@ https://ntrs.nasa.gov/search.jsp?R=20060020179 2019-08-29T21:56:57+00:00Z

NASA/TM-2006-214306

Shuttle Return To Flight Experimental Results:
Protuberance Effects on Boundary Layer
Transition

Derek S. Liechty, Scott A. Berry, and Thomas J. Horvath
Langley Research Center, Hampton, Virginia

June 2006



The NASA STI Program Office . . . in Profile

Since its founding, NASA has been dedicated to the
advancement of aeronautics and space science. The
NASA Scientific and Technical Information (STI)
Program Office plays a key part in helping NASA
maintain this important role.

The NASA STI Program Office is operated by
Langley Research Center, the lead center for NASA’s
scientific and technical information. The NASA STI
Program Office provides access to the NASA STI
Database, the largest collection of aeronautical and
space science STI in the world. The Program Office is
also NASA'’s institutional mechanism for
disseminating the results of its research and
development activities. These results are published by
NASA in the NASA STI Report Series, which
includes the following report types:

TECHNICAL PUBLICATION. Reports of
completed research or a major significant phase
of research that present the results of NASA
programs and include extensive data or
theoretical analysis. Includes compilations of
significant scientific and technical data and
information deemed to be of continuing
reference value. NASA counterpart of peer-
reviewed formal professional papers, but having
less stringent limitations on manuscript length
and extent of graphic presentations.

TECHNICAL MEMORANDUM. Scientific
and technical findings that are preliminary or of
specialized interest, e.g., quick release reports,
working papers, and bibliographies that contain
minimal annotation. Does not contain extensive
analysis.

CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

CONFERENCE PUBLICATION. Collected
papers from scientific and technical
conferences, symposia, seminars, or other
meetings sponsored or co-sponsored by NASA.

e SPECIAL PUBLICATION. Scientific,
technical, or historical information from NASA
programs, projects, and missions, often
concerned with subjects having substantial
public interest.

e TECHNICAL TRANSLATION. English-
language translations of foreign scientific and
technical material pertinent to NASA’s mission.

Specialized services that complement the STI
Program Office’s diverse offerings include creating
custom thesauri, building customized databases,
organizing and publishing research results ... even
providing videos.

For more information about the NASA STI Program
Office, see the following:

e Access the NASA STI Program Home Page at
http://www.sti.nasa.gov

e E-mail your question via the Internet to
help@sti.nasa.gov

e Fax your question to the NASA STI Help Desk
at (301) 621-0134

e Phone the NASA STI Help Desk at
(301) 621-0390

o  Write to:
NASA STI Help Desk
NASA Center for AeroSpace Information
7121 Standard Drive
Hanover, MD 21076-1320



NASA/TM-2006-214306

Shuttle Return To Flight Experimental Results:
Protuberance Effects on Boundary Layer
Transition

Derek S. Liechty, Scott A. Berry, and Thomas J. Horvath
Langley Research Center, Hampton, Virginia

National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23681-2199

June 2006



Available from:

NASA Center for AeroSpace Information (CASI) National Technical Information Service (NTIS)
7121 Standard Drive 5285 Port Royal Road
Hanover, MD 21076-1320 Springfield, VA 22161-2171

(301) 621-0390 (703) 605-6000



Table of Contents

List of Figures

........................................................................... v
List Of Tables . . ... e vii
INtrOdUCHION . . .o e 1
NOMENCIAIUNE . . . e 2
SUDS OIS « . .ot e 2
Experimental Methods . . ... ... e 3

TeSt FaCIlitieS . . . . ——— 3
20-Inch Mach 6 Air TUNNEl . . . ... e 3
3l-Inch Mach 10 Air Tunnel . . . ... e 3
20-InCh CF4 TUNNEl . . ..o 3

Phosphor Thermography Technique . . ......... . i et s s 4

Test Model DesSCriptioN . ... e e e ———— 4

Data ReUCTION . . . . ..o e e e e 5

ErTOr ANy SIS, .« . e 5

Test Matrix and Tunnel Conditions . . . . ... ... e 6

Experimental ResUItS . . .. ... e 6

Surface Heating Data . . . . .. ...ttt e 6

Summary and CONCIUSIONS . . . . . ..o e 8
ACKNOWIBAGEMENTS . . . o o e e 8
REfEIENCES . . . e 8
Literature SearCh . .. ... .. . e 9

1= 10 11
FIgUIES .o e e e 21

Appendix A: 20-Inch Mach 6 Air Tunnel Aeroheating . . ......... ... e 25

Appendix B: 31-Inch Mach 10 Air Tunnel Aeroheating . .......... .. i iiun 83

Appendix C: 20-Inch CF4 Tunnel Aeroheating . .. ...t e e 115






List of Figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.

Development of a repair capability for Shuttle return to flight............coooviii i, 21
Facilities used in the Current StUAY. ........cocuiiiiiiie e 21..
Schematic of thermographic phoSphor SYStEM...........ciiiiiiiiiiiii e, 22
Ceramic Shuttle Orbiter MOdElS. .........c..vviiiiiiiii e e 22....
Placement of fiducCial MarkS. .........cuooiiiiiiiiiie e e e 23.

Shuttle Orbiter model fiducial mark [0CatioNs. ...........eeviiiiiiiii e 23
Model setup using laser alignMment SYSTEM. ........ocuiiiiiiiiiiiiiee e VN 2



Vi



List of Tables

Table 1: 20-Inch Mach 6 Air Tunnel Average Flow Conditions.. . .. ........ ... ... ... .. ... 11
Table 2: 31-Inch Mach 10 Air Tunnel Average Flow Conditions.. . .. ....... ... ..., 11
Table 3: 20-Inch Mach 6 CF4 Tunnel Average Flow Conditions.. .. ......... ... .. ... ... .. 11
Table 4: Shuttle Orbiter Model Fiducial Mark Locations. . .. ... i 12
Table 5: Chronological Run Matrix for Test 6883 in the 20-Inch Mach 6 Air Tunnel. ........... 12
Table 6: Chronological Run Matrix for Test 6886 in the 20-Inch Mach 6 Air Tunnel. ........... 13
Table 7: Chronological Run Matrix for Test 6892 in the 20-Inch Mach 6 Air Tunnel. ........... 15
Table 8: Chronological Run Matrix for Test 390 in the 31-Inch Mach 10 Air Tunnel. ........... 16
Table 9: Chronological Run Matrix for Test 162 in the 20-Inch Qkhnel. . ................. 18

Table A.1: Cross Reference of Figure Numbers Versus Parametrics for Phosphor Images from the 20-
InchMach 6 Air Tunnel. . . ... . e i e e 25...

Table B.1: Cross Reference of Figure Numbers Versus Parametrics for Phosphor Images from the 31-
InchMach 10 Air Tunnel. . . . ... e e 83....

Table C.1: Cross Reference of Figure Numbers Versus Parametrics for Phosphor Images from the 20-
INCh CR TuNNel. . . . 115

Vii



viii



Abstract

The effect of isolated roughness elements on the windward boundary layer of the Shuttle Orbiter has
been experimentally examined in the Langley Aerothermodynamic Laboratory in support of an agency-
wide effort to prepare the Shuttle Orbiter for return to flight. This experimental effort was initiated to pro-
vide a roughness effects database for developing transition criteria to support on-orbit decisions to repair
damage to the thermal protection system. Boundary layer transition results were obtained using trips of
varying heights and locations along the centerline and attachment lines of 0.0075-scale models. Global
heat transfer images using phosphor thermography of the Orbiter windward surface and the correspond-
ing heating distributions were used to infer the state of the boundary layer (laminar, transitional, or turbu-
lent). Test parametrics included angles-of-attack of 30- and 40-deg, side-slip angle of 0-deg, free stream
unit Reynolds numbers from 0.02%16 7.3x16 per foot, edge-to-wall temperature ratios from 0.4 to 0.8,
and normal shock density ratios of approximately 5 (Mach 6 Air and Mach 10 Air Tunnels) and,12 (CF
Tunnel). The database contained within this report will be used to formulate protuberance-induced transi-
tion correlations using predicted boundary layer edge parameters.

physical cause of the accident, such as preventing
the loss of foam, and on-orbit inspection and repair
of the Thermal Protection System (TPS). For
In August of 2003, the Columbia Accident instance, recommendation R6.4-1 was listed for
Investigation Board (CAIB) released the finalthe TPS:
report of the investigation into the February 1,
2003 loss of the Space Shut@®lumbiaand its
seven-member crew. The report concluded that:

Introduction

“For missions to the International Space
Station, develop a practicable capability to
inspect and effect emergency repairs to the
widest possible range of damage to the
Thermal Protection System, including both

“The physical cause of the loss of Colum-
bia and its crew was a breach in the Ther-

mal Protection System on the leading edge
of the left wing, caused by a piece of insu-
lating foam which separated from the left
bipod ramp section of the External Tank at
81.7 seconds after launch, and struck the
wing in the vicinity of the lower half of
Reinforced Carbon-Carbon panel number
8. During reentry this breach in the Ther-
mal Protection System allowed super-
heated air to penetrate through the leading
edge insulation and progressively melt the
aluminum structure of the left wing, result-
ing in a weakening of the structure until
increasing aerodynamic forces caused loss
of control, failure of the wing, and break-
up of the Orbiter.”

tile and Reinforced Carbon-Carbon, tak-
ing advantage of the additional capabili-
ties available when near to or docked at
the International Space Station.

For non-Station missions, develop a com-
prehensive autonomous (independent of
Station) inspection and repair capability to
cover the widest possible range of damage
scenarios.

Accomplish an on-orbit Thermal Protec-
tion System inspection, using appropriate
assets and capabilities, early in all mis-
sions.

The ultimate objective should be a fully
autonomous capability for all missions to

From the report came many recommendations,
some specifically identified and prefaced as
“before return to flight.” These return-to-flight

(RTF) recommendations were largely related to the

address the possibility that an Interna-
tional Space Station mission fails to
achieve the correct orbit, fails to dock suc-



cessfully, or is damaged during or after boundary layer transition databa$eThe intent of
undocking.” experimental wind tunnel cavity, protuberance, and
ablation investigations are to develop a technical
Resolving and implementing these recommendabasis to assess tile damage and to determine thresh-
tions in a timely manner has facilitated return toolds for deciding when to repair Shuttle TPS dam-
flight. age, whether a candidate repair material is feasible
from a boundary layer transition perspective, and
In response to recommendation R6.4-1, stratefinally how large can a repair site be without
gies for a TPS repair capability have been develadversely affecting the aerothermodynamic perfor-
oped. Figure 1 illustrates the potential stepsnance of the TPS. This report documents five
associated with TPS damage disposition and repaivind tunnel tests conducted in the NASA Langley
at the time of this publication. For the first reflight Aerothermodynamics Laboratory (LAL) to assess
missions, an on-orbit inspection, using a newlythe effect of protuberances on the windward sur-
developed Orbiter Boom Sensor System (OBSSYace boundary layer of a 0.0075-scale Shuttle
will be used to characterize any impact damage t@rbiter. The corresponding analysis and develop-
the Orbiter TPS prior to entry. Damage to the Reinment of the boundary layer transition correlation
forced Carbon-Carbon (RCC) will be assessed anchn be found in Ref. 7. A literature review was per-
repaired if possible. For the Orbiter wing leadingformed on the effects of protuberances on bound-
edge, the RCC repair project team has selectedaay layer transition and additional reports not
plug concept (shown conceptually in Fig. 1). Dam+eferenced are included at the end of this docu-
age to the ceramic tiles that cover a majority of thenent.
windward surface is typically in the form of cavi-
ties resulting from debris impacts (from either
foam or ice shed from the External Tank). DependNOMeNclature
ing on the size and location of the resulting cavity,
the disp_osition of t_he damage sjte yviII be (_aither heat transfer coefficient=g/(H,-
“use-as-is” or “repair” (as shown in Fig. 1) using a H,) (Ibm/ftzls)
cure in place ablator (CIPA) using silicone. Of par- ol

>

H enthalpy (btu/lbm
ticular concern with ablative materials is the fact K protub?a)r/a(nce heiéht (in.)
that under entry aeroheating environments, the L model reference length '(in)
repair material will not be shape stable and the D pressure (psi)
local repair will likely swell and outgas into (and q surface heat transfer rate (btt’:i/sto
perhaps destabilize) the boundary layer. All three R,  model reference nose radius (in)
of these repair scenarios, use-as-is (cavity), repair Re  unit Reynolds number (1/ft)
with an ablator (protuberance and/or ablation prod- y o
A T temperature ('R)
ucts), or repair with the plug concept (protuber- U velocity magnitude (ft/s)
ance), represent significant perturbations to the ¢ by 9 dth (i
existing Shuttle outer mold lines (OML). w protuberance wi (in.)
X axial distance from nose of model
The present protuberance boundary layer tran- (in) ise di ¢ i
sition tests are part of a series of wind tunnel tests y s?anvgsle distance from centerline
performed® to characterize the effect of these of model (in)
a angle-of-attack (deg)

localized OML changes on the Shuttle windward - et
surface boundary layer. Hypersonic facilities at the y  ratio of specific heats
NASA Langley Research Center (LaRC) that had a p  density (slugs/f

profound impacéon the direction and utilization of

agency resourcédn the Columbia Accident Inves- ;

tigation (CAI) were subsequently requested to sup—SUbSC”ptS

port RTF based upon prior experience with

developing an Orbiter roughness-dominated oo freestream static conditions
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aw adiabatic wall conditions Mach 6 Nozzle Test Chamber (NTC) Quiet Tun-
FR conditions from Fay-Riddell calcu- nel.
lation for a hemisphere

tl  reservoir conditions 31-Inch Mach 10 Air Tunnéel
t2 stagnation conditions behind a nor- The 31-Inch Mach 10 Air Tunnel (Fig. 2) is a
mal shock

blow-down facility in which heated, filtered air is
used as the test gas. The tunnel has a square, con-
toured nozzle which opens into a 31 in. square test
Experimental Methods section. Models are supported on a hydraulically-
operated, sidewall-mounted injection system that
can transfer a model from the pneumatically sealed
Test Facilities model box to the tunnel centerline in less than 0.6
20-Inch Mach 6 Air Tunné seconds. Run times of approximately 60 _seconds
The 20-Inch Mach 6 Air Tunnel (Fig. 2) is a can be achieved, but the.current stud_y requires only
blow-down facility in which heated, dried' and fil- a few seconds. The nominal reservoir conditions of

tered air is used as the test gas. The tunnel hasth|s facility are stagnation pressures of 350 psi to

. . . 1450 psi with stagnation temperatures of 1740 °R
two-dimensional, contoured nozzle which opensto 1810 °R. which verv nearly produce perfect gas
into a 20.5-in. by 20-in. test section. The tunnel i ' y y P P 9

is .
equipped with a bottom-mounted injection systen?y_ 1.4) free stream flows with a Mach number of

that can transfer a model from the sheltered mod%pprommately 10_and Reynqlds numbersl of
L 2x1@/ft to 2.2x16/ft. The nominal flow condi-
box to the tunnel centerline in less than 0.5 sec:

onds. Run times of up to 15 minutes are possible iHOﬂS for this facility can be seen in Table 2. A

this facility, although for the current aeroheatingmore d(_atailed description of this test facility is pre-
; sented in Ref. 9.
study run times of only a few seconds were
required. The nominal reservoir conditions of this
facility are stagnation pressures of 30 psi to 500 p&0-1nch CF4 Tunnel
with stagnation temperatures of 760 °R to 1000 R, The 20-Inch Cf Tunnel (Fig. 2) is a blow-
which very nearly produce perfect gas< 1.4) down facility in which heated, filtered GRs used
free stream flows with Mach numbers between 5.8s the test gas. The flow is expanded through a
and 6.1 and Reynolds numbers of 0.5%ft0to  contoured, axisymmetric nozzle having a throat
7.3x1¢/ft. The nominal flow conditions for this diameter of 0.446 in. and an exit diameter of 20 in.,
facility are listed in Table 1. A more detailed providing Mach 6 flow at the exit, which, due to
description of this facility is presented in Ref. 9.  the use of the heavy gag= 1.2), simulates Mach
15-25 flow over the models. The flow exhausts
Recent studidf have measured quantitative from the nozzle into an open-jet test section. Mod-
RMS free stream noise levels in the LaRC 20-Inclels are supported at the nozzle exit by a hydrauli-
Mach 6 Air Tunnel obtained with a constant volt-cally-driven injection/support mechanism that can
age anemometer (CVA) and a hybrid constant cutransfer the model to the tunnel centerline in about
rent anemometer (CCA). At reservoir conditions of0.5 seconds. Nominal run times are on the order of
Prp = 130 psi andy; = 350 F, the CCA measure- 10 seconds, but run times for the current study
ments yielded mass flux and total temperature flucwere only a few seconds. The low enthalpy (as
tuations of 0.83% and 0.17%, respectively. Theopposed to impulse-type) ¢Eunnel avoids com-
corresponding fluctuations from the CVA mea-plex chemistry typically associated with high
surements were determined to be somewhat lowenthalpy facilities by the use of a heavier than air
at 0.74% and 0.12%. In addition, the relative distest gas with a low ratio of specific heats and a cor-
turbance environment of the 20-Inch Mach 6 Airrespondingly high normal shock density ratio char-
Tunnel has been dedudédvia differences in acteristic of hypervelocity flight. In conjunction
smooth wall transition onset locations measured owith the Mach 6 Air Tunnel, this tunnel provides
a conical model previously tested in the LaRCthe capability to test at the same free-stream Mach

w wall conditions
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and Reynolds numbers, but at two values of derifest Model Description
sity ratio (approximately 5 in air and 12 in gF
This density ratio of 12 for GHs relatively close
to the values of 15-18 encountered near peak he
ing during entry of the Orbiter. The nominal reser- ) i .
voir conditions of this facility are stagnation casting technique was used to form ceramic shells

pressures of 100 psi to 2000 psi with stagnatiof the models. The shells were then back-filled
temperatures of 1100 ‘R to 1480 °R, which pro_Wlth a hydraulically setting magnesia ceramic for
duce Reynolds numbers of 0.058(0 to strength and support. Finally, the models were
0.75x18/ft. The nominal flow conditions for this coated with a mixture of phosphors suspended in a
facility can be seen in Table 3. A more detailecsilica-based colloidal binder. The phosphor coat-

description of this facility is presented in Ref. 9. ings typically do not require refurbishment
between runs in the wind tunnel and have been

] measured to be approximately 0.001-in. thick. Glo-
Phosphor Thermography Technique  bal surface roughness measurements associated

Global surface heating distributions were cal-With & phosphor coated model were obtained with
culated using the digital optical measuremeng non-intrusive laser-based system. Nominal sur-
method of two-color, relative-intensity, phosphorface roughness was determined to be approxi-
thermograph$? 1> Ceramic wind tunnel models Mately 400 micro-inches. For a detailed
are coated with a phosphor compound that fluodescription of the fabrication process used for this
resces in two separate regions (green and red) E¥st series and surface integrity measurements, see
the visible light spectrum. During a wind tunnel Ref. 8. The cast ceramic aeroheating models (the
run, the phosphor-coated model is illuminated b)}arge set of models constructed for both the present
ultraviolet (UV) light sources, and the resulting protuberance study as well as the cavity testing is
fluorescent intensity of the model is recorded anghown in Fig. 4) were 9.6-inch long (from nose to
digitized through a color CCD (charge Coup|edbody—flap hinge), 0.0075-scale representations of
device) camera (Fig. 3). The fluorescent intensityhe Space Shuttle Orbiter.
is dependent on both the intensity of the incident
UV light and the local model surface temperature. Small, ink-based identification marks were
The UV intensity dependence is removed by takinglaced on all models (as shown in Fig. 5) to aid in
the ratio of the green to red intensity images, frontlata reduction, model orientation, and protuber-
which surface temperature distributions can bence placement. These marks, referred to as fidu-
determined through prior calibrations. Images argial marks, do not influence the flow over the
acquired before the wind tunnel run and after injecmodel surface. The fiducial marks can be seen in
tion of the model to the tunnel centerline during aun images as small discolorations. The locations
run. Global heat transfer distributions are therof these marks can be seen in Fig. 6 and are listed
computed from these temperature data using onén Table 4. Fiducial marks were placed along the
dimensional, constant heat-transfer coefficienimodel centerline (CL) and the attachment lines
conduction theoryp. (port and starboard) based on viscous CFD solu-

tions for 40-deg angle-of-attack (40-VIS), inviscid

The global phosphor thermography techniquesolutions for 40-deg angle-of-attack (40-INV), and
is now the standard method for aeroheating studigaviscid solutions for 30-deg angle-of-attack (30-
in the LAL. The global data obtained using thisINV). The attachment lines, as seen in Fig. 6, gen-
method can be used to identify the surface heatingrally ran from the model stagnation point to the
effects of complex three-dimensional flow phe-wing crank (port and starboard) and then along the
nomena such as transition fronts, vortex structuresying leading edge, and were dependent on angle-
and shock interactions which are difficult to exam-of-attack. The proximity to the wing leading edge
ine using conventional discrete-sensor methodallows the protuberance database to envelope the
such as thin-film resistance gages or coaxial suwidest possible range on the Orbiter windward sur-
face thermocouples. face. As shown in Fig. 6 and listed in Table 4, the

In order to manufacture ceramic test models,
qvax molds of metal, aerodynamic models were
made, and then a patentBdsilica ceramic slip



trip stations along the centerline and attachmertures (greater than 720°R), such as those on most of
lines were spaced everyL = 0.10. The locations the windward surface, the uncertaittys approxi-
of the attachment lines were then verified by a sepnately +8% to +10%, while for lower temperatures
arate oil-flow surface visualization study (see Ref(less than 585 °R), the uncertainty is approximately
8 for a complete discussion). A laser alignment15% to +20%. Additional measurement uncer-
system was then used to properly align the modehinty can be introduced due to internal, three-
in the tunnel (an example is shown in Fig. 7). dimensional heat conduction in high-gradient
regions such as the leading edge of the Shuttle
The roughness elements as fabricated, simulaterbiter. This uncertainty is estimated to vary from
a raised TPS tile, as discussed in Refs. 5 and 6. Thess than +5% at the lowest test Reynolds number
trips used for the present study, as discussed #o greater than +10% at the highest Reynolds num-
detail in Ref. 8, were cut from various thicknesse®ers.
of high-temperature polymer tapes and the rough-
ness heightskj available were 0.0035, 0.0045, Uncertainties can be introduced when extract-
0.0065, and 0.0115-in. Roughness elements fabring line cut data from an image due to perspective
cated from the tape were easily applied to the triglistortion of the image, lack of pixel resolution in
locations and removed without adversely affectindiigh-gradient regions, and lack of precision in
the phosphor coating. locating fiducial marks. These errors are estimated
to be less than +5% on relatively flat surfaces and
+109 i
Data Reduction up to £10% on highly curved surfaces.
One-dimensional, semi-infinite solid heat con- A square root of the sum-of-the-squares esti-
duction theory® was used to compute surface heatmate for the total uncertainty based on the above
ing distributions from the global surface factors gives a worst-case experimental uncertainty
temperature data acquired through the technique oange of +13% on flat areas of the windward sur-
two-color, relative-intensity, phosphor thermogra-face to +25% on areas such as the leeward surface
phy. A constant heat-transfer coefficient is(not shown in this study) at high Reynolds num-
assumed in this theory, and empirical correctidns bers. In addition to the sources of experimental
are made to account for changes in model substratmcertainty listed above, additional uncertainty
thermal properties with temperature. Phosphomay also be introduced model surface irregularities
images were acquired shortly after injection of theor variations in roughness element dimensions.
model to the tunnel centerline, which requires les¥he onset of transition can be influenced by the
than one second. distributed roughness of the model surface and
phosphor coating, which tends to degrade slightly
Data were extracted in the IHEATsoftware over the length of a test due to handling of the
package axially along the centerline and longitudimodel and pitting of the surface from particle
nally at an axial location of/L = 0.85. Results are impacts. Some variation in the roughness of the
presented herein in terms of a non-dimensiongphosphor coating from model to model may also
heat transfer coefficient ratib/heg, wherehgg is  be expected. Because this uncertainty increases
the theoretical stagnation point heating compute@ver time and varies from model to model, no fixed
with the Fay-Riddeli” method for a 0.09 in. radius Vvalue for the uncertainty is assigned. Instead, if
sphere (the nose radius of the test models) for @homalous results are noted when viewing trends
wall temperature of 540 °R. in the heating data, such as in the Reynolds number
effects, the model and trip condition should be
. closely examined for signs of irregularities. Anom-
Error Analysis alies can be easily observed in the centerline
The estimated experimental uncertainty of theesults due to any flow asymmetries, but may be
thermographic phosphor system is a function oharder to identify along the attachment line as the
fluorescent intensity, which is dependent on modeflow is already locally asymmetric. For this reason,
surface temperature. For higher surface temperadentical trips were placed on the corresponding
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port and starboard attachment lines to help identifiated with a series of images is included immedi-
anomalous results. ately after the figure which contains the images.
Under each global phosphor thermography image,
. . the Reynolds number displayed is the average of
Test Matrix and Tunnel Conditions all of the runs with the same pressure/temperature
The data were collected on the Space Shuttigombination. The Reynolds number displayed in
Orbiter models at angles-of-attack of 30-deg anghe corresponding plot is the actual Reynolds num-
40-deg and free stream Reynolds numbers betwegjgr achieved for the specific run. These two Rey-
0.02X1(§ and 7.3X16 per foot. The run matrices nolds numbers may not be exactly the same, but
for five different entries into the LAL facilities are should be close (see Tables 1-2 for average tunnel
listed in chronological order in Tables 5-9. Table Sonditions and associated uncertainties). During a
shows the chronological run matrix for Test 6883run, the surface temperature of the model may
in the 20-Inch Mach 6 Air Tunnel. This was anexceed the calibrated range of the phosphor ther-
early study to compare the use of the viscous anghography technique. If this occurs, the heat trans-
inviscid attachment lines. Test 6886 in the 20-Incler run image will show an “off-scale” condition as
Mach 6 Air Tunnel (run matrix presented in Tableg purple region.
6) was the primary Mach 6 entry. Test 6892 in the
20-Inch Mach 6 Air Tunnel (run matrix presented In general, the Appendices are organized first
in Table 7) was the final Mach 6 entry to capture oby angle-of-attack, then by protuberance location,
correct any missing or anomalous results identifieghen by protuberance height, then by model. When
during analysis. Test 390 in the 31-Inch Mach 1G/iewing the images, note that fiducial marks which
Air Tunnel (run matrix presented in Table 8) waswere placed on the model surface (Fig. 6 and also
the primary Mach 10 entry. Test 162 in the 20-Inchncluded with each case in the appendices) are visi-
CF,4 Tunnel (run matrix presented in Table 9) wasple in the heat transfer images, and protuberances
the primary entry into the GHunnel. are located only where indicated on the image
included with the figure. These fiducial marks do
For each run, test section flow conditions werenot cause the flow to transition or affect it in any
computed using the GASPROPZode with the way.
measured reservoir stagnation pressures and tem-
peratures and pitot pressure calibrations of the Although the primary intent of the present
facility as inputs. experimental program was to provide discrete pro-
tuberance data on the Orbiter windward surface, a
For some of the runs, an attachment line locafew runs were obtained without trips to provide
tion of 40-INV+ is listed in the corresponding baseline results. Comparison of the baseline results
table. This means that the protuberance was placdébm the various models tested can provide an indi-
half-way between the 40-VIS and 40-INV attach-cation of the background effect of the distributed
ment line fiducial marks. roughness of the phosphor coating. For instance,
the baseline results far = 40-deg in the 20-Inch
. Mach 6 Air Tunnel (compare Figs. A.22 through
Experlmental Results A.30) provide a qualitative assessment of the scat-
ter associated with “natural” transition onset (as
) influenced by the surface distributed roughness).
Surface Heating Data Models P2 and P3 provided relatively consistent
Global surface heating data are organized anttansition onset results (as indicated by the center-
presented in three appendices according to facilityine plots; transition onset was at abualit = 0.70)
Run images and plots are organized in eachtRe, = 4.1x1/ft, while model P5 remained lam-
Appendix such that in each figure, the effect ofinar along the entire windward centerline for this
varying Reynolds number may be seen for a spesame Reynolds number. For this test series, the
cific model, angle-of-attack, and protuberancephosphor coating roughness levels have not been
combination. Wherever applicable, the plot associsystematically measured for each model, but
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instead representative models have been examinadd when these discrepancies could be traced back
and the results are detailed in Ref. 8. to a known or observable root cause, these results
were filtered out. One example, as mentioned ear-
Discrete roughness transition effects werdier, was asymmetric transition patterns that
obtained in all three LAL facilities based on theresulted from trips that, for one reason or another,
existing Reynolds number capability of the tunnelhad inadequate adhesion to the model surface and
and the range of trip heights available. Procedurpulled up during the run. When the trip corners
ally, trips were systematically placed first at the aftwere observed with a magnifying glass to be stick-
stations on the model, a Reynolds number sweepg up after a run, these trips were replaced an the
was then performed until the flow was fully turbu-run repeated. These anomalous results are not
lent behind the trip, before either changing to dncluded in the data set presented herein. There-
taller trip or moving forward on the model. The 40-fore, the presented repeat results can be used to
deg data were considered a higher priority, due tondicate the remaining experimental uncertainty
the fact that the Orbiter stays mostly near 40-degssociated with the accuracy of either the location
above Mach 10, and thus were obtained first. Asnd/or thickness of the trips as applied to the model
stated earlier, trips of consistent heights wereurface. For instance, repeat trips results are pro-
placed on the port and starboard attachment linesided in Figures A.7 through A.12. and indicate
which were typically consistent with the centerlineroughly a 40% increase in the transition onset Rey-
height, to be a final verification of results. If asym-nolds number on centerline from model PB to P5.
metric results were observed, care was taken tbhese results were obtained on two separate entries
check the status and veracity of the model surfacato the 20-Inch Mach 6 Air Tunnel and represent
and trips. Occasionally a trip corner was observethe “worst-case” repeatability observed. Typically,
to be sticking up off the surface, which was therthe tripping results were very repeatable.
replaced and the run repeated. A total of 8 models
were used over these five test entries and each one General trends observed from the images and
was typically replaced when the phosphor coatingine cuts, within the limitations of the current data-
in and around the vicinity of the fiducial marks pase, are:
were adversely affected by the repeated applica-

tion/removal of the trips. 1) as the Mach number increased, the trip

height required to effect boundary layer

As mentioned previously, trips of consistent transition also increased:

height were typically placed at the same trip station
on both the port and starboard attachment lines, as
well as the centerline. One notable exception
occurred towards the end of the test series in the
CF4 Tunnel, where a 0.0115-in. trip was placed on
centerline at a®/L = 0.5 and 0.0065-in. trips were
placed on the port and starboard attachment lines at
x/L = 0.66 (on the wing leading edge) for= 30-

deg (noted in Tabl@ by listing the attachment line ~ 3) for any given trip height and location, an
location with a station identification; also see Fig. increase in the model angle-of-attack would
C.7). This one exception to the testing procedure increase the trip effectiveness; and

was allowed on the last day of testing to fill in

holes in the centerline and attachment line data- 4) for a consistent trip height and model sta-

2) for any given trip cast that generated a
noticeable wake disturbance, small
increases in Reynolds number would typi-
cally dramatically increase the trip effec-
tiveness;

bases. tion, the comparative effectiveness between
the centerline and attachment line locations
The protuberance trip data provided in the fol- were relatively similar when on the forward
lowing appendices represent only the “best” set of half of the model. When on the aft portion
experimental results. Anomalous results were of the model (the attachment line near the
occasionally observed during the many test entries wing leading edge), the centerline location
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Tables
Table 1: 20-Inch Mach 6 Air Tunnel Average Flow Conditions.

Re, M, Py Ta
(L/ft) (psi) CR)
0.56x18 5.93 30.63 856.33
0.84x16 591 46.20 863.70
1.07x16 5.93 61.02 875.05
1.39x16 5.95 81.19 887.51
1.71x16 5.96 101.52 896.23
2.08x16 5.97 126.25 904.11
2.48x16 5.98 151.16 905.37
2.97x16 5.99 181.86 905.38
3.46x16 6.00 212.52 906.28
4.12x16 6.00 252.54 906.36
4.65x16 6.01 292.75 920.01
5.41x16 6.02 343.57 924.47
6.13x16 6.02 393.28 929.03
6.98x1¢ 6.03 450.89 933.62
7.38x16 6.03 476.62 933.80

Table 2: 31-Inch Mach 10 Air Tunnel Average Flow Conditions.

Re, M, P Ta

(L/ft) (psi) CR)
0.57x16 9.33 351.86 1792.29
0.83x16¢ 9.52 539.82 1804.22
1.08x16 9.63 722.73 1803.13
1.16x16 9.66 783.66 1800.33
1.26x16 9.69 855.92 1797.45
1.31x16 9.70 894.09 1801.57
1.45x16 9.74 1004.46 1808.34
1.55x16 9.76 1076.36 1803.24
1.62x16 9.78 1125.83 1799.00
1.81x16 9.81 1253.88 1792.10
2.07x16 9.86 1453.24 1792.49

Table 3: 20-Inch Mach 6 CR Tunnel Average Flow Conditions.

Re, M, P Ta

(L/ft) (psi) CR)
0.02x16 5.86 63.02 1254.10
0.05x1¢ 5.82 165.81 1256.95
0.09x16 5.89 255.12 1181.28
0.17x16 5.85 507.55 1225.04
0.25x16 5.85 766.93 1237.49
0.32x16 5.93 863.55 1180.20
0.35x16¢ 5.86 1050.07 1230.49
0.46x16 5.92 1270.56 1191.76
0.50x1¢ 5.87 1510.81 1236.31
0.60x16¢ 5.82 2066.55 1293.28
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Table 4: Shuttle Orbiter Model Fiducial Mark Locations.

x/L y/L
30-deg. INV 40-deg. INV 40-deg. VIS

0.10 0.2020 0.0134 0.0017
0.20 0.0370 0.0269 0.0084
0.30 0.0571 0.0454 0.0236
0.40 0.0824 0.0706 0.0504
0.50 0.1092 0.1008 0.0874
0.60 0.1462 0.1429 0.1311
0.62 0.1590 0.1489
0.64 0.1754 0.1701
0.66 0.1937 0.1908
0.68 0.2130 0.2111
0.70 0.2320 0.2298
0.80 0.3070 0.2937
1.00

Table 5: Chronological Run Matrix for Test 6883 in the 20-Inch Mach 6 Air Tunnel.

Model ID | Run] o | Mach | Rej/ft. | py Tn Trip Setup
No. | x1® | psi ‘R | xL | AL kel Kar
RTF-BLT-P2 10| 40| 5.98| 2.08 126.3 903|2
RTF-BLT-PZ 17] 40| 5.98| 3.000 181.8 902|8
RTF-BLT-PZ 18] 40| 5.99| 4.13] 251.4 903|3
RTF-BLT-PZ 19] 40| 6.01| 5.37] 343.1 9279
RTF-BLT-PZ 20| 40| 5.95| 1.07] 613 874)/
RTF-BLT-P3 28] 40| 6.00f 2.07] 126.1 901J9
RTF-BLT-P3 29] 40| 6.01| 2.97] 1823 903J8
RTF-BLT-P3 30| 40| 6.01] 4.14] 2530 902|8
RTF-BLT-P3 31] 40| 5.95| 1.07 610 872B
RTF-BLT-P3 32| 40| 6.00| 4.13] 252y 904[3
RTF-BLT-P3 33| 40| 6.01| 4.12] 252y 904)5 0[7 40-INV 0.0045 0.0045
RTF-BLT-P3 34] 40| 6.00] 2.96] 181.8 904f7 0[7 40-INV 0.0045 0.0045
RTF-BLT-P3 35] 40| 5.98| 2.11] 1282 903J]2 0[7 40-INV 0.0045 0.0045
RTF-BLT-P3 36] 40| 5.94| 1.07] 60.7 8743 0{7 40-INV 0.0045 0.0045
RTF-BLT-P3 37| 40| 5.93| 0.54] 295 855)0 0{7 40-INV 0.0045 0.0045
RTF-BLT-P3 38| 40| 6.00f] 4.17] 253.6 902)]3 06 40-V|S 0.0045 0.0045
RTF-BLT-P3 39| 40| 6.00f 345 2128 9104 06 40-V|S 0.0045 0.0045
RTF-BLT-P3 40| 40| 6.00f 2.98 1824 904)2 06 40-V|S 0.0045 0.0045
RTF-BLT-P3 41] 40| 5.99| 248 1508 903J0 0[6 40-V|S 0.0045 0.0045
RTF-BLT-P3 42| 40| 5.97| 210 1274 9046 0|6 40-VJS 0.0045 0.0045
RTF-BLT-P3 44] 40| 5.93| 056/ 30.7 8553 0[6 40-V|]S 0.0045 0.0045
RTF-BLT-P3 45] 40| 5.93| 1.09) 613 871f7 0[6 40-V|S 0.0045 0.0045
RTF-BLT-P3 46| 40| 5.94| 1.40] 817 8833 0{6 40-V|]S 0.0045 0.0045
RTF-BLT-P3 47] 40| 5.93| 1.12] 633 8728 0[5 40-V|S 0.0045 0.0045
RTF-BLT-P3 49| 40| 5.97| 212 1278 900J]2 05 40-V|S 0.0045 0.0045
RTF-BLT-P3 50] 40| 5.94| 1.38 8085 8862 0[5 40-V|]S 0.0045 0.0045
RTF-BLT-P3 51] 40| 5.98| 249 150.6 900J1 0[5 40-V|]S 0.0045 0.0045

12



Table 5: (Continued)Chronological Run Matrix for Test 6883 in the 20-Inch Mach 6 Air Tunnel.

13

Model ID | Run] o | Mach | Rej/ft. | py Tu Trip Setup
No. | x1@ | psi ‘R | xL| AL kel KaL
RTF-BLT-P3 52| 40] 5.99| 299 181.F 900]8 0|5 40-VI[S 0.0045 0.0045
RTF-BLT-P3 53| 40] 6.00| 3.50, 213.0 9044 0|5 40-VI[S 0.0045 0.0045
RTF-BLT-P3 55| 40] 6.01| 4.12] 253.0 9056 0|5 40-VI[S 0.0045 0.0045
RTF-BLT-P3 58| 40] 6.00| 4.14) 2525 9024 0|4 40-VIS 0.0045 0.0045
RTF-BLT-P3 60| 40] 5.99| 296/ 180.8 90512 0|4 40-VI[S 0.0045 0.0045
RTF-BLT-P3 61| 40] 5.99| 296/ 180.8 9052 0|4 40-VI[S 0.0045 0.0045
RTF-BLT-P3 62| 40] 5.97| 210 126.4 9013 0|4 40-VIS 0.0045 0.0045
RTF-BLT-P3 63| 40] 5.99| 3.000 182.1 9016 0|4 40-VIS 0.0045 0.0045
RTF-BLT-P3 64| 40] 5.93 1.08) 61.2 8728 0}]4 40-V|S 0.0045 0.0045
RTF-BLT-P3 65| 40] 5.95 140, 813 885pR 0}]4 40-V|S 0.0045 0.0045
RTF-BLT-P3 66| 40] 6.00| 4.15 253.f 9042 0|4 40-VI[S 0.0045 0.0045
RTF-BLT-P3 67| 40] 5.94 1.06) 60.1 8745 0}]3 40-V|S 0.0045 0.0045
RTF-BLT-P3 70| 40] 5.98| 251 151.8 902|5 0|3 40-VI[S 0.0045 0.0045
RTF-BLT-P3 71| 40] 5.94 1.39) 80.8§ 885)7 0]3 40-V|S 0.0045 0.0045
RTF-BLT-P3 72| 40| 5.97| 210] 126.8 903J0 0[3 40-V|S 0.0045 0.0045
RTF-BLT-P3 73| 40| 5.99] 298 1824 906f8 0[3 40-VI]S 0.0045 0.0045
RTF-BLT-P3 74| 40] 6.00| 3.43] 2109 9064 0|3 40-VIS 0.0045 0.0045
RTF-BLT-P3 75| 40] 5.95 1.71] 1016 895]11 0|3 40-VI[S 0.0045 0.0045
RTF-BLT-P3 76| 40] 5.96 1.72] 101.2 890j0 0|3 40-VIS 0.0045 0.0045
RTF-BLT-P3 77| 40] 5.95 1.72| 101.8 890|3 0|3 40-VIS 0.0045 0.0045
RTF-BLT-P3 78| 40] 5.96 1.73] 101.b 890|2 0|3 40-VIS 0.0045 0.0045
RTF-BLT-P3 79| 40] 5.96 1.72| 101.8 891|6 0|3 40-VIS 0.0045 0.0045
RTF-BLT-P3 80| 40] 5.95 1.74) 102.1 890|1 0|3 40-VIS 0.0045 0.0045
Table 6: Chronological Run Matrix for Test 6886 in the 20-Inch Mach 6 Air Tunnel.
Model ID | Runj a | Mach | ReJft. | py Tiq Trip Setup
No. | x1® | psi ‘R | xL | AL KoL KaL

RTF-BLT-P§ 10| 40| 5.94 1.08) 61.2 8724

RTF-BLT-P§ 11| 40| 5.98| 2.10f 127.f 902|5

RTF-BLT-P§ 12| 40] 6.00| 2.97| 181.p0 9017

RTF-BLT-P§ 13| 40| 6.00| 4.14) 253.6 9054

RTF-BLT-P§ 14| 40] 5.91| 0.86] 47.3 8618 0.p8 40-INV 0.0045 0.0045
RTF-BLT-P§ 15| 40] 5.93 1.06) 60.1 872J]8 0.58 40-INV 0.0045 0.0045
RTF-BLT-P§ 16| 40] 5.97| 2.13 1286 9014 0.68 40-INV 0.0045 0.0045
RTF-BLT-P§ 17 ] 40| 5.97| 2.09] 12565 8994 0.68 40-INV 0.0045 0.0045
RTF-BLT-P§ 18| 40] 6.00/ 3.01] 183.8 901|5 0.68 40-INV  0.0045 0.0045
RTF-BLT-P§ 19| 40| 6.01| 3.45 212p 903|8 0/8 40-INV 0.0045 0.0045
RTF-BLT-P§ 20| 40] 5.92| 0.83] 46.1 863J]8 0.p4 40-INV 0.0065 0.0045
RTF-BLT-P§ 21| 40] 5.94 1.11] 63.1 8753 0.p4 40-INV 0.0065 0.0045
RTF-BLT-P§ 22| 40| 5.97| 211 1276 902]7 0.64 40-INV 0.0065 0.0045
RTF-BLT-P§ 23| 40] 5.99| 297/, 1820 9074 064 40-INV 0.0065 0.0045
RTF-BLT-P§ 24| 40| 5.98| 249 1518 903}5 0.4 40-INV 0.0065 0.0045
RTF-BLT-P§ 25| 40| 5.97 1.77) 104y 889|5 0.64 40-INV 0.0065 0.0045
RTF-BLT-P§ 26| 40| 5.99| 207 127.0 905|5 0/0 40-INV 0.0045 0.0045
RTF-BLT-P§ 27| 40] 5.98 1.69] 1015 89519 0,60 40-INV 0.0045 0.0045
RTF-BLT-P§ 28| 40] 5.95 1.05 604 880 0.p0 40-INV 0.0045 0.0045




Table 6: (Continued)Chronological Run Matrix for Test 6886 in the 20-Inch Mach 6 Air Tunnel.
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Model ID | Run|] o | Mach |ReJft.| py Ty Trip Setup
No. | x1C | psi ‘R | xL| AL KoL KL
RTE-BLT-P§ 29| 40| 5.97| 138 81 8913 0.60 40-INV 0.0045 0.0045
RTF-BLT-P§ 30| 40| 6.01| 293 181.p 9069 060 40-INV 0.0045 0.0045
RTF-BLT-P§ 31] 40| 5.99| 246] 1515 909J2 0.60 40-INV 0.0045 0.0045
RTE-BLT-P§ 32| 40| 6.01] 343 21283 9090 060 40-INV 0.0045 0.0045
RTF-BLT-P§ 43| 40| 6.00{ 297 182 9058 0.0 40-INV 0.0045 0.0045
RTF-BLT-PY§ 44| 40| 5.99| 248 151.8 9068 050 40-INV 0.0045 0.0045
RTF-BLT-P§ 45| 40| 5.97| 2.08 1264 906}4 050 40-INV 0.0045 0.0045
RTF-BLT-P§ 46| 40| 5.93| 1.05 59.4 8784 0.50 40-INV 0.0045 0.0045
RTF-BLT-P§ 47| 40| 5.95| 1.39] 813 890J0 0.50 40-INV 0.0045 0.0045
RTF-BLT-P§ 48| 40| 5.97| 171 102.1 8959 050 40-INV 0.0045 0.0045
RTF-BLT-P§ 49| 40| 6.01| 4.16] 256.1 9074 050 40-INV 0.0045 0.0045
RTF-BLT-P§ 78| 40| 5.97| 2.05 125 9075 040 40-INV 0.0065 0.0065
RTF-BLT-P§ 79| 40| 5.96| 1.70] 101.3 894f7 040 40-INV 0.0065 0.0065
RTF-BLT-P§ 80| 40| 5.95| 1.40f 824 8883 0.40 40-INV 0.0065 0.0065
RTF-BLT-P§ 81| 40| 5.93| 1.09] 61 8753 0.40 40-INV 0.0065 0.0065
RTF-BLT-P§ 82| 40| 5.97| 249 151.8 9073 040 40-INV 0.0065 0.0065
RTF-BLT-P§ 83| 40| 5.98| 297/ 1825 911]6 040 40-INV 0.0065 0.0065
RTF-BLT-P§ 86| 40| 6.00f 247 152.p 9059 030 40-INV 0.0065 0.0065
RTF-BLT-P§ 87| 40| 5.97| 1.37| 814 8920 0.0 40-INV 0.0065 0.0065
RTF-BLT-P§ 88| 40| 5.95| 1.08] 61.3 874 0.0 40-INV 0.0065 0.0065
RTF-BLT-P§ 89| 40| 5.97| 1.71] 1024 8955 030 40-INV 0.0065 0.0065
RTF-BLT-P§ 90| 40| 5.99| 2.06] 1264 906}4 030 40-INV 0.0065 0.0065
RTF-BLT-P§ 91| 40| 6.00f 295 183.1 9116 030 40-INV 0.0065 0.0065
RTF-BLT-P§ 92| 40| 5.98| 2.08 127.p0 906}4 0p0 40-INV 0.0115 0.0115
RTF-BLT-P§ 93] 40| 5.94| 1.09] 623 8753 0.0 40-INV 0.0115 0.0115
RTE-BLT-P5 94| 40| 5.92| 0.83] 4574 863J]9 0.20 40-INV 0.0115 0.0115
RTF-BLT-P§ 98| 40| 5.99| 248 152.p 906f7 050 40-INV 0.0065 0.0065
RTF-BLT-P§ 99| 40| 6.00f 296 182.1 906}4 050 40-INV 0.0065 0.0065
RTF-BLT-P§ 100] 40| 5.98) 2.09 127.f 906|6 0/50 40-INV 0.0065 0.0065
RTF-BLT-P§ 101] 40| 5.94| 1100 624 8754 050 40-INV 0.0065 0.0065
RTF-BLT-P§ 102 40| 5.96| 1.73 1029 8955 0550 40-INV 0.0065 0.0065
RTF-BLT-P§ 103] 40| 5.97| 2.08 126.4 9057 060 40-INV 0.0115 0.0065
RTF-BLT-P§ 104] 40| 5.94| 1.07 609 8746 060 40-INV 0.0115 0.0065
RTF-BLT-P§ 105 40| 5.92| 0.83 46.0 864f7 060 40-INV 0.0115 0.0065
RTF-BLT-P§ 106] 40| 5.95| 141 820 8862 060 40-INV 0.0115 0.0065
RTF-BLT-P§ 107] 40| 5.93| 057 314 8583 064 40-INV 0.0115 0.0115
RTF-BLT-P5 108] 40| 5.91| 0.84 46.3 8644 064 40-INV 0.0115 0.0115
RTF-BLT-P§ 109] 40| 5.93| 1.09 619 8746 064 40-INV 0.0115 0.0115
RTF-BLT-P§ 110] 40| 5.95| 1.399 80.1 8857 064 40-INV 0.0115 0.0115
RTF-BLT-P§ 111] 40| 5.96| 1.721 1021 8952 064 40-INV 0.0115 0.0115
RTF-BLT-P§ 119] 30| 5.99| 347 2143 9102 040 30-INV 0.0065 0.0065
RTF-BLT-P§ 120] 30| 6.00f 4.13 2537 907}4 040 30-INV 0.0065 0.0065
RTF-BLT-P§ 121] 30| 6.02| 453 294 9358 040 30-INV 0.0065 0.0065
RTF-BLT-P§ 122 30| 5.99| 244 1498 907}4 040 30-INV 0.0065 0.0065
RTF-BLT-P§ 123] 30| 5.98| 2.06 1254 904J0 040 30-INV 0.0065 0.0065
RTF-BLT-P§ 124] 30| 5.99| 3.000 183.6 906|5 0/40 30-INV  0.0065 0.0065




Table 6:

(Continued)Chronological Run Matrix for Test 6886 in the 20-Inch Mach 6 Air Tunnel.
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Model ID | Run|] o | Mach |ReJft.| py Ty Trip Setup
No. | x10° | psi ‘R | xL| AL kKoL Kar
RTF-BLT-P§ 127 30] 6.01| 3.45 212.8 907]5 0/60 30-INV 0.0065 0.0065
RTF-BLT-P§ 128 30] 6.01| 4.08 251.8 908]8 0/60 30-INV 0.0065 0.0065
RTF-BLT-P§ 129] 30] 5.99 2.98 1827 906]2 0/60 30-INV 0.0065 0.0065
RTF-BLT-P3 130 30| 5.97 2.10 128.1L 907}4 0/60 30-INV 0.0065 0.0065
RTF-BLT-P§ 131] 30] 5.97 1.69 100.p 8951 0/60 30-INV 0.0065 0.0065
RTF-BLT-P5 132 30] 5.96 140 817 885|6 0.0 30-INV 0.0065 0.0065
RTF-BLT-P§ 133] 30] 5.93 1.09 62.1 8759 060 30-INV 0.0065 0.0065
RTF-BLT-P§ 134] 30| 591| 0.84 46.7 8650 0,60 30-INV 0.0065 0.0065
RTF-BLT-P§ 135] 30| 5.99] 3.47] 213 908]9 0J64 40-INV 0.0065 0.0065
RTF-BLT-P§ 136] 30| 5.99| 4.14 2530 9087 0J64 40-INV 0.0065 0.0065
RTF-BLT-P§ 137| 30] 6.01| 4.55 2940 0935|6 0/64 40-INV 0.0065 0.0065
RTF-BLT-P5 138] 30] 5.98 2.98 1824 907|]7 0/64 40-INV 0.0065 0.0065
RTF-BLT-P§ 139] 30| 5.97 2.09 127.1 906]7 0/64 40-INV 0.0065 0.0065
RTF-BLT-P5 140] 30] 5.98 2,50 1525 907]2 0/64 40-INV 0.0065 0.0065
RTF-BLT-P§ 141] 30] 5.93 1.05 59.6 8759 0.4 40-INV 0.0065 0.0065
RTF-BLT-P§ 142] 30] 5.93 1.04 594 881]2 0.4 40-INV 0.0065 0.0065
RTF-BLT-P3 143| 30] 5.93| 0.56 30.9 8567 0.64 40-INV 0.0065 0.0065
RTF-BLT-P5 149] 30] 5.98 2100 127.p 9040 020 30-INV 0.0065 0.0065
RTF-BLT-P§ 150f 30] 5.97 1.73] 1020 8934 0]20 30-INV 0.0065 0.0065
RTF-BLT-P§ 151] 30] 5.99 2,96/ 181.p2 9053 0,20 30-INV 0.0065 0.0065
RTF-BLT-P§ 152 30] 6.02| 3.41 2113 905]9 020 30-INV 0.0065 0.0065
RTF-BLT-P§ 153| 30] 6.02| 4.08 252/ 907]4 020 30-INV 0.0065 0.0065
Table 7: Chronological Run Matrix for Test 6892 in the 20-Inch Mach 6 Air Tunnel.
Model ID | Runj a | Mach | ReJft. | py Tiq Trip Setup
No. | x10 | psi ‘R | x/L AL Koy Kar

RTF-BLT-PA 1 40| 5.98| 4.11| 2522 910

RTF-BLT-PA 2 40| 5.93 2.05| 123.8 911p

RTF-BLT-PA 3 40| 5.98| 4.12| 2524 909p

RTF-BLT-PC 4 40| 5.98| 4.09| 250.9 911)0

RTF-BLT-PC 5 40| 5.94| 2.07 1239 906{1

RTF-BLT-PA 6 40| 5.98| 4.08] 251.6 912

RTF-BLT-PB 10| 40| 5.91 1.05| 59.4 880 0.50 40INV 0.0065 0.0065
RTF-BLT-PB 15| 40| 5.96| 2.06/ 1255 9105 0.50 40INV  0.0065 0.0065
RTF-BLT-PB 16| 40| 5.97 2.44| 1496 9114 0.50 40INV ~ 0.0065 0.0065
RTF-BLT-PB 17| 40| 5.95 1.70| 100.6 895)9 0.0 40INV 0.0065 0.0065
RTF-BLT-PB 18 | 40| 5.99| 2.93| 180.F 9090 0.p0 40INV  0.0065 0.0065
RTF-BLT-PB 19] 40| 5.93 1.36 79.3 890B 0.50 40INV 0.0065 0.0065
RTF-BLT-PB 20| 40| 5.97 2.04| 1246 910 0.56 40INV ~ 0.0045 0.0035
RTF-BLT-PB 21| 40| 5.94 1.67 99. 900B 0.66 40INV 0.0045 0.0035
RTF-BLT-PB 22| 40| 5.92 1.39 80.9 892K 0.66 40INV 0.0045 0.0035
RTF-BLT-PB 23| 40| 5.96| 2.44| 149.y 9133 0.66 40INV  0.0045 0.0035
RTF-BLT-PB 24 ] 40] 6.00] 2.91] 180.1 909J]9 0.66 40INV  0.0045 0.0035
RTF-BLT-PB 30| 40| 5.96| 2.05 124.8 9099 0.10 40INV  0.0045 0.0045
RTF-BLT-PB 31| 40| 5.97 2.45/ 150.3 910J0 O0.10 40INV  0.0045 0.0045
RTF-BLT-PB 32| 40| 5.99| 296| 181.8 909j6 O0.10 40INV  0.0045 0.0045




Table 7: (Continued)Chronological Run Matrix for Test 6892 in the 20-Inch Mach 6 Air Tunnel.
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Model ID | Run|] o | Mach |ReJft.| py Ty Trip Setup
No. | x10 | psi ‘R | x/L AL ey Kap
RTF-BLT-PB 33| 40| 5.95 1.68 99.9 898P 0.68 40INV 0.0045 0.0045
RTF-BLT-PB 34| 40| 5.93 1.37 80.3 891P 0.68 40INV 0.0045 0.0045
RTF-BLT-PB 35| 40| 5.90 1.06 60.1 881p 0.68 40INV 0.0045 0.0045
RTF-BLT-PB 36 | 40| 5.95| 2.07| 12583 9076 0.68 40INV  0.0045 0.0045
RTF-BLT-PB 37 ] 40| 5.97 2.47) 150.4 909J1 0.58 40INV  0.0045 0.0045
RTF-BLT-PB 38| 30| 5.95| 2.06/ 125.1 908J7 0.p0 30INV  0.0065 0.0065
RTF-BLT-PB 39| 30| 5.96| 2.45/ 150.3 911]8 0.60 30INV  0.0065 0.0065
RTF-BLT-PB 40| 30| 5.98| 2.94| 180.4 9114 0.0 30INV  0.0065 0.0065
RTF-BLT-PB 41 ] 30| 5.99 3.42] 211.0 9113 0.50 30INV  0.0065 0.0065
RTF-BLT-PB 42| 30| 5.96| 2.07| 125.y 9078 0.0 30INV  0.0065 0.0065
RTF-BLT-PB 43| 30| 5.96| 2.48| 150.6 908J6 0.0 30INV 0.0065 0.0065
RTF-BLT-PB 44| 30| 5.98| 2.95 181.2 9103 0.0 30INV 0.0065 0.0065
RTF-BLT-PB 45] 30| 5.99 2.01] 1244 912j1 0.A0 30INV  0.0065 0.0065
RTF-BLT-PB 46| 30| 5.96 1.67| 100.1 899)7 0.40 30INV 0.0065 0.0065
RTF-BLT-PB 47| 30| 5.98| 245/ 151.83 912 0.40 30INV 0.0065 0.0065
RTF-BLT-PB 48| 30| 6.00| 2.96| 1825 909J7 0.40 30INV 0.0065 0.0065
RTF-BLT-PB 49| 30| 6.01 3.42| 2121 909j)6 0.40 30INV  0.0065 0.0065
Table 8: Chronological Run Matrix for Test 390 in the 31-Inch Mach 10 Air Tunnel.
Model ID | Run] a | Mach | ReJft. | py Tiq Trip Setup
No. | x1® | psi ‘R | xL | AL KoL KaL

RTF-BLT-P71 18| 40] 9.33| 0.57] 352.0 1793.6

RTF-BLT-P71 19| 40] 9.63 1.08) 723.2 17945

RTF-BLT-P71 20| 40] 9.69 1.25| 852.F 1803.1

RTF-BLT-P1 21| 40] 9.74 1.44) 10085 1814.9

RTF-BLT-P1 22| 40] 9.81 1.78) 1250|8 1804.1

RTF-BLT-P1 23| 40] 9.33| 0.57] 352y 17947 040 40-INV 0.0115 0.0115
RTF-BLT-P1 24| 40] 9.63 1.08) 724.1 17949.7 040 40-INV 0.0115 0.0115
RTF-BLT-P71 25| 40] 9.66 117 7824 17894.1 040 40-INV 0.0115 0.0115
RTF-BLT-P1 26| 40] 9.69 1.26/ 852.4 1794.7 040 40-INV 0.0115 0.0115
RTF-BLT-P1 27| 40] 9.74 1.46| 1005/8 1803.9 0J40 40-INV 0.015 0.0115
RTF-BLT-P1 28| 40] 9.81 1.79] 1254|9 1803.9 0/40 40-INV 0.015 0.0115
RTF-BLT-P1 29| 40] 9.33| 0.58 352.1 1794.4 0,30 40-INV 0.0115 0.0115
RTF-BLT-P71 30| 40] 9.63 1.07)] 722y 1804.9 0/30 40-INV 0.0115 0.0115
RTF-BLT-P71 31| 40] 9.51| 0.81] 533.6 181Q.7 0,30 40-INV 0.0115 0.0115
RTF-BLT-P1 32| 40] 9.66 117 784.1 1784.7 0/30 40-INV 0.0115 0.0115
RTF-BLT-P1 34| 40] 9.69 1.27)] 852.3 1784.3 0/30 40-INV 0.0115 0.0115
RTF-BLT-P1 35| 40] 9.74 1.45] 1002|7 1804.9 0J30 40-INV 0.015 0.0115
RTF-BLT-P1 36| 40] 9.81 1.80] 12545 179%.7 0J30 40-INV 0.015 0.0115
RTF-BLT-P1 37| 40] 9.63 1.08) 721.3 1794.3 020 40-INV 0.0115 0.0115
RTF-BLT-P1 38| 40] 9.33| 0.58 3529 17940.6 020 40-INV 0.0115 0.0115
RTF-BLT-P1 39| 40] 9.51| 0.81] 533.3 18139 020 40-INV 0.0115 0.0115
RTF-BLT-P1 40| 40] 9.66 1.15/ 783.6 1814.3 020 40-INV 0.0115 0.0115
RTF-BLT-P1 41| 40] 9.69 1.26/ 852.1 1799.1 020 40-INV 0.0115 0.0115
RTF-BLT-P1 42| 40] 9.74 1.45] 10042 180%.2 0Jj20 40-INV 0.015 0.0115
RTF-BLT-P1 50| 40] 9.78 1.62| 1124{8 18031.8 0Jj20 40-INV 0.015 0.0115




Table 8: (Continued)Chronological Run Matrix for Test 390 in the 31-Inch Mach 10 Air Tunnel.
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Model ID | Run|] o | Mach |ReJft.| py Ty Trip Setup
No. | x10° | psi ‘R | xL| AL KoL KL

RTF-BLT-PY4 51| 40| 9.81| 1.79| 1252|9 180Q.7 0420 40-INV 0.0115 0.0115
RTF-BLT-PY4 52| 40| 9.63| 1.07/ 725p2 18141 050 40-INV 0.0115 0.0115
RTF-BLT-PY4 53| 40| 9.33] 0.58 3524 17894 050 40-INV 0.0115 0.0115
RTF-BLT-Pq1 54| 40| 9.51| 0.81] 532.p 18143 050 40-INV 0.0115 0.0115
RTF-BLT-PY4 55| 40| 9.66| 1.16] 784.6 1804.1 0550 40-INV 0.0115 0.0115
RTF-BLT-P1 56| 40| 9.69| 1.26] 853.9 1794.7 0550 40-INV 0.0115 0.0115
RTF-BLT-Pq4 57| 40| 9.74| 1.43] 1005[2 18231 0/50 40-INV 0.0115 0.0115
RTF-BLT-PY1 58| 40| 9.77| 1.61] 1124/6 181Q.0 0/50 40-INV 0.0115 0.0115
RTF-BLT-PY4 59| 40| 9.81| 1.79| 12552 18032.8 0/50 40-INV 0.0115 0.0115
RTF-BLT-P1 60| 40| 9.63| 1.09] 723.41 17946 060 40-INV 0.0115 0.0115
RTF-BLT-PY4 61| 40| 9.33] 0.57] 350.f 17945 060 40-INV 0.0115 0.0115
RTF-BLT-PY4 62| 40| 9.52| 0.82] 533.2 1804.8 060 40-INV 0.0115 0.0115
RTF-BLT-Pq1 64| 40| 9.66| 1.17| 7846 17940 0660 40-INV 0.0115 0.0115
RTF-BLT-PY4 65| 40| 9.69| 1.28 8528 178¢Q.7 060 40-INV 0.0115 0.0115
RTF-BLT-PY4 66| 40| 9.74| 1.45 1003|9 1809.1 0J60 40-INV 0.0115 0.0115
RTF-BLT-PY4 67| 40| 9.78| 1.62] 1126{1 1803.0 0/60 40-INV 0.0115 0.0115
RTF-BLT-PY1 68| 40| 9.81| 1.78 1251{4 1804.3 0/60 40-INV 0.0115 0.0115
RTF-BLT-PY1 69| 40| 9.63| 1.08 724y 1804.9 0/70 40-INV 0.0115 0.0115
RTF-BLT-P4 70| 40| 9.66| 1.18 783.2 17846 070 40-INV 0.0115 0.0115
RTF-BLT-PY4 71| 40| 9.33| 0.58 3524 17842 070 40-INV 0.0115 0.0115
RTF-BLT-PY4 72| 40| 9.70/ 1.31] 853.6 1754.0 070 40-INV 0.0115 0.0115
RTF-BLT-PY4 73| 40| 9.52| 0.82] 53338 1794.8 070 40-INV 0.0115 0.0115
RTF-BLT-P4 74| 40| 9.75| 1.49] 1004{1 1779.5 070 40-INV 0.0115 0.0115
RTF-BLT-P4 75| 40| 9.78| 1.63] 1126|9 1794.6 070 40-INV 0.0115 0.0115
RTF-BLT-PY4 76| 40| 9.82| 1.89 12542 174%.0 070 40-INV 0.0115 0.0115
RTF-BLT-PY4 78| 30| 9.64| 1.13] 7220 17532

RTE-BLT-P4 79| 30| 9.69| 1.26] 8543 17949

RTF-BLT-P4 80| 30| 9.74| 1.45 1005/0 181Q.2

RTF-BLT-PY4 81| 30| 9.81| 1.80] 1253|0 1794.3

RTF-BLT-P4 82| 30| 9.33| 0.58 351.p 178%.3

RTF-BLT-PY4 86| 30| 9.87| 2.08 14617 179¢.3 0§30 30-INV 0.0115 0.0115
RTF-BLT-PY4 87| 30| 9.81| 1.80] 1251|9 1794.1 0§30 30-INV 0.0115 0.0115
RTF-BLT-P4 88| 30| 9.74| 1.45 1002/5 1803.0 0430 30-INV 0.0115 0.0115
RTF-BLT-PY4 89| 30| 9.69| 1.26] 8545 1794.8 030 30-INV 0.0115 0.0115
RTF-BLT-P4 90| 30| 9.63| 1.07] 7225 1809.3 030 30-INV 0.0115 0.0115
RTF-BLT-P74 91| 30| 9.33] 0,57, 3519 18046 030 30-INV 0.0115 0.0115
RTF-BLT-P4 92| 30| 9.86| 2.05 14557 1804.4 0j40 30-INV 0.0115 0.0115
RTF-BLT-P4 93] 30| 9.81| 1.80] 12531 1794.1 0440 30-INV 0.0115 0.0115
RTF-BLT-P4 94| 30| 9.74| 1.44/ 1002/5 181Q.4 0440 30-INV 0.0115 0.0115
RTF-BLT-P74 95| 30| 9.69| 1.27] 85441 17845 040 30-INV 0.0115 0.0115
RTF-BLT-P1 96| 30| 9.63| 1.07] 7236 1804.2 040 30-INV 0.0115 0.0115
RTF-BLT-P4 97| 30| 9.33] 0.06) 3516 17934.7 040 30-INV 0.0115 0.0115
RTF-BLT-P4 98| 30| 9.86| 2.03] 1458|7 1814.6 0/50 30-INV 0.0115 0.0115
RTF-BLT-P7 99] 30| 9.81| 1.79] 1251j1 1804.0 0/50 30-INV 0.0J15 0.0115
RTF-BLT-P7 100] 30| 9.74] 145 10057 180§.1 0[50 30-INV 0.0115 0.00115
RTF-BLT-P1 101} 30| 9.69| 1.27] 8544 1791.6 050 30-INV 0.0315 0.0115




Table 8: (Continued)Chronological Run Matrix for Test 390 in the 31-Inch Mach 10 Air Tunnel.
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Model ID | Run| o | Mach |ReJft.| py Ty Trip Setup
No. | x10° | psi ‘R | xL| AL KoL KL
RTF-BLT-P7 102] 30| 9.63| 1.08 722p 179¢.2 0,50 30-INV 0.015 0.0115
RTF-BLT-P7 103] 30| 9.33| 0.57] 351p 17939 0/50 30-INV 0.0115 0.0115
RTF-BLT-P7 104] 30| 9.85| 2.01] 1424/9 180%.8 0{20 30-INV 0.0115 0.00115
RTF-BLT-P7 105] 30| 9.81| 1.78 12494 18039 0{20 30-INV 0.0115 0.00115
RTF-BLT-P7 106] 30| 9.74| 1.45 10063 180%.5 0{20 30-INV 0.0115 0.0115
RTF-BLT-P7 107] 30| 9.69| 1.26] 854 18035 0{20 30-INV 0.0J15 0.0115
RTF-BLT-P7 108] 30| 9.63] 1.07] 7239 180f.4 0{20 30-INV 0.0J15 0.0115
RTF-BLT-P7 109] 30| 9.33] 0.58 3514 178%.6 0j20 30-INV 0.01415 0.0115
RTF-BLT-P§ 116] 30| 9.52| 0.82] 533F 1804.9 0[20 40-INV 0.0115 0.0115
RTF-BLT-P§ 117] 30| 9.63] 1.08 724 18044 0{20 40-INV 0.0J15 0.0115
RTF-BLT-P§ 121] 30| 9.74| 1.44 10058 181].5 0{20 40-INV 0.0115 0.00115
RTF-BLT-P§ 122] 30| 9.81| 1.81] 12536 17932.0 0{20 40-INV 0.0115 0.0115
RTF-BLT-P§ 123] 30| 9.87| 2.11] 14595 1773.5 0{20 40-INV 0.0115 0.00115
RTF-BLT-P§ 124] 30| 9.52| 0.82] 534.p 180}.3 0/60 40-INV 0.0065 0.0065
RTF-BLT-P§ 125] 30| 9.63] 1.07] 7230 18085 0/60 40-INV 0.0065 0.0065
RTF-BLT-P§ 126] 30| 9.74| 1.45 10038 1804.5 0{60 40-INV 0.0065 0.0p65
RTF-BLT-P§ 127] 30| 9.81| 1.80 12510 1793.6 0{60 40-INV 0.0065 0.0p65
RTF-BLT-P§ 128] 30| 9.86| 2.03 1456/3 1814.6 0{60 40-INV 0.0065 0.0p65
RTF-BLT-P§ 129] 30| 9.52| 0.82] 5329 180}.8 0/40 40-INV 0.0065 0.0065
RTF-BLT-P§ 130] 30| 9.63] 1.08 7240 180}.3 0/40 40-INV 0.0065 0.0065
RTF-BLT-P§ 131] 30| 9.74| 1.45 10025 1804.7 0{40 40-INV 0.0065 0.0p65
RTF-BLT-P§ 132] 30| 9.81| 1.81] 1254[2 17932.0 0{40 40-INV 0.0065 0.0p65
RTF-BLT-P§ 133] 30| 9.87| 2.11] 14622 177§.7 0/40 40-INV 0.0065 0.0p65
Table 9: Chronological Run Matrix for Test 162 in the 20-Inch Cg Tunnel.
Model ID | Runj a | Mach | ReJft. | py Tiq Trip Setup
No. | x10° | psi ‘R | x/L AL Koy Kai

RTF-BLT-P§ 16 40| 5.75| 0.28 1042|6 1328 0/50 40INV 0.0J15 0.0115
RTF-BLT-P§ 17| 40| 5.73| 0.14] 5129 13232 0550 40INV 0.0115 0.0115
RTF-BLT-P§ 19] 40| 5.75| 0.40] 1522{2 13434 050 40INV 0.0J15 0.0115
RTE-BLT-P§ 20] 40] 5.86| 0.27] 804.8 1223.7 0,50 40INV  0.0115 0.0115
RTF-BLT-PB 21| 40| 5.85| 0.48| 1523]2 1244.3 040 30INV 0.0065 0.0065
RTF-BLT-PB 22| 40| 5.82| 0.33] 10733 1264.2 040 30INV 0.0065 0.0065
RTE-BLT-PB 23| 40| 5.86| 0.24] 7335 12291 040 30INV 0.0065 0.0065
RTF-BLT-PB 24| 40| 5.89| 0.27| 7814 12042 040 40INV 0.0065 0.0065
RTF-BLT-PB 25] 40| 5.94| 0.38] 1024/1 1174.1 040 40INV 0.0065 0.0065
RTF-BLT-PB 26| 40| 5.93| 0.45 1240{6 1184.2 040 40INV 0.0065 0.0065
RTE-BLT-PB 27 ] 40| 5.93| 0.56] 15277 1184.8 040 40INV  0.0065 0.0065
RTF-BLT-PB 28| 40| 5.93| 0.19] 4965 11641 062 40INV 0.0115 0.0115
RTF-BLT-PB 29| 40| 5.93| 0.39] 1056/6 1184.7 0/62 40INV 0.0115 0.0115
RTF-BLT-PB 30| 40| 5.93| 0.5 1527/0 1194.3 0/62 40INV  0.0115 0.0115
RTE-BLT-PB 31| 40| 5.89| 0.01] 256.0 11740 062 40INV 0.01j15 0.0115
RTF-BLT-PC 32| 40| 5.88] 0.09] 245.) 1184.1

RTF-BLT-PC 33| 40| 5.90| 0.19] 518.0 1191.7

RTF-BLT-PC 34| 40| 5.90| 0.38 1070{2 120}.6

RTF-BLT-PG¢ 35| 40| 5.93| 0.55 1512{3 1193.3




Table 9:

(Continued)Chronological Run Matrix for Test 162 in the 20-Inch Cg Tunnel.

Model ID | Run|] o | Mach |ReJft.| py Ty Trip Setup
No. | x10 | psi ‘R | x/L AL ey Kap

RTF-BLT-PG 36| 40| 5.89| 0.09] 2352 11745 0/68 40INV 0.0065 0.0065
RTF-BLT-PG 37| 40| 5.91| 0.18 5039 11832 0/68 40INV 0.0065 0.0065
RTF-BLT-PG 38| 40| 5.91| 0.38) 1058/3 119].1 0)68 40INV 0.0065 0.0065
RTE-BLT-PG 39| 40] 5.95| 0.57] 1521}]9 11794 0/68 40INV 0.0065 0.0065
RTF-BLT-PG 40| 40| 5.85| 0.09] 2570 1213.0 0/64 40INV 0.0115 0.0115
RTF-BLT-PG 41| 40| 5.93| 0.20, 5225 1164.1 0/64 40INV 0.0115 0.0115
RTF-BLT-PG 42| 40| 5.92| 0.38] 1042|9 1184.9 0j64 40INV 0.0J15 0.0115
RTE-BLT-PG 43| 40| 5.94| 0.55 1516}1 118%.9 0/64 40INV  0.0115 0.0115
RTF-BLT-PG 44| 40| 5.90| 0.01] 25738 11732 0/64 40INV 0.0065 0.0065
RTF-BLT-PG 45| 40| 5.92| 0.19] 519.1 11745 0/64 40INV 0.0065 0.0065
RTF-BLT-PG 46| 40| 5.91| 0.29] 789.0 1184.3 0/64 40INV 0.0065 0.0065
RTF-BLT-PG 47| 40| 5.93| 0.39] 1041}5 11795 0j64 40INV 0.0065 0.0065
RTE-BLT-PG 48] 40| 5.93] 0.53 1472|8 119¢.8 0)64 40INV 0.0065 0.0065
RTF-BLT-PG 49| 40| 5.90| 0.01] 2550 11742 0/60 40INV 0.0115 0.0115
RTF-BLT-PG 50| 40| 5.92| 0.19] 519.2 11744 0/60 40INV 0.0115 0.0115
RTF-BLT-PG 51| 40| 5.92| 0.39] 1067|9 119¢4.3 0)60 40INV 0.0415 0.0115
RTE-BLT-PG 52| 40| 5.96] 0.57] 1504/3 11739 0j60 40INV 0.0115 0.0115
RTF-BLT-PG 53| 40| 5.86| 0.09] 2604 1204.9 0/60 40INV 0.0065 0.0065
RTF-BLT-PG 54| 40| 5.90| 0.19] 5132 1184.2 0/60 40INV 0.0065 0.0065
RTF-BLT-PG 55| 40| 5.91| 0.38) 10700 1194.3 0)60 40INV 0.0065 0.0065
RTE-BLT-PG 56 ] 40| 5.93] 0.55 1527|6 1194.9 0/60 40INV  0.0065 0.0065
RTF-BLT-PG 57| 40| 5.90| 0.01] 260.0 1171.6 0/60 40INV 0.0045 0.0045
RTF-BLT-PG 58| 40| 5.91| 0.19] 5104 1179.6 0/60 40INV 0.0045 0.0045
RTF-BLT-PG 59| 40| 5.93| 0.39] 1053|6 11845 0)60 40INV 0.0045 0.0045
RTE-BLT-PG 60] 40| 5.93] 0.55 15310 119¢.4 0/60 40INV  0.0045 0.0045
RTF-BLT-PG 61| 40| 5.93| 0.30] 797.p 1174.4 0/60 40INV+ 0.0065 0.0065
RTF-BLT-PG 62| 40| 5.93| 0.40, 1086{1 118}.2 0j60 40INV+ 0.0065 0.0065
RTF-BLT-PG 63| 40| 5.95| 0.48 1277|9 1173.0 0J60 40INV+ 0.0065 0.0065
RTE-BLT-PG 64 ] 40] 5.93] 0.55 1528)7 1193.9 0J60 40INV+ 0.0065 0.0065
RTF-BLT-PG 65| 40| 5.90| 0.01] 2550 1174.6 0/40 40INV+ 0.0115 0.0115
RTF-BLT-PG 66| 40| 5.91| 0.19] 5115 11742 0/40 40INV+ 0.0115 0.0115
RTF-BLT-PG 67| 40| 5.93| 0.40] 10757 118}.7 0j40 40INV+ 0.0415 0.0115
RTE-BLT-PG 68] 40] 5.94] 0.55 15156 1189.3 0j40 40INV+ 0.0115 0.0115
RTF-BLT-PG 69| 40| 5.90| 0.01] 2546 1169.8 0/40 40INV+ 0.0065 0.0065
RTF-BLT-PG 70| 40| 5.92| 0.19] 5152 11745 0/40 40INV+ 0.0065 0.0065
RTF-BLT-PG 71| 40| 5.92| 0.39] 1078|8 118%.6 0j40 40INV+ 0.0065 0.0p65
RTF-BLT-PG 73| 40| 5.98| 0.59] 1522|9 1163.0 0j40 40INV+ 0.0065 0.0065
RTF-BLT-PG 74| 40| 5.89| 0.24 687 12012 0/40 40INV+ 0.0065 0.0065
RTE-BLT-PG 75] 40] 5.93] 0.32] 863.6 118d.2 0/40 40INM+ 0.0065 0.0065
RTF-BLT-PG 76| 40| 5.90| 0.10] 257.8 1164.7 0/20 40INV+ 0.0065 0.0065
RTF-BLT-PG 77| 40| 5.91| 0.20] 5209 11749 0/20 40INV+ 0.0065 0.0065
RTF-BLT-PG 78| 40| 5.93|] 0.30] 790.4 1179.8 0/20 40INV+ 0.0065 0.0065
RTF-BLT-PG 79| 40| 5.92| 0.38] 1051}2 1184.8 0j20 40INV+ 0.0065 0.0p65
RTF-BLT-PG 80| 40| 5.93| 0.55 1524|8 1193.6 0j20 40INV+ 0.0065 0.0065
RTE-BLT-PG 81] 40| 5.95| 0.49 1289|9 117314 0j20 40INV+ 0.0065 0.0065
RTF-BLT-PG 82| 30| 5.88] 0.09] 2513 11844 020 30INV 0.0065 0.0065
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Table 9:

(Continued)Chronological Run Matrix for Test 162 in the 20-Inch Cg Tunnel.

Model ID | Run|] o | Mach |ReJft.| py Ty
No. | x10° | psi ‘R | xiL Kar

RTF-BLT-PG 83| 30| 5.89| 0.18] 5054 119¢.7 0,20 \ 0.0065
RTF-BLT-PG 84| 30| 5.90| 0.28) 791.p 1194.2 0,20 \ 0.0065
RTF-BLT-PG 85| 30| 5.90| 0.38 10685 119].5 0j20 \Y 0.0065
RTE-BLT-PG 86)] 30] 5.92] 0.54] 1516}7 1194.0 0j20 V 0.0065
RTF-BLT-PG 87| 30| 5.94| 0.30] 785.[) 1164.0 0,20 \ 0.0115
RTF-BLT-PG 88| 30| 5.88| 0.18) 511.8 11935 0,20 \Y 0.0115
RTF-BLT-PG 89| 30| 5.95| 0.41] 1066|1 116%.1 0j20 V 0.0115
RTE-BLT-PG 90] 30] 5.97] 0.59 1514j2 1164.1 0j20 V 0.0115
RTF-BLT-PG 91| 30| 5.87| 0.18) 51483 1214.1 0/66 \Y 0.0115
RTF-BLT-PG 92| 30| 5.90| 0.10] 268.4 1169.1 0/66 \ 0.0115
RTF-BLT-PG 93| 30| 5.92| 0.29] 788.3 1174.6 0/66 \ 0.0115
RTF-BLT-PG 94| 30| 5.92| 0.39] 1074|/4 1189.6 0J66 Vv 0.0115
RTF-BLT-PG 95| 30| 5.94| 0.48 1294|6 1179.7 0J66 V 0.0115
RTE-BLT-PG 96] 30] 5.93] 0.55 1533}]9 11935 0J66 V 0.0115
RTF-BLT-PG 97| 30| 5.86] 0.09] 2580 1204.8 0/50 66-30|NV 0.0p65
RTF-BLT-PG 98| 30| 5.87| 0.18 519.1 12132 0J/50 66-30 0.0p65
RTF-BLT-PG 99| 30| 5.89| 0.28) 809.6 1204.8 0/50 66-30 0.0p65
RTF-BLT-PG 100] 30| 5.90| 0.38 1076/8 120}.5 0|50 66-30 15 0.0065
RTF-BLT-PC 101] 30| 5.84| 0.39] 12498 125@¢.5 0|50 66-3Q 15 0.0065
RTF-BLT-PG 102 30] 5.91| 0.53 152719 1208$.2 0[50 66-30 0.0065
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Figures

Characterization of Repair Capability

CAIB Recommendation R6.4-1 to develop an inspect and repair
capability for TPS damage
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Figure 1: Development of a repair capability for Shuttle return to flight.
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Figure 2: Facilities used in the current study.
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Figure 3: Schematic of thermographic phosphor system.
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Figure 4. Ceramic Shuttle Orbiter models.
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Figure 5: Placement of fiducial marks.
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Figure 6: Shuttle Orbiter model fiducial mark locations.
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Figure 7. Model setup using laser alignment system.
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Appendix A: 20-Inch Mach 6 Air Tunnel Aeroheating

Table A.1: Cross Reference of Figure Numbers Versus Parametrics for Phosphor Images from the
20-Inch Mach 6 Air Tunnel.

a (deg) Model (X/L)CL KCL (ln.) AL (X/L)AL (ln.) KAL Flgure
30 RTF-BLT-P5 0.20 0.0065 30-INV 0.20 0.0065 Al
30 RTF-BLT-PB 0.20 0.0065 30-INV 0.20 0.0065 A4
30 RTF-BLT-P5 0.40 0.0065 30-INV 0.40 0.0065 A7
30 RTF-BLT-PB 0.40 0.0065 30-INV 0.40 0.0065 A.10
30 RTF-BLT-P5 0.60 0.0065 30-INV 0.60 0.0065 A.13
30 RTF-BLT-PB 0.60 0.0065 30-INV 0.60 0.0065 A.16
30 RTF-BLT-P5 0.64 0.0065 40-INV 0.64 0.0045 A.19
40 RTF-BLT-P2 - - - - - A.22
40 RTF-BLT-P3 - - - - - A.25
40 RTF-BLT-P5 - - - - - A.28
40 RTF-BLT-PB 0.10 0.0045 40-INV 0.10 0.0045 A.31
40 RTF-BLT-P3 0.30 0.0045 40-VIS 0.30 0.0045 A.34
40 RTF-BLT-P5 0.30 0.0065 40-INV 0.30 0.0065 A.37
40 RTF-BLT-P3 0.40 0.0045 40-VIS 0.40 0.0045 A.40
40 RTF-BLT-P5 0.40 0.0065 40-INV 0.40 0.0065 A.43
40 RTF-BLT-P3 0.50 0.0045 40-VIS 0.50 0.0045 A.46
40 RTF-BLT-P5 0.50 0.0045 40-INV 0.50 0.0045 A.49
40 RTF-BLT-P5 0.50 0.0065 40-INV 0.50 0.0065 A.52
40 RTF-BLT-PB 0.50 0.0065 40-INV 0.50 0.0065 A.55
40 RTF-BLT-P3 0.60 0.0045 40-VIS 0.60 0.0045 A.58
40 RTF-BLT-P5 0.60 0.0045 40-INV 0.60 0.0045 A.61
40 RTF-BLT-P5 0.60 0.0115 40-INV 0.60 0.0065 A.64
40 RTF-BLT-P5 0.64 0.0065 40-INV 0.64 0.0045 A.67
40 RTF-BLT-P5 0.64 0.0115 40-INV 0.64 0.0115 A.70
40 RTF-BLT-PB 0.66 0.0045 40-INV 0.66 0.0035 A.73
40 RTF-BLT-P5 0.68 0.0045 40-INV 0.68 0.0045 A.76
40 RTF-BLT-PB 0.68 0.0045 40-INV 0.68 0.0045 A.79
40 RTF-BLT-P3 0.70 0.0045 40-INV 0.70 0.0045 A.82

Note: Corresponding data cuts are located immediately after figures.
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Protuberance Locations

RTF Protuberance Aeroheating CL: x/L = 0.20: k = 0.0065-in.

20-Inch Mach 6 Air Tunnel AL: x/L=0.20; k =0.0065-in

Model RTF-BLT-P5 (AL-30-INV)
o = 30-deg
hihgg
| S
0.0 0.1 0.2 0.3 0.4 0.5
Protuberances NOT to scale

Data Cut

“ Locations

Test , Run , Re.. = 0.56x100/ft

Test 6886, Run 152, Re, = 3.46x100/ft

Test 6886, Run 150, Re., = 1.71x100/ft

Test . Run . Re., = 0.84x106/ft Test 6886, Run 149, Re., = 2.08x106/ft

Test 6886, Run 153, Re.. = 4.12x100/ft

Test , Run , Re... = 1.07x100/ft Test , Run , Re.. = 2.48x100/ft

Test , Run , Re., = 4.65x100/ft

Test , Run , Re.. = 1.39x106/ft

Test 6886, Run 151, Re.. = 2.97x100/ft

Test , Run , Re., = 5.41x100/ft

= 0.0065-in.,kA|__30_|NV = 0.0065-in.
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Figure A.1: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 30-degx/L = 0.20 k¢
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Figure A.2: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.20 k¢, =
0.0065'in.,kA|__30_|NV = 0.0065-in.
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Figure A.3: RTF-BLT-P5 spanwise data /L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L =
0.20,kc|_ = 0.0065'in.kAL_30_|NV = 0.0065-in.
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Protuberance Locations

RTF Protuberance Aeroheating CL: x/L = 0.20; k = 0.0065-in.
20-Inch Mach 6 Air Tunnel AL: x/L=0.20; k = 0.0065-in.

Model RTF-BLT-PB (AL-30-INV)

Data Cut
[*™ Locations

o=30-deg | = L # :
| |
0.0 0.1 0.2 0.3 0.4 0.5
Protuberances NOT to scale
Test , Run , Re,, = 0.56x100/ft Test , Run , Re,. = 1.71x100/ft Test , Run , Re, = 3.46x100/ft

Test , Run , Re., = 0.84x106/ft

Test , Run , Re., = 4.12x100/ft

Test , Run , Re,, = 1.07x100/ft

Test . Run , Re, = 4.65x106/ft

Test . Run , Re, = 1.39x106/ft Test 6892, Run 44, Re_, = 2.97x106/ft

Test , Run , Re, = 5.41x106/ft

Figure A.4: RTF-BLT-PB global aeroheating in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.20,

kCL = 0.0065'in.kA|__30_|NV = 0.0065-in.
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Figure A.5: RTF-BLT-PB centerline data in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.20 kg =
0.0065'in.,kA|__30_|NV = 0.0065-in.
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Figure A.6: RTF-BLT-PB spanwise data /L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L =
0.20,kc|_ = 0.0065'in.kAL_30_|NV = 0.0065-in.
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Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.40: k = 0.0065-in.

Data Cut
Locations

"

20-Inch Mach 6 Air Tunnel AL: x/L = 0.40; k =0.0065-in.
Model RTF-BLT-P5 (AL-30-INV)
G=0deg [ 0 gl & s
| S
00 01 02 03 04 05
Protuberances NOT to scale
Test , Run , Re . = 0.56x100/ft Test , Run , Re., = 1.71x100/ft

=

Test . Run . Re., = 0.84x106/ft

Test 6886, Run 121, Re., = 4.65x100/ft

Test , Run ., Re., = 1.07x106/ft

Test , Run , Re.. = 1.39x106/ft Test 6886, Run 124, Re., = 2.97x106/ft Test , Run , Re., = 5.41x100/ft

Figure A.7: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 30-degx/L = 0.40 k¢
= 0.0065—in.,kA|__3(}|NV = 0.0065-in.
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Figure A.8: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.40 k¢, =
0.0065'in.,kA|__30_| NV = 0.0065-in.
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Figure A.9: RTF-BLT-P5 spanwise data /L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L =
0.40,kc|_ = 0.0065'in.kA|__30_|NV = 0.0065-in.
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Data Cut

Protuberance Locations
“~ Locations

RTF Protuberance Aeroheating CL: x/L = 0.40: k = 0.0065-in.

20-Inch Mach 6 Air Tunnel AL: x/L = 0.40; k =0.0065-in.
Model RTF-BLT-PB (AL-30-INV) :
o = 30-deg w BB
hihgp
| |
0.0 0.1 0.2 0.3 0.4 0.5

Test 6892, Run 49, Re . = 3.46x100/ft

Test , Run , Re.. = 0.56x100/ft

Test . Run . Re., = 0.84x106/ft Test . Run . Re., = 4.12x100/ft

Test , Run , Re... = 1.07x100/ft Test , Run , Re., = 4.65x100/ft

Test , Run , Re.. = 1.39x106/ft Test 6892, Run 48, Re.,. = 2.97x106/ft Test , Run , Re., = 5.41x100/ft

Figure A.10: RTF-BLT-PB global aeroheating in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.40,
kCL = 0.0065'in.kA|__30_|NV = 0.0065-in.
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Figure A.11: RTF-BLT-PB centerline data in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.40,kc
= 0.0065-in.,kA|__30|NV = 0.0065-in.
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Figure A.12: RTF-BLT-PB spanwise data /L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L =
0.40,kc|_ = 0'0065_in'kAL-30-|NV = 0.0065-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.60: k = 0.0065-in.
20-Inch Mach 6 Air Tunnel AL: x/L =0.60; k = 0.0065-in.
Model RTF-BLT-P5 (AL-30-INV)

o = 30-deg
[
0.0 0.1 0.2 0.3 0.4 0.5

Protuberances NOT to scale

Test , Run , Re . = 0.56x100/ft Test 6886, Run 131, Re, = 1.71x106/ft

Test 6886, Run 130, Re, = 2.08x106/ft | Test 6886, Run 128, Re, = 4.12x106/ft

Test 6886, Run 133. Re.. = 1.07x106/ft Test , Run , Re.. = 2.48x100/ft Test , Run , Re., = 4.65x106/ft

-

Test 6886. Run 132, Re., = 1.39x106/ft | Test 6886, Run 129, Re.. = 2.97x100/ft Test . Run , Re., = 5.41x100/ft

Figure A.13: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 30-degx/L = 0.60,
kCL = 0.0065'in.kA|__30_|NV = 0.0065-in.
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Figure A.14: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.60,kc =
0.0065-in.,kA|__30_|NV = 0.0065-in.
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Figure A.15: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L =
0.60,kc|_ = 0.0065'in.kAL_30_|NV = 0.0065-in.
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Protuberance Locations Data Cut
RTF Protuberance Aeroheating CL: x/L = 0.60; k = 0.0065-in. g
20-Inch Mach 6 Air Tunnel AL: x/L =0.60; k =0.0065-in.
Model RTF-BLT-PB (AL-30-INV)
o = 30-deg
| S
0.0 0.1 0.2 0.3 0.4 0.5
Protuberances NOT to scale

Test , Run , Re . = 0.56x100/ft Test , Run , Re., = 1.71x100/ft Test 6892, Run 41. Re., = 3.46x 106/ft

Test , Run , Re.. = 0.84x100/ft Test 6892, Run 38, Re.. = 2.08x106/ft Test . Run . Re., = 4.12x100/ft

Test , Run ., Re., = 1.07x106/ft Test 6892, Run 39. Re., = 2.48x106/ft Test , Run , Re., = 4.65x106/ft

Test . Run , Re.. = 1.39x106/ft Test 6892, Run 40. Re, = 2.97x106/ft Test , Run . Re., = 5.41x106/ft

Figure A.16: RTF-BLT-PB global aeroheating in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.60,
kCL = 0.0065'in.kA|__30_|NV = 0.0065-in.
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Figure A.17: RTF-BLT-PB centerline data in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.60,kc
= 0'0065'in"kAL—3O—INV = 0.0065-in.
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Figure A.18: RTF-BLT-PB spanwise data /L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L =
0.60,kc|_ = 0'0065_in'kAL-30-|NV = 0.0065-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.64: k = 0.0065-in.

20-Inch Mach 6 Air Tunnel AL: x/L =0.64; k =0.0045-in.
Model RTF-BLT-P5 (AL-40-INV)
o = 30-deg
| |
00 01 02 03 04 05

Protuberances NOT to scale

y

Test 6886, Run 143, Re., = 0.56x106/ft Test , Run , Re., = 1.71x100/ft

Test . Run . Re., = 0.84x106/ft

pr

Test 6886, Run 142, Re.. = 1.07x106/ft | Test 6886, Run 140, Re., = 2.48x109/ft | Test 6886, Run 137, Re., = 4.65x100/ft

Test , Run , Re.. = 1.39x106/ft Test 6886, Run 138, Re., = 2.97x100/ft Test . Run , Re., = 5.41x100/ft

Figure A.19: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 30-degx/L = 0.64,
kCL = 0.0065'in.kA|__40_|NV = 0.0045-in.
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0.50 Y Test 6886, Run 139, Re_= 2.09x10%1t o Test 6886, Run 136, Re = 4.14x10"/ft
B Test 6886, Run 140, Re_ = 2.50x10°/ft . Test 6886, Run 137, Re_ = 4.55x10%ft
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g 030 |

Figure A.20: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L = 0.64 k¢ =
0.0065'in.,kA|__40_| NV = 0.0045-in.

060 —
i 4 Test6886, Run 143, Re_= 0.56x10°t |
B Test6886, Run 142, Re_=1.04x10%t
0.50 Y Test 6886, Run 139, Re_= 2.09x10%t
B A Test 6886, Run 140, I'-h?.-m = 2.50x10%t 1
- 4 Test6886, Run 138, Re_= 2.98x10°t .

0.40 6
| ®  Test6886, Run 135, Re_= 3.47x10%t |
i ®  Test 6886, Run 136, Re_= 4.14x10%t |
£ i Q;n’n.. * Test 6886, Run 137, Re_ = 4.55x10%ft 1ot ]
g 030 " -
A‘AA 4 ? o® * * ]
| > 1 i
0.20 8 -t -
vy 4 A v "
a s 7l on . L 4‘_‘ i
B A g - 4 v 4 |
i i’ LYYy L . < ¥ |
B am LY A 4® . 4 v b4 A
0.10 I 19 Thil o’ "nnt vila
;i 5 ud oy B Pt
i < fla » n i
| ., i
o000 L 1
-0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40
yiL

Figure A.21: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 30-degx/L =
0.64,kc|_ = 0.0065'in.kA|__40_|NV = 0.0045-in.
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RTF Protuberance Aeroheating

20-Inch Mach 6 Air Tunnel
Model RTF-BLT-P2
o = 40-deg

hihyg
E =

0.2 0.3 0.4

0.5

Protuberance Locations

CL: none
AL: none

Data Cut

- "
Locations

Test, Run , Re_ = 0.56x109/ft

Test, Run , Re_ = 1.71x106/ft

Test . Run , Re, = 3.46x109/ft

-

Fest 6883, Run 10, Re.. = 2.08x106/fi

Test 6883, Run 18, Re, =4.12x106/f]

Test , Run , Re., = 0.84x106/ft

Test 6883, Run 20, Re.. = 1.07x106/f

Test, Run , Re_ = 2.48x106/ft

Test , Run , Re_. = 4.65x106/ft

Test , Run , Re_, = 1.39x106/ft

Fest 6883, Run 17, Re.. = 2.97x106/fi

Test 6883, Run 19, Re., = 5.41x106/f

Figure A.22: RTF-BLT-P2 global aeroheating in the 20-Inch Mach 6 Air Tunnel air = 40-deg, baseline.
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B Test 6883, Run 20, Re_= 1.07x10%ft A Test 6883, Run 19, Re_=5.37x10%ft
Y  Test 6883, Run 10, Re_=2.08x10%t
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Figure A.23: RTF-BLT-P2 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-deg, baseline.
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Figure A.24: RTF-BLT-P2 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-deg, base-

line.
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RTF Protuberance Aeroheating

20-Inch Mach 6 Air Tunnel CL: none
Model RTF-BLT-P3 AL: none
o. = 40-deg
hﬁ?FR
I T
0.0 0.1 0.2 0.3 0.4 0.5

Protuberance Locations

Data Cut
Locations

Test , Run , Re,, = 0.56x100/ft

Test , Run, Re, = 1.71x106/ft

Test , Run , Re_, = 3.46x I_Oﬁfft

lest 6883, Run 28, Re.. = 2.08x106/fi

Test 6883, Run 32, Re., = 4.12x106/f

Test , Run , Re., = 0.84x106/ft

Test 6883, Run 31, Re.. = 1.07x106/f

Test , Run , Re_ = 2.48x106/ft

Test , Run , Re_. = 4.65x106/ft

Test , Run , Re_, = 1.39x106/ft

lFest 6883, Run 29, Re.. = 2.97x106/fi

Test , Run , Re.. = 5.41x106/ft

Figure A.25: RTF-BLT-P3 global aeroheating in the 20-Inch Mach 6 Air Tunnel air = 40-deg, baseline.
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n Test 6883, Run 31, Rem =1.07x10%ft 4 Test 6883, Run 29, Rew = 2.97x10%ft
| v Test 6883, Run 28, Re_= 2.07x10%ft il Test 6883, Run 32, Re = 4.13x10°/
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Figure A.26: RTF-BLT-P3 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-deg, baseline.
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Figure A.27: RTF-BLT-P3 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-deg, base-
line.
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RTF Protuberance Aeroheating
20-Inch Mach 6 Air Tunnel
Model RTF-BLT-P5

o = 40-deg
[
0.0 0.1 0.2 0.3 0.4 0.5

Protuberance Locations

CL: none
AL: none

Data Cut

“~ Locations

Test , Run , Re.. = 0.56x100/ft

Test , Run , Re, = 3.46x100/ft

Test 6886, Run 13, Re, = 4.12x100/ft

Test . Run , Re., = 0.84x106/ft Test 6886, Run 11, Re, = 2.08x100/ft

Test 6886, Run 10, Re., = 1.07x106/ft

Test ., Run , Re, = 2.48x100/ft

Test , Run , Re., = 4.65x106/ft

Test , Run , Re.. = 1.39x106/ft Test 6886, Run 12, Re . = 2.97x100/ft

Test , Run , Re., = 5.41x100/ft

Figure A.28: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel air = 40-deg, baseline.
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Figure A.29: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-deg, baseline.
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Figure A.30: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-deg, base-
line.

45



5 Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L =0.10: k = 0.0045-in.

20-Inch Mach 6 Air Tunnel AL: x/L =0.10; k =0.0045-in.
Model RTF-BLT-PB (AL-40-INV)
o=40-deg | L : i -
hihgp
| |

0.0 0.1 0.2 0.3 0.4 0.5

Protuberances NOT to scale

Test , Run , Re.. = 0.56x100/ft Test , Run , Re, = 1.71x106/ft Test . Run , Re., = 3.46x100/ft

Test . Run . Re., = 0.84x106/ft Test , Run , Re., = 4.12x106/ft

Test , Run , Re... = 1.07x100/ft Test , Run , Re., = 4.65x100/ft

Test , Run , Re.. = 1.39x106/ft Test 6892, Run 32, Re., = 2.97x106/ft Test , Run , Re., = 5.41x100/ft

Figure A.31: RTF-BLT-PB global aeroheating in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.10,
kCL = 0.0045—in.,kA|__40_V|S = 00045-|n
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Figure A.32: RTF-BLT-PB centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.10,kc
= 0.0045-in.,kA|__40_V|S = 0.0045-in.
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Figure A.33: RTF-BLT-PB spanwise data /L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.10,kc|_ = 0.0045'in.kAL_40_|NV = 0.0045-in.
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Protuberance Locations
RTF Protuberance Aeroheating CL: x/L=0.30; k = 0.0045-in.
20-Inch Mach 6 Air Tunnel AL: x/L =0.30; k =0.0045-in.
Model RTF-BLT-P3 (AL-40-VIS)

Data Cut
Locations

P

o =40-deg
hihpg
|
00 01 02 03 04 05

Protuberances NOT to scale

Test . Run , Re, =0.56x106/ft __[lest 6883, Run 76, Re. = 1.71x106/ffTest 6883, Run 74, Re_ = 3.46x106/f

Test, Run , Re., = 0.84x106/ft  [Test 6883, Run 72, Re., = 2.08x106/ff  Test, Run, Re.. =4.12x106/ft

p

F

Test 6883, Run 67, Re.. = 1.07x106/f{lest 6883, Run 70, Re.. = 2.48x106/ff  Test, Run , Re = 4.65x106/ft

[Test 6883, Run 71, Re, = 1.39x106/f{lest 6883, Run 73, Re.. =2.97x106/ff  Test, Run , Re_. = 5.41x105/ft

Figure A.34: RTF-BLT-P3 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.30,
kCL = 0.0045—in.,kA|__40_V|S = 00045-|n

48



0.60 — I I T T I I I I I T T T I I I I T

B Test 6883, Run 67, Re_=1.06x10%ft A Test 6883, Run 70, Re_= 2.51x10%ft
¢ Test 6883, Run 71, Re_=1.39x10%ft 4 Test 6883, Run 73, Re_= 2.98x10%ft
050 A Test6883, Run 76, Re_ = 1.72x10%t ®  Test6883, Run 74, Re_=3.43x10°/t

hd Test 6883, Run 72, Re_ = 2.10x10%ft

0.40

g 0.30 i ;
i

0.20

0.10

0.00 0.20 0.40 0.60 0.80 1.00
x/L

Figure A.35: RTF-BLT-P3 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.30,k¢c =
O.OO45-in.,kAL_40V|S = 0.0045-in.

0-60 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
j ®  Test 6883, Run 67, Re_= 1.06x10%ft §
s ¢ Test 6883, Run71, Re_=1.39x10%t :
0.50
: 4 Test6883, Run 76, Re_=1.72x10%/t -
- & Y Test6883, Run 72, Re_=2.10x10%t i
[ ]
040 | ° A Test 6883, Run 70, Re_=2.51x10%t oy i
L J
- ) 4 Test 6883, Run73, Re =2.98x10°%t o .
| g ; » Re @2 (I
4‘1‘ - 6 -
- 4 (S ®  Test6883, Run74,Re_=3.43x10°%1t| - 4 -
= i _ ° = 1
£ 030 e 2
2 4y S g® 4 4 -
B L Aﬁ \ “4‘ a e

0.20 4 " e J
s : S i
. A k& f'&h‘&““‘n s ,"__'F,Jw',"_ . ““0‘
B A A Ayl Viypdalddtt Ll L 1
= P w — Lt b -1
oy 2 v A, by 2 %,
B A Y [Ty L ]

0.10 : Mt-‘ AL

oop L vl
-0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40
yiL

Figure A.36: RTF-BLT-P3 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
O'SO’kCL = O.OO45-in.,kA|__4(}V|S = 0.0045-in.
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RTF Protuberance Aeroheating

20-Inch Mach 6 Air Tunnel

Model RTF-BLT-P5
o = 40-deg
hihgp
|
00 01 02 03 04 05

g Data Cut
= 1l Locations

Protuberance Locations

CL: x/L =0.30; k =0.0065-in.
AL: x/L =0.30; k =0.0065-in.
(AL-40-INV)

Protuberances NOT to scale

Test , Run , Re.. = 0.56x100/ft

y

Test 6886, Run 89. Re.. = 1.71x106/ft Test , Run , Re, = 3.46x100/ft

Test . Run , Re., = 0.84x106/ft

Test , Run , Re., = 4.12x106/ft

Y

Test 6886, Run 88, Re. = 1.07x100/ft

Test 6886, Run 86, Re., = 2.48x100/ft Test , Run , Re., = 4.65x100/ft

3

Test 6886, Run 87, Re, = 1.39x100/ft

.

Test 6886, Run 91, Re = 2.97x106/ft Test , Run , Re., = 5.41x100/ft

Figure A.37: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.30,
kCL = 0.0065'in.kA|__40_|NV = 0.0065-in.
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Figure A.38: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.30,kc =
0.0065'in.,kA|__40_|NV = 0.0065-in.
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Figure A.39: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.30,kc|_ = 0.0065-in.kA|__40_|NV = 0.0065-in.
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Data Cut

Protuberance Locations
“~ Locations

RTF Protuberance Aeroheating CL: x/L =0.40; k = 0.0045-in.
20-Inch Mach 6 Air Tunnel AL: x/L = 0.40; k = 0.0045-in.

Model RTF-BLT-P3 (AL-40-VIS)
o=40-deg | i *
hihgg
|
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Protuberances NOT to scale
Test , Run , Re,, = 0.56x106/ft Test, Run, Re, = 1.71x106/ft Test, Run , Re, =3.46x106/ft

§

Test, Run, Re., = 0.84x106/ft _ |lest 6883, Run 62, Re.. = 2.08x106/ftTest 6883, Run 66, Re, = 4.12x106/f]

[Test 6883, Run 64, Re., = 1.07x106/f{  Test, Run, Re_ = 2.48x106/ft Test, Run , Re =4.65x106/ft

s

[Test 6883, Run 65, Re., = 1.39x106/f{lest 6883, Run 63, Re., =2.97x106/ff  Test, Run , Re_. = 5.41x105/ft

Figure A.40: RTF-BLT-P3 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.40,
kCL = 0.0045—in.,kA|__40_V|S = 0.0045-in.
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Figure A.41: RTF-BLT-P3 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.40,kc =
O.OO45-in.,kAL_40V|S = 0.0045-in.
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Figure A.42: RTF-BLT-P3 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0'4O’kCL = O.OO45-in.,kA|__4(}V|S = 0.0045-in.
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Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.40: k = 0.0065-in.

Data Cut
Locations

|g—

20-Inch Mach 6 Air Tunnel AL: x/L = 0.40; k =0.0065-in.
Model RTF-BLT-P5 (AL-40-INV)
o=40-deg | = 7 & :
hihgp
| |
0.0 0.1 0.2 0.3 0.4 0.5

Protuberances NOT to scale

Test , Run , Re.. = 0.56x100/ft Test , Run , Re, = 3.46x100/ft

Test , Run , Re., = 4.12x106/ft

Test . Run , Re., = 0.84x106/ft

Test 6886, Run 81, Re. = 1.07x100/ft Test , Run , Re., = 4.65x100/ft

Test 6886, Run 80, Re, = 1.39x100/ft | Test 6886, Run 83, Re, = 2.97x106/ft Test , Run , Re., = 5.41x100/ft

Figure A.43: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.40,
kCL = 0.0065'in.kA|__40_|NV = 0.0065-in.
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®  Test 6886, Run 81, Re_=1.09x10%ft Y Test 6886, Run 78, Re_=2.05x10%t
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Figure A.44: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.40,kc =
0.0065'in.,kA|__40_|NV = 0.0065-in.
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Figure A.45: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.40,kc|_ = 0.0065-in.kA|__40_|NV = 0.0065-in.
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Protuberance Locations
RTF Protuberance Aeroheating CL: x/L =0.50; k =0.0045-in.
20-Inch Mach 6 Air Tunnel AL: x/L =0.50; k = 0.0045-in.
Model RTF-BLT-P3 (AL-40-VIS)

Data Cut
Locations

-—

o =40-deg
0.0 0.1 0.2 0.3 0.4 0.5
Protuberances NOT to scale

Test, Run , Re_ = 0.56x109/ft Test, Run, Re = 1.71x105/ft

Test 6883, Run 55, Re., = 4.12x106/f]

Test , Run , Re., = 0.84x106/ft

Test 6883, Run 47, Re.. = 1.07x10/f{lest 6883, Run 51, Re.. = 2.48x106/ff  Test, Run , Re = 4.65x106/ft

[Test 6883, Run 50, Re., = 1.39x106/f{lest 6883, Run 52, Re., =2.97x106/ff  Test, Run , Re_. = 5.41x105/ft

Figure A.46: RTF-BLT-P3 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.50,
kCL = 0.0045—in.,kA|__40_V|S = 00045-|n
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Figure A.47: RTF-BLT-P3 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.50 k¢ =
0.0045-in.,kA|__40V|S = 0.0045-in.
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Figure A.48: RTF-BLT-P3 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.50,kc|_ = O.OO45-in.,kA|__4&V|S = 0.0045-in.
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Protuberance Locations

RTF Protuberance Aeroheating CL: x/L = 0.50: k = 0.0045-in.

20-Inch Mach 6 Air Tunnel AL: x/L=0.50; k =0.0045-in.

Model RTF-BLT-P5 (AL-40-INV)
o = 40-deg
hihgg

| S
00 0.1 02 03 04 05

Protuberances NOT to scale

Data Cut
> p
Locations

......

Test , Run , Re.. = 0.56x100/ft Test 6886, Run 48, Re.. = 1.71x106/ft

Test , Run , Re, = 3.46x100/ft

Test 6886. Run 45, Re.. = 2.08x106/ft

Test 6886, Run 49, Re_, = 4.12x100/ft

Test . Run , Re., = 0.84x106/ft

Test , Run , Re., = 4.65x100/ft

Test 6886, Run 47, Re, = 1.39x100/ft | Test 6886, Run 43, Re, = 2.97x106/ft

Test , Run , Re., = 5.41x100/ft

Figure A.49: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.50,
kCL = 0.0045—in.kA|__40_|NV = 0.0045-in.
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L] Test 6886, Run 46, Fien° = 1.05x10°%/ft A Test 6886, Run 44, Re‘ = 2.48x10%/t
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Figure A.50: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.50 k¢ =
0.0045'in.,kA|__40_|NV = 0.0045-in.
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Figure A.51: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.50,kc|_ = 0.0045'in.kAL_40_|NV = 0.0045-in.
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RTF Protuberance Aeroheating
20-Inch Mach 6 Air Tunnel
Model RTF-BLT-P5

o = 40-deg
hihgp
[
0.0 0.1 0.2 0.3 0.4 0.5

Protuberance Locations Data Cut

"

Locations

CL: x/L=0.50; k =0.0065-in.
AL: x/L =0.50; k =0.0065-in.
(AL-40-INV)

Test , Run , Re.. = 0.56x100/ft

Test , Run , Re, = 3.46x100/ft

Test . Run . Re., = 4.12x100/ft

Test . Run , Re., = 0.84x106/ft

Test 6886, Run 101, Re., = 1.07x106/ft

Test , Run , Re., = 4.65x100/ft

Test , Run , Re.. = 1.39x106/ft

Test 6886, Run 99, Re_, = 2.97x106/ft

Test , Run , Re., = 5.41x100/ft

Figure A.52: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.50,
kCL = 0.0065'in.kA|__40_|NV = 0.0065-in.
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L] Test 6886, Run 101, Re_ = 1.10x10%ft 4 Test 6886, Run 99, Re_ = 2.96x10%ft |
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Figure A.53: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.50,kc =
0.0065'in.,kA|__40_|NV = 0.0065-in.
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Figure A.54: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.50,kc|_ = 0.0065'in.kAL_40_|NV = 0.0065-in.
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RTF Protuberance Aeroheating

20-Inch Mach 6 Air Tunnel

Model RTF-BLT-PB
o = 40-deg
hihgp
|
00 01 02 03 04 05

Protuberance Locations
CL: x/L = 0.50; k =0.0065-in.

(AL-40-INV)

AL: x/L =0.50; k =0.0065-in.

Protuberances NOT to scale

Data Cut

“~ Locations

Test , Run , Re.. = 0.56x100/ft

Test 6892, Run 17, Re., = 1.71x106/ft

Test, Run , Re.. = 3.46x106/ft

Test . Run , Re., = 0.84x106/ft

Test 6892, Run 15, Re.. = 2.08x106/ft

Test , Run , Re., = 4.12x106/ft

Test 6892, Run 10, Re. = 1.07x100/ft

Test , Run , Re., = 4.65x100/ft

Test 6892, Run 19, Re., = 1.39x100/ft

Test 6892, Run 16, Re., = 2.48x100/ft

-

Test 6892, Run 18, Re, = 2.97x106/ft

Test , Run , Re., = 5.41x100/ft

Figure A.55: RTF-BLT-PB global aeroheating in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.50,
kCL = 0.0065'in.kA|__40_|NV = 0.0065-in.

62




0.60 I T T T T 1 T T T I 1 T T 1 T T T T

" Test6892, Run 10, Re_ = 1.05x10%ft Y Test6892, Run 15, Re_ = 2.06x10%t
* Test 6892, Run 19, Fte“ =1.36x10%ft A Test 6892, Run 16, He_L = 2.44x10°/ft
050 A Test6892, Run 17, Re_ = 1.70x10%t 4 Test6892, Run 18, Re_ = 2.93x10%t
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Figure A.56: RTF-BLT-PB centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.50,kc
= 0.0065'in.,kAL_40_|NV = 0.0065-in.
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Figure A.57: RTF-BLT-PB spanwise data /L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.50,kc|_ = 0.0065-in.kA|__40_|NV = 0.0065-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.60: k = 0.0045-in.

20-Inch Mach 6 Air Tunnel AL: x/L =0.60; k = 0.0045-in.
Model RTF-BLT-P3 (AL-40-VIS)
o =40-deg
hihpg

0.0 0.1 0.2 0.3 0.4 0.5

Protuberances NOT to scale

~

Test, Run, Re., = 0.84x106/ft _ |lest 6883, Run 42, Re.. = 2.08x106/ft{Test 6883, Run 38, Re, = 4.12x106/f]

Test 6883, Run 45, Re.. = 1.07x106/f{Test 6883, Run 41, Re.. = 2.48x106/ff  Test, Run , Re = 4.65x106/ft

[Test 6883, Run 46, Re., = 1.39x106/f{lest 6883, Run 40, Re., =2.97x106/ff  Test, Run , Re_ = 5.41x105/ft

Figure A.58: RTF-BLT-P3 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.60,
kCL = 0.0045-in.,kAL_40_V|S = 00045-|n
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Figure A.59: RTF-BLT-P3 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.60,kc =

0.60
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Figure A.60: RTF-BLT-P3 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =

4 Test 6883, Run 44, Re_=0.56x10%ft
= Test 6883, Run 45, Re_=1 .09x10%ft
* Test 6883, Run 46, Fte‘e =1.40x10%/#t
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e Test 6883, Run 39, Re’_ = 3.45%10%t

= Test 6883, Run 38, Re

=4.17x10°/t

0.0045-in. 'kAL-40-V| s= 0.0045-in.
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O.GO,kCL = O.OO45-in.,kA|__4(}V|S = 0.0045-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.60: k = 0.0045-in.
20-Inch Mach 6 Air Tunnel AL: x/L=0.60; k =0.0045-in.

Model RTF-BLT-P5 (AL-40-INV)
o = 40-deg
hihgp
|
0.0 0.1 0.2 0.3 0.4 0.5

Test 6886, Run 32, Re . = 3.46x100/ft

Test , Run , Re.. = 0.56x100/ft

Test . Run . Re., = 4.12x100/ft

Test . Run . Re., = 0.84x106/ft

Test , Run , Re., = 4.65x100/ft

Test 6886, Run 29, Re, = 1.39x100/ft | Test 6886, Run 30, Re, = 2.97x106/ft Test , Run , Re., = 5.41x100/ft

Figure A.61: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.60,
kCL = 0.0045—in.kA|__40_|NV = 0.0045-in.

66



0.60 T T T 2 T I T =T T T T T T T T T T =T
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040 &

gﬁ 0.30

0.20

0.10

0.00

0.00 0.20 0.40 0.60 0.80 1.00

WL

Figure A.62: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.60,kc =
0.0045'in.,kA|__40_| NV = 0.0045-in.
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Figure A.63: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.60,kc|_ = 0.0045'in.kA|__40_|NV = 0.0045-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.60; k = 0.0115-in.

20-Inch Mach 6 Air Tunnel AL: x/L=0.60; k =0.0065-in.
Model RTF-BLT-P5 (AL-40-INV)
o = 40-deg
T
0.0 0.1 0.2 0.3 0.4 0.5
Protuberances NOT to scale

Test , Run , Re . = 0.56x100/ft Test , Run , Re., = 1.71x100/ft Test , Run , Re, = 3.46x100/ft

Test 6886, Run 103, Re_, = 2.08x106/ft Test . Run . Re., = 4.12x100/ft

Test . Run , Re, = 2.48x100/ft Test , Run , Re., = 4.65x106/ft

Test , Run , Re.. = 2.97x100/ft Test . Run , Re., = 5.41x100/ft

Figure A.64: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.60,
kCL = O.OllS-in.kAL_40_|NV = 0.0065-in.
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Figure A.65: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.60,kc =

h’hFR

Figure A.66: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
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Data Cut
“~ Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.64: k = 0.0065-in.
20-Inch Mach 6 Air Tunnel AL: x/L =0.64; k =0.0045-in.
Model RTF-BLT-P5 (AL-40-INV)

o = 40-deg
hlhgg
0.0 0.1 02 0.3 04 0.5 Protuberances NOT to scale
Test , Run , Re_. = 0.56x100/ft Test 6886, Run 25. Re.. = 1.71x106/ft Test , Run , Re, = 3.46x100/ft

Test . Run . Re., = 4.12x100/ft

Test 6886, Run 21, Re.. = 1.07x100/ft | Test 6886, Run 24, Re. = 2.48x106/ft Test , Run , Re., = 4.65x100/ft

Test , Run , Re.. = 1.39x106/ft Test 6886, Run 23, Re.,. = 2.97x106/ft Test , Run , Re., = 5.41x100/ft

Figure A.67: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.64,
kCL = 0'0065_in'kAL-40-|NV = 0.0045-in.

70



0.60

T T T T T T

T T 1 T T I T

0.50

Test 6886, Run 20, Re_ = 0.83x10%ft
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Test 6886, Run 25, Re_ = 1.77x10%ft
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Figure A.68: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.64 .k =
0.0065'in.,kA|__40_|NV = 0.0045-in.
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Figure A.69: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.64,kc|_ = 0.0065'in.kAL_40_|NV = 0.0045-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.64; k =0.0115-in.
20-Inch Mach 6 Air Tunnel AL: x/L=0.64; k=0.0115-in.
Model RTF-BLT-P5 (AL-40-INV)
o = 40-deg

0.0 0.1 0.2 0.3 0.4 0.5

Protuberances NOT to scale

Test 6886, Run 111, Re, = 1.7 ‘ 106/ft Test , Run . Re., = 3.46x106/ft

Test . Run . Re., = 2.08x106/ft Test . Run . Re. = 4.12x100/ft

Test . Run , Re., = 2.48x100/ft Test . Run . Re.,. = 4.65x100/ft

Test 6886, Run 110, Re, = l.3x 106/ft Test , Run . Re., = 2.97x100/ft Test , Run . Re., = 5.41x100/ft

Figure A.70: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.64,
kCL = 0.0llS-in.kAL_40_|NV = 00115-|n
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4 Test 6886, Run 107, Re = 0.57x10%t 4 Test6886, Run 111, Re = 1.72x10%t
®  Test 6886, Run 108, Re_= 0.84x10%ft
0:50 ®  Test 6886, Run 109, Re_=1.09x10%t
4 Test 6886, Run 110, Re_ = 1.39x10°/ft
0.40 |2
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gﬁ 0.30
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L |
0.10
0.00
0.00 0.20 0.40 0.60 0.80 1.00

Figure A.71: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.64 k. =
0.0115'in.,kA|__40_|NV =0.0115-in.

0-60 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
i 4 Test6886, Run 107, Re_=0.57x10%t 1
i [ = 0. 6 d
0.50 Test 6886, Run 108, Re_ = 0.84x10%/ft
| ®  Test6886, Run 109, Re_=1.09x10%ft i
i +  Test 6886, Run 110, Re_= 1.39x10%t |
0.40
s A Test 6886, Run 111, Re_= 1.72x10%t :
. i |
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Figure A.72: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.64,kc|_ = 0.0lls-in.kAL_4o_|NV = 0.0115-in.
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RTF Protuberance Aeroheating
20-Inch Mach 6 Air Tunnel
Model RTF-BLT-PB

o = 40-deg
|
0.0 0.1 0.2 0.3 0.4 0.5

Protuberance Locations Data Cut

-— E:
I Locations

CL: x/L=0.66; k =0.0045-in.
AL: x/L =0.66; k =0.0035-in.
(AL-40-INV)

Protuberances NOT to scale

Test , Run , Re,, = 0.56x106/ft

Test , Run , Re, = 3.46x100/ft

Test , Run , Re., = 0.84x106/ft

Test , Run , Re., = 4.12x100/ft

Test . Run , Re, = 4.65x106/ft

Test , Run , Re,, = 1.07x100/ft

Test 6892, Run 22, Re., = 1.39x106/ft

Test 6892, Run 24, Re_, = 2.97x106/ft

Test , Run , Re., = 5.41x 100/t

Figure A.73: RTF-BLT-PB global aeroheating in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.66,
kCL = 0.0045—in.kA|__40_|NV = 00035'|n
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. Test 6892, Run 22, Re_ = 1.39x10%/ft = Test 6892, Run 23, Re = 2.44x10°/ft
& Test 6892, Run 21, Re_= 1.67x10%ft 4 Test 6892, Run 24, Re_= 2.91x10%4t
0.50 X Test 6892, Run 20, Re_ = 2.04x10%4t

040 |4

g 0.30

0.20

0.10

0.00
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WL

Figure A.74: RTF-BLT-PB centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.66,kc
= 0.0045-in.,kA|__40|NV = 0.0035-in.

0.60 —TTT T T T e —————— T —TTT
i ¢ Test6892, Run 22, Re_= 1.39x10%t _
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050 |- Y Test6892, Run 20, Re_ = 2.04x10%t |
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Figure A.75: RTF-BLT-PB spanwise data /L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.66,kc|_ = 0.0045'in.kAL_40_|NV = 0.0035-in.
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Data Cut
Locations

Protuberance Locations

RTF Protuberance Aeroheating CL: x/L = 0.68: k = 0.0045-in.
20-Inch Mach 6 Air Tunnel AL: x/L=0.68; k =0.0045-in.

-—

Model RTF-BLT-P5 (AL-40-INV)
o = 40-deg
hlhgg
| S
0.0 0.1 0.2 0.3 0.4 0.5
Protuberances NOT to scale
Test , Run , Re.. = 0.56x100/ft Test , Run , Re, = 1.71x106/ft Test 6886, Run 19. Re., = 3.46x 106/ft

Test 6886. Run 17, Re.. = 2.08x106/ft Test . Run . Re., = 4.12x100/ft

Test 6886, Run 15, Re, = 1.07x100/ft Test , Run , Re.. = 2.48x100/ft Test , Run , Re., = 4.65x100/ft

Test , Run , Re.. = 1.39x106/ft Test 6886, Run 18, Re.,. = 2.97x106/ft Test , Run , Re., = 5.41x100/ft

Figure A.76: RTF-BLT-P5 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.68,
kCL = 0.0045—in.kA|__40_|NV = 0.0045-in.
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g Test 6886, Run 14, Re_= 0.86x10°%/ft o Test 6886, Run 19, Re_ = 3.45x10%t
B Test 6886, Run 15, Re_=1.06x10%t
v Test 6886, Run 17, Re_= 2.09x10%4t
4 Test 6886, Run 18, Re_ = 3.01x10%ft
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Figure A.77: RTF-BLT-P5 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.68 k¢ =
0.0045'in.,kA|__40_| NV = 0.0045-in.
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i s/ Test 6886, Run 17, Re_= 2.09x10%t i
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Figure A.78: RTF-BLT-P5 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.68,kc|_ = 0.0045'in.kA|__40_|NV = 0.0045-in.
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Data Cut

Protuberance Locations il =z
Locations

RTF Protuberance Aeroheating CL: x/L = 0.68: k = 0.0045-in.
20-Inch Mach 6 Air Tunnel AL: x/L =0.68; k =0.0045-in.
Model RTF-BLT-PB (AL-40-INV)

o = 40-deg
hh g
Il 2 T
0.0 0.1 0.2 0.3 0.4 0.5
Test . Run , Re., = 0.56x100/ft Test 6892, Run 33, Re,, = 1.71x106/ft Test , Run , Re,, = 3.46x106/ft
Test , Run , Re... = 0.84x100/ft Test 6892, Run 36, Re.. = 2.08x100/ft Test . Run , Re.. = 4.12x106/ft

Test 6892, Run 37, Re., = 2.48x100/ft Test . Run , Re., = 4.65x100/ft

Test 6892, Run 34, Re., = 1.39x100/ft Test , Run , Re., = 2.97x106/ft Test , Run , Re, = 5.41x100/ft

Figure A.79: RTF-BLT-PB global aeroheating in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.68,
kCL = 0.0045—in.kA|__40_|NV = 00045-|n
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B Test 6892, Run 35, Re_= 1.06x10%ft Y Test 6892, Run 36, Re_ = 2.07x10%ft
. Test 6892, Run 34, Re_ = 1.37x10%ft L Test 6892, Run 37, Re_= 2.47x10°/Mt
050 A Test6892, Run 33, Re_ =1.68x10%it
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Figure A.80: RTF-BLT-PB centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.68 k¢
= 0.0045'in.,kAL_40_|NV = 0.0045-in.
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Figure A.81: RTF-BLT-PB spanwise data /L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.68,kc|_ = 0.0045'in.kAL_4o_|NV = 0.0045-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L =0.70; k =0.0045-in.

20-Inch Mach 6 Air Tunnel AL: x/L=0.70; k =0.0045-in.
Model RTF-BLT-P3 (AL-40-INV)
o=40deg | L i -
| |
00 01 02 03 04 05

Protuberances NOT to scale

Test 6883, Run 37, Re.. = 0.56x100/ft Test , Run , Re., = 1.71x100/ft Test , Run , Re, = 3.46x100/ft

Test . Run , Re.., = 0.84x100/ft Test 6883, Run 35, Re.. = 2.08x106/ft

Test 6883, Run 36, Re, = 1.07x100/ft Test , Run , Re.. = 2.48x100/ft Test , Run , Re., = 4.65x106/ft

Test , Run , Re.. = 1.39x106/ft Test 6883, Run 34, Re.. = 2.97x10/ft Test , Run , Re., = 5.41x100/ft

Figure A.82: RTF-BLT-P3 global aeroheating in the 20-Inch Mach 6 Air Tunnel atr = 40-degx/L = 0.70,
kCL = 0.0045—in.kA|__40_|NV = 0.0045-in.

80



0.60 T 18 1 T T T T T T T T T T T T

4 Test 6883, Run 37, Re_=0.54x10%t
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Figure A.83: RTF-BLT-P3 centerline data in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L = 0.70 .k =
0.0045'in.,kA|__40_|NV = 0.0045-in.
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4 Test 6883, Run 37, Re_ = 0.54x10%ft

L Test 6883, Run 36, Re_= 1.07x10%t

0.50
v Test 6883, Run 35, Re_=2.11x10%ft

A Test 6883, Run 34, Re_ = 2.96x1 08/t

Figure A.84: RTF-BLT-P3 spanwise dataX/L = 0.85) in the 20-Inch Mach 6 Air Tunnel ata = 40-degx/L =
0.70,kc|_ = 0.0045'in.kAL_4o_|NV = 0.0045-in.
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Appendix B: 31-Inch Mach 10 Air Tunnel Aeroheating

Table B.1: Cross Reference of Figure Numbers Versus Parametrics for Phosphor Images from the
31-Inch Mach 10 Air Tunnel.

a(deg.) Model D)L KoL (in.) AL (XD, (i) KaL Figure
30 RTF-BLT-P7 - - - - - B.1
30 RTF-BLT-P7  0.20 0.0115 30-INV 0.20 0.0115 B.4
30 RTF-BLT-P7  0.30 0.0115 30-INV 0.30 0.0115 B.7
30 RTF-BLT-P7  0.40 0.0115 30-INV 0.40 0.0115 B.10
30 RTF-BLT-P7  0.50 0.0115 30-INV 0.50 0.0115 B.13
40 RTF-BLT-P7 - - - - - B.16
40 RTF-BLT-P7  0.20 0.0115 40-INV 0.20 0.0115 B.19
40 RTF-BLT-P8  0.20 0.0115 40-INV 0.20 0.0115 B.22
40 RTF-BLT-P7  0.30 0.0115 40-INV 0.30 0.0115 B.25
40 RTF-BLT-P8  0.40 0.0065 40-INV 0.40 0.0065 B.28
40 RTF-BLT-P7  0.40 0.0115 40-INV 0.40 0.0115 B.31
40 RTF-BLT-P7  0.50 0.0115 40-INV 0.50 0.0115 B.34
40 RTF-BLT-P8  0.60 0.0065 40-INV 0.60 0.0065 B.37
40 RTF-BLT-P7  0.60 0.0115 40-INV 0.60 0.0115 B.40
40 RTF-BLT-P7  0.70 0.0115 40-INV 0.70 0.0115 B.43

Note: Corresponding data cuts are located immediately after figures.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating L Miis
31-Inch Mach 10 Air Tunnel AL: None
Model RTF-BLT-P7

o = 30-deg

hﬁ?FR

0.0 0.1 0.2 0.3 0.4 0.5

Test 390, Run 82, Re., = 0.54x100/ft | Test 390, Run 79, Re.. = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test , Run , Re.. = 0.83x100/ft Test . Run ., Re. = 1.31x106/ft Test 390, Run 81, Re, = 1.81x106/ft

Test , Run , Re... = 1.07x100/ft Test 390, Run 80, Re., = 1.45x100/ft Test , Run , Re., = 2.07x106/ft

v

Test 390, Run 78, Re., = 1.16x100/ft Test . Run . Re., = 1.55x106/ft

Figure B.1: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 30-deg, baseline.
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0.60 T T T T T T T T T T T T T T T T 1 T

o Test 390, Run 82, Re_ = 0.58x10%t 4 Test 390, Run 80, Re_ = 1.45x10°ft
A Test390, Run 78, Re_=1.13x10°t *  Test390, Run 81, Re_= 1.80x10%t
0:50 Y Test390, Run 79, Re_= 1.26x10%t
0.40
gﬁ 0.30
L]
020 | o
I
0.10
0.00
0.00 0.20 0.40 0.60 0.80 1.00

%L
Figure B.2: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel ata = 30-deg, baseline.
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- ®  Test 390, Run 82, Re_= 0.58x10%t .

050 | A Test 390, Run 78, Re_= 1.13x10%t ]

| Y Test390, Run79, Re_= 1.26x10°%t i

| 4 Test 390, Run 80, Re = 1.45x10%/t i
0.40

. ®  Test 390, Run 81, Re_= 1.80x10%t .

. | i
g 0.30
0.20

Figure B.3: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 30-deg, base-
line.
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Data Cut
“~ Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L=0.20: k =0.0115-in.
31-Inch Mach 10 Air Tunnel AL: x/L=0.20; k=0.0115-in
Model RTF-BLT-P7 (AL-30-INV)
o = 30-deg

0.0 0.1 0.2 0.3 0.4 0.5

Protuberances NOT to scale

Test 390, Run 109, Re.. = 0.54x106/ft | Test 390, Run 107, Re., = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test , Run , Re.. = 0.83x100/ft Test . Run ., Re. = 1.31x106/ft Test 390, Run 105, Re.. = 1.81x106/ft

Test 390, Run 108, Re., = 1.07x100/ft | Test 390, Run 106, Re., = 1.45x106/ft | Test 390, Run 104, Re_, = 2.07x106/ft

Test , Run , Re.. = 1.16x100/ft Test , Run , Re., = 1.55x100/ft

Figure B.4: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 30-degx/L = 0.20,
kCL = 0.0115-in.,kA|__30_|NV. = 00115-|n
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° Test 390, Run 109, Re_ = 0.58x10%ft 4 Test 390, Run 106, Re = 1.45x10%ft

» Test 390, Run 108, Re_= 1.07x10%4t * Test 390, Run 105, Re_=1.78x1 0°/ft

0.50 . Test 390, Run 107, Re_= 1.26x10%ft & Test 390, Run 104, Re_ = 2.01x10%ft
0.40
gﬁ 0.30
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x/L

Figure B.5: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel air = 30-degx/L = 0.20,kc =
0.0115'in.,kA|__30_|Nv. = 0.0115-in.
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i ®  Test 390, Run 109, Re_= 0.58x10%t 1
I _ 2 1
0.50 4 Test 390, Run 108, Re_=1.07x10"/it
s Y Test 390, Run 107, Re_ = 1.26x10°/t |
- 4 Test 390, Run 106, Re_= 1.45x10%t 1
0.40
i ®  Test390, Run 105, Re_= 1.78x10%t 1
¢ i A Test390, Run 104, Re_=2.01x10%t |
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Figure B.6: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 30-degx/L =
0.20,kc|_ = 0.0115'in.,kA|__30_|Nv. =0.0115-in.

87



Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.30: k = 0.0115-in.
31-Inch Mach 10 Air Tunnel AL: x/L =0.30; k=0.0115-in
Model RTF-BLT-P7 (AL-30-INV)
o = 30-deg

hﬁ?FR

0.0 0.1 0.2 0.3 0.4 0.5

Protuberances NOT to scale

Test 390, Run 91, Re., = 0.54x100/ft | Test 390, Run 89, Re.. = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test . Run , Re.. = 0.83x100/ft Test . Run ., Re. = 1.31x106/ft Test 390, Run 87, Re., = 1.81x106/ft

y’

Test 390, Run 90, Re., = 1.07x106/ft | Test 390, Run 88, Re.. = 1.45x106/ft | Test 390, Run 86, Re., = 2.07x106/ft

Test , Run , Re.. = 1.16x100/ft Test , Run , Re., = 1.55x100/ft

Figure B.7: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 30-degx/L = 0.30,
kCL = 0.0llS-in.,kAL_30_|Nv. = 00115-|n

88



0.60 T T 18 1 T T T T T T T T T T 1 T

L Test 390, Run 91, Re_ = 0.57x10°/ft 4 Test 390, Run 88, Re = 1.45x10%t

. Test 390, Run 90, Re_ = 1.07x10%t . Test 390, Run 87, Re_ = 1.80x10%it

0.50 v Test 390, Run 89, Re_ = 1.26x10°%ft B Test 390, Run 86, Re_ = 2.08x10%/ft
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Figure B.8: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel air = 30-degx/L = 0.30,k¢ =
0.0115'in.,kA|__30_|Nv. = 0.0115-in.
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: 4 Test 390, Run 88, Re_= 1.45x10%ft 1
0.40
i ®  Test390, Run 87, Re_= 1.80x10%t ’
. i A Test 390, Run 86, Re_= 2.08x10%t |
£ 030
0.20
| o |
.. .|

Figure B.9: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 30-degx/L =
0.30,kc|_ = 0.0115'in.,kA|__30_|Nv. =0.0115-in.
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Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.40: k = 0.0115-in.
31-Inch Mach 10 Air Tunnel AL: x/L=0.40; k=0.0115-in
Model RTF-BLT-P7 (AL-30-INV)
o = 30-deg

Data Cut
Locations

hﬁ?FR

0.0 0.1 0.2 0.3 0.4 0.5
Protuberances NOT to scale

Test 390, Run 97, Re., = 0.54x100/ft | Test 390, Run 95, Re.. = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test , Run , Re.. = 0.83x100/ft Test . Run ., Re. = 1.31x106/ft Test 390, Run 93, Re., = 1.81x106/ft

Test 390, Run 96, Re., = 1.07x106/ft | Test 390, Run 94, Re., = 1.45x106/ft | Test 390, Run 92, Re., = 2.07x106/ft

Test , Run , Re.. = 1.16x100/ft Test , Run , Re., = 1.55x100/ft

Figure B.10: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 30-degx/L = 0.40,
kCL = 0.0llS-in.,kAL_30_|Nv. = 00115-|n
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0.60 T T T T T T T T T T T T T T T T 1 T

L Test 390, Run 97, Flew=0.5?x1o“m 4 Test 390, Run 94, Re = 1.44x10°/ft

. Test 390, Run 96, Re_ = 1.07x10%t . Test 390, Run 93, Re_ = 1.80x10%it

0.50 v Test 390, Run 95, Re_ = 1.27x10%ft B Test 390, Run 92, Re_ = 2.05x10%ft
0.40
gﬁ 0.30

L]
0.20
i
0.10
0.00
0.00 0.20 0.40 0.60 0.80 1.00

Figure B.11: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel air = 30-degx/L = 0.40,kc
= 0.0115'in.,kAL_30_|Nv. = 0.0115-in.

0-60 T T T T T T T T T T T T | T T T T | T T T T | T T T T T T T T T T T T
i ®  Test390, Run 97, Re_= 0.57x10%ft i
050 |- *  Test390, Run 96, Re_=1.07x10%t l
- b Test 390, Run 95, Re‘m = 1.27x10%/ft B
B 4 Test 390, Run 94, Re = 1.44x10%/ft N
0.40 '
i . Test 390, Run 93, Re_ = 1.80x10%ft i
g ! A Test390, Run 92, Re_= 2.05x10%ft 1
£ 030
0.20

Figure B.12: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 30-degx/L
= 0.40,kc|_ = 0.0115'in.,kA|__30_|Nv. =0.0115-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.50: k = 0.0115-in.
31-Inch Mach 10 Air Tunnel AL: x/L =0.50; k =0.0115-in
Model RTF-BLT-P7 (AL-30-INV)
o = 30-deg

hﬁ?FR

0.0 0.1 0.2 0.3 0.4 0.5

Protuberances NOT to scale

Test 390, Run 103, Re.. = 0.54x106/ft | Test 390, Run 101, Re., = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test , Run , Re.. = 0.83x100/ft Test . Run ., Re. = 1.31x106/ft

Test 390, Run 102, Re., = 1.07x100/ft | Test 390, Run 100, Re.. = 1.45x106/ft | Test 390, Run 98, Re., = 2.07x106/ft

Test , Run , Re.. = 1.16x100/ft Test . Run . Re., = 1.55x106/ft

Figure B.13: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 30-degx/L = 0.50,
kCL = 0.0115-in.,kA|__30_|Nv. = 00115-|n
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0-60 T T T 1 T T T T T T T T T T 1 T
. Test 390, Run 103, Re_ = 0.57x10%ft 4 Test 390, Run 100, Re = 1.45x10%ft
. Test 390, Run 102, Re_ = 1.08x10%ft . Test 390, Run 99, Re_ = 1.79x10%/t
0.50 v Test 390, Run 101, Re_ = 1.27x10%ft A Test 390, Run 98, Re_ = 2.03x10%ft
0.40
gﬁ 0.30
L ]
0.20
- L ]
L ]
0.10
0.00 '
0.00 0.20 0.40 0.60 0.80 1.00

Figure B.14: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel air = 30-degx/L = 0.50 k¢
= 0.0115'in.,kAL_30_|Nv. = 0.0115-in.

0-60 T T T T T T T T T T T T T T T T T T T I T T T T T T T T T T T T T T T
- L Test 390, Run 103, Re_ = 0.57x10°ft &
. % . . ]
0.50 Test 390, Run 102, Re_=1.08x10"/t
| Y Test390, Run 101, Re_= 1.27x10%t i
s 4 Test 390, Run 100, Re_ = 1.45x10°/1t -
0.40
i ®  Test 390, Run 99, Re_= 1.79x10°t 1
. i A Test 390, Run 98, Re_ = 2.03x10°%ft |
g“ 0.30
0.20 ;
0.10
0.00

Figure B.15: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 30-degx/L
= 0.50,kc|_ = 0.0115'in.,kA|__30_|Nv. =0.0115-in.
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Data Cut
“ Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: Notie
31-Inch Mach 10 Air Tunnel AL: None
Model RTF-BLT-P7

o = 40-deg
[
0.0 0.1 0.2 0.3 0.4 0.5

Test 390, Run 18, Re, =0.54x106/ft | Test 390, Run 20, Re_, = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test , Run , Re.. = 0.83x100/ft Test . Run ., Re. = 1.31x106/ft Test 390, Run 22, Re.,. = 1.81x106/ft

Test 390, Run 19, Re., = 1.07x100/ft | Test 390, Run 21, Re.. = 1.45x100/ft Test , Run , Re., = 2.07x106/ft

Test , Run , Re.. = 1.16x100/ft Test , Run , Re., = 1.55x100/ft

Figure B.16: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-deg, baseline.
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0.60 T I T T T T T T T T T T T T

b Test 390, Run 18, Re_= 0.57x10%ft A Test 390, Run 21, Re = 1.44x10%t
. Test 390, Run 19, Re_= 1.08x10%ft . Test 390, Run 22, Re_ = 1.78x1 0°/ft
0.50 | b Test 390, Run 20, Re_ = 1.25x10°%ft
0.40
gﬁ 0.30
L ]
0.20 L
= '_,.r
L ]
I :bo .
0.10
0.00 ; : :
0.00 0.20 0.40 0.60 0.80 1.00

XL
Figure B.17: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel air = 40-deg, baseline.

0-60 1 1 1 1 1 ! 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1
i ®  Test 390, Run 18, Re_= 0.57x10%/t 1
K 3 ) . 1
0.50 Test 390, Run 19, Re_=1.08x10%/t
i v Test 390, Run 20, Re_ = 1.25x10%t i
0:40; T ®  Test390, Run 22, Re_=1.78x10%t |
. i |
£ 030
0.20

Figure B.18: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-deg,
baseline.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L =0.20: k =0.0115-in.

31-Inch Mach 10 Air Tunnel AL: x/L=0.20; k=0.0115-in
Model RTF-BLT-P7 (AL-40-INV)
0=40deg | T i
hih g
| |

0.0 0.1 0.2 0.3 0.4 0.5

Test 390, Run 38, Re, = 0.54x106/ft | Test 390, Run 41, Re., = 1.26x106/ft | Test 390, Run 50, Re. = 1.62x106/ft

Test ., Run , Re.. = 1.31x100/ft Test 390, Run 51, Re, = 1.81x100/ft

Test 390, Run 37, Re., = 1.07x100/ft | Test 390, Run 42, Re.. = 1.45x100/ft Test , Run , Re., = 2.07x106/ft

Test 390, Run 40, Re., = 1.16x100/ft Test , Run , Re., = 1.55x100/ft

Figure B.19: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.20,
kCL = 0.0115-in.,kA|__40_|Nv. = 00115-|n
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0.60 T T 18 T T 1 T T T T T T T T T T I T

®  Test390, Run 38, Re_ = 0.58x10%ft Y Test390, Run 41, Re_=1.26x10%t
L] Test 390, Run 39, F{em =0.81 X108m 4 Test 390, Run 42, Re_ =1 A5x10°/ft
050 *  Test390, Run 37, Re_= 1.08x10%t m  Test390, Run 50, Re_= 1.62x10%t
A Test 390, Run 40, Re =1.15x10%ft ¢ Test 390, Run 51, Re_=1.79x10%t
0.40 sovete
gﬁ 0.30
! [ ]
0.20 &
L ]
0.10
*
0.00 '
0.00 0.20 0.40 0.60 0.80 1.00
YL

Figure B.20: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.20 k¢,
= 0.0115-in.,kA|__4va = 0.0115-in.

0-60 T T T T T T T T T T T T I T T T T [ T T T T [ T T T T T T T T T T T T
i ®  Test390, Run 38, Re_= 0.58x10°/ft 1
—_— - n Test 390, Run 39, Re_= 0.81x10°ft ]
5 -
- ¢ Test390, Run 37, Re_=1.08x10%ft .
i A Test390, Run 40, Re_= 1.15x10%t ]
040 |- Y Test390, Run 41, Re_= 1.26x10°/ft i
i 4 Test 390, Run 42, Re_ = 1.45x10°/ft i
g 5l Test 390, Run 50, Re_= 1.62x10°%/ft 71
o B oul .
g 0.30 . Test 390, Run 61, Re_ = 1.79x10°%ft
0.20
i . 1
5 & g
< i o ] = o
010 | o7 1
- L] .
000 L— .
-0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40
yL

Figure B.21: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L

= 0.20,kc|_ = 0.0115'in.,kA|__40_|Nv. =0.0115-in.
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Protuberance Locations
RTF Protuberance Aeroheating CL: x/L=0.20: k =0.0115-in.
31-Inch Mach 10 Air Tunnel AL: x/L=0.20; k=0.0115-in

Data Cut
Locations

|—

Model RTF-BLT-P8 (AL-40-INV)
o = 40-deg
hihgp
|
00 01 02 03 04 05

Protuberances NOT to scale

Test . Run , Re,, = 0.54x106/ft Test , Run , Re., = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test 390, Run 116, Re, = 0.83x100/ft Test . Run ., Re. = 1.31x106/ft Test 390, Run 122, Re_. = 1.81x106/ft

Test 390, Run 117, Re., = 1.07x106/ft_| Test 390, Run 121, Re_, = 1.45x106/ft | Test 390, Run 123, Re., = 2.07x100/ft

Test , Run , Re.. = 1.16x106/ft Test , Run , Re., = 1.55x106/ft

Figure B.22: RTF-BLT-P8 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.20,
kCL = 0.0115-in.,kA|__40_|Nv. = 00115-|n
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0.60 T T 18 T T 1 T T T T T T T T T T I T

| Test 390, Run 116, Re_ = 0.82x10%ft . Test 390, Run 122, Re_ = 1.81x10%t
* Test 390, Run 117, Re_ = 1.08x10%ft A Test 390, Run 123, Re_ = 2.11x10%ft
0.50 4 Test 390, Run 121, Re_ = 1.44x107/ft
0.40
gﬁ 0.30
0.20
0.10
0.00
0.00 0.20 0.40 0.60 0.80 1.00

Figure B.23: RTF-BLT-P8 centerline data in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.20 k¢,
= 0.0115-in.,kA|__4va = 0.0115-in.

0-60 T T T T T T T T T T T [ T T T T [ T T T T [ T T T T [ T T T T T T T T
i ®  Test 390, Run 116, Re_= 0.82x10%t 1
I g _ 5 1
0.50 Test 390, Run 117, Re_= 1.08x10°/ft
| 4 Test 390, Run 121, Re_= 1.44x10%t i
i ®  Test390, Run 122, Re_= 1.81x10%t |
0.40
- A Test 390, Run 123, Re_= 2.11x10%t .
. i |
£ 030
0.20
0.10
oo Lol
-0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40

Figure B.24: RTF-BLT-P8 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L
= 0.20,kc|_ = 0.0115'in.,kA|__40_|Nv. =0.0115-in.
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RTF Protuberance Aeroheating

31-Inch Mach 10 Air Tunnel
Model RTF-BLT-P7

o = 40-deg
[
0.0 0.1 0.2 0.3 0.4 0.5

Data Cut
Locations

Protuberance Locations
CL: x/L=0.30; k=0.0115-in.

AL: x/L=0.30; k=0.0115-in
(AL-40-INV)

Protuberances NOT to scale

,f'__

Test 390, Run 34, Re, = 1.26x100/ft Test . Run . Re., = 1.62x100/ft

Test 390, Run 36, Re., = 1.81x106/ft

Test ., Run , Re.. = 1.31x100/ft

Test 390, Run 33, Re., = 1.45x100/ft

Test , Run , Re., = 2.07x106/ft

Test 390, Run 32, Re., = 1.16x100/ft

Test , Run , Re., = 1.55x106/ft

Figure B.25: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.30,
kCL = 0.0115-in.,kA|__40_|Nv. = 00115-|n
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0.60 T T 18 T T 1 T T T T T T T T T T I T

®  Test390, Run 29, Re_ = 0.58x10%t Y Test390, Run 34, Re_=1.27x10%t
L Test 390, Run 31, F{em = 0.81x10%ft 4 Test 390, Run 35, Re_ = 1.45x10°/ft
050 *  Test390, Run 30, Re_=1.07x10%t ®  Test390, Run 36, Re_=1.80x10%t
A Test 390, Run 32, Re_=1.17x10°/ft
0.40
gﬁ 0.30
L ]
I L ] *
0.20 . R
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“‘LAAA‘AJ‘J“MA ““‘“441“44_44444‘ _430. LY
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Figure B.26: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.30 k¢,
= 0.0115-in.,kA|__4va = 0.0115-in.

0-60 T T T T T T T T T T T T [ T T T T [ T T T T [ T T T T T T T T T T T T
- ®  Test 390, Run 29, Re_= 0.58x10%ft ]
B L] Test 390, Run 31, Re = 0.81x10%/t 1
0.50 °
B ¢ Test 390, Run 30, Re_=1.07x10%t i
i A Test 390, Run 32, Re_=1.17x10°/t ]
a0 1 Y Test390, Run 34, Re_= 1.27x10%t i
| 4 Test 390, Run 35, Re_= 1.45x10°/t i
£ 030 | ®  Test390, Run 36, Re_=1.80x10%ft i
£ o -
0.20 3
LJ
F
*

Figure B.27: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L
= 0.30,kc|_ = 0.0115'in.,kA|__40_|Nv. =0.0115-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.40; k =0.0065-in.
31-Inch Mach 10 Air Tunnel AL: x/L =0.40; k = 0.0065-in

="

Model RTF-BLT-P8 (AL-40-INV)
o = 40-deg
| S
00 01 02 03 04 05
Protuberances NOT to scale
Test , Run , Re . = 0.54x100/ft Test , Run , Re., = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test 390, Run 129, Re.. = 0.83x106/ft Test . Run ., Re. = 1.31x106/ft

Test 390, Run 130, Re., = 1.07x100/ft | Test 390, Run 131, Re., = 1.45x106/ft | Test 390, Run 133, Re_, = 2.07x106/ft

Test , Run , Re.. = 1.16x100/ft Test , Run , Re., = 1.55x100/ft

Figure B.28: RTF-BLT-P8 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.40,
kCL = 0.0065'in.,kA|__40_|Nv. = 0.0065-in.

102
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= Test 390, Run 129, Re_ = 0.82x10%ft . Test 390, Run 132, Re_=1.81x10%ft
* Test 390, Run 130, Re_ = 1.08x10%ft A Test 390, Run 133, Re_ = 2.11x10%ft
0.50 4 Test 390, Run 131, Re = 1.45x10%/ft
0.40
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0.00 0.20 0.40 0.60 0.80 1.00

Figure B.29: RTF-BLT-P8 centerline data in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.40 k¢,
= 0.0065-in.,kA|__4va = 0.0065-in.

0-60 T T T T T T T T T T T [ T T T T [ T T T T [ T T T T [ T T T T T T T T
i ®  Test 390, Run 129, Re_= 0.82x10%t 1
I g _ 5 1
0.50 Test 390, Run 130, Re_= 1.08x10°/ft
| 4 Test 390, Run 131, Re_= 1.45x10%/t i
i ®  Test390, Run 132, Re_= 1.81x10%t |
0.40
- A Test 390, Run 133, Re_= 2.11x10%t .
. i |
£ 030
0.20

Figure B.30: RTF-BLT-P8 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L
= 0.40,kc|_ = 0.0065'in.,kA|__40_|Nv. = 0.0065-in.
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RTF Protuberance Aeroheating
31-Inch Mach 10 Air Tunnel
Model RTF-BLT-P7

o = 40-deg
[
0.0 0.1 0.2 0.3 0.4 0.5

Data Cut
Locations

Protuberance Locations
CL: x/L=0.40; k=0.0115-in.

AL: x/L=0.40; k=0.0115-in
(AL-40-INV)

Protuberances NOT to scale

Test 390, Run 23, Re = 0.54x100/ft

Test 390, Run 26, Re, = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test 390, Run 28, Re., = 1.81x106/ft

Test . Run . Re., = 0.83x106/ft

Test ., Run , Re.. = 1.31x106/ft

Test , Run , Re., = 2.07x106/ft

Test 390, Run 27. Re., = 1.45x106/ft

Test 390, Run 25, Re., = 1.16x10/ft

Test , Run , Re., = 1.55x100/ft

Figure B.31: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.40,

KeL

= 0.0115-in.,kA|__40_|Nv. = 00115-|n
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0-60 T T 1 T T T T T T T T T T T T
b Test 390, Run 23, Flew = 0.57x10%t ¥ Test 390, Run 26, Flew = 1.26x10%ft
. Test 390, Run 24, Re_= 1.08x10%ft E Test 390, Run27 , Re = 1.46x10%ft
050 o Test390, Run 25, Re_=1.17x10%ft ®  Test390, Run 28, Re_ = 1.79x10%t
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Figure B.32: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel air = 40-degx/L = 0.40 k¢
= 0.0115-in.,kA|__4va = 0.0115-in.
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i ®  Test 390, Run 23, Re_= 0.57.x10°%t 1
050 |- *  Test390, Run 24, Re_= 1.08x10%t l
= i Test 390, Run 25, Re__oz 1.17x10°#t -
§ v Test 390, Run 26, Re = 1.26x10%t &
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Figure B.33: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L
= 0.40,kc|_ = 0.0115'in.,kA|__40_|NV. =0.0115-in.
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RTF Protuberance Aeroheating

31-Inch Mach 10 Air Tunnel
Model RTF-BLT-P7

o = 40-deg
[
0.0 0.1 0.2 0.3 0.4 0.5

Data Cut
“~ Locations

Protuberance Locations
CL: x/L=0.50; k=0.0115-in.

AL: x/L=0.50; k=0.0115-in
(AL-40-INV)

Test 390, Run 56, Re, = 1.26x106/ft

Test 390, Run 59, Re., = 1.81x106/ft

Test ., Run , Re.. = 1.31x100/ft

Test 390, Run 57. Re., = 1.45x106/ft Test , Run , Re., = 2.07x106/ft

Test 390, Run 55, Re., = 1.16x100/ft

Test , Run , Re., = 1.55x100/ft

Figure B.34: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.50,
kCL = 0.0115-in.,kA|__40_|Nv. = 00115-|n
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* Test 390, Run 53, Re_ = 0.58x10°/ft v Test 390, Run 56, Re_ = 1.26x10°/ft

L Test 390, Run 54, FllE!m = 0.81x10%ft 4 Test 390, Run 57, Re = 1.43x10%/ft

050 ¢ Test390, Run 52, Re_= 1.07x10%t m  Test390, Run 58, Re_= 1.61x10%t

- Test 390, Run 55, Re_=1.16x10"/ft * Test 390, Run 59, Re_ = 1.79x10%ft
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Figure B.35: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel air = 40-degx/L = 0.50 k¢
= 0.0115-in.,kA|__4va = 0.0115-in.
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Figure B.36: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L
= 0.50,kc|_ = 0.0115'in.,kA|__40_|Nv. =0.0115-in.
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Data Cut
“~ Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.60: k = 0.0065-in.
31-Inch Mach 10 Air Tunnel AL: x/L = 0.60; k =0.0065-in

Model RTF-BLT-P8 (AL-40-INV)
o = 40-deg
| I T
00 01 02 03 04 05
Protuberances NOT to scale
Test , Run , Re.. = 0.54x100/ft Test , Run , Re., = 1.26x100/ft Test , Run , Re, = 1.62x100/ft

Test . Run ., Re. = 1.31x106/ft

Test 390, Run 125. Re., = 1.07x106/ft | Test 390, Run 126, Re., = 1.45x106/ft_| Test 390, Run 128, Re., = 2.07x109/ft

Test , Run , Re.. = 1.16x100/ft Test , Run , Re.. = 1.55x100/ft

Figure B.37: RTF-BLT-P8 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.60,
kCL = 0.0065'in.,kA|__40_|Nv. = 0.0065-in.
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Figure B.38: RTF-BLT-P8 centerline data in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.60 k¢,
= 0.0065-in.,kA|__4va = 0.0065-in.
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Figure B.39: RTF-BLT-P8 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L
= 0.60,kc|_ = 0.0065'in.,kA|__40_|Nv. = 0.0065-in.
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Data Cut
Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L = 0.60: k =0.0115-in.
31-Inch Mach 10 Air Tunnel AL: x/L=0.60; k=0.0115-in

Model RTF-BLT-P7 (AL-40-INV)
o = 40-deg
hih g
|
0.0 0.1 0.2 0.3 0.4 0.5

.

Test 390, Run 61, Re, =0.54x106/ft_| Test 390, Run 65, Re, = 1.26x106/ft | Test 390, Run 67, Re. = 1.62x106/ft

Test 390, Run 68, Re., = 1.81x100/ft

Test ., Run , Re.. = 1.31x100/ft

Test 390, Run 66, Re., = 1.45x100/ft Test , Run , Re., = 2.07x106/ft

Test 390, Run 64, Re., = 1.16x100/ft Test , Run , Re., = 1.55x100/ft

Figure B.40: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.60,
kCL = 0.0115-in.,kA|__40_|Nv. = 00115-|n
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Figure B.41: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel air = 40-degx/L = 0.60,k
= 0.0115-in.,kA|__4va = 0.0115-in.
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Figure B.42: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L
= 0.60,kc|_ = 0.0115'in.,kA|__40_|Nv. =0.0115-in.
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Data Cut
“~ Locations

Protuberance Locations
RTF Protuberance Aeroheating CL: x/L =0.70; k = 0.0115-in.
31-Inch Mach 10 Air Tunnel AL: x/L=0.70; k=0.0115-in
Model RTF-BLT-P7 (AL-40-INV)
o = 40-deg

| P

0.0 0.1 0.2 0.3 0.4 0.5

Protuberances NOT to scale

Test , Run , Re., = 1.26x100/ft Test 390, Run 75, Re., = 1.62x100/ft

»
Test 390, Run 76, Re., = 1.81x100/ft

Test 390, Run 74, Re., = 1.45x100/ft Test , Run , Re., = 2.07x106/ft

Test 390, Run 70, Re., = 1.16x10/ft Test , Run , Re., = 1.55x100/ft

Figure B.43: RTF-BLT-P7 global aeroheating in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L = 0.70,
kCL = 0.0115-in.,kA|__40_|Nv. = 00115-|n
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Figure B.44: RTF-BLT-P7 centerline data in the 31-Inch Mach 10 Air Tunnel air = 40-degx/L = 0.70,kc
= 0.0115-in.,kA|__4va = 0.0115-in.
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Figure B.45: RTF-BLT-P7 spanwise dataX/L = 0.85) in the 31-Inch Mach 10 Air Tunnel atr = 40-degx/L
= 0.70,kc|_ = 0.0115'in.,kA|__40_|Nv. =0.0115-in.
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Appendix C: 20-Inch CF, Tunnel Aeroheating

Table C.1: Cross Reference of Figure Numbers Versus Parametrics for Phosphor Images from the
20-Inch CF4 Tunnel.

a(deg.) Model D)L KoL (in.) AL (XIC) AL (i) KaL Figure
30 RTF-BLT-PC — 0.20 0.0065 30-INV 0.20 0.0065 CI
30 RTF-BLT-PC  0.20 0.0115 30-INV 0.20 0.0115 C.4
30 RTF-BLT-PC  0.50 0.0115 30-INV 0.66 0.0065 c.7
30 RTF-BLT-PC  0.66 0.0115 30-INV 0.66 0.0115 C.10
40 RTF-BLT-PC - - - - - C.13
40 RTF-BLT-PC  0.20 0.0065 40-INV+ 0.20 0.0065 C.16
40 RTF-BLT-PB  0.40 0.0065 30-INV 0.40 0.0065 C.19
40 RTF-BLT-PB  0.40 0.0065 40-INV 0.40 0.0065 C.22
40 RTF-BLT-PC  0.40 0.0065 40-INV+ 0.40 0.0065 C.25
40 RTF-BLT-PC  0.40 0.0115 40-INV+ 0.40 0.0115 C.28
40 RTF-BLT-PC  0.60 0.0045 40-INV 0.60 0.0045 c.31
40 RTF-BLT-PC  0.60 0.0065 40-INV 0.60 0.0065 C.34
40 RTF-BLT-PC  0.60 0.0115 40-INV 0.60 0.0115 C.37
40 RTF-BLT-PC  0.60 0.0065 40-INV+ 0.60 0.0065 C.40
40 RTF-BLT-PB  0.62 0.0115 40-INV 0.62 0.0115 C.43
40 RTF-BLT-PC  0.64 0.0065 40-INV 0.64 0.0065 C.46
40 RTF-BLT-PC  0.64 0.0115 40-INV 0.64 0.0115 C.49
40 RTF-BLT-PC  0.68 0.0065 40-INV 0.68 0.0065 C.52

Note: Corresponding data cuts are located immediately after figures.
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RTF Protuberance Aeroheating

20-Inch CF4 Tunnel
Model RTF-BLT-PC

o = 30-deg
h"{hFR
Il 2 T
0.0 0.1 0.2 0.3 0.4 0.5

Protuberance Locations

(AL-30-INV)

CL: x/L=0.20: k =0.0065-in.
AL: x/L=0.20; k =0.0065-in

Protuberances NOT to scale

Data Cut
Locations

Test , Run , Re_, = 0.02x 106/ft

Test, Run, Re.. = 0.46x106/ft

y

Test 162, Run 86, Re.. = 0.50x106/ft

Test , Run , Re, = 0.05x106/ft

Test 162, Run 82, Re_ = 0.09x106/ft

Test 162, Run 85, Re. = 0.35x 106/ft

Test , Run , Re. = 0.60x106/ft

Figure C.1: RTF-BLT-PC global aeroheating in the 20-Inch Cz Tunnel at a = 30-degx/L = 0.20,kg =

0.0065-in.,kA|__30_|NV = 0.0065-in.
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Figure C.2: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at & = 30-degx/L = 0.20,kc = 0.0065-
in., kAL-30—|NV = 0.0065-in.
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Figure C.3: RTF-BLT-PC spanwise data %/L = 0.85) in the 20-Inch Cg Tunnel at a = 30-degx/L = 0.20,
kCL = 0'0065_in'kAL-30-|NV = 0.0065-in.
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Protuberance Locations
RTF Protuberance Aeroheating
20-Inch CF4 Tunnel

Model RTF-BLT-PC (AL-30-INV)

o = 30-deg
h"{h.FR
T
0.0 0.1 0.2 0.3 0.4 0.5

CL: x/L=0.20; k=0.0115-in.
AL: x/L=0.20; k=0.0115-in

Protuberances NOT to scale

Data Cut
Locations

Test , Run , Re_, = 0.02x 106/ft Test 162, Run 88, Re.. = 0.17x106/ft

Test, Run, Re.. = 0.46x106/ft

Test , Run , Re, = 0.05x106/ft

Test 162, Run 90, Re.. = 0.50x106/ft

Test 162, Run 89, Re_ = 0.35x106/ft

Test , Run , Re, = 0.09x106/ft

Test , Run , Re. = 0.60x106/ft

Figure C.4: RTF-BLT-PC global aeroheating in the 20-Inch Cz Tunnel at a = 30-degx/L = 0.20,kg =

0.0115-in.,kA|__30_|NV =0.0115-in.
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Figure C.5: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at & = 30-degx/L = 0.20,kg = 0.0115-
in., kAL-30—|NV = 00115-|n
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Figure C.6: RTF-BLT-PC spanwise data %/L = 0.85) in the 20-Inch CR Tunnel at a = 30-degx/L = 0.20,
kCL = 0.0lls-in.kAL_3o_|NV = 0.0115-in.
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RTF Protuberance Aeroheating
20-Inch CF4 Tunnel
Model RTF-BLT-PC

o = 30-deg
hihpp
Il T
00 01 02 03 04 05

Protuberance Locations
CL: x/L=0.50; k=0.0115-in.

AL: x/L=0.66; k =0.0065-in
(AL-30-INV)

Protuberances NOT to scale

Data Cut
Locations

Test , Run , Re., = 0.02x106/ft

Test 162, Run 102, Re., = 0.50x 106/fi

Test , Run , Re_ = 0.05x 106/ft

Test 162, Run 97, Re_ = 0.09x106/ft[Test 162, Run 100, Re_ = 0.35x 1 06/f{

Test, Run , Re.. = 0.60x106/ft

Figure C.7: RTF-BLT-PC global aeroheating in the 20-Inch Cz Tunnel at & = 30-deg(x/L)c = 0.50,kc =
00115'|n, ((/L)AL-30-|NV = 0'66’kAL-30-|NV = 0.0065-in.
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Figure C.8: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at @ = 30-deg,(x/L)c = 0.50 k¢ =
0.0115-in., ((/L)AL-30-|NV = 0'66!kAL-30-INV = 0.0065-in.

0-60 T T T T T T 1 1 | 1 | 1 1 1 1 | | 1 1 | | 1 1 1 T T T T U T T T
B . Test 162, Run 97, Rew = 0.09x10°/t T
B % _ " 1
DIED Test 162, Run 98, Re_= 0.18x10%t
- Y  Test162, Run 99, Re_= 0.28x10%t i
i 4 Test 162, Run 100, Re_= 0.38x10%/t |
0.40
- ®  Test 162, Run 101, Re_=0.39x10°t .
B ®  Test 162, Run 102, Re_=0.53x10%t g
. i |
0.20

Figure C.9: RTF-BLT-PC spanwise data X/L = 0.85) in the 20-Inch Cg Tunnel at & = 30-deg,(x/L)¢. =
0.50,kc|_ = 00115'"1, X/L)AL-30-|NV = 0'66’kAL-30-|NV = 0.0065-in.
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RTF Protuberance Aeroheating

20-Inch CF4 Tunnel
Model RTF-BLT-PC

o = 30-deg
h"{hFR
Il 2 T
0.0 0.1 0.2 0.3 0.4 0.5

Protuberance Locations

(AL-30-INV)

CL: x/L=0.66; k=0.0115-in.
AL: x/L=0.66; k=0.0115-in

Protuberances NOT to scale

Data Cut
Locations

Test , Run , Re_, = 0.02x 106/ft

Test , Run , Re, = 0.05x106/ft

Test 162, Run 96, Re.. = 0.50x106/ft

Test 162, Run 92, Re_ = 0.09x106/ft

Test 162, Run 93, Re.. = 0.25x106/ft

4
4

Test 162, Run 94, Re. = 0.35x 106/ft

Test , Run , Re. = 0.60x106/ft

Figure C.10: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 30-degx/L = 0.66,kq =

0.0115-in.,kA|__30_|NV =0.0115-in.
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Figure C.11: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 30-degx/L = 0.66,kc
0.0115-in.,kA|__30_|NV = 00115-|n
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Figure C.12: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 30-degx/L = 0.66,
kCL = 0.0115'in.kAL_30_|NV = 0.0115-in.
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RTF Protuberance Aeroheating
20-Inch CF4 Tunnel
Model RTF-BLT-PC

o = 40-deg
Il 2 e
0.0 0.1 0.2 0.3 0.4 0.5

Protuberance Locations

CL: None
AL: None

Data Cut
Locations

Test, Run , Re_ = 0.02x106/ft

Test 162, Run 33, Re. = 0.17x106/ft

Test , Run, Re., =0.46x106/ft

Test , Run , Re_ = 0.05x106/ft

Test , Run , Re_ = 0.25x 106/ft

Test 162, Run 35, Re, = 0.50x106/ft

4

Test 162, Run 32, Re_. = 0.09x106/ft

Test 162, Run 34, Re_. = 0.35x106/ft

Test , Run , Re, = 0.60x106/ft

Figure C.13: RTF-BLT-PC global aeroheating in the 20-Inch Clg Tunnel at a = 40-deg, baseline.
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Figure C.15: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 40-deg, baseline.
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RTF Protuberance Aeroheating
20-Inch CF4 Tunnel
Model RTF-BLT-PC

o = 40-deg
[
0.0 0.1 0.2 0.3 0.4 0.5

Data Cut
Locations

Protuberance Locations

CL: x/L=0.20; k =0.0065-in.
AL: x/L=0.20; k =0.0065-in
(AL-40-INV+)

Protuberances NOT to scale

Test , Run , Re_, = 0.02x 106/ft
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Test 162, Run 78, Re. = 0.25x106/ft

o
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Test 162, Run 80, Re.. = 0.50x106/ft

Test , Run , Re, = 0.05x106/ft

Test 162, Run 76, Re_ = 0.09x106/ft

Test 162, Run 79, Re. = 0.35x106/ft

Test , Run , Re.. =0.60x106/ft

Figure C.16: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.20,kg =
0.0065-in.,kA|__40_|NV+ = 0.0065-in.
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Figure C.17: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 40-degx/L = 0.20,kc
0.0065—in.,kA|__40_|Nv+ = 00065-|n

0-60 T T T T T T T T T T T T [ T T T T [ T T T T [ T T T T T T T T T T T T
B * Test 162, Run 76, Rem = 0.10x10%/t b
- - Test 162, Run 77, Re_= 0.20x10°/t 8
0.50 '
: ¥ Test162, Run 78, Re_= 0.30x10°%t -
i 4 Test162, Run79, Re_= 0.38x10%/ft |
B L — 6 1
0.40 Test 162, Run 81, Rem 0.49x10°/t
i B Test162, Run 80, Re_= 0.55x10°%t 1
€ _ i
g 0.30
0.20

-0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40
yiL

Figure C.18: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.20,
kCL = 0.0065'in.,kA|__40_|NV+ = 0.0065-in.
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Test 162, Run 22, Re. = 0.35x106/ft

Test , Run , Re.. =0.60x106/ft

Figure C.19: RTF-BLT-PB global aeroheating in the 20-Inch Cf Tunnel at @ = 40-degx/L = 0.40 k¢, =

0.0065'in.,kA|__30_|NV = 0.0065-in.
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Figure C.20: RTF-BLT-PB centerline data in the 20-Inch Cz Tunnel at @ = 40-degx/L = 0.40, k¢ =
0.0065—in.,kA|__30_|NV = 00065-|n
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Figure C.21: RTF-BLT-PB spanwise dataX/L = 0.85) in the 20-Inch Clz Tunnel at a = 40-degx/L = 0.40,
kCL = 0'0065_in'kAL-30-|NV = 0.0065-in.
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RTF Protuberance Aeroheating
20-Inch CF4 Tunnel
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Test , Run , Re., = 0.09x106/ft

Test 162, Run 25, Re., = 0.35x106/ft

Test , Run , Re., = 0.60x106/ft

Figure C.22: RTF-BLT-PB global aeroheating in the 20-Inch Cf Tunnel at @ = 40-degx/L = 0.40 k¢, =
0.0065'in.,kA|__40_|NV = 0.0065-in.
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Figure C.23: RTF-BLT-PB centerline data in the 20-Inch Cz Tunnel at @ = 40-degx/L = 0.40, k¢ =
0.0065—in.,kA|__40_|NV = 00065-|n
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Figure C.24: RTF-BLT-PB spanwise dataX/L = 0.85) in the 20-Inch Clz Tunnel at a = 40-degx/L = 0.40,
kCL = 0'0065_in'kAL-4O-|NV = 0.0065-in.
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RTF Protuberance Aeroheating

20-Inch CF4 Tunnel
Model RTF-BLT-PC

o = 40-deg
h"{hFR
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Test 162, Run 69, Re_ = 0.09x106/ft

Test 162, Run 75, Re_ = 0.32x106/ft

Test , Run , Re.. =0.60x106/ft

Figure C.25: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.40,kg =

0.0065-in.,kA|__40_|NV+ = 0.0065-in.
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Figure C.26: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 40-degx/L = 0.40,kc =
0.0065—in.,kA|__40_|Nv+ = 00065-|n
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Figure C.27: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.40,
kCL = 0.0065'in.,kA|__40_|NV+ = 0.0065-in.

133



RTF Protuberance Aeroheating

20-Inch CF4 Tunnel
Model RTF-BLT-PC

o = 40-deg
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CL: x/L=0.40; k=0.0115-in.
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Test 162, Run 65, Re_ = 0.09x106/ft

Test, Run , Re.. = 0.25x106/ft

Test 162, Run 67, Re_ = 0.35x106/ft

Test , Run , Re.. =0.60x106/ft

Figure C.28: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.40,kg =

0.0115-in. 'kAL-40-| NV+ = 0.0115-in.
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Figure C.29: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 40-degx/L = 0.40,kc =
0.0115—in.,kA|__40_|Nv+ = 00115-|n

0-60 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
B * Test 162, Run 65, Rem = 0.10x10%/t b
- i Test 162, Run 66, Rew:0.19x10“m B
0.50 ' .
- 4 Test 162, Run 67, Re_ = 0.40x10°/ft B
i ®  Test 162, Run 68, Re_=0.55x10°%/t |
0.40
P u i
g 0.30
0.20
0.10
0.00 e
-0.40

Figure C.30: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.40,
kCL = 0.0115'in.,kA|__40_|NV+ =0.0115-in.
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RTF Protuberance Aeroheating CL: x/L = 0.60: k = 0.0045-in

20-Inch CF4 Tunnel AL: x/L = 0.60; k =0.0045-in
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Test 162, Run 57, Re_ = 0.09x106/ft] Test 162, Run 59, Re. = 0.35x106/ft|  Test , Run , Re. = 0.60x 106/ft

Figure C.31: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.60,kg =
0.0045-in.,kA|__40_|NV = 0.0045-in.
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Figure C.32: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 40-degx/L = 0.60,kc =
0.0045—in.,kA|__40_|NV = 00045-|n
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Figure C.33: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.60,
kCL = 0.0045'in.kAL_40_|NV = 0.0045-in
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Test 162, Run 53, Re_ = 0.09x106/ft] Test 162, Run 55, Re,. = 0.35x106/ft|  Test ., Run , Re_ = 0.60x 106/ft

Figure C.34: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.60,kq =
0.0065-in.,kA|__40_|NV = 0.0065-in.
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Figure C.35: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 40-degx/L = 0.60,kc =
0.0065—in.,kA|__40_|NV = 00065-|n

0-60 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
B * Test 162, Run 53, Rem = 0.09x10%/t b
- A Test 162, Run 54, Re = 0.19x10%/t :
0.50 -
E 4 Test 162, Run 55, Re_= 0.38x10°/ft ]
- = Test 162, Run 56, Re_ = 0.55x10%t .
0.40
« B i
g 0.30
- .
0.20
0.10
0.00 —
-0.40 -0.30 -0.20 -0.10 0.00 0.10 0.40

yiL

Figure C.36: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch CEg Tunnel at a = 40-degx/L = 0.60,
kCL = 0.0065'in.kAL_40_|NV = 0.0065-in.
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Figure C.37: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.60,kg =
0.0115-in.,kA|__40_|NV =0.0115-in.
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Figure C.38: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 40-degx/L = 0.60,kc =
0.0115-in.,kA|__40_|NV = 00115-|n
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Figure C.39: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.60,
kCL = 0.0115'in.kAL_40_|NV = 0.0115-in.
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Figure C.40: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.60,kq =

0.0065-in.,kA|__40_| NV += 0.0065-in.
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Figure C.41: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 40-degx/L = 0.60,kc =
0.0065-in.,kA|__40_| NV += 00065-|n
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Figure C.42: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Ck Tunnel at a = 40-degx/L = 0.60,
kCL = 0.0065'in.,kA|__40_|NV+ = 0.0065-in.
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Figure C.43: RTF-BLT-PB global aeroheating in the 20-Inch Cf Tunnel at @ = 40-degx/L = 0.62 k¢ =

0.0115'in.,kA|__40_| NV = 0.0115-in.
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Figure C.44: RTF-BLT-PB centerline data in the 20-Inch Cz Tunnel at @ = 40-degx/L = 0.62 k¢ =
0.0115-in.,kA|__40_|NV = 00115-|n
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Figure C.45: RTF-BLT-PB spanwise dataX/L = 0.85) in the 20-Inch Clz Tunnel at a = 40-degx/L = 0.62,
kCL = 0.0115'in.kAL_4o_|NV = 0.0115-in.
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Figure C.46: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.64,kq =
0.0065-in.,kA|__40_|NV = 0.0065-in.
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Figure C.47: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 40-degx/L = 0.64,kc =
0.0065—in.,kA|__40_|NV = 00065-|n
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Figure C.48: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.64,
kCL = 0.0065'in.kAL_40_|NV = 0.0065-in.
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Figure C.49: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.64,kq =

0.0115'in.,kA|__40_| NV = 0.0115-in.
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Figure C.50: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at & = 40-degx/L = 0.64,kc =
0.0115-in.,kA|__40_|NV = 00115-|n
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Figure C.51: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.64,
kCL = 0.0115'in.kAL_40_|NV = 0.0115-in.
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Figure C.52: RTF-BLT-PC global aeroheating in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.68, kg =

0.0065-in.,kA|__40_|NV = 0.0065-in.
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Figure C.53: RTF-BLT-PC centerline data in the 20-Inch CR Tunnel at a = 40-degx/L = 0.68,kc =
0.0065—in.,kA|__40_|NV = 00065-|n
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Figure C.54: RTF-BLT-PC spanwise dataX/L = 0.85) in the 20-Inch Cg Tunnel at a = 40-degx/L = 0.68,
kCL = 0.0065'in.kAL_40_|NV = 0.0065-in.
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