o 2% 2500°F, &= A<5E 150°F/sec, 718 &
100Btu/f/sec& 2G5 9tk #94) watpe
Abgste SE 2 RE WHEUE A% ZoMe 3
B Alold] ceramic fenceE A Rdle EEAQ
ex 2o AYSHES 3 Utk ¥e std
exs 4E 37 BY AY O LH A
£ 20 MW F %otk

4.4 Facilities at Other NASA Centers

NASA ‘Langley Research Center= AEY
FAe] @ BE A2 (Therinal - Protection
System, TPS)9] 4% A8 & A% Fe71d A9

& 9. Custom-Contoured Radiant Heater System
at NASA Dryden Flight Research Center

Korea Aerospace Research Institute « 167



x [17]. AEY WdA ] TPS
7t Bt ol g 3ol E}E‘rHE b}

s , W2IdelA A JE A=
& 4& F e %BHJ(Chamber) LHO}] A
go] o] FofARE Gt (29 10). Wt
A AE v o AYe Evbesta A
Al¥ 9] z7)E 18x36 inchZ A g+g ).

NASA Johnson Space Centerx o|¢} FA}gH
RHTF(Radiant Heating Test Facility)& B -f3}3
gow, AN ZIE 6x8 feet7}R] 713l
%3 Space Shuttle®] nosecap2 Al gslr] 9%
47 39 inch W Aol Ulg hE A A
Tz

o B
_NJ
(d
y%ﬂl

019} %~ 1-5% 7}11 %Btﬂu £-F WAL
& AAdE Q4%

I RCNC) NAL(Na‘aonal Aerospace

| Saffit®
b insutation

ag 10.. Thermal Vacuum Facility at NASA Langley
. Research Center

Laboratory), #lAloke] TsAGI $% o]s} Al
NAg¢ BRsT 9k 53 TsAGIS] TPVK 1
Therma] Strength Vacuum Chambers H4 ¢
2 01'Pa, HU &% 1,750 K& 94< F gle

/\i A Aol 135 m, Zol7} 295 mol| &l A
: ’éﬂl ]E}

52 &

A #7+A KSR(Korea Sounding Rocket) A&

168 - S=HBLFRE

z9 Mg 3 AHEEHo Y FEAE A
AH)(ATSF, Aerodynamic Thermal Simulation
Facility)& KSLV Algjze] sde] HFIwsH
Atk 3 (Upgrade)r 7171 918 AAE $3]
Hafjop & Aol FAAA AHEUQT WA A
vlel deA ¥ 1 A0 tte nEsigen,
KSLV AdE dside of# 715S ZFook
FAE nHEGAT A2 Fad g
Atds diggo s Ao, o ¢o=
Fg FA AA 4 AR/ AR dutge] =
Aol
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