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NOMENCLATURE 

Heat t r a n s f e r  c o e f f i c i e n t  based on To, 

BTU/f t2-sec-OR 

Free-s t ream Mach number 

Tunnel s , t i l l i n s  chamber p r e s s u r e ,  p s £ a  

Free-s t ream s t a t i c  p r e s s u r e ,  p s t a  

Free-s t ream dynamic p r e s s u r e ,  p s t a  

Free-s t ream Reynolds number, f t  -1 

Tunnel s t i l l i n 8  chamber tempera ture ,  °R 

Free-s t ream v e l o c i t y ,  f t / s e c  

Model su r face  d i s t a n c e ,  i n .  

Model ankle  of a t t a c k ,  des 

Model r o l l  ank le ,  deK 

Free-stream denslty, sluKs/ft 3 

Body surface ankle, des 

Circumferential location of pressure orifice 
and heat KaKes (positive clockwise looklnK upstream) 
deg 
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1.0 INTRODUCTION 

The work r e p o r t e d  h e r e i n  was sponsored  by the  Space and M i s s i l e  
Systems O r g a n i z a t i o n  (SAMSO), Ai r  Force  Systems Command (AFSC) and the  
Resea rch  D i v i s i o n  of  t he  D i r e c t o r a t e  of  Tes t  E n g i n e e r i n g  (DOTE), of  
the  Arnold E n g i n e e r i n g  Development Cen te r  (AEDC), AFSC, under  Program 
Element  63311F, AF Con t r o l  Number 627A-00-8. The work was pe r fo rmed  
by ARO, I n c . ,  AEDCDiv i s lon ,  (a Sverdrup  C o r p o r a t i o n  Company), c o n t r a c t  
o p e r a t o r  o f  AEDC, Arnold Air  Force  S t a t i o n ,  Tennes see .  P r o j e c t  m o n i t o r s  
were  Capt.  R. J .  Chambers and Mr. E. R. Thompson f o r  SAMSO and AEDC, 
r e s p e c t i v e l y .  ARO p r o j e c t  m o n i t o r  and p r i n c i p a l  i n v e s t i g a t o r  was Dr. 
M. O. Varne r .  I n q u i r i e s  to o b t a i n  cop i e s  o f  the  t e s t  d a t a  shou ld  be 
d i r e c t e d  to e i t h e r  of  t he  f o l l o w i n g :  SAMSO/RSSE, P. O. Box 92960, 
Worldway P o s t a l  C e n t e r ,  Los Ange l e s ,  CA 90009; AEDC/DOTR, Arnold AFS, 
TN 37389, A t t n :  Mr. E. R. Thompson. A copy of  t he  f i n a l  d a t a  i s  on 
file in microfilm at AEDC. 

Tests were conducted in the 50-in. Hypersonic Wind Tunnel (B) of 
the yon Karman Gas Dynamics Facillty (VKF) on Aprll 13, 17, and 18," 
1978 under ARO Project Number V41B-W6. The objective of the test was 
to determine the influence of boundary-layer trips on the boundary- 
layer and flow-field characteristics when compared with naturally 
turbulent flows. This test phase (Phase II) utilized the basic 
boundary-layer trip results and instrumentation developed durlng.Phase 
I which was documented in Ref. I. 

Heat-transfer data were obtained to determine transition locations. 
Corresponding wall pressures and temperatures as well as flow-fleld 
surveys were taken. Pitot probes, unshlelded thermocouple probes, and 
a Preston tube were used to obtain flow-fleld data at each survey station. 
Most flow-fleld data were obtained with a probe system mounted in the 
top of the tunnel test section. However, a few runs were made with a 
sting mounted probe to obtain data at an aft survey station. Data were 
also obtained at the aft station with the overhead probe when the on- 
board probe had been removed to determine if the on-board probe assembly 
caused any interference with flow near the model base. 

All data were obtained at a nominal Mach number of 6 at free-stream 
Reynolds numbers of 2.5 x 106 to 4.7 x 106 per ft and zero angle of 
attack. Body configurations tested included a7-deg cone, a 10.5/7-deg 
blconlc, and a 14/7-deg blconlc. Spherlcally blunted nose tips with 
radii of 0.05 in. and 0.50 in. were tested. Only the 7-dee cone was 
tested with a sharp nose tip. 

2.0 APPARATUS 

2.1 TEST FACILITY 

Tunnel  B I s  a c l o s e d  c i r c u i t  h y p e r s o n i c  wind t u n n e l  w i t h  a 5 0 - 1 n . -  
dlam t e s t  s e c t i o n .  Two a x i s y m m e t r l c  c o n t o u r e d  n o z z l e s  a r e  a v a i l a b l e  to 
p r o v l d e M a c h  numbers o f  6 and 8 and the  t u n n e l  may be o p e r a t e d  c o n t i n -  
uous ly  over  a r ange  o f  p r e s s u r e  l e v e l s  from 20 to  300 p s i a  a t  M = 6, 
and 50 to  900 p s l a  a t  M~o = 8. S t a g n a t i o n  t e m p e r a t u r e s  s u f f i c i e n t  to avo id  
a i r  l i q u e f a c t i o n  in  t he  t e s t  s e c t i o n  (up to 1350°R) a r e  o b t a i n e d  th rough  
the  use  o f  a n a t u r a l  g a s - f l r e d  combust ion  h e a t e r .  The e n t i r e  t u n n e l  
( t h r o a t ,  n o z z l e ,  t e s t  s e c t l o ~ ,  and d i f f u s e r )  i s  coo led  by i n t e g r a l ,  

4 



external water Jackets. The tunnel is equipped with a model injection 
system, which allows removal of the model from the test section while 
the tunnel remains in operation. The general arrangement of Tunnel B 
is illustrated in Fig. I. 

2.2 TEST ARTICLE 

Three model configurations were tested: 

CONFIGURATION 
FOREBODY 

HALF ANGLEp DEG 

AFTERBODY 
HALF ANGLE~ DEG 

CONE 7.0 7 
BICONIC 10.5 
BICONIC 14.0 

These configurations were tested with spherically blunted nose tips 
J 

with nose radii of 0.05 and 0.500 in. Data were also obtained 
] 

on a sharp, 7-deg cone configuration. Overall geometry of the con- 
figurations tested is illustrated in Fig. 2. Model design and fab- 

rication were per£ormed at AEDC. 

The models were instrumented with pressure orifices and Gardon- 
type heat-flux gages. Table I (Appendix 2) llsts the instrumentation 
locations and shows that the top centerline was the primary ray of pres- 
sure instrumentation and the bottom centerllne was the ray instrumented 
with Gardon gages. At three stations, pressure orifices were located 
at 90-deg intervals around the model. To minimize the possibillty of 
Driflce interference on the flow-fleld data, the model was rolled 10 
degs to provide a clean run of smooth wall ahead of the probe station. 

Boundary-layer trips consisted of distributed roughness formed by 
bonding Carborundum ® grit to the model or by mounting a single row of 
spherlcal elements. The geometry and location of the trips are shown 

in Fig. 3. 

2.3 TEST INSTRUMENTATION 

2.3.1 Test Conditions 

Tunnel B stilllng chamber pressure is measured with a 200- or 1000- 
psld transducer referenced to a near vacuum. Based on periodic compari- 
sons with secondary standards, the accuracy (a bandwidth which includes 
95-percent of residuals, i.e. 2G deviation) of the transducers is estimated 
to be within ±0.25 percent of reading or ±0.3 psi, whichever is greater 
for the 200-psid range and ±0.25 percent of reading or ±0.8 psi, whichever 
is greater for the 1000-psid range.~Stilllng chamber temperature measure- 
ments are made with Chromel~-Alumel~thermocouples which have an accuracy 
of ±(1.5°F + 0.375 percent of reading) based on repeat callbrations (2C 
deviation). 

5 



2.3.2 Test Data 

The Tunnel B pressure system is equipped with I- and 15-paid 
transducers which are referenced to a near vacuum. The system auto- 
matically selects the transducers and calibrated ranges for best pre- 
cision for each pressure measurement. Based on periodic comparisons 
with secondary standards, the accuracy of these transducers (bands that 
include 95 percent of the residuals i.e. 20 deviation) is estimated to be 
±0.2 percent of reading or ±0.01 psi, whichever is greater, for the 15- 
paid transducers and ±0.2 percent of reading or ±0.0015 psi, whichever 
is greater, for the 1-psid transducers. 

2.3.3 Heat-Transfer Measurements 

Heat-transfer data were obtained using 0.125-in. diam Gardon-type 
heat-flux gages with° Iron-Constantan®case thermocouples. The case 
thermocouple served a dual role by providing a sensing disc edge tem- 
perature used in the evaluation of heat-transfer coefficient and in- 
dicating the model wall temperature level during long hot-wall runs. 
As an additional check on the long-termwall temperature, two co-ax 
heat gages were installed. No attempt was made to evaluate heat flux 
from the coax gages. Details of both types of gages used are available 
in Ref. 2. 

2.3.4 Flow-Field Measurements 

Two separate probing systems were used to perform the boundary 
layer and flow-fleld surveys. An overhead probe system whichwas the 
primary flow-fleld survey mechanism was instrumented with a pltot tube, 
unshielded thermocouple probe and a Preston tube. A second system was 
attached to the model support sting and was equipped with a pitot tube 
and an unshlelded thermocouple probe. A Preston tube was included on 
the on-board probe installation, but pressure response from this probe 
was not satisfactory and data from this probe are not presented. 

The unshlelded thermocouple probes were made w i t h  Chromel-Alumel 
thermocouples which had an estimated uncertainty of ±(1.5°F + 0.375 
percent of reading ). 

Both pitot probe pressures (on-board and overhead) and the overhead 
Preston tube were measured with 15-psld Druck O transducers which had an 
estimated measurement uncertainty of ±0.009 psi. A near vacuum ref- 
erence pressure was used with these transducers. The near vacuum ref- 
erence pressure was measured with a Hastings absolute pressure transducer. 

2.4 SURVEY PROBES 

2.4 .1  Geometry Details 

Both the  ove rhead  and s t i n g - m o u n t e d  pitot probes  were  f a b r i c a t e d  by 
f l a t t e n i n g  an 0 . 0 2 4 - i n .  O.D. (0 .020 I . D . )  tube  as shown i n  F ig .  4. This  
p r o c e d u r e  p roduced  a probe t i p  t h i c k n e s s  of  0.020 i n .  w i t h  an open s l i t  o f  
0 .005 i n .  h e i g h t .  



Figure 5 illustrates the geometry of the unshlelded total temper- 
ature probes. These probes were designed and fabricated by the VKF 
using a length of sheathed thermocouple wire (0.010-1n. O.D.) with 
two 0.00|5-1n. dlam wlres. The wires were bared for a length of about 
0.015 in. and the thermocouple Junction formed. The probe was used 
in this form without any shield. 

P r e s t o n  tube  geometry  i s  i l l u s t r a t e d  in  F ig .  6. The geomet ry  i s  
c o n s i s t e n t  w i t h  d imens ions  used  by Bradshaw and Unswroth (Ref .  4) and 
t h e r e f o r e  e s t a b l i s h e d  the  P r e s t o n  tube  c a l i b r a t i o n  f a c t o r s .  

2.4.2 Calibration 

The recovery temperature characteristics of each total temperature 
probe were calibrated in the invlscid portion of the model flow fleld 
and in the tunnel free-stream flow. Calibration data for the unshlelded 
probes were expressed in the form of recovery factor as a function of 
Reynolds number. 

2.5 Sb~VEY MECHANISMS 

' The ove rhead  p robe  d r i v e  sys t em i l l u s t r a t e d  in  F ig .  7 was d e s i g n e d  
and f a b r i c a t e d  by t h e  VKF. The mechanism i s  housed  above  a p o r t  i n  the  
top of the Tunnel B test section. Access to the test section is through 
a 40-1n.-long by 4-1n.-wlde opening which can be sealed by a pneu- 
matically-operated door. Separate drive motors are provided to (I) 
insert the mechanism into the test section or retract it into the houslng~ 
(2) position the mechanism at any desired axial station over a range of 
35-in. with a precision of ±0.011n.~ and (3) probe a flow field of 
approximately 10-in. depth with a precision of ±0.001 in. The drive axis 
inclinatlon of the probe support was adjusted to obtain surveys normal 
to the model surface. The strut is equipped with a pneumatically- 
operated shield to protect the probes during injection and retraction 
through the tunnel boundary layer and during tunnel condition changes. 

The s t i n g - m o u n t e d  p robe  package  shown i n  F ig .  8 was d e s i g n e d  and f a b -  
r i c a t e d  by t h e  VKF. A d r i v e  motor  and p o s i t i o n  p o t e n t i o m e t e r  were  e n c l o s e d  
in  an "L" - shaped  s h e e t  m e t a l  hous ing  which had w a t e r  t ubes  f o r  c o o l i n g .  
The sys tem has  a v e r t i c a l  d r i v e  w i t h  a p o s i t i o n  r e s o l u t i o n  o f  ±0 .001 .  
T o t a l  v e r t i c a l  t r a v e l  o f  the  sys t em i s  a p p r o x i m a t e l y  4 i n .  

3.0 TEST DESCRIPTION 

3.1 TEST CONDITIONS AND PROCEDURES 

3.1.1 General 

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

M Po' psia T o, °R P~D it3 V~p it/set p~p psia Rem/ft x I0 -6 

5.94 131 845 7.06 x 10 -5 2982 0.088 2.5 
5.95 250 845 13.37x I0 -5 2983 0.167 4.7 

Table 2 contains a suuuuary of all configurations and test conditions. 
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The objective of this test phase was to evaluate the influence 
of boundary-layer trips on Boundary-layer and flow-fleld character- 
istics. Flow-fleld surveys were performed at several longitudinal 
body stations on configurations with different nose tips and trip 
c o m b i n a t i o n s .  Corresponding heat-transfer d a t a  were obtained to 
identify transition and verify that turbulent flow existed at the 
probe survey stations. Figure 9 lists the survey station for each 
basic body configuration while Table 2 indicates the actual config- 
urations and flow conditions surveyed. 

3.1.2 Data Acquisition 

Transition location was determined from heat-transfer distribution 
obtained with the Gardon heat-flux gages. Prior to each run the model 
was cooled to approximately 520°R by flowing air over the model. The 
model was injected into the tunnel flow for about five seconds while 
a continuous record of gage output was recorded. Data presented in 
the Data Package were reduced approximately one second after the model 
reached the centerline of the wind tunnel. Some runs were obtained 
with a hot wall to minimize the time required for a full cooling cycle. 
Since the thermal driving potential (T - T ) was low for these cases, 

O a. 
the data uncertainty was significantly grea~er than the cool wall dat 
However, these data were qualitatively useful in determining the pres- 
ence of transition. 

Surface-pressure distributions were obtained on selected config- 
urations. It should be noted that surface pressure at each probe sta- 
tion was obtained each time a survey point was recorded. This pro- 
cedure made it possible to confirm that local wall pressure had been 
obtained in the absence of any local probe disturbance or interference. 

Initial probe positioning on the model wall was monitored with a 
(525 lines/frame) closed circuit television system (CCTV). 
The camera was fitted with a telescopic lens system which gave a 
magnification factor of approximately 7. The television image was 
used to monitor probe longitudinal location and to verify Preston tube 
and pltot probe contact with the model surface. At each survey station, 
a reference mark was painted on th~model surface with black paint to 
provide an optical target for positioning the probe. The Preston 
tube and pltot 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 in. of the reference marks. 

Initial data were obtained with the Preston tube and pltot tube in 
contact with the model surface. The first three probe positions above 
the model surface were obtained using manual probe drive control to 
achlevc the desired small height increments between points. Remaining 
points in the survey were obtained using an automatic system which 
drove the probe to predetermined locations above the model surface. 
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At each location, data were automatically recorded after a delay time 
controlled by a timing circuit. The delay time was determined by 
observing the pltot pressure stabilization time at several points in 
the boundary layer. Note that the only point valid for the Preston 
tube measurement was the initial point at the model wall. Each survey 
consisted of approximately 50 points. Probe survey stations for each 
configuration are shown in Fig. 9. 

3.2 DATA REDUCTION 

Although some portions of the data reduction used in this study 
were fairly standard, the flow field survey probe data included an 
evaluation of several boundary layer parameters including the defini- 
tion of the boundary layer thickness, displacement thickness, momentum 
thickness, kinetic energy thickness and total enthalpy thickness. Also 
special data reduction procedures were needed to correct the total 
temperature probe measurements and evaluate the Preston tube data. A 
complete summary of the data reduction procedures used in this study 
are given in Appendix Ill. 

3.3 UNCERTAINTY OF MEASUREMENTS 

3.3.1 General 

The accuracy of the basic measurements (p and T ) was discussed in 
O O 

Section 2.3. Based on repeat calibrations, these errors were found to 
be 

AP o AT o 
--= 0.0025 ffi 0.25%, --ffi 0.005 ffi 0.5% 
Po To 

Uncertainties in the tunnel free-stream parameters and the model 
aerodynamic coefficients were estimated using the Taylor series method 
of error propagation, Eq. (I), 

(AF) 2 = - ~ P  Ax + Ax 2+ ~ AX3~2 .... + ~n AXn~ 2 (I) 

where AF is the absolute uncertainty in the dependent parameter 
F ffi f(XI, X2, X 3 ... X n) and X n are the independent parameters (or 

basic measurements). AX are the  uncertainties (errors) in the  in- 
n 

dependent measurements (or variables). 

3.3.2 Test Conditions 

The accuracy (based on 2o deviation) of the basic tunnel parameters, 
Po and T o , (see Section 2.3) and the 20 deviation in Mach number determined 

from test section flow calibrations were used to estimate uncertainties 



in tile o t h e r  f r e e - s t r e a m  p r o p e r t i e s  us ing  Eq. (1 ) .  The computed un-  
c e r t a i n t i e s  tn the tunnel free-stream conditions are summarized in the 

following table. 

Uncertainty~ (+) percent of actual value 

Reoo/ft x 10 -6  M p~ qco Re®/ft  p~V¢o ~= 

5.94 2.5 0 .2  1.0 0 .7  0.7 0.9 0.7 
, i 

5.95 4.7 0 .2  1.0 0.7 0.7 4 v 

3 .3 .3  Tes t  Data 

Model surface pressure and on-board pitot probe data uncertainties 
are discussed in Section 2.3.2. Summarizing, measurements at pressure 
levels at I psla or less have an estimated uncertainty of ±0.2 percent 
of reading or ±0.0015, whichever is greater. Measurements above I psia 
have an estimated uncertainty of ±0.2 percent of reading or ±0.01 psi, 
whichever is greater. Overhead pltot probe instrumentation is discussed 
in detail in Section 2.3.4 in which an estimated uncertainty of ±0.009 
psia in pitot pressure is stated. 

Total temperature measurements from unshielded t he rmocoup le  probes 
i s  e s t i m a t e d  to  be ±(1.5@F ÷ 0 . 3 7 5  p e r c e n t  o f  r e a d i n g ) .  C o n s e q u e n t l y ,  
because  d a t a  were  o b t a i n e d  under  h o t - w a l l  c o n d i t i o n s  ( a p p r o x i m a t e l y  
a d i a b a t i c ) ,  the  e s t i m a t e d  u n c e r t a i n t y  i n  t h e  probe  measurements  t h r o u g h -  
out  t he  f low f i e l d  i s  ±0.5 p e r c e n t  of  t e m p e r a t u r e  i n  OR. 

The estimated uncertainty in Garden gage calibration factors is 
±5 percent. Overall uncertainty in the heat-transfer coefficient, 
H(TO), is estimated to be ±6 percent. After the uncertainties in free- 
stream of density and velocity are considered, the overall uncertainty 
in Stanton number is estimated to be ±6.1 percent. 

Based on optical observations and mechanical resolution the esti- 
mated uncertainty in probe position above the model is ±0.002 in. 
Longitudinal probe position or station location is estimated to have 
an uncertainty of ±0.050 in. 

The uncertainties of all primary measurements such as pressure, 
temperature, heat flux rate, model attitude and free stream Math number 
nonuniformity have been identified. The uncertainty in some of the 
free stream parameters have been identified, but the uncertainty in 
many of the other parameters (for example, the Preston tube data or 
boundary layer parameters) listed in the tabulated and plotted results 
of the final data fall outside the scope of this report. 

3.4 DATA CORRECTIONS 

The longitudinal heat-transfer distribution on the 7-deg cone 
showed more irregularity then expected based on the estimated un- 
certainty in the gage data. During the Phase I tests, a procedure 
was established to smooth the data by obtaining correction factors for 
the indicated heating level. The data distribution was compared with 

10 



calculated turbulent and laminar heating data. Based on these com- 
parlsons, smooth falrlngs through the data were obtained. A separate 
set of correction factors were obtained for laminar and turbulent cases 
since these cases represented the extremes in heating levels encountered. 
These two sets of correction factors were averaged and applied to the 
data. Correction factors were applied only to the 7-deg cone and the 
7-deg conical afterbody. Data tabulations show both corrected and un- 
corrected data. 

A cor~ectlon for unshielded probe position was made to account for 
probe downward deflection resulting from aerodynamic loadlng. The de- 
flection magnitude was determined from the television monitor screen and 
estimated to be 0.005 in. 

Corrections were also made in the probe height position to account 
for inltlal pitot deflection caused by excessive pressure exerted when 
the probe came in contact with the model. In some cases, the pitot 
probe was sprung or preloaded enough that as the probe drive started 
to move the probe support away from the model, the pltot stayed in 
contact with the model. Consequently, the probe position readout in- 
dicated a probe position change which did not occur. Displacement of 
the velocity profiles ylelded a position correction which minimized 
the effects of probe bending. 

4.0 DATA PACKAGE PRESENTATION 

A complete set of test results in tabulated and graphical form 
has been transmitted to SAMSO (test sponsor) as a Final Data Package. 
The data computational procedures were checked by performing manual 
calculatlon verification of the computer calculations. Sample tab- 
ulated data and nomenclature appear in Appendix IV. 

I. 

. 

. 

. 

. 
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APPENDIX III 

DATA REDUCTION 

1 .0  S u r f a c e  P r e s s u r e  Data  
2 .0  Hea t  T r a n s f e r  Data  
3 .0  P robe  Data  

3.1 P i t o t  P r e s s u r e s  
3 .2  U n s h i e l d e d  Thermocouple  Measurement s  
3 .3  P r e s t o n  Tube Data  

4 .0  B o u n d a r y - L a y e r  I n t e g r a l  Va lues  

30 



AWO 

CI 

C2 

DELU 

DELU* 

DELU2 

DELU3 

DELU4 

d 

E 

FIO 

B(TO) 

HU1 

HU2 

K 

MEO 

MTAUO 

MUOE 

MUI 

MUPO 

MUUI 

DATA REDUCTION NOMENCLATURE 

Sonic velocity based on local wall temperature 
(TWX), ft/sec 

Gardon2gage calibration factor at 70°F, 
BTU/ft -sec-mv 

Gardon gage calibration factor a t  operating 
temperature, BTU/(ft2-sec-mv) 

Boundary-layer thickness, in. 

Boundary-layer displacement thickness, in. 

Boundary-layer momentum thickness, in. 

Boundary-layer kinetic energy thickness, in. 

Boundary-layer total enthalpy defects in. 

Unshlelded thermocouple probe tip diameter, ft 

Gardon gage output, my 

Preston tube calibration factor 

Heat-transfer coefficient based on To, 

BTU/ft2-sec-°R 

Shape factor, DELU*/DELU2 

Shape factor, DELU2/DELU3 

Gardon gage temperature calibration factor, °R/my 

Preston tube Mach number based on boundary-layer 
edge temperature (TED) 

Friction Mach number 

Preston tube viscosity based on boundary-layer 
edge temperature (TED), lbf-sec/ft 2 

Local Mach number at unshlelded thermocouple 
probe location 

Viscosity based on reference temp (TEPO), 

lbf-sec/ft 2 

Local flow viscosity at the unshlelded thermocouple 

probe locatlon, ibf-sec/ft 2 
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~ 0  

PO, PO 

POUI 

PPU 

PKESO 

PTAUO 

PW, PWX 

p~ 

q~o 

R 

RB 

REEO 

REU 

R e ,  Re=/f t  

RHOED 

RHOOP 

RHOUE 

l~lOUI 

RHOWO 

RTAUO 

ST(INF) 

V i s c o s i t y  based on wa l l  t empera ture  a t  the  survey 
s t a t i o n ,  l b f - s e c / f t  2 

Free -s t ream Mach number 

Tunnel s t i l l i n g  chamber p r e s s u r e ,  p s i a  

Local t o t a l  p r e s su re  a t  the  unsh ie lded  thermocouple 
probe l o c a t i o n ,  p s i a  

f 

Local p i t o t  p r e s s u r e  a t  unsh ie lded  thermocouple 
probe l o c a t i o n ,  p s i a  

P res ton  tube p r e s s u r e ,  p s i a  

Dimensionless  parameter  

Wall p r e s s u r e  a t  survey s t a t i o n ,  p s i a  

F ree - s t r eam s t a t i c  p r e s s u r e ,  ps ia  

Hea t - f l ux  r a t e ,  BTU/ft2-sec 

F ree - s t r eam dynamic p r e s s u r e ,  p s i a  

Un ive r sa l  gas cons t an t  for  a i r ,  f t 2 / s ec2 - °R  

Body r ad ius  a t  probe s t a t i o n ,  in .  

P res ton  tube Reynolds number based on boundary- 
l a y e r  edge c o n d i t i o n  

Local Reynolds number a t  unsh ie lded  t h e r m o c o u p l e  
probe l o c a t i o n  

F ree - s t r eam Reynolds number, f t  -1 

Densi ty  based on boundary l~ye r  edge 
tempera ture  (TED), s l u g s / f t  3 

Dens i ty  based on r e f e r e n c e  tempera ture  (TEPO), 
slugs/ft ~ 

Flow-fleld density at the boundary-layer edge, 

slugs/ft 3 

Flow-field density at the unshlelded thermocouple 
probe location, slugs/ft 3 

Density based on wall condition, slugs/ft 3 

Reynolds number based on wall condition 

Stanton number 

o .  
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TCAL 

TED 

TEDGE 

TEPO 

TEU 

TO, T 
O 

TOUI 

TOUM 

TUI 

TW, TWX, T 
W 

8T 

UOED 

UUE 

UUI 

V 
QO 

X, XSURF 

ZP 

ZU 

7 

~, ETA 

P~ 

Temperature parameter  used to de f ine  
boundary l a y e r  edge tempera ture  (TED),°R 

Boundary- layer  edge t empera tu re ,  OR 

Gardon gage sens ing  d i s c  edge tempera ture , °R 

Reference  t empera tu re ,  °R 

Boundary- layer  edge t o t a l  t empera ture  deduced 
from c o r r e c t e d  unsh ie lded  thermocouple probe 
d a t a ,  °R 

Tunnel s t i l l i n g  chamber t o t a l  t empera tu re ,  °R 

Correc ted  unsh ie lded  t o t a l  t empera ture  probe 
measurement,  °R 

Measured t o t a l  t empera ture  from the unsh ie lded  
thermocouple probe,  °R 

Local s t a t i c  t empera ture  a t  the unsh ie lded  
thermocouple probe l o c a t i o n ,  °R 

Model wa l l  t empera ture ,  OR 

Temperature d i f f e r e n c e  between the c e n t e r  and 
edge of a Gardon gage sens ing  d i s c ,  °R 

Local v e l o c i t y  based on boundary l a y e r  edge 
tempera ture  (TED), f t / s e c  

Boundary- layer  edge v e l o c i t y ,  f t / s e c  

Local v e l o c i t y  a t  unsh i e lded  thermocouple probe 
l o c a t i o n ,  f t / s e c  

Free -s t ream v e l o c i t y ,  f t / s e c  

Model s t a t i o n  and su r f ace  l e n g t h  r e s p e c t i v e l y ,  inches  

Height  of the p i t o t  probe above the model 
s u r f a c e ,  i n .  

Height of unsh ie lded  thermocouple probe above 
the model s u r f a c e ,  in .  

Rat io  of s p e c i f i c  hea t s  = 1.4 

Unshielded thermocouple probe c a l i b r a t i o n  f u n c t i o n  

Free-stream density, slugs/ft 3 
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DATA REDUCTION 

1 .0  Surface Pressure Data 

All surface pressure data were reduced using standard facility 
reduction procedures. Linear transducer calibration factors were 
o b t a i n e d  p r i o r  t o  each  o p e r a t i o n a l  p e r i o d  so  a s i m p l e  c a l c u l a t L o n  
was necessary: 

PRESSURE = SCALE FACTOR(READING-ZERO) + REFERENCE 

2.0 Heat-Transfer Data 

Thermopile-type Gardon heat gages described in Ref. 2 were used to 
obtain heat-transfer distribution. The heat flux to the gage is com- 

p u t e d  as  f o l l o w s :  

where 

ffi C2E 

Btu  
C 2 = gage calibration factor, ft2_sec_mv 

(1) 

E = gage  o u t p u t ,  my 

Calibration factors include compensation for variation in wall tem- 

perature: 

= C114 .72878  - ( 2 . 8 3 7 6 5  x 10-2)TEDGE 
C 2 

+ L(7.82707 x IO-5)(TEDGE) 2 

- ( 9 . 4 4 8 6 9  x 10-8)(TEDGE) 3 + (4 .30151  x 10-11)(TEDGE) 4]  

C 1 ffi gage  c a l i b r a t i o n  f a c t o r  a t  530°R 

TEDGE ffi gage  s e n s i n g  d i s c  edge  t e m p e r a t u r e ,  °R 

w h e r e  C 1 i s  t h e  gage  c a l i b r a t i o n  f a c t o r  a t  530°R 

The t e m p e r a t u r e  d i f f e r e n c e  b e t w e e n  t h e  c e n t e r  and  t h e  edge  o f  t h e  
s e n s i n g  d i s c  was c a l c u l a t e d  b y :  

(2) 

w h e r e :  

AT ffi K.E 

K = gage  t e m p e r a t u r e  c a l i b r a t i o n  f a c t o r ,  °R/my 

(3)  
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The gage edge temperature was measured dlreccly and combined with 
AT to obtain an effective wall temperature: 

T = TEDGE + 0.75 AT (4) 
W 

This method of obtaining an effective wall temperature is discussed in 

detail in Ref. 2. 

Heat-transfer coefficient was then calculated as: 

H(TO) = ~1 (5) 
TO-TW 

Further reduction to Stanton number was achieved using the fol- 

lowing: 

ST(INF) = H(TO) 
pmV [0.2235 + (1.35 x IO-5)(TO~TWi] 

(6) 

3 .0  P robe  Da ta  

Mean-flow boundary-layer data are presented as measured pressure 
and temperature values. Final reduced boundary-layer parameters are 
calculated only for those cases which satisfy the requirements for 
defining a boundary-layer edge. True probe heights above the cone 
surface were determined in the radial direction. The curvature of 
the model surface at the survey station, the lateral spacing of the 
probes in the rake, and the relative vertical spacing of the measure- 
ment probes were taken into account. 

3.1 P i t o t  Pressures 

Pitot pressure data were reduced following the procedures de- 
scribed in Section 1.0 which apply to surface pressure. 

3 .2  U n s h i e l d e d  The rmocoup le  Measuremen t s  

This section contains the procedure for obtaining local total 
temperature from the unshlelded thermocouple probe output. The nomen- 
clature used applies to the on-board probe although the identical 
procedure was for the overhead probe. The procedure, shown in a 
block diagram (page 37) is as follows: 

U-I. Interpolate the local pitot pressure, PPO, from ZP to 
a value at the ZU locations. Designate the interpolated 
pitot values as PPU. 
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U-2. Compute the local Mach number, MUI, as follows: 

b. T h e n  MUI = <[(PPU/PWX) Y - 2/(y-l) 

Otherwise, iterate the following to obtain MUI: __l_ 1 

where PWX is the wall pressure at the survey station 

U-3. If MUI < [)POUI = PPU 

If MUI > I 
_7_ 1_1_ 

1 .̧ 
'POUI = PPU 0/-1)(HUI)2 + 2 y+l ' ]  

[(~+I ) (Hun 2 

.,,44 Pwx)[, ~-1 (Huz)2] u-4. PmOUT ~f "Tb-~ + 2 

U-5. ~ = T O U I  ( '+  (---MU~)2) -' 

u-6. uuI = HUZ(y~(TUT))I/2 

O. 227 (10 -7) (TOUI) 3/2 
U-7. MUUI = 199 + TOUI 

(RU0UI) (~Z) ( d )  
U - 8 .  REU = 

N U U I  
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U-9. 

U-tO. 

4 

rl = ETA = Z AN(REU) N/2  
N=0 

w h e r e  AN a r e  c a l i b r a t i o n  c o n s t a n t s  u n i q u e  t o  
e a c h  p r o b e  

TOUI = TOUM 

I n p u t  Data: 

TOUM VS ZU 
POUI VS ZU 
MUI VS ZU 

At e a c h  ZU v a l u e ,  t h e  d a t a  was c o r r e c t e d  a s  f o l l o w s :  

(a)  Assume TOUI = TOUM, compute  KEU f rom Eq. U-8 .  

(b)  Compute n f rom Eq. U-9 .  

(c )  Compute c o r r e c t e d  t e m p e r a t u r e ,  TOUI, f rom Eq. U-IO.  

(d)  Us ing  t h e  c o r r e c t e d  v a l u e  o f  TOUI, r e p e a t  s t e p s  (a )  
t h r u  (c )  u n t i l  

(TO I - f TO l 

TOUI~j 

I n p u t  c o n s t a n t s :  

d 

Y 

< 0.0005 

- Probe tip diameter = 0.005 in. = 0.0004167 ft. 

= 1 . 4 ,  r a t i o  o f  s p e c i f i c  h e a t s .  

3 . 3  P r e s t o n  Tube Da ta  

C a l c u l a t i o n  p r o c e d u r e s  o u t l i n e d  i n  t h i s  s e c t i o n  w e r e  u s e d  to  
e v a l u a t e  s h e a r  s t r e s s  a t  t h e  mode l  w a l l  as  d e s c r i b e d  i n  R e f s .  4 and 
5. The i n i t l a l ' s u r v e y  p o i n t  w i t h  t h e  P r e s t o n  t u b e  i n  c o n t a c t  w i t h  
t h e  mode l  s u r f a c e  was t h e  o n l y  v a l i d  d a t a  p o i n t .  The c a l c u l a t i o n  
p r o c e d u r e s  shown i n  t h e  b l o c k  d i a g r a m  ( p a g e  3 ~  a r e  as  f o l l o w s :  

37 

i ,  



ON-BOARD UNSHIELDED THERMOCOUPLE CALCULATION 

BLOCK DIAGRAM 

U-1 

U-2 

U-3 

U-4 

U-5 

U-6 

U-7 

U-8 

U-9 

INTERPOLA, TE 
PRESS. ~PPU 

i 

I 
I ~°~ l 

I 
I- ~°°~ I~. 

I 

I 
[ 

I 

I 
ETA ] 

S t a r t :  
Assume 

TOUI = TOUM 

I 
U-1 0 [ TOUM/TOUI ] 

I _~0. 0005 

>0.0005 
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PO-I. 

PO-2. 

PO-3. 

PO-4. 

"PRESO - PWX ] 
TAUNO = ~AUO" J 144, ps f 

AWO= [yR ('I'NX)] 1/2 

RHOWO = (PWX) (144) 
R(ZWX) 

MTAUO ffi (TAUNO)I/2/(AWO) (RHONO) I/2 

PO-5. MUWO = 
0. 227 (I 0 -7) (TWX) 3/2 

199 + TNX 

PO-6. RTAUO = [~O1 [(TAUNO) (RHOWO) 11/2 

where DPO = PRESTON TUBE O.D., 0.001667 FT. 

PO-7. 

PO-8. 

PTAUO0 ffi 96 + 60 lOglo  (RTAUO/50) 

+ 23.7 [IOgl0(RTAUO/50)] 2 

+ (104)(MTAUO) 2 [(RTAUO) 0"3 - 2.38]  

PTAUOO + PTAUOI 
PTAUOi+I = 2 

The following equations as formulated by Allen in Ref. 5 are 
used to assess Preston tube calibration precision band on data. 

t. MIIOE = 0.227(10 -7) (TED) 3/2 
199 + TED 

2. REEO = (RHOED) (UOED) (DPO) 
MUOE 

3. Compute local Mach number, MOO, as follows: 

__.7__ 

a. I f  PRESO/PWX <_ "''"/{('y+l)/2)Y-1/ 
I 

~-I -I 
b. Then MOO =~[(PRESO/PWX") 7 -I]~2/(y-1)1) 7 

Otherwise, iterate the following to obtain MOO: 
_I_ i 

PRESO/PWX = [('y+l) (MOO) 2/2] 7-1 [ ('y+l) / (2"y (MOO) 2- ('y-l))] Y-zT 
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PRESTON TUBE CALCULATION BLOCK DIAGRAM 

PO-3 

f 

PO-4 

i 

i 

I 

PO-5 l 

PO-6 l 

PO-7 l 

ASSUME 
PTAUO = 200 

I 
I 

PO-2 

i 
PO-1 TAUWO J~  

i 
AWO ] 
[ 

RHOWO I 

[ 
HTAUO I 

i 

i 
RTAUO ] 

I 
PTAUO I 

~ 1  <0. 0005 

>0.0'005 
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4. UPTO = (MOO)IyR'EWX ]I/2 
5. CUOED)[yR(TED)] - I /2 

6. RHOOP/RHOED = 1 + 0.035 (MEO) 2 + 0.45 

[1 + 0.035 (MEO) 2 + 0.45 (~ED 7. TED/TEPO = 

h 

8.  TEPO = ~T--'~ I (TED) 

[ITED 11"5 [TEPO + 1991] 
9.  oz/ po = L TEPOI t ÷ 1- lJ 

10. FIO = ~----'OED'I ~ IUOEDI 

-- -I)] -i 

-I~] -I 

4.0 Boundary-Layer Integral Values 

The procedures described in this section were used to evaluate 
boundary-layer parameters from integral relationships. Establishment 
of the boundary-layer edge location and flow conditions is requlred to 
establish the upper limit for the integrals. Note the precautions 

listed with the calculatlons. 

1. I n p u t  d a t a :  

TOUI v s  ZU 

where TOUI is the corrected unshielded thermocouple value. 

2. At the value of ZU nearest 0.700 in. set TCAL ffi TOUI. 

. Moving from the point ZU ffi 0.7 towards ZU ffi 0, curve fit 
the data set TOUI vs ZU. Sets of five points should be 
fitted with a second order (parabolic) fit. 

4. Evaluate the curve fit segments and locate the value of ZU 
at which the value of TOUI = TCAL (I ± 0.0025). 

NOTE: For cases where TOUI = 0.9975 TCAL, 
print message: 

"BOUNDARY LAYER EDGE CONDITIONS OF TOTAL 
TEMPERATURE OVERSHOOT NOT MET. INTEGRAL 
PARAMETERS SHOULD BE USED WITH CAUTION. " 

5. When t h e  p o i n t  i n  I t e m  4 h a s  b e e n  l o c a t e d  e v a l u a t e  b o t h  TOUI 
and ZU and d e s i g n a t e  a s  f o l l o w s :  

DELU = ZU 

TEU = TOUI 
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6. I n p u t  d a t a :  

RHOUI vs  ZU ( b o u n d a r y - l a y e r  edge)  

UUI vs ZU 

7. Us ing  t h e  same ZU v a l u e s  u s e d  i n  I t em 4,  f i t  t h e  d a t a  f rom 
I t em 6 w i t h  a s econd  o r d e r  ( p a r a b o l i c )  f i t .  

8. E v a l u a t e  t h e  c u r v e  f i t s  i n  I t e m  7 a t  DELU = ZU. D e s i g n a t e  
t h e  v a l u e s  o f  EHOUI and UUI as  f o l l o w s :  

RIIOUI ffi RHOUE~ @ DELU 

J UUI = UUE 

9. Determine displacement thickness by evaluating the following: 

DELU* + (DELU*) 
DELU 

2 cos  e 
= I [1- 

ZU=O 

(RHOUI)(UUI)] [1  + (ZU)(cos  e)]dZU 
(RHOUE) (UUE) RB 

where  e = body s u r f a c e  a n g l e  at t h e  s u r v e y  s t a t i o n ,  deg 

RB = body radius at the survey station, in. 
(normal to model axis) 

Use the quadratic equation: 

~ - b  
DELU* = 

2a 

where  
cos  e 

a ffi 2 ( R B )  

b =  I 

C = 

DELU - f [1 -  (SHOUt) (UUI) If + 
ZUffiO 

(ZU)(cos  0) ] dZU 
RB J 

10. Determine momentum thickness by evaluating the following: 

DELU2 + (DELU2) 
2 cos e ffi DELU 2R---~ f (RHOUI) (UUI) 

zuffio (RHOUE) (UUE) 

Use t h e  q u a d r a t i c  e q u a t i o n :  

~ 2  _ 4ac - b 
DELU2 = 2a 

1- UUI ]1" (ZU) (cos e) )dZU 
U--~Jl ~ + RB 
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where 
cos O 

a-- 2RB 

b = 1  

DELU 
c =  - /  

ZU=O 
[ UUI ](. (ZU) (cos O)) (RHOUI) (UVl) I - ~ , + , dZU 

(RHOUE) (UUE) RB 

11. Determine the kinetic energy defect from the following: 

DELU3 + (DELU3) 
2 cos O DELU 

- I 2RB ZU=0 
['( ) (RHOUI) (UUI) UUI +(ZU) (cos O) dZU 

(RHOUE) (UUE) - ~ RB 

Use the quadratic equation: 

/4b 2 - 4ac - b 
DELU3 = 

2a 

where cos 0 
a = 2RB 

b = 1  

DELU 
C =-/  

ZU=0 (RHOUE)(UUE) -UUEI j I + RB " 

12. Determine the total enthalpy defect: 

DELU4 ÷ (DELU4) 2 cos 0 fDELU(RHOUI)(UUI)II TOUI . (ZU)(cos 0)IdZU 
2RB =ZU]__O (RHOUE) (UUE) - T--~-] [ I ÷ RB ' 

Use the quadratic equation: 

DELU4 = Jb 2 - 4ac - b 
2a 

where cos e 
a= 2RB 

b = 1  

DELU 
c = - f  

ZU=0 
(RHOUI) (UUI) I1 (RHOUE) (uu~.) TEuTOUI]( 1 + (ZU)(c°sRB 0)) dzU 
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13. C a l c u l a t e  s h a p e  f a c t o r :  

DELU* 
HU1 = - -  

DELU2 

DELU2 
HU2 -- 

DELU3 
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APPENDIX IV 

SAMPLE DATA NOMENCLATURE AND FORMATS 

I. Nomenclature: 
2. Sample Data: 
3. Nomenclature: 
4. Sample Data: 
5. Nomenclature: 
6. Sample Data: 
7. Nomenclature: 
8. Sample Data: 

Surface Pressure Data 
Surface Pressure Data 
Heat-Transfer Data 
Heat-Transfer Data 
On-Board Probe Flow-Field Data 
On-Board Probe Flow-Field Data 
Overhead Probe Flow-Field Data 
Overhead Probe Flow-Field Data 

45 

% m = 



ALPHA MODEL 

ALPHA PB 

CONFIGURATION 

DATA TYPE 

DEW POINT 

GROUP 

L 

M(INF) 

M~(INF) 

NOSE RADIUS 

ORIFICE 

PHI 

P(INF) 

PO 

POP 

PW 

Q(INF) 

RE(INF) 

RHO (INF) 

ROLL 

T(INF) 

TO 

TRIP 

U(INF) 

X 

XSURF 

IV-1. NOMENCLATURE: SURFACE PRESSURE DATA 

Model angle  of a t t a c k ,  deg 

Support s t i n g  prebend ang le ,  deg 

Model c o n f i g u r a t i o n  (see Fig.  2) 

Type of da ta  t a b u l a t e d  

Free-stream flow frost point, °F 

Data group number 

Sharp 7-deg cone axial length, 40 in. 

Free-streamMach number 

Free-stream viscosity, ibf-sec/ft 2 

Model nose tip radius, in. 

Model pressure orifice identification (see Table I) 

Pressure orifice circumferential location 
(see Table I), deg 

Free-stream static pressure, psia 

Tunnel stilling chamber pressure, psia 

Free-stream normal shock pressure, psia 

Model wall pressure, psia 

Free-streamdynamic pressure, psia 

Free-stream Reynolds number, per foot 

Free-stream density, s l u g s / f t  3 

Model roll angle, deg 

Free-stream static temperature, °R 

Tunnel stilling chamber temperature, °R 

Bounday-layer trip configuration (sphere diam or 
nominal trip height in inches) 

Free-stream velocity, ft/sec 

Orifice model station, in. 

Orifice surface location, in. 
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,~j 

AROwZRC - AEOC DZVZSZON 
A SVERORUP CORPORATION CONPANY 
YON KARNAN GAB DYNANICE FAC[LXYY 
AtgOtD AIR roBcz ETATZONw TERN 

GROUP - 09 
R c z a r ) e  0eBB 
R E ( t N r ) •  4 , S I U , O t  PER rT  

DATA TYPE 
BURFACE PREB 

ORZPICE X X/L 
(ZN) 

IT 80090 0,7023 
IS 90082 0e2271 
IS 11 ,067  002767 
14 13 ,0 53  003263 
19 15,031 003159 
13 17 ,023  0 , 4 2 5 6  
!1 3 0 , 0 0 0  005000 
10 RR,0TS 0,5519 
g 240060 0,6015 
0 360045 006511 
7 | 8 . 0 3 0  007008 
J 30.015 007504 
$ 32,000 00~000 
4 330985 0 , t 4 9 6  
) 3 5 , 9 7 0  0 , 8 9 9 3  
| 380015 009604 
1 39,504 0098T6 

|4  110067 0 , 2 7 6 7  
2|  300015 0,7504 
23 390504 009876 
~T 110067 002767 
|B 300015 007504 
3S 390504 0 ,98T6  

.30 11 ,061  O,2T6T 
30 ) O , O | S  007504 
| t  3 9 , S 0 4  009076 

"33 ] 0 , S 1 1  009030 
31 BASE 
]J  ' BABE 

PROJECT TO Y41N-P6A 
NANNOIDOTR HYPERBONZC TURBUtEHT BOUNDARY tATER ZNVENTZGATZON 

PHASE IZ 

DATE CORPUT[D 
DATE R£COPDEO 
TINE RECORDED 

AtPHA HODEt • 0002 BEG, DEN PT•*33000 COPPZGURATZON 
AbPHA PB • 0 , 0 0  DEG, (DEG r )  T-DEG CONE 
BOLt 8 0170094 DEG, 

NOSE RAOXUSrZN 
SHAPP 

XSURF PHZ Pq PN/PZRr 
(ZN) (DEG) (PSZA) 
00150 00 00347 2008 
90150 0, 00343 2,06 

110150 0, 00336 2001 
13 ,180  00 003~5 1095 
180225 O, 0033S 2000 
170150 O, 00341 3004 
300035 O, 00325 1095 
83 ,300  Oe 00327 1o96 
240300 O, 00329 1097 
26 ,300  O, 00325 1095 
280300 00 004Z9 2057 
300126 00 0 0 ] 2 9  1097 
33,300 O, 00324 1e94 
340300 O* 0 , 3 3 9  1o97 
360300 0 ,  00329 1097 
300300 00 00337 2002 
390000 00 00331 1o98 
110150 - 9 0 ,  00332 Io99  
300300 090 ,  0 , 3 2 8  1 .96  
390800 o900 0 , 3 3 0  lo98  
11 ,150  90 ,  0 , 3 2 2  lo93  
300300 90o O.31q 1 ,91  
350800 90 ,  00329 1 ,97  
11 ,150  180o 00328 1o97 
300300 180o 0 , 3 1 6  1 .09  
350000 180o 0 , 3 3 0  1090 
30 ,6§ 0  00 00331 1098 
BABE O, 0,148 0o00 
BABE 180,  00073 0044 

PO • 3 5 0 0 5 1 P S Z A  
TO • 00407 DEGR 
P ( I R F ) •  0 , 1 6 7 0  PSZA 
B E ( I N F ) •  00459E+07 PER FT 
NU(INF)•  0o861E007 ~8VoBEC/FT3 

U(ZNF)a 301703 FT/SEC 
Q(ZNF)s 4,139 PS|A 
T(ZNF)n iOT,O DEGR 
POP • ?,69 PNZA 
RHO(ZNr)• O , I ] IE -03  SLUGN/rT3 

30-JUN-78 
13-APR-T~ 
23J Sl ] 

TRZP 
NONE 

I j 

I 

i 
' °  | 

~J 
Q 

t~ 

Q e  

CA 

J-b' 

C) 

(D 

G 

®1 
r+ • ~j 



ALPHA MODEL 

ALPHA PREBND 

ALPHA SECTOR 

CONFIGURATION 

DATA TYPE 

DEW PT 

GAGE NO. 

GROUP 

H(TO) 

L 

M(INF) 

MODE 

MU(INF) 

NOSE RADIUS 

P(INF) 

PO 

QDOT 

Q(INF) 

RE(INF) 

RHO(INF) 

ROLL 

ST (INF) 

ST(INF)(CORRECTED) 

TEDGE 

T(INF) 

TO 

IV-3. NOMENCLATURE: HEAT-TRANSFER DATA 

Model angle of attack, deg 

Support sting prebend angle, deg 

Tunnel sector pitch angle, deg 

Model configuration (see Fig. 2) 

Type of data tabulated 

Free-stream flow frost point, °F 

Gardon gage identification number (see Table I) 

Data group number 

H e a t - t r a n s f e r  c o e f f i c i e n t ,  BTU/FT2-sec-°R 

Sharp 7-deg cone a x i a l  l eng th ,  40 in .  

Free-stream Mach number 

Static or dynamic data mode identification 

Free-stream viscosity, lbf-sec/ft 2 

Model nose tip radius, in. 

Free-stream static pressure, psia 

Tunnel stilling chamber pressure, psia 

Heat-flux rate, B~J/FT2-sec 

Free-s t ream dynamic pre s su re ,  p s t a  

Free-s t ream Reynolds number, per f t  

Free-stream density, ibm/ft 3 

Model roll angle, deg 

Stanton number 

Stanton number corrected (see Section 4.5) 

Gardon gage sensing disc edge temperature, °R 

Free-stream static temperature, °R 

Tunnel stilling chamber temperature, °R 
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TRIP 

TW 

V(INF) 

X 

XSURF 

Boundary-layer trip configuration (sphere 
diam or nominal trip height in inches) 

Model wall temperature, OR 

Free-stream velocity, ft/sec 

Model station, in. 

Surface length, in. 
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~n 
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f 

AROwlNC, 
A[0¢ DIVIGIOH 
A 8VEPPRUP CORPORATION CORPANT 
VGH KARNAN GAS OYNAHXCG FACILITY 
50 ZffCH HYPERSOHT¢ TUHHEL B 
ARNOLD AIR FORCE. STATION, THe 
DATE 04118/70 PROJECT HOD Y4tB'MSA 

DATE TZME TIRE REDUCED 
04/13/78 221341241100 2213414116t6 

DATA T Y P E  coHrlGURATION 
HEAT TRANSFER 

7-DEG CORE 

GAGE NO, 

G19 
Gi8 
GI7 
Gt6 
GIG 
GIG 
Gt3 
G12 
G!1 
G10 
G9 
Ga 
G7 
G6 
G5 
G4 
G3 
G2 
GI 

X X/L 
( I N . )  
8.090 ,2023 
9,082 o2271 

|3.,052 .3263 
15,037 03759 
17,023 ,4256 
5R,,01~ ,4S04 
19008  04753 
20000  ,S~O0 
20..g93 05~48 
2~,,075 ,5519 
23.067 ,5767 
24.060 06015 
25.052 ,6263 
26.045 ,6511 
2R,O3fl ,700R 
32.000 08000 
330985 ,8496 
350970 00993 
30.f115 ,9504 

M(ZNP)N 5.95 
POOhs -0 ,04  DEG, 
ALPHA 8ECTOR8 0001DEG, 
ALPHA PREBflOm 0000 DEG, 
ALPHA MODEL n 0001DEGo 

GROUP 93 

,.5 

GAHRO/OOTR HYPERSONIC TURBULENT BOUNDARY LAYER INVEGTIGATXOR 
PHAEE I I  

GAROON GAGE8 

TIME FROM ¢L 
1,04 

NOSE RADIUSwZN, TRIP NODE 

8HARP NONE STATIC 

X 
GURPACE 

0,150 
90150 

13.150 
15.150 
17.150 
180150 
19,150 
20.150 
21.150 

• 220240 
23.240 
24,240 
35.240 
26.240 
38.240 
32,340 
34.300 
360300 
30,300 

ODOT ?EDGE 
(BTU/FTIoGEC) (DEG,R) 

0,3752 533 , |  
"0 ,2747 53303 

• 007333 . S3S.O 
,NIT 
OMIT 

0.7086 535. t  
007300 534,4 
0.7005 535,9 
0.7544 336,2 

.HIT 
0.0333 S36 ,4 '  
0.749S S35,0 

.HIT 
0.7206 535,4 
0.7427 535.4 
0,7614 53S04 
0,7311 SIS,O 

?W H(TO) ST(ERr) • 
(DEG.R) (8Tu/rTI-SECoDEGR) 
S34,5" 0,804E-03 0,28.~E00) 
534,8 0,084E-03 0,2846-03 
538,9 0,239E-02 0,760E-03 

5390J 00257E-02 Oo828E-O) 
S38.2 0.235E-02 0.765E-03 
539.6 0,232E°02 0,745E°03 
540.1 0.247E-02 0.795E-03 
53706 

S40.T .00273E-02 00880E-03 
538,9 0,244E-02 0,786E-03 " 

S39.1 0,235E002 O,7sTEo03 
539,2 0.2426-02 0,780E-03 
539,3 0,249E-02 0,800E00I 
538,9 0,238E-02 0,767E-03 
S36,4 

POw 2S0o01PEIA 
TOm 84S.7 DEGoR 
P(INF)a ,1667 PSZA 
RE(ZNF)w 40734E÷06 P~R rTo 
HU(XNF)a 80422E-OGLDroGEC/rT~ 
PHO(INr)u 40299E003 LBM/rT3 

VtINF)m 2984o0 FT/GEC 
G(ZHF)8 4 ,131PRIA 
T(IRF)N 104,7 DEG,R 
DER PTu -32,DEGoP 

[' 

" ' "  i n ! 

~A 

RT(xRr) 
(CORRECTED: 
0 , IA?E°0)  ~" 
0,273E-03 ! 
0,745E00$ 

m 
0.895E003 0" 1 
0,002E003 ,t 
0,8706-03 ~ : 
0,8286-0)  ~ : 

! 
0.819E-03 
0,7686-05 ~ 

0,766E-05 ~ . 
0.69S6003 ~ ! 
0,786E-03 
0,799600) 

~ ; '  

N 

I ! 

I !" " 
g 

J 



IVy5. NOMENCLATURE: ON-BOARD PROBE FLOW-FIELD 

PRINTOUT PAGE ONE 

ALPHA MODEL 

ALPHA PB 

CONFIGURATION 

DATA TYPE 

DEW PT 

GROUP 

LOOP 

M(INF) 

MU(INF) 

NOSE RADIUS 

P(INF), PINF 

PO 

POP 

PPO 

PROBE STATION 

PWX 

Q(INF) 

RE(INF) 

RHO(INF) 

ROLL 

T(INF) 

TGX 

TO 

TOUI 

TOUM 

Model angle of attack, deg 

Support Sting prebend angle, deg 

Model configuration (see Fig. 2) 

Type of data tabulated 

Free-stream flow frost point, "F 

Data group number 

Data point identification number 

Free-streamMach number 

Free-stream viscosity, ibf-sec/ft 2 

Model nose tip radius, in. 

Free-stream static pressure, psia 

Tunnel stilllng chamber pressure, psia 

Free-stream total pressure downstream 
of a normal shock, psla 

On-board probe pitot pressure, psia 

Probe station location measured along 
model surface from model nose tip, in. 

Model wall pressure at the survey station (x)~ 
psia 

Free-stream dynamic pressure, psla 

Free-stream Reynolds number, per foot 

Free-stream density, s l u g s / f t  3 

Model roll angle, deg 

Free-stream static temperature, "R 

Surface temperature at model station (X), °R 

Tunnel stilling chamber temperature, "R 

Corrected total temperature probe measurement, °R 

Unshlelded thermocouple probe total temperature 
measurement, °R 
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TRIP 

TWX 

UUI 

U(INF) 

Boundary-layer trip configuration - sphere 
and grit dimensions stated in inches 

Model wall temperature at probe survey station, °R 

Local velocity, ft/sec 

Free-stream velocity, ft/sec 

ZP Height of the picot probe above the model 
surface, in. 

ZU Height of unshielded thermocouple probe 
above model surface, in. 

PRINTOUT PAGE TWO 

All heading information i s  identical to page one. 

TG-1 t o  TG-19 Gardon  gage  c a s e  t e m p e r a t u r e ,  °R 

PRINTOUT PAGE THREE (Unshielded Temperature Probe Correction) 

All heading information is identical to page one. 

A0 to  A4 

ETA 

LOOP 

MUI 

PO 

PPU 

REU 

Calibration constants 

Effective probe recovery factor 

Data point identification number 

Local Mach number at survey point 

Tunnel stilling chamber pressure, psia 

Local picot pressure interpolated for total 
temperature probe height ZU 

Local Reynolds number at survey ~olnt 

All the following parameters defined in Appendix III. 

DELU, DELUX, DELU2, DELU3, DELU4, HUt, HU2, TEU, UUE and RHOUE. 
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AROoZNC - AEDC DIVISION 
A 6VERDNUP CORPORATION COHPANY 
VON RARNAN GAS DYNANZC6 FACZLZTT 
ARNOLD AIR roRcz 8TATZONw TERN 

L J1 

GROUP 1 0 |  
NCZMr)a S , 9 S  
REIIHF)•  4 . 7 6 4 E ~ 0 6  PER FT 

DATA TYPE 
ONoSOAPD PROBE 

LOOP PD TO 
(PBIA) (DEGR) 

1 250.91 841.7 
250,81 842,7 

3 351.11 041,7 
4 251.01 044.7 
S ~51.21 844.7 
S 251.31 040.7 
7 2SI .62 044.7 
I 251,62 845.7 
9 251,92 045.7 

10 251.02 842.7 
11 ~51.92 06307 
13 252.22 845,7 
13 252022 043.7 
14 ~82.12 843.7 
IS 251.92 043.7 
16 251002 043.7 
17 ~61,72 045,7 
11 251.53 04307 
19 3SI .72  045.7 

-20 251.52 04307 
21 251,41 845,7 
22 251.21 045,7 
23 . | 2105 |  845.7 
24 251.31 04307 
~S |51,31 043.7 
26 281.11 843,7 
27 351,21 845.7 
20 250.91 043,7 
39 350091 046,7 
39 aS0.91 046,7 
31 350071 046.1 
3| |10071 1 6 3 0 1  

PINF 
tPSIA) 

0 .167 
0.167 
0.167 
0,167 
0.167 
0.168 
0.160 
00160 
0.160 
00160 
0.168 
0.168 
0,160 
0,168 
0.168 
0,160 
0,168 
0,160 
0.160 
0.160 
0.168 
0.167 
0.168 
0,160 
0.168 
0 .167 
0.167 
0.167 
0,167 
0,167 
0.167 
0 .167 

PPOJECT NO Y41B-W6A 
SAMSD/DOTR HYPERSONIC TURBULENT BOUNDARY LAYER 

PHAS~ I I  
INVESTZGATION 

ALPHA HODEL • O.OS DEG. DEk PTt*32.00 CONFZGURATZON 
ALPHA PB t - 0 . 0 0  DEG. (OEG F) 7-DEG CON[ 
ROLL • 0 .04 D£G. 

PROBE 6TATIOf! = 30,650 IN. 6TATION NO.m I 

POP ZP PRO PPO/POP Pk63 TGI ZU 
(PSIA) ( IN)  (PS2A) (PSIA) (DEGR) ( IN)  
7.703 0,0060 0,b20 0,0015 0,320 734, 0,0104 
7,700 0.0005 0.629 0.0617 0,329 734. 000129 
7.710 0.0140 00787 0,1U21 00329 7340 0.0164 
7.706 0.0105 1,136 0.1473 0.329 735. 0.0229 
7.713 0,0215 1,571 0.2037 0.329 735, 0,0259 
7.116 0.0275 1.049 0.2396 0.329 735, 0.0319 
7.725 0.0365 2.261 0.291S 0,339 938, 0.0409 
7.725 000465 2,510 0,3249 0.330 735, 0.0509 
7.734 OoOSSS 2.732 0.3533 0,330 736, O,osgg 
7.731 0,0670 2.970 0.3053 0.330 736. 0.0714 
7,734 0,0765 30101 004113 0 .330 736, 0.0809 
7.743 0.0065 3,446 0.4450 0.330 737. 0.0909 
7,743 0009S5 3,601 0.4754 0.330 737, 0,0999 
7.740 O.lOSS 3.923 0,5069 0,330 730. 0.1099 
7.734 0.1160 40195 0.5424 0 .330 738. 0,1204 
7.731 0,1255 4.468 0.5700 0.329 738. 0.1299 
7.728 0.1360 4,743 0.6138 0.330 730, 0.1404 
7.722 0.1468 S.0SO 0.6540 0.330 7300 0,1509 
7.728 0.1565 5,397 0.6983 0.329 730, 0,1609 
7.722 0.1665 5,637 0,7300 0.329 730. 0.1709 
7.719 0,1760 5.972 0.7737 0.329 738. 0.1004 
70713 0,1865 6.322 0.0197 0.329 738, 0.1909 
70722 0.1965 6,660 0.0695 0.329 739, 0.2009 
7.716 0.2060 70026 0.9107 0.32~ 739o 0.2104 
70716 002260 7.774 1.0076 0.329 739, 002303 
7.720 0,2460 0,566 1.1111 0.329 739, 0.2S03 
7.713 0,2665 9,451 1.2253 0.329 739. 002708 
70703 0,2065 100136 1.3155 0 ,320 739, 0.2908 
7,703 0.3OSS 10,793 1,4011 0 ,329 739. 0.3090 
7 ,703 0,3255 11.313 104606 0 .329 7390 0,3298 
70697 003465 11.672 1.S164 0.329 739, 003508 
70697 003669 110054 105400 0.320 739, 003698 

DATE CONPUI£O 
DATE R[CORDED 
TINT RECORDED 

NOSE RADIUSwIN 
SHARP 

TOUN TOU~/TO 
(D[GR) 

760, 0.099 
761. 0.901 
762. 0 .902 
763. 0.903 
764. 0 .904 
764. 0 .904 
766. 0.906 
767. 0.900 
769. o,gzu 
772, 0,914 
774, 0 ,g16 
777, 0 ,920 
790, 0.923 
702, 0,925 
784. 0,g20 
766. 0.930 
700, 0,933 
790. 00935 
792, 00937 
794, 0.940 
79~0 0,942 
797, 0.943 
799. 0,946 
000. 0.947 
802, 0,949 
8030 0,950 
003. 0.9S0 
003, 0,950 
801. 0 ,948 
000, 0,947 
799. 0,966 
794, 0,940 

30-OUa-78 
13-aPR-78 
23140t 6 

THZP 
NONE 

I 

S~ 

'o j-, 
~) 

t::J 

r'l 

e ,  

C) 

I 

0 

0 

.0 

I 

I,J. 
(I) 

t~ 
c-I- 



PAGE TWO GPDUP 102 

L,n 

hoOP P ,  TO 
(PSIA) (DEGR) 

33 250.81 843.7 
34 250.71 946.7 
34 250.51 046,7 
34 290051 046,7 
37 3S0031 043.7 
31 950.41 843.7 
39 950,31 046.7 
40 2§0.21 8430~ 
41 | 5 0 . 3 1  046,7 
41 | 5 0 . 3 1  043.7 
49 | 4 0 , | 1  043,7 
44 | S O . | l  844,? 

pzNr 
(PSZA) 

0,167 
0.167 
0.167 
0,167 
0,167 
0,167 
0,147 
0,167 
0,167 
00147 
00147 
0,147 

POP 
(PSZA) 

7,700 
7,697 
1,691 
7,691 
70605 
1,680 
7,685 
7.682 
7.665 
7 .682 
7 0 4 N 2  
7.682 

ZP PP. PPn/POP PW33 
(IN) (PSIA) (PSIA) 

0.3855 11.976 1.5550 0.329 
0.4065 12.014 1.5609 0.328 
004245 12.024 1.5633 0.320 
0,4465 12002S 1,5635 00329 
0.4660 12,016 1.5636 0.320 
0,4060 12,013 1,5626 0.320 
005060 12.005 1.5622 0.328 
0.6045 11.989 1.5607 0.6Ze 
0,7055 11,977 1,5585 00328 
0.0055 110936 1.5539 0.328 
0,0050 11,944 1,4548 0,320 
100060 11.940 105570 0.330 

MEAN VALUES 
P ,  • 251.14 PSX& 
TO • 844.4  DEGR 
P(ZNr ) •  0 .1674 PSZA 
RE(ZNF)• 0,474£+07 PER FT 
NU(INF)• 0 .041E-07 LBFIBEC/FT| 

TGI gU TOUH TOUM/TO 
(DgGR) (IN) (DEGR) 

7400 0.3898 793. 0 .938 
740. 0 .41o0 793.  0 .938 
7400 0.4200 793. 00g30 
7400 0.4500 7930 0 .930 
740, 0,4703 793, 00930 
740, 004903 793. 0.938 
740, 0,5103 7930 0,937 
740, 0,6000 793, 0,930 
740, 0,7097 792, 0,937 
7400 0,8097 792, 0,937 
760, 0,9092 7920 00937 
740. 1,0092 192, 0,937 

U(ZNr)s 298201FT/SEC ' 
Q(ZNF)u 4 .150 PSZA 
T(ZNF)s 104.5 DEGR 
POP • 7 . 7 1 P S I A  
RHQ(INP)a 0s |340103  8bUGS/FT] 

" I 

0 
0 

~L 



ABOeIH~ -. AEDC DIVXSZQN 
A SYERDRUP ¢ORPORATXON COHPANY 
VON RARNAN GAS DYNARIC8 rACZLITY 
ARNOLD AZR FORCE STATZOHt TERN PROJECT NO V41B-MBA 

6ANBO/DOTR HYPERSOHZC TURBULENT BOUNDARy LAYEP INVESTZGATION 
PHASE Z~ 

DATE COHPUTED 30-JUN-70 
DAIE RECORDED 13-APR-78 
TXNE RECORDED 231401 6 

GROUP 102 
X ( I x r ) 8  S,SS 
RE(INF)e 4,764[÷06 PER FT 

DATA TYPE 
ONmROARD PROBE 

ALPHA HODEL • 0,05 DEG, DEN pTu-32000 ¢ONFZGURATZON NOSE RADIUSwZN TRXP 
ALPHA PB • 0,00 DEG, (DEG F) 7-DEG CONE SHARP NONE 
ROLL • 0,04 OEG, 

PROBE STATZON m 38,650 IN, STATION NO,m I 

LOOP ?Go1 TG*2 TG'3 TGo4 TG*5 TG-S TG'7 TG'O TG'9 TG'10 TG'I I  TG'12 TG'I ]  TG-14 TG-15 TG-16 TG*I7 TG'10 TG*19 
OEGR DEGR DEGP" DEGR DEGR D[GR DEGR DEGR DEGR DE~R DEOR D(GR DEGR D/OR DEGR D[GP D£~P DEGR DEGR 

1 7340 734, 7390 
| 7)4, 734, 739, 
] 734, 7340 739, 
4 TSS, 735, 739, 
S 735, 734, 739, 
i T]S, 735, 740, 
T 735, 735, 740, 
| 7 |5,  735, 740, 
9 7350 736, 7400 

10 736, 739, 740, 
11 730, 736, 740, 
1~ 737, 7360 741, 
13 7370 7370 7410 
14 730, 730, 741o 
15 730, 737, 741, 
14 7300 738, 742, 
17 7 3 | ,  730, 742, 
10 739, 738, 742, 
19 7300 738, 742, 
~0 730, 738, 742, 
21 730, 730, " 742, 
2| 738, 730, 7420 
2) 739, 730, 742, 
24 739, 738, 742, 
26 739, 730, 742, 
2 i  739, 738, 742, 
97 739, 739, 7420 
9 |  739, 7380 742, 
29 739, 7390 742, 
30 739, 739, 7420 
] I  739, 739, 742, 
39 739, 739, 742, 
33 740, 739, 743, 
34 740, 739, 743, 
3S 740o 739, 7430 
36 740, 739, 743, 
37 7400 739, 743, 
30 " 740, 739, 743, . 
.39 740, T3S, 743, 
40 7400 739o 7430'" 
41 7400 740, 743,.  

742, 739, 743, 743, 
742, 739, 743, 743, 
743, 739, 743, 743, 
743, 739, 743, 743, 
743, 7390 7430 743, 
743, 739, 744. 744, 
743, 7390 744. 7440 
743, 739, 7440 744, 
7430 740, 744, 7440 
743, 740, 744, 744, 
7440 740, 7440 744, 
745, 741, 745, 745, 
745, 741, 745, 745, 
745, 741, 745, 745, 
745, 741, 745, 745, 
7450 741, 7460 746, 
745, 741, 746, 7460 
745. 741, 746, 746, 
745, 741, 7460 746, 
745, 741, 746, 746, 
745, 741, 746, 746, 
745, 742. 746, 746, 
745, 742, 746, 7460 
745, 7420 746. 746, 
745, 742, 746, 746, 
745, 742, 746, 746, 
746, 7420 745, 746. 
746, 742, 746, 746, 
746, 742, 746, 746, 
746, 742, 7470 747, 
746, 7420 747. 7470 
746, 7420 746, 747, 
740, 742, 747, 747, 
7460 742, 747, 747, 
746, 7420 747, 747, 
7460 742, 747, 747, 
746, 742, 747, 747, 
7460 742, 7470 747. 

"74B0 742, 747, 747, 
746e 742, 747,- 747, 
746, 741, 747," 747, 

745, 747, 749, 7500 7520 
745, 747, 749, 750, 752, 
745, 748. 7490 750, 752, 
746, 740, 74g0 750, 752, 
746, 740, 7490 750, 7520 
746, 7400 74go 751. 752. 
746, 748, 749, 751, 752, 
746, 740. 749, 751, 752, 
746, 740, 7490 751, 752, 

• 746, 740, 7500 751, 752, 
747, 749, 7500 751, 752, 
748, 749, 7510 752, 753, 
748, 750, 751, 752, 753, 
740, 750. 7510 752, 753. 
740, 7500 751. 752, 753, 
748, 7500 7510 752, 7540 
7480 7500 7510 752, 754, 
748, 750, 751, 752, 754, 
748, 750, 751, 752, 754, 
748, 750, 751, 752, 754, 
740, 7500 751, 752, 754, 
748, 750, 751, 7530. 734, 
7490 750, 751, 753, 754, 
7490 7500 7510 753, 754, 
7490 750, 7510 753, 754, 
749, 750, 752, 753, 754, 
7490 751, 752, 753, 754, 
7490 7510 7320 753, 754, 
7490 731, 7520 7530 754, 
7490 751, 752, 753, 7540 
7490 7510 752, 753, 7540 
74V, 751, 7520 753, 755e 
749, 751, 752, 753, 7540 
749, 751, 752, 753, 755,. 
749, 751, 752, 753, 7~5, 
749, 751, 7520 753, 754o 
749, "751,.  762, 753, 7550 
749, 751, 752, 753, 7550 
749, 751, 752, 753, 755, 

.'750, 751o 752, 753, 755, 
700, 7510 752, 753, 755, 

7580 734, 727. 
750, 7340 7~8, 
7560 735, 72@0 
758, 735, 720, 
750, 7350 728, 
759, 735, 729, 
759, 735, 729, 
759, 736, 729, 
75~, 736, 72g, 
759, 736, 72g, 
759, 7360 730, 
760, 730, 731, 
760, 7300 731, 
7610 730, 731. 
76~. 730, 731. 
761, 730. 732. 
761, 7300 732, 
761, 730, 732. 
7610 7300 732, 
761, 7300 732. 
761, 739, 732, 
761. 7390 7320 
7610 739, 732, 
761, 7390 732, 
761, 739, 732, 
761, 739, 733, 
761, 739. 733, 
761, 7390 733, 
7610 739, 733, 
7620 739, 733. 
7620 740, 733, 
762, 740, 733. 
762. 7400 733. 
762, 740. 7330 
762, 740, 733. 
762, 7400 733, 
762, 740, 734, 
7620 740, 734, 
762, 740, 734, 
762, 740, 734, 
762, 740. 734, 

t c~ 
e 

O 

i ~ . 

G (D 
Q. 



PAGE THO GROUP 102 

LOOP TGol TGo2 TG'] TO'4 TG'S TG*6 YG*7 TG'O TG°9 TG'IO TG°II TG'12 TG'I3 TG*I4 TG'I5 TG'I6 TG'I7 TG'10 TGoI9 
DEGR DGGR OEGR DEGR OEGR DEGR DEGP DEGR D£GR DEGR DEGR OEGR OEGR D[GR DEGR DEGP DEGR DEGR DEGR 

4 |  7400 7400 7430 7460 7438 7470 7470 750 ,  7510 7520 7540 7550 7620 740 ,  734 ,  
43 740e 7400 743, 7460 743. 747, 7470 750, 7510 7320 754o 7550 762, 7400 7340 
44 740, T40o T4]o 744o 743o 747. 747o 7500 751, 752, 754, 7550 762, 740o 7340 

¢~ 

0 

)..,. 

I::: 



AROeINC " AEDC DIVZSXON 
A 8YERORUP CORPORATION COMPANY 
YON RARNAN GAS DYNAMXCS FACXbXTY 
ARNOLD AIR FORCE BYAYlOHw TEHN 

8AMSO/DOYR 

GROUP 103 ALPHA MODEL • 
M(ZSr)s S,gS ALPHA PB • 
RE(INF)8 4,7040*06 PER rT LOLL • 

UNSHIILDED YEHPERATUPE PROBE CORRECT~0NB 
ON-BOARD PROBE 

bOOR EU PO" TO PPU 
(IN) (PSIA) (OEGR) (PSIA) 

1 000104 250,91 041,7 0,684 
2 000129 250081 04207 00756 
3 0,0104 251011 041,7 10120 
4 0,0229 251001 044,7 1,636 
S 0,0259 251021 04407 10775 
S 000319 251,31 04S,7 20046 
7 0,0409 251062 044,7 2,365 
O 0,0509 25106~ 04507 2,618 
9 000599 251002 045,7 2,826 

10 0,0714 251002 842,7 3,072 
I I  000009 25109~ 042,7 30297 
12 o,ogog 252,22 84§07 30561 
13 000999 252022 043,7 30787 
14 001099 252,12 04307 40037 
15 0,1204 251,92 84307 4,321 
16 0.1299 251082 04307 4,503 
17 001404 251072 04507 4,071 
IS 001509 253052 04307 50201 
lP 001609 251,72 84507 5,502 
20 001109 251,52 043,7 50791 
21 001804 251041 04507 6,117 
|3  0o1909 251021 04507 6,469 
23 002009 251052 045,7 60828 
24 002104 251031 84307 7,189 
25 002303 251031 04307 70946 
|S  002503 251011 143,7 80753 
27 0,2700 251,21 845.7 9059g 
28 002900 250,91 043,7 10,284 
29 0e]Og0 250,91 046,7 10,906 
30 003290 250091 04607 11,307 
31 0 , )SOi  250071 ~046,7 11,713 
]2 00$tSi  2B0,71 04907 110000 

PROJECT NO V41BoN6k 
HYPERSONIC TURBULENT BOUNDARY 

PHASE I I  

0005 DEG, DEW pTs'32000 
0,00 DES, (OEG F) 
0,04 DEG, 

PROSE 8TATZON • 38,650 IN, 

PPUIPO HUX REU 

0,0027 1000 40056 
000030 1016 52.,74 
000045 1050 72020 
000065 1,06 95002 
0,0071 1095 101007 
0,0081 2011 113070 
0,0094 2,20 126093 
000104 2,41 131041 
000112 2o51 145,59 
0,0122 2,62 155005 
000131 2,72 163071 
000141 2,84 113053 
000150 2093 101070 
0,O160 3,03 191,16 
000172 3o14 201,77 
000192 3023 211039 
0,0194 3034 221095 
000207 3045 234006 
000219 3,$6 244099 
000230 3065 2S5,33 
000243 3075 267002 
000258 3,86 200,00 
000271 3097 292,74 
0,0296 4000 305094 
000316 4,29 333059 

.000349 4051 363033 
000302 4,73 394,91 
000410 4,09 420,59 
0,0435 5o04 445,24 
000454 S, IS 463,96 
000467 S,23 476,90 
000474 5,27 "406,77 

bAYER INVESTIGATION 

CONFXGURATION 
7-DEG CONE 

STATZON NO,s 1 

NOSE 

ETA TOUN/TO TOUX 
(D£GR) 

00926 0,099 7700 
0,926 0,901 773, 
00926 0,902 7800 
00926 0.903 787. 
00926 0,904 7890 
00926 00904 7910 
00926 00906 796, 
00926 0,908 798, 
00926 00910 8020 
00926 00914 806, 
00926 00916 809, 
00926 0,920 814o 
0,926 00923 8180 
00926 00925 0210 
0,926 0,920 8240 
0,926 0,930 027, 
00926 00g33 930, 
00926 0,935 8330 
0,926 00937 036, 
0,926 0,940 0390 
00926 00942 0420 
00926 0,943 0430 
0,926 00946 846. 
0,926 0,947 0480 
00926 00949 051. 
00926 00950 053o 
0,926 00950 0540 
00926 0,950 0550 
0,926 o,g4e 0530 
0,926 00947 053o 
0,926 0,946 052o 
0,026 00940 047, 

DATE COMPUTED 
DATE RECOPDED 
TXME RECORDED 

30-JUN-TO 
130APH-78 
231401 6 

RADXUGoXN 
SHARP 

TPZP 
NO~E 

TOUX/TO 

0,912 
00915 
00923 
00g31 
0,934 
00937 
00942 
00945 
00949 
00955 
00958 
0,963 
00¥68 
0,912 
00976 
0,979 
00903 
00906 
009g0 
00g93 
o,gg6 
0,99g 
1,0U2 
10004 
10008 
10010 
10011 
10012 
10010 
1,010 
1,009 
1,O02 

UUI 
(FTISEC) 
1324,04 
1404,45. 
1706021 
1969011 
2024005 
211~,65 
2209004 
2271023 
2319,13 
3369,54 
2410,90 
2455092 
2492014 
2527,11 
2562,97 
2593,56 
2624027 
2606013 
2683,24 
2707.50 
2732,5~ 
275b,62 
2778.99 
279~,11 
2030,70 
2869.13 
2896,46 
2915,13 
2927077 
2936*g0 
2942,17 
3936,30 

I 

C~ 
0 
r* 
I ~, 

C 



PAg| TWO GROUP 102 

co 

LOOP EU PO TO 
(IN) (PGZA) (DEGR) 

33 003090 |50081 04307 
)4 004100 250071 94607 
3S 004288 250051 04607 
36 004500 250051 046.7 
37 004703 250031 84307 
38 004903 250041 843o7 
3g 0eS103 250031 04607 
40 0,6030 ]50021 04307 
41 007097 250,31 84607 
42 0o0097 250021 04307 
43 0.9092 250.]1 84307 
44 1,0092 ~000|1 04607 

CAbZ|RATZON CONSTANTS 
AO• O.JtOEeOS AIu O,O00g+O0 

PPU PPU/PO MUZ REU ETA 
(pSIA) 
110g82 0.0470 5029 491.39 0.926 
12.017 000479 5030 492.69 00926 
120024 000480 5030 492096 0.926 
120023 000480 5.30 4g2093 0.926 
120015 000480 5030 492064 0.926 
120011 000400 S.30 492.49 00926 
120005 000480 5.29 4g2098 0.U26 
110908 000479 5o29 491062 00926 
110975 000478 5o29 491086 00926 
110937 000477 3o28 490040 0.926 
110945 000477 5.20 490070 00926 
1|e009 000480 502q 493013 00926 

AJe O.O00E+O0 A38 O.O00E+O0 A48 O.O00E+O0 

MEAN VALUEB 
PO • 281014 PSIA 
TO • 84406 DEGR 
PCZNF)• 001674 PSZA 
RE(ZNF)m O.4TSE+OT PER FT 
NUfINF)• 00841Eo07 LSFoSEC/FT2 

TOUHIIO TOUZ TOUI/TO 
(DEGR) 

0.930 846. 1.001 
00g38 846. 1.001 
0.938 8460 10001 
0.938 8460 1.001 
0.938 046. 10001 
0.938 846. 10001 
00937 8450 10000 
00938 046. 10001 
00937 845o 10000 
00937 0450 10000 
00937 04S0 10000 
0.937 8450 10000 

UCZNr)s 2902.1FT/SEC 
O(ZNF)n 40160 PG|A 
T(Zkr )a  10405 D~GR 
POP • 7071PSZA 
RHO(ZNr)s 00134E*03 SLUGS/rT3 

UUZ 
(FT/6EC) 
2936.60 
2937.29 
2957.44 
2937.42 
2937.27 
2937.19 
2935.20 
2936.73 
2934.61 
2933083 
2033°99 
29)5028 I 

o~ 
o 

C~ 
0 

i ~. 

(I) 



ADOpINC • AEDC DIVISION 
A 8VI~IDRDP CORPORATION CONPAnT 
YOU EANNAN GAS DlrNMIIC8 FACIbITT 
AIUIO~D AIR FORCE STATIOII, TENE 

f ~ 

PROJECT NO V41B-NAA 
NANDOIDOTR NTPEROONIC TURDULENT BOUNDARY bAYER INVESTIGATIOJ 

PHASE I I  

DATE CONPUTEO 
DATE A£CORDEO 
TINE RECORDED 

$0"JUnoT$ 
L I ' A P R ' 7 0  
| | 1 4 0 1  6 

GROUP 10| 
N(ZNF)• $00S 
BE(XNF)• 40704E~00 PEN FT 

DATA TYPE 
ONeS,AND PROBE 

EOUIIDABT bATED TAbUE8 

ALPHA NODEL • 0000 DEG, OEN pTo-3|,O0 COpFIGURATZON 
AIJPHA PD • 0000 DEGe (OEO F) ?oDEG CONE 
NObb • 0004 O~ge 

PROBE NTATION • 3806|0 ZN, STATION kOe• I 

NONE RADIONwXl 
&HARP 

TRIP 
MOlE 

d 

c 

DEbU • 009097 IN .  
OELUO• 0 . 1 S 0 4  IN .  
DEbU|•  O.0SJO IN .  
DELU|u I N .  
DELU4• IN .  
HU| u 1 3 . | 0 4 6  
E g |  • 000000 
TEU • 0 4 0 . 0  DEGR 
H E  • | 0 ) 6 0 0  n PER NECDND- 
NIOUEe J e J i g t - 0 4  DLUH PEN FT) 

t 

HEAN VALUE8 
PO • |61,L4 PA|A 
TO • |44 ,6  DEGR 
| | I N r | i  O,I6?4,F&IA 
RECINF)o 0,416|+07 PER TT 
NUCINF)o 00041E-07 LDF'SEC/VT| 

Q 

U(ZHF)B298~, I  FTISEC 
G(INT)o 4,160 P&Z~ 
T|ZNF)u |040$ DEGR 
POP • 7eTS PSIA 
RNO¢INF)n OeS$4E'O] SGUGBIFT] 

0 
0 
:s 
t~ 
I ~ 

G 

,-L 

o . o  



IV-7. NOMENCLATURE: OVERHEAD PROBE FLOW-FIELD DATA 

PRINTOUT PAGE ONE 

ALPHA MODEL 

ALPHA PB 

CONFIGURATION 

DATA TYPE 

Model angle  of a t t a c k ,  deg 

Support s t i n g  prebend ang le ,  deg 

Model c o n f i g u r a t i o n  (see  Fig.  2) 

Type of da ta  t a b u l a t e d  

DEW PT 

GROUP 

LOOP 

MCI ) 

 (INF) 

NOSE RADIUS 

P(INF),  PINF 

PO 

POP 

PO0 

PRESO 

PROBE STATION 

PWX 

Q(ISF) 

RE(INF) 

RHO(INF) 

ROLL 

T(INF) 

~'AUWO 

Free - s t r eam flow f r o s t  p o i n t ,  °F 

Data group number 

Data po in t  i d e n t i f i c a t i o n  number 

F r e e - s t r e a m H a c h  number 

F ree - s t r eam v i s c o s i t y ,  I b f - s e c / f t  2 

Model nose t i p  r a d i u s ,  i n .  
J 

Free-s t ream s t a t i c  p r e s s u r e ,  p s i a  

Tunnel s t i l l i n g  chamber p r e s s u r e ,  p s i a  

F ree - s t r eam t o t a l  p r e s s u r e  downstream 
of a normal shock, p s i a  

On-board probe p i t o t  p r e s s u r e ,  p s i a  

Preston tube pressure, psia 

Probe station location measured along model 
surface from model nose tip, in. 

Model wall pressure at the survey station (X), psla 

Free-stream dynamic pressure, psla 

Free-stream Reynolds number, per foot 

Free-stream density, s l u g s / f t  3 

Model r o l l  ang le ,  deg 

F ree - s t r eam s t a t i c  t empera tu re ,  °R 

Shear s t r e s s  a t  the model w a l l ,  psf  
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TO 

TOUM 

TRIP 

TWl 

U(INF) 
XP 
ZO 

ZOT 

PRINTOUT PAGE TWO 

Tunnel stilling chamber temperature, °R 

Unshielded thermocouple probe reading, °R 

Boundary-layer trip configuration - sphere 
and grit dimensions stated in inches 

Model wall temperature at probe survey station, °R 

Free-stream velocity, ft/sec 
Probe axial position in digital counts 
Pitot probe height above model surface, in. 

Height of unshlelded thermocouple probe above 
model surface, in. 

All heading information is identical to page one. 

TG-I to TG-19 Gardon gage case temperature, °R 

PRZNTOUT PAGE THREE (Unshlelded Temperature Probe Correction) 

All heading information is identical to page one. 

AOO to A04 Calibration constants (unique to individual 
probe) 

ETAO Probe calibration functlon 

LOOP Data point identification number 

MOI Local Mach number at survey point 

PO Tunnel stilling chamber pressure, psla 

POOl Local interpolated pltot pressure, psia 

ROD Local Reynolds number at survey point 

TO Tunnel stilling chamber temperature, °R 

TOOl, TOO Local corrected and uncorrected total temperature, 
respectlvely~ at a survey point, °K 

UOI Local flow velocity at survey point, ft/sec 

ZOT Height of unshlelded thermocouple probe above 
model surface, in. 
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PRINTOUT PAGE FOUR (Boundary Layer Values) 

DEL 

DEL* 

DEL2 

DEL3 

DEL4 

HI 

H2 

MTAUO 

RHOED 

RTAUO 

TED 

UOED 

Boundary- layer  t h i c k n e s s ,  in .  

Displacement  t h i c k n e s s ,  in .  

Momentum t h i c k n e s s ,  i n .  

K i n e t i c  energy d e f e c t ,  i n .  

Tota l  en tha lpy  d e f e c t ,  i n .  

Shape f a c t o r ,  DE*/DEL2 

Shape factor, 'DEL/DEL3 

F r i c t i o n  Nach number 

Flow d e n s i t y  a t  bounda ry - l aye r  edge,  s l u g s / f t  3 

C a l i b r a t i o n  parameter  

Tota l  t empera ture  a t  boundary - l aye r  edge,  °R 

Flow v e l o c i t y  a t  bounda ry - l aye r  edge,  f t / s e c  

Al l  o the r  parameters  such as PTAUO and F10 a r e  de f ined  in  Appendix I I I .  
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&RO, Z ~  = AIiD¢ D|VIOIOH 
A H ~ 0 U P  COtPOH&TIOH CO'PiNT 
V0l t ~ U i J  ~1!  0IHINZC! rACILIST 
ANN,SO &I t  FORCE H&?IOEj TEl l  PROJECT SO V41B-N6i . 

|AH|O/|O?R NTPERSONIC ?ORDURES? BOUNDARY ~ATER ZNVESTZOA?ZON 
PHASE ZZ 

DATE COKPU?[D 
DATE RECORDED 
?INN RECORDED 

30*JUNo?8 
140aP~-70 

18)SJ I 

g M n  106 
NCZir)e 6o90 
HECIIF)a 407440~06 P ~  r ?  

OAf4 TTF| 
OVIIIUWAD PROSE 

PO TO P l P r  
(PS|A) (DIGR) CPSIA) 

I | S l , 4 1  04507 00100 
2 2 | 1 , 4 1  16707 0 .161 
) - | | 1 , 6 |  044,7 00160 
4 |$1"09| 04407 00168 
I | I | , T |  044.7  0 ,162  
i | | 1 , | 1  140,7  0 ,167 
T | § 1 , 2 1  04707 00169 

.- • 0 | | 1 o | 1  04707 00107 
9 201,21 04707 0 ,167 

10 291,21 044,7 0.107  
11 | 0 1 , 1 1  04707 00167 
12 | $ 1 , 1 1  04707 0.167. 
13 | | 1 , 1 1  04S07 "00107 
14 | S l , 0 t  84207-  .00167 

:' 19 | S 1 , 2 1  044,7  00167 
:$6  | 6 1 , 0 1  04407 00167 

"I ST | S 0 , 9 1  067,7  0o1'67 
"10  -1S1 ,01  146,7  0 ,167  

19 261001 04407 0 .167  
1 90 ~ l O 0 1  "047,7 00167 

| 1  960,91 " 045,7  0~107 
| |  " |S0 .91  -045,7 00167' 
23 , 2S1001 04607 0016T 
24 191,01 04S,7 00167 
95 2 J 1 , 0 |  04707 0,167 
| 6  05009|  ~847o7 0o167 
JT | S 0 0 0 |  1 | 4707  0 . t 6 7  
20 960061 04S,7 -0 ,167  
| 9  |SO091 0 4 6 , 7  -00147- 
90 310001 047°7 00167 
31 | 1 0 , 0 1  041,1 00101 
1| 1|0061 0 4 | , 1  00167 

"" 39 800011 04T,T 00107 

ALPHA HODH~ a Oo01 DES. DEW P?•o32 ,00  COHFZGUNATIOS 
AbPHA Pl • 0000 DEG, (OEg r )  7=DEG CONE 
JObb • "09 ,90  DES, 

PROB, STATZON • 90,6S0 ZN, STATION l O , I  t 

NOllE RADIUSwIN 
SHARP 

POP |O POO SOS/POP ZOT TOO 
|PSZA) .(IN) (PNZA) (ZN) (DEGR) 
70719 0,0060 00666 000862 0.0101 7600 
7 ,719 0 .0090 00659 000840 000131 769,  
7,72| 0,0146 0o66 |  0 .0044 0.0106 7660 
"70712 0,0210 0 .096 001160 0,02S1 7680 
70720 0.0940 10120 001449 0.0281 760o 
To713 0 0 0 4 5 S  203&O 0 o 3 0 S 9  000496 77.00 
T,710 0,0S60 2,507 0033S2 ".0~0601 . - 77i0 
?,713 0,0660 2,0|S 0,3670 0,0706 7720 
7,713 0,0770 2,067 0 , | 9 7 6  000811 774,  
7 ,713 000|6S ) ,27S  0,4247 000906 776,  
70710 0,096$ |o091 0.4567 0.1006 771,  
7 ,710 0.1066 30769 004009 001106 780.  
7~710 0,117S 40049 0,9259 001219 702, 
70706 0,19S0 40282 0,SS06 001290 784, 
7,71| 0 0 1 9 6 S  4,SSS 0,SS00 O,1405 700, 
7.706 0,1460 4,091 0.62S0 0,1808 708,  
70703 0,157S S0191 0,0647 001610 789,  
7 .706 001660 6~423 0070)7 -0,170S 791, 
7,706 001771 S0790  007434 0,1015 7930 
7,706 001875 6,000 OoTTS) 00191S 7~40 
7 . 7 0 ]  002000 00764 0~0760 0.2120 797o 
70703 ~ 002200 7044] 0,9662 002320 799, 
?,TO6 002405 O,|2T 1,0676 "Oe2S2S 001, 
7~706 0,2600 90041 1,1732 0,2720 0010 
7 .706 0.2886 90799 1,9710 002920 . | 0 1 .  
7,703 003000 1000|7  1o366§. 0.9120 799.  
~ ,700 0.3000 ' 0 . ' t O  809659. 0,3120 7990 
70694 0e)000 10~610 .102000 0,3120 799o 
T,703 003000 10.694 103661 0~3120 7991 
70700 0 ,3080 1006~3 103079 003120 709, 
7,700 0 0 ) | 9 0  11 ,19J  .106457 0,3530 7970 
To096 0,390S t l , t i l  1°4440" 00) )26  700o 
7 ,09?  009 |90  110124 I0440H 003328 797,  

?gO/TO pU]3 ?U 1 
(PSI&) (DEGR) 

0.89S ~ 0 ,329 741.  
0 .g00 0 .339 741,  
0 .906 0 . | 3 0  741o 
0,907 0 ,330  7410 
00007 0,930 741o. 
0,909 0,399 7410 
00911 0..329 741.  

"0.982 0 ,329  T410 
0 ,914 0 .329  741,  
0 .916 0 .329 741, 
0 .919 0 .329 741.  
0.921 0 .329 741,  
00924 0 .329 741,  

-Oo926 00929 741o 
00928 00329 7410 
00991 00)29 -. 741o 

00932 ~ 00329 741,  . . 
'00934 00929 7410 
00937 00329 ~4|0 
00930 00329 741, 
00941 0 .329 "741, 
0,944 00329 7410 
00946 0 .329 .741, 
00946 00329 741, 
0.946 - 00329 7410 
0 ,944 00329 741.  
0 .944 003~8 741,  
0 ,944 00328 741,  
00944 00328 7 4 1 , "  
0 ,944 00)20 741o 
00941 0 .320 7410 
0 .042 0 , 2 | 9  761'. 
00941 0 , 9 | |  7410 

TRIP 
NONE 

PRESS 
(P0ZA) 

1,031 

?AUNI 
(psrl 
1,0|1 

CA: 

O 

O 

i 

e~ 
P 



p&m ?us ~OOP | 0 6  

lAmP PO TO 
(POSA) (DEGR) 

• 94 -|S0,S| |OS,T 
| |  160091 34407 
96 2S00Sl 046,7 
)T 3S0061 04707 
]0 910061 84707 
99 | 6 0 , 6 1  0470T 
40 010091 84107 
4 |  |100]1 24TOT 
42 300,]1 04S,? 
4] IS0,Sl 04SoT 
44 160041 04T0? 
4S 2S0001 lOTs? 
46 | |0o21 0470T 
4T 2 |004 |  04|0? 
40 | | 0 o | 1  04S,T 
49 290091 047,T 
NO "800091 04S07 
E|  |00o |1  N4T,T 
E) JJOe|S 06S,T 

i 

F l i t  
¢PNIA) 
0,117 
0016T 
0016T 
0010? 
OoIST 
0010T 

00107 
OotOT 
0.16T 
0.10T 
0,|OT 
0016T 
0,167 
00167 
0 , t 6T .  
0,167 
0,107 
00167 

POP 
(FIIA) 
?lOSt 
70703 
70691 
70694 
?0694 
TOSS4 
7.60$ 
ToOlS 
7008S 
70691 
? ,Oi l  
T,676 
7,682 
? l i S t  
To6|S 
ToOlS 
T°601 
T0~02 
TOOTS 

B* POO POO/POP SOT TOO ?lOST* , FH)) TH S 
(ZB) (FSZA) (ZN) (DEGR) (P&ZA) (DEGR) 

0,3490 11,649 1,6016 0,)S]0 ?SO, 0°900 0.338 7410 
0,9706 11,816. IOS997 0,9746 795, 0,999 0,338 741, 
OeJogs 11,969 105554 0.993S. 7940 0.990 0,330 7410 
004100 13,04S t ,SiSS 0 ,4140.  794, 0,938 0,)39 741, 
0,439S 13,065 106081 004335 794, 0,990 00930 7410 
004496 130077 10S697 0,4535 " 7940 0,990 0,)38 741, 
0o4TOS 1|,06$ 1,$690 0,4?45 7940 ~ 0.997 0°)30 7410 
0,4690 130060 105694 004730. 794, 0,930 I 0,938 741, 
004910 13,048 i06677 0049S0 794, 0,930 0,)30 7410 
00509S 12,057 106677 .00613S 794, 0,930 00330 7410 
006100 13,043 1,5655 0,6140 7930 0,997 0,330 7410 
0,7090 130017 1096S6 0,7130 79]0 " 0,9)? 00)35 7410 
0.009S 11,~09 I0S607 "00|1)4 794o 00998 0.938 741, 
0,9130 11099S .10S~69 0,9159 7~),  009]7" 0,338 741, 
100120 130009 1,0637 100160 . 79")0 0,937 0,)38 ?41, 
|03526 12o0§4 l e J i l 6  ~02663 79] ,  009)7 0,]21 741, 
10S14S 11,076 1,6464 10S109 7910 0,9)4 00)2 |  7410 
107050 110696 I06336 10?081 790. 0,03)  00|2? 741, 
2,014S 11,694 Io6230 t , O i l )  790o 0,9)9 0,327 7410 

NEAN VALUE0 
PO • HOES| PII& O(ZNF)u 30|&,3 TTSaEC 
TO • S46,4 DEGR. O|lNr)m 40144 PBSA 
P(ZNF)• O,SOT| PS|A T(ZNT)e |0607 DEGR 
pECZlT)e 004740~0? PER FI POP • ToTS PBZA 
NOCZlflr)m Oe|OJEJ0T ~SFoII~JF'Z| RHO(TNIr)m 00|34E-0) |bUGOSTT| 
XP a 6$|4,  CTE 

PitEIQ TAUIIC 
(PBIA) CPBr) 

~ . 

0 " " 
0 ¢S 
4 , ~  " :  

D 
J: -Q 
D. 

o 



( 
AROeIIC - AI~C DIVIIIOS 
& 8VIIBOItUP COPJPOIAT|OIICONPAIT 
von KIUUIJN GAB DY|ANICS FACILITI 
iJtlIQ~DA|SIqMC| ITATIOIIp ?INN PROJECT Re V41SoNAA 

BANSOSDOTR HTPKRBOHXC TURBULEHT BOUKDART ~AYER IRVKBTXgATXON 
PHASE IX 

OATK COHPUTED 
DATK PKCOSDKO 
TXHE RKCOaDEO 

$OodUX'TO 
14"APR'?O 

l l g S l  I 

AOOP 106 ALPHA NODEL n 0001DEOm DBH Pfa-$|oOO COHFXGURATXON BOSE BADZUSoXH TRXP ~. 
N(|NF)o Begs AbPNA PS u OeO0 DEO0 (DEG F) ?-DIG CONE SHARP HONE 
NE(|NIr)a 40744E906 PER FT ROLG • -iS°OH DEG. 

DATA 'IL'TPE 
- OVIImlKAD PROSE PRODK ,T&, lO,  • ,0.660 xN. 8,A,xon , 0 . -  l 

i~OP TOol 70-3 TOe3 ?Go4 TGoS TGm6 TOo? TGo8 TG-g TG-|O TG-II ?G-t2 ?G-L3 TG-14 TOolS TO-16 TGol7 TG-IO TG-Ig 
DEQR DICGR OEOR ~EOR DEGR DEGB DEGH DSGR DEGR DEOR DEGR DEGR DEGR DEGR DEGR DEGR DEGA DEGR DEGA 

I ?4So 7410 |OBe 7440 0000 74B. 7420 7400 7400 |510 751o 765. 7530 7540 756. 920. 763. 743. 7360 
J ?Hie ?410 1|60 ?44o 0030 7450 7410 7480 7490 0510 ?S.Se 75§, 7530 ?540 7560 9]00 7630 763° 7364 
| 7410 ?4to 106o 7440 0030 -7410 74|0 7400 7490 | 6 1 ,  7510 7550 ?SIc 754o 7550 OR0° 7630 7430 7360 

.4 7410 74t0 t | 6 e  7440 0040 745o 7420 7400 ?4ge 05te 751o 7550  7530 754o ?560 t ]0e  7630 743° 7960 
• S 7410 7410 106o 744o |050 74§0 7490 7400 749e OSto 75|0 ?540 7530 ?S4e 756, 0300 763, 7430 7360 

S 741, 741, 1860  7440 I l l ,  746o 7410 7400 749o O$10 ?Sl ,  754, 7SBe TS4e  756, 9300 763, 743, 236, 
? ?41e 741o 106o 746, 0150 74S0 749o 740o 7400 051, ?St ,  754°. 753e 754, 7540 930, 763, 745, 7360 

" 8 ?4Be 741e lOBe 7440 OISo  7490 74J0 748e 7490 05|0 751o 754o 7530 7540 7560 9300 7630 743o ?36, 
g 741e ?41o 1060 7440 |tSe 7450 7420 7480 ?490 0510 751o 754o 753. 754. ?560 9300 7630 743e 7360 

" |O ?4ie .741o 184e 7440 8|7o 7450 7410 7400 749o 051o 75J0 7540 753o 764, 756, 0300 7630 ~4],  7360 
11 741o ?4le 1060 744o 217o 740, 742e ?480 7490 0St,  ?St ,  754o 753, 7540 7560 9300 7630 743, 736, 
13 ?4Be 7410 106o 7440 I | I ,  74S0 7420 7400 749o IS |o  75|0 754o 753o 754o 7560 9300 763, 7430 7360 

• | |  141e 1410 lOBe 7440 2 |0 ,  142o 1410 7400 149o ISle 7S10 754, 7630 7S4, 7560 930, "7650 7430 ?340 
14 748o 7420 lOBe  7440 019o 74S0 7420 7400 7490 I l l ,  ? S | ,  7540  753o 754o 7560 0300 7630 7 4 | ,  736o 
IS ?41e 741, 1000  744, iLg, YBS, ?420 7480 7490 I l l ,  751o 754, 753, 754o 756, 9200 7690 7430 7360 

.. |S 7410 ?4le l J i e  7440 0200 540o 74B0 7480 7490 .251o 7510 754, ?S$e 7S40  750o 0300- 7630 ?439 736, 
: iT ?4le TB|e "10Be 744e Ol0e 7420 7420 "740e 7490 0510 -?Sl~ 754o 753o 7640 7560 0300 763e 7430 7350 
, iS. "T4Jo 74to JiBe 7440 021o TBS, " 7420 7400 7490" 0610 ?B|e 754° ?530 7540 7560 9300 7630 7~30 ~7360 

" t9 7410 7410 BOA, 7440 01 | ,  7450 .74|0 740e 7490 OBl, 70|0 754e ?Sge 7640 7560 930o 763o 743o ?36, 
| 0  • ?4So 741o 104o ?460 0220 7450 ?410 74|0 ?690 Ogle ?Slo 754e 7§3o ?54o ?56o' 9300 763o 743o 7960 • 
|1 74Be 7410 1|6o 7440 ~5220 7460 743. ?480 7490 ISle ?5| .  ?54. ?53o 7530 766° 9300 763° 7430 7360 
2J ?4Je 7410 1|60 ?440 0 | | 0  746o 74a0 7400 7400 051, 7S|p 754, 7530 754, 7560 930o 763~ 7430 7360 
J3 741o 7410 10Se 744o 0130 7450 742e 7400 749, 051, ?St ,  7540 753° ?540 756o gg0e 7630 743, 736o 
24" ? .Hie  ?4le JIBe 744e 0340 74B° "74J0 7480 7490 i s l e  75Jo 754, ?Sic ?540 756o 930° 7630 ?430 7360 
IS 7410 .74|e t060 7440 I j4e  .?4Be 7410 7400 7490 0510 7610 754, 753, 7640 756o 9300 7630 7430 7360 

- J6  7410 ?410 JiBe 7440 0140 "74S0 74 | ,  7480 7490 i s l e  ?S|o 754° 7530 ?54o 756° gl0° 763e 7440 7360 ~ 
"|T ?4Be 741e 104o" 7440 0340 74B, 741o 748e .?490 | 5 | 0 .  7|Be '?§4° ?SJe ?S§e. ?SBe 920, 7630 743o 736o . 
JB 7410 TBJe 1060 ?440 013o' 742o 7420 748o 740o |S to  ?S |e  754, '7640 ?BB°" 7500 0200 ~630 7430 7960 
Rg ?41e ?41o 106e 7440 0130 7450 743o 740o 7400 851o 7Bt0 7540 759o ?S4e 756o 9200 763, 743, '  7350 
] 0  ?41e ?4le Bile 744o 023, 74So  742o 748o 740o ISle 7Slo 714, 7550 7540 7560 gg0e 7630 7430 734, 
I I  ~ ?41, 7 4 | ,  104, ?440 0130 ?4Be 7430 748, T490 0510 751o 754, 7530 7S40  756.0 920, 763, 74)0 7360 
| |  7410 741e 1060 744o 0|30 ?4So ?420 740o ?4go 8510 TSIo 754, 753, 754o ?§6, 03Oo 7630" 743o 7360 
I ]  741o 74|o 104, ?440 0130 ?4So ~7420 7480 749e SSl~ ?$1o "754, 753° 764o 7560 9300 7630 74|e  736o 
)4 741o T41e J06, 744o 8130 -?4Be' 74J0 7400 7490 eSto ?510 7540 7530 ?SS, 7560 9200 763° 743o 736e 
IS ?4 le  741o lOBe  7440 1130' 749o 7430 740o ?400 OSl, ?Sle 754o 7540 ?B§0 756e g900 763° 7430 736o 
96 7410 T4le 1060 7440 013o ?4Be 749o 740o ?4go OB|o ?S|e 754o 7630 754o 7§6o glOo 76Jo 7430 734o 
3? 7410 ?41e I|Be-.*-?44o" O~go "?4Be 743e 741o 749o OSl~  ?510 754o ?S$0 ?SHe" 756e g3Oo ?S'ge 7430 736° 
30 " 74|e ?41e 106,~7440 " J ig°  7420 743~ ?4le ?4ge SBtb ~'?Slo 7540 7B40 TBSe ?B6e 0300 ?~3"e 743e 7340 
$g 741, 741, ISle  '7440' i l ] o  •?460 74|0 ?400' ?4go 0 S | , "  ?S|0 7540 7530 ?SBe  706e 9200 ?SIc 7430 7360 
40 ?4le 74 |e  J|SS" 744e t | l °  74|e TBJe  ?Hie TBge ISle  ? H i e  ?B40 ?540 ?KS, ?SJe ggOe 763"~ ?430 ?340 
,41 ?4to 74|0 | l i e "  ?440. 0|1o ° .?~60 7490 740, 740, 8 6 1 o  ?Sic ?B4e ?B6e ?SSo ?B60 ggOe  ~63o" 743o 7360 



. :  '~ 

PAgE TUO gEOUP 106 
. s -  

v 

/A)OP 11,,1 tG,,| Tg,,l ~ - 4  TG*S. TG,,6 1~,,7 TG,,O TG-g 5'G-tO T6011 TG°I~t Tg°13 TG-14 TGoIS.TG°IO 1~G*17 TG°18 ?G°19 
DEGR DEGR DIGR DEGR DI~Gll ' IDEGP DEGR DEGR DEGR DEGll DEGR OEGR DEGR DEGR DEGR DEGR DI~GR OEGR DIr, GI~ 

4 |  
43 
4~4 
46 
, s  

40 
~49. 
s0 
SI- 
lO|. 

- ~ | . .  

I 

"..~. 

7410 T4|o 106e 744e 8|10 7460 7430 7480 7490 8St, ?Slo 764, '7540 79S, 7560 920o 763, 743o 736, 
741, 741e tOO, 7440 Oal, 746,. 743, 740e 1490 85t,  7Slo 7S4e ?940 ?SO, 7JOe 920, 7630 1430 7370 
7410 741, I06o 7440 OZO, 746e 743, 7480 749, ISle 7S10 -7S4e 154. 7|60 7560 920, 763,. 743e 7360 
741e 141, 116o 744e O|O, 745, 7430 741o 749, l o t ,  751, 7540 794, 7SO, 756, 9200 763e 744e 7360 
741e 741, 186, 744, 019. 745, 743, 7400 749, 0510 7510 7S40 7S4, 75S0 7560 9200 7630 743, 7360 
?41e 74|0 106e 7440 OJO, 746e 743, 748, 749, tO1, 7S1, 754e 794, 7JOe 756e 920e 7630 74~e 7370 
?410 7410 106o" 7440 OJO, 74S, 7430 7400 7490 051, "761, 7S40 7S40 7SSo ?SO° 9~0, 7630 7440 .736,. 
?4to ?4Je 186e ?440 | | So  7460 743,~ 7480 749, 861, 7910 764o 764o ?SO, 766o 920, 76]0 744, 737e 
7410 741e 186e 744e l | Jo  746e 7430 740, 7490 OSle 7510 754° 7540 7SSo ?96, 0200 7430 7440 737° 
?410 ?4Je 106o 7440 J | | *  74J, 7430 748e 749e IS1, ?S10 7J40 7O40 -TOE° 7560 920e 763o 743, 7370 
?4to 1410 1 l ie  ?44, O|Je 746e T4J, ?4Oe 749e i S | ,  ?|So ? |4 ,  7640 ~JS, ?SJe 920, 7630 743e 736, 

. , ' 0  . .  . "  . . . - -  . ' .  

. ' . . ,  

, ~ o . "  
• . , * 

4 



ARO+XEC-o A~DC DIVISION 
i 111~ORUP C0RPORATIOE ¢ONPANY 
VON K&RNAE GAS DXNANICG rACXLITY 
APJULD AlE FORCE GTA~|ON~ ?BNN PRO~EC~ NO V41•-HSA 

• AN|O/H?R HYPERSONIC ~URBULEUT •OU|0ARI L i ~ | !  |NV|8?||ATION 
PHASE ZI 

GROUP tOi 
N(zNr)• SogS 
J~(INF)•  4,744E~04 PER r~ 

ALPHA ~ODBh • O,0t OEG. OEV M e * 3 | , 0 0  COHFZGORA~IOH 
ALPHA P• • O,00 DEG, (OEU r )  7-DEG CONE 
ROldb • ~09,96 OEG, 

• l ~ l b ~  I l N P P A ~ R I  P U l l  CORRKIIOEI 
OV~J~A0 PROIE 

PROBE OTATZOH • 900660 INo 

lOOP 

l 
| 
) 
4 
S 

. .  • 

? 
0 

tO 
tS 
1|  

. ,~ - 18. 
14 
IS 
j , ,  
17 
I I  
I I  
| O . - -  
I f '  
I I  
131 
14 
IS 
I I  
| T  
I I  
l l  
30 
311 - 

, I f '  

| 01  PO 20 POO2 POOZ/PO 
(IN) (PSZA) '(DEGR) (PHZA) 

• ,010 |  191,41 945,7 0,664 0 ,002j  
Q , 0 t | t  161.41 !4707" • . i S i  0,0026 
• ,0106 l S t e i 8  •44 ,7  0,004 0.00]8 
00080| 1010§8 044e7 10181 •,0047 
• , 0 H I  85107J 0440? 1,394 000024 
• ,0400 PSI ,St  040,T 10447 •o•097 
• , • • 0 t  |81031 047.? l e O | ]  0.0107 
• ,0704 | | 1 0 8 |  04TeT | , 9 |S  . • .0116 
• , 0 l i t  |91021 . 147,7 3,166 000126 
• 00900 801021 044,7 3,37S 0.0134 
• ,$006 |S1011 84?,7 |0682 000144 
0,1100 251,11 0470? 9,S72 0.0194 
• ,1311 |01 ,11  14S07 40179 0.0166 
• , | | 9 ~  2S t .0 t  045.7 40371 • ,0174 
• ,1409 291.21 044.7 40003 • .0116 
• ,IS0S 891001 0440? 4,031 0.0196 
• ,1611 260,91 +047,? 1 , 8 9 6  •00209 
• , | 70§  | S t v • J  04S,T | . S J S  000221 
O , I l l S  |81 ,01  044~7 S0041 "0.0233 
• ,1910 2S t ,0 l  14+,7 • , I S ]  .0.0249 
00212• 8SO09| 146.7 • ,092 000276 
002) |0  8 9 • , 9 |  045,7 .7 .St?  000302 
• , | S I S  861,01 140.? So]St 000)]4 
• 02720 261,•$ 04S07 .'00190 0,0966 
• 08928 8010•1 047,? • .949 0,0396 
00)180 880,•1 04?,?  10,047 0,0424 
• ,2180 8S0001 047,? 10o047 000429 
00]1J•  960061 04•0? 10o047 • . •429  
• 031|0 260091 04907 10,647 • , • 4 2 4  
0 , | 1 | 0  860001 •4?0? 10,047 000489 
O , ) i 3 •  a S • e l |  04 | ,T  t t , | o e  • ,044?  
G e l | l |  J • • , • |  .04S0? | | 0 8 | 9  • , • 4 4 0  

NOZ ROD 

1,09 44049 
1,04 .46029 
I ,21 s4,es 
toSS 73000 
1o68 i t , 9 i  
l o S |  130,99 
8,40 130,S0 
| .56  148o14 
2067 167o1| 
8o70 160,42 
8o00 174,74 
2097 104.11 
3009 196,60 

-3,16 2o2,09 
3,27 213029 

~]024 ~8]o00 
2,48 . 2 ) • . t o  

.2057 24S,24 
3,67 |56,14 
) .77  267.41 
4000 294099 
4,20 320.01 
4,48 349,01 
4,6)  3~1,72 
4,81 407001 
4099 43405• 
4099 "4)4,00 
4.99 434,S• 
4.99 4340S0 
4,90 4|405• 
80~|  4 •6 , •3  
80|2 4•60•4 

• TATXOH NO,n I 

• ATE COHPUTKD 
DATE RECORDED 
TXNE BECOE•ED 

NOSE RADXU•wIH 
&HARP 

)0-JUN-?O 
14oAPRo70 

le ]SI  I 

STAG TOO/TO TOOl TOOl/TO 
(DEGR) 

0.918 0.005 7690 0.909 
• .910 00900 ??J, 0,01]  
00910 0'0909 7800 0.922 
• ,910 0 . •07  709o 0 . 9 ] ]  
0.110 • ,907  791, 0.924 
• ,019 0,909 0040 00049 
09019 • . 9 | 1  O0t, 0oSS) 
0.919 0,912 009o 0.956 
0,919 0.914 01~o 0.940 
• ,919 0,916 ~15, 0096] 
0.919 0.019 019. 0,967 
0.980 O,921 0220 0e971 
• 0•20 0.924 .Q~S, 0~975 
00920 0.926 O2Oo 00970 
0,920 0,928 0J l ,  . 00902 
0.9~0 000)1 8340 0,989 
0,980 0i9)2 0 ]6 ,  O.SSO 
• ,020 0,934 0390 .~.991 
0,020 •o927 042, 00990 
0.920 00930 043, 00997 
0.920 0.941"" 8400 1.002 
00981 • .944  " 0S1. 1.O06 
00991 -00946 OSS, 10010 
0.921 "0.940 066, 1.011 
• .981 0.046 i t S .  1,012 
0,921 0.944 052o 1.010 
0.021 00•44 OSS. 1.010 
• ,921 •0•44 "Ot to  1,0"10 
O.9~1 00944 OSS. 1 . •10 
00921 • ,944  SSS. l .~10 
• , 02 |  • , 0 4 |  85$0 1,009 
• o i l s  • , • 4 8  0S4o $ , • • 9  

tRZP 
NOnE 

uOZ 
(rTIs.EC) 
1287,71 
12 |8 , |9  
1460,96 
1251,76 
1849,01 
2241,4| 
2297,~6 
2]4|004 
2]930S6 
2432077 
2472078 
2S09007 
SSSO,14 
2576,00 
2608036 
2636,70 
2646o01 
2691,21 
~714,]9 
2720,S? 
2706017 
2823,61 
2059o70 
2e07.30 
2909090 
2924,72 
2924,7| 
29240?8 
2924,72 
2924,72 
29)4, ]S 
3036,34. 

O 
O ~J 
c+ 

G '  
0 



p a n  ~ elI~IP 100 

& 

LOOP 8OT P• TO 
(IN) (PSI&) (DEGR) 

33 : Oo)||S |10o71 147o? 
)4 009930 110.Sl 94S07 
)$ 0,9740 IS0o01 04407 
)4 0o9991 960,$1 04So7 
|7 0,4840 950041 0470? 
)O 0o4J3| 9S00J1 04707 
| 0  0o403| |10,01 -04707 
40 000745 .99"0o]1 04So7 
41 0,4730 IS0.31 |470? 
41 004950 910031 841.7 
49 0. |135 IS0.11 94S07 

: 44 0o6140 960.41 047.7 
'41 0e7|99 |S0001" " 947~? 

41 001114 110011 947o7 
47 0001|0 |~0041 04007 
4 |  1001S0 1S0,$1 |4§07 
40 | 0 | 0 0 |  
00 100101 
11 107400 
11 10011) 

a~': CIUbIBItAT|Oil COII87&NTB 
AOOe 0 ,164b01 &OSe 10|000o04 

POOZ POOI/PO NOX RO0 |TAO TOO/tO "TOOZ I ~ O I / T O  U O l  
(POX&) (DEGR) (FT/aEC) 
11,919 0,0447 5012 457093 0,991 0.941 053. 1.001 99)4049 
110199 000463 5.91 479091 0 ,99 |  00940 059. 1o007 9940091 
11,046 0,0472 1026 499,9 |  0.991 0o999 01|0 10006 9944.19 
110079 000470 0o99 418,01 0.991 0o931 050, 1,001 0945,01 
|9.049 000481 ~ 0091 490.69 00991 0.938 0S0. loO0S 9946,]9 
190067 000409 6031 491030 0 .99 |  00098 010. 1,00S 2944.76 
19007S 000411 0,31 491.61 00991 Oog)l 050. 1,005 ]946,90 
81,097 0.0489 8o31 491,00 0o991 0o938 •SO• IoOOS 2946056 
190050 0,0419 1.31 491003- 009| |  00991 9500 1.006 3946,57 
11.050 0.0411 1.31 490079 0,991 0,930 0SO, 1,00S 9946,41 
19,0§7 000401 | * ]1  490.91. 00991 OogJO 0600 l.OOS" 994605§ 
190049 000401 S , ] |  491087 0,9~1 00997 049, ,  1.009 ]944,40 
1J.056 0.0401 1030 490019 0.991 00937 0490 10009 994J008 
110909 000479 6090 408044 0099! 0.939 860, SoOOS'/  994S.99 
110996 0,0470 SoJO .409049 0~991 0,937 8490 1.009 9049.49 
1|0010 0.0400 So)O 409,9 |  00991 0.937 8490" 1000) 9943,76 

I GO 

IS0,$ |  04707 19o08| 0.040| 103| 49| ,69 0,091 0,037 049, leO0] 9944oS1 
100.31 84S.7 I |o874 0.0474 1017 416.|7 0o0.91 0.914 04?o 10001 1937o11 
IS0o11 "047,7 I1o490 0.0467 §.11 400,90 0.99| 0.033 946o 0.099 1018001 
;S0.11 049,7 I1e719 0.0441 S.94 -411000 0o911 0.933 046. 0.000 1039o|1 

t 

AO|e Oo0001+00 A03u 0.000B+00 

#zA~ VALUU 
PO • ~10,|9 PIT& 
20 • -146o4 DEGR 
~CZNF)m 0e|6T| POZA 
PE(XNF)m 00474E907 PER r l  
NU(XNr)• OoO4)l*OT Lor-RcOFT|  
XP • 01540 CT8 

AO4u 0.000E+00 

~(zmr)m 301s.a rT /UC  
G(ZNF)n 4e144 P&ZA 
?(ZNr)u  804,7 Dr, OR 
POP • 7o70 PlZA 
RNO(ZNr)u 0o1$41-0] &LUGSJFT) 

- . , -  



\ 

AltO, liB, - AEOC-DIVIBIOg 
& IVI|IqDRUP CORPORATZOll CONPABT 

• VOR E&RNAII G/L8 DTBANICO F&CZL|TT 
IUUIOLO AIR FORCE IT&glmle  TEnB 

 OuP too 
N i l • r ) •  I 0 9 !  
R E t I U F ) 8  4 ,700E~06  P L q I ~  

DATA TITE _. 
OVERHEAD PROBE • 

BognoAnY LAYER VAbUE8 

DBb • 009779 l e e  
o r J ~  • 00166o I N ,  
DEL| • O,Ot30  IN ,  
OEb] • 000297 IN ,  
Ol~b4 • ZBw 
El  • 1 | o 0 7 0 5  
H |  • OeN4 | ]  
T I ~  • O S t , 4  DEGR 
UOIm• 104401 I T  PER ~I~OIID 
BJJOIWI | e J I | E o O 4  ILUGO PKII r T |  

O t  

, o  

PROJECT NO V41B-H6A 
BANBOSOOTR NTPERnONZC 55/RBULENT BOUNDARI ~ATER ZNVEBTIGATION 

PEABE Zl  

DATE CONPUTED 
GATE RECORDED 
TIRE RECORDED 

AbPHA NODI~b • 0 o o l  DEGe OEH P | l - ) J , O 0  CO~F|OURATION 
A~PHA PO • 0000 DEGo (DEO F) 7*DEG CONE 
ROIJb • "09096  DEGo 

PROBE 8TATZON • 3 | . S 6 0  ZN. 

PREBTON TunE' 

STATZON ROB• t 

POSE PADTUnwTN 
BHABF 

FYAU08 
NTAUO• 
STAubb 
F I ~  • 

906961E+01 
I , | 6 t R E - 0 1  
| 0 1 9 S t l + O t  
I o O I l I E + O ]  

Q 

HEAR YA~UE8 
PO • 250002 PSI& 
TO • 04604 DEGR 
P ( Z E F ) •  001673 PBZA 
P-ICEHF)• 00474E~07 PER FT 
NU(IBF) •  Oe$49EoO?"LNPoOEC/FT|" 
t P  • 69|40 CTB 

. . .  ° 

/ 

U(ZNFIO 800102 r T / s r ~  
B ( z g r l e  40144 PSZA 
T(ZEF)u  10407 DEGR 
POP • 7070 PBXA 
RNO(ZNP)u 0 0 | 9 4 E o 0 9  BLUGBSFT9 

|O'4Um'7|  
|4"APR'?O 

lo )S !  I 

TRTP 
mOmE 

m | ,  
! 

t - ~  . 


