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FOREWORD

This report presents the work performed for the Ballistic
Missile Office {BMO) by Science Applications, Inc. {SAl) under the
auspices of the Phase I part of the Maneuvering Aerothermal Technology
{MAT) program (contract F04701-80-C-0033) for the period 16 May 1980
through 15 February 1982. This specific effort was accomplished under
Task 2.3 (Experimental Studies) and was monitored by Capt. J. Keesee
(BMO/SYDT) and D. Farlow {TRW/DSSG).

Contained in this report is a summary of all data obtained in
the "HYTAC" sliced-bicone test series; that is those tests conducted by
AEDC for BMO concluding with the tests run by SAI under the MAT program
sponsorship.

The authors wish to acknowledge the following personnel of the
von Karman Gas Dynamics Facility (VKF) of the Arnold Engineering Develop-
ment Center {AEDC): D. B. Carver, S. M, Coulter, and D. L. Lanham for
their assistance in the planning and conducting of the tests. The authors
also wish to express their appreciation to J. T. Best (Aerodynamics Systems
Division - USAF AEDC) for his assistance in the planning, scheduling, and
cost maintenance of the test program.

This report has been reviewed and is approved.

J. Keesee, Capt. U.S.A.F.
Ballistic Missile Office (BMQ/SYDT)
Air Force Systems Command

Norton Air Force Base, California
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PP
T,P
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NOMENCLATURE
Pitch angle of the overhead probe drive {7' direction)
measured from the tunnel vertical axis
Flap chord length
Closed Circuit television system
Skin friction coefficient, rw/qOG
Pitching moment coefficient
Normal force coefficient
Diameter
Computation step size
Boundary layer trip height
Axial distance from bicone-slice juncture
Mach number
Model Attitude Control System
Maneuvering Aerothermal Technology Program
Pressure
Pitot pressure
Tunnel stilling chamber {total) pressure
Parabolized Navier Stokes flowfield code
Dynamic pressure
Radius
Reynclds number

Local Reynolds number with viscosity based on
freestream total temperature

Nose radius

Curvilinear surface distance from model nosetip . «
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NOMENCLATURE (CONT'D)

| s Flap semi-span
- ST, » ST(TT) Stanton number based on freestream total temperature
| ! T Temperature
TG Thermocouple gage
1T, To Total temperature
TiL Local total temperature
u Velocity
XY,z Model axial, lateral and vertical coordinates
i XF Chordwise distance from flap leading edge
% - YF Spanwise distance from flap centerline
E z' Probe travei direction
B P Height of Pitot probe above model surface
- (Z' direction wusually normal to the local surface
; unless otherwise specified)
;““é o Angle of attack
'_i g' ) Angle of sideslip
% é : v Specific heat ratio
3' i ' s Fiap deflection angle %
g | s, & Boundary layer displacement thickness E
E : %. St Thermal boundary layer thickness z
L § 64 Boundary layer kinetic energy thickness E
T ; 64 Boundary layer total enthalpy thickness §
; ';; n Recovery factor
; 8 Boundary layer momentum thickness
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NOMENCLATURE (CONT'D)

: § 8¢ Cone half-angle
: % p Density
i Ty Shear stress at wall
v { w Meridian angle
i
k \ SUBSCRIPTS
ﬁ § b Body
; Z c Corrected
{ E e Boundary layer edge
: E L Local
i i m Measured
§¢¥1 o,t Total
i ‘ REF Reference
ix,~! s Shock
} ﬁé STAG Stagnation point
. % W Model wall
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A
ARTCA, ag

AB

ALPHA
ALPHA SECTOR

ALPHAP

ALPI
ALPO

ALDP

ALPT

APP, AP{1 - 5},
APRES, APPU, APW

AW
BETA
CA
CAB

CAT

R T A

TABULATED DATA KEY

Reference area, 75.784 in.2

Total pitch angle sensed by the Mach/Flow-
Angularity probe, deg,

Base area,275.?84 in.z {no slices) or
69.912 in.” (double slice)

Angle of attack deg

Pitch angle of the tunnel sector, positive
nose up, deg

Model total angle of attack in the missile
axis system, designated as positive for
nose up attitude, deg

Indicated pitch angle, deg

Nominal pitch angle of the Mach/Flow-Angularity
probe relative to the probe drive (Z' axis},
positive rose up, deg

Hominal pitch angle of the Mach/Flow-Angularity
probe with respect to the vertical (Tunnel ZT
axis), [ALPT + ALPO], deg

Pitch angle that the overhead probe drive makes
(Z' direction) with respact to the vertical
{Tunnel ZT axis}), deg

Pressure stabilization routine slip flow coef-
ficients for the Pitot tube, Mach/Flow-Angularity
probe, Preston tube, upper Pitot, and surface
pressure orifices, respectively, psia

Speed of sound based on TW, ft/sec

Sideslip angle, deg

Forebody axial-force coefficient, body axes, CAT-CAB

Base axial-force coefficient, body axes,
~AB{PBA-P}/Q-A

Total axial-force coefficient, body axes,
total axial force/0-A
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Py CCl Cross-wind coefficient, wind axes

! COwW Forebody drag coefficient, wind axes
H
CFX Skin friction coefficient, [TAUX/Q]
, CLL Rol1ling-moment coefficient, body axes,
4 rolling moment/Q-A-LM
i
; CLLW Rolling-moment coefficient (based on CLMF),
wind axes
f ; CLM Pitching-moment coefficient, body axes,
pitching moment/Q-A-LM
p CLMF Forebody pitching-moment coefficient, body
: axes, CiM + CAB-ZB/LM
;r CLMW Pitching-moment coefficient (based on CLMF),
- ' wind axes
i
; CLN Yawing-moment coefficient, body axes, yawing
A | moment/(Q-A-LM
H
! CLNW Yawing-moment coefficient, wind axes
5| CLW Lift coefficient (based on CA), wind axes
~ . CN Normal-force coefficient, body axes, normal
K - force/Q-A
i
i CODE Configuration code number
! f CONFIGURATION Model configuration description {10.5/7-DEG
|- BICONIC/SS + DS) where SS + DS = single slice
_i P and double slice
| CPBA Average base pressure coefficient, (PBA-P}/Q
% ? CPHI Local radial direction of the flow with respect
R to the Mach/Flow-Angularity probe, deg
. hae 4
i i C.R. Center of rotation, axial station along the
: ! tunnel centerline about which the model rotates,
! i in.
N v Side-force coefficient, body axes, side force/Q«A
' D Preston tube outside diameter, ft ‘
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DCAT Flap differential total axial-force coefficient,
body axes, CAT{flap on)} - CAT (flap off)

DCLL Flap differential rclling-moment coefficient,
body axes, CLL {flap on) - CLL (flap off)

DCLM Flap differential pitching-moment coefficient,
body axes, CLM (flap on) - CLM (flap off)

DCLMF Fiap differential forebody pitching-moment
coefficient, body axes, CLMF (flap on) -
CLMF (flap off)

DCLN Flap differential yawing-moment coefficient,
body axes, CLN {flap on) - CLN (flap off)
N DCN Flap differential normal-force coefficient,
body axes, CN {flap on) - CN (flap off)
ocy Flap differential side-force coefficient,
body axes, CY (flap on) - CY {flap off) ;
DEL Boundary-layer thickness, in. §
3
. . i
DEL* Boundary-layer displacement thickness, in. g
DEL** Boundar-layer momentum thickness, in. g
DEL3 Boundary-layer kinetic energy thickness, in, Z
DEL4 Boundary-layer total enthalpy defect, in. ?
, :
DEW Free-ctream flow frost point, O
DITTE Enthalpy difference at boundary-layer edge
[ITTE - ITWX], Btu/1bm
DITTL Local enthalpy difference [ITTL - ITWX], Btu/lbm ;
§
DPSQP Mach/Flow-Angularity probe nondimensionai parameter, ?

0.5
[op13)2 + (0r24)21 /(2 - P5)

pP13 Differential pressure measurement of the Mach/ ;
Flow-Angularity probe in the pitch plane [P1-P3l, ;
psid

17.
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DTAU

by

ETA

FLAP

FRA
FUN

Differential pressure measurement of the Mach/
Flow-Angularity probe in the yaw plane [P2-P4},
psid

Preston tube data reduction iteration parameter,
1b/ft2

Lateral movement of probe assembly during Preston
tube surveys, referenced to the survey station
number, same sign convention as YT, in.

Effective total-temperature probe recovery factor
for calibration data:

ETA = {TTLU - T)/(TT-T)
For Survey data:
3
ETA = ¢ Ai /RETD
i=0

where the values of A; were determined for each
thermocouple probe.

Fiap deflection angle with respect to model center-
line, deg, positive down at PHI = O

Preston tube data reduction parameter
Preston tube data reduction parameter
Preston tube data reduction parameter
Preston tube data reduction parameter
Identification number for Gardon gages

keat-transfer coefficient, [QUOT/{TT-TW}],
Btu/fté-sec-OR

Enthalpy of air based onTTE, Btu/ibm

Enthalpy of air based onTT, Btu/1bm
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ITH Enthalpy of air basedon TW, Btu/1bm

o

ITWX Enthalpy of air based on TWX, Btu/lbm

T AIPAe S T Ao 7 A ST A

KPP, KPPU, KPRES, (Coefficients obtained by the pressure stabilization

KPW, KP {1-58) routine for Pitot pressure, upper Pitot pressure,
Preston tube pressure, surface pressure Mach/Flow-
Angularity pressures 1+5. 1/psi-sec

B KNPP, KNPPU, Nominal stabilization coefficients, evaluated by
: | KNPRES, KNPW, an examination of the calculated coefficients de-
w? KNP (1-5) fined above. 1/psi-sec
8 !
L | (L/D)W Lift-to-drag ratio (based on CA), wind axes :
5% M Model reference length, in. :
i ! M Free-stream Mach number ;
;f% ME Mach number at boundary-layer edge (ML at DEL) E
? % ML Local Mach number, from Pitot pressure and wall §
g i pressure measurements H
MLC Locai Mach number inferred by the Mach/Flow i
| % Angularity probe :
-§fi MODEL-ROLL Mode! roll angle, zero for single slice on top f
- and positive for clockwise rotation, looking
%{% upstream, deg i
¥ MT Preston tube data reduction parameter i
o 8 3
‘.l MU Dynamic viscosity based on free-stream temperature, :
g . 1bf-sec/fte
! MUTE Dynamic viscosity based on TE, 1bf-sec/ft? j
i { HUTL Dynamic viscosity based on TL, 1bf-sec/ft2 i
1. f
! § MUW Dynamic viscosity based on TW, 1bf—sec/ft2
f: % MUTTL Dynamic viscosity based on TTL, 1bf-sec/ft2
}
-y , M2 Local Mach number, from Preston tube and wall

] nressyre measurements

: f§ 19,
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NCP

NOSE RADIUS, Ri

OMEGA
ORIFICE
P

PAVG

PAVGPS
PAVGPSC

PBA
PBI
PHI
PHII
PHIO

PN

PP, P(1-5), PPRES,

PPy, PW

PP1, P{1-5)I,
PPRESL, PPUL,

PW1

roppeee e S e

Normal-force center-of-presswie location, body
axes, inches from mode! nose, XMRP-{CLM-LM/CKR}

Model nose radius, in,

Radial position of gages or orifices, deg
Identification number of the pressure orifices
Free-stream static pressure, psia

Average pressure value of the Mach/Flow-Angularity
probe "static orifices” [(P1 + P2 + P3 + P4)/41,
psia

Ratio, PAVG/P5

PAVGPS corrected for Reynolds number effects

PAVGPSR

PAVGPSL =

. ?AVGPSREL

EL

Average base pressure, psia

Base pressure, i = 1 to 4, psia

Model roll angle, deg

Indicated roll angle, deg

Roll alignment of the Mach/Flow Angularity probe
with respect to the tunnel axis, zero for orifice
Pl on top and positive for Pl rotated clockwise
looking downstream, deg

Pata point number

Pressure measurement for the pitot tube, Mach/Flow
Anqularity pressures, Preston tube, upper Pitot,
and surface pressures, respectively, psia

First transducer measurement for the pitot probe,

Mach/Fiow anguiarity pressures, FPreston tube, upper
Pitot, and surface pressures, respectively, psia

20.
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PPF, P(1-5)F

PPRESF, PPUF,

PWF

PPE

PPI
PSIO

PT
PTAU
PT™
PTP
PT2

P
PUX

QDOT
RE
REE

REL
RETD

RETTE

Final transducer measurement for the Pitot probe,
Mach/Flow angularity pressures, Preston tube,
upper Pitot, and surface pressures, respectively,
psia

Pitot probe pressure at the boundary-layer edge
(PP at ZP = DEL), psia

Pitot probe pressure interpolated to IT, psia

Yaw alignment of the Mach/Flow Angularity

probe with respect to the tunnel axis, positive
for the probe rotated counter-clockwise as viewed
from above, deg

Tunnel stilling chamber pressure, psia

Preston tube data reduction parametier

Heasured tunnel stilling chamber pressure, psia
Preston tube compressibility parameter

Free-siream total pressure downstream of a normal
shock, psia

Model surface pressure, psia

Model surface pressure at the location of the
survey, psia

Free-stream dynamic pressure, psia
Heat-transfer rate at model surface,Btu/ftz—sec
Free-stream unit Reynolds number, el

Unit Reynolds number at boundary-laver edge {REL
at 2P = DEL), ft-1

Local unit Reynolds number, ft'l

Local “normal shock®™ Reynolds number based on total
temperature probe reference dimension and viscosity

of MUTTL

“Normal shock" unit Reynolds numberlat boundary-
layer edge (RETTL at ZP = DEL), ft

21,
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¢ Ltocal "normal shock" unit Reynclds number (based
_ on viscosity of MYTTL), ft-1
i

, RHO Free-stream density, Tbmfft3
i RHOE Density at bgundary-Yayer edge {RHOL at ZP =
{ DEL), 1bm/ft
} RHOL Local demsity, 1bm/ft
1 RHOUE Product of RHOE and UE, 1bm/sec-ft?
% RHOW Density based on TH, me/ft3 \
;.1 RN Model nose radius, in.
RY Preston tube data reduction parameter
% RUN Data set identification number
§ R2D Local Reynclds number, based on Preston tube diameter
,ii‘ E S ?grvitinear surface distance from model nosetip,
’WQE SLICES Number of slices on bottom, aft portion of the model
i ST{TT) Stanton number based on TT,
j
8 ST(17) = —3007 |
| (RHO) (V) (ITT-ITW) ;
i SURVEY STATION Location of the survey, corresponds to the pressure é
{ NO orifice number above which the survey began i
T

Free-stream static temperature, %r
Wall shear stress (Preston tube), Ib/ft2 f

Detay time between data inittation and start of data
recording, sec

Static temperature of boundary-layer edge (TL at
2P = DEL), OR

22.
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THETAQ

TL

TNPP, TNP(1-5),
TNPRES, TNPPU,
TNPR

TREC

TRIP
1T
TTE

T

TTLI
TTLU

TWX

UE

Model surface temperature corresponding to coax
gage *i", OR

Pitch alignment of the Mach/Flow-Angularity
probe with respect to the tunnel axis system,
positive for probe tip rotated up, deg

Local static temperature, o

Rominal time constant for the Pitot probe, Hach/
Flow Angularity probe, Preston tube, upper Pitot
probe, and surface pressure measurement, respec-
tively, seconds

i

2.9., TRPP = s
KNPP(2+-PPF + APP)

5ecC

tlapsed time to record 40 samples of pressure
history for pressure stabilization routine,
seconds

Butindary-layer trip identification

Tunnel stilling chamber temperature, o2

Total temperature at boundary-layer edge (TTL
at 7P = DEL), OR

Local total temperature, measured by an unshielded
thermocouple probe and corrected for Reynolds
number effects, R

Local total temperature interpolated to 7P, °R
Uncorrected {measured) probe total temperature, O

Gardon or coax gage surface temperature, O

Temperature of coax gage nearest the survey station,
oR

Local velocity component parallel to model surface
at boundary-layer edge {UL at ZP = DEL), ft/sec
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UF, VF, WF

bt

UM, VM, WM

up, ¥vP, WP

uz2

T, Y7 , 7

YCp

8

tocal velocity vector components with respect to
the tunnel axis system, ft/sec

Local velocity parallel to the mode} surface:
computed from Pitot pressure, wall static pres-
sure and total temperature measurements, con-
sidered valid near the model (boundary layer
region), ft/sec

Locil velocity vector components with respect to
th. model axis system, ft/sec

Lecal velocity vector companents with respect
to the Hach/Flow-Angularity probe, ft/sec

Local velocity computed from Preston tube pressure,
wall static pressure and wall surface temperature
measurements, ft/sec

Free-stream velocity, ft/sec

Local total velscity at the Mach/Flow Angularity
probe, ft/sec

Model instrumentaticn locations
Fiap instrumentation locations

Axial distance from model moment reference point
to model virtual apex, in.

Axial distance from model moment reference point
to balance momement reference point, in.

Orthogonal tumnel axis system coo dinates, tabulated
values are nominal location of the prcbe during cali-
brations, in.

Side-force center-of-pressure location, body axes,
inches from model nose, XMRP-{CLN-LM/CY)}

Vertical distance from the model x-axis to the
centroid of the base area, positive if the centroid
is below the x-axis at PHI = @, O {no slices) or
-0.348 in, {(doutle slice)

‘ -




M Height of Mach;/Flow-Angularity probe above model
surface along a normal line, in.

. P Height of Pitot probe above model surface along
; a normal line, in.

ZPU Height of upper Pitot probe above model surface
along a normal line, in.

R rA Height of total temperature probe above model
: surface along a normal line, in.

7' Birection of the probe travel along the 7'
Drive Shaft
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1.0 INTRODUCTION

Within the last decade significant advances have been made in
computer architecture and in the complementary development of large scale
computer programs for solving complex non-linear problems., In the field
of fluid dynamics, computer programs have been developed to provide de-
tailed properties of the flow field surrounding complex aerodynamic con-
figurations. In addition, during this past decade, energy costs have
risen so dramatically that the ‘customary' use of the wind tunnel as a
vehicle-configuration design aid has diminished significantly. As a re-
sult, a suitable combination of numerically generated configuration aero-
dynamics with experimentally generated results can lead to the desired
solution in an efficient and cost effective manner.

Recognizing the advances that were being made in computational
fluid dynamics, the Air Force structured the Maneuvering Aerothermal
Technology (MAT) program to assess and improve the currently available
technology for predicting MaRV aerothermal performance for current and
next generation vehicles in flight regimes characteristic of future mis-
sion requirements. The types of computer codes that were to be evaluated
in this contract ranged from the empirical methods (such as the Hypersonic
Arbitrary Body Program (HABP) and the Aerodynamic Heating Program (AERHEAT))
which contain the technologies of the 60's, to the more current "sophisticated"
large scale programs which numerically solve various simpiified versions of
the Navier Stokes equations. These include the inviscid flow field solutions,
boundary layer solutions, and the more recent parbolized Navier Stokes (PNS)
computer sclutions.

These large scale computer codes, 1ike newly developed wind tunnels,
require a detailed "shake down" to resolve developmental difficulties in legic,
numerics, grid resolution, turbulence modeling, etc. To accomplish a complete
check-out of these programs, detailed "bench-mark" experimental data are re-
guired with which to resclve their predictive capabiiities. The current set

26.



of experimental data were obtained with this objective in mind. However

one must recognize that the predictive ability and accuracy of any aero-
dynamic computer code is dependent on the vehicle configuration. Thus
one must first establish systems requirements and performance goals,

then consistent with these, establish the generic vehicle configuration(s)

that are required to meet these requirements and goals. The MAT program

3 has provided both the systems requirements and performance goals. The
} current set of experimental data satisfy one aspect of these overall ob-
{ jectives. Specifically, flow field data were obtained on sharp and blunt
z axisymmetric biconic configurations under laminar and turbulent boundary
& layer flow conditions over a range of hypersonic Mach Numbers and angles
of attack. In addition data were also obtained on the aft section of the
bicone where a slice cut was taken and where a flap was placed. This type
of configuration represents one type of maneuvering reentry vehicle (MaRV)
of specific interest to the Air Force. The types of data obtained are
configuration force and moment, surface pressure, shear, heat transfer,
and flow field surveys including pitot pressure, total temperature, and

flow angularity. The force and moment data provide the resuitant check-

e e A

s oy T T T

<. out accuracy of all of the computer codes-empirical or 'exact'. However
' to provide additional diagnostic detail when agreement witn these data is
; E less than satisfactory, is the specific role of the detailed data-surface
s

| A and flow-field measurements. The shock layer surveys are an especially

useful diagnostic tool in regions of the configuration where sudden ex-

pansions or compressions are present. For these reasons, in the current

test series, the shock layer surveys were concentrated in the slice/flap
regions of the vehicle along with sufficient upstream measurements on the ;
axisymmetric surfaces to provide the ‘bench-mark' reference. :

e cocn ooy e o S RH

This report summarized and catalogs the entire body of data i

obtained on the biconic configurations in the AEDC~VYKF Tunnels B and

C at Mach numbers of 6, 8, and 10. The test specifically sponsored by

the MAT program corresponds to the Mach 8 turbulent boundary layer

27.
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experimental on the 10.59/70 sliced bicone with flap. The remainder of the
experiments referred to in this report were conducted by AEDC personnel
under BMO sponsorship and Aerospace/TRW guidance. This report also provides

some particulars of the data reduction details, provides typical results and

Timited data trends, highlights, and observations. Lastly, it contains

illustrative examples of data extraction for code validation and check-out.
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2.0 APPARATUS

’*% 2.1 Test Facilities

The tests were conducted in the hypersonic flow tunnels of the
von Karman Facility at the Arnold Engineering Development Center;

Tunnel B for Mach 6 and 8 and Tunnel C for Mach 10. Hominal tunnel
performance characteristics are presented in Table 1.

L TaBLe 1. TunnelLs B anp € PErRFORMANCE

. Nominal p, psia T ,OF q. psia Re/ft x 1070
; Tunnel Mach o 0
;@ Number Min. Max, Max. Min. Max. | Min. Max.
¥ B 6 20 | 270 30 |03 | 41 }o03 | 47 3
A 8 50 | 850 890 ] 0.3 3.8 | 0.3 3.7 :
| c 10 200 |2000 {1450 }0.3 | 3.0 | 0.3 | 2.4 \

Both tunnels are closed circuit with axisymmetric contoured nozzles
with a 50 inch diameter test section and operate continually over a range of
pressure levels with air supplied by the main compressor system. Stagnation
temperatures sufficient to avoid liquefaction in the test section are ob-
tained through the use of a natural-gas-fired combustion heater in combina-

i tion with the compressor heat of compression at Mach 6 and 8 and in combina-
~ ik’ tion with electric resistance heaters at Mach 10. Each entire tunnel (throat,
nozzle, test section, and diffuser) is cooled by integral, external water

jackets. Both tunnels have identical test sections equipped with model in-
jection systems.

e B s e

e+ A e St PRI

Directly below each test section is a tank (Figure 1) into which
the model and its support can be retracted. The test section can be sealed
1 from its tank so that the tunnel can remain running while the tank is vented
to atmospheric pressure in order that personnel may enter the tank to make
modifications to the model or its support system. After the desired modi- :
fications are made and the tank entrance door is closed, the tank is vented P i_f

b
i
£
£
¥
;
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TEST SECTION wooeL sueeonr
e LYo ‘
QUARTZ WINDOWS-
Soacen NSTRUMENTATION RING SAFETY pOOR FUSER SECTION
THAQAT \ FARNG 800
TRARSIT oW SECTION MIZLE % ‘:p
SECTIO naren 4L ABWAT ION
ELOW ROBE
. L COOLING AIR
-‘.ﬂ TTIN RS
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OPERATION-
cooL NS
Flaon 57783
SECTION TAAK
N
077345
FEET

a. Tunnel Assembly

WINDOWS FDR MODEL INSPECTION —
OR PNOTOGRAFNY

WINOOWS FOR SHADOWGRAPH
PHOTOGRAPHY

NOIZLE

TAMK ENTRANCE DOOR
FOR MODEL INSTALLATION
OR INSPECTION

MOOEL INECTION AND
PITCH MECHANISM

Ficure 1, TunneL Lavour

|
|




PSSP,

[P

§ O e e hrin &

B Cp———

to the test section pressure, the doors between the tank and test section
are opened, and the model is injected into the airstream to obtain the
desired data. Upon completion of the data acquisition, the model is re-
tracted and the cycle completed. The injection system is aiso used for
transient heat-transfer tests in which the model is cooled in the retracted
position, set at the desired attitude, and injected into the airstream to
obtain the time history of the temperatures at various locations on the
model. The minimum injection time is about two seconds and the maximum
acceleration or deceleration is about one g. The model is exposed to

the airstream approximately 0.9 sec. prior to the injection stroke limit
with the model in test position.

2.2 Model Detail \

The model used for this investigation was comprised of several
sections which permitted the testing of a sharp and blunt 7° cone, and :
sharp and blunt bicones with 10.5% and 14° forecones. A1l components were ,\
fabricated Trom type 304 stainless steel. In addition the common 7° half 1
cone afs. frustum was also sectioned to permit the incliusion of a slice/
flap region. In order to provide a turbulent boundary layer for the blunted
configurations, a ring of roughness trips were employed. Contained in the
following sections is a detailed description of the model gecmetries used
in this investigation including the trip geometry and the location of the .
surface instrunentation, i

i s e

2.2.1 Basic Body

s e O

The test model used in this investigation is modular in concept,
from which several bicone geometries, sharp and blunt, were assembled.
The basic model components are shown in Figure 2. Exclusive of the sharp
or blunt nose sections, the remainder of the model is comprised of three
sections, the forecone section with half angles of 70, 10.50, and 140,

and the two 7° aft cone sections. For each bicene configuration, a sharp




D=0 D =1.885 D=4.911 D = 7.920° D = 9,823
E /
-
|
B _ _
|
|
!
; X=0 =3.603 = 7.676 = 20.000 = 32.250 = 40.000
; Dz 0 = 1.550 D=4.911,
%
‘ N
k- =0.5" -
‘. Ry=0.8" | _— 10.5°
L
i l ‘
.
o
i
I X=0=2.24 =418 = 13.250
! '
. D=0 D=1.50
| b y
N ;
§ o Ry = 0.5 _—~] 140
.
~r \
i
F,
) X=0 = 1.567 = 3,109 = 9.849
Ficure Z. Basic MopeL GeoMeTRY
! _
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and a 0.50" RN nosetip was tested. In summary, for this basic test
series the following axisymmetric bicone configurations were tested.

Model
Nose-RN Forecone Aftcone Length
0(.0015%) 7° 7° 39,989
0.50" 7° 7° 36.397
0 10.5° 7° 33.250
0.50" 10.5° 7° 31.006
0 14° 7° 29.849
0.50" 14° 7° 28.282
2.2.2 Slice Region

In addition to the aft 7° conical frustum section, two additional
aft sections were fabricated. One section had a double windward slice as
shown in Figure 3. The first slice is parallel to the axis and starts
7.75 inches upstream of the base. The second slice on this section is
inclined 7° downward, 2.75 inches upstream of the model base. This aft
section was used for the force and moment test series.

The other aft cone section had an identical windward side series
of slices; however, in addition it also had a single parallel slice on the
leeward side as shown in Figure 3. This aft section was used for the re-
mainder of the test series; that is the pressure, heat transfer, and shock
Yayer profiles

2.2.3 Flap

Under MAT program sponsorship, a series of flaps were fabricated
for use with the aft slice sections. Three were built, a 10° and 20° con-
tinuous span flap and a split 200/100 flap as shown in Figure 4. The hinge
line of the flaps wers locatad at the juncture of the second windward cut,
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SPLIT AR —~

CONT I NUOLS

0.149._.{.r-’§’ ‘y-
MODEL
—”};o 200 4.50
_ ~ ; J _ -}T _
__\—-"-'"‘"—-—
1.19 1.19
0.500—w j=— § 0.500 — ] je—- §
' 3.250 1 o)
3.250-—:——- ! __‘__
100 FLAP ! 200 FLAP
SIDE VIEWS PLANFORM VIEW

Ficure 4. Frap DervaiLs
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2.75 inches upstream of the base. For simplicity of installation the flaps
were manufactured with a 0.50 inch overhang from the base and were attached
to the basic body by fasteners into the base.

2.2.4 Roughness/Boundary Layer Trips

Sl .

In the course of these experimental investigations, several test
series were conducted for the primary prupose of determining the trip size -
for a given model bluntness and test facility - which would provide a tur-
bulent boundary layer {hopefully with the absence of inviscid flow distur-

3 bances). These investigations were primarily performed using the model
i f surface heat transfer (cold wall} as the diagnostic for determining the
However, in certain cases investigations

Aty o0t et ot <ot

i

departure from laminar flow.
were also performed using the boundary layer portion ef the shock layer

g ! i survey as the diagnostic (i.e., for the hot wall case). Although the

' ?ig E ! trip size, geometry, and relative placement on the models were similar,
Aatl! :
- . these parameters varied for several of the test series. Rather than
{ ; i sumnarize the pot-pourri of trips used, they are shown in Figures 5 and 6
;thf; for the Mach 6 and Mach 8 investigations, respectively.

B : The boundary layer trips consisted of distributed roughness

; ; formed by attaching Carborundum grit to the model surface, or by machining
§ _ helical grooves in a spiral fashion (clockwise and counter clockwise) on

! the conical frustum part of the nose, or by blasting the metal surface

* with grit until the desired roughness was attained. The test data sum-
marized in the following sections of this report will refer specifically

Lo to the trip used from Figures 5 and 6.

The turbulent boundary layer shock layer survey tests were
performed using the machined roughness trips defined in Figure 6a and
shown photographically in Figure 7.




4 NOMINAL
i 6c(DEG) | Ry (IN) | Sy (IN) | So (IN) | GRIT NO. GRIT SIZE (IN)
7 0.05 1.481 3.900 60 0.010
} ¥ 4 + 30 0.022
0.10 1.552 3.500 46 0.014
0.50 1.574 0.800 80 0.0065
I | 60 0.010
- 46 0.014
| 30 0.022
{ : i i 20 6.037
kS
10.5 0.0 1.352 2.700 60 0.010
l 0.50 0.949 1.300 60 0.010
4. ¥ ¥ 30 0.022
14 0.05 1.069 2.000 60 0.010
0.50 0.661 1.200 100 0.0048
{ 1 [ 80 0.0065
} a6 0.014
DISTRTIBUTED GRIT TRIP
-t Ficure 5. BounbDARY LAYER TRIP GEOMETRY

M =6, a=09]
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2.2.5 Instrumentation

As indicated earlier, the measurements in this test series
included total model static force, surface heat transfer, pressure
and temperature, and also shock layer surveys {which included Pitot
pressure, total temperature, Preston tube, and Mach/Flow Angularity
measurements ). Contained below is a2 summary discussion of the model
surface instrumentation and locations, and the balance used for
forces and moment definition. The material that is summarized below
is excerpted from the appropriate AEDC Test Summary Reports (TSRs)
and will be so referenced,

Model flow~field photographs were obtained with a single-pass
optical flow visualization system through the two 17.25 inch diameter
test sectiors windows.

T

2.2.5.1 Static Force

Static force measurements are provided using either point-pause
or continuous sweep techniques. In the more conventional point-pause tech-
nique, the model support mechanism is moved to the desired model angle
and stopped, measurements are taken, and then the sequence is repeated by
moving to the next desired angle. In the continuous sweep technigue the
model is continuously varied in angle while measurements are taken, at
rates of 0.5 deg/sec in pitch and 2 deg/sec in roll.

ok s

Forces and moments on models are measured with a six-component
internal strain-gage balances using conventional foil and semiconductor
gages. Balance details are described in Reference 1. The balance is
temperature compensated over the range from 80 to 180°F. Two copper-

constantan thermocouples are provided for monitoring balance temperature.




.
U 1 -
- SN

The measuring and recording devices, and the cailibration methods
used for all measured parameters along with the estimated measured un-
certainties are provided in Reference 2 for the Mach 10 laminar static force
tests and in Reference 3 for the Mach 8 turbulent tests. Model base pres-
sure was measured in the point - pause mode of operation with the VKF

standard pressure system which uses 1-psid variable capacitance trans-
ducers referenced to near vacuum.

A photograph of the model mounted for the static force series
shown in the dump tank below Tunnel B is presented in Figure 8. The
machined trip ring device is readily seen in this photograph. Figure 9
portrays the model assembly in the Tunnel B test section.

2.2.5.2 Model Surface Instrumentation

Surface mounted instrumentation consisted of Gardon gages, coaxial
thermocouple gages, and pressure orifices. The tests were conducted in
several separate entries where the model configuration varied per entry,
consequently the surface instrumentation also varied. The reference for
each data set and the configuration tested is listed below.

e b et

Reference Data Set Models
4 Mach 6, a = 0 79 Cone ;
(Turbulent) 140/70 Bicone :
5 Mach 6, o = 0 70 Cone
(Turbulent) 10.50/70 Bicone i
140/70 Bicone §
i
6 Mach 8, o # 0 70 Cone i
(Turbulent) 10.50/70 Bicone z

140/70 Bicone

7 Mach 10,a # 0 140/70 Bicone w/Slices
(Laminar)
2 Mach 8, a # 0 10.59/70 Bicone w/Slice
(Turbulent) and Flap
44,
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Heat transfer data were obtained using 0.125 inch diameter
Gardon-type heat flux gages with Iron-ConstantanR case thermmocouples.
For the Mach 6 tests where the tunnel stagnation temperature is relatively
Tow, it was possible to use the Gardon-gage not only as a transient gage
for measuring heat transfer in the pulse entry mode, but it could also be
used in the steady state-long time entry (i.e., for profile measurement)
mode. The case thermocouple served a dual role by providing a sensing
disc edge temperature used in Lhe evaluation of the heat-transfer coef-
ficient and by indicating the model wall temperature during tho long
hot-wall runs. As an additional check on the long term wall temperature
ccaxial surface thermocouplies were used.

In the Mach 8 and 10 tests where the tunnel stagnation temperature
is significantly higher and where the Gardon-type gages would not survive
a long time entry, the model was only instrumented with this type gage
for short duration heat transfer tests. Prior to the survey tests, the
Gardon gages were removed and the holes were plugged or replaced by coaxial
gages and the afierbody was replaced with a pressure instrumented after-
body. The pressure orifices in the afterbody were located at the same
locations as the Gardon gages. The coaxial gages {surface thermocouples)
were added for the survey tests to provide model surface temperature.
Details of both types of gages may be found in Reference 9.

Three flap assemblies were used: heat transfer, full span pres-
sure, and split pressure as depicted in Figure 4. The heat transfer flap
was a full span adjustable deflection fiap instrumented with nine Gardon
gages. The full span pressure flap was eszentially the same as the heat
transfer flap except for instrumentation. The split pressure fiap had fixed
deflection angles of 10 and 20-deg for its two sides and was instrumented
with seven orifices and two coaxial surface thermocouples. Specific gage
and orifice locations are presented in Reference 8 and Section 3.4
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It should be noted that in all cases the model was instrumented
with more than 75 Gardon-type gages, and more than 80 pressure orifices
so that a relatively complete surface coverage was obtained. The reader is
referred to Section 3 or the specific test report for detail definition
and locations of the surface instrumentation.

2.3 Flow Field Survey Probes and Probe System

Two separate probing systems were used to perform the boundary
Jayer and fiow field surveys. An overhead probe system which was the
primary flow field survey mechanism was instrumented with a pitot tube,
unshielded thermocouple probe and a Preston tube. A second system which
was used with the axisymmetric bicones was attached to the model support
sting and was equipped with a Pitot tube and an unshielded thermocouple
probe. A Preston tube was included on the on-board probe imstallation,
but pressure response from this probe was not satisfactory and data from
this probe are not valid.

The axial, X, lateral, Y, and vertical, Z, overhead probe drive
system, is used to survey flow fields in Tunnels B and C. The positioning ,
mechanism is mounted above a port on the top of the tunnel. The X-Y-1 }
mechanism has five degrees of freedom: X, Y, Z, Z' and ALPT. In addition
to the X, ¥, ard Z controls, this mechanism has the capability for inclining
the probe head by an angle ALPT relative to a vertical (from the Z axis),
and then probing in the Z' direction along this tilted vertical axis.
Precision surveys aiong the Z' axis can repeatably be made to within 4
+ 0.005 inches. Positioning of the probe holder attachment is arbitrary
in the sense that no preprogramming is required and the mechanism moves
independently of the model. A1l stations to be sampled must remain within
the mechanism traversing envelope. Shown in Figures 10 to 12 are photo-
graphs of the probe housing assembly and of the probe holder assembly.
Figure 13 is a photograph of the probe holder assembly shown in proximity
to the model. The flattened Pitot, upper Pitot, total temperature and
Preston tube probes were mounted in one probe holder, while the Mach/Flow-
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Angularity probe was mounted separately. The upper Pitot was moved from 2

inches to 3 inches above the Pitot, Preston, and total temperature probes,

when leeward surveys were performed. The second probe was used to minimize
data acquisition time for the thick shock layers.

Probe positioning in the vicinity of the model surface, probe
deflections and probe spacing are measured and monitored optically with
the VKF closed circuit television (CCTV) system. The model and probes are
back Tighted using the collimated 1ight beam shadowgraph system. The CCTV
system can monitor the system at the rate of 30 frames/second, 1224 lines/
frame, and with a magnification factor of 38. Positioning of the probes
at a desired location is achieved using a graticule, marked in increments
or marked to indicate stations along the model surface. Spacing between
the probes and the model surface can alsoc be measured optically. The
television image is also used to verify contact between the survey probe
and the model surface. The camera is isolated from the tunnel vibrations
by mounting it with the optics system which has a separate foundation from
the tunnels. A front lighted high magnification TV of approximately 7 power \
was used to view the 10 degree flap section of the split flap.

2.3.1 Pitot and Unshielded Thermocouple Probes

Total pressure (Pitot) and total temperature prob neasurements
were used in conjunction with the wall surface static prec e measurements
to extract the total pressure and total temperature profiles, a-d the local Mach
number in the boundary layer. To survey boundary layers, probes of small

dimensions were used to minimize probe size effects on the resolution of
the profiles. Boundary layer probes were designed to **=3in measurements
close to the surface within the boundary layers and ye. remain paraliel to
the model surface.
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The unshielded thermocouple probes were made with Chromel-Alumel
thermocouples which had an estimated uncertainty of + 1.50F + 0.375 per-

cent of reading . The unshielded thermmocouple probe had a wire junction

diameter of approximately 0.007 inches. A reference dimension of 0.005

inches was used for data reduction purposes. The time response and the

resolution of the probe location are improved by using such small probes.
Total temperature probe uncertainties associated with the heat transfer
between the probe and environment were accounted for in the freestream
probe calibration {convection and conduction effects).

As shown in Figures 10 through 12, two Pitot tubes were attached
to the probe holder assembly. Both Pitot probe pressures (on-board and over-
head) and the overhead Preston tube were measured with 15-psid DruckR
transducers which had an estimated measurement uncertainty of ¢ (.009 psi.

A near vacuum reference pressure was used with these transducers. The
near vacuum reference pressure was measured with a Hastings absolute
pressure transducer. The Pitot probe used for surveys near the model sur-
face were fabricated by flattening ar 0.024 inch 0.D. (0.020 I.D.) tube as
shown in Figure 14. This procedure produced a probe tip thickness of 0.020

inch with an open s1it of 0.005 inch height. Pitot and total temperature
probes are illustrated in Figure 14.

2.3.2 Preston Tube

The Preston tube geometry is illustrated im Figure 15. The tube
tip dimensions are consistent with those that have been used previously
(References 10 and 11) for obtaining Preston tube calibration factors.

2.3.3 Mach/Flow-Angularity Probe

A Mach/flow anguiarity probe {Probe #5) was used to measure the
Tocal stream total pressure, local Mach number, and local flow angle. The
Mach/flow angularity probe is shown in Figure 16. The probe is 0.068 -inches
in diameter, made up of 5 individual tubes of 0.012 inches I.D. Probes this

b4,
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small minimize probe interference and improve the resclution of the measure-
ment iocation while mapping complex flow fields. Mach/flow angularity probes
are calibrated to measure the two flow directional angles of the airstream
with respect to the probe. Typically, pressure measurements in tubes 1

and 3 are in the vertical or pitch plane and tubes 2 and 4, are in the
horizontal or yaw plane of the flow field.
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3.0 SUMMARY OF TEST CONDITIONS
AND DATA ACQUIRED

A rather large body of detailed experimental data were obtained
at AEDC at Mach numbers 6, 8, and 10 on sharp and blunted 10.5°/7° and
14°/7° bicones and on a 7° cone. The data consisted of static force and
moment, surface pressure - heat transfer - and shear {via a Preston tube)
measurements, and lastly boundary/shack layer surveys. The survey data
are composed primarily of Pitot pressure and total temperature with some
limited Mach/Flow angularity measurements.

In addition to obtaining data on the axisymmetric configurations,
modifications to the aft cone consisting of a windward double slice, a
leeward single slice, and the addition of a flap at the second windward
slice were made and a full complement of data taken. These data were
taken over a 3-4 year span, where the detailed measurements on the 10.5°/
7° bicone with the slices and flap were performed last and were planned
and conducted by SAl under the BMO/MAT program sponsorship.

Data were cbtained for both lYaminar and turbulent boundary layer
flows. In order to promote turbulence near the nose for the blunted con-
figurations, boundary layer trips were employed. A considerabie effort
was directed toward defining the minimum trip size that would promote
turbulent flow and yet not materially affect the inviscid shock layer
flow, This trip investigation was not only performed at zero angle of
attack, but alsc at the larger angles that manuevering vehicles fly (i.e.,
to 20°).

Contained in this section of the report is a summary listing of
all of the data obtained on these configurations. Specifically, Table 2
presents an overall summary of the data obtained on the 70 cone, while
Table 3 provides a summary of the bicone model data. Sections 3.2 through
3.4 contain details of each of the subset experiments conducted, including
detailed AEDC data group numbers for each measurement set,
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3.1 Axisymmetric Body ~ Turbulent Flow;
M= 8,2%=0 (References 4 and 5)

The testing of the axisymmetric 79 cone, and 10.S°/70 and
14°/70 bicones were conducted in two phases. The objective of the
first phase was to determine the smallest boundary layer trip that
would bring boundary layer transition near the trip without intro-
ducing disturbances in the flow field. A boundary layer trip that
brought the end of the transition in the vicinity of the first heat
gage {s = 8.15 for the 7° cone, and 3.91 for the 18%/7° bicone) was _
considered effective and suitable to be studied in more detail. This
jnitial approach was taken since the ultimate goal was to fix the end 1
of transition on the forebody of the biconic confiqurations to be
studied in detaii in later test phases.

The objective of the second test phase was to.evaluate the
influence of boundary layer trips on boundary layer and flow field
characteristics. Flow field surveys were performed at several longi-
tudinal body stations on configurations with different nosetips and
trip combinations. Corresponding heat transfer data were obtained to
identify transition and verify that turbulent flow existed at the probe
survey stations.

Figure 17 lists the survey station for each basic body con-
figuration while Table 4 indicates the location of the surface instru-
mentation for each of the three configurations.

A summary of the nominal test conditions at each Reynolds
number is given below:

0 px10° 3 -6
M,  pepsia  T,°R  sTugs/ft> q_psia  p,.psia Re/ft x 10
5.91 55 845 2.98 0.919 0.037 1.0
5.94 131 845 7.06 2.180 0.088 2.5
5,95 250 845 13,37 4,131 0.167 4.7

62,
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— 7 DEGREE CONE

- 10.5/7 DEGREE BICORIC

- -~ 14/7 DEGREE BICONIC

- 29,849 {
S, IN.
STATION 7 DEGREE | 10.5/7 DEGREE | 14/7 DEGREE
NO. CONE BICONIC BICONIC
1 38.800 32.125 28.801
2 30,300 23.625 20.301
3 20.150 14.486 11.162
4 15.150 13.233 9,909
5 - §.483 6.159
Ficure 17, ProBe SurRvey LocAaTions
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TasLe 4, SURFACE INSTRUMENTATION LOCATIONS

a. Pressure Orifices

oo
: 5 !
t
,r 1809
5 S, IN.
Q ORIFICE] 7 DEGREE | 10.5/7 DEGREE| 14/7 OEGREE] o
i NO. CONE BICONIC BICONIC DEG.
| 1 39.800 33.125 29.801 0
i 2 38.300 31.625 28.301
g 3 ] 36.300 29,625 26.301
: 4 34.300 27.625 24.301
| £ 32.300 25.625 22.301
i 6 30.300 23.625 20.301
: 7 28.300 21.625 18.301
: 8 26.300 19.625 16.301
; 9 24,300 17.625 14.301
; 10 22.300 15.625 12.201
! 11 20.150 14,286 11.162
| 12 17.150 | 14.111 10.787
5 13 15.150 13.736 10.412
; 14 13.150 13.233 9,909
! 15 11.150 12,433 9.159
§ 16 9.150 10.483 7.159
| 17 8.150 8.483 6.159
o 18 - 7.483 5.159
: 19 - 6.483 4.659
: 20 - 5.483 4.150
: 21 - 4.983 3.659 v
; 22 39.800 33.125 29.801 -90
_ 23 30.300 23.625 20.301 l
24 11.150 5,483 4,659
25 39.800 33.125 29,801 80
26 30.300 23.625 20.301 l
s 27 11.150 5.483 4.659
: 28 39.800 33,125 29,801 180
29 30.300 23.625 20.301 l
30 11.150 5.483 4.659
31 BASE BASE BASE 0
, 32 BASE BASE BASE 180
- 33 38.800 32.125 28.801 0

64.




TasLe 4, Surrace INSTRUMENTATION LocATions (Cont’D)
b. Heat Gages

' S, IN.
; GAGE 7 DEGREE | 10.5/7 DEGREE| 14/7 DEGREE| w
{ NO. CONE BICONIC BICONIC DEG.
i 1 38,300 31.625 28,301 180
: 2 36.300 29.625 26.301
: 3 34.300 27.625 24.301
4 32.340 25.565 22.281 .
; 5 28.240 21.565 18. 241 ;
! 6 26.240 19.565 16.241
| 7 25.240 18.565 15.241
8 24.240 17.565 14.241
|k 9 23.240 16.565 13.241
| 10 22.240 15.565 12.281
| 11 21.150 14.486 11.162 :
T 12 20.150 14.111 10.787 (
, 13 19.150 13.736 10.412
, 14 18.150 13.233 9.909
{ 15 17.150 12.233 9.159
**% 16 15.150 10.483 7.159
E 17 13.150 7.483 6.159
- 18 9.150 6.233 5.159
. 15 8.150 4.983 3.909
¢

!
-
|
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Transition location was determined from the heat transfer distribution
obtained with the Gardon heat-flux gages. Prior to each run the model was
cooled to approximately 5200R by flowing air over the model. The model was
injected into the tunrel fiow for about five seconds while a continucus
record of gage output was recorded. Data presented in the Data Package
were reduced approximately one second after the model reached the ceaterline
of the wind tunnel. Some runs were obtained with a hot wall to minimize
the time reguired for a full cooling cycle. Since the thermal driving
potential (Tg - T,) was low for these cases, the data uncertainty was
significantly greater than the cool wall data. However, these data were
gqualitatively useful in determining the presence of transition.

Surface pressure distributions were obtained on selected configura-
tions. It should be noted that surface pressure at each probe station was
obtained each time a survey point was recorded. This procedure made it
possible to confirm that local wall pressure had been obtained in the
absence of any Tocal probe disturbance or interference.

Initial probe positioning on the model wall was monitored with the
closed circuit television system (CCTV}. The television image was used to
ronitor probe longitudinal lecation and to verify Preston tube and Pitot
probe contact with the model surface. At each survey station, a reference
mark was painted on the model surface with black paint to provide an optical
target for positioning the prope. The Preston tube and Pitot tube were
brought down until they both were in contact with the model surface. It

is estimated that the probe was located axially to within ¢+ 0.050 inches
of the reference marks,

Initial data were obtained with the Praston tube and Pitot tube in
contact with the model surface. The first three probe positions above the
model surface were obtained using manual probe drive control to achieve the
desired small height increments between points. Remaining points in the
survey were gbtained using an automatic system which drove the probe to
predetermined locations above the model surface. Note that the only point
valid for the Preston tube measurements was the initial point at the model
wall. Each survey consisted of approximately 50 points.
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3.2

Table 5a through 5c present the AEDC data group numbers from
References 4 and 5 (and the complementary data tabulations) for each con-
figuration tested for the heat transfer, pressure, and shock layer survey
tests, respectively.

Axisymmetric Body~Turbulent Flow:

Mach 8, =0 (Reference 6)

The overall test objective was to obtain a turbulent-flow data
base with which to validate and develop analytical codes to be used in
predicting the hypersonic aercdynamic characteristics of conic and bi-
conic bodies at angles of attack. Data obtained in this series includes
surface heat transfer, pressure,and detailed flow field measurements in-
cluding flow-angle information,

A major portion of the test was devoted to flow-field surveys
over two basic configurations, the 7-d:gree cone (sharp and blunt nose)
and the blunt biconic configuration (ore cone/aft cone angles of 10.5
deg/7 deg) at Mach number 8. Windward and leeward surveys were ob-
tained at several mode! stations, from the model surface to the bow
shock using a probing riechanism located on top of the tunnel. In addi-
tion, radial surveys were obtained at one model station near the base
by using an "onboard" prcbing mechanism. Roll positions relative to the
windward plane of symmetry for these radial surveys were: 50, 7%, 100,
120, 140, and 100 degrees. Flow-field probes on the survey mechanisms
were: Pitot probes, unshielded tnermocouple probes, a Preston tube and
a Mach/Flow-Angularity srobe. :

Surface pressures were measured to provide pressure data for
boundary layer calculations, and heat-transfer distributions were obtained
to determine the Loundary layer state. A machined boundary layer trip was
used for the majority of the tests, to provide the desired fully developed
turbulent boundary layer. Surface shear stress gata were obtained using
a flow-angle sensitive Preston tube attachad to the model. Data were
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L TABLE 5¢. PROFILE DATA SUMMARY - MACH 6, @ = 0
‘(
] CONFIGURATION Re_ x 1070 PROBE SYSTEM
y 8 Ry TRIP HT. fet ON-BOARD OVERHEAD*
(IN.)  (IN.)
79 0 NONE 4.7 34, 102, 103 36, 106, 107,
215, 217
.05 .011 2.5 - 219, 220
.50 NONE 4.7 26 -
: .50 NONE 1.0 60 -
s .50 .010-.014 4.7 25, 42, 123 119, 120, 218
.50 .093 4,7 118 117 i_
= 10.5%7° .05 .010 2.5 — 161, 162, 163
! .50 .010 4.7 -- 139, 143, 146,
: 148, 149
| .50 .022 2.5 -- 168, 169 ;
- \ .50 .046 4.7 -- 150, 151 y
<~= | .50 .125 2.5 . 164, 165, 166, 167 '
- _
’_ “ 14%/7° .05 .010 2.5 - 213, 214
% .05 .046 2.5 -- 207, 208
- .05 .093 2.5 -- 209, 210, 211
3 .50 .0065 4.7 84 85
} .50 .014 2.5 -- 199, 200, 201 :
f .50 .093 2.5 -- 188, 190, 192,
| 193, 195

v
T s A b

DATA TAKEN AT SEVERAL AXIAL STATIONS ’

A A A 1%
»
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obtained at f%ee-stream Reynolds numbers from 0.5 to 3.7 million per ft,
with the majority of the results obtained at 3.7 million per ft. MHodel
. angles of attack were from -10 to 10 deg and model roll angles were from
] 0 to 180 degq.

The locations of the heat transfer gages for the sharp 7° and
plunt 7° cones, and the blunt 10.5°/7° and 14%/7° bicones are listed in
Tables 6a to 6d, respectively. Similarly, the locations of the surface
pressure crifices, including the identification of the profile measuring
stations for the sharp and blunt 7° cone and the blunt 10.50/70 bicone
are listed in Tables 7a to 7¢, respactively.

A summary of the nominal test conditions at each Mach number
is given helow.

i3
¥
; M_ Pys Psia Ty % q» psia p_, psia Re,, X 107677t ‘
; = ot 7

@ 7.90 100 1220 0.485 0.011 0.5
B 7.91 125 1285 0.603 0.014 0.6

7.94 210 1280 0.997 0.023 1.0

- 7.97 330 1310 1,540 0.035 1.5
i 7.99 560 1330 2.584 0.058 2.5
f 8.00 850 1350 3.900 0.087 3.7

Heat-transfer distribution data were obtained with high-sensitivity
) thermopile heat-flux gages (Gardon type). These data were taken to deter-
5 mine transition locations, and to evaluate trip effectiveness. In most
cases the model was injected into the tunnel flow at a fixed model attitude.
The data were recorded continucusly for a period of about 5 seconds beginning
one second after the model reached tunnel centerline. The model was then
retracted into the test section tank and cooled with high pressure air.
Model wall temperature typically did not exceed 600°R during data acqui-
‘ : sition. One series of runs was made using the continuous roll sweep rode;
—-} : with the model pitched at four degrees the model was rolled from O to 180

e e s oot am e

S B e e

oy

degrees while recording the data continuously.
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TaBLe 6. HeAT TRANSFER GAGE LOCATIONS

a. 7 Degree Sharp Cone (RN = 0.0015 in.)

| 00
; Fjjfg"“_”'SREF —“1 o
: 1809
Gage s, In. S/SREF | w, DEG.|| Gage | S. IN. S/SREF | w, DEG.
) No. No.
; 1 38.790 0.963 180 18 22.230 | 0.552 180
] 2 38.290 0.950 19 21.140 | 0.525
' 3 37.590 0.933 20 20.140 0.560
h 4 36.290 0.901 21 19.140 0.475
B 5 35.290 0.876 22 18.140 | 0.450
3 6 34,290 0.851 23 17.140 | 0.425
- 7 33,290 0.826 24 16.140 | 0.401 ;
| 8 32.230 0.800 25 15.140 0.376 {
& g 31.230 0.772 26 14.140 | 0.351 ;
% 10 29.930 0.743 27 13.140 | 0.326 ’
}qgi 11 29.230 0.726 28 12.140 | 0.301
! 12 28.230 0.701 29 | 10.840 | 0.269
: 13 27.230 0.676 39 10.140 | 0.252
; 14 26.230 0.651 31 9.140 | 0.227
j 15 25.230 0.626 32 8.140 | 0.202 v
| 16 24.230 0.601 39 38.791 | 0.963 5
| 17 23.230 0.577 v 40 38.791 0.963 15

SREF = 40.291 IN.
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TaBLe 6. Heat TrRansFer Gace LocaTions (Cont.p)

: b. 7 Degree Blunt Cone (RN = 0.50 in.)
| oo
. s s
== ]
1800
N Gag s, In. S/SREF w, DEG.|| Gage s, IN. S/SREF | w, DEG.
i No. No.
1 35.452 0.959 180 18 18.892 | 0.511 180
2 34,952 0.946 19 17.802 | 0.482
| 3 34.252 0.927 20 16.802 0.455
: 4 32.952 0.892 21 15.802 0.428
- 5 31,952 0.865 22 14.802 | 0.401
k,%é¥ 6 30.952 0.837 23 13.802 0.374
. 7 29.952 0.811 24 12.802 0.346
b 8 28.892 0.782 25 11.802 | 0.319
g 9 27.892 0.755 26 10.802 | 0.292
; E 10 26.592 0.720 27 9.802 0.265
j : 11 25,892 0.701 28 8.802 0.238
g ! 12 24.892 0.674 29 7.502 0.203 \
{ 13 23.892 0.647 30 6.802 | 0.184 :
} ~ 14 22.892 0.620 31 5.802 | 0.157 ;
15 21.892 0.592 32 4.802 0.130 3
P 16 20.892 0.565 39 35.453 | 0.959 :
g 17 19.892 0.538 r 40 35.453 0.959 |

vor SREF = 36,953 IN.

§

e
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TasLe 6. HeaT TRANSFER Gace Locations (ConT'D)
c. 10.5/7 Degree Biconic (RN = 0.50 in)

: 00
s “
, 1800
: Gage | S, In. o/sREF | @, DEG.|| Gage | S, IN. | S/SREF |, DEG.
: No. No.
b 1 30.123 0.953 180 17 14.563 | 0.461 180
| ‘ 2 29.623 0.937 18 13.563 | 0.429
B 3 28,923 0.915 19 12.484 | 0.395
k- 4 27.623 0.674 20 12.109 | 0.383
,'i" 5 26.623 0.842 21 1.734 | 0.311
.- 6 25,623 0.810 22 11.231 | 0.355
i | 7 24.623 0.779 23 10.231 | 0.324
- 8 23.563 0.745 24 §.354 | 0.296
’{:é | 9 22.563 0.714 25 g.481 | 0.268
} 10 | 21.263 0.672 26 7.479 | 0.237
& 11 20.563 0.650 27 6.479 0.205
. 12 19.563 0.619 28 5.481 | 0.173
|- 13 18.563 0.587 29 4.231 0.134
. 14 17.563 0.555 30 2.981 | 0.094 \
. 15 | 16.563 0.524 39 30.123 | 0.953 5
! 16 | 15.563 0.492 v 80 30.123 | 0.953 15
| L l

SREF = 31,623 IN.
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TABLE b,

Heat TRanSFER GAGE LocaTions (Cont'm)

d. 14,7 Degree Biconic (RN = 0.50 in)

0o
100
Gage S, In. S/SREF w, DEG. Gage S, IN. S/SREF w, DEG.
No. .

1 27.46 0.948 180 18 10.90 0.376 180
2 26.96 0.931 19 9.82 0.339

3 26.26 0.907 20 9.45 0.326

4 24.96 0.862 21 9.07 0.313

5 23.96 0.827 22 8.56 0.296

6 22.96 0.793 23 7.81 0.270

7 21.96 0.758 24 6.81 0.235

8 20.90 0.722 25 5.81 0.201

9 19.90 0.687 26 4.81 0.166

10 18.60 0.642 27 3.81 0.132

11 17.90 0.618 28 2.56 0.088. 1
12 16.90 0.584 33 28.46 0.983 40
13 15.90 0.549 34 1 l 50
14 14.90 0.515 35 60
15 13.90 0.480 36 18.90 0.653 40
16 12.90 0.445 37 l % 50
17 11.90 0.411 ] 38 v 60

M read X8 A i

SREF = 28.96 IN.
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TaBLe 7. Pressure ORIFICE LOCATIONS

a. 7 Degree Sharp Cone (RN = 0.0015 in.)

$ Q0
i SREF — | o
gl —— !
i ————— —— T !
1 1hgo
%, Orifice s, In. S/SREF w, DEG || Orifice | S, In. S/SREF | w, DEG
i No. No.
; 1 39.791 0.988 0 15 13.141 0.326 0
L 2% 38.791 0.963 16 11.141 0.277 {
: , 3 38.291 | 0.950 17 9.141 | 0.227
N 4 36.291 0.901 18 8.141 0.202 l
; ~ 5 34.291 0.851 19 11.141 | 0.277 90
| 6 32.231 0.800 20 11.141 0.277 180
| 7 30.231 ¢.750 21 11.141 0.277 270
! 8* 28.231 0.701 26 30.231 0.750 90
§ g 26.231 0.651 27 306.231 0.750 180
o 10 24.231 0.601 28 30.231 0.750 270
11 22,231 0.552 29 39.791 0.988 90
; 12 20.141 0.500 30 39.791 0.988 180
i 13* 17.141 0.425 31 39.791 0.988 270
' 14 15,141 0.376 \J

SREF = 40.291 IN.

* Probe Survey Locations

USSP
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Pressure ORIFICE Locations (ConT’D)
b. 7 Degree Blunt Cone (RN = 0.50 in.)

go
L i - il AR W
180°
Orifice S, IN. S/SREF w, DEG.{{ Orifice S, IN. S/SREF w, DEG
No. No.
1 36.453 0.98¢6 0 13 11.803 0.319 0
2* 35.453 0.959 15 9.803 0.265
3 34,953 0.946 16 7.803 0.211
4 32.953 0.892 17 5.803 0.157
5 30.953 0.838 18 4,803 0.130
6 28.893 0.782 19 7.803 g.211 90
7 26.893 0.728 20 7.803 0.211 180
8* 24.893 0.674 21 7.803 0.211 270
9 22.893 0.620 26 26.893 0.728 80
10 20.893 0.565 27 26,893 0.728 180
11 18.893 0.511 28 26.893 0.728 270
12 16.803 0.455 28 36.453 0.986 30
13* 13.803 0.374 ¥ 30 36.453 0.986 180
31 36.453 0.886 270

SREF = 36.953 IN.

* probe Survey Locations
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TaBLe 7. Pressure OrRiFice Locations (Cont'D)
c¢. 10.5/7 Degree Biconic (RN = 0.50 in.}

Qo
S o
1
1800
f Orifice | S, IN. S/SREF | w, DEG.|| Orifice | S, IN. | S/SREF | w, DEG
No. No.
: 1 31.123 | 0.988 0 17 8.841 | 0.268 0 \
- 2% 30.123 0.953 18% 6.481 | 0.205
3 3 29.623 0.937 19 5.481 | 0.173
! 4 27.623 6.874 20 4.481 | 0.142
i 5 25.623 0.810 21 3.481 0.110 i
hl, 6* 23.563 0.745 22 2.981 0.0%4 :
{ 7 21.563 0.682 23 3.480 | 0.110 90
8 19.563 0.619 24 3.481 | 0.110 180
R g* 17.563 0.556 25 3.481 | 0.110 270
- 10 15.563 0.492 26 21.563 | 0.682 90
3 11 13.563 0.429 27 21.563 | 0.682 180
i 12 12.484 0.395 28 21.563 | 0.632 270
\ 13 12.109 0.383 29 31,123 | 0.984 90
14 11.734 0.371 30 31.123 | 0.988 | 180
15 11.231 0.355 31 31.123 | 0.984 270
; 16* 10.481 0.331 ¥

SREF = 31.623 IH.

* Probe Survey locations
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fata acquisition procedures can be divided into
various data types: (1) heat-transfer data, (2} surface pressure
and flow-angle sensitive Preston tube data, (3) overhead prube
surveys, (4) onboard probe surveys, {5) Mach/Flow-Angularily probe
calibrations and (5} total temperature probe calibrations. The
data acquisition procedures for each type are discussed in the sub-
sequent paragraphs.

Heat-transfer distribution data were obtained with co-
axial surface thermocouple gages. The model attitude was preset,
and the model was then injected into the tunnel flow while recording
datz continuously. During this time the model wall temperatures were
nomisally 540 to 585°R. The model was in the tunnel flow {injection
to retraction) approximately 6 sec. Model cooling was accomplished
in the test section tank between injections by blowing high pressure
air over the model.

Surface pressure data, and flow-angle sensitive Preston tube
data were obtained at 3 angles of attack and 8 model roll angles. In
each case, data acquisition was essentialiy the same, since the pres-
sures were measured usinrg the AEDC “"standard pressure system,”

Flow-field surveys with the overhead probes were taken from
the model surface to just beyond the bow shock. A survey run typicaily
consisted of 40 to 100 data p ints obtained at different heights above
the model surface. The probe direction of travel {Z' drive direction)
was nominally along a "surface normal™. The small size of the probe
rresented a major problem in obtaining high quality pressure measure-
ments, namely, the sp '1 tube size causes severe pressure lag or stabi-
Tization problems. To alleviate this problem, time-wise data were re-
corded to provide pressure-time histoeries which were used to evaluate
or H
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The following data taking sequence was used: (1) the probe
was moved to predetermined height and {2) the data acquisition system
waited a prescribed delay time {2 to 5 seconds) and then recorded 40
loops of data at a constant time interval (0.1 seconds) wuich provided
pressure-time histnries. Positioning the probe on the model suirface
was monitored optically. An automatic control sytem was used to drive
the prube except at points near the model surface (ZP < 0.09 in.).
Uverhead probe survey locations are shown in Figure 18,

Flow-field surveys with the onbeard probes were almost identical
in data acquisition tachnicue to the overhead surveys. However the nn-
doard probes typically did nut get outside the bow shuck due to the mecha-
nism Timit of travel (2.5 ir., maximum). The probes were positioned on
the model surface, and then the model was rolled to the desired attitude =
befure starting a survey. Thus most surveys with the onboar” probes were
conducted without optical monitoring.

Mach/Flow=-Angularity probe calibrations were obtained in the
freestream at discrete probe pitch attitudesm from 3 to 25 degrees. The
caiibration dats were obtained at several freestream Reynolds number con-
ditions in order to evaluate Reynolds number effects.

Total temperature probe calibrations were obtaincd in the free-
stream for each prebe used. For these calibration rias, the total pressure
(Po) was variad in 50 psi incraments from 150 to 850 psia. Total tempera-
ture prope data and tunnel conditions weve recorded at each pressure level
2na used to getermine Reynolds rnur.ar effects on the unshielded total temp-
erature probes,

iables 8a through 3e present ihe AZDC data group numbers from
P~fereace 6 (along with the compliementary data tabulations) for each con-
figuravion tested and data type.




7 DEGREE CONE

- 10.5/7 DEGREE

BICONIC

§

i3

e
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n 7 DEGREE CONE 10.5/7 BICONIC

L ok RN = 0.0015" RN = 0.5" ok RN = 0.5"

. STA.| PRES. STA.| PRES.

o NO. |ORIF.|S, IN. S/SREF.|S, IN. S/SREF. NO. |ORIF. | S, IN. | S/SREF.

% 1* | 2 [38.791 0.963 [35.453 0.959 11* | 2 |30.123 |0.953

: 3 8 |28.231 0.701 |24.893 0.674 12 6 |23.563 |0.745

i 13 |17.141 0.425 }13.803 0.374 13 | 9 ]17.563 |0.555

. 14 | 16 ]10.481 }0.331 :
. *ON-BOARD SURVEY LOCATION ALSO 15 | 18 16.481 10.205 :
N **PRESSURE ORIFICES ARE AT AXIAL LOCATION OF SURVEY ;
N STATION BUT ROLLED 180 DEGREES FROM PROBE DURING :
- SURVEYS :

o Freure 18. OveRHEAD ProBE SURVEY LOCATIONS
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§
3 TasLe 8. Test DAatA SuMMARY - AxisymMETRIC MoDELS 8@ MacH 8

i : 2. Gardon Gage Heat Transfer Data
i
;i
[ |
! MODEL €OKT IGURATION YOOEL ROLL ANGLE (w), DEG.
: RR YHIP Reox 18%] o [WIND LEE
CONE ANGLE| IN. | MT.,IN.} FT-' {0E6.{0 45 50 135 180
RUN
70 0.0 | NONE 0.6 o |- - - - 1
; 7T 2
t 4 10 - - - - 3
1.0 6 |- - - - 4
. 25 o |- - - - 122
7 2 {1 17 18 18 25
¢ 4 | (0 - 180 ROLL SWEEP) 15
i 7 tia,2122 23 24 13,25
= 0 {27 22 29 30 31 _
. 3.7 o {32 - - - -
i | ¢ 1 a3 3w
i , 7 {38 39 40 41 a2 ;
C.5 | NONE 1.0 o |- - - - 5 A\
p & 033 } o {- - - - s
N < 1.5 o - - - - 7
i | . . _ . 8
,‘ 2.8 0 |- - - - e
. | T ju - - - w0
R 1.7 o 4 - - - -
= 4 48 a5 - - 46 ,
r 7 |47 e & s s
i ! y 10 |52 53 54 5 56
b & 10.50/70 015 0 js57 - - - - ;
i | 4 |s8 59 - - -
I .033 o leo0 - - - -
' 4 {81 62 63 &  65,76%
i 7 {66 67 68 &  70,77% :
; 1w |7 2 73 M 7578
; .037 o !7.8- - - .
. i 7 .8 Bl 8z 83 _ A
! 140/70 g2t o |86 - - - -
- . ] 4 |87 88 8 %0 91
] | 7 sz 93 94 o5 96
S i 6 |37 s 55 100 i0:
’ ] .03 1 0 102,108 - - - -
s : 7 {163 104 105 106 107

«Mocel Roll = 1570 for Runs 76, 77, 18

i
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» TapLe 8. Test Dara Summary - AxisymmeTric Mopers @ Macw 8 (Cont'Dp)

g b. Coax Gage Heat Transfer Data
‘ M_=8

Re_ = 3.7 x 10° FT7!
B. L. TRIP = .06 IN.

MODEL CONFIGURAT ION MODEL ROLL ANGLE {w), DEG.
* RN o WIND LEE
1 CONE ANGLE | IN. |DEG. | © .50 -75 -100 -120 -140 -160 -180
: 70 0.0015| © 8 - - - - - . .
k¢ i
o ! l 4 204 205 - 206 - 207 - 208
- 70 50 | 6 | 3185 - - - - - - -
- L\ 1‘ .
at 3 39,6 36 319 35 320 34 321 33,7
N
‘; { 10 63 62 209,212 61 210 60 211 59
i< .
i~ 10.50/7¢ -| .50 0 253 - - - - - - -
4 254 255 - 256 - 287 - 258
N i
% f | 10 261 262 266 263 267 264 268 265
y
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TaBLE 8. TesT DATA SumMarRY - AxisyMMETRIC MobeLs @ Macu 8 (Cont'D)

c. Maodel Surface Pressure Data

M, =8

Re_ = 3.7 x 10° FT-!
B. L. TRIP = .06 IN.

MODEL CONF IGURATION MODEL ROLL ANGLE (), DEG.

RN a WIND LEE

CONE ANGLE IN. |DEG. | -180 -130 -~105 -80 -60 -40 -20 O

70 goot54 0 |- - - - - - - 17
| | 3 79 78 - 77 - 76 - 75
N 7° 0.5 o |- - - - - - - 18
- i i ] 44 43 - 42 - a1 - 40
A 10 68 67 107 66 108 65 109 66
| 10.5%/7° 0.5 o | - - - - - - - 90
» 4 95 94 - 93 - 92 - 9
_ é% 10 9% 97 - 98 - 99 - 100

© L e g At Mmoo aresh e
. -t L
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TasLe 8, Test DATA SumMary - AxXIsYMMETRIC Mopers 8 Macu 8 (Cont'p)
d. Flow Angle Sensitive Preston Tube Data
M =8

Re_ - 3.7 x 10® F7-!
B. L. TRIP - .06 IN.

MODEL CONFIGURAT ION MODEL ROLL, DEG.
RN a WIND

CONE ANGLE | IN. [bEG. | -80 -130 -155 0 -20  -40 -60  -80 ;
70 0015 | 0 | 401 - - - - - - - }
l 8 |- - - 406 405 404 403 402 | E
l A O T T N | j
70 K 0o | 232 - - - - - - -1 \

a - - - 233 234 235 236 237

- | 238 233 220 - - - - -

10 - - - 241 282 243 244 245
y v -0 | 246 287 288 - ] - . ]
10.50/70 50 |, 0 %éi - - - - - - -

308 319 310 311 312
4 - - - 342 33 344 345 346

-4 314 315 316 341 - - -
348 349 350

10 - - - 307 306 305 304 303
L -10 355 356 387 - - - -
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TaBLe 8. TesT DATA SUMMARY - AXISYMMETRIC Mopbers 3 MacH 8 (ConT'D)

e. Overhead Probe Survey Data

HODEL CORFIGURATION

SURVEY STATIONS (MODEL ROLL = 180 DEGREES)

CONE Ry RIP Rewx 107%| o
ANGLE IK. HI.{IN.} | FT-? DEG. | 3 2 3 -1 12 13 14 15 REMARKS
7”*° B015  _psD 3.7 0§ 22 26 27
388  387* 386+
a7 an an
-4 { 80 8 82
396%  395% 394w WIKDWARD
{79} {79} (79)
4 j390 392 -
! $ ! 389 391 303 LEEWARD
v A \ (75} {75} {75}
7 50 .D80 3.7 0§ 58 51 b
226% 221* 278
(18) (18Y (1B)
-4 | a8 40 50
231% 230 229+ WIKDRARD
(44) {38}  (4%)
+ 47 46 45
225+  224% 223 LEEWARD
(40) ({40) {40}
-18 | 7 % 69
217%  216¢ 215 WINDWARD
(68) ({68) ({58}
+0 | 72 73 222
218 - - -
' i - & 213 220+ a1 LEEWARD
¥ {64}  (64) {54}
7 50 HONE 1.0 o] - - LAMINAR
10.50/70 53 050 3.7 [} 373t 372* 3N 368 368
{30) {90) (80} {90} (50}
-4 363% 364  3E5* 366 367
351 3%2 353 3%4 - WIRDRARD
{95y  {95) {95} (95) {95)
+4 375 376 377 3t 319
- 02 I 300 LEEWARD
{91} (91} (91} (31} 484}
-1 358% 359+ 360%  3§]+*
263 70 281 282 367 FiNDaaRD
{96} (96} {96) {95} (36)
+10 3p4r 383 382+ 383+ 3A0+
293 235 297 298 299 LEERARD
292 94 2% - -
¢ v ¥ v {99 {99 (9%) {99} (99)
ROTES:  RAUK IWMBER IR PREINTMESES ARE SURFACE PRESSURL PUN KUT'3LRS ASSOCIATED WITH CACH SURVEY

“PRESTON SUBE DATA OMLY
+ SURVEY O57TAINED 1.06 IN. AF1 OF SURVEY STAY DN
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TaBLe 8, TesT DATA SuMMarY - AxisyMMETRIC Mopers @ Mack 8 (Cont’p)
f. Onboard Probe Survey Data

oo s

M, =8

| Re, = 3.7 x 105 71
! B.L. TRIP - .06 in.

MODEL CONFIGURATION o MODEL ROLL, OEG,
CONE ANGLE | Ry DEG. | -120 -95 .70 -50 =30 -10  +10
3 IN (LEE)
i 7° .0015 0 331(17)} 4
- 1 g 4 122 121 120 ‘
. i 334(78) 333(77) 332(76)
. 7° .50 4 110 111 112,113 {
| ; 324 323(42) 322(41)
. ;5\ i 214({43) 1
= , 10 | 118 117 115 118 116 119 '
s ‘ 330(67) 329  328(66) 327 326(F5) 325
£~k¢ ] l (107) {108} (109)
1
. 10.5%/7° .50 0 284(90)
s | 4 101 102 103
f ! 287(94) 286(93) 285(52)
i : 10 104 105 106
| i 291(97) 289(98) 288
. Ta A 290 (99 >

NOTES: RUN NOS. < 200 ~ PITOT & TOTAL TEMPERATURE PROBE DATA
RUN NOS. > 200 - MACH/FLOW-ANGULARITY PROBE DATA

- % {RUN NOS. IN PARENTHESES ARE SURFACE PRESSURE RUN
) ‘ NUMBERS ASSOCIATED WITH EACH SURVEY)

.
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3.3 Sliced Body w/o Flap - Laminar Flow:
Mach 10, @#0 {(References 2, 7)

The objective of this test series was to provide inputs to a
laminar flow data base which will be used to validate and develop analy-
tical codes for predicting the ayvpersenic aerodynamic characteristics
of conic and biconic bodies with single and multiple slices {flat sur-
faces)}. The data base consists of static force data, which are docu-
mented in'Reference 2, and heat transfer, surface pressure, and flow
field survey data which are documented in Refereace 7.

The tests were conducted in Tunnel { at a nominal Mach number
of 10 and free-stream unit Reynolds numbers of 0.55 million and 1.0
miliion per ft. Static-stability, axial-force, and oil flow data were
obtained over an angle-of-attack range was -14 to +14 deg. The effects
of nose radius and single and double flat surfaces were investigated.
0i1 flow visualization data were acquired on the double flat surface
configuration to determine the flow directions in the vicinity of the
double flat surface. Static force data were obtainedon both the blunted
(RN = (0.50") 7° cone and 14°/7° bicone, and & sharp 7° cone. The bicone
data were obtained for the configuration with an axisymmetric configuration,
a single windward slice cut, or 2 double windward siice cut.

Heat-transfer measurements wers obtained over an arngle-of-attack
vange from O to 14 degrees with model roll angles varying from 0 to 180
degrees. MHodel surface pressure and flow-field survey date were obtained
at two angles of attack: 2 and 10 degrees. Flow-field instrumentation
was: (1) a Mach/Flow-Angularity probe, {2} a pitot probe, and {3} a shielded
total temperature probe. Surveys were taken at 17 model stations {wind and
1eeside) from the model surface to the bow shock. A1l heat-transfer, pres-
sure and fiow-field survey data were obtained nn a single model configura-
tion: a 14/7 degree biconic with a 0.5 inch radius nosetip and flats
{or slices) at the model base.

89.
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Tne location of the Gardon-gages, pressure orifices, and the
coaxial surface thermocouples on the 14°fT° bicone are listed in Tables
9a, 9b, and 9c, respectively. Shown in Figure 19 is the location of
the stations where profiles were measured which includes a schematic
of the surface instrument Jocations.

A summary of the nominal test conditions is given below:

M, mfesia)  TOR qlesia) pipsie)  Rex10rt
0.0 445 1900 0.70 0.009 0.55
0.0 666 1710 1.07 0.015 1.00
10.0 804 1300 1.27 0.018 1.00

Static force data were recorded in either the point-pause or sweep mode of
operation, using the Model Attitude Control System.

The point-pause data were obtained for finite values of angle of

attack and model roll angle with a delay before each data point to allow

the base pressures to stabilize. The continuous sweep data were obtained

for a fixed value of model roll angle with a sweep {a) rate of 1 deg/sec.
If applicable, the base pressures were obtained from a curve fit of data
cbtained during the point-pause mode to calculate the base axial force

coefficient.

Heat-transfer distribution data were obtained with high-sensitivity
thermopile heat-flux gages. Data were taken over an angle-of-attack range
from 0 to 14 degrees in one degree increments and at twenty-six different
mode) roll angles, from 0 to 180 degrees. Prior to each run, the model
was cooled to a nominal temperature of 530°R. The model attitude was

preset and was then injected into the tunnel flow for about five seconds

while a continuous record of gage output was recorded.

.




TaLe 9, Moper INSTRUMENTATION LOCATIONS

a. Gardon Gage Locations

; GAGE | Xstag | Y cARDGN | S “ (tapEx) g
. M. 1. N, 1, I, . ote. I8, 7
i 1 tarjo .943 2.587 0 13,935
2 3.430 1.246 3.817 15.148
3 4.400 1.488 4.817 16.118
4 5.370 1.729 5.817 17.088
; 5 7.312 z.214 7.847 19.030
! 6 8.03% 2.295 8.557 19.757
: } ? 8.540 2,488 9.070 20.258
i B B.914 2.533 9.445 20.632
] 9 9,286 2.573 §.820 21.004
i 16 10.357 2.1 10.899 22.07%
p i1 11.349 2.832 11.899 23.0R7
i 1? 12.382 2.95¢ 12,899 24.060
k 13 13.324 3.076 13.899 25.052
b 14 18,327 3.198 14.899 26.045
- 15 16.312 3.442 16.8%9 28.030
i 16 20.282 3.929 20.898 312.000
; 17 20.846 3.960 21.464 32.564
R, 18 20.846 § -0.933 3.888 21.464 | -13.50 | 32.564
: 19 20.696 | 0 -3.860 21.308 | 180 32.408
: 20 1030 {-3.843 21.309 | 165
; 21 1,990 |-3.446 21.309 | 150
‘ 22 2,814 }-2.8M4 21.309 §13%
‘ 23 3.44€  }-1.990 21.309 § 120
2 20690 | 3.979 ] 21.309 | %0 32.408
25 FANT- < I 3.960 2z.401 o 13,500
26 -1.000 3.960 - -18.17
27 -1.496 3.831 22.410 § -21.33
28 -2.25%5 1,440 22.410 | -33.25
» . 25 -1.008  |-3.960 - -165.83
30 0,750 |-3.960 - 169,28 L
] 33 0 ~3.960 22.401 } 18
; 32 0.750  }.3.950 - 169.28
; 13 + 1.237  |-3.323 22.810 { 162.5 b
T : 32 21.783 | 1.000 | 3.960 - 14.17 § 33.500
S 35 23.533 1 © 3.960 24,151 0 35.250
I 36 23.533 | -2.131 3.767 24.178 | -29.5 35.250
S 32 25.283 | © 3.960 5901 | 0 37.000
32 -1.000 3.950 - -14.17
N 39 ~2.000 3.960 - -26.80
Y <0 ~2.606 3.781 25.937 | -35 )
- 3 4 -3.084 3.336 25.937 | -42.75
: 42 25.283 | -3.9% 2,272 25.937 | -60 37.000
43 25.658 } ~0.2%0 3.945 - -3.63 | 37.376
4z 25.783 | 0 3.929 26.40) 0 37.500
! a5 -1.000 3.929 - -14.28
{ 46 -2.008 3.929 - -26.98
< -2.525 3.851 26.44C | -33.25
. a8 -3.126 3.382 26.440 | -42.75
a9 -3.988 2.303 76.440 | -60
: 50 -2.250  {-3.380 - -150.48
} 3 3 <1750 |-3.960 - -15€.16
¥ %2 9 -3.960 26.401 | 180
; 53 1. -3.950 - 165.83
' 54 1.750 }-3.960 - 156.16
: s 2.474  }-3.884 26,440 | 147.50 i
: : 56 2.250 3.960 - 29.80
~ 8 i 57 ?5.783 | 2.000 3.960 - 26.80 | 37.%00
A 58 26.283 | 0 3.960 26.901 o 38.060
‘ 59 27783 | © 3.960 28.401 0 39.500
; 65 -1.000 3.960 - -14.17
= 61 -2.000 3.960 - ~26.80
. ‘- 62 -3.292 3.561 28.455 | -42.75
; 63 -4.200 2.425 28.455 | 60
: 64 -2.625 |} -3.950 - -146.456
- 1 A1.750 1-3.980 - -156.16
56 z ~3.960 28,401 | 180
. 67 1000 1-3.960 - 165.83
68 1750 }-3.980 - 156.16
63 2.919  |-4.113 28.455 | 143
70 3.429  |-3.429 28.455 | 135
71 4.200 |-2.425 28.455 | 120
72 .85 ) 28.455 | 90
- 73 3.000 3.980 - 37.15
s 7 27.783 | 2.000 3.960 - 26.80 | 39,500
15 21.1%8 | @ -3.960 21,176 | 180 32.576




TasLe 9. Mopet INSTRUMENTATION LocaTions (Cont'D)

b. Pressure Orifice Locations

P ORIFICE| XsTA \ 1 S w {Xapex),0
: j NO. IN. IN. IN, IN. DEG. N7
! 101 2.021 1 O -0.894 2.355 | 180 17.738
. . 102 2.506 -1.015 2.855 14.223
e 103 2.991 -1.136 3.355 14.708
- 164 -1.136 0 270
o 105 0 1.136 )
» 106 1.136 0 90
- 107 3.476 | O -1.257 3.855 | 180 15.193
| | 108 4.446 -1.499 4.855 16.163
| 109 5.417 -1.741 5.855 17.134
_ 110 7.357 -2.225 7.855 19.074
: 111 8.085 -2.406 8.605 19.802
: 112 8.540 -2.488 $.070 20.257
v 113 8.914 -2.533 9.445 20.8631
B 114 9,286 -2.579 9.820 21.003
, 115 10.357 -2.711 10.899 22.075
& 116 12.342 -2.954 12.899 24.05%
} 117 14.327 -3.198 14.899 26.044
] 118 16.312 -3.442 16.599 28.029
E 119 18.297 -3.685 18.899 30.014
. 120 -3.685 0 270
A 121 0 3.685 0
L 122 3.685 0 a0
B 123 20.282 | O -3.929 20.899 | 180 31.599
.. 124 28.283 | 0 1.62 - 0 40.000
X 125 0 ~1.62 - 180
; ¢. Coaxial Surface Thermocouple Locations
{ THERMOCOUPLE} XsTAG | Y z S w (XAPEX Jyo| SURVEY
-; NO. IN. IN. IN. IN. DEG. IN. STATIONS
} 1 6.5831 0 -2.032 { 7.057 1180 18.300 1,13
_ 2 11.283] 0 -2.824 | 11.822 | 180 23.000 }2,14
f 3 19.53341 0 -3.837 | 20.144 | 180 31,250 |-
: 4 22.408} © -3.960 | 23.026 | 180 34.125 |3,15,16
3 5 26.783¢ 0 -3.960 | 27.401 | 180 38.500 |17
: 6 24.408) © 3.960 | 25.026 | © 36.125 |-
§ 7 27.033) 0O 3.761 { 27.663| O 38.75 6,9
- 8 22.658 | -1.812} 3.813 | - -25.42134.375  {4,5,7,8,10
: 9 26.7831 -3.039} 3.621 | - -40.00 { 38.500 |11,12
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Hodel surface-pressure data and flow-field survey data were
obtained foilowing the hest-transfer test. Both windward and leeward
surveys were made at two angles of attack. 2 and 10 degrees at 17
model locations as defined in Figures 1%a and 19b. A complementary
set of surface-pressure data were obtained at the same model attitudes.
For these data (pressure and survey)} the model was at a near equilidrium
temperature condition; model wall temperatures were typically from 1000
to 1400°R.

Flow-field surveys were taken from the model surface to just

beyond the bow shock., A survey typically consisted of 30 to 60 data
points obtained at different heights above the model surface. The three

instrumentation probes used for this test were mounted in a probe holder

as shown in Figure 20. Contrary to the Mach 6 tests defined in Section

3.1, and the Mach 8 tests defined in Sections 3.2 and 2.4 the Mach/Flow-

Angqularity probe was co-lgcated with the Pitot and total temperature probe o
in this test series, The probe direction of travel was along a "surface .
normal” for the majority of the surveys. If it was not possibie to obtain !
"surface normal" surveys then the surveys were made as close to the “"surface

normal” direction as pnssible and these data groups are so noted, The time

required for faking the survey data was significantly reduced during this

test by not waiting for the probe pressures to always reach an equilibrium

condition. Rather, timewise data were recorded to provide a pressure-iime

history whereby the equilibrium pressure was predicted. The sequence of

probe data acguisitic. was: (1) controller moved probe to programmed

height and initiated take data, {2} data acquisition system waited a pre-

scribed deltay time {usually 3 seconds) and then recarded a specified number

of data loops {15 to 30} at constant time intervals {typically 0.6 seconds)

which provided time histories for each of the three transducers being scanned,

{3) a valve position was changed and the sequence of “step 2) was repeated,

which provided the other three pressure-time histories, {4) steps 1 through

3 repeated until all probas and passed the model bow shock.

93,
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see Fig., 19b.
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Probe positioning on the model surface was monitored optically.
Survey axial locations (X) were verified by using a scale outline of the
model overlayed on the shadowgraph system display. Survey stations (ori-
fice locations) were marked on the outline, making it possible to posi-
tion the Pitot probe over the desired pressure orifice with an estimated
uncertainty of #0.05 in. Accurate probe positioning on the model surface
was monitored optically with a back lighted high resolution (525 lines/
frame) closed-circuit television {CCTV) system. The CCTV camera was
fitted with a telscopic lens which gave a total magnification factor of
17. The television image was used to verify contact between the pitot
probe and the model surface before obtaining the first data point in a
survey. The probe spacirg was measured from the photographs and in-
cluded in the data reduction. Probe positioning for off-centerline
stations on the 7-degree cone (SURVEY STATIONS 7, 10, 11, 12) was ac-
complished using a front-1ighted high magnification videoc system.

Mach/Flow-Angularity probe calibration data were taken in the
freestream at the beginning of each test shift and at the conclusion of
the last test shift, Calibration data were obtained at different probe
pitch attitudes, from O to 25 degrees.

Shielded thermocouple calibration data were obtained at the
conclusion of this test series. For these data the tunnal stilling
chamber pressure (Q)) was decreased in 100 psi increments from 800 to
300 psia while the total temperature was simply maintained abcve the
air liquefaction temperature, Thermocouple probe data were recorded
at each pressure level and were used to determine Reynolds number ef-
fects on the shielded thermocouple probe.

Tables 10a through 10d present the AEDC data group numbers

from References 2 and 7 (and the complementary data tabulations) for
zach configuration tested and data type.
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TaBLe 10, Test Data Summary - Macu 10 (Cont’Dp)
¢. Mcdel Pressure Data
Re_ = 1 x 10%/F7
Sliced 149/70 Bicone, Ry = 0.5%

[
ft ot

ROLL -MODEL ANGLE OF ATTACK, DEGREES
DEG, -10 -2 10
0 81 80 1609
180 - 100 -

A
d. Flow Field Survey Data )
Re, = 1.0 x 10%/FT
Sliced 140/70 Bicone, Ry = 0.5" i{
i ,
. WINDWARD SURVEYS LEEWARD SURVEYS !
‘ SURVEY ANGLE OF ATTACK,DEG. SURVEY ANGLE GF ATTACK,DEG.
o STATION -2 -10 STATION 2 10
) 1 13 - 13 14 26
2 12 23 14 15 24
3 11 22 15 16 37
4 19 28 16 17 40*
5 20 3 17 18 3g%
’ 6 21 32 :
7 44 45+ :
8 35 U i
9 36 33 :
v 10 7% a6*
; 11 48* 49*
12 51% 50*

, f Notes: e Flow-Angularity/Mach Probe caiibrations:
’ SURVEY: 7, 10, 25, 42, 52 , 53

*Probe travel was not “surface normal" for these SURVEYS.

] e Shielded thermocouple probe measurements were all outside the
9 model boundary layer for the following SURVEYS: 11-13, 19,
| 22, 23, 28, 31, 33, 44-50

3 100.
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3.4 Siiced Body w/Fiap - Turbulent Flow:
Moo= 8, x# 0 (Reterences 3 and 8)

The gbjective of this series of tests, conducted under the MAT
auspices, was to provide additional data to verify and develop computer
codes to predict aerodynamic and aerothermal characteristics of wmaneuvering
vehicles. This specific series concentrated on obtaining data on the
sliced configuration with and without flaps for turbulent boundary layer
conditions over an angie of attack range from O to 200. The tests were
conducted in Tunnel B at a nominal Mach number of B and 3 freestream unit
Reynolds number of 3.7 x 10%/FT-1.

During this series, tests were conducted in three entries:
{1} heat transfer and oil flow visualization, (2) shock layer profiles
and mode! surface pressure, ~nd {3) static force and moment measurements.
There were two major differcnces between this test series and those con-
ducted prior to this; specifically (1) the inclusion of the flaps and
(2) the acquisition of data at « - 200. Windward and Teeward surveys
were obtained st several model stations, from the model surface to the
bow shock, using a probing mechanism located on top of the tunnel. Flow
field probes on the survey mechanism included Pitot probes, an unshielded
thermocouple probe, a Preston tube and a Mach/Flow Angularity probe.

Surface pressures were measured to provide pressure data for
{oundary layer calculations, and heat transfer distributions were obtained
to determine the boundary layer state. 7o provide the desired fully-
developed turbulent boundary layer, a machined boundary layer trip was
used for the majority of the tests. Surface shear stress data were
obtained using a Preston tube attached to the probe mechanism. Model
angles of attack were varied from 0 to 20 degrees and model roll angles
were varied from O to 180 degrees. Static stability and axial force data
were obtained over an angle of attack range of - 4 to 20 degrees and a
sideslip angle range of -2 to 2 degrees. The effects of model nose blunt-
ness {sharp or spherical), body geometry (sliced or unsliced), and booy
flap angle (0, 10, 20, or split 20/10 degrees) were investigated.
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A summary of the nominal test condition for these tests is given

below:
M. polpsia) To(OR) Ge{psia) p..(psia) Re,, x 108 /FT
8.0 850 1350 3.300 0.087 3.7

For the heat transfer test entry, the model was instrumented with
82 (Gardon-type) heat flux gages and for the flow field study, the model
was iastrumented with 88 pressure orifices and 20 coaxial surface thermo-
couples as shown in Figures 21 and 22. The location of the surface
instrumentation is given in Table 11. After the heat transfer test entry
and prior to the survey tests the Gardon gages were removed, the holes were
plugged or replaced with coaxizl gages and the afterbody was replaced with a
pressure instrumented afterbody. The pressure orifices in the afterbody
were located at the same locations as the Gardon gages, except as noted
in Figure 22. The coaxial gages (surface thermocouples) were added for
the survey tests to provide model surface temperature.

Three flap assemblies were used: heat transfer, full span pres-
sure, and split pressure as depicted in Figure 23. The heat transfer
flap was a full span adjustable deflection flap instrumented with nine
Gardon gages. The full span pressure {iap was essentially the same as
the heat transfer flap except for instrumentation. The split pressure
flap had fixed deflection angles of 10 and 20 degrees for its two sides
angd was instrumented with seven orifices and two coaxial surface thermo-
couples. Specific gage and orifice lgcations are presented in Table 12.

The nosetips used in this investigation consisted of a sharp
conical nose with a radius of 0.005 inches and spherically blunted rnoses
with radii of 0.500 inches and machined trip heights of (.013, 0.033,
and 0,080 inches (Figure 6).
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TasLe 11. MobDeL INSTRUMENTATION LOCATIONS

Z a. Gardon and Coax Gage Locattons

§ GARDON
l GAGE ¥O. X, in. Y, in. 2, in. S, in, OMEGA, deg
g i 101 2.658 0 .908 2.98 0
C 102 3.887 | 1.138 4,231
g 103 5.116 i 1.364 5.481
bl 104 6.097 ! 1.546 6.479
o 105 7.080 : 1.728 7.479
P 106 8.066 1.911 8.481 ‘
P, 107 8.924 2.070 9.3%4
: 108 9.786 : 2.230 10.231
. 109 10.770 i 2.412 11.23
N 110 11.267 ; 2.488 11.734 .
111 11.639 ; 2,533 12.109
112 12.011 | 2.579 12.484
{ 113 13.082 ; 2.711 13.563
f 114 14.075 ; 2,813 14.562
i f 115 15.067 . 2.955 15,563
P 116 16.060 ? 3.077 16.563
w | 117 17.052 3.198 17.562
b 118 18.045 ! 3.320 18.56)
. M 119 19.037 | 3,442 19.561
[ 120 20.030 3,564 20.563
. 121 20,725 3.649 21.263
M 122 22.015 3.808 22,569
123 23.007 v 3,930 23.563 Y
P COAX
: GAGE NOQ. X, in, ¥, in. i, 1n. OMEGA, deg
1 25.381 0 3.960 0
2 25.381 -1.812 3.813 w29 .42
3 27.131 o 2.960 0
4 28.006 ~1.500 1.960 wd), 15
5 . 29.756 0 3.620 0
: 6 29.506 -2.000 3.807 «28.12
; 7 29.506 -3.039 3.621 =40, 00
! 9 25,006 -1.000 -1.960 «165,87
10 25.131 0 -3,960 180,00
e 11 29.006 ~2.250 ~3.960 «1%0. 40
A 12 29.506 0 -3.960 180,00
* 13 22.256 0 ~1.838 180,00

14 14,006 a ~2.824 Co180.00




TasLe 11. MopeL INsTRUMENTATION LocaTions (Cont'D)

b. Pressure Orifice Locations

[ PRESSURE
‘l ORIFICE NO. K dn. Y, in. Z, in. 5, in. OMEGA .deg
{ 101 2.658 g - ,908 2.981 180
102 3,149 - .999 3.481 180
\ 103 3.149 - 999 0 3.481 270
104 3.149 0 . 999 3.481 0
108 3.149 .999 0 3.481 90
106 4,133 0 -1.182 4,481 180
107 5,116 ~1.364 5.481 ;
1\‘)8 Gooqg -ln546 60“81 *
109 8.086 -1.911 8.481
N 110 10.032 ~2.275 10.481
b 111 10,770 ~2,412 11.231
! 112 11.267 ~2.488 11.734
: . 113 11.639 -2.533 12.109
: 114 12,011 T ~2.579 12.484
! 115 13.082 -2,711 13.563
) 1164 15.067 ~2.955 15.563
IR ‘ 117 17.052 ~3,198 17.563 a,
: 118 19.037 ~3.442 19.563
119 21,022 \ -3.686 21.563 |
, 120 21,022 «3.686 0 21.563 270
o 121 21,027 0 3.686 21.563 0
< 122 21,027 1.686 0 21.563 90
y 123 23,00/ 0 ~3.930 23.563 180
| 9103 5,116 1.364 5.481 0
: 9109 10,770 2,412 11.231
9113 13,082 2.711 13.563
911% 15,067 3.077 16.563
ALL7 17,052 4.198 17.563 \
9119 19.0%7 3.442 19.563 :




TaBLe 11,

MobeL InNsTRUMENTATION LocaTions (ConT’D)

¢. Orifice and Gardon Gage Locations

Orifice or

Gage Number X, in. Y, in. Z, in. S, in.
17 23.569 o 3.9¢60 26.124
18 23.569 -6.933 3.888 24.124
19 23.413 0 ~3.960 23.968
20 | 1.030 -3.843 23.969
21 1.990 ~3.446
22 ‘ 2.814 ~2.814
23 3.446 -1.990
24 23.413 3.979 0 Y
25 -24.506 0 3.960 25.061
26 | -1.000 3.960 —
27 i -1.496 3.831 25.070
28 -~2.255 3.440 25.070
29 -1.000 -3.960 -
30 -0.750 -3.960 —
3 0 -3.960 25.061
32 0.750 -3.960 -—
kX] 1.237 ~3.923 25.070
34 24.506 1.000 3.960 —_
35 26.256 0 3.960 26.811
36 26.256 ~2.131 3.767 26.834
37 28.006 0 3.960 28.561
38 ~1.000 3.960 -—
39 ~2.000 3.960 -
40 ~2.606 3.721 28.597
41 ~3.084 3.336 28.597
42 28.006 -3.934 2.272 28.597
43 28.381 ~0.250 3.945 —
44 28.506 0 3.929 29.061
45 ~1.000 3.929 _
46 l ~2.000 3.929 —
47 l -2.525 3.851 29.100
48 -3.126 3.382 29.100
49 ! ~-3.988 2.303 29.100
50 Y -2.250 -3.960 —

108.

OMEGA . deg

o
~13.50
180.00
165.00
150.00
135.00
120.00

90.00

4]
-14.17
~33.25

-165.83
-169.28
180.00
169.28
162.50
14.17

g
-29.50

0
~-14.17
-26.80
-35.00
-42.75
~60. 00

~3.63

0

-14.28
-26,.98
=-33.25
~42.75
~-60.00
-150.490




TaBLe 11, MoDEL INSTRUMENTATION LocATmNs (ConT'D)

! c¢. Orifice and Gardon Gage Locations (Cont'd)

f
; Orifice or
i Gage Number .%. in. ¥, in. _Z, in. S, in. OMEGA, deg
“_ 51 28.506 -1.750 -3.960 — ~156.16
" 52 0 -3.960  29.061 180.00
, 53 - 1.000 -3.960 - 165.83
l 54 1.750 -3,960 — 156.16
; 55 2.474 -3.884  29.100 147.50
56 2.250 3.929 — 29.60
! 57 28.506 2.000 3.929 — 26.80
. PO 58 29.006 0 3.568  29.561 0
P 59 30. 506 0 3.684  31.061 0
o 60 ~1.000 3.684 —_ -14.17
61 -2.000 3.684 — ~26.80
Lo 62 -3.292 3.561  31.115 -42,75
i : 63 ~4.200 2.425  31.115 -60.00
{ 64 -2.6254 ~3.,960 — ~146.46
i 1 65 -1.750 -3.960 — -156.16
L 66 0 -3.960  31.061 180.00
! 67 1.000 ~3.960 — 165.83
! 68 1.750 ~3.960 156.16
| 69 2.919 ~4.113  31.115 143.00
e 70 _ 3.429 -3.429  31.115 135.00
; 71 : 4.200 -2.£25  31.115 120.00
: 72 i 4.850 0 31.115 90.00
; 73 Y 3.000 3.684 —_ 37.15
P 74 30.506 2.000 3.684 — 26.80
- 3 ; 75 23.881 0 -3.960  24.436 180.00 :
:
i

* Y = -2.625 for Gage 64 and Y = -2.750 for Orifice 64,
All others at sawme dimensioral locations,

ISR
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TABLE 12, FLAP INSTRUMENTATION Lo ‘NS

Pressure Flap

Orifice or

. PP e g < e

Thermocouple(TG) No. X*, in. XF Y;YF,in. & ,deg
76 28 .995 2.50 Q 10
7 29.979 1.50 1.500
i’ 78 29 .879 1.50 0
g i 79 29.979 1.50 ~1.000
80 30.964 0.50 2.000
81 30 .964 .50 0
82 30 .964 0.50 -1.000
TC15 29.487 2.00 0
TGl6 30.472 1.00 -1.000 Y

Heat Flap (Gardon Gage)

76 29 487 2.00 1.000 10 b
77 29.487 2.00 0 i
78 29 .487 2.00 -1.2500 :
79 - 30.226 1.25 1.000 2
80 30.226 1.25 0 3
81 30.226 1.25 -1.250 3
82 30.718 0.75 1.000 :
83 30.718 0.75 ] P
84 30.718 0.75 -1.250 v £

4

Split Flap (Pressure or TG) %
83 29.995 2.50 -0.250 10 5
84 29.900 1.50 1.000 20 ¥
85 29.979 1.50 -0.250 10 2
a6 29.979 1.50 ~1.500 10 ¥
87 30 .840 0.50 1.000 20 .
88 30.964 0.50 -0.250 10 %
89 30.964 0.50 -2.000 10 7
TG1l5 30.472 1.00 1.000 10 i
oo TG16 30 .472 1.00 ~1.000 20 g
k3

s * X locations for Heat and Pressure Flap quoted for a
i nominal &g = 10°.
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The X-Y-Z overhead probe drive referred to earlier in this report
was used to survey the flow field. The probe holder assemblies attached
to this probe drive are illustrated in Figures 24 and 25. The flattened
Pitot, upper Pitot, total temperature and Preston tube probes were mounted
in one probe holder, while the Mach/Flow-Angularity probe was mounted
separately. The upper Pitot was moved from 2 inches to 3 inches above the
pitot, Preston, and total temperature probes, when leeward surveys were
performed., It should be pointed out that in this series of tests, the Mach/
Flow-Angularity measurements were made using a separate probe for a more
efficient use of the tunnel since considerable delay times are required
for pressure stabilization relative to the pitot pressures. For this
reason, only limited Mach/Flow-Angularity data were obtained. i

Probe sizes and geometries similar to those shown earlier were
used in this series. The small flattened pitot and unshielded total
temperature probes were used to obtain measurements close to the surface
within the boundary layers and yet remain parallel to the model surface.
Pitot pressure measurements were made using transducers referenced to
near vacuum. The unshielded thermocouple probe had a wire junction diameter
of approximately 0.007 inches. A reference dimension of 0.005 inches was
used for data reduction purposes. The time response anc the resolution of
the probe location are improved by using such small probes. Total tempera-
ture probe uncertainties associated with the heat transfer. between the
probe and environment were accounted for in the freestream probe calibration i
(convection and conduction effects). Probe positioning in the vicinity of
the model surface, probe deflections and probe spacing were measured and
monitored optically with the VKF closed circuit television {CCTV) system
described in Section 3.3.

Static force data were recorded in either the point-pause or
sweep mode of operation using the MACS. Point-pause data were obtained for
finite values of o and 8 with a delay before each data point to allow the
hase pressyres to stabilize. These data were used to define the base
axial force coefficient variation with angle of attack and sideslip angle.
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These data were obtained over the model attitude range for each primary
configuration and were used to provide the base axiat force corrections for
subseguent variations in flap deflection or for a similar configuration.
The base pressure runs are identified in the test summary. The continuous
sweep data were obtained for a fixed value of ¢ with a sweep rate of 1.0
deg/sec.

Data acquired during this test series consisted of (a) surface
(cold wall) heat transfer, (b) oil flow and heat sensitive paint visuali-
zation, (c) surface pressure, (d) overhead probe surveys {i.e., Pitot
pressure, total temperature, and Preston tube), (3) Mach/Flow Angularity
calibrations, (f) total temperature probe calibrations, and {g) static
force data. The procedure utilized to acquire these data were similar to
those described in Sections 3.1 to 3.3 with the following two evceptions.

(1) 041 flow runs were made at the end of the heat transfer shift
to visualize the flow angularity over the aft section of the model. @il
was applied and the model injected intc the flow for approximately 15
seconds. Photographs of the upper and lower cut/slice regions of the
model were taken at 1 frame per second.

{2) A small amount (2 RUNS) of gualitative heating data were obtained
on the 10 degree flap with the phase-change paint thermal mapping technique
(Reference 9). A thin sheet (0.032 inches thick} of synthetic rubber was
bonded to the flap to provide an insulated surface. High heating regions
were noted by observing the progression of melt (phase change) with time,
The results were recorded photographically in the same manner as for oil
flow.

Total temperature probe calibrations were conducted in the free-
stream for each probe used. For these calibration runs, the total pressure
(PT) was changed in nominal 50 psi increments from 19G to 850 psia. Total
temperature probe data and tunnel conditions were recorded at each pressure
level and used to determine Reynolds number effects on the unshieided total
temperature probes. In addition to this Reynolds number calibration which

114,




is built into the final data presented for the Ty probe, the sensitivity
of pitot probe and total temperature readings to flow misalignment were
also obtained in the Mach 8 freestream. Data were recorded at discrete
probe pitch attitudes from -220 to +10°. Contrary to the Reynolds number
calibration corrections which are built into the final data Tp tabulations,
the a sensitivity data were not built into the final date since the probe
misal ignment at each spacial setting is not, in general, known. This

will be discussed further in Section 4.

Tables 13a through 13d present the AEDC data group numbers from

References 3 and 8 (along with the complementary cata tabulations) for each
configuration and data type.
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Test DATA SumMary
10.5%/7°% Siicep Bicone witH FLap

M, =8 Re_= 3.7 x 105+t
a. Force and Moment Data
WINDWARD | &° o
Ry" | TRIP p1."|SLICES . & RN NO.
SHARP | NONE go/-70 NONE | -4 to 20 0 10
% l }' 10 -4 1o 20 0 16
v 20 -4 to 20 0 14,15
2.5 .060 NONE NONE | -4 tc 20 0 2.4
¥ ¥ NCNE NONE | O -4t020 | 3
0.5 .060 0o/-70 NONE | -4to 20 ) 5.6
g 0 -2to2 | 7
| 10 -2to2 | 8
20 -2to2 | 9
10 -4 to 20 0 17
20 -4 to 20 0 11,12
20 0 -2to2 | 13
; ! 20/10 | -4to 20 0 18
b. Surface Pressure Data
CONF1GURATION
[4]
RN " TRIPHT." & a0 RUN NO
SHARP | NONE NONE 0 79
_______ | NONE __ [NCNE_ | 20 1 78 ___|]
_\t NONE 1 20 __ | o _____. f..22____ |}
0.5 .033 NONE 20 63

ahdy et b ae
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TasLe 13, TesT Data Summary - (Cont’p)
_ 10.5%/7.0° Sticep Bicone wiTh FLAP
M,=8 Re_ = 3.7 x 10%/FT

v
; c. Heat Transfer and 0il Flow Data
Pt
i
H
. ! FORTBODY GAGE RAY ANGLE FROM WINDWARD, ODEGREE
i r as 90 135 180
l WODEL ROLL, DIGREES
gl Ry" TRIP HIe © @ 0 45 90 135 180
| SHARP | HONE JmOME | O 5" - - . .
i
: l 20 1y - - - -
; 10 a 6 37 38 19 30
by 1 20 45 43 43 2 a
§ | 4 A SWEEP | 47 - - - as
o 8.5 0.033  Inone o 57,62 - . - -
4 58,63° - - - -
. 10 59,647 - - - -
; v t v 20 60,65 - - - -
; ' 0.5 0.013 |10 0 - - - - -
e | 10 25 27 28 3 30
: 20 35 34 3 12 2
i ¢ & N SWEEP - - - - 25
! 0.5 6.033 {10 0 2,9 - - - 1.8
RN & 7 6 5 3 3
12 14 15 16 17 18
20 23 22 21 20 19
; ¥ N SWEEP - - - - 24
Sl S T T 2 e -
. 0.5 0.0 [10 Y - - - - 10 :
) i l 2 12 - - - 1143
- ;
0.5 0.013 Jzo 0 56 - - - - ;
b 4 95 - - - - :
10 54 - - . .
3 i ] 20 53 - - . -
0.5 0.033 |z 0 et
' 51,52,66° - - - -
. : % 50,677 - - - -
;o 0 45,68 - - - -
i A ¥ 20 48 - - - -
, : | o.s 0.033 Jwsee| o n* - . . _
- N ) { 4 7203 - - - -
BN ! 4 10 78* - - - -

* Indicates 011 Flow Lata Run
+ Indicates Paint Cata Run

H

% S4iEP - 10.5% s - 0°
* 117,
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4.0 SHOCK LAYER SURVEY DATA REDUCTION
AND PROBE CALIBRATION ISSUES

Pitot pressure and total temperaiure probes are sersitive to flow
alignment, and consequently were calibrated for this effect during the
course of this investigation. In addition, the unshielded total temperature
probes are also Reynolds number dependent and therefore, as mentioned in
Section 3, were also calibrated for this effact. In this section, the
probe calibrations will be discussed and summary highlights of these re-
sults will be presented.

During the course of those experiements which predated the MAT
program, data reduction procedures were established to not only provide
probe corrections to the data but also to define local state variables in
the boundary layer and the entire shock layer. To perform this boundary
layer type analysis the assumption was made that the static pressure along
a line normal to the wall is constant throughout the shock layer. This
assumption is not correct outside the boundary layer and leads to incorrect
properties in the shock outside the boundary layer. This will also be
discussed in this section.

4.1 Unshielded Total Temperature Probe
Reynolds Number Correction

The total temperature measurements in the shock Tayer were generally
made with an unshielded total temperature probe. The probe was constructed
from 0.010 inch 0.D. sheathed thermocouple housing with 0.0015 inch diameter
wires. The junction formed by joining the two wires together was nominally
0.005 inches in diameter. The unshielded total temperature probe was cali-
brated in the freestream to provide a recovery factor, n, as a function of
Reynoids number, as defined by

Too | 1+ Yt
Tom 1+ G we
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where n = ag + as Reo‘/% Here, M 15 the local Mach nunber, v {3 the specific
heat ratio, ag and a; are calibration constants, Reg 1s the local Reynolds
number with viscosity based on the total temperature,T@C. and Toc/Tgm i3 the
ratio of the corrected to measured total temperature., The calihpation givew

in the equation above is discussed by Varner (Raference 17) and {s compatibie
with the correlation for cylinders in incompressible flow an defined in
Reference 18,

It should be noted that the calibration n vs, Rﬁ@‘/“ {8 probe
specific and consequently was performed in each test series and way fre-
quently repeated with a given probe, for verification. Shown in Figure 26
is a representative total temperature probe calibration which was obtained
with the probe in the freestream and which was used to define the constants
ag and aj. Although this calibration was obtuained at one value of Mach
number, earlier results were obtained at several M ' from 1.5 to &, and
the results could be expressed adequately by a simple Ty variation, asn
shown. This correction 15 built into the final data package and permits the
iterative correction of (TILU} to (TTL), 1.&., the uncorracted to corveclusd
total temperature. Throughout each test sartes one will find dats gvoups
defining where these calibrations were performed and the qroups which wers
affected by each calibration. A reprasentative Visting from the MAT program
test series is shown in Table 14,

4.2 Angle-of-Attack Probe Calibrations

It 1s well known that flow field survay measurements are sensitive
to each probe's alignment with the flow. Consequently the prabes used in
the current test series were periodically calibrated in the freastraam as
a function of ALPT or angle of attack. Shown In Figuea 27 18 a typleal o
calibration of the Pitot and total tamperature probes taken over & 289 ranye
in ALPT. Results from these tests indicate that thase o calibrations ave
peculiar to each probe. Hence a colibrations waere periodically parformed,
especially when the probe tip was chunged, for whatever reason., Fov nsasurs-
ments taken in the shock layer, where the probe tip was nominally aligned
parallel to the local model surface, the probe becowas misaligred with
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TaBLe 14, TortaL TeMPerRATURE ProBe CALIBRATION DATA FROM THE
MAT ProcrAM TEST PHASE

RUN PT,psia REMARKS
5 500 + 850 | ALPT = 0
USED IN OBTAINING CURVE FIT FOR RUNS 5 = 39
14 350 > 850 | ALPT = 0
USED IN OBTAINING CURVE FIT FOR RUNS 5 -+ 39
15 550 + 850 | ALPT = 0
USED IN OBTAINING CURVE FIT FOR RUNS 5 + 39
39 187 + 853 | ALP1 = 0 _
USED IN ORTAINING CURVE FIT FOR RUNS 5 + 39
40 550 - 850 | ALPT = 0
USED IN OBTAINING CURVE FIT FOR RUNS 40 + 44
61 200 + 850 | ALPT = 0 DEG
USED IN OBTAINING CURVE FIT FOR RUNS 45 + 61
62 570 - 850 | ALPT = 0 DEG
USED IN OBTAINING CURVE FIT FOR RUNS 62 - 87
73 850 10 > ALPT > -20 DEG
USED TO NOTE EFFECT OF ANGLE OF ATTACK ON PROBE OUTPUT
87 200 - 850 | ALPT = 4.4 DEG
USED IN OBTAINING CURVE FIT FOR RUNS 62 + 87
88 553 » 850 | ALPT = 0 DEG
USED IN OBTAINING CURVE FIT FOR RUNS 88 - 108
108 300 + 804 | ALPT = O DEG

USED IN OBTAINING CURVE FIT FOR RUNS 88 - 108

1

[A)]

3.
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the local flow as it is incremented away from the model surface. When the
probe penetrates the bow shock the misalignment is greatest.

Since the flow direction in the shock layer is, in general,
unknown one cannot readily apply this probe o correction to the data. Con-
sequently the published data from the entire bicone test series does not
contain this correction. Scanning the results of the several probe cali-
brations indicates that the ratio (PP/PT) varies by 3-5% for o = 0 » 200
and that the ratio (TTLU/TT) varies by 1-6% in this same o range. These
errors can affect the deduced Mach number by -~ + 0.2 at M > 7 and less than
+ 0.1 at M < 4.

As stated above, since the flow direction at an arbitrary point
in the shock layer is unknown, a priori, the following recommendation for
the use of this o calibration is suggested. Since one of the primary ob-
jectives of acquiring these data is to validate detailed computer codes
(i.e., PNS or Inviscid), and since the orientation of the probe is known,
a correction can be made on 2 point by point basis by defining the probe
misalignment using the theory to define the "true" flow direction {clearly
an assumption). Using this value of Ax, a correction can be made. The
validity of this assumption can be ascertained by utilizing the limited
quantity of Mach/Flow-Angularity data. One notes that this correction is
not significant, consequently this procedure should be more than adequate.

4.3 Boundary Layer Type~Data Reduction

in general, the preponderance of shock layer profile data consisted
of measuring the local Pitot pressure and total temperature at various points
from the model surface to the bow shock, and slightly beyond. The authors
strongly recommend that comparisons of theory and data be made by directly
comparing the experimentally measured Pitot pressure (normalized by PTw)
and Reynolds number corrected total temperature {(also normalized, here with
To,) With values deduced numerically. That is, in the numerical simulations,
all of the local state variables are known, consequently one can readily
define {PP/PT) and (TTL/TT). No assumpticns are required. The inverse is

124,
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not true however; that is, if one wishes to define the local state variables
from the experimental data one must invoke critical assumptions since the
tocal static pressure in the shock layer is unknown, only the wall value

is known. Shown in Figure 28 are the static pressure profiles computed

for a blunted 7° cone with the parabolized Navier-Stokes (PNS) solution

of Reference 19, This figure presents the normalized static pressure profile
versus a normalized shock layer thickness. One will note that the classical
assumption that 3p/3y in the boundary layer is zero is quite valid here.
However gradients exist outside of the boundary layer and consequently the
constant P, assumpticn in the shocklayer is poor. To further illustrate
that large static pressure gradients exist in the shock layer, PNS calcula-
tions were also made in the flap region for the 10.59/7° bicone, for
M_=8,a =09 and § =100 (Figure 29). Rather dramatic departures from
the wall static pressure are seen through the shock layer.

Nevertheless the final data reduction performed at AEDC used the
local values of PP and TTL in concert with the local wall static pressure
(assumed to be constant in the shock layer) to deduce the state variables.
That is, from P and PP one can deduce M; than with M and TTL known one
can deduce the local T, etc. Although this analysis was performed through-
out the shock 'ayer, it is clearly valid only in the boundary layer, and
the firal resuits therein can be used with confidence. Shown in Figure 30
is a sample of the final reduced data made using this constant Py assumption.
Values of M, and u; defined at ZP < 0.18" are clearly valid, however values
beyond this point are incorrect. One notes, for example, that beyond the
bow shock in the freestream M| /Mg = 0.6 and u/ug ~ 0.83.

In this post test analysis procedure, the visccus layer thick-
nesses were also deduced from the measured data. This analysis was based
on the experimental definition of the boundary layer thickness. For
these tests it must be based on the character of the total temperature profile
rather than the velocity profile. That is, for blunted bodies, in regions
of entropy layer swallowing, velocity gradients exist at the boundary layer
edge rendering this method of defining § intractable. The total temperature
can be used to define the boundary layer thickness, albeit the thermal
thickness and not the classical velocity thickness as illustrated below.
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M_=8 10.59/70 BICONE
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THROUGH THE SHOCK LAYER
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j » In the data anmalysis at AEDC, the boundary layer thickness is defined as

that distance above the model surface where the total temperature attains a
value of either 0.9975 To,, for profiles with no overshoot or 1.0025 Ty for
profiles with a significant overshoot. Based on the boundary layer thick-
ness defined in this manner, the displacement, momentum, kinetic energy,

l ' and total enthalpy thicknesses (J, o, &3, and 83, respectively) are also

w. . presented. These thickness parameters have a well-defined physical inter-
pretation only for flows in which the velocity asymptotes to a constant edge

§ value (i.e., sharp cone flow). Based on a well-defined boundary layer edge

% : condition, they are, however, mathematically unique and can provide additional
; insight into interpretation of local flow field behavior especially if one is
comparing results to boundary layer formulations. The thicknesses are defined

N as follows:

cos 8
c

52 - ’ (1 - —B-‘i—)(l + 2 cos Bc)dy
2 . o Py, L™
COos 6 87 I
+ < gt . ey N .2 :
oz - b\ ) e "(-)"’
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where 8. is the local cone angle and r, is the body radius measured normal
[ to the model centerline. Shown in the Appendix is an example of the complete
. : results of this boundary layer analysis. For each of the tests performed in
1 this test series, that is both those conducted prior to the MAT program and

i in the MAT program tests, this post test analysis was performed and the re-
'l sults were tabulated and plotted.

- 4.
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5.0 TEST DATA HIGHLIGHTS

During the course of this experimental investigation, a con-
siderable body of data were cbtained on the sharp and blunt 7° cone and
two bicone configurations (i.e., 10.50/?0 and 140/70). The latter test
series focused on the acquisition of data in the slice and flap regions.
Body surface and shock layer profile data were obtained for laminar and
turbulent flow conditions. To promote turbulence on the medel for the
Mach 8 conditions with the RN = 0,5" nose, boundary layer trips were
used. Some highlights of the trip investigation results will be pre-
sented here. In addition, two of the primary contributions provided
in the last test series sponsored by the MAT program were the o = 20°
siiced bicone data and the flap data. Consequently, highlights of these
results also will be presented here,

5.1 Boundary Layer Trip Effectiveness

Boundary layer trips were required in order to promote a tur-
bulent boundary layer for the configuration with a nose radius of 0.50
inches. Shown in Figure 31 is the axial distribution of surface heat
transfer obtained at Mach 8 and o = 0° on the blunted 10.5%/7° bicone
for three trip geometries. Also shown is a turbulent boundary layer
prediction obtained with the finite difference boundary layer code of
Reference 20. It is evident from this figure that the flow remains
laminar with the 13 mil trip, i transitional on the 10.5O forecone
for the 33 mil trip and is turbulent at the roughness site with the
60 mil trip. It should be noted that the data shown here were obtained
at a model wall temperature of 560°R. It was found {although not shown
here} that the boundary layer profile obtained at the reference survey
station at a = 0% and at an equilibrium wall temperature of nominally
1100°R was laminar-transitional when the 33 mil trip was used and
turbulent for the 60 mil trip. Consegquently, these data indicate
that boundary iayer trip effectivenass is dependent on the wall
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temperature. Boundary layer trip effectiveness at angle of attack was
also investigated. Shown in Figure 32 is the distribution of surface
heating on the 0° and 180° meridional ray at « = 0, 4%, 10°, and 20°
for an axial model station 22 inches downstream of the stagnation
point {i.e., just upstream of the slice). One will note that at

this station the flow on the wind and leeward sides at a = 20° is

turbulent with the 13 mil trip, and is transitional for the smaller
values of «a.

Complete axial heating distributions obtained at roll angles
from 0 to 150° at o = 10° for the 13 mil and 33 mil trip are shown in
Figures 33 and 34, respectively. The comparable set obtained at o =
20° is shown in Figures 35 and 36. These data corroborate the results
shown in Figure 32; namely, that the 13 mil trip is ineffective at o =

16° and is quite effective in promoting turbulent cold wall heating at
0
a=20.

From these data, and the associated shock (boundary) layer
profile data it was decided that the 33 mil trip would be used for the
heat transfer tests, the 60 mil trip for the shock layer survey tests
at a §_10° and also the leeside at o = 20°, and the 33 mil trip for the
a = 20% windward side profile test. The concern at a = 20° (windward)
was that with the thinned boundary layer the larger trip would affect the

outer inviscid flow; consequently, the smalilest trip required to promote
turbulence was used.

5.2 Limited Data Trends and Highlights

ks indicates zarlier, the most significant contribution of
the MAT program sponsored tests to the earlier series conducted at
AEDC ¢on these cones and bicones was to obtain data on the 10.50/70
bicone at o = 20° and to obtain data with the inclusion of the flap
system, In addition to the surface heating, pressure, and shear
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(Preston tube) measurements, shock layer survey tests were obtained
for turbulent boundary layer flow conditions primarily in the slice/
flap region. Shown in the schematic of Figure 37 are the nominal
locations where shock layer surveys were obtained. The exact locations
may be found in the tables presented in Section 3. From this array
one can obtain a representative measure of the flow field properties
in this slice/flap region along with a reference profile, wind and
Te., on the 7° cone surface. Shown in Figure 38 is a representative
shock layer survey data set onthe cone/Ooslice/-7°ince that would be
available for comparison with the detailed computer codes. This par-
ticular set is for Mach 8, o = 0°. A representative set of flap shock
layer profiles {at station 17, Figure 37) is shown in Figure 39, also

for a = 0°. The reader is referred to Section 3.4 for a complete sum-
mary listing of the data obtained.

The angle of attack variation of the slice centerline pressure
distribution for the blunted 10.5°/7° bicone is shown in Figure 40. The
compiementary flap centerline pressure distribition is shown in Figure 41.
Also shown in Figure 41 is the pressure distribution on the flap for the
sharp (RN = Q) 10.50/70 bicone, It is evident from this figure that the
flap effectiveness for the biunt configuration is reduced due to vortical
(entropy swallowing) flow effects. In addition, the pressure distribution
(near q_) for the split flap (8 = 200/100) is also showr in Figure 41 as
the filled symbols. The 20° split flap pressure is nominally the same as
for the 20° continuous flap. F #ever, due to spill-over effects, the
pressure on the adjacent 10° split flap section is higher thap that for
the 10° continuous flap. Thus the rolling moment produced by the spiit
flap configuration would be smaller than that determined from the con-
tinuous 20° and 10° flap data. It should be noted that since the flap
is split on the model centerline the split flap pressures shown are at
the offset stations noted in Figure 41. The chord and spanwise pressure
distribution for the 10° continuous flap at « = 0, 40, and 100, for the
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blunted 10.5%/7% bicone is shown in Figure 42. 1t is evident from this
figure that at a = 10% one observes a drop~off in pressure near the flap
edge which is not present for o 5_40.

In addition to the pressure distributions recorded, the slice
region centerline heating distribution for the blunted 10.5%/7° configura-
tion is shown in Figure 43, while Figure 44 depicts the slice/flap heating.
Again, also shown in Figure 44 is the heating on the flap for the Sharp bi-
cone. One notes that the flap heating, like the pressure, is higher for
the sharp bicone due to the absence of vortical flow effects. The varia-
tion of the chord and spanwise heating distribution on the 10° flap with
angle of attack is shown in Figure 45, The heating is slightly higher
near the flap edges [y|/S -1 due to the boundary layer thinning.

A sample of the surface shear data, in terms of the skin fric-
tion coefficient, CF = twlqw as deduced from the Preston tube measure-
ments is shown in Figure 46 for the slice region centerline (vs. «) and
for the flap centerline {vs. 8}. The variation with o at the frustum
and forward slice station is shown in Figure 47. These data shc i1d be
useful in evaluating the 3D PNS codes ability to handle local three
dimensionality associated with the slice and flap.

The limited data presentation shown here does not do justice
to the rather extensive data base acquired; rather it serves to demon-
strate the type of data acquirved. In the following section some few
examples of computer code comparisons with select sets of these data
will be presented as illustrations of the utility of the data to vali-
date computer code prediction ability.
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6.0 DATA USAGE FOR TECHNIQUE VALIDATION

As mentioned earlier, one (if not the) primary reason for
acquiring this rather large body of data on a current MaRV type con-
figuration is for the validation of complex computer codes, Com-~
parisons cf prediction capability with discrete sets of experimental
data are generally performed and judgments made relative to code pre-
diction accuracy. Quite often, for example, one is able to adequately
predict surface pressure distributions but not static forces and moments.
Or, one can predict the laminar heating rate quite well but not the tur-

: ; bulent heating levels. The current set of data provides one consistent
base for comparing static loads, surface pressure, laminar and turbu-
’ lent heating, viscous shear forces, and detailed properties in the shock
? layer. Sufficient diagnostic data are available to establish the potential
cause{s) of an apparent prediction discrepancy if total agreement is not
achieved. In this section, several discrete cowparisons of code predic- . }
tion with data will be shown as illustrative examples of the data usage.

6.1 Wall Temperature Considerations

.

Jue to the manner in which the data are obtained in the AEDC
Tunnels B and €, the model wall temperature will vary for the different
data types. This has been discussed in detail in Section 3. In general,
the model wall temperature is initially at ambient rocm temperature
(~540°R). Due to aerodynamic heating the wall temperature varies (in- :
creases) with the length of time in the tunnel flow. Thus the Gardon
gage heat transfer data, which are obtained in 1-6 seconds after ex-
. ; posure to the flow, will have a wall temperature close to ambient. 3
' ' At the other extreme, the shock layer survey data are obtained after
the model has achieved an equilbrium wall temperature; that is, a
temperature close to the adiabatic wall value where the convective
heating to the model is balanced by the radiative looses io the tunnel

| dradatis
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walls. The static force and moment data are generally obtained after
several seconds of exposure to tunnel flow - long encugh to run through
an angle of attack sweep. Thus the model is close to the ambient value,
However, one finds that the static forces are not very sensitive to the
} specific wall temperature value. That is, the normal force and static
moment coefficient are primarily dominated by the inviscid pressure
field and therefore wall temperature effects are not pertinent, The
axial force - specifically the viscous component {which comprises ap-
proximately 10% of the total forebody axial force at o = 0° and di-
minishes with increasing a) is only weakly dependent on the wall tem-
perature. Consequently, the total axial force, to all intents and
purposes, is independent of wall temperature.

s o S <ot AR Pt

’f Model surface pressure measurements are a combination of the
' ’ inviscid and viscous induced pressure. The latter is weakly dependent
on wall temperature. Since the viscous induced increment accounts for
Tess than 5% of the local static pressure, the wall pressure is also
independent of wall temperature.

i vt ey & 250 T T ETOWN T

. ’,F-

Thus if one wishes to generate computer code predictions and §
comparisons to a set of data for a prescribed configuration, two runs
must be made; one at the cold wall ambient temperature condition os-
tensibly for heat transfer comparison, and one at the hot wall equili- ;
brium wall temperature condition for comparisons with the profile {in- !
cluding the Preston tube-wall shear) data. Force and moment and wall
pressure comparisons can be established from either run.

S TR

6.2 Representative Comparisons of
Theories with Data

s WAL

6.2.1 Static Force and Moment

Comparisons of computer code predictions with the data from
the current test series have been made with the inviscid codes of

g

e
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References 21, 22, and 23 and with the PNS code of Reference 24. Shown
in Figures 48 and 49 are comparisons of the normal force coefficient,
Cy» and pitching moment coefficient, Cm for the blunted 7° cone and
14%/7° bicone predicted with the inviscid codes of References 21-23
and the data from the current test series. One will note that the
30 inviscid code predictions of References 21, 22 are in excellent
agreement with the data for a as high as 14%. It should be noted
that although the flow is separated on the Jeeside for o 2 7°, the
predicted coefficients agree well with the data. It will be shown
later that the leeside pressures are poorly predicted with the in-
viscid code when separation is present (as they should be); however,
since the static loads are dominated in hypersonic flow by the wind-
ward surface pressures, the good agreement will be shown to be a con-
sequence of good windward surface pressure predictions.

Helliwell, et a1(24) have generated several comparisons of
their version of a parabolized Navier Stokes {PNS) code {called HYTAC)
with the data from the current tests. Shown in Figure 50 are compari-
sons of HYTAC with 14%/7° sliced bicone (without a flap) laminar flow
data taken at Mach 10 (see Section 3.3). One notes that up to a = 10°
agreement is excellent. To generate these comparisons one need only

set up the geometry, free stream conditions and vary a.

6.2.2 Surface Static Pressure

Comparisons of data from the current test series were made
with the PNS codes of References 24 and 25 and with the inviscid code
of References 21 & 22. Shown in Figures 51 and 52 are comparisons made
with the PNS codes of References 24 and 25, with the surface pressure
data obtained at the Mach 8 condition on the 10.50/70 bicone with a
double windward slice and single leeward slice at a = 0° and 10°,
respectively. At a = 0°, the agreement between theory and data on {
the conic surfaces is quite good; however, code improvements are needed

in the slice region to affect better agreement. It is in this context
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that the complementary profile data are useful in providing another diag-
nostic for establishing the time cause of the numerical Jifficulty. At
a=10° {Figure 52), one notes that the HYTAC code agrees well with the
data on the conic surface where as the AFWAL code tends to overpredict
the aft cone pressure on the windward side and underpredict on the lee-
ward side. Fair agreement in the slice region is evident., Subsequent
to these comparisons being made, improvements to the AFWAL code were
made (in terms step size determination and numerical damping) and al-
though not shown here, better agreement was achieved at o = 10°.

in the test series defined in Section 3.4, data were obtained
on the 10.50.170 bicone with the flap system installed., Data were taken
at Mach 8 (turbulent flow) at a = 0° with flap deflection angle, § = -7
{no flap) and for & = 10° and 200, and at a = 100 for § = -7° and § = 10°,
Shown in Figures 53 and 54 are comparisons of the AFWAL PNS code predic-
tion {Reference 25} with the measured surface pressure data., At the time
these predictions were made, difficulties were being encountered with the
PNS code predictions associated with the marching step size. Shown in
Figure 53 are predictions for two values of step size, DX. One notes
that although better agreement is shown for OX = 0,10 than 0.05, numerical
instabilities are encountered for & = 20° case. Again the associated flow

o

field survey data (shown in Section 6.2.4) are extremely useful in re-
solving this difficulty. At o = 10°, the numerical solutions did not
have this sensitivity and one notes that relatively good agreement
was achieved,

In addition to the surface pressure comparisons made with
the PNS codes, data comparisons were also made with the 3D inviscid
code of References 21, 22. Shown in Figures 55 and 56 are axial and
peripheral surface pressure distribution comparisons of the inviscid
code prediction with the Mach 8 data for the blunted (0.5" Ry) 10.6%/7°
bicone at o = 10°. The agreement of theory with data is excellent on
the windward surface, however, agreement for ¢ > 90° is rather poor
{as one would expect from an inviscid technique). Since the pressure
on the windward surface is more than an order of magnitude greater

160.
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than the leeside pressure, one finds than the static lcads are unaf-
fected by this poor leeside match. A word of caution here is that as
M, decreases, the stability at o is more sensitive to the leeside pres-
sure because it is of the same magnitude as the windward pressure. Con-
sequently one must model the separated flow on the leeside for good sta-
bility agreement. In this flow domain, prediction techniques such as
the aforementioned PNS codes would be required.

6.2.3 Surface Heat Transfer

Heat transfer data were obtained for each of the configurations
considered in this investigation. Data were obtained for laminar and
turbulent flow conditions where boundary layer trips were required to
promote turbulence on the blunted configurations. As mentioned earlier
(see Saction 2.2.4), considerable =ffort was expended to evaluate the
minimum trip size required to promote turbulence in the ferecone region. '
The objective was to affect the flow in the boundary layer vet have ;
minimal effect cn the shock Tayer flow.

Many comparisons have been made of theory with the current
data, a limited quantity of which will be presented here. The ob-
jective of the few comparisons that will be shown is to demonstrate

the quality of the dato and to demonstrate that the trips did in- f

deed prosote turbulence. These data in concert with shock layer ;

!
survey comparisons will demonstrate that the trips have minimal
effects on the shock layer flow,

A comparison of the measured axial distribution of Taminar
surface heat transfer for the 0.5" R blunted 14°/7% bicone at o = 10°

with the PNS prediction of Reference 24 1s shown in Figure 57. An
equivalent comparison for turbulent fiow on the 0.5" R blunted 10.50/70
bicone 1s shown in Figure 58, It was shown (e.q., Reference 24 and
Figure 52) that the surface pressuve predicted by the code is in ex-
cellent agreement with the data, and it 1s evident from Figure 57 that

i
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the laminar heating is in excellent agreement with the data. 1In the
turbulent flow case, the agreement is considered poor. Shown in Figure
58 are turbulent flow predictions for two turbulence models; one which
is a mean eddy viscosity model and the second which is a one equation
turbulent energy model. The reader is referred to Reference 24 for the
definitions of these models. [t is clear that neither of these formu-
lations provides good agreement with the data.

Under MAT program auspices the coupling of a 3D momentum
integral boundary layer code (3DMEIT - Reference 26) was coupled to
the inviscid code of Reference 21 and 22. Shown in Figure 59 is a
comparison of the surface heat transfer predicted by 3DMEIT with the
same data shown in Figure 58 (i.e., the 0.5" R blunted 10.5°/7° bicone).
One notes that the agreement between theory and data is excellent, even
on the leeside where the flow is separated. It is important to note
that the heating prediction on the leeside follows on a one-to-ane
basis the variation of the surface pressures predicted by the inviscid
code (see Figure 55), A.comparison of the peripheral distribution of
turbulent heating predicted by 3DMEIT with the Mach 8 turbulent data is
shown in Figure 60. Agreement is considered quite good.

6.2.4 Shock Layer Surveys

Censiderable wind tunnel test time was expended in acquiring
the shock layer survey data on the conic and biconic configurations,
including the slice and flap regions. Comparisons of theory with data
were made with the inviscid codes of References 21, 22, and 23, and
with the PNS codes of References 24 and 25, Shown in Figure 61 are
comparisons of the predicted Pitot pressure profile with the Mach 6
data for the blunted 14°/7° bicone at o = 0°. One will note that the
more exact flow field code (References 21, 22) agrees well with the
data in the inviscid part of the shock layer (i.e., Z_ > .2") at both

p
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stations. The approximate method of Reference 23 provides good agree-

ment at the forward station (x = 9.286"), which is nominally one inch

downstream of the bicone juncture, however, underpredicts the pressure
for 0.2 < Zp < 1. This was attributed to a grid resolution problem
associated with the thick shock layer at this station.

Shown in Figures 62 through 64 are comparisons of the PNS
code of Reference 25 with data for the blunted 7° cone obtained at
Mach 8 at a = 10°. The agreement between theory and data is fair on
the windward side, more so in theouter parts of the shock layer than
near the wall., The thermal boundary layer thickness is approximately
20 percent ot the total shock layer thickness at both stations. The
leeside prediction shown in Figure 64 is not in good agreement with
the data. The predictions indicate a thick viscous layer with a gra-
dient structure markedly different from that in the windward plane.
However, the gradients predicted are not nearly as large as those
exhibited by the data. The utility of the data here is not only to
point out the prediction deficiency but also to provide sufficient
gquantitative information to deduce why the prediction deficiency exists.
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APPENDIX A
DATA REDUCTION AND REPRESENTATIVE TABULAR AND GRAPHICAL PRESINTATIONS

The material contatined in this appendix was excerpted from several
AEDC TSHs and ts Yncluded heve for completeness,

Al Tost Condifions

Freestream tast conditions ware evaluated using the assumption of
a real gas {uontrapic expansion fram the atilling chamber o Che tust sec-
Lo, The test conditiong printed al tha top of each page af tabulated data
are maan values and wera computod uting the sverage sti11img chambor fires.
sure and tanpuvature.  Mowever, the values of Fresgtream teat conditiomy
used b nermalize the dety ware computed From st 1) ing chamber conditions
which ware pecordad at the same time as the data.

A2 Surface Heal Teanater Measuranents

the high svenstbivily Gavdon gages uepd 4o obradn the heal seansta
data ave divach veading hwat Thus braveduesrs whoss votlags nuluis my by
converted te heat ing rabe by weane vt 8 Laboratory-obbalaud neple tantor,
fhe heat tyanefer sofYiotenta wirs cabiglated using the mshaured gt Fiye
(DT Y, Vhe medsurad yays s Face temperatare (YOME Y, and the Dl wdild
Py s hanthsr Pempmvaturg (30), dhe heat Cranafer capf 08 laiite wno e vt
ta g

N H b
i) fﬁIQ&AﬁF e on e

Thie daba wi 2 edip ol Foum the ssoanded veadiogs chiatamd ot appros bmatuly
Poooswennsds abios the seadel v bed the Lusuel o entoe e
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Stanton number values were computed as follows:

- H(TO TO=TGAGE
STCINE) = 1 omiey » 190 St (A-2)

where [T0 and I[GAGE are air eathalpy values based on 10 and TGAQE,
raspact ively,

An gxample of & heat tranzfor data tabulabtion 1y shown in Table
A1 {3 pages). The complementavy graphical display of the axial hest
transfer distribution for this same case 18 shown 1n Figure A=1, This
corvasponds to o leaslde distreibution ab w= 109, A definttion of the
nomaneglature used in the Tables {s defined in the Tebulated Uata Kay in
the front of thin rdpaet,

Ad Mode! Suetace Prashure

The prasuwure transduters were all cal thrated with 4 kiwn pras.
guire diFFerential and thele veadings ave vevobrded, A gero pressube dif-
vicenbial broapph ted acvosn s Uransducer and T sern voddings ave
vovordwb. Feom these data |inear siale favtore Tor each transdicsy Top
enth vaitye are catendoted,  Model syrface prensures are csloglatmd Fram
dttfurantial presaare eembbngs using ie caltheatod avate Factore, plus a
P baygteu pregaiie (oear v uum) whiboh te mesaaved with an abeulule s
s Lyansdip-ey

A woawtple nf 4 sui Pare pressove tabiplatbam fe whown o dable A ¢
(A pagse) e enbvaapatuding graphieal dbegilaye of data are shawt in
Prpuiee A s, A& 3, aml A4 Albeygh tet Badsooab (0 bhe AR dads beud,
Frygrse A ¢ (Paye ) amd & 8 {Bags OV s papaind  bo he aelal sdtaplays
ab gt Tun the whindwdest [0 - ) aml ewwasd G0 TR abdie, veepes Lively
Phpiie A 4 prseante wed Gllaima ] dbebe thab tume af P ® at tuuy deind alaltivie
The sigbtunie whhih st vaphayml dre unbeindad ta dhim AR dabg bausk tal

var Db e eiiab b Pad Foame b alata cabdad ban Phewee alatluny S st tmbdni
THN EVISTIOE
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A.d Shock Layer Surveys

Surveys of the boundary layer and shock layer were made at
several stations on the body, generally in a body normal mode. Where it
was not possible to probe in a local surface normal mode, due to hardware
restrictions, it is so noted in the AEDC data tabulations. For the
majority »f the surveys, the Pitot, total temperature, and Preston tube
were loca d on one probe head and the Mach/Flow Angularity probe on a
separat .older. Thus for the multi-probe read, the first step in the
data sequence was to obtain the surfice shear - i.e., the Preston tube
data. Once these data were obtained, the probe holder was moved incre-

mentally upwerd off of the model surface and flow field survey data were
| obtained.

e e A e+

A4 L. Preston Tube Data

i

i Model wall shear stress and the corresponding skin friction coef-
‘ ficient were calculated using the Preston tube pressure relationships first
i described by Preston (Refuorence 13).

The shear stress was caicuiated by
an iterative process, using calibration curve fits and boundary layer equa-

g tions. A flow chart defining the data reduction procedure is shown in
Figure A-5.

The calioration coefficients presented in this Tigure are based on
previously published results (References 11, 14, and 15) and data obtained
at AEDC that are yet to be published. The calibrations are considered valid
over an RT and MT range of 5 to 1000 and O to 0.15, respectively. As indi-
cated earlier, the shear stress and skin friction coefficient were calculated

for the first point in a survey only, when the Preston tube was flush against
the model surface.
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PTAU = (Ps:res_ss wa)/TAux rag;‘g_i 7
| A= |- ()" : ’
2 ; G- eCE !(PnRT n.z.'( EZXI. 2T)+£4)/;-{gxm)u)}

_ e[(axj.zﬁ* £z~ B/,/(Es)(ss)]
| FuN= -RT=ccPTP)+ —<pm |
i Ca[ " ‘E‘] '- T | ;

wheee Fr(cez) PTé

PTP = PTAL - MT (&)

i CoEFFICIENTS

cct = 0.43473
L2 = 11288
¢c3 = 0.02354

£/ —Eb = 0343, 8.243, 2,657, - 8.173, 0.00346, .51

% KOTE: FOR A DEFINITION OF THE NOMENCLATURE SEE THE "TABULATED DATA
i KEY" IN THE FRONT OF THIS REPORT.
t

i

: % Ficure A-5. Preston Tuse DATA REDUCTION
P FLow CHART S
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A.4.2, Shock Layer Survey Data

Probe locations within a survey are presented as heights above
the model surface measured along the direction of the traverse, and co-
ordinate values are given in terms of the model axis system. Corrections
have been included for the fact that the Pitot probe was sometimes slightly
deflected at the model surface.

Mach/Flow-Argularity probe pressures (Pl, P2, P3, P4, P5) and the
Pitot pressure (PP) wewre computed using the equilibrium pressure prediction
technique presented in Reference 12. The technique uses a mathematical model
of the pressure lag/time history and fits the pressure history with a least
squares curve fit to predict equilibrium pres.ure. The basic assumption is
that the pressure measured at the transducer exponentially approaches the
equilibrium pressure at the orifice. It is also assumed that the orifice

pressure is a constant, during the time when the transient data were recorded.

Inputs to the curve fit routine are: (1) slip flow coefficient and (2)
pressure-time data. The data reduction equations for predicting equilibrium
pressure from transient data as follows {from Reference 12).

Stip Flow Coefficient:

- ~ey rMean tube Tube
A =1.776 (10-°) (temperature)/(I.D.)

Mean tube temperature = 12000R, assumed
Tube 1D = 0.012 in., smallest diameter

} For these tests
A = 0.18 psi, {only rough estimate required)

Pressure-Time Data:

Pi . Transducer pressure of data point, i,psia (computed
in same manner as model surface pressures)

ti - Time of data point i, sec.

n - Total number of data points

d




.
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Slope of Pressure-Time Data:

dpi
dt  ~

where

Plism) ™ Pim)

lccal slope = SAE , psi/sec

it

time between successive data points, sec
integer smeoothing function = 1 for this test.

il

With the above inputs (A, Pi, dPi/dt) the following computations

are made to evaluate {or predict) the equilibrium pressure (Pg).

Ci = (Pi)? + APi (A-3)
n N n .
g @il Y siﬂg : e
j=1 49t li=1 942
K=n n 5 - (A-4)
) z Cif - n{ T (Ci)zg
i=1 =1
n n .
D=3K T Ci+ &% %fg-%/n (A-5)
i=1 j=1

Pe = :2& + Jf%—)z +% , nsia (A-6)

The prediction technique fails whenever there is an insufficient

sample of transient data with which to evaluate the constant K. In fact K
is undefined for the case where the pressure, Pi, is constant. To alleviate
this problem a check was made, based on the value of K for this test.

1f 0.05 < K < 3, the predicted pressure was used, otherwise the

final measured value was used.
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There were a few instances wherein the transient data were changing
so rapidly for this test that the calculated value of dPi/dt was inaccurate
for the first points of the pressure-time history. Whenever this happened
the initial transient data adversely affected the prediction, giving in-
accurate results. To alleviate the problem initial data points were dropped
from the curve fit; one point was dropped at a time and Pe was recomputed
and compared to the last computed value. The iteration ended whenever the
change in the predicted pressure was less than two percent, or more than
four data points were dropped. It should be noted that the inaccuracy in
dPi/dt can be eliminated by taking data at a faster rate or by delaying the
beginning of the date record. For early tests the data acquisition rate was
limited to 0.6 scoc per point, for the majority of the test program. Improve-
ments in the data acquisition system permitted taking the same type of data
at a significantly faster rate (up to 10 points per sec} in later tests.

Figures A-6 and A-7 contain typical results from the eguilibrium
pressure prediction program.

Local Mach number and flow angle are computed from pressure Pl
trhough P5 using curve-fitted calibration data. Extensive calibration data
have been obtained on similar probes and these data have been correlated
against the parameters DPSQP and PAVGPS which are defined as:

DPSQP = /(P1-P3)% + (P2-P4)2f(2 . P5) (A-7)

and

PAVGPS = PAVG/P5 = (P1 + P2 + P3 + P4)/(4 - P5) {A-8)

For the present tests, calibration data were cbtained with the Mach/Flow-
Angularity probe (identified as Probe #4) in the tunnel freestream and these
data were combined with previous calibrations obtained on a similar probe

at Mach number 1.5 through 5.0. The combined data set was curve fitted and
the curve fits were used in the data reduction, The calibration data and
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the curve fits are shown in Figures A-8a and A-8b where the actual data re-
duction equations are as follows:

i Local Mach Number:

{ [AK + BK{DPSGP)? + CK({DPSQGP)"]

é i MiC=c¢
i
. 5 :
i { where AK = £ [AM; (ZnPAVGP5)']
1R i=0
b
§ | 4 .
P BK = I  [BM, (ZnPAVGP5)’]
I i=Q
i 4 :
. CK= £  [CHy (enPPyGPs)Ty
. i=0

Total Angle of Attack:

AATCA = (DPSQP) [D1 + D2en{MLC) + D3{an(MLC))?Y}

e pé
. + D4 + D5(an{MLC))2] (DPSQP) » deg
g Curve Fit Coefficients:
AMD-5 = 3.6474, 10.8249, 12.5254, 5.90988, 1.03548, 0
BMO-4 = 7.04593, 0, -16.5279. 0, 8.66794
3 tMo-4 = -108.870, 0, 182.245, G, -37.4971

A D1-D6 = 121.044, 18.6043, -74.2038, -37.4837, 58.2593, 0.872233

1

s

t

.

¢ H

! ¥

f H

; : !
- :
i

¥

Radial Angle: {Not a Curve Fit)

PHI = Tan™ [§222) + 90 [T0E5}) . ces

If PHI < 0 then PHI = PHI + 360.
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a. MACH NUMBER
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Not all existing calibration data for Prcbe #1 are included on
Figure A-8a. A distinct difference in the shape of the PAVGPS vs, DPSQP
curves was noted between the two probes, therefore all data for total angle
of attack greater than 7 degrees {corresponds 1o DPSQP 5 0.7) was omitted for
Probe No. 1, with the exception of data at Mach No. 1.5. This omission
forced the curve fit to agree with Probe No. 4 calibration data. The re-
sutting curve fits used to reduce the data are considered to be the best
possible based on the available calibration data, but these could be signi-
ficantly improved with additional calibration data for the same probe (No. 4).

Local total temperature was computed from the shielded thermocouple
measured value {TOSM) using the method of Varner, Reference 16. In this A
method, the analysis is based on the total temperature variation in a laminar
developing flow within a tube whose walls are at the adiabatic recovery
temperature of the local flow field. 7This approach results in the ability
to theoretically correct probe data for all local flow field conditions
{a wide range of Reynolds numbers) using a limited amount of calibration
data acquired in the tunnel freestream. 7o corvect the measured temperature,
the following parameters must be defined experimentally: local Mach number
and Pitot pressure in front of the probe, the effective vent area ratio [AV/AE)
and the local Mach number of the fiow entering the probe (ME}. For this test,
the Jocal corrected total temperatures were evaluated at the Mach/Flow-Angularity
probe positions (TOSC values) and at the Pitot tube positions {TOSCP values)
by an interpolation scheme. The approach used was to define, by linear inter-
nolation, the local measuved total temperature at the probe height and then
to correct the interpolated value using the probe defined Mach number {MLC
or MP) and the measured Pitot pressure {eitner P5 or PP}. The nearest wall
temperature measurement {TWJ) was included in the interpolation to define
a value of uncorrected temperature at zero height. The effective vent area
ratio, AV/AE was determined from freestream calibration data to be time
dependent, decreasing in value as the test progressed, indicating that the
tube vent holes were decreasing in size. The valuye used in the data re-
duction was:

202.
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AV/AE = 0.153 - 0.0005 (SURVEY) (A-9)

i
1
oo
g 3 The entrance Mach number was defined in terms of the vent area ratio by an
approximate equation:

! ME = 0.578(AV/AE)} (A-10)

i
i which assumes that the flow is sonic at the vent area and AV/AE is less than
i

0.5. Shielded thermocouple data reduction equations are given in detail
in Reference 4.

Ideal compressible gas relationships were used in the calculation
of local static temperature and pressure valuas and in evaluating the local
Mach number at the Pitot tube. The equations for air (ratio of specific
heats = 1.4), are listed below:

T M2, ! :
== = (1 + =) (A-11) '
W Tt 5 '
< P (1 + M2, -7/ - M< 1 (A-12)
Pt .5— * ' -
Pl §SM21 7% 6 )% formy > 1 (A-13) ,
P 5 |7M 21

The first step in using the above equations was to compute the static pres-
sure at the Mach/Flow-Angularity probe heights. To make these calculations,
the following substitutions were made in Equations (A-12) and (A-13):

Py ~ P5, Ptz~ PS5, M - MLC, My ~ MLC. Static pressure at the Pitot probe
(PSP) was defined by linear interpolation of the inferred static pressure
based on the Mach/Flow-Anguiarity probe results and the model wall orifice
pressure ysed to define the static pressure at zero height. The Mach number
f : determined from the Pitot tube (MP) was then defined from Equatiors (A-12)
and (A-13) with the substitutions: p - PSP, Py . PSP, Py, - PP.

— e A -
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The local static temperatureswere computaed using the appropriate local Mach
number for Equation {A-11).

Local velocities were calculated from
VL = 49.0223 M/T, ft/sec (A-14)

where M and T (°R) are the appropriate local values of Mach number and
static temperature.

Velocity vectors with respect to the Mach/Flow-Angularity probe
axis system were computed according to the definitions given in Figure A-9.
These values were transformed to the tunnel axis system {Figure A-10) by
rotation of the axes through pitch, yaw and roll angle sequence corres-
ponding to the probe misalignment angles defined as THETAO, PSI0 and PHIO.
Misal ignment values in yaw and roll were determined from the freestream
calibration that was obtained at the beginning of each test shift. The
pitch misalignment was evaluated for each survey by determining what value
of THETAO would best null the pressure differential DP13 on the probe ,
i.e., THETAO value for DP13 = 0.0.

The freestream velocity vectors were transformed to the model axis
system by rotation of the axes through pitch and roll respectively, corres-
ponding to the model pitch angle (ALPHA-MODEL) and the model roll angle
{ROLL-MODEL). Velocity vector definitions in the model axis system are
noted in Figure A-11.

The quantity of tabular and graphical data involved in the shock
layer surveys is rather lengthy, involving several volumes of reports for
this test series. An example of the Pitot and totu.l temperature data tabu-
lations is shown in Table A-3 (11 pages). Included in this table (on Page
3) are the Preston tube data results defining the wall shear and skin friction
coefficient. A representative set of graphs for these data are shown in
Figures A-12 through A-15. Figures A-12 and A-13 depict the uncorrected and
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: Notes:

1. All vectors are shown in positive
directions.

2. PHI is computed directy from fhe
pressures

Xp 3. Local Mach number (MLC) and the
total angle of attack (AATCA) are
computed tfrom curve fits

4. Velocity vector components:

= ¢cos{AATCA)

= sin (AATCA)ssin(PHI)

83 89 =9

P .
r““‘TUp
(UP)2+(vp) < ', |

= sin (AATCA) » cos (PHI)

i(vp)za((wp)‘? !

|

——

- ... -

-~ I-- UP'J — XP :
! View A-A \

L ' {Probe not shown)
. Yp
S
e A 7P zZp
. A
e ! {
V_;,l'{'x WP v}wp
Vi) 2:ip)2~ |
() ,Tube Numbers > & :
—_ EA Xp
7 ey B

L A

Fieure A-9. VerLocity VECTOR DEFINITION WITH RESPECT TO THE
ProBE Axis SYSTEM
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Fieure A-10.

0L
1, Peeitive d‘irgettmn of welocfry vectars asd probs
sisslignnents are showu.

- -

3, See Fig. A-S for definition of velocity vectr- components
S the probe axis wyscem (f.0,, UP/VL, VB ., i, 7).

3. Veldcicy vactor componentsi

. . ooy v oan , W .
, ' w ‘wn * v
: w_ @mon, won v o)
"% *v. *w
" ¥ wmo@en ¥ (@) , ¥ ()
w " w *n *w
‘ltl‘ 'Al, A2, A}) are axis rotation coefficiente:
* §i, 82, B3
i d cz.

" A1 = cos (THETAD) . cos{PS10)

A2 S=cos{THETAQ) .5 {n{PSI0) .con (PHIQ)
+84a(THETAD) .sin(PHIO)

A3 > ¢os(THETAD) .2 Ln(PSI0) .ain{PRIO) -
+ain({THETAD) .cos{PRID)

’ ) L =~ 2ia(Ps0)
32 = coa(PS10) . cos (PHIO)
* BY wecoa(P510).sin(FRIC)
€1 = ~sia(TNETAD} . con (PSI0)

€2 = gtia(IHETAD).sin(PSIO) .coa (PHIO)
$eoe {(TH=TAD) .sin (PH1ID)

€3 = —«ta(THETY) .5 1n(PSI0).51in (PRIC)
Seng (THETAQ)  cos (PHIO)

VELociTy VecTor DEFINITION WITH RESPECT TO THE
TuNNEL AX1S SYSTEM
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Fieure A-11,

NOTES: -,

1. Positive direction of velocity vectars
are shown.

2. Sce Fig. A-10 for definitions of velocity
" vactor components in the tunnel axis
system. (i.e. UF/VL, VF/VL, WF/VL)

3. Velocity vector components:

p, (ur) By we) o i
it (VL) . €06 (ALPHA-MODEL) -(n).sm (ALPHA-MODEL)

sl

Yo (%—E) (-sin(ROLL—l'_SODEL)-sin(ALPHA-mDEL;)

.(% ) .cos (RULL-MODEL) FX- sin(ROLL-MODEL)
+CO8 (ALPHA-MODEL)

v .( ) cos (ROLL~MODEL) . sin(tLPnA-HODEL))
VL

*(?5) sin (ROLL~MODEL)

(-‘;-L‘)(cos {ROLL~MODEL) .cos (ALPHA-HODEL)}

— e

VELociTY VECTOR DEFINITION WITH RESPECT TO THE

MopeL Axis SySTeMm
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(Reynolds number) corrected total temperature profiles, respectively.
Figures A-14 and A-15 are the Pitot pressure profiles normalized by the
Tocal wall static pressure, P, (Figure A-14) and by the freestream Pitot
pressure, PT2 {Figure A-15).

Boundary layer type analyses were performed using these data and
the assumption that the static pressure in the shock layer was constant and
equal to the Tocal wall static pressure. Thus with the static pressure
assumed and the local values of PT2 and TT, local state variables in the
shock layer were defined including Tocal values of the viscous layer thick-
nesses. Note, the assumption of constant static pressure is incorrect out-
side of the boundary layer and consequently the iocal derived properties in
the "inviscid” flow are not valid. The reader is referred to Section 4 of
the report for a discussion of this. Nevertheless, Table A-4 (4 pages) de-
fines the derived local properties for the same data group defined in Table

A-3. Figures A-16 through A-18 graphically define the derived local nroperties.

One notes from Figure A-16 that the freestream Mach number (noted by the
several data points at ZP > 2.3)is ~ 0.75 of the boundary layer edge Mach
number, clearly incorrect.

The Mach/Flow-Angularity data tabulations for a given data group
are contained in two tables sets, Table A-5 (9 pages) and Table A-6 (2 pages).
Table A-5 defines the measured data while Table A-6 presents the computed
flow direction results. The corresponding graphical presentation of these
data are shown in Figure A-19 for the raw data and Figure A-20 for
the derived properties.

A.5 Static Force Data

The force and moment measurements were reduced to coefficient
form using digitally filtered data points and correcting for first and second
order balance interaction effects. The coefficients were also corrected for
model| tare weight and balance-sting deflections. Model attitude and tunnel
stilling chamber pressure were calculated from digitally filtered values.
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The aerodynamic force and moment coefficients are presented in
the body and wind axes. The wind axes 1ift and drag coefficients (CLW and
CDR, respectively) were calculated using the forebody axial-force coefficient
(CA). The wind axes pitching- and rolling-moment coefficients (CLMW and
CLLW, respectively) were calculated using the forebody pitching-moment
coefficient (CLMF). Pitching- and yawing-moment coefficients are referenced
to the virtual model nosc. Ciconic virtual model length {LM} and unsliced
base area (A} were used as the reference length and area for the aerodynamic
coefficients. Total axial-force coefficients (CAT) were corrected for base
axial-force effects.

Pitching and yawing moment coefficients are referenced to the
model base. Model base diameter {9.823 inches) and base area {75.788 inches?)
were used as the rcference length and area for the model aerodynamic coef-
ficients.

Representative tabular data for a static force o sweep is shown in
Table A-7 {4 pages)}.
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ACUREX CORPORATION
ATTN: Chuck Nardo

485 (lyde Avenue
Mountain View CA 94040

AEDC/DOT
Arnold AFS TN 37389

Aerospace Corp

ATTN: Al Robertson
P.0. Box 95085

Los Angeles, CA 80045

AFOSR/NA
8olling AFB DC 20332

AFWAL /FIMG )
Wright-Patterson AFB OH 45433

Arete Association
ATTN: Steve Lubard
P.0. Box 350
Encino, CA 91316

AVCO CORPORATION
ATTN: Noel Thyson
201 Lowell Street
Wilmington MA 01887

Ballistic Missile Defense Adv Tech Cntr

ATTN: Jim Papadopoulos (ATC-M)
P.0. Box 1500
Huntsville AL 35807

CALSPAN CORPORATION-AEDC
ATTN: Billy Griffith
Arnold AFS TN 37389

Calspan Corporation
Advanced Technology Cenbter
ATTN: Mike Holden

P.0. Box 400

Buffalo NY 1422%

DRDAR-LCA-FB (Tom Hoffman)
US Army ARRADCOM
Dover NJ 07801

General Dynamics - Convair
ATTN: Archie Gay

P.0. Box 80847

San Diego, CA 92138

GENERAL ELECTRIC COMPANY/RESO
ATTN: Robert Neff

3198 Chestnut Street
Philadelphia PA 19101

Lockheed Missiles and Space Company
ATTN: Gerald Chrusciel

Dept 81-11
P.0. Box 504
Sunnyvale, CA 94086

Martin Marietta Corporation
ATTN: John Carmichael

P.0. Box 5837

Orlando FL 32805

McDONNEL DOUGLAS ASTRONAUTICS COMPANY
ATTN: Jim Xerikos

5301 Bolsa Avenue

Huntington Beach CA 92647

Montana Stafe University
ATTN: A. Demetriades
Bozeman MT 59714

NASA [angley Research Center

ATTN: Dénnis Bushnel)
Hampton VA 23685

NASA Ames Research Center
ATTN: Paul Kutler
Meffett Field, CA 94035

Naval Surface Weapons (enter
ATTN: Frank Moore
Dahlgren VA 22448

Naval Surface Weapons Center
ATTN: Carson Lyons

White Qak Laboratory

Silver Springs MD 20910

PDA ENGINEERING

ATTN: Jim Dunn

1560 Brookhollow Drive
Santa Ana CA 92705

SANDIA LABORATORIES
ATTN: Al Bustamonte
P.0. Box 5800

Albuquerque NM 87185

1RW Defense & Space Systems Group
ATTN: M.J. Gyetvay, Bidg 88, rm 1012
One Space Park

Redondo Beach CA 90278

TRW/E & DS - Ballistic Missile Giv
ATTN: L. Cassel

ATIN: Teny Lin

P.0, Box 1310

San Bernardino CA 92402

Virginia Polytechnic Institute

Blacksburg VA 24060
ATTN: Clark Lewls
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