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RESULTS OF TESTS OF A

ROCKWELL INTERNATIONAL SPACE SHUTTLE ORBITER

(-139 CONFIGURATION) 0.0175-SCALE MODEL (NO. 29-0)

IN AEDC TUNNEL F TO DETERMINE

HYPERSONIC HEATING EFFECTS (OHM

By

M. Quan, Rockwell International Space Division

ABSTRACT

This report presents the results from wind tunnel tests to determine

hypersonic aerodynamic heating .rate§ on a NASA/Rockwell Space Shuttle

Orbiter.

The objectives of this test were to determine Mach number effects,

if any, and to obtain overall heating rate data at high Mach numbers from

10.5 to 15. The model used was a 0.0175-scale model built to Rockwell

Orbiter lines VL70-000139. The model identity number is 29-0. These

tests, designated OH11, were conducted in the AFDC Tunnel F.
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INTRODUCTION

This report presents the test description and data obtained from wind

tunnel tests conducted to determine hypersonic aerodynamic heating rates on

a WASA/Rockwell Space Shuttle Orbiter configuration. Mach number effects

were of special interest. The NASA/Rockwell number for this test was OH11

and the facility project number was VA 354. These tests were conducted

in Tunnel F of the von Karmen Facility at the Arnold Engineering Development

Center (AEDC) from October 24 through November 2, 1973.

The model used was an 0.0175-scale Orbiter model based on Rockwell

lines VL70-000139. The number assigned to this model was 294.

_i



NOMENCLATURE

Computer
Symbol Printout Definition

B/2 wing semispan, 8.2 in.

h H heat-transfer coefficient determined at a
particular gauge location, Q/ ( Taw - Tw)

href HREF reference heat transfer coefficient based on test
section stagnation conditions on a 0.21-in. radius
hemisphere, QO/(To - Tw)

Ho HO stagnation enthalpy, Btu/lbm

hw enthalpy at model wall temperature, 134.2 Btu/lbm

L model	 length, 23.226 in.

Mr. M-INF free-stream Mach number

Po PO tunnel reservoir pressure, Asia

p^ POP stagnation pressure measured behind the
free-stream normal shock, psia

P. P-INF free-stream static pressure, Asia

q Q heat-transfer rate, Stu/tt2-sec

q^ Q-INF free-stream dynamic pressure, Asia

qo QO or Q-0 stagnation heat-transfer rate on a 0.21--in.
radius hemisphere. Btu/ft2-sec

Q1-Q89 heat-transfer gauge designations on model

gref QREF reference heat-transfer rate (same as qo},
Btu/ft2-sec

Re,,,/ft RE/FT Reynolds number based on free-stream conditions
and 1-ft length

RE-L Reynolds number based on free-stream conditions
and the model length of 23.226 in.

C..
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5ymbol

P.

To

T

Taw

Tw

U

X

X'

a

S

T1

e

I

1-1
. I	 I } NOMENCLATURE (Concluded)

Computer
Printout	 Definition

RHO-INF	 free-stream density, 1bm/ft3

5TO or 5T-0 Stanton number for measured hemisphere stagnation
heat-transfer rate, 40 /EPA ( Um ) (Uo - hw}

TO	 reservoir temperature, °R

T-DIF	 free-stream static temperature, °R

adiabatic wall temperature, (Taw nTo)

model wail temperature, Z 540°R

U-INF	 free-stream velocity, ft/sec

axial distance along the model measured from the noEe,
in.

axial distance along the model measured from the
leading edge of the wing, in.

angle of attack, deg

local flow deflection angle, a + 0, deg

enthalpy recovery factor, n = 0.867 + 0.133 sin 1.55
d

local model surface angle relative to centerline,
deg (see Table III)

angle between a guage and vertical plane through
the centerline of the model, deg

I

,NOTE:	 Reference stagnation conditions (q 	 and qo ) were measured on a
0.50-in. radius hemisphere and ref gFXnce to a 0.21-in. radius by
multiplying by	 o:

0.21

i

5



REMARKS

Wind tunnel tests were conducted on a 0.0175-scale model of the

Rockwell International Space Shuttle Orbiter to determine aerodynamic

heating rates on the vehicle. Data from these tests were compared with

data from other tunnel tests. Since tunnel F has a high Mach number cap-

ability, it was of special interest to use these data for the determina-

tion of Mach number effects on heating rates.

Data were recorded using resistance thermometer slug calorimeters

}	 and co-axial surface thermocouples. Details on this instrumentation are 	 -'

I
given in the Instrumentation Section.

Model angles of attack were varied from 25 0 to 450 with 0° sideslip.

1	 Nominal Mach number range was from 10.5 to 16 and Reynolds number from

I
^	 1.0 to 10.0 x 106/ft. Tunnel F operates using a constant volume reservoir

I with set initial charge densities. Reservoir conditions decay with time

during each run, resulting in varying Mach and Reynolds numbers over a

run. Initial reservoir conditions are set so that the sweep in values of

the tunnel parameters will include the requested Mach/Reynolds number

combination. The Run Schedule shows the nominal conditions and the

Reynolds number range in which tabulated data were collected.

This test is also documented by AEDC report number AEDC-DR-74-16

(Reference 2) by A. H. Boudreau (ARO, Inc.)_ Much of the information con-

tained in the following text was obtained from that source. In addition,

i	 the AEDC report contains plots of the data with some comparisons made

with theory and with data obtained during another test (in tunnel B, also

at AEDC).

6	
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CONFIGURATIONS INVESTIGATED

i

The model tested was an 4.0175-scale model of the Space Shuttle

Orbiter built to Rockwell lines VL70-000139 (designated model number 29-0).

This model was fabricated from 15-5 PH stainless steel. The wing and

vertical tail were each built as one solid piece. Exterior contour lines

followed the control surfaces in a , undeflected position.

Since the model contained no removable,deflectable, or interchange-

able parts, configuration variations could not be tested. Therefore,

individual components were not referred to. The run schedule merely lists

the model by its number, 29-0. However, for information, the following

nomenclature symbols had been assigned to the components of the configu-

ration tested.

B 17	 Fuselage body

C7	Canopy

F5	Body flap

M4	OMS pods

V7	Vertical tail

W107	 Wing

Component geometry is detailed in Table III.

7



INSTRUMENTATION	 J

Sixty gauges of two types were used to measure heating rates on the

model surface. Locations of these gauges are shown in Figure 2a. The

two types of gauges were resistance thermometer slug calorimeters (RT)

and co-axial surface thermometers (co-ax),

Fourteen RT gauges were installed on model leeward surfaces. The RT

gauges were built 0.250-in, diameter to be used where the heat transfer

rate range was expected to be O.05 to 50 Btu/ft 2 -sec. These gauges used

a thin-film platinum resistance thermometer to sense the back surface

temperature of an aluminum disc, the front of which was flush to the model

surface. The calorimeters were optimized to measure a given range of

heat flux by an appropriate selection of the aluminum disc thickness. Un-

fortunately, since these discs were made flat across their surface, a

small deviation from model surface contour resulted across the diameter

of the gauges when they were installed.

Forty-six 0.125-in. diameter, co-ax thermocouple gauges were also used

on this model. The surface contour of these gauges matched exactly that

of the model since the thermocouple sensing surface could be worked to

the model shape and still function properly. These gauges were comprised

of an electrically insulated chromel wire enclosed in a constantan cylin-

drical jacket. A thin-film junction was made at the model surface by

lightly polishing with fine sandpaper. They had a higher operating range

(5 to 500 Btu/ft2-sec.) than the RT gauges and were placed in areas such

as the lower surface where higher heating rates were expected. Because 	 t



INSTRUMENTATION (Concluded)

they matched the model surface contour so well, they did not cause early

boundary layer transition with its subsequent higher heating rate.

Tunnel conditions were monitored using two 1-inch diameter 'emisphere-

cylinders instrumented with slug calorimeters. The hemisphere-cylinders

were installed at an appropriate distance from the model to eliminate

shock interference. A pitot probe was located near each hemisphere-cylin

der to measure the normal shock stagnation pressure. Test section pitot

pressures as well as ARC chamber reservoir pressures were measured with

semiconductor strain-gauge transducers.

9
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TEST FACILITY DESCRIPTION

The Hypervelocity Wind Tunnel (F) is an arc-driven wind tunnel of the

hotshot type and capable of providing Mach numbers from about 7.5 to 20

over a unit Reynolds number range from 0.05 x 105 to 75 x 105 per foot.

Test sections of 108-in. diameter (M = 14 to 20) and 54-in. diameterco

(M = 10 to 17) are available using a 4-deg., hale-angle conical nozzle.

The range of Mach numbers at a particular test station in the conical

nozzle is obtained by using various throat diameters. The M = 8 contoured

nozzled has a 25-in. exit diameter which connects to the 54-in. diameter

test section and provides a free-jet exhaust. The test gas can be either

air or nitrogen. The 'ast gas is confined in either a 2.5 cu. ft. or a

4.0 cu. ft. arc chamber where it is heated and compressed by an electric

arc discharge. The increase in pressure results in a diaphram rupture with

the subsequent flow expansion through the nozzle. Test times are typically

from 50 to 200 msec. Shadowgraphs and Schlieren coverage are available

at both test sections.

This test was conducted in the 54-in. diameter test section of the

conical nozzle for M = 10.1-16.2. Nitrogen was the test gas. The 2.5co

and 4.0 ft  arc chambers were used, and useful test times up to approximately

100 msec, were obtained.



TEST PROCEDURE

Variables for this test were Mach number, Reynolds number, and angle

of attack. Prior to making a run, these variables were set with the proper

facility nozzle, throat diameter, arc chamber pressure and sting angle.

The tunnel was fired with an electric arc discharge. The nitrogen

within the arc chamber was heated by this discharge and the resultant

increase in pressure ruptured a diaphram,which released the gas into the

nozzle.

As gas left the arc chamber, reservoir pressure declined with a re-

sulting decay of tunnel parameters. Gauge output was scanned with a digi-

tal system. Oscillographs were also used to record the output of each

channel as a back-up and for a quick look at results. As reservoir pres-

sure declined, timewise scans of data resulted in variations of Reynolds

number. Thus, a single run contained data for a range of Reynolds numbers.

11
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DATA REDUCTION

Output of the heat transfer gauges was converted by AFDC from direct

functions of temperature vs. time to Q/Qref and H/Href vs, time. Tabula-

tions of these values for each run are presented in the back of this re-

port.

Statements made below on data uncertainty are based on information

presented in the AFDC data report for this test, AEDC--DR-74 . 16 by A. H.

Boudreau (ARO, Inc.).

The determination of the free--stream and reservoir conditions was

based on the measured balues po, po, and qo. Uncertainties for these

parameters are ±4, ±5, and f5 percent, respectively, based on calibration

and data acquisition accuracy as well as uncertainties associated with

testing under dynamic conditions. Using the Taylor series method of

error propagation resulted in the following uncertainties in tunnel con-

ditions:

Parameter	 Uncertainty (percent)

M.	 ±1.5

Re./ft	 ±10

T,,	 ±6

PM	 ±6

To	 ±4

Ho	 ±5

Uncertainties in heat transfer rates (q) were a function of flow con-

dition, angle of attack, and location on the model. Low heat transfer rates

12



i

.^	 1

13

-	 _I _	 !	 _ I	 I	 1_	 1	 i

DATA REDUCTION (Continued)

sometimes approached the limits of the instrumentation, which resulted

higher data uncertainties. Bottom centerline gauges 34, 38, 41, 44, 47

and 50 (figure 2-a) had low outputs,so pre-amp units were used to boost

the signal to noise ratio. Separate uncertainty values are provided fo

these gauges. The table below lists the uncertainties in the heat tran

fer rates by'their location on the model.

Location of Model 	 Range (Btu/ft 2-sec)	 Uncertainty (percen

Bottom centerline	 q > 5	 + 9
(w/o pre-amps)	 -

q<,	 +-75

Bottom Centerline	 > l	 + 9

(w/ pre-amps)	 -

Bottom of Wing	 q > 5	 k 9

q < 5	 + 15

Model Upper Surface	 q > 4.2	 + 9

q < 0.2	 + 15

3

The uncertainties associated with model data non-dimensionalized with free-

stream con ditions (h) or stagnation conditions and free stream (h
ref

) are	 5.

based on the uncertainties of tunnel parameters and q i s given above. These

uncertainties are propagated through the appropriate equations by the

Taylor series method of error propagation to yield the following estimates

of data uncertainty (Tw uncertainty considered negligible); s
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DATA REDUCTION (Concluded)

Parameter Uncertainty (Percent)

h + 10

h + 16

href + 6

9ref + 5

Wref A-	 10

^Aref
± 16

h/ href + 12

h/href + 17

Comments

for with + 9 percent uncertainty

for G with ± 15 percent uncertainty

for 9 with + 9 percent uncertainty

for q with + 15 percent uncertainty

for q with + 9 percent uncertainty

for q with + 15 percent uncertainty

14
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TABLE I.

 I	 I	 I

TEST	 0011

MACH NUMBER

J

TEST CONDITIONS

REYNOLDS NUMBER	 STAGNATION
(per foot)	 PRESS= (psi)

DATE S	 Past-test

iTAGNATION TEMPERATURE
 (degrees Rankine)

6 35no 35011

12.0 1.0 U90 f

3.7 5000

6.0 12000 2500

14.0 1.0 14000 20QO

3.7 15QOQ 3000

BALANCE UTILIZED:	 _

NF

SF

AF

PM

RM

YM

COMMENTS:	 Large
Given

_None _

CAPACITY:	 ACCURACY_

Variation in test conditions during
conditions are approximate.

16

COEFFICIENT
TQLERANCE:

each run.
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FABLE H.

TEST :	 GH1T	 DATA SET/RUN NUMBER COLLATION SUMMARY	
DATE : Pest'~Acs1`~

TuN^^
^u til

CONFIGURATION
ScHO.
of

Re /f4 x 10 6

REQUE5TE D

Re/Ft' XtO i RP-1 5 e
ATTA I XICD
}

CO IU1MEtJ-t'S Ft O.
OF

RV N 5

MACH NUMBERS

V -'O 25 O 1.0 1. to -I. 0 1
.

6 10,545
0

!4

^l^LP e 35 L.f T,0 6.15

45^ 30 1D. ^(-.o To lo, I

4.9 0?5

450

30

:3c

10.0

6.0

tka

5,1

To

To

10.0

1o,5

4 ri 1 o 30 1.7 3.2 To b.2 m

4511 25 3.7 3.4 To 5.8
ul

m

4	 32 30 6.0 3.9 To a,i 12.0 z
Z

4 ^ 13 3 3,7 i, 6 TO 3,4
E~lxv
'DE

^'R
I RED

se-
e_

c^

4r 14 110 .39 Ta 2.0 11
m

z

15 .30 -3.-? 1.-1 To 3 ' s 14.0
N

4S 110 3 1,01 1,0 -;o 2.5 14,0

451 -7 3o 1.0 .-25 -1'a 1.5 Ifo.B

4-5 1.5 Ta 3,G 12 .0

49 A

4520
3 5

25

3.`T

3.T

210

1,5'

-'o

'Ta

13.9

3,$

AR-r1 LR,P
^	 $`1

N 1:ars 14.0

i2.o

45 I.O .75 TO 1.0 12.0

X522 25i 3:1
2.5:

To 3.13 WD

1	 7	 13	 19	 25	 31	 37	 43	 49	 55	 rt	 G7	 -S 76

COEFFICENTS	 sOvA47 1tt	 iaVAP 12 1 	'.fv

ar on	 Q = 4,vgte	 of w G.C/^^	 oleo.

SCHEDULES
O



TABLE 11. - Concluded.

i

i
DATA SET/RUN NUMBER COLL A TION SUMMARY

ia.
0

D

R^^^^ x 10^
REQUESrtF-D

3.7

^/f^x10^'^Nge
ATT^^	 1^

2. l	 -r'a	 3,9

G.ON[IuiEi^7'^

3.7 W5 To 4.1 1 RE- UN

IF

F 4

3.7 1,8 To 3,I RE- U1 Q

1,0

1.01 . 1.3

1,&15
1 To -2,3

.o  -ro I i , I>

TEST : 0411-

TUI0?0r=L	 CONFIGURATION
P LtN

4523 2q-0
4524
4525
45 Z^
4527

GATE : 'o.t^- csf

..O	 MACH NJMflERS
L r

F.uN$

12,D

13	 i2. o

t9	 I4,o

14.0

12.0	 4
m

X
C
Z
z

OD
	 3

m

i-

F

1	 7	 13	 19	 25	 31	 37	 43	 49	 55	 H1	 67	 75 76

COEF F ICENTS	 WVAR I II	 IC. A  121 .+C J

e1 OR 0
SCHEDULES



MODEL COMPONENT

GENERAL DESCRIPTION	 Fuselage, 3 configuration, 1iahtwei2ht

orbiter per Rockwell Lines VL70-000139

.. MQDFJ, . $CALF,; 0. 01 7 15 	 ^	 ..

DRAWING NUMBER , 	 vL^o—ooc^T ^a

DIMENSIONS :
	

FULL SCALE	 MODEL SCALE

Length, In.

Max Width	 In -

Max Depth , In.

Fineness Ratio

Area — Ft 2

Max. Cross--Sectional

Planforrn

Wetted

Base

	

1290.3	 22.580

	

267.6	 4.683

4-822

„^	 386.67	 6.767

19



TABLE III (CONT'D)

MODEL COMPONErT

GENERAL DESCRIPTION	 carifiguzatim a ppr Rngj5= -1 t 'neQ

VL70-000139

DRAWING NUMBER ; VL70_000139

DIMENSIONS : 	 FULL SCALE	 MODEL SCALE

Length (Xo=433 to X0578)in.F.S.	 145.0

Max width

Max Depth

Fineness Ratio

Area

Max. Cross-Sectional

Planform

Wetted

Base

2.538

20
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i

Length , In.

Max Width, In.

Max Depth

Fineness Ratio

Area - Ft 2

Max. Cross—Sectional

Planform

Wetted

Base

	84.70	 1.482

	

267.6	 4.683

'^ r

TABLE III (CONTID
9	 -

MODEL COMPONENT BDDY,_I uP_ E,5 .—.

GENERAL DESCRIPTION	 Config4ration ner Rockwell Lines

VL70--000139

MODEL SCALE. 0.0175

DRAWING NUMBER: ju aa.aow

DIMENSIONS
	

FULL SCALE	 MODEL SCALE

---- -------



Max. Crass--Sectional

Plonform

Wetted

Base

to
i^

_. L. _	 J _	 I	 I	 l

TABLE III (CONT'D)

MODEL COMPONENT	 OMS POD -- M

GENERAL DESCRIPTION 	 C f̂7^_.nZ . ^ti S2I1 per Rockwell Lines

VL70-000139.

sags a3e

nt^nFtR	 ALE	 Q • Q3 25

DRAWING NUMBER:	 VL7-!2.-QQQlZ2

DIMEN SIONS :
	

FULL SCALE	 MODEL SCALE

Length , in.	 346.0	 6.055

Max Width, In.	 108.0	 0.890

Max Depth , In.	 113.0	 1.978

Fineness Ratio

Area



TABLE III (CONTID)

r4. v MODELCOMFONENT: VERTICAL - V7

GEITIMAL DESCRIPTION: Centerline vertical tail, double-wedge airfoilM

wJ. rounded leading edge •

NOTE: Same as V,^but with manipulator housing removed.

MODEL SCALE: O.C175

DRAUNG NUMBER: VL70-000139

DIMENSIONS:	 FULL SCALE MODEL SCI LE

TOTAL D.9TA

Iwea ( Theo) - Ft 
Planform

Span (Theo) - In.
Aspect Ratio
Rate of 'Paper
Taper Ratio
Sweep-Pack Angles, Degrees,

Leading Edge
Trailing Edge
0.25 Element Line

Chords:
Root (Theo) Tr1P
Tip (Theo) WP
MAC
F s . Sta . of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

Airfoil Sec L-Lon
Leading Wedge ,^n,gle - Deg.
Trailing Wedge Angle _ Deg.
Leading-Edge Radius

	

1+&.7. `1G
	 0.130

	

315.72
	

5.525
1.675 1.675

	

.3.507
	

0.507
0.404 0.404

	

45.000
	

45.000

	

26.249
	

26.249

	

41.130
	

41.130

	

268.50
	

4.699

	

108.47
	

1.898

	

199.81
	

3.497

	

_1463.50.	 25.611

	

635-522
	

11.116

	

0.00
	

0.00

	

10.00
	

10.00

	

14.920
	

14.920

	

2.00
	

2.00

Void I:.rea	 13.17	 _O.OQ4

Blanke ted Area	 Q_2^	 0.0 .
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TABLE III (COWD)

MODEL COMPOKE.NT , _ WING-W -
I 

-zENERA:. DESCR. 11TIO : Qnnfi c+1^7et; r„ _a „p	 ,Pr i r.. ^. . ur,7a-4S^S?l ^a
F

NOTFt Samara aG W.	 Px a	 r,TFf	 rf 7 ^, i,rinz.^	 ?e^1SLlPa^	 °----^^ d —	 ^-..-...—.-.r^.c^:l..^Cx 1....x.3 ---•^w.^+. ^ 	 w
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DIME^'i SIONS:	 FULL-SCALE	 MODEL SCALE

TOTAL OA':'A
area CT eo.)	 Ft?

Planform	 ^hgn•^n	 0,24
Span (Theo In.	 4^F, _ hf3	 , 6
Aspect Ratio 9F5
Rate of Taper	 1.177	 -1
raper Ratio	 n^^^	 L9L,^ -
Dihedral Angle, degrees 	 q - C;no 	 a-Cnn
incidence Angle, degrees
Aerodynamic Twist, degrees	 on
Sweep Back Angles, degrees

Leading Edge	 X5.000	 -4ZIM
Trailing Edge _10, 240
0.25 Element Line	 35.2o2,.	 -35,2Q2

Chords:
Root (Theo B.P.O.O.
Tit), 

('Theo B.P. '	 1A7 -05 -	 a-al a

	

Z4.iL	 ^. ^n4
F

u
s. Sta. ryoo 'f ,25 MAC	 i l ^F, fi^l _	 1 Q ^,9^

W.P. of .25 MAC	 24(1.73'x7_	 X72
B.L. of .25 MAC	 lA	 a_,s,

EXPOSED DATA
Area	 eo) Ft2__1252_,29
Span, (Theo) In. BP108	 72Q.68	 i^,612

h	 Aspect .Ratio	 2,p5g_	 7.05g
Taper °;t io	 Q. 245_	 Q. 245
Chords

j^	 Root BP108	 562 .40 	 9.842
Tip 1.00 b	 1	 ...	 x,,4112

MAC	
2	

393.03	 6.878
Fus. Sta. of .25 MAC	 1184.21 	 20.743
W.P. of . 25 MAC	 290.683	 5 .139
B.L. of .25 MAC	 251-76	 4. 4

Airfoil Section (Rockwell Mod iKA5A)
XXXX-64

Root b 
2

	

Ti p b 0.120	 0.120

t	 Data for (1) of (2) Sides
Leading Edge. Cuff 2	 " ?:
Planform Area Ft 

j	 Leading Edge Intersects Fus r+1. L. @ Stiff4̂ Q -
Lead i ng Edge Intersee%s Wing @ Sta 24



RADIAL GALTGES

L = .15

^-deg 9-deg

0 3.25
200 3.25

300 3.25

X/L _ .30

0-cJe2 A -c1e^

00 1.0
40 0 1.0

45° 1.0

TABLE IV. - FUSELAGE GAUGE LOCATIONS

Normalized Length vs. Local Model Surface Angle

FUSELAGE LOWER SURFACE
CENTERLINE

Gauge # X/L 8 - cle g Gauge #

1 .005 52.25 10
2 .020 20.5
3 .040 13.5 12
6 .06o 10.0

7 •080 7.25
S .100 5.5
10 .150 3.25
16 .200 2.0 Gauge #
20 . 2

^
50

^
1.25

23 .300 1.0 23
31 .400 1.0 25
34 .500 1.0 26
38 .boo 1.0

41 .700 1.0
44 .800 1.0
47 .900 -2.0
50 1.000 -4.5

25

i

a
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TABLE V.	 USING GAUGE LOCATIONS

WING LOWER SURFACE

;'.

is

25% HAI,I'SPAN	 40% HALFSPAN

Gauge # X^C G-deg Gauge #f` X/C 0 -deg

52 .082 5.35 59 .1 6.7
53 .302 2.5 60 .2 5.65

54 .447 2.65 61 .3 4.65
55 .591 2.25 62 .56 2.85
56 .736 0 63 .7 1,4
57 .881 --0.75 64 .9 -4075

50% F"SPAN 60% mFSPAx

Gauge # X^C 0 -deg Gauge # X%G G	 -1 e g

65 .176 4.55. 68 . 1 4.95
66 .484 5.0 69 .2 4.8
82 .7 1.85 70 •43 5.4

71 .6 3.5

72 .8 -.1.55

75% HALFSPAN 85% HALFSPAN

Gauge # X%C 8 - deg Gauge # X%C 9- 4eg

74 5.3 79 .1 5.6
80 .3 5.35

• 81 .5 4.6



Notes:

Positive directions of force coefficients,
moment coefficients, and angles are
indicated by arrows

2. For clarity, origins of wind and stability
axes have been displaced from the center
of gravity
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a. Side View of Model Installation

Figure 3. - Model photographs.
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b. Lower Front View of Model Installation

Figure 3. - Concluded.
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