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FOREWORD 

This report describes a flight investigation of the phenomenon of scaling effects on 
shock-boundary layer interaction in transonic flow. |t was prepared by the Flight 
Sciences Division of the Lockheed-Georgia Company, Marietta, Georgia, under 
Air Force Contract F33615-67-C-1777. The work was administered under the direc¬ 
tion of the Air Force Flight Dynamics Laboratory, with Mr. A. J. Murn, FDMM, 
as Project Monitor. 

The work reported here was performed during the period from 5 October 1967 to 
15 July 1968. This report was submitted by the authors in July 1968. 

The authors acknowledge the contributions of the following members of the Lockheed- 
Georgia Company to the project: Mr. H. J. Coley who supervised the Design, Con¬ 
struction and Installation of the Test Equipment; Mr. A. J. Youngs who directed the 
Flight Operations; Mr. B. M. Coleman who directed the Data Reduction; and Messrs. 
W. J. Campbell, P. E. Cole, T. T. Eckert, and Mrs. C. H. Sul I ins who assisted in 
the test program and data analysis. 

This technical report hus been reviewed and is approved. 

OLA/? (P 
PHILIPP. ANTONATOS 
Chief, Flight Mechanics Division 
Air Force Flight Dynamics Laboratory 



ABSTRACT 

A flight test investigation was made using a Lockheed C-141 airplane to obtain data 
re ated to scale effects on transonic shock-boundary layer interactions. The orimary 
measurements consisted of wing surface chordwise pressure distributions at three span- 
wise stations, and boundary layer profiles for three chordwise positions at one spanwise 
station. Tests were made at nominal altitudes of 20.000 feet and 40,000 feet, resulting 
m Reynolds number values of approximately 70 x 10° and 40 x 10 , respectively. At 
each altitude data were collected at a number of combinations of Mach number (from 
U./to 0.85) and lift coefficient (from 0 to approximately 0.4). Variations in lift 
coefficient were obtained by varying load factor. 

Volume I contains the data analysis and discussions of the test results. Volume II 
contains a detailed discussion of the data acquisition and reduction procedures plus 

, a complete presentation of the basic data. 

Results obtained, when compared with previously available wind tunnel data, showed 
that large scale effects on chordwise pressure distribution can occur with turbulent 

, boundary layers on a wing having small Mach number gradients forward of the shock. 
A shoe -induced separation, followed by flow reattachment, was shown to occur 
^ shock pressure rise reached a value approximately equal to that indicated 
in NACA Report 1356. Increasing Mach number or angle-of-attack sufficiently 
beyond the initial separation point caused the separation bubble to spread to the 
tra i ling-edge, resulting in an abrupt forward movement of the shock. While the 
flight shock locations were within the spread of those shown by low Reynolds number 
wind tunnel results, no single wind tunnel configuration (transition strip, Reynolds 
number, vortex generator) provided a good indication of the flight result over the 
whole range of conditions tested. For wing sections of the type used on the C-141 
scale effects on buffet phenomena should be anticipated also. 

Distribution of this abstract is unlimited. 
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SECTION I 

TEST PROGRAM 

General 

The C-I4I airplane was used in this program to obtain wing pressure distributions and 

corresponding boundary layer profiles at transonic speeds. Pressure distributions were 

obtained at three spanwise stations, and boundary layer profiles at three chordwise 

locations for one spanwise station. Instrumentation consisted of standard ship's system 

instrumentation plus a test nose boom, surface static pressure tubing and boundary layer 
total pressure rakes. 

The test objectives were to obtain an accurate measurement of shock locations and 

boundary layer characteristics over as wide a Reynolds number range as possible. 

Static pressure pick-ups were installed every two and one-half percent chord, on the 

wing upper surface, in the region of the shock. The spread in Reynolds number was 
from values of approximately 70 x 10^ to 40 x 10^. 

Instrumentation 

Surface pressures were measured on the right wing at the three spanwise locations 

shown in Figure I. STRIP-A-TUBE of approximately one-eighth inch height and three 
inch width was bonded to the wing surface. Tubing was attached to the wing fixed 

structure and flaps separately so as to allow for full flap travel without damage to the 

tubing. Holes were drilled in the STRIP-A-TUBE at the desired chordwise locations 

and resulted in twenty-five upper surface orifices, nineteen lower surface orifices plus 

leading edge and trailing edge orifices at each spanwise station. SCANIVALVES were 

located in the flap cove area and wiring routed to an oscillograph located in the cargo 

compartment. Surface pressures were referenced to the test boom static source. A 
few of the orifices were lost during testing due to leaks in the tubing. Data were also 

lost on the most inboard station, during one flight, due to a malfunction of the 

SCANI VALVE. The malfunction was corrected and the lost data recovered on subsequent 
flights. 

Figure 2 shows photographs of the boundary layer rakes used in this investigation. The 

rakes were located on the left wing at one spanwise station. This location corresponded 

to the middle station used in wing surface pressure measurements. The three inch high 

rakes were at 30% and 55% chord positions and the five inch high rake was at 80% chord. 

The rakes did have a small amount of spanwise variation to assure that one rake would 

not be in the wake of another. The spanwise variation between rakes was five inches 

with the 55% chord rake located at wing station 373. All rakes were equipped with two 

1 



static pressure probes. Measurement with the boundary layer static probes generally 

gave good agreement with surface-measured pressures for rakes forward of the shock. 

In the shock and aft of the shock static pressure data from the probes is subject to 

question because of possible large flow angles in the boundary layer. For example, 

m some cases it was noted that the static pressure as measured by the probes was 

lower than that measured on the surface. Total probes are more insensitive to flow 

angles and are believed to give good results except in separated flow regions. 

rtl haS pr0bes that face în fhe aft direc"<>" to measure the 
total pressure of the reversed flow in a separated boundary layer. The results of 

these measurements were disappointing and again the problem appeared to be large 

flow angularity with respect to the probes. It is believed that when the flow serrâtes 

ThatThl Tr 6 aTnt °{jrrr flOW eXiStS* ln SOme «*0"^ cases it was n^ed 
that the static probes and both the forward-facing and the aft-facing total probes 

were recording the same values of pressure. This condition would be expected if 

random^ "tT ^ '° ^ aXÍS °f fhe Probes or if fhe fl™ were completely 

were p,;tted0a7w,'^ ^ ^ ** ^ facin9 probes and Result, 
report AL ' 0;1 boundary lQyer Profî'e P'ots in Section III of this 

Some Lr7l ^ ^ ^ reference Pr«sure for the rake measurement,, 
ome problems did exist in boom total pressure on the high altitude test. Moisture 

apparently condensed in the total pressure probe and froze during tests above 28,000 

condifl r P * °n 7 boundary la/er rakes were always recording freestream 
conditions so they were used as reference pressure for all the high altitud data Flight 

W'(!h a moisture-free boom and proved the validity of using the rakeproLs 
outside the boundary layer, as reference sources. P ' 

Information on flight conditions (Mach number, dynamic pressure, ambient Dr8s,ure and 

emperature, and airplane load factor) were obtained from the standard airplane 

î~«Tantion0nF0- a 7? b00nï- Fi9U,e 3 showS details of the boom used in the 
;rr0n|- ^Ure the P,tot~5tatic Pr°be installation used as a part of the 

standard airplane instrumentation. Two independent pairs of pitot-static probes are 

“'»ir d‘,,TT'û!ifl.i9h> “b"dÃ,!ont r1 i>s acc'<,oc>'was checked wÄrrattu«. y 'em. Exact agraeman. babeen the two systems existed at all flight Mach numbers. 



SECTION II 

TEST PROCEDURES AND DATA REDUCTION 

Test Procedures 

Previous wing surface pressure data were available from the original C-I4I flight- 

demonstrated loads investigation. Reference I. The variations between wind tunnel- 

measured nnd flight-measured shock locations were apparent but the exact magnitude 

of the differences could not be determined due to wide spacing (10% to 15% of the 

chord) of the measuring orifices. Subsequent to the loads investigation, a wind tunnel 

test. Reference 2, accurately measured the upper-surface shock locations and boundary 

layer profiles on a C-I4I wing model. Variations in testing techniques were investigated 

by using different methods of transition location, vortex generators and changing of 

test Reynolds number. The purpose of the flight program has been to obtain similar 

information over as wide a Mach number, lift coefficient and Reynolds number range 
as possible to allow for comparison with the wind tunnel data. 

Tests were made at nominal altitudes of 20,000 feet and 40,000 feet to obtain the 

widest practicable spread in Reynolds number, resulting in values of approximately 

70 X 10 and 40 x 10 respectively. At each altitude, data were collected at a number 

of combinations of Mach number (from 0.7 to 0.85) and lift coefficient (from 0 to 

approximately 0,4). Variations in lift coefficient were obtained by varying load 

factor since the range available from gross weight changes alone was not sufficient for 
the purposes of this investigation. 

The test procedures in some cases were difficult and required considerable skill on 

the part of the pilots. The airplane was stabilized at a Mach number and altitude and 

the positive load factors achieved by turning flight. The negative load factors were 

achieved by a roller coaster maneuver and data recorded while going over the top 

in a nose over condition. Attempts to hold the steady condition resulted normally 

in 15 to 20 seconds of data records, and in the most severe case in 5 to 6 seconds of 

records. The SCANIVALVE sequence time was 3 seconds. Checks for steadiness of 

the data were made by comparing adjacent records. During each test run the 
SCANIVALVE was allowed to record continuously. 

Since it is not possible to maintain constant values of all primary flight conditions 

(Mach number, altitude, lift coefficient) during tests of this type, it was considered 

desirable to demonstrate the absence of extraneous effects in the data measured. |n 

this test series, the most practicable procedure was to hold Mach number and load 

factor constant and to accept the altitude changes which were necessary to attain 
the desired test point. 



Figures 5 and 6 present the results of tests designed to measure the lag effects on total 

and static pressures due to altitude changes. Conditions 547/4BI and 547/4B2 were 

made in stable flight at an altitude of approximately 20,000 feet. The pressure data 

were recorded holding the aircraft at constant altitude, Mach number, and load factor. 

The effects of lag were tested and are shown as conditions 547/4A1 and 547/4A2. The 

aircraft was placed in a dive at an altitude of approximately 30,000 feet and a constant 

rate-of-smk established at 8,000 feet per minute. As the aircraft passed through 20,000 

feet the data as shown for conditions 547/4A1 and 547/4A2 were recorded. The Mach 

numbers and load factors were the same as recorded during the constant altitude test. 

The results indicate that the measurable lag in the pressure system is zero. Therefore, 

any altitude changes that might exist in the remainder of the test data should be of no 
consequence. 

Figure 7 presents the scope of the flight test investigation. Lift coefficients and Mach 
numbers are presented for both the low and high altitude test. 

Data Reduction 

Data Reduction involved reducing the surface pressure measurements to pressure 

coefficients and the boundary layer profiles to velocity ratios. These computations 

were performed by a UNIVAC 1108 computer and the data plotted by a cathode ray 
tube plotter. 

The surface pressure measurements were reduced to pressure coefficients and corrected 

for the boom position error. Superimposed on each pressure distribution plot are lines 

showing constant values of local Mach number normal to the local wing element lines. 

The following equation was used to calculate pressure coefficients for constant local 
Mach lines: 

y 
/1,0 ♦[( y-1)/2] Micos2 ß\ y-1 _ j Q 

V-O+11(^-1)/2] M2^ / 
L_ J LOCAL / 

where ß = tan''[tanALE-(X/C)(tanJVLE-tanj^^] 

The boundary layer total pressure profiles were reduced to ratios of velocity within the 

boundary layer (vA to velocity outside the boundary layer (V. ). The following equation 
was used to calculate velocity profiles: L 

wh ere 

VBl/vl =(Mbl//ml) i.o +[(y - d / 2I M,2 

i.o ♦[(* - o / 2] m|l 

M 

* 

» 

! 
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Static pressures in the boundary layer were obtained from the surface pressure 

measurements obtained by use of the STRIP-A-TUBE on the right wing at the same 
wing station. 

The airplane angle-of-attack was obtained by use of a vane on the test boom. The 

boom indicated angle-of-attack was corrected for position error to arrive at the 

correct angle-of-attcck. In cases where it was desirable to know the angle-of-attack 

of an equivalent rigid airplane (for comparisons with wind tunnel model data) it was 

necessary to account for aerodynamic twist. The twist angle at each spanwise station 

was calculated for the specific flight condition. The equivalent rigid angle-of-attack 

was obtained by algebraically adding the aerodynamic twist angle to the corrected 

angle-of-attack. This calculation allowed airplane and model data to be compared 

with tne corresponding wing sections at the same angles-of-attack . All wind tunnel 
and flight comparisons in this report are compared at equivalent angles-of-attack. 



WING DIMENSIONS 
Span 
Area total including aileron flaps and 450.0 sq ft 

of fuselage 
Aspect ratio 
Airfoil Chord: 

At root 
At construction tip 
Mean (MAC) 

Airfoil Section Designation and Thickness (Percent Chord): 
At root NACA 0013.00 (Mod) 
At construction tip NACA 0010.00 (Mod) 
At construction joint (B.L. 415) NACA 0011 .00 (Mod) 

Incidence: 
At root 
At construction break 
At construction tip 

Sweep at 25 Percent Chord: 
Outboard of c instruction joint 
Inboard of construction joint 

Dihedral at 25 Percent Chord: 
Outboard of construction joint 
Inboard of construction joint 

159.67 ft 
3228.1 sq ft 

7.90 

398.00 in. 
132.62 in. 
266.51 in. 

13.00 
10.00 
11.00 

4.89 deg 
2.25 deg 

-0.69 deg 

25.02 deg 
23.73 deg 

-1.195 deg 
-0.941 deg 

FIGURE 1 WING PLANFORM AND DIMENSIONS 

6 



:^-f '^: mf

b :

FIGURE 2 BOUNDARY LAYER RAKES
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FIGURE 3 NOSE BOOM INSTALLATION 
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FIGURE 4 SHIP SYSTEM PITOT-STATIC PROBE 
INSTALLATION (RIGHT SIDE) 

ï 
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FIGURE 5 PRESSURE DISTRIBUTION COMPARISON 
LAG CHECK MACH = .742 
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FIGURE 6 PRESSURE DISTRIBUTION COMPARISON 
LAG CHECK MACH = .800 





SECTION III 

BASIC DATA PRESENTATION 
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TABLE 

FLIGHT TEST PRESSURE SURVEY 

LOW ALTITUDE ( =20,000 FT) 

FIGURE MACH REYNOLD'S 
NUMBER NUMBER NUMBER x I0'6 

8 a) 

b) 
c) 
d) 

e) 
0 

.704 56.61 

.706 57.72 

.700 58.52 

.700 57.64 

.700 59. TT 

.700 58.28 

9 a) 

b) 
c) 
d) 
e) 
0 
g) 
h) 

.750 

.750 

.752 

.742 

.742 

.750 

.750 

.752 

61.50 
62.19 
62.48 
64.89 
71.21 
62.41 
62.35 
63.83 

10 a) .762 62.72 
b) .770 71.63 
c) .770 64.92 
d) .770 71.13 
e) .770 63.47 
0 .770 69.73 
g) .780 65.45 
b) .778 71.21 
k) .770 64.34 
l) .772 70.97 
m) .772 64.70 
n) .775 72.49 

Ha) .795 63.17 
b) .794 73.88 
c) .794 62.32 
d) .802 77.09 
e) .800 71.79 
0 .802 62.75 
g) .798 72.48 
b) .800 72.16 
k) .802 63.63 
O .300 72.43 
">) .795 62.43 
n) .800 72.77 
o) .800 72.51 

p) .802 64.19 

CORRECTED 
ALPHA - deg 

-2.87 
-1.86 
-0.54 
0.22 
0.58 

x 1.07 

-2.87 
-2.02 
-0.95 
-0.56 
-0.45 
-0.35 
0.22 
0.31 

-2.78 
-2.64 
-2.01 
-1.88 
-1.01 
-0.96 
-0.44 
-0.28 
-0.18 
0.04 
0.15 
0.22 

-2.78 
-2.73 
-1.95 
-1.95 
-1.12 
-1.10 
-0.70 
-0.70 
-0.62 
-0.54 
-0.28 
-0.27 
-0.07 
-0.07 
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TABLE (CONTINUED) 

FLIGHT TEST PRESSURE SURVEY 

FIGURE 
NUMBER 

12 d) 

b) 
c) 
d) 
e) 
0 
9) 
h) 
k) 
l) 
m) 

n) 

13 a) 

b) 
c) 
d) 
e) 
0 

14 a) 

b) 
c) 
d) 
e) 
0 
9) 

15 a) 

b) 
c) 
d) 
<) 
0 
9) 

LOW ALTITUDE ( = 20,000 FT) 

MACH 
NUMBER 

.820 

.817 

.820 

.820 

.820 

.822 

.820 

.822 

.822 

.820 

.820 

.820 

REYNOLD'S 
NUMBER X I0~6 

76.21 
67.24 
65.04 
74.93 
63.71 
72.50 
63.77 
73.13 
64.76 
72.82 
73.07 
64.74 

CORRECTED 
ALPHA - deg 

-2.72 
-2.70 
-2.20 
-2.06 
-1.27 
-1.27 
-0.78 
-0.70 
-0.35 
-0.20 
0.22 
0.22 

.860 53.38 -2.24 

.855 60.93 -1.30 

.845 59.05 0.13 

.840 58.84 1.00 

.844 59.30 1.35 

.840 60.95 1.62 

HIGH ALTITUDE ( =40,000 FT) 

.690 25.47 -2.40 

.695 25.37 -1.90 

.700 25.43 -0.87 

.700 25.40 0.57 

.702 25.61 1.17 

.700 25.18 1.93 

.700 25.27 2.63 

.751 33.64 -2.40 

.750 36.22 -1.64 

.748 33.98 -0.97 

.754 32.74 -0.97 

.754 33.75 -0.37 

.748 31.23 0.65 

.750 26.64 1.77 
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TABLE (CONCLUDED) 

FLIGHT TEST PRESSURE SURVEY 

HIGH ALTITUDE ( =40,000 FT) 

FIGURE MACH REYNOLD'S 
NUMBER NUMBER NUMBER X 10 

16 a) .780 36.03 
b) .765 32.75 
c) .770 32.39 
d) .770 31.89 
e) .780 32.85 

17 a) 

b) 
c) 
d) 

e) 
0 
9) 
h) 
k) 

.790 

.800 

.796 

.810 

.810 

.800 

.792 

.800 

.800 

38.46 
39.73 
39.26 
39.72 
42.11 
35.40 
40.47 
34.05 
33.81 

18 a) 

b) 
c) 
d) 
e) 

0 
g) 
h) 

.826 

.822 

.820 

.822 

.824 

.825 

.820 

.830 

43.76 
42.14 
45.43 
44.27 
41 .35 
37,52 

35.86 
40.17 

19 a) .850 45.65 
b) .850 44.26 
c) .840 44.64 
d) .840 42.85 
®) -848 46.52 
0 .840 44.51 
g) .850 39.77 

CORRECTED 
ALPHA - deg 

-1.55 
-0.37 
0.13 
1.25 
1.51 

-2.31 
-2.14 
-1.30 
-0.70 
-0.60 
-0.18 
0.04 
0.74 
1.25 

-2.55 
-2,28 

-1.62 
-1.27 
-0.10 
0.83 
1.10 
1.16 

-2.20 
-1.12 
-0.87 
-0.70 
-0.60 
0.31 
1.77 
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LOCKHEED C-Hlfi 

BOUNDfiRY-LRYER RFWE SURVEY 

RUN CONDITIONS 

FLIGHT NO 546 
RUN NO 1A1 
MACH NO .704 

RAKE LOCATIONS 

0 30 X 
A 55 X 
X 80 X 
X 80 XI AFT I 
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FIGURE 8 

(a) 

vei/vi 
BOUNDARY LAYER VELOCITY 
DISTRIBUTIONS 
CORRECTED ALPHA = -2.87 

PROFILES AND PRESSURE 
MACH .700 TO .706 
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LOCKHEED C-141R 

BOUNDRRY-LPYER RRKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 54C 
RUN NO 1A2 
HOCH NO .706 

RRKC LOCATIONS 

0 30 X 
A 55 X 
X 60 X 
X 90 Zl AFT I 

vei/vi 
FIGURE 8 (CONTINUED) 

(b) CORRECTED ALPHA = -1.86 
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BOUNDRRY-LRYER RflKE SURVEY 

RUN CONDITIONS RRKE LOCATIONS 

FLIGHT NO S46 
RUN NO IA 
MACH NO .700 

O 30 X 
A 65 X 
X 80 X 
X eOZIAFT) 

(c) CORRECTED ALPHA = -0.54 
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LOCKHEED C-HIR 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 546 
RUN NO 1A3 
NACH NO .700 

rake locations 

0 30 X 
A 5SX 
X 80 X 
X 80 XI AFT ) 
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VBL/VL 

FIGURE 8 (CONTINUED) 
(d) CORRECTED ALPHA = 0.22 
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LOCKHEED C-Hlfl 

BOUNDRRY-lflYER RfiKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S46 

RUN NO 1«4 
HRCH NO .700 

RAKE LOCATIONS 

O 30 X 
A 65 X 
X 80 X 
* 80 7.1 AFT) 
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FIGURE 8 

(e) 

VBl/VL 
(CONTINUED) 
CORRECTED ALPHA : 0.58 
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LOCKHEED C-Hlfl 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

Fl IONT NO 546 
RUN NO 135 
HACK NO .700 

RAKE 10CAT1CNS 

O 30 X 
A 65 X 
X 80 X 
m 80 XI AFT I 

VBL/VL 
FIGURE 8 (CONCLUDED) 

(f) CORRECTED ALPHA = 1.07 
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LOCKHEED C-141R 

BOUNOPRY-LRYER RPKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S46 
RUN NO 1B1 
NACH NO .ISO 

RAKE LOCATIONS 

O 30 X 
A SS X 
X 80 X 
X 80 XI AFT I 

30 

FIGURE 9 

(a) 

VBl/VL 
BOUNDARY LAYER VELOCITY PROFILES AND PRESSURE 
DISTRIBUTIONS MACH .742 TO .752 
CORRECTED ALPHA : -2.87 
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LOCKHEED C-MIO 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S46 
RUN NO 162 
NACH NO .750 

RAKE LOCATIONS 

0 30 X 
A 65 Z 
X 80 Z 
* 80 Zl AFT) 
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LOCKHEED C-Nlfl 

BÛUNDflRY-LflYER RAKE SURVEY 

PUN CONDITIONS 

FLIGHT NO S46 
RUN NO IB 
NACH NO .7S2 

vet/vi 
FIGURE 9 (CONTINUED) 

(c) CORRECTED ALPHA = -0.95 

RAKE LOCATIONS 

O 30 X 
A 65 X 
X BOX 
* 80 XI AFT ) 
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LOCKHEED C-Mlfl 

BOUNDRRY-LflYER RflKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S47 
RUN NO 4A1 
HRCH NO .742 

RARE LOCATIONS 

0 30 X 
A 55 X 
X 80 X 
M 80 X( AFT ) 

o 

FIGURE 9 

(<0 

VBL/VL 
(CONTINUED 
CORRECTED ALPHA = -0.56 
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LOCKHEED C-1410 

BOUNDRRY-LAYER RflKE SURVEY 

RUN CONOIÎIONS 

FLIGHT NO S47 
RUN NO. 481 
*"CH NO .742 

RflKE LOCATIONS 

O 30 X 
A 5SX 
X 0OX 
* 80 XIflFT I 
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VBL/VL 
FIGURE 9 (CONTINUED) 

(e) CORRECTED ALPHA = -0.45 



s 

I 

o 

3 
CD 

ce 
►— 
CO 

o 

3C 
1.1 
o 

LU 
ce 
3 
LO 
LO 
LU 
ce 
a. 



H
E

IG
H

T
 

A
B

O
V

E
 

S
U

R
F

A
C

E
 

- 
IN

C
H

E
S

 
1*

0 
2*

0 
3

.0
 

4
.0
 

6
.0

 

LOCKHEED C-Hlfl 

boundary-layer rake survey 

RUN CONDITIONS 

FLIGHT NO 546 

RUN NO 183 

NOCH NO .750 

RAKE LOCATIONS 

O 30 Z 
A 55 Z 
X 60 Z 
X 80ZIAFT) 
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FIGURE 9 

(0 

VBl/VL 
(CONTINUED) 
CORRECTED ALPHA = -0.35 
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LOCKHEED C-Mlfl 

BOUNDRRY-LflYER RflKE SURVEY 

RUN CONDITIONS 

FllOHT NO 546 
RUN NO 1B4 
NACH NO .750 

RflKE LOCATIONS 

O 30% 
A 55% 
X 80 Z 
X 80 XI AFT ) 

VBl/Vl 
FIGURE 9 (CONTINUED) 

(g) CORRECTED ALPHA r 0.22 
42 
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LOCKHEED C-141A 

BOUNDRRY-LRYER RRKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S46 
RUN NO IBS 
HfiCH NO .762 

RAKE LOCATIONS 

O 30 X 
A SS X 
X BOX 
X BOXIAFTI 

V0L/VL 
FIGURE 9 (CONCLUDED) 

(h) CORRECTED ALPHA = 0.31 
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LOCKHEED C-Mlfl 

BOUNDRRY-LRYER RRKE SURVEY 

RUN CONDITIONS RAKE IOCATJONS 

FLIGHT NO $46 
RUN NO ICI 
HflCH NO .762 

O 30 X 
' A S5 * 

X 60 X 
X 80 X( AFT I 
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LOCKHEED C-141A 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 548 
RUN NO 2R5 
NACH NO .770 

RAKE LOCATIONS 

O 30 X 
A 55 X 
X CO X 
* 80 XI AFT I 

VBL/Vl 
FIGURE 10 (CONTINUED) 

(b) CORRECTED ALPHA r -2.64 
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LOCKHEED C-Mlf. 

boundrry-layer rrke survey 

RUN CONDITIONS 

FLIGHT NO 546 
RUN NO 1C? 
NACH NO .770 

RAKE LOCATIONS 

Õ 30 t 
A 55 X 
X 00 2 
* 80 XI AFT ) 

50 
(c) CORRECTED ALPHA = -2.01 
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LOCKHEED C-141A 

BÛUNDRRY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 548 

RUN NO 2A4 
NACH NO .770 

RAKE LOCATIONS 

0 30 X 

A 55 X 
X 00 X 
X eOX(AFT) 

VBL/Vl 
FIGURE 10 (CONTINUED) 

(d) CORRECTED ALPHA : -1.88 
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LOCKHEED C-141fi 

BOUNGARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 546 
RUN NO 1C 
HRCH NO .770 

RAKE LOCATIONS 

0 30 X 
A 65 X 
X OCX 
K 80 XI AFT I 

54 

FIGURE 10 

(®) 

^ VBL/VL 
(CONTINUED) 

CORRECTED ALPHA : -1.01 
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LOCKHEED C-141D 

BOUNDRRY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 548 
RUN NO 2fi 
NACH NO .770 

RAKE LOCAffONS 

O 30 X 

* SS X 
X 80 * 
* 80 7.(AFT) 

vei/vi 
FIGURE 10 (CONTINUED) 

(0 CORRECTED ALPHA = -0.96 





H
E

IG
H

T
 

A
B

O
V

E
 

S
U

R
F

A
C

E
 

- 
IN

C
H

E
S

 

... .J.I . 

LOCKHEED C-141A 

BOUNDñRY-LRYER RRKE SURVEY ' 

RUN CONDITIONS 

FLIGHT NO $46 
RUN NO 1C3 
HRCH NO .780 

RRKE LOCATIONS 

O 30 X 

> A 65 X 
X 80 X 
« 80XIRFTI 

VBL/VL 
FIGURE 10 (CONTINUED) 

(g) CORRECTED ALPHA = -0.44 
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LOCKHEED C-141A 

BOUNDERY-LRYER RRKE SURVEY 

. RUN CONOITIONS 

FLIGHT NO 546 
RUN NO ?R] 
MfiCH NO .778 

RRKE LOCATIONS 

O 30 X 

¿ SS % 
X 80 X 
* 60 7.( AFT) 

VBL/Vl 
FIGURE 10 (CONTINUED) 

(h) CORRECTED ALPHA : -0.28 
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LOCKHEED C-14IP 

BOUNDRRY-LAYER RflKE SURVEY 

RUN CONOIMONS 

FLIGHT NQ 546 
RUN NO IC4 
HACH NO .770 

RAPE LOCATIONS 

* O 30 ï 
A 66 X 
X !J0 X 
X SOX(AFT) 
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LOCKHEED C-141A 

BOUNDflRY-LflYER RRKE SURVEY 

RUN CONO II IONS 

FLIGHT NO S48 
RUN NO 2A2 
MACH NO .772 

RAHE LOCATIONS 

O 30 X 
A S5 X 
X 00 X 
M 0OXIAFTI 

VBl/VL 
FIGURE 10 (CONTINUED) 

(I) CORRECTED ALPHA = 0.04 
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LOCKHEED C-141H 

BOUNDfiRY-LflYER RflKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S46 
RUN NO ICS 
HRCM NO .772 

RRKE LOCATIONS 

O 30 Z 
a 58 X 
X 80 X 
* 80 Z(RFT I 

VBl/Vt 
FIGURE 10 (CONTINUED) 

(m) CORRECTED ALPHA = 0.15 
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LOCKHEED C- 141 fl 

.BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 548 
RUN NO 289 
HRCH NO .775 

FIGURE 10 (CONCLUDED) 

(n) - CORRECTED ALPHA ; 0.22 

RAKE LOCATIONS 

O 30 X 
A 55 X 
X 80 X 
X 80 XI AFT ) 
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LOCKHEED C-MIA 

BOUNDARY-LRYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 546 
RUN NO 101 
HOCH NO .796 

RAKE LOCATIONS 

O 30* 
A 55 X 
X 80* 
ft 80 Z( AFT ) 

VBL/Vl 
FIGURE 11 BOUNDARY LAYER VELOCITY PROFILES AND PRESSURE 

DISTRIBUTIONS MACH .794 TO .802 
(a) CORRECTED ALPHA = -2.78 
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LOCKHEED C-141A . - 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 548 
RUN NO 285 
NACH NO .794 

RAKE LOCATIONS 

O 30 Z 
A SS X 
X 80 X 
* 80 Xi AFT I 

72 - 

VBl/VL 
FIGURE 11 (CONTINUED) 

(b) CORRECTED ALPHA = -2.73 
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LOCKHEED C-141A 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONOniONS 

FLIGHT NO S46 
RUN NO 102 
NACH NO .794 

RRKE LOCATIONS 

0 30 X 
A SS X 
X 60 X 
* 60 XI AFT I 

74 

FIGURE 11 

(c) 

VBl/Vl 
(CONTINUED) 

CORRECTED ALPHA r -1.95 
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LOCKHEED C-Hlfl 

boundary-layer rake survey 

RUN CONDITIONS rrke locations 

FLIGHT NO 548 
RUN NO 284 
HACH NO .802 

O 30 X 
A SS X 
X eo X 
* 80 X«AFT I 
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FIGURE II 

id) 

V0L/VL 
(CONTINUED) 
CORRECTED ALPHA = -1 .95 
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LOCKHEED C-141A 

BOUNDRRY-LRYER RRKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S48 
RUN NO 28 
MACH NO .000 

RArffc LOCA ÍIONS 

O JO X 
A 55 X 
X 80 X 
* 80 XI AFT I 

FIGURE II (CONTINUED) 

(e) CORRECTED ALPHA r -1.12 
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LOCKHEED C-141fl 

« 

BOUNDflRY-LfiYER RRKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 546 
RUN NO 10 
HACH NO .002 

RRKE LOCATIONS 

0 30 X 
A 55X 
X 90 X 
X 80 XI AFT I 

VBL/VL 
FIGURE 11 (CONTINUED) 

(f) CORRECTED ALPHA = -1.10 
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LOCKHEED C-141R 

BOUNDARY-LRYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S47 
RUN NO 4A2 
NACH NO .796 

RAKE LOCATIONS 

O 30 X 
A 55 X 
X 80 X 
* 80 X( AFT J 

VBL/VL 
FIGURE 11 (CONTINUED) 

(g) CORRECTED ALPHA r -0.70 
82 
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LOCKHEED C-141R 

BOUNDRRY-LAYER RAKE SURVEY 

RUN CONDITIONS RRKE LOCATIONS 

FLIGHT NO 547 <5 30 X 
RUN NO 482 A 55 X 
NACH NO .800 X '60 X 

X 80 XI AFT I 

VBL/VL 
FIGURE 11 (CONTINUED) 

(h) CORRECTED ALPHA = -0.70 
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LOCKHEED C-141A 

boundrry-layer rrke survey 

RUN CONDITIONS 

FLIGHT no S46 
RUN NO 103 
NOCH NO .802 

RAKE LOCATIONS 

0 30 X 
A S5X 
X 80 l 
K 80 XI AFT ) 
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LOCKHEED C-141A 

BOUNDRRY-LRYER RRKE SURVEY 

RUN CONDITIONS RRKE LOCATIONS 

FLIGHT NO 540 
RUN NO 201 
MACH NO .0CO 

0 30 X 
A SS Z 
X 80 X 
X 80 7.1 AFT) 

FIGURE 11. (CONTINUED) 
(I) CORRECTED ALPHA = -0.54 
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LOCKHEED C-141fi 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S46 
RUN. NO 104 
NACH NO .796 

RAKE LOCATIONS 

0 30 X 
A 65* 
X 80* 
M 60*1 AFT I 

VBL/VL 
FIGURE 11 (CONTINUED) 

(m) CORRECTED ALPHA = -0.28 
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LOCKHEED C-141R 

BOUNDRRY-LAYER RAKE SURVEY 

RAKE locations 

0 30 X 
A 5S X 
X 80 X 
X so xi am 

VBL/Vl 
FIGURE 11 (CONTINUED) 

(n) CORRECTED ALPHA ^-0.27 

RUN CONDITIONS 

FLIGHT NO 548 
RUN NO 282 
MRCH NO .800 
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LOCKHEED C-141A 

BOUNDRRY-LfUER RRKE SURVEY 

RUN CONDITIONS RfinE LOCfiTIONS 

FLIGHT NO 546 
RUN NO 2B3 
HfiCH NO .000 

0 30 2 
A 55 X 

- X 80 X 
* 80 XIPF n 

VBL/VL 
FIGURE 11 (CONTINUED) . 

(o) CORRECTED ALPHA : -0.07 
94 





H
E
I
G
H
T
 
A
B
O
V
E
 
S
U
R
F
A
C
E
 
- 

I
N
C
H
E
S
 

LOCKHEED C-Í41A 

BOUNDRRY-LRYER RRKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S46 
RUN NO IOS 
HOCH NO .802 

RONE LOCOTIQNS 

© 30 X 
A 65 * 
X 80 X 
* 80 XI OF T I 

FIGURE 11 (CONCLUDED) 
(p) CORRECTED ALPHA = -0.07 
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LOCKHEED C-141R 

BOUNDARY-LAYER RAKE SURVEY 

run conditions 

flight no 54a 
RUN NO 2C5 
MACH NO .820 

RAKE LOCATIONS 

O 30 Z 
A 55 * 
X 00 X 
« 80 7.1 AFT) 
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LOCKHEED C-141A 

boundrry-lryer rrke survey 

RUN CONDITIONS 

FLIGHT NO 546 
RUN NO IE 1 
HRCH NO .817 

RRKE LOCRTIONS 

O 30 X 
A. 65 X 
X 60 X 
* 60XIRFTI 

VBL/Vl 
FIGURE 12 (CONTINUED) 

(b) CORRECTED ALPHA : -2.70 
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LOCKHEED C-141R 

BOUNDRRY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S46 
RUN Np IE2 
HftCH NO .820 

RARE LOCATIONS 

0 30 ï 
A SS Z 
X 80 Z 
* 80 Z( AFT ) 

VBL/VL 
FIGURE 12 (CONTINUED) 

(c) CORRECTED ALPHA =-2.20 
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LOCKHEED C-141A 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S40 

RUN NO £C4 
MACH NQ .820 

RAKE LOCATIONS 

O 30 X 
A 55 X 
X 60 X 
X 80 7.( AFT I 

VBl/Vl 
FIGURE 12 (CONTINUED) 

(d) CORRECTED ALPHA = -2.06 
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LOCKHEED C-141R 

BOUNDfiRY-LRYER RRKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S46 
RUN NO IE 
HRCH NO .820 

RRKE LOCATIONS 

0 30 X 
A SS X 
X 80 X 
« 80 XI AFT I 
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VBL/VL 
FIGURE 12 (CONTINUED) 

(e) CORRECTED ALPHA = -1.27 
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LOCKHEED C- 14 1A 

BOUNOfiRY-LflYER RARE SURVEY 

RUN CONDITIONS 

FLIGHT NO S48 
RUN NO 2C 
NACH NO .b¿2 

RRKE LOCATIONS 

o 30 r. 
A SS X 
X 00 X 
* 80 7.1 AFT I 

(f) CORRECTED ALPHA i -1 .27 
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LOCKHEED C-141A 

BOUNDRRY-LRYER RRKE SURVEY 

RUN CONDITIONS 

FLICHT NO 546 
RUN NO 1E3 
NACH NO .820 

RAKE LOCATIONS 

0 30 X 
A 55 X 
X 80 X 
* 80 XIAFT) 

VBL/VL 
FIGURE 12 (CONTINUED) 

(g) CORRECTED ALPHA r -0.78 
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LOCKHEED C-Mlfl 

BOUNDARY-LAYER RAKE SURVEY - 

RUN CONDITIONS. 

• FLIGHT NO S48 
RUN NO 2C1 
HACK NO .822 

RAKE LOCATIONS ' 

O 30 X 
A SS X 
X SOX 
X 80 XI AFT I 
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LOCKHEED C-HIR 

BOUNDARY-LAYER RAKE SURVEY 

run conditions 

flight no 546 
RUN NO 1E4 
NACH no .622 

RAKE locations 

0 30 X 
A 56 X 
X 60 X 
M 80 21 AFT I 
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LOCKHEED C-141A 

BOUNDARY-LAYER RAKE SURVEY 

RUN CCNOlTIONS RARE LOCATIONS 

O 30 X 
A SSZ 
X eo X 
X 80XCAFÏI 

VBl/Vl 
FIGURE 12 (CONTINUED) . 

(I) CORRECTED ALPHA = -0.20 

FLIGHT NO $48 
RUN NO 2C? 
NACH NO .820 
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BOUNDRRY-LRYER RRKE “SURVEY 

RUN CONDITIONS RRN€ LOCATIONS 

FLIGHT NO S48 

RUN NO 2C3 

NACH NO .620 

O XX 

A SS X 
X SOX 
X 60 XI AFT ) 

(m) CORRECTED ALPHA = Û.22 
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LOCKHEED C-Mlfi 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 546 
RUN NO 1E5 
NACH NO .820 

RAKE LOCATIONS 

0 30 X 
A 65 X 
X 80 X 
m 80 2( AFT I 

YBl/VL 
FIGURE 12 (CONCLUDED) 

(n) CORRECTED ALPHA : 0.22 
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LOCKHEED C-141A 

BOUNDflRY-LflYER RRKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S47 
RUN NO CAS 
NACH NO .860 

RAKE locations 

0 30 X 
A ss X 
X 80 X 
X 80 XI AFT I 

VBl/Vl 
FIGURE 13 BOUNDARY LAYER VELOCITY PROFILES AND PRESSURE 

DISTRIBUTIONS MACH .840 TO .860 
(a) CORRECTED ALPHA = -2.24 
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LOCKHEED C-141R * • ' . 

BOUNDfiRY-LflYER RflKE SURVEY 

RUN CONDITIONS RAKE LOCATIONS 

FLIGHT NO 547 

RUN NO 2A4 

MACH NO .855 

O 30 X 

A SS X 
X 80 X 
* 80 XI AFT I 

V0L/VL 
FIGURE 13 (CONTINUED) 

(b) CORRECTED ALPHA :-1.30 
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LOCKHEED C-141R 

BOUNDRRY-LflrER RRKE SURVEY 

RUN CONDITIONS 

FLIOHT NO 547 
RUN NO 2R 
HOCH NO .645 

RRKE LOCATIONS 

0 30 X 
A 55 X 
X 80 X 
K 80XIAFT) 

FIGURE 13 

(c) 

VBL/Vt 
(CONTINUED) 
CORRECTED ALPHA = 0.13 
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LOCKHEED C-141H 

boundary-layer rake survey 

RUN CONDITIONS RAke LOCATIONS 

FLIGHT NO S47 O JO ï 
RUN NO 2A1 a 55 » 
HACH NO .840 X M X 

K 80ZIAFT) 
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LOCKHEED C-141A 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S47 
RUN NO 2A3 
NACH NO .844 

RARE LOCATIONS 

O 30 X 
A 55 X 
X BOX 
M 60 XIAFT) 
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FIGURE 13 (CONTINUED?L/VL 

(e) CORRECTED ALPHA = 1.35 
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LOCKHEED C-141R 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS RAKE LOCATIONS 

FLIGHT NO S47 
RUN NO % 2A2 
NACH NO .840 

O 30« 

A S5X 
X 80 X 
*. 80 XIAFT) 

FIGURE 13 

(0 

VBl/VL 
(CONCLUDED) 
CORRECTED ALPHA = 1.62 
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LOCKHEED C-141R 

boundary-layer rake survey 

RUN CONDITIONS 

FLIGHT NO b47 
RUN NO 3A5 
NACH NO .690 

rake locations 

0 30 X 
A 8S X 
X 60 X 
X 80 X( AFT I 

vei/vi 
FIGURE 14 BOUNDARY LAYER VELOCITY PROFILES AND PRESSURE 

DISTRIBUTIONS MACH .690 TO .702 
(a) CORRECTED ALPHA = -2.40 

«MA' 

.
.

 





H
E

IG
H

T
 

A
B

O
V

E
 

S
U

R
F

A
C

E
 

- 
IN

C
H

E
S

 

LOCKHEED C-Hlfi 

BOUNDPRY-LflYER RRKE SURVEY 

RUN CONDIT.IONS 

FLIGHT NO 547 
RUN NO 304 
NACH NO .695 

rake locations 

O 30 X 
A 55 X 
X 60 X 
M 80 XI AFT I 
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VBL/yt 
FIGURE 14 (CONTINUED) 

(c) CORRECTED ALPHA = -0.87 

1.0 
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LOCKHEED C-Hlfl 

BOUNDRRY-LRYER rrke survey 

run conditions 
R0«E LOCATIONS 

FlICHT NO 547 
RUN NO 303.2 
HOCH NO .700 

O 30* 
A 55 X 
X 80* . 
* 80 *( OF T ) 
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LOCKHEED C-14IR 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 547 
RUN NO 3A2 
HTCH NO .702 

RARE LOCATIONS 

0 30 X 
A SS X 
X 80 X 
X 60 XI AFT I 
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LOCKHEED C-141A 

BOUNDARY-LAYER. RAKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 547 
RUN NC 1A3.1 
HRCH »iö .700 

RAKE LOCATIONS 

0 30 X 
; A SS X 

X 80 X 
* .80 XTfiFTJ 
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BOUNDflRY-LflYER RflKE SURVEY 

«UN CONDITIONS 

flight no S47 
RUN NO 3R 
«RCH NO* .700 

RPXE LOCATIONS 

0 30 X 
A SS X 
X 80 X 
* 0OXIAFTI 
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LOCKHEED C-Í41A 

BOUNDflRY-LRYER RflKE SURVEY 

RUN CONDITIONS 

FLIGHT NO S47 
RUN NO 3BS 
HOCH NO .761 

RflKE LOCATIONS 

O 30 X 
A ssx 
X 80 X 
X 80 X( AFT I 
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VBL/VL 
FIGURE 15 BOUNDARY LAYER VELOCITY PROFILES AND PRESSURE 

DISTRIBUTIONS MACH .748 TO .754 
(a) CORRECTED ALPHA = -2.40 
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LOCKHEED C -14 If) 

BOUNDARY-LAYER RAKE SURVEY 

run conditions 

FLIGHT no 847 
RUN NO 384 
HACH NO .780 

RRKE LOCATIONS 

O 30 X 
A 68 X 
X 80 X 
* 80/.( AFT I 
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LOCKHEED C-141A 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONÛITIONS 

FLIGHT NO S47 
RUN NO 361 
NACH NO .746 

RAKE LOCATIONS 

O 30 X 
A SS X 
X 80 X 
* 00 XI AFT I 

FIGURE 15 (CONTINUED) 
(c) CORRECTED ALPHA = -0.97 
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LOCKHEED C-141R 

BOUNDARY-LAYER RAKE SURVEY 

• » 

RUN CONDITIONS 

FLIGHT NO 547 
RUN NO 3CI 
NOCH NO .754 

RAKE LOCATIONS 

O 30 X 
* 55 X 
X 80 X 
* 0O4IAFTI 
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LOCKHEED C-Mlfi 

BOUNDflRY-LRYER RflKE SURVEY 

RUN CONDITIONS RARE LOCATIONS 

FLIGHT NO 547 . O 30 X 
RUN NO 3B2 A 55 X 
MACH NO .754 X 00 X 

. * 80 7.1 AF I ) 

.(e) CORRECTED ALPHA : -0.37 
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• LOCKHEED C-Mlfl 

BOUNDARY-LAYER RAKE SURVEY- 

run conditions 
RAKE LOCATIONS 

flight no 547 
RUN NO 3B3 
HACH no .748 

O 30 X 
A 55 X 
X 80¾ 
» 80 XI AFT I 

I* 





HE
IG

HT
 
AB

OV
E 

SU
RF

AC
E 

- 
IN
CH
ES
 

LOCKHEED C-M1A ■ 

BOUNDfiRY-LfiYER RflKE SURVEY 

RUN CONDITIONS RAKE LOCATIONS 

O 30 X 
A ssx 
X 80 X 
X 80 X( AFT I 

VBl/VL 
FIGURE 15 (CONCLUDED) 

(g) CORRECTED ALPHA : 1.77 

FLIGHT NO 547 
RUN NO 38 
MACH NO .750 





M
E 

IC
H

T
 

A
B

O
V

E
 

S
U

R
F

A
C

E
 

- 
IN

C
H

E
S

 

LOCKKEEO C-141R 

BOUNDARY-LAYER RAKE SURVEY 

• - 

: 
. 

RUN CONDITIONS RAKE LOCATIONS 

FLIGHT NO 547 
RUN NO 3C4 
MACH NO .780 

O 30 * 
A 55 X 
X 80 X 
X 80 XI AFT I 
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• LOCKHEED C-Hlf) 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS RAhe LOCATIONS 

FLICHT NO S47 
RUN NO 3C2 
NACH NO .765 

G 30 Z 
A SS Z 
X 80 Z 
* 80 Zl AFT I 

FIGURE 16 (CONTINUED) ' * 

(b) CORRECTED ALPHA = -0.37 * 

•.S. 
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LOCKHEED C-1410 ' ! 

BOUNDRRY-LAYER RflKE SURVEY 

RUN CONDITIONS RRKE locations 

FLIGHT NO S47 
RUN NO 3C3 
HACH NO .770 

0 30 X 
* SS X 
X 80X 
X 60 XI AFT ) 
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:. LOCKHEED C-Í41A ■ - 

BOUNDflRY-LñYER RflKE SURVEY 

RUN CONDITIONS RARE LOCATIONS 

FLIGHT NO 547 
RUN NO 3C 
HACK NO .770 

O 30 X 
A 55 X 
X 60 X 
K 80 X( AFT ) 
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VBl/Vl 
FIGURE 16 (CONTINUED) 

(d) CORRECTED ALPHA = 1.25 
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LOCKHEED C-141A 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS RAKE LOCATIONS 

flight no 549 

RUN NO 2A 
NACH NO .780 

O 30 Z 
A SS Z 
X 80 Z 
* 80 XI AFT I 

FIGURE 16 
(•) 

(CONCLUDED^ 7 VL 
CORRECTED ALPHA = 1.51 
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LOCKHEED C-Hlfl 

BOUNDRRY-LRYER RflKE SURVEY 

RUN CONDITIONS RRKE LOCATIONS 

FLICHT NO 547 O 30 X 
RUN NO 3CS A SS X 
MACH NO .790 X 80 X . 

* 80 XI AFT I 

VBL/VL 
FIGURE 17 BOUNDARY LAYER VELOCITY PROFILES AND PRESSURE 

DISTRIBUTIONS MACH .790 TO .810 
(a) CORRECTED ALPHA =-2.31 172 
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LOCKHEED C-141R • 

BOUND'RRY-LfiYER RflKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 547 

RUN NO 305 
HRCM NO .900 

RflKE LOCATIONS 

O 30 X 
^ 55 X 
X 90 X 
K 80ZIRFTI 

VBL/VL 
FIGURE 17 (CONTINUED) 

(b) CORRECTED ALPHA = -2.14 
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RUN CONDITIONS ' 
» 

FLIGHT NO $47 . 
RUN NO 302 
NACH NO .810 

RAKE LOCATIONS 

0 30* 
A $5* 
X 80* 
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FLIGHT NO S48 
RUN NO 3R1 
51RCH NO .810 

O 30 X 
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FIGURE 17 (CONTINUED) 
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LOCKHEED C-141fl 

BOUNDRRY-LRYER RRKE SURVEY 

RUN CONDITIONS RRKE wOCRTIONS 

FLIGHT NO 547 
RUN NO 303 
HRCH NO .600 

O 30 % 
A SS X 
X 60 X 
X 60XIRFTI 

. VBL/Vt 
FIGURE 17 (CONTINUED) 

(0 CORRECTED ALPHA : -0.18 
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LOCKHEED C-141B.’ ' 

BOUNDflRY-LflYER RfiKE SURVEY 

RUN CONDITIONS RAKE LOCATIONS - 

FLICHT NO 54? 
RUN NO 30 
NACH NO .600 

0 30 X 
a 65 X 
X 60 X 
K 60 X( AFT I 

VBL/VL 
FIGURE 17 (CONTINUED) 

(h) CORRECTED ALPHA e 0.74 
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LOCKHEED C-Mlfi 

BOUNDflRY-LRYER RRKE SURVEY 

RUN conditions RRKE LOCATIONS 

FLIGHT NO 549 
RUN NO 2B 
MACH NO .600 

0 30 Z 
A SS Z 
X 80 Z 
X 60ZIAFT) 

VBl/Vl 
c - f : 17 (CONCLUDED) 

(k) CORRECTED ALPHA = 1.25. 
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BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS RAKE LOCATIONS 

FLIGHT NO S48 
RUN NO 3RS 
MACH NO .826 

O 30 X 
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X 80 X 
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. BOUNDARY-LAYER RAKE.SURVEY 

RUN CONOITJONS 

FLIGHT NO 548 
RUN NO 3A4 
NACH NO .822 
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O 30 X 
A 55 X 
X 80 X 
* 80 XI AFT) 
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RUN CONDITIONS . 
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RUN NO 3A3 

NACH NO .820 
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LOCKHEED C-Mlfi 

BOUNDARY-LAYER RAKE SURVEY 

•RUN CONDITIONS rakE LOCATIONS 

FLIGHT NO 548 O 30 X 
RUN NO 3P2 A 55 * 
KACH NO .822 X 80 X 

* 80 X( AFT I 

(d) CORRECTED ALPHA : -1.27 “ 
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LOCKHEED C- 141fl 

BOUNDRRY-LflYER RRKE SURVEY 

RUN CONDITIONS RR^E LOCATIONS 

30 X 
SS X 
80 X 
80 XI AFT ) 

FIGURE 18. (CONTINUED) 
(e) CORRECTED ALPHA r -0.10 
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LOCKHEED C-141A 

BOUNDRRY-LfiYER RRKE SURVEY 

RUN CONOITIONS RRKE LOCRTIONS 

FLIGHT NO 547 
RUN NO 3£ 
MRCH NO .825 

O 30 X 
A 55 X 
X 80 X 
X 80 XCRFT I 

VBL/VL 
FIGURE r8 (CONTINUED) 

. • (0 CORRECTED ALPHA : 0.83 
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LOCKHEED C-141A 

BOUNDfiRY-LRYER RRKE SURVEY 

RUN CONDITIONS 

FLIGHT NO 549 
RUN NO 2C 
MACH NO .820 

RRKE LOCATIONS 

O 30 >. 
A ss z 
X 80 Z 
X 80ZCRFTI 

VBL/VL 
FIGURE 18 (CONTINUED) 

(g) CORRECTED ALPHA = 1.10 
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LOCKHEED C- 14 1A 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONOniONS RAKE LOCATIONS 

FLIGHT NO S49 . O 30 X 
RUN NO 20 A 55 7. 
NACH NO .830 X 80 X 

* 80 XT AFT I 
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BOUNDflRY-LRYER RflKE SURVEY 

RUN CONO ITIONS 

FLIGHT NO 548 
RUN NO 304 
HRCH NO .050 

RARE lOCAMCNS 

0 30 X 
A 55 X 
X 00 X 
X 80 X(AFT I 
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LOCKHEED C- 141 ft 

BOUNDARY-LAYER RAKE SURVEY 

RUN CONDITIONS RARE LOCATIONS 

flight no ua 
RUN NO 382 
HACH *0 .8S0 

0 30 X 
A ssx 
X 80 X 
* 80XÍAFTI 
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FLIGHT NO 549 O 30 X 
RUN NO 2EI a 55 X 
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BOUNDARY-LAYER RAKE SURVEY 

RUN CONCITIONS 

FLIGHT NO 549 
RUN NO 212 
NRCH NO .040 

RAKE LOCATIONS 

G 30 X 
A SS X 
X 80 X 
X 80 XI AFT I 
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FLIGHT NO 547 
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