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FOREWORD

The work reported herein was sponsored by Marshall
Space Flight Center (MSFC), National Aeronautics and Space
Administration (NASA). The results of tests were obtained
by ARO, Inc. (a subsidiary of Sverdrup & Parcel and Associates,
Inc.), contract operator of the Arnold Engineering Development
Center (AEDC), Air Force Systems Command (AFSC), Arnold Air
Force Station, Tennessee.

An extensive experimental investigation was conducted
at various wind tunnels of the Von Karman Gas Dynamics
Facility (VKF), AEDC, on various space shuttle configurations
. for various Mach numbers over a large Reynolds number range.
This report contains heat transfer results for two delta wing
configurations submitted by Langley Research Center and tested
in the VKF, Hypervelocity Wind Tunnel F. An additional
SADSAC report is available from the VKF-Tunnel F facility
which documents test results from the McDonnell Douglas
delta wing orbiter.
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ABSTRACT

Heat transfer tests for two delta wing configurations
furnished by Langley Research Center were conducted at the
Arnold Engineering Development Center (AEDC), von Karman Gas
Dynamics Facility (VKF), in the Hypervelocity Wind Tunnel F.
The 24-inch long models were tested at a Mach number of
approximately 10.5 and at angles of attack of 20, 40,'and 60
degrees over a length Reynolds number range from 5 x 10% to
23 x 106 on May 4-June 4, 1971. Heat transfer results were
obtained from model surface heat gage measurements and
thermographic phosphor paint.
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HO
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M-INF, MACH,

or M,
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P-INF or p,
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Q-INF
Q or g
Q0 or qref
n
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Re/ft.

RE/L, RE-L,

or Rew,z
RHO-INF

STO

TIME or T

NOMENCLATURE

Model angle of attack, deg.

Form of Chapman-Rubesin viscosity coefficient,
(u'w/“‘oo) (Too/TW) .

Model heat transfer coefficient, Q/(TO-Ty),
Btu/ft2-sec-°R

Stagnation enthalpy, Btu/Lbm

Reference heat transfer coefficient,
Q0/ (TO-T,), Btu/ft2-sec-°R

Enthalpy at model wall temperature(Ty),
Btu/Lbm '

Axial length of model, 24.0 in. (See Figure 3)

Free-stream Mach number
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Reynolds number based on free-stream conditions
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Test section time, milliseconds
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I. INTRODUCTION

Heat transfer tests of two delta wing configurations
supplied by Langley Research Center were sponsored by the
Marshall Space Flight Center (MSFC) at Arnold Engineering
Development Center (AEDC). Two, 24 .0-inch long models were
tested in Tunnel F at the AEDC-von Karman Gas Dynamics
Facility (VKF) during the time period from May 4 to June 4,
1971. Heat transfer results were obtained from detailed
instrumentation measurements and a thermographic phosphor
paint technique. Limited pressure measurements were obtained
during the tunnel entry. Data were obtained at a Mach number
of approximately 10.5 over a Reynolds number range from
5.0 x 108 to 23.0 x 106 based on model length. The model
was tested at angles of attack of 20, 40, and 60 dégrees
with limited phosphor paint results on the bottom surface
for selected runs. The purpose of this test was to obtain
heat-transfer distributions along the windward centerline at
flight Reynolds numbers and to investigate the onset of
transition zone over a large Reynolds number range.



II. APPARATUS

2.1 Wind Tunnel.

The Hypervelocity Wind Tunnel F (Figure 1) is an electric-
arc-heated impulse hypersonic wind tunnel of the hotshot type
developed at AEDC. The test gas, nitrogen or air, is initially
confined in an arc chamber by a diaphragm located near the
throat of a convergent-divergent nozzle. For the present
tests, nitrogen was used as the test gas. The gas is heated
and compressed by an electric arc discharge resulting in
rupture of the diaphragm and subsequent expansion through a
4-degree half-angle conical nozzle to a maximum diameter of
108 inches. Testing is possible at either the maximum diameter
for Mach numbers from 13 to 22 or at the 54-inch diameter
station for Mach numbers from 10 to 17. Useful run times
between 50 and 200 msec. are obtained. The present tests were
conducted at the 54-inch diameter station with a useful run
time of approximately 100 msec. utilizing the 4-cubic-foot
arc chamber .,

2.2 Model.

A photograph of the windward surface of the Langley delta
wing model (LRC-DB) is shown in Figure 2. The LRC-DB and
LRC-SB configurations were instrumented identically along the
windward centerline, as shown in Figure 3. A complete layout
of the instrumentation and model details is shown in Figure 3
for both Langley configurations. The models were designed and
fabricated at Langley Research Center, Hampton, Virginia, from
No. 416 stainless steel. A thin sheet metal cover was attached
to the top surface to protect instrumentation leads and to
streamline the flow in the sting region. The cover may be seen
in the Schlieren photograph presented in Figure 4. The model
dimensions corresponding to the instrumentation locations are
tabulated in Table I. The SADSAC NO. tabulated in Table I
corresponds to the gage location on magnetic tape.
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2.3 Instrumentation.

Model heat transfer rates were measured with slug calori-
meters and coaxial surface thermocouples. The slug calorimeters
have a thin-film platinum resistance thermometer to sense the
temperature of an aluminum disk which is exposed to the heat
flux to be measured. The calorimeters are optimized to
measure a given range of heat transfer by appropriate selection
of the aluminum disk thickness. The coaxial surface thermo-
couple is comprised of an electrically insulated chromel wire
enclosed in a constantan cylindrical jacket. A thin film
junction is made between the chromel and constantan at the
surface. In practical measurement applications, the surface
thermocouple behaves as a homogeneous, one-dimensional, semi-
infinite solid. The instrument provides an electromotive
force (E.M.F.) directly proportional to surface temperature
which may be related by theory to the incident heat flux. All
heat—transfer gages were bench calibrated prior to their instal-
lation into the model. The precision of these calibrations is
estimated to be 3 percent. Post test calibrations were made
for the majority of gages with calibration repeatability
being within *3 percent.

To monitor the tunnel conditions, two 1.0-inch diameter
hemisphere cylinders instrumented with slug calorimeters were
installed in the test section at an appropriate distance from
the model to eliminate shock interference. A pitot probe was
located near each hemisphere cylinder to measure the normal
shock stagnation pressure. The reservoir pressure and pitot
pressures were measured with strain-gage type transducers
developed at the AEDC-VKF. Detailed information concerning
the heat-transfer and pressure instrumentation can be found in

Reference 1.

Model flow-field Schlieren photographs were obtained
during the test. A typical photograph is shown in Figure 4
with the LRC-DB model at 40-degree angle of attack.



2.4 Phosphor Paint Requirements.

The following is a discussion of the equipment used to
obtain the thermographic phosphor paint data. Although
meaningful paint results could only be obtained on the lower
surface, the complete paint coverage was set-up and require-
ments were initiated during the Langley model test. This was
done to ensure proper functioning components during the
McDonnell-Douglas orbiter paint tests which were to follow.
Consequently, all descriptions relating to the phbsphor paint
coverage are based on full utilization of the viewing areas.

2.4.1 Ultraviolet Light Sources.

The ultraviolet light needed to excite the phospho-
rescence of the paint was generated by an Osram Xenon gas bulb

XBO 1600w powered by an Ingersoll Product d.c. supply.

Three units were used for these tests. Each unit had a
heat-absorbing glass and filter to eliminate all but the
3650 A (black light) wave length light.

2.4.2 Camera.

Four view-cameras with 4- x 5-inch Polaroid backs were
used to record the pictures: two with 145mm lens were located
on the side of the tunnel and two with 163mm lens were on the
bottom. Each camera had a set of filters to pass only the
5000 to 6000 A light emitted by the paint. Type 57 Polaroid
(ASA 3000) film was used to record the image.

2.4.3 Microdensitometer.

The optical density distributions of the pictures were
read and recorded on a magnetic tape by a P- 1000 Photoscan R
manufactured by Optronics International. The Photoscan is
-owned by the Biology Division of Oak Ridge National Laboratory.

The data on the magnetic tapes were input to the VKF
CDC 1604B computer which was used to create contour mappings
of heat-transfer rate.



III. PROCEDURES

3.1 Test Techniques.

3.1.1 Model Installation.

The Langley models were tested at angles of attack of
20, 40, and 60 degrees. Two tunnel runs were required to
provide a continuous Reynolds number variation from 23 x 106
to 5 x 106, based on model length at a fixed angle of attack.
The painted surface areas are summarized in Table II.

The sector'angle range at the 54-inch diameter test
section is *20 degrees. Consequently, a prebend was required for
the high angles of attack. In addition, the model sting had an
effective 20-degree insert angle. The two sting arrangements
used for fhese tests are illustrated in Figures 5 and 6. For
angles of attack up to and including 40 degrees, the sting
arrangement illustrated in Figure 5 was used. For angles of
attack equal to and greater than 40 degrees, the installation
shown in Figure 6 was used. Both sting installations were used
at 40-degree angle of attack.

3.1.2 Testing with Phosphor Paint.

The test section set-up is shown in Figure 9. The
locations of the Osram u-v light sources and still cameras are
depicted. It was necessary to locate the two side cameras at
the downstream end of the Schlieren windows to allow Schlieren
optical coverage. The Osram light on the top of the tunnel
had to be reflected onto the model because of the limited
space between the tunnel and an 6verhead I-beam support for
the Schlieren system.

The phosphorescent paint techniqﬁe consists of photo-
graphing the painted model surface and measuring the optical
density of the recorded image. The optical density of a
photographic image is a function of the logarithm of the



intensity of the exposure, for a given exposure timeA(Ref. 2),
as illustrated by the figure below.

D

Optical Density,

L~_________A> Linear Region

in B

Thus, if the exposure from the phosphorescent paint falls

within the linear region (i.e., logarithmically linear region),
the optical density (D) is given by

D = A/nB +C:
From the paint characteristics
4nB = fn £3(I) + fo(I, Ty);

therefore,
D = A/n fl(I) + Afz(I, Tw) + C

where I is the u-v light intensity, B is the emitted light
intensity (brightness) of the paint, and A and C are constants.

For small changes in intensity (I), the functional relation
t9 is given by

fZ(I) Tw) o TW

When using the phosphorescent techiigque in the wind tunnel,



the procedure is to take a photograph of the model before the
tunnel run (i.e., a tare) and then to take another picture
during the run. It is necessary that both pictures be taken
in the '""linear" region of the optical density curve. When
the optical density of the tare photograph is subtracted from
the optical density of the run photograph,

D - D = (Ty- Tyy)

where the subscript i indicates the initial conditions, i.e.,
the tare photograph taken before the run.

It can be shown that the quantity (Tw"Twi) is proportional
to the heat-transfer rate to the model surface, for T, << Tyy»
and relatively short heating times (¢ 1 sec.), regardless of
whether the "heat-transfer model' assumed for the technique
is a semi-infinite slab (either a relatively thick\layer of
paint, or a thin layer of paint mounted on a thick layer of
material) or an infinite plate. This, of course, means that
the optical density difference, D-Dy, is then proportional
to the model heat-transfer rate.

D—Di:‘AD’“q

The best way of evaluating the constant of proportionality
is to measure a few heat-transfer rates with standard heat-
transfer instrumentation at the same time the paint data are
taken. Heat-transfer rate as determined from gages gives a
calibration for the paiht, so the paint data yield the detailed

heat-transfer rate distribution over the model.

3.1.2.1 Wall Material

The phosphor paint is applied as a thin coating to the
model; therefore, the model wall material must be selected to
give an observable temperature rise for the expected heat-
transfer rate. The wall material selection, many times, is
based on other things such aé strength; hence, when the model
material is not suitable to the paint technique, coatings are
applied to produce the proper surface properties.



3.1.2.2 Phosphor Application.

The phosphor paint is a mixture of the phosphor material
and a binder. The phosphor material is a fine grain powder
(~ 10y average size) of ZCdS (zinc-cadium-sulfate) with silver
and nickel additives whose concentration control the temper-
ature range of the phosphorescence. The binder can be any
transparent or translucent liquid which can be sprayed.
Normally, clear dope or epoxy is used.

3.2 Test Conditions.

A summary of the test conditions is given in Table II.
A complete tabulation of all pertinent tunnel conditions is
given in the Appendixes. In summary, the tests were conducted
at an approximate Mach number of 10.5 over a Reynolds number
range from 5 x 106 to 23 x 108 based on model length.

3.3 Data Reduction.

3.3.1 Model Instrumentation and Tunnel Conditions.

A complete description of the data reduction equations
for the heat-transfer and pressure transducers is given in
Reference 1. The method of determining flow conditions is
briefly summarized as follows: instantaneous values of PO and
POP are measured and an instantaneous value of QO is inferred
from a direct measurement of a shoulder heat rate on a 1.0-inch
diameter hemisphere cylinder heat probe. Velocity, hence
enthalpy (HO), is calculated from measured values of POP, QO,
and the heat probe radius, using Fay-Riddell theory, Reference 3.
With values of PO, POP, and HO known, the remaining flow con-
ditions (M,, Re,/ft., etc.) are calculated as described in
References 4 and 5. The HREF (heat transfer coefficient) value
reported herein is based on the inferred QO value as described
above. Since the Fay-Riddell equation is used to calculate HO
with a known value of QO, the value of HREF tabulated herein
is consistent with a Fay-Riddell value for the given test



conditions. For the short run times experienced in a hotshot
tunnel, the model wall temperature ratio (Ty/TO) varied
between 0.15 and 0.30, which approximates the condition of

practical interest of reentry vehicles.

3.3.2 Thermographic Phosphor Paint.

The optical density distributions on the tare and run
pictures are read and recorded by the scanning microdensitometer.
The tare density is subtracted from the run density on the
VKF-CDC 1604B digital computer, and the density differences
are plotted on a CRT plotter, one density difference per plot.
Each plot (i.e., density difference) is assigned a color and
copied by hand in that color so that a color composite of all
the plots is made. The boundaries of the colors are retraced,
and the reference heat gages and model outline are located on
this tracing.

The heat gage measurements and the optical density
differences are plotted to obtain a relationship between the
two. The relationship gives the heat-transfer values corre-
sponding to the color regions. These values are noted on the
color tracing, thereby resulting in a contour mapping of the
heat-transfer rates on the model.

The model image is distorted by the viewing angle of the
camera. This distorted view is reflected in the final contour
mapping presented in Appendix III. However, all plots from the
paint results are in a true normal projection, since the heat
transfer gage locations were used to scale the centerline and
span results that are plotted herein.



IV. DATA PRESENTATION

The following data presentation is presented in the
Appendixes:

I. Tabulation of Gage Measurements and Tunnel
Conditions

II. Selected Windward Surface Centerline Plots
of Gage Measurement Results

III. Selected Plots of Heat-Transfer Results
Using the Phosphor Paint Technique

Table III, Pege 21-A, 1s a summary of the plotted datas presented

in this document.
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TABLE II

TEST SUMMARY FOR THE TUNNEL F LANGLEY MODELS

Phosphor Final Paint

Model a, Deg. Run_~ M, ~ Re@tl__ Paint Area Picture
LRC-DB  20.0 3631 10.4 7-13 x 106 2 Yes
20.0 3632 10.5 7-21 x 10° 1 No
20.0 3633 10.4 7-15 x 106 3
40.2 3634 10.4 6-14 x 106 2
40.5 3635 10.4 5-22 x 10° 1
61.0 3636 10.8 9-22 x 106 1
60 .2 3637 10.4 5-9 x 108 1
61.0 3638 10.6 9 x 10° 3
60.5 3639 10.6 10-20 x 10° 2 {
LRC-SB 20.2 3646 10.6 10-18 x 10° = 2 No
20 .2 3647 10.3 6-18 x 106 Yes
140.2 3641 10.7 7-16 x 10° Yes
40.2 3645 10.6 11-23 x 10° Yes
60.2 3642 10.6 5-10 x 10° | No
60 .2 3648 10.6 10-20 x 108 Yes
60.5 3649 10.5 6-17 x 108 ‘ No

Phosphor Paint Legend:

1 - Aft patches off centerline
2 - Entire lower surface
3 - Non-instrumented half

Eerz
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APPENDIX I

TABULATION
OF GAGE MEASUREMENTS AND TUNNEL CONDITIONS
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AEI.C (AKUs INCe) AHAULDL AF S YtNNoAgl
VON RANMAN uAs UYNAMICS FaCTLlTY

mRUN 3631 NASA=SIS Teot'

RCspe R SO e e e e S
TEST CONNLIIUNS TEST GAS NETRUGEN . Q=0¢ ST=Us AND HREF HASED UN <673 INCH RAUIUS
ANGLE OF ATTACK ¢(0.000 URG. — ANGLE oF YAw 0 (QEG, ANGLE OF .ROLL 0 Deo. MODEL LENGTH 24.000 INCHES

TIME = P=INF "HHO=TNF ~ T=INF ~ U<INF M<INF Q=INF “REJFT" """ RE=L " VSINF 77 "PO T T0TTTTTUROTTTTTTR0 MTU/Z T STO HHEF Bru/  POP
..... MSEC . _PSla_LbM/CU-FT DEG W FI/SEC . _PSLA__ Xlyze. %1076, ... PSIA__UEY R bTu/LBM _SUFI-SEC ______ SOFT.SEC H PSla

71 130048 003435 {olen 5230 10e40  9en37 646721 13,2443 400265 6377 2102 5.713g-02 7705 +01016  .04963  18.132
TT  e1l/9h6 oufidtal ToHel B405 10ead H,969 9,0347 11,0095 00792 6060 2291 0.,099F 02 805 01101 .04705 16,509
rmea 8 G BUPNYY 002811 LOHed | €433 10440 Hogl( 940915 1041430 400305 . 5766 2277 ©,160FE 02 .. T840 . .01151 404535 19,328
89 L101472 0n24rT 106,  S196 10,49 7,408 449011 Y,El4l 00312 5490 2249 0,075 02 Tae7 01175 ,L04374 14,402
eemeen 98 GOMTS96 002319 10T,1 B96 10400 T,4/] 40713 9,342 ,00319 . 52729 2253 06,078E Q2. T3.2 ..01202 .04271 13,/80
101 ,093249 ,u02706 107, S402 104,49 1,132 4.43n2 ov,eled 00327 §007 2201 ©,092F 02 T1.7 .01232 .04l68 13,154

108 o OHONSH L0199 100el _ S3YP 10.~I._QLnﬁ&.__4A2£1___.§>§4_;nq112____9dui__zzb«__b-069£.n2___ln.1__.01450 206091 ___ 124715 __
110 LUH4 302 sublulh 106,14 SN 10,98 6,685 4,101 8,203 .0udel 4667 2248 ©0,04TE 02 67.6 ,L01285 ,03958 11,760
ceaea. . L16 QONPURG L001992 L0Te0 9190 10644 6470  JGE939 T IHTY 00349 | 4632 2265 6,084k 02 .67.1 «01314 .0384Y 114547
125 077725 «unl1%u2 10hat £364 10s42 Se903 7259 T7,.4517 .00356 4153 2240 ©.,009€ 02 63.9 ,01340 ,037%8 10,086
""" PRESSUME FATA (1 PRESSURE 7 P ) 7 T T e ey e
TIvwe w7 FY LTy 53 ¥h P7 T 9 P18

i T @1622P (BT1LS (16669 415796 16097 16460 oJ09HS 18440 ,17215
T1 J16130 11033 16603 ,19HS7 15849 10310 10183 18079 16960
________ S 83 G607 Gl 16497 15172 15671 (19970 sl0yEd L1/9%% ,16P64

= G 2t I R T e [ N
B9 L15H94 (17043 16491 419898 L1874 L160«0 ol01/) 1b0EY 16985
95 415957 L178ch 16553 15HA) ,155°5_,15900 «ju167 ,181%0 . 16064
100 .19h03 17506 (16316 15799 16296 L19H20 19625 18044 LlbEH)
B L S L L A WAR-- AP T L SRR L L I L P L L Y -1 L L R LT L R Y L S
110 16071 L1710 J1€3VT 15693 153 5 15400 «199246 18478 17276
e A1E G 1SHLL GLTHL0 G 1€3RY L} TRY G152¢3 15730 412142 ,181%8 o07Q1S .. __....__ e e ————
125 L15370 16997 15416 19243 14500 15090 <1e876 17295 ,16343
T REAT TRANSFER UATA (H / HREF]J
"""" TYRE """ 77702 "“"(J‘G“"“'0‘6""""'(I?""""dr‘a‘"‘""09'"‘"‘hI‘U"""GIT"'"'OTZ"”'"C'fi"""h‘i5'""“016 TTTRIY TTTTRIRTTTTTGI9 T Teze T @2y T

o TL e?6433 26973 3g316 NTTT L0051 ,29603 432429 ,2B850 31510 ,299H1 29099 025009 .23402 ,26973 .26478 ,22803 237135
1777019633 223160 21260 L3301 42980y L2H965 512395 28072 431026 230315 24981 25001 23110 +26456 26441 ,23388 423948

83" J16HYT 26051 27411 _o2MErs ,PT403 .20922 o3ul€) 20947 o316HY 530762 425009 25050 23489 426862 (26Y30_o2382H_4¢4233

B85 16376 10578 (11Sh3 L7606 .230“» 24eB5 JT306 J2hbT8 9682 30655 24417 (20713 23609 o26030 27050 ,23917 .23v07

.95 _.12061_ 12673 L1517k .1n979 17735 J1YH0H_ (22U5H 42121 29587 2HanB 22679 ,23813 ,22689 (26455 ,26¢50 ,23%6% 23237
PR T 1317 U976 L 0ETI2 14925 13840 L15019 17464 L1 1653 21671 220147 (205990 422651 21119 (25256 .p5033 23214 22419
U4 L 11M2) GUIHSL 4 0EEST L13BNT 12446 14296 .lucld .1:7’9 edY9IS .22596 ,19685 L2009 20729 424091 ,24760 ,23126 +2244)

1107 21Y237 09932 L0é6h6 11tk .10ca9 J12192 didesy T 1d00e CETE o15639 17002 18237 18966 22932 23135 ,22201 21918

116 411560 409939 0k 752 16071 40RB0Y (09938 o1ille oluvl? 413170 15960 o145963 15354 .16606_,20338 21074 _,20n9] 2lUY06

TI25 JT1413 LU9IRZT oF6TH 06410 L06/19 00125 ubB=04 JUB3GY 10309 12398 11456 12882 ,164302 17799 .19421 ,16826 «19929

"""" TIME °7"W22  CUNPIT T GReTT TR TTTTURKTTTTTURTTTTTTNZE TTIURES TN TTUWAY TTTRIZ U oUIIT OISR T R3TIU039 U Q40
Tl 026364 o2574h «21539 425276 429396 39852 027193 29580 ¢25R17 30333 231300 27761 30012 32634 «31703 29188 «2B558

"""""" TV 77926910 «29991 427685 2295132 ¢29371 3002 029670 228870 05542 o294h] 31562 27388 030035 +31987 230810 «29162 28104
B3 426326 420237 «214BB 420043 429117 oP933H o2YEST 2BHZ4 «cHT4B 425178 031292 27293 230373 30566 305717 429657 _e29460,

BY 28908 «c0| 0! woTgTH 205741 «PHA ] adHoFH 2790k s2B4ts <cOB17 029358 ¢ 30711 ¢20946 +3019] «29048 »30230 «30083 ¢2H906

9 2266F ) 4290619 2t93h o 245AH 2T T G21595 e2918H e 21219 _e£9319_e2C2HT 029689 29176 29212 e24373 429103 429501 ecT003

101 O2591H L2h12e «PE2TY 224419 L2714 420653 «2Yu0h 22H2S0 €507 #2/296 29558 2259099 «24RTS 127542 <2R272 .2035) s2H14B

_________ 106 020240 o2S1cH o26693 #26E2] 2 2RG1IS 20926 029502 226579 0c959T 0271542 228648 029340 o2HHEB 27519 «2R300 «2EQLT 20534

110 29011 <2409 W PESIE J24FTY L2BYRY 21192 cc9E P 2621y Wed316 e?2Tn14 «29218 o2470d «pHTOO 427302 «2787) 27659 +276)17
11€ 2876 426001 «P5543 22429 «27922 o261UY ¢£0€22 o29628 029235 «2€318 420229 249308 #2332 26907 27069 27023 «<¢7373
125 0237259 «2299Y% 423495 p348] 42569 025232 e fB49 0259334 «cb462 P68 27862 26052 +3HI46 26355 L2727} e2701) e20365

"""" 19 (.1-NRAE *7’S MR YY" R o % R 7Y S T SRR VT -5 DR 13- SR 1 3: I -V S TrTmens
__________ 71030751 29973 29960 _,2H00F ,29722 ,2Hv09 (3370 39209 ,32616 . el
) TT 430209 30190 2HELG ,PTha] ,2R%70 ,304cé 33179 (3HABY 42142
H3 .?9?35 231611 2269H2 pRany 28073 ,39916h oilEbh 43995 432944
G 2701 L3097 (281462 L2160 L2TEUO ,Ju2h? 43876 38761 3¢RHY
9S  G2Th46 (30391 L2117 (26FG 27200 (27446 032556 ,30756 ,31076

TN T L2671 L0125 J2E6HO ,Ph229 7, 26449 (29115 42105 J38mIy Ld2p33 T TTTTTTTTTTTTTTTTIITTTTT TTTTmTTemTT T
104 J26h26 25390 26859 ,P3hT] 26203 .ZHUIQ_-JJ“13“.5“70“ O OB
TITTTTTTT 1107 "o258947 02 730m L22130 29813 PS8n4 28736 o2924n 33114 30102 -

116 425107 .2h434 26464 ,24070_,25619 T2HNY] w9945 L31215 29176
Y28  e20RU T 26941 L0€423 25003 429349 2931k «29212 <2bBEB <8125

J L LT T T bt L -2-3.-------.....--..-........4.ﬁ.,.



AEUC _(AHOy

RUN 3637 NASA=S1S &SI

LRC=Dn

1] SMUOTHING POINTS
TEST CONDITIUNY

T ANGLE OF ATTACK 20.000 UEG.

TEST Ga

VON RARMAN UAS
HYPEHSUNIC HO

S NITRUGEN

DYNarICS FACILITY
ISHOT TUNNEL F

INCe) ARNULD) AFSs TENN. 37389

U=0s_ST=Us AND WREF BASED UN

673 INCH LETITHY

ANGLE OF Yaw 0 LEG. ANGLE OF ROLL 0 LEG. MODEL LENGTH Z4.000 INCHES
TIME  PSINF  HHU=INF  T=InF  U=INF M=INF Q=[NF RE/FT HE=L  V=INF PO 70 ‘0 Q0 8Tus  STO HREF BTYU/  POP
MSEC WSIA LHM/CU-FT DEG R FT/S5EC PSIA  Aly=g X10=¢ -PSIA DEG R ulu/ 8% SOFT-SEC SQFT SEC R PSiA
T2 «166726 004728 9201  S189 10485 134727 10.3781 20.756¢2 400222 10063 2015 S.603e 02 __ 89.0 .00uS1 «06035 25,307
‘_'_"73'_1'65‘!02 004016 T00e3  $477 10476 13¢187 UeJa0? 10,6813 00246 ~ 97297 2260 6,24TE 02 1016 00925 05893 26,336
0 _«185269 ,00dnud 11249 5620 1054 13e087  Te4904 16,5407 ,00256 93H5 2384  6.583E 02 110e5 00976 05992 24,159
80 166012 ,0n32008 1210 S7H6 10493 12.87/9 640159 13,2317 .00270 9051 2528 0.983E 02 118.8 .01020 +05976 23.131
92 159105 003243 12Hel  SHY2 1n.4a 126148 5.8172 11,6344 ,00289 8443 2626 T.2607€ 02 12143 01074 L05816 22,444
1oo e149035 ,0028Y0 1390 6100 10,38 1lel236 4ol869 99,5738 ,00313 7878, 2810 /. 771€ 02 126.% .01181 .0557) 20,166
_ ] o1370d1 ,00200] Jahel ~ 6745 10ede 10267 __4e0499 a.cygym.opaaﬂ 73132943 dlle8E 02_ 129.1_ 01264 05376 _ 18,985
nz o 1304787 ,00¢298 14803 T 6281 10445 97787 3.7935 TT E0T1 00380 7064 2978 8.262FE 02 12840 .0]284 L03252 18,083
120 +119636 002103 led.0 6293 10.36 8.980 J.4700 o 9399 00366 0564 2994 d.273E 02 123.3 401343 ,0502% 16,009
128 112679 ,002065 14245 6164 10436 Be406] 3e4808 6.5617 00366 6131 2887 T.936F 02 11«1 01396 .04817 15,043
" 'PRESSURE 0ATA ( PRESSURE 7 PUP ) oot T - - T Tt -
FTTTOYIME ey P2 Py Py 43 Pé P7 Fa Py P10
T2 16930 (15510 o1€395 14810 ,15210 15020 «le81Q (14960 17040 17200 e - - —_—
Te 15110 019250 160867 414750 (15100 14770 14080 «14050 16850 17030
80 15030 19040 15294 ,14720 J15020 o194c0 14290 14410 16600 .16850 R e o
84 <14890 14700 414902 14630 14990 14200 «19200 14380 416540 416610
o 92___«14070 10610 14209 14401 L14M386 ,133¢6_o13852 419]136_416255_.106159
100 o10710 414349 14631 416601 14821 13378 413996 14308 16571 16490
108 14900 14940 14696 410027 14971 13399 14147 (14354 16869 ,]16356 S
118 «14650 14291 14590 14431 14715 13167 413991 10117 .16415 ,16096
120 o14410 L139d¢ L14369 14149 14706 ,13020 4137364 13969 .16322 L1601} e e e e S PR
12¢  L14460 13887 14463 ,1413> 14595 ,13000 «13533 13659 15909 ,15440
TTTTTTHEAT  TRANSFEN TATA ™ (H / HREFY
TIME Q2 Q4 a6 Q7 L [ L S Y a1l 12’ Q14 Q15 «le Q7 qQle Qi9 Q20 Q21
T2 217229 422988 432548 30957 27775 .28YY] «2B699 +291¢5 429323 426562 24617 24908 421151 21952 23371 .22478 27652
T6 12152 10996 J30AT4 LI0562 27396 ,2HID0 28054 27044 42d926 20754 23924 24139 21257 022226 423452 22075 26770
80 211906 (11294 ,2/0H6 230107 ,27302 ,27/¢4 427122 26720 ocu214 427002 423167 23031 420998 22678 ,23357 .21462 258695 o
TTTTTTTB0 TTal091Y c1044% 23700 J2HT06 ,26307 20474 26829 0292S3 (26HS2 J260T76 421709 422596 20185 422200 22379 ,20571 24299
92 11589 10607 417677 427247 26022 29992 420583 24232 <6471 26612 21510 2020 19697 22744 ,22064 20877 .23887
100 117306 on¥6/9 414434 623009 420429 (24497 429367 ¢233€1 20075 426206 420913 o22555 +19459 22854 21542 21069 23152
108 o1136H oubyYe J0EQ30 (168HY 19016 19735 «2183] 420405 423726 424571 19407 21167 18446 21939 20621 ,20534 21951
112 11740 07380 N7HID 416199 15797 17021 19416 18812 422576 24029 ,19006]1 ,20076 .1R4l4 21987 ,20667 20542 .Zibe8
s 120 _o11718 on7105 207105 10627 410608 ,14Hn2 o13706_+13218 «16690 _+20628 16053 17069 ,16680 20482 ,]19457 ,19093 .2029¢
1287 J1172H L0090 (0S4Y6 ,0AHAQY 07210 07803 GUYi9]1 ,0n402 11430 415447 12262 13085 14410 447981 17160 ,16995 18207
TIME G22 Q23 C24 02s Q26 w2t qza w29 Q30 k) Q32 Q33 Q34 Q3s 037 039 Q40
T2 26917 405200 «21210 02615) 26390 +29175 «206278 +280€9 +c5A6Y 420160 228464 226991 27130 26552 27301 26943 28928
16 027012 «/aln8 26579 423R57 26346 429342 +20€696 «2B220 «c5973 426852 28219 «20¢50 «26673 26585 27161 27005 «29136
e BQ 20791 024?95 425004 224479 420210 «EYd1(_220ETY 027940 +€533] 427473 220353 «27286 427290 25920 +27493 26562 29451
84 25067 231N/ 42441H 222365 293606 B3I 420292 270320 «24THT 420505 28078 +20064 427085 224011 26463 425432 29342
S92 24716 oP30Ct 124618 228G 25309 27816 «2TUSS5 427106 23970 «26077 27382 426026 «27845 24046 25887 23834 27807
100 023304 022990 o24409 422332 425155 JCOHIA «c004] «25911 023262 425270 20320 ¢€5d3V 27042 23310 424784 ,23028 266433
L 108 622955 22001 2319719 422993 4252146 420674 020942 425612 23686 24372 25179 23001 26584 422374 423945 421974 26192
112 «21H78 422912 «23674 422460 ,24T11 o€9930 o€0869 425329 «22R43 429141 +24935 ¢23038 26522 23076 423948 ,22106 «2949S
120 024755 421539 +2406H «21300 423648 ,203H6 +29¢45 «237%) «€1946 422766 24293 220288 425305 21753 422656 421497 .26482)
128 «22H40 «21671 o212793 221390 23311 o29474 425072 024557 ec2686 423426 ¢23737 22781 025657 22332 422797 21960 24920
TTIME Q42 Q43 C4d 45 @s1 Q@S2 "TASIT T @S4 T TTTITm e s e - T - T
R T2 «277TY 429279 30412 420979 433159 (31154 41207 36388 e e o ~
Te  «2845] /9306 (281322 26920 ,324Ha LJ1112 40992 (34R31
. B0 e26r9M 29506 L28H1T 427070 L31H10 ,3UHe2 140456 33178
T84 .20745 oPM52L 427328 29967 L3117 JHUBIA T39031 32370
92  «27035 7922 J2HSHH 425S%) 31103 ,J1364 (37¢99 ,32428 e o — -
100 26077 426309 224163 424345 29736 ,JudT] 4369644 31315 ’
108 26204 26071 423993 23149 ,2R04h 28169 43ISIRA L274C1 : o - . .
112 026347 ¢539¢ 424025 23376 21307 2T157 +3925H 425045 :
120 «26132 424294 J232R1 422103 26402 26920 _eJ2670 .22522
TTTTI2ET T W25010 74713 J21628 .22336 25712 L2004 GQb4aTT 17177
1
o e e e

Z4




- e by cmme e i —— - ——— i i i n e s e e ————

ACDC (AROs INCo) ARNOLOD AFS. TENN, 17369
VON KARMAN GAS DYNAMICS FACILLTY
- . HYPERSONIC WOTSHOT TUNNEL F

O PR

RUN 3633 NASA-STS TEST
LRc-08

TEST _GAS NITROGEN

Q=0¢ ST=0s AND HREF BASED ON

TEST CANDITIONS «675 INCH RADIVS _ _

ANGLE of ATTACK zo-ooo VEG. ANGLE OF YAW 0 OEG, ANGLE oF ROLL o DEG. MODEL LENGTH 24.000 INCHES
TIME  P=INF RHO=INF T=INF U=INF M=INF Q=INF RE/FT RE-L  V=INF - PO T0 HO Q0 ATy’ ST0 HREF BrU/ PoOP
MSEC PSTA LBM/CU-FT DEG R FT/SEC PSlA X10-6 X10-6 . PSIA DEG R BTU/LBM SQFT-SEC SAFT SEC R PSlA
96 +10R822 .003468  P2.0_ 4705 10e43  8.279 147560 15.5120_,00247 ____ 5263 __1662__4,623F 02 __S0+0._ 00932 __e04s5s_ __ 15,229
100 +1na712 4003226 84e8 4787 10.43 7,973 71,0081 14,1962 400258 5139 1737 4,785€ 02 519 00974 .04374 14,670
104 101747 4003015 BAL1  4AT74 10,41 7,722 6,4940 12,9880 .00269 S006 1B15 4,960€ 02 5SSl ,01036 404326 14,214
108 ,101911 4002832 Q4.0 499R 10.34 7,630 S5.P694 11,7388 400281 ART6 1925 S5.220€ 02 5845 01064 064225 14,052
. J12 4099690 .002612 99,7 5132 10431 T.416 542370 10,4740 .00297 4755 2040 5.503F 02 63.7 ,0)141 .04246 11,06J
116  .092099 ,00224) 106.5 5314 10433 6,952 4.4381 68,8761 ,00323 4613 2194 5,901F 02 67.4 ,01217 .04073 12,817
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AEDC._(AROs INCe) ARNOLD AFSs TENN, 37387
VON RARMAN GAS QYNAMICS FaCILITY
NYPERSONIC HOTSHOT TUNNEL F-

'UN 384T NASALSTS TEST
-AC=$8 MOOEL,
TEST ConplTIONS

TEST GAS NITROGEN «67% INCH RADIVUS

Q=0+ ST=0s AND MREF BASED ON

ANGLETOF "ATTACK 407200 UEG.  ~ ANGLE “OF Yad o OEG, ANGLE OF ROLL 0 UEG.+ "MODEL LENGTW 24,000 INCHES
TTTUVIMETUP=INF T RHO=INF T-INF U-INF m=INF Q-INF T RE/FT URESLTT VEINF T PO TOTTUTUTT HO " " Q0 @Tu/ "sTQ WREF BTU/ ~ POP
MSEC  PSIa LBM/CU~FT DEG N F1/SEC. PSIA . Xlu=6  _X10-6 . PSIA O0EG R_8Tu/LBM SOFT=SEC SQFT SEC R PSIA |
e B0 2129277 2003759 A9.0 ' Sn1A 10.62 10,207 _8.1829 16,3659 .00245__ 7n26 1911 5.249F 02 __68¢3 _ 00926 _ 04944 __ 18,802 _
86  +117007 4003256 92.7 5125 10.68 9,334 7.0965 14,1929 .00264 6T1S 2005 5073 02  T70.9 01018 ,04841 17.401
L2920 4112767 L00308S  95.0 S1TT 10.65 P.9la 6.5469 13,0937 00274 .. 6427 2092, 5.585¢ 02  Tl.4 401052 ,L04722 16,430
98 107155 .002HRD 97.¢ 5229 10eh4 B.492 6K.03A1 12,0762 .002RS 61AT 2099 5.699 02 TleB 401093 404606 15,0658
Lo 110 L 4095502 002407 10346 SI9R 104464 7,56 4,854 99,7708 ,00317 _Sh6h 2246 0,07IF 02 . T2.5 01199 L0410 ° 13.951
122 .0R2S51 +002016 106.9  S499 10,67 6,575 4.0400 8,0800 00350 5122 2336 6,302F 02 72.5 01317 L04037 12.132
cee. 830 0072041 2001750 10747 | 5556 10.74 SeB25 305106 T,0371 00377 ___ ATHL 2386 _ 6,420F 02 _ T0e3 . 401420, 403303, _ 10.750 .
146 065004 +unl605 105.8 S604 10473 S4292 3.2926 6,%0%3 .00392 4297 2349 0,309 02 6408 L01477 L01586 9,072
T PRESSURE NATA Tl PRESSURE 7 POP ) T T TS eMEsTemsisssomesmmmesoees
TUTIME T T ey T P2 TP T TR P6TTTTRPRTT TP -3 7 A
e . BO__ 448900 ,4608] ,42344 ,442R4 42307 41461 L4060 36617
8€  ,47965 47506 ,63133 ,45212 42417 40792 ,401064 ,35829
L.92. 447960 L47760 ,82719 ,45542 L415R2 39945 ,39103 ,349¢€4 e eeeatemeetiniemeeeeoaemeses-secses-eemsansiommecn <sevmranmsseennmeen: gt o naenn
98 47760 4H1BY ,43579 ,454H0 ,41252 .195HA ,38E22 34469
110 W4BT7An 49253 L66940 45603 Le1898 (39337 (BT W UTS
122 449500 49911 ,45040 ,4599]1 41262 ,39149 38312 ,3e117
1360 049790 151331 L4841 L4552 L,41866 ,39243 ,38279 ,342]1
146 49310 .51547 ,45329 .45303 41508 ,39496 37064 33854
TTTHEAY TRANSFER DATA (H /7 HKEF) ) TR T T - TTTTTmToTmen o T
""" VIng a2 0477 08 7T QYT T QAT T R9TTTTTANe TTTUTRYIY T Gf2TTTeTe I Ue1S TTTe1e T Ta18 T TTe19 T g2t e T ey
. B0 481250 LB1%2) ,T2373 ,RR4I9 90414 ,B4113 ,80361 81645 JTHGIT 41043 ,76240 74717 .4RN2Y ,T3I544 61979 64649 ,66954 _
86  ,75154 795h88 (KBTIT ,ATIAS 79706 ,B3IHZ2 19242 79379 17106 JR1864 (76709 74210 A9145 74188 61690 64138 07200
.92 JT1434 72585 (A1274 PRS06 ,TASAS ,R6603 ,TBIEA (H04ES 7HAL19 ,K1033 764245 72563 63337 73363 61537 63856 66926
98 (66312 70016 4NSIIT HSTIST 77496 85267 21291 oBOSS2 16754 (RUNGSG (71361 71809 ABIRE 70550 .A~N729 .6037TH 65792
________ 110 457591 (65295 42719 23921 79392 76107 +80219 77139 75176 ,7S210 57927 ,6944) LA3706 67873 50567 60573 .6315]
122 442249 59747 461999 LA14AT T3HT8 B8352A o71636 76050 oT1464 070499 65321 Hd059 SBHLG 56563 ,5A944 60571 ,834%4
e 134026242 (37691 452463 ,TIATI LA9TF5 00924 469431 473129 023998 ,64172..01055 66296 455604 6T072_.54M23 56731 9T929 . . __
~ 146 ,21023 19419 L2€086 ,55426 ,637r4 76012 (10639 72653 (63875 ,64509 ,61d79 ,66d77 ,53027 66068 ,54593 ,57741 56768
TIME QP8 Q25 (¥1) 028 029 030 032 Q3277 Q34 Q3s  03s "TQ@3r’ 038 0139 060 Qal w42
... 80 AR12R LT0379 (T1374 (64173 57995 54736 164375 JHQ0SE2 «93295 572465 657932 LSHT06 «STIB2 460372 451442 461135 54307
BE  «67471 70250 465844 4639714 457235 455729 «6IEZ0 460700 57366 467435 (SB125 58374 ¢5IIIS 460661 249799 459305 51157
e .92 SBTATT L69039 JHB229 453SKT (TS50 o54167 €U209 059858 496940 457413 L5617 458692 51657 o597T1 04123 .5S5110 250930
9E 466955 65505 JABATO 456516 45AFT 053543 «SYC2A o594€8 5TA0A 457220 58706 57316 149491 ¢S468]1 47469 5671k 49966
_____ 110 66117 60120 «AEJAS o&3010 14R4S) ,52162 ¢57366 53077 57185 455589 457393 «56320 +479h3 450912 ¢45766 453745 47715
122 63326 57514 JASTAT (51410 «4£95T 50125 «S4E79 455196 456922 +52521..55932 «57473 445237 47802 (43429 53290 45607
o138 455961 4947224 465074 L4865 46223 445756 S2950 52129 452962 46088 56070 54317 42763 45346 442250 453227 436429
146 457317 52968 .54H68 147826 46545 ,46533 050769 o51777 ¢S2B18 ¢44973 oS4B62 452561 41802 «44855 40HEE 49397 41978
TTTTTIME T TTNAY T T 044 TTTTCASTTTIRSY TUTT0S2 T TSI T TUSY .
87  «59373 JSS91B AETAB ,GN4T8 ,SHTIR L62RST 68479 U e e
8¢ ,584364 52541 ,51219 ,458h2 53072 ,582715 ,62616
92  JS5RE646 52563 60079 L44512 52298 ,56K37 459497 e e e e
- T 98 45KA19 52580 53258 43189 ,49997 54871 57322
110 .51109 ,49429 ,52910 ,40109 ,44557 ,49291 52646
122 49934 L4H1T7T ,S51HA2 L3776 41343 46712 ,4780R
134 . ,87755 43911 ,50950 35070 390068 43797 49052 L e e o an J U e
146 44125 ,41337 ,42239 ,34211 ,358%0 41196 41624
- R, .- evemesncae cmveae v - [ cemmmmarere o e --- . - ce€eiee - s ime e - N
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“erGN 3643 NASA-S1S TEST ™
_LRC-S8 NODEL

TEST CONDITIONS

. TEST GaS NHRUGEN
ANGLE OF "ATTACK 60,200 qu‘."‘_ -

AEOC_(AROe_ INCe) ARNOLD AFSe TENN. 37209
VON KARMAN GAS OYNAMICS FaCtLlrTy,
_MYPERSONIC WOTSHOT TUNNEL. F

0=0¢ ST=Us AND MREF BASEO»O” _*875 INCH RAVIUS
‘ANGLE ToF “YAW 0 OEG, ANGL! of mOLL 0 UEG, MODEL LENGTH 24,000 fncneS

------ TIME ° P=INF "RHO=INF T=InF "U=INF M=INF O=INF "RE/FT ~~"RE=L "~"V=INF """ PO """"TQ0: """"WO ~~ "' Q0 BTU/ "§TO HREF B8TU/ ~ POP
_____ mSEC  PSIa-LBM/CU-FT DEG R FT/SEC . PSIA__X10%¢ ___®10-6 . ___________PSIA_DEG R BTU/LRM SQFT=-SEC SQFV SgC R _PSIA
‘80 +106032 <002483 109.6 5523 10.59 84169 4.8835_ 9, 1671 200316 6042 2346 6,361€ 02 819 _+01189 _.04534 15.074
BE T L099072 002317 11177177 TS568710.53 7 7,688 4.4R26 8,56527 00320 S404 23737 0.4205 02 80.6 L0124 ,04398 1a.i87
......98  L0877ST 4002077 110.¢  SSS) 10,A0 6,900 4.0695 B,1350 ,00346_ __ 5235 2379 . 6,424¢ 02 Té.d ,01303 ,041S7 12,734 _
110 077637 001870 108s2 S515 10.he 64131 367130 7.4261 00364 4762 2354 6,339F @2 T0.6 «n1369 ,03896 11.313°
0122 070906 .001679 11043  SSST 10.h1 5.590 3.2957 6,%914 .003R5 4367 2393 6,437E 02 . 7040 01871 _ 03778 _ 10,317
138 063478 4001493 111e7 5593 10.h1 54036 249115 5,8230 00419 3993 2428 6,521 02 67.7 401563 . 03584 9.295
L1846 4057448 4001361 11043 SSTO 10658 8,552, 246775  5,35%0 ,00029__ _ 3574 2612 _6,466F 02 __ 62.7 _.01612 _,03348___ 8,400 _
152 .055103 001305 11043 5530 10496 4,304 25502 95,1003 .00636 33715 2383 6,378 @2 59.7 ,L01641 ,L03219 To941
"""" PRESSURE DATA 1 PRESSURE /7 POP ) T T o T oo sr e oo e
TUUTIME T Py T TTRP2TTTTRPY T pe T T RgTTT TP -3 Y DR ettt it
. 80__ 93438 ,B3569 ,773R1 ,793%52 ,76293 ,74256 67294
TTTTT867 L9139 83102 77208 ,799R8 ,7h24%0 ,745d] 67549
_________ 98  ,909AT ,B2727 75670 77403 73914 .,70A18 L652%58 e e ee e e e e e mama e a———————————— e e e e omem e ot o e m mermm e m e ————e .
110 92590 ,B8SOTT 76147 ,7R6N5 73695 70996 (65378
Lo N2 9202 BSBN ST T ST 3272 STORYE 08002 e
134 492184 84830 75435 ,7A919 72659 69933 64722
. 146 91463 [BanF] ,74966 ,TT8A2 71549 ,69200 .69271
152 (920HT ,B4H52 75380 76011 70815 ,68674 (63774 .
""" HEAT TRANSFER DATA (M /7 HKEF) = et e
TUVIME @2 T T @4 TUTTE6 T 0y T oew T T @9 TTTeTe T Y el e TUTArd Tas T Q16" 7T g187T T Q19 T e21 T Q22 T
_ po__.5941z..79013 o TI3T1_LRILTE ,T2S73 ,74379 82047 76049 «71RE2 6735 (75642 67765 .67025_,638T76 64742 ,6137] 63261
57505 77836 ,55425 ,A12n7 70342 73492 80696 ,75226 ,68942 65874 73249 65473 66422 062107 ,69323 ,60R42 ,061822
; “_“_”?8 053720 T2A30 JATALT ,TANGZ (87572 72048 <T8263 (73258 65639 ,A2342 oT1066 61040 A5KT4 60349 54619 ,56842 ,606U6
110 oS5I7HA 6H661 65279 ,73241 ,A4l16 70658 76429 ,T0652 (62062 58769 ,68222 ,57547 84326 58766 631752 ,54229 58209
. 122 449532 ,61R138 62078 ,AH09S5 ,6]340 ,6HAT2 *%ese 635824 59623 56734 69933 ,53895 ,63108 .54685 63118 L4971S 95671 .
134 48716 ,56677 58166 ,A3782 ,59826 67907 #°%0e 62416 ,56741 (53879 62361 50876 61374 51769 61285 48106 53263
- 146 _ o49h8% 505643 571906 ,61572 ,50621 ,67022.. 5_.SB7€9 493979 ,52376 .oS7€95 48129 ecese 48975 ,60352.,45233..50818___
192 49A4S 48169 57206 .60733 ,58008 ,6682) #%ese ,S8043 (SIRE0 .51RAI 56847 ,a7906 eseee ,40063 ,5AY18 ,44378 (49761
T OVIME T Q23 " 7TTa2é €25 02a 7 T 029 T @30 CTTW3Il T 033 7703477777098 7036 T T Qa1 T @397 T gso asl C42  Qe3
.80, 066041 $6BALG (AS2TB 465727 (55649 57652 «64601 62102 63109 ¢59766 66062 64379 86102 ¢60317 64348 59765 #54004
86 463257 (65733 442716 (AL 4539246 ,55237 62327 60023 62078 +57349 483117 63728 83467 S5T939 62109 5€36n 60233
e 9B 460345 063495 oSST1B 4AQ1T79 45205 +5ILHS «60020. «5Y111 00364 ¢529096 062239 +61124 53319 052763 ¢59374 53671 455695 ___
110 o57F42 J60R3T (56248 456349 50442 50690 «57160 456132 «S59261 450824 H01HT 59432 53642 47387 ,5448% ,50207 51038
e 122 ..093P29 (57421 452399 527HS L47626 L4H2DR 59231 053145 «S57467 447366 459378 STO4] 49655 (44415 56093 47363 485067
134 «51849 54268 (50619 «50I91 465251 446711 «SI€L1A 452017 2356223 045267 SH7H0 o53477 «aSATT (81624 52137 L644276 445622
2186 050188 05293 J4BT763 JATEAS 447176 J43BTS #4927] #5010 54349 042140 56024 48729 <434T] #9876 (50375 442713 «42789
152 0492326 51863 47109 4465342 44246H5 442081 «4U054 49160 eD348R 461567 54832 46428 042142 039147 49743 L4218 41730
TUTTTTINE T AT T AS1TTTTRS2TTTTASY T 056 T
.80 JA1534 450379 ,52564 L,AN252 LAALRS e e e e e a e e an e e e e e
86 460743 (47483 ,50292 56397 ,69372
e TB S TAAT CAITES LAC 0B LS T2 CBURS e ———— e e e e e e -
110 «S3R6) 40012 ,42169 44376 ,49878
122 (50129 30642 ,35460 ,05611 ,46240
134 49120 36254 37352 ,423r9 ,61371
......... 186 . 046379 234139 435273 4dN083 48002 | . et eemmcacocemsceceseeseame-aemceseseseacemesee teeasmmmenreanenemeecmemeoeaemnemnanaaenmenm e man
l52 045462 433356 034166 L39141 L9576
. L)
\




AENC (lROo 1NC.) ARNULD AFSe TENN. 3J89
VON KAWMAN GAS UYNAVICS FACILITY

B T U SRS PR WYPERSONIC WOTSHMOT TUNNEL ¥ - - eecaiemosmeneaanmeemn
iIN"3645 NARAZS {5 TESY "TTTTTTTTT :
=SB MODEL e, e e
TEST connlITIONS TEST GAS NITROGEN | Q=0+ ST=0+ AND HREF BASED ON <675 INCH qulys
g KCK 36,700 OEG, ANGCE OF VAW 0 DEG, ANGLE oF ROLL o DEG., MODEL LENGTH 24.000 INCHES
TETVIME RS INFTTTRHO=INF T ToINFTTT U= TNF M= INF Q= [NF *REZFT """ RE=L " "V<SINF 77771 PO L{ M HO T°TTTQOT@TU/Z TTTSTO HREFT BTU/ T POP YT
«--.MSEC  PSIA LBM/CU<FT NEG ¥ FT/SEC _ .PSIA__ X10=6 __ X\Q=6___ .. __._______PSJA _OEG R BTU/L8BM _ SOFT~SEC _ __ ! SOFJ_SEC. A  PSIA .
Tl 195266 005446 93,0 - S153 10,58 15.594 116767 23.3533 -00206 10514 1983 S.533g 02 932 .0n791__ «06457 é537tl__

V85626 ,000839 100,2 5312 10.%5 14,722 9.9940 19.5879 ,00222 10051 2121 9.881F 02 97.6 .0n836 .06171 27,151
e Bl G187713 4004708 101,99 S320 10.57 144371 9.5758 19,1517 ,00225 ____ . 9582 2135 5,903F 02 9740._...00%48 __,06080. ...206,%02
[T .l&qu?l ©004359 101,58 5334 10.61 13.370 €.5001 17.€002 00234 9137 2151° 5.931€ 02 942 L,00882 ,L05850 24,658
910164587 4004195 102,55 _ S3I34_ 10,57 12,872 8,5078 17,0156 00239 | B726 2157 5.934F 02 .. 926 _.00900 _.,05723 23,739
101 146475 ,003644 105,49 €405 10.57 11,480 17,2903 14,5806 ,00253 7954 2225 6,092F @2 91.0 L00972 .054n2 2l 176
111 134271 .003356 106,53 5375 1055 10,459 6,7277 13,4583 00244 7256 __ 2209 __6,027F _02___8S.4__,01010__,051138 19,248

116 125151 .003174 103,08 S367T710.577 9,858 643930 12,7860 00275 6932 2206 6,007F 02 B2e5 01037  L04954 18,181

........ 121 0121938 4003075 103,00 S357 10,56 9.516 641962 12,3924 ,00280 ____ 6696 220] S,986F 02.. .60.6__.01053 _.,04855 17,550 .
126 2114799 2002034 105,80  T407 10455 8935 S5.6431 11,2862 .00293 6336 2241 6,098F 02 B0e4 ,01102 o04711 16,481

""" PRESSURE NATA "0 PRESSURE /7 B OP ) T T o o o e o S SSSCSSTremesTIToroToemTosmosmerT
TIVE PY P2 73 P3 PG 75 L e 4 R € , :

e Th eB101S JAR3IAA L4562 45555 439245 L4034 440674 L3IBSE2 LIek68 e R

V6T 081630 L485697 L6%463 105633 ,39337 L4128 «41067 39184 ,35340
81 449661 (47556 442779 4441A3 ,37976 40570 4405TH 389€) . 3529]
86 49497 L4071 L,42083 ,43R90 ,37913 ,40530 40727 39014 .135528
91 +%50146_ ,4BAB0_ ,42005_,44176 ,39723 ,41655 040910 _.39116_,35762

TO0T 50152 L4n730 0362R J44864 ,18402 ,41662 L41168 ,39305 35674
________ 111 «S1507 .50%66 .aar57 146269 .39652 42331 «41099 ,39308 ,35702
116 T 81978 51191 ,449AY 46BAT L60070 ,42506 41154 ,39485 L3I5R77
121 51407 .50369 ,44515 ,45577 38790 ,42435 .40741 39089 35420

12€¢77°,52048 50772 ,45299 ,467197 39657 42981 40982 ,39160 ,35498

T REAT T TRANSFER OATA™ TH 7 HREFT

TTUTYIIME TR T T Qe Qe T [+ 1 AR + 1 Rl aro-—"—""" vir—"-- ') - QY3 OV T ULS Tt ulg [+3 f: N+ L Aniialr - - R + V.3 (R T2 S
71 91PAT 96750 95702 ,99R7E 99655 99933 92156 94486 85082 ,92539 96906 ,91916 ,A3212 79562 ,95483 _Ta609 79812
"""" T677,859167 88589 [814h7 T 98362 9947567 95150 ,92435 HI4€2 44524 39;82 92155 91189 .B3267 ,TEIT8 94779 7436y ,18/85
81 ,83297 ,8/358 32517 ,98417 ,95322 93424 ,9¢50Q 88471 ,d2975 ,AT7491 noele 91383 ,A2899 78263 ,R3091_,7530q ,75837
BELR2160 LB5T23 TAG161 198340703040 192659 L9267 88311, &1047 LREA59 30172 .90264 02057 L T€565 L AI14A L133137 72881
91 77755 84230 76046 95657 90346 89779 52066 85132 ,41135 ,K4217 77919 88618 77604 ,T€118 _R07ET 70197 ,70994
Y01 059292 B2kl ,72997 ,99599 _A4176 ,R6294 J4T0SA LBILIB .17267 .a4906 1759%4 .83936 L7278 .712489 "TIR5€2 L67484 T6715]

110 L4547 79412 72261 ,R91%K H4a2a3 _R4220 ,H0942 ,41HE0 ,75349 ,K3789 74540 82040 ,73130 ,70751 ,7R035 ,6H245 ,65399
TTTTUULE T L41A3T 79551 72076 L 8T611 ,42546 ,83399 49233 80578 °,73421 ,40k59 72616 ,78810 ,68609 68708 77726 67330 65397
Y21 .38%79 77350 _,65944_,P3315_,92347_,B0479 83975 78134 ,718135 .76353 S 70716 .76193 .69368 .66736 75129_,66673 54370

T he€ .31756 147597 ,619897 nleqé',al167‘;78i75';61609 J716857 .Ioaz& 74611 67258 , 75159 69499 64849 72781 671377 ,63952

CTTIME T 0237 ""024 ° G225 "TTQ2R” T Q@3n T AP SR * - i 033 "0 [*5]- . [*hT- I " i A i |- I [~ L R LY B Q42" "7 Q43 777
Tl «795273 o75RB2 80500 71186 J67SP2 ,RBD1H2 70527 64822 66855 oAT134 oH9506 473313 77394 475649 74586 ,69747 « 13684
TTTTTUUY6T WT8ATS 475918 479459 471097 650719 LT79345 0737877063371 65846 066750 054421 «T1952 76875 oT3T98 LAT7525 63625 «70332
81  o75935 475780 +7€354 467165 4636H6 <THALS 75231 +61244 465212 64561 62039 «71049 «75394 71923 ,43317 55886 «68506

TTTTTTBET GTITOT UTARBE (T43545 70661947 0425767 TTS51AT TTS02T 60063 466413 JR2TNT 461190 JTI626 075130 70798 (62987 J581 123 661887
91 o72660 «TIWHT JTAIHT 641A0 52137 72485 12044 oS5BILY 65540 «A0S31 +61307 70968 +73703 469380 601970 .5€413 «63676
101 «68569 T090) 83626 4A1035 «5%211 470920 «70L00 «58163 ¢n6269 460031 ¢60351 «69522 +65179 464040 5251 52366 9904
111 oAT902 J6HABT (AR T4 L5901 57514 69671 69437 S6ALT 63907 oS5T7447 G592 463412 64990 61628 53547 ,50995 56514

""" 1167 <AT183 649066 67522 453660 4564620 266423 «66160 «550Z1 63522 +5TA9L ¢59440 +62238 . .66658 ,56088 57856 .50522 55058

121 464791 (68326 oH4680 +5T3I4S (S62HH 82727 65840 ¢5504D 62468 57292 459524 58947 40470 57317 51457 ,49516 «53652
126 265022 J6BH22 4H4P92 4571936 56205 62999 64758 ,559¢€4 «6]1040 456948 ,58319 459232 462016 «SS677 L4R975 ,4789 5887

------ TIME 7 B4 " T 065 TGS TS T QS T QS T T ST ETeSSmeTimossooTiTiensemoeeees
Tl «68754 77731 464355 .6493) ,750%3 ,72931

"""" 76 T 63745 76213 85196 ,AITND 65275 ,6R115
81 .h059h 69516 ,S5LE65 61392 .bb7l0 .66092

B TTLSY9 30 L64587 L85652 TLA0119 L 66746 167167

91  +SAP07 64955 ,564A99 59816 ,61005 66326

101 54409 62375 51198 JS6BR0 ,53%93 62255

1t e53514 60562 48272 ,53916 ,h048) ,S9520 S e e T

116 .52937 .53206 .478K0 .52R81 ,5GR30 ,SRA20 -

121 +52A13 .59649 ,4€5790 ,51747 ,SAInT _.ST117

TTTTI267 « 50404 .52961 Te44 106 449490 559417 ,53u8S




AEUC (AWus TNCe) AWAULD AFSs TENN, 317289

‘VUN AAHMAN UAS QYNAMLCS FACILETY

rrmmceerecsemcrmecee e nmenn BIEEHSUNLC WU TSNUT TUNNEL F ...

S T L R £ -
CLRE=SE MODEL e caee e a—ann et emete o om e omeenemeeaneemeeSeemoee vasmate s eeermeamannnen nemans nalonsenn.
JEST CONOLTiunS - TEST GaS NII1HOGEN Q=0¢ ST=Uy AND HHEF BASED ON  «67S INCH RADIUS
ANGLE OF ATIAaCN c0.c00 uvEG. ANGLE OF YAw o OEu, ANGLE OF ROLL 0 UtGe HULEL LENGTH 24.000 INCHES
e BTME ™ RS INF T TRAOS NG T Y= Twf UL INF W= INFT Q- TNF TTREZF T RESU™ VS INF Ve (M WO TTTTTTTU0 B TU/ T TS Y0 HREF BTUY TTTRPORTTTTT
.-_.-..'.'S.ts.-....“blﬂ LoM/CU=FT LEG W FI/SEC ________PSIA___Ali=6. e BTG . PSTA.QEG. R BTU/LEM. SQEX~SEGQ . . -SQFT.SEC W.. PSiA.
T2 149189 onpsolS 1o7et €654 10498 143925 Yel667 18,3335 .00230 10038 2244 _6.211€ 02 )06+6 00968 .0625¢ '27.._553__
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SELECTED WINDWARD SURFACE CENTERLINE PLOTS

OF GAGE MEASUREMENT RESULTS
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APPENDIX III

SELECTED PLOTS OF HEAT-TRANSFER RESULTS

USING THE PHOSPHOR PAINT TECHNIQUE
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