
i.iinV!i|)i ... up 

IIIWWMIWWWPMWWM» ...— 

AD-767 282 

TRANSONIC WIND TUNNEL TESTS ON A MISSILE 
MODEL WITH CANARD W T N G S. VOLUME I 

R. E . de Kuy pe r 

Calspan Corporation 

Prepare d for : 

Army Missile Command 

July 1973 

DISTRIBUTED BY: 

National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 
5285 Port Royal Road, Springfield Va. 22151 



« ■ a « • a a a a'a a a 'a a a -a a 'a "^a-a-a a-, a a a a a a a-'a a y

ttewl lAbonnofy tCALtetmntf^ m mmt
to Cittpomtom €md ctmwttled to Jor-pruflt optnttom Ctb/WM u Jedh
cmttd to cani-mgan CAL‘% hi^tamdiiig rmdittom of admtu-ed rrtnm* amd 
dnftktpmteml Jnim an independent eien^nt AB o} CAL t dttfene utemlifk andAB o} CAi 't dttfene utemlifk and

........ , js /nr gn^■rmment and tndastty aet being amlinued m the aenn
tetencet. etectmntn and arionic*. aimpmtet taencei. trantpoetanon and vehtHe
ettaaerh. and the J tetemei Caltpan it mmpoted of the tame naff.

M. md fodHnet at CAL. wkKh op^ted stnce*t^n umdet federal 
lax exempitoa

(M •
00
(M

CO

A
•aj

TECHNICAL REPORT

AEROSCIENCES DIVISION 

8-FOOT TRANSONIC WIND TUNNEL

d)

TRANSONIC WIND TUNNEL TESTS ON A 
MISSILE MODEL WITH CANARD WINGS 

Volume 1 of III 
W.A. T17-093

R.E. de Kuyper 
Report No. AA-4017-W-9

||Uih 

h

r 1
CORNELL AERONAUTICAL LABORATORY, INC.

OF CORNELI. UNIVERSITY. BUFFALO N. V 1A221

K*^duc*d by
NATIONAL TECHNICAL 
INFORMATION SERVICE

us 0«i»niii*M ol ConiMfia
SpnntlkU. VA. 22I5I

«
e
e
•

a
«
•
a
a

A

•

•
9

9

•
9

9

9

9

9

9

9

9

i\ ... j

...EM
•’ iar

L—' ^ Uai.;.,



p-

Caispan
m»nfl acl«ncM. Caltpan it compot«d of tho tomt tttff, mtnogomoot, »od focilitiot at CAL, whtch oparatad tinea i946 undar 
fadaral incoma tax axamption.

TRANSONIC WIND TUNNEL TESTS ON A 
MISSILE MODEL WITH CANARD WINGS 

Volume I of III
W.A. T17093

R.E. de Kuyper 
Report No. AA-4017-W-9

Prepared For:

ARMY MISSILE COMMAND 
HUNTSVILLE, ALABAMA

JULY, 1973
CONTRACT NO. DAAH03-73-O0243

r
PREPARED BY: •/. » ---- APPROVED BY:

.E. de Kuyper^

H > iJ ‘ !

Uiffakx NtJwYorK M221

.> ' •-«-! f-i j;. ' - .

'll-



~\

zg
t-
<oc
g
ccoo
z
<a.
</5
-I
<o

111zz
3*-
oz

zo
COz
<cc
H
Hoo
LL
ob

/



Report No. AA-4017-W-9 

TABLE OF CONTENTS 

SECTION TITLE PAGE NO. 

I SUMMARY. 2 

II TEST EQUIPMENT. 3 

III NOMENCLATURE AND SYMBOLS .... 6 

IV TEST PROCEDURE. 15 

V PRESENTATION OF DATA. 18 

VI CORRECTIONS TO DATA. 20 

VII PRECISION OF DATA. 22 

VIH REFERENCES. 27 

IX FIGURE INDEX. 28 

X TABLE INDEX. 3 9 

ÉÜMfe BNttNItt 



Report No, AA-4017-W-9 

SECTION I SUMMARY 

Transonic wind tunnel tests were performed in the Calspan 

Corporation (formerly Cornell Aeronautical Laboratory) 8-Foot Tran¬ 

sonic Wind Tunnel on a missile model with canard wings. The tests 

were conducted during the end of April and the beginning of May, 197 3, 

Two distinctly different investigations were made. The effect of 

canard wing positions, canard - tail angular orientation, canard size, 

model roll angle, and nose shape, were investigated during the Aero¬ 

dynamic Test Phase. The use of canard wings for roll attitude control 

was also investigated during this phase. The effect of different jet 

plumes on the aerodynamic model loads were studied during the Thrust 

Effect Phase. A normal jet plume simulator was used and the effects of 

model tail position, planform, and orientation were investigated. 

The Aerodynamic Test Phase was conducted over a Mach number 

range from .60 to 1. 25. Model attitude was varied from -3 to 12 degrees 

angle of attack at roll angles of 0, 22. 5 or 45 degrees, or the roll angle 

was varied from 0 to 90 degrees at a fixed angle of attack between -3 

and 12 degrees. The tunnel was operated at a wind-off static pressure 

of 1 atmosphere for M = . 60, . 7 atmospheres for M = . 80, and . 5 atmo¬ 

spheres for all Mach numbers of .90 and above. 

The Thrust Effect Phase was conducted over a Mach number 

range from .40 to 1. 25. Model angle of attack was varied from -4 to 

12 degrees at roll angles of 0, 22. 5 or 45 degrees. The tunnel was 

operated at a wind-off static pressure of . 5 atmospheres for all Mach 

numbers. Jet plume shapes were varied by changing the plume simulator 

chamber pressures. 

Details of the airflow around the aft-body were recorded during 

both test phases, using a Schlieren system. 

This report presents details of the test program and the results 

in tabular form. 
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SECTION II TEST EQUIPMENT 

Model 

The model was designed and built by Calspan for the .Army Missile 

Command, Huntsville, Alabama. A complete list of the drawings which 

describe the model in cietail is included in Section III under "Configuration 

Symbols". 

The model was 52 inches long and had a maximum diameter of 

5 inches. One pointed and two blunt three-caliber tangent ogive noses 

were made. Five sets of four canard wings were available. Three of 

these were basically the same clipped delta pianform but were design1 d 

to be attached at three different longitudinal positions on the model nose. 

The fourth set was geometrically similar but twice the area of the other 

three sets and was designed to mount on the middle longitudinal nose 

position. The fifth set was identical to the fourth set and also mounted 

on the middle longitudinal nose position, but had a reduced span. The 

position of each individual canard could be changed remotely. 

The model had two sets of tail fins, one set with an aspect ratio 

of about U 0 and another set with an aspect ratio of about 2. 0. The tail 

panels could also be positioned in three different longitudinal positions. 

The complete afterbody assembly could be rotated 45 degrees with 

respect to the rest of the model. 

A normal jet plume simulator was located on the sting, 2. 5 inches 

behind the base of the the model when in use or 19 inches behind the 

base of the model when not in use. 

No boundary layer transition strips were attached to the model, 

which was sting mounted as shown in the model photographs (Figure 1) 

and the installation drawing (Figure 2). A model assembly drawing is 

presented in Figure 3. 



JIJJUJ 111« .III *pu|i PW'WI1» m i 'll ... 

*■ >% 

mmmmum 

Report No. AA-4017-W-9 

SECTION H TEST EQUIPMENT (CONT. ) 

Instrumentation 

Model forces and moments were measured with the 2 inch TASK 

MK XIX B six-component strain gage balance. 

Each of the four canards on the model nose and the four tail fins 

on the model afterbody were installed on individual three-component 

strain gage balances. Normal force, pitching moment and bending 

moments were measured. These three-component balance systems 

could be installed in each of the three longitudinal canard and tail fin 

positions. Canard positions were measured with individual potentiometers 

coupled to the remotely operated canard pitch mechanisms. 

Electrolytic potentiometers were installed inside the model to 

level the model in pitch and roll. All other model attitudes were set 

with electrolytic potentiometers attached to the sting supporting the model, 

or with potentiometers coupled to the vertical strut pitch mechanism and 

the roll mechanism. 

A TV camera was mounted in the test section to monitor the model 

from the control room during testing. The Schlieren system was installed 

to observe jhock patterns at the base of the model. Another TV camera 

was used to project these patterns on a screen in the control room, which 

could be recorded by a mo/ie camera installed in front of this screen. 

Static pressures were recorded inside the balance cavity (one 

orifice) and at the base of the model (2 orifices) as shown in Figure 3. 

These pressures were measured by individual differential pressure trans¬ 

ducers located in the plenum chamber underneath the test section. A 

pressure orifice was also installed in the plume simulator. This pressure 

was recorded with an absolute pressure transducer also located in the 

olenum chamber underneath the test section. 

,1 
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SECTION II TEST EQUIPMENT (CONT. ) 

Instrumentation - continued 

The air necessary to operate the plume simulator was supplied 

from a storage farm. The amount of air delivered was measured 

according to ASME procedures by a thin plate orifice instrumented with 

a thermocouple, an absolute pressure transducer located upstream from 

this orifice plate and a differential pressure transducer measuring the 

pressure drop across the orifice plate. 

All instrumentation outputs were connected and displayed on 

automatic digital readouts in the control room. These data were then 

automatically recorded on magnetic tape and subsequently reduced to the 

requested final data format using an electronic computer. A complete 

description of the Calspan 8-Foot Transonic Wind Tunnel, its capabilities, 

operation procedures, model r.ttitude and data recording systems, is 

presented in Reference 1. 

..—. . — w. 

Jf 
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SECTION m NOMENCLATURE AND SYMBOLS 

The following nomenclature is used throughout this report: 

Tunnel Operating Conditions 

P 

H 

M 

Free-stream static pressure - pounds per square foot 

Free-stream total pressure - pounds per square foot 

Nominal free-stream Mach number 

2/7 

M Computed free-stream Mach number [*(£) 

Free-stream total temperature - degrees Rankine 

Free-stream static temperature - degrees Rankine 

-1 

= To (1+-2Mc) 

Free-stream dynamic pressure - pounds per square foot 

,2 
= . 7pM 

N 
R 

Free-stream velocity - feet per second = 49.01 Mc v^T^ 

(Z 16 4* T \ 
-2-) 

Model Angles and Reference Dimensions 

a Model angle of attack with respect to model centerline - 

degrees 

$ Model roll angle - positive clockwise - degrees 

1/2 
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SECTION El NOMENCLATURE AND SYMBOLS (CONT. ) 

Model Angles and Reference Dimensions - continued 

Roll angle of model tail assembly with respect to rest 

of model - positive clockwise - degreeé 

6 Canard deflection angle - degrees, positive when leading 
Cx , 

edge is deflected in the positive normal force direction 

(see Figure 4b) 

X = 1 Canard located in the vertical plane at 

¢ = 0° 

X = 2 Canard located in the horizontal plane at 

$ = 90° 

X = 3 Canard located in the vertical plane at 

$ = 180° 

X = 4 Canard located in the horizontal plane at 

$ = 270° 

S Model reference area = 0, 1363715 square feet 

c Model reference length =5.0 inches 

S Balance cavity area = 0,04909374 square feet 
c 

S Model - base area = 0.08727776 square feet 

Model Pressures and Pressure Coefficients 

p Balance cavity pressure - pounds per square foot 
*c 

P 
Balance cavity pressure coefficient = 

?c 
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SECTION III NOMENCLATURE AND SYMBOLS (CONT. ) 

Model Pressures and Pressure Coefficients - continued 

Pb * Pb, 

. C 

Model base pressures - pounds per square foot 

Model base pressure coefficients 

Vp vp 

' " 

U 

Forces and Moments - Body Axis System 

N 

m 

Y 

n 

£ 

A 

'N 

m 

n 

Normal force - pounds 

Pitching moment - inch-pounds 

Siie force - pounds 

Yawing moment - inch-pounds 

Rolling moment - inch-pounds 

Axial force - pounds 

N 
Normal force coefficient = qS 

m 
Pitching moment coefficient - 

Y 
Side force coefficient = qS 

Yawing moment coefficient = 

Rolling moment coefficient = 

A 
Axial force coefficient = 

u 
qS 
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SECTION m NOMENCLATURE AND SYMBOLS (CONT. ) 

Forces and Moments - Body Axis System - continued 

AC, 

AC 

Incremental axial force coefficient due to balance cavity 

pressure effects = 

S C 
c P, 

Incremental axial force coefficient due to base pressure 

effects = 

Su 7 C + C 

bi S V 
2S 

Axial force coefficient corrected for balance cavity and 

base pressure effects = C^ + AC^ + AC^ 
u 

C 
Forces and Moments - Missile Axis System 

N m 

m 
m 

Y m 

n m 

'N m 

m 
m 

m 

n m 

m 

Normal force - pounds = N cos $ - Y sin $ 

Pitching moment - inch-pounds = m cos $ - n sin $ 

Side force - pounds = Y cos $ + N sin $ 

Yawing moment - inch-pounds = n cos $ + m sin 4» 
N 

Normal force coefficient = 
m 

qs” 

m 
m 

Pitching moment coefficient = -g 

Y 
Side force coefficient = 

m 
*T 

n 
Yawing moment coefficient = 

Rolling moment coefficient = 
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SECTION III NOMENCLATURE AND SYMBOLS (CONT. ) 

Forces and Moments - Missile Axis System - continued 

C Axial force coefficient corrected for balance cavity and 
A m 

base pressure effects = C^ 

Note: for ¢ = 0 = C , Cm = Cm> Cy = CY and 
m m m 

o 

Forces and Moments - Canards 

Note: 

N c 
X 

HM c 
X 

BM c 
X 

CN c 
X 

CHMc 

CBM 
c 

CPX 

The subscript x in the following definitions identifies 

the canard location as shown in Figure 4b. x = 1 through 4 

Normal force - pounds 

Hinge moment - inch-pounds 

Bending moment - inch-pounds 
N 

Normal force coefficient - “qg" 

HM 

Hinge moment coefficient = —qgc 

BM c 
. X 

Bending moment coefficient - qgc— 

Chordwise center of pressure location - inches from the 

HM 

hinge line, positive towards the leading edge - 

CPY, Spanwise center of pressure location - inches from the 

BM 

root chord = 
N 

I U 
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SECTION III NOMENCLATURE AND SYMBOLS (CONT. ) 

Forces and Moments - Tail Fins 

NOTE: The subscript x in the following definitions identifies 

the tail fin location as shown in Figure 4b. x = 1 through 4 

HM 
x 

bmt 
x 

cbmt 
x 

cpxt 
x 

CPYt 
x 

Normal force - pounds 

Hinge moment - inch-pounds 

Bending moment - inch-pounds 

Normal force coefficients = 

Hinge moment coefficient = 

Bending moment coefficient = - 
qSc 

Nr 

qS 

HM, 

qSc 

BM, 

Chordwise center of pressure location - inches from 

the hinge line, positive towards the leading edge 

hmt 
x 

Spanwise center of pressure location - inches from the 

bmt 
x 

balance centerline = 
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SECTION III NOMENCLATURE AND SYMBOLS (CONT. ) 

Parameters Pertaining to the Thrust Effect Study 

p Plume simulator chamber pressure - pounds per square 
*s 

inch 

p Air supply pressure upstream of the orifice plate - pounds 
Lj 

per square inch 

Pressure differential across orifice plate - pounds per 

square inch 

Air supply temperature upstream of the orifice plate - 

degrees Rankine 

Air supplied to plume simulator - pounds per second 

Plume simulator total normal jet exit area 

= .00818229 square feet 

Plume simulator jet Mach number = 1.0 (sonic) 

Radial thrust coefficient 

W 

N. 

CRT 

N, r 76. 0752 ps (1. 4Mj + 1) - P 
q ——“ 

Configuration Symbols 

B 

N1 

N2 

N, 

Body 

Sharp nose 

Blunt, short nose 

Blunt, long nose 

Small canards, forward position (hinge line at M. S. 6.704) 

Small canards, mid positioi (hinge line at M.S. 9. 127) 

Small canards, aft position (hinge line at M.S. 15.000) 
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SECTION III 

Configuration 

Drawing List 

Drawing No. 

W19-1300 

W19-1301A 

W19-1302B 

W19-1303A 

W19-1304 

W19-1305 

W19-1306 

W 19-1307 

W19-1308B 

W19-1309 

W19-1310A 

W19-1311 

W19-1312 

NOMENCLATURE AND SYMBOLS (CONT. ) 

Symbols - continued 

Large canards, mid position (hinge line at M. S. 9. 127) 

Canards, same as C^, but with reduced span 

Small tail fins, aft position (hinge line at M. S. 49. 750) 

Large tail fins, forward position (hinge line at M. S. 42. 

Large tail fins, mid position (hinge line at M. S. 46.000) 

Large tail fins, aft position (hinge line at M. S. 49.750) 

Description 

Installation drawing 

Assembly drawing 

Detail - forward body and nose 

Detail - motor plate and support beam 

Detail - bearing block and extension 

Detail - shoe assembly 

Detail - canard balance fitting and spacer 

Assembly - canard actuator mechanism 

Detail - jackscrew and hardware 

Details - actuator mechanism 

Detail - motor rework 

Detail - canards 

Detail - balance adapter and hardware 
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SECTION m 

Drawing List 

W19-1313A 

W19-1314B 

W19-13I5A 

W19- 1316A 

W19-1317C 

W19-1318B 

W19-1319A 

W19-1320 

NOMENCLATURE AND SYMBOL (CONT. ) 

- continued 

Aft body detail 

Leveling plate detail 

Detail - canard covers 

Detail - fins 

Detail - fin covers and plugs 

Detail - sting and balance pin 

Plume simulator assembly details 

Detail - canards and nose section 

! 4 
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SECTION IV TEST PROCEDURE 

Calibrations 

The TASK MK XIX B six-component strain gage balance and the 

three-component canard and tail fin balances were calibrated prior to 

testing according to procedures described in Reference 2. Data from 

these calibrations were used to obtain balance matrices. Check loads 

were applied to all balance systems upon completion of the model assembly 

and again upon installation of the model in the test section. Applied and 

calculated results of all check loads agreed within l/2 per cent of full 

scale balance design loads. 

Deflection characteristics of the stir.g support system and the 

four canard support systems were also determined during the static 

calibrations. No deflection characteristics for the tail fin balance 

support systems were determined. 

All pressure transducers were calibrated prior to testing 

according to the procedure described in Reference 3. 

The potentiometers indicating the canard positions and the 

potentiometers in the roll mechanism and vertical strut pitch mechanism 

were calibrated after installation of the model in the test section. The 

various model attitude electrolytic potentiometers inside the mode, and 

on the model support sting were also calibrated in the tunnel prior to 

testing using a levelling plate which could be attached to the top of the 

model. 

Two wind-on calibration runs were made in order to determine 

the relationship between the pressure in the air supply line upstream 

of the orifice plate and the pressure in the plume simulator for the 

thrust effect phase of the test. 

The results of all calibrations and check loads are on file at 

n 

Calspan. 
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SECTION IV TEST PROCEDURE (CONT. ) 

Operation 

The test consisted of two studies: an investigation into the basic 

aerod/namic characteristics of a canard controlled n.issile design, and 

a study to determine the effect of engine exhaust plume shape on the 

aerodynamic characteristics. 

The aerodynamic teat phase consisted of 707 valid wind-on runs. 

Three different nose sections and three different sets of canards were 

tested. One set was tested at three different longitudinal positions, 

while the other two sets were tested in the mid-position only. Some 

configurations tested involved the roll attitude of the afterbody containing 

the tail fins with respect to the rest of the body containing the canards. 

Runs were conducted at constant Mach number varying either angle of 

attack, roll angle or canard incidence angle, holding the other para¬ 

meters constant. Runs at Mach numbers of . 90 and above were made 

with an amount of air in the tunnel circuit equivalent to a wind-off static 

pressure of . 5 atmospheres. Runs at Mach numbers of . 70 and . 60 

were made similarly, but the wlnd-off static pressures were .7 and 1.0 

atmospheres, respectively. A detailed survey of this test phase is 

presented in Table IA. Minor problems which occurred during this 

phase of testing have been identified and are listed in the Remarks section 

at the end of the Table. 

The Thrust Effect Study consisted of 173 valid wind-on runs. Two 

different sets of tail panels were tested, one of which wa- tested in three 

different longitudinal positions. Angle of attack was varied during a run 

while keeping the configuration, including the plume shape, and the tunne 

operating conditions constant. Plume shape was varied by changing the 

pressure in the plume simulator. A detailed run schedule, together wit 

a summary of the problems that occurred during this phase of testing, is 

presented in Table IB. 

' b 
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SECTION IV TEST PROCEDURE (CONT. ) 

Operation - continued 

The Schlieren system was installed in the tunnel and covered 

the base of the model. Schlieren photographs were recorded at various 

times during both test phases. In addition, movies were recorded of 

the Schlieren patterns displayed on the TV screen in the control room. 

Wind-off balance zero shifts were recorded after each run or 

group of runs. No runs had to be repeated due to excessive zero 

shifts. The main balance was levelled using the electrolytic potentio¬ 

meters for pitch and roll inside the model. Model attitudes were set 

with the electrolytic potentiometers attached to the model support sting 

or with the potentiometer in the vertical strut pitch mechanism. 

The test sponsor was represented by Messrs. J. Henderson 

and J. Burt. 

17 
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SECTION V PRESENTATION OF DATA 

Run schedules showing the configurations tested and the nominal 

test conditions for each run are presented in Tables IA and IB for the 

aerodynamic and thrust effect studies, respectively. The corresponding 

actual operating conditions for each data point are presented in Tables 

IIA and IJB. 

The aerodynamic data of the model were resolved in body and 

missile axis systems, both having an origin at model station 32, 500 

on the model centerline. The aerodynamic data for the canard balances 

were resolved in individual body axis systems having origins located 

at the intersections of the canard hinge lines and root chords. The 

aerodynamic data for the tail fin balances were similarly resolved in 

individual body axis systems, having origrns located at the intersection 

of the tail fin hinge lines and the balance centerlines. The axis systems 

and sign conventions are shown in Figure 4. Force and moment coeffi¬ 

cients for the model are listed in Tables III (Body Axis) and IV (Missile 

Axis). Missile axis data are listed only for those runs which were con¬ 

ducted at model roll angles other than zero degrees. Balance cavity and 

model base pressure coefficients together with the corresponding incre¬ 

mental axial force coefficients are presented in Table V. Some tables 

have been subdivided in A and B, the data in the A table pertaining to the 

aerodynamic phase of testing and the data in the B table to the thrust effect 

investigation. 

Canard positions and force and moment coefficients are listed 

in Table VI. These data are presented for the aerodynamic phase only 

since no canards were installed during the thrust effect study. Force 

and moment coefficients for the tail fins are listed in Table VII. The 

data in Table VIII, consisting of radial thrust coefficients and associated 

parameters, pertain to the thrust effect study only. 

Upon completion of the test all data were transferred to magnetic 

tapes of the Dataman format. The data were subsequently plotted from 

these tapes by the Chrysler Corporation, Space Division, New Orleans, 
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SECTION V PRESENTATION OF DATA (CONT. ) 

La. according to predetermined schedules. Although working plots 

were made at Calspan during the tests, none have been presented in 

this report in order to avoid duplication of effort. 

Schlieren photographs were obtained at various times during 

the test. Movies of the TV screen in the control room displaying the 

Schlieren patterns were also obtained at times. None of this material 

has been reproduced in this report. 

Copies of the preliminary test results, model configurations 

and Schlieren photographs, Schlieren movies, and magnetic tapes with 

the preliminary test results were transmitted to the test sponsor prior 

to publication of this report. 
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SECTION VI CORRECTIONS TO DATA 

Wind Tunnel Corrections 

No corrections of any type have been applied to the data contained 

in this report to account for wind tunnel wall effects. Within the limitations 

of accuracy of theoretical computations, the blockage and jet-boundary 

corrections usually applied to subsonic data from solid wall tunnels, are 

believed to be negligible in this perforated wall transonic wind tunnel. 

Above a Mach number of one, the perforated walls are effective in attenuating 

shock and expansion waves emanating from the model, thus reducing the 

effect of reflections from the walls. Although complete attenuation is not 

obtained, experience has indicated that in general the effect of residual 

reflection is negligible on a model of this size, except perhaps on the drag 

component, when some interference may be expected in the Mach number 

region around 1.05. Some experimental substantiation for this belief, 

together with a discussion of some of these corrections and a bibliography 

covering theoretical aspects of the problem are presented in Reference 4. 

No buoyancy correction was made to axial force, ao the clear tunnel 

pressure gradients in the vicinity of this model have been found to be 

negligible throughout the Mach number range. Results of some recent 

studies of wall effects and blockage, along with the Calspan 8-Foot Transo uc 

Tunnel Calibration data are presented in Reference 5. 

Balance Corrections 

The strain gage readings of the 2. 0 TASK MK XIX B balance, the 

four canard balances and the four tail fin balances were corrected for 

mechanical interactions present in these balances. These correction 

factors were obtained during the static balance calibrations as described 

in Reference 2. 

The strain gage readings of the TASK balance were also affected uy 

changes in the model weight components as the model attitude was varied. 

A) 

MMfÉWi 
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SECTION VI CORRECTIONS TO DATA (CONT. ) 

Balance Corrections - continued 

Corrections for these static tare effects were determined at wind-off 

conditions and were then applied to the wine-on data to obtain net aero- 

dynamic loads. 

Static taro effects for the four canard and the four tail fin balances 

due to model angle of attack changes were found to be well within the 

balance accuracies and were therefore ignored. However, static tare 

effects for the tail fin balances due to model roll orientation were 

considerably larger and were accounted for by adjusting the wind-off 

zero shifts produced by the change in roll attitude prior to the start of 

the run. However, no roll static tare corrections were applied to these 

balance systems for those runs in which model roll attitude was varied 

from data point to data point since no provisions were made in the data 

reduction program for this operating procedure. 

The measured axial force was corrected for balance cavity and | 

base pressure effects to a condition corresponding to free-stream static 

pressure acting in the balance cavity and over the base of the model. I 

Angle Corrections 

The model geometric angles were corrected for sting and balance 

deflections due to aerodynamic loads. The canard deflection angles were 

also corrected for deflection due to aerodynamic loads. Values for these 

corrections were determined from the static loading calibrations of the 

various balance systems. No corrections for deflections due to aerodynamic 

loads were applied to the tail fins. 
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SECTION VII PRECISION OF DATA 

It is estimated that the model geometric angles are accurate to 

± .05 degrees. The canard deflection angles are estimated to be accurate 

to ± . 10 degrees. 

A statistical determination of the accuracies of the strain gage 

balance systems used for this program was accomplished by calculating 

the root mean square deviation between applied and calculated loads. The 

calculated loads were determined by using final balance constants and the 

balance reading procedures produced by known static loads. The following 

results were obtained: 

Component 

TASK 2. 0 MK XIXB Balance 

Root Mean Square Deviation 

Normal force ±.52 pounds 

Pitching moment 

Side force 

± . 46 inch-pounds 

± . 29 pounds 

Yawing moment 

Rolling moment 

Axial force 

± . 52 inch-pounds 

± . 17 inch-pounds 

± . 03 pounds 

No. 1 Canard Balance 

Normal force 

Hinge moment 

Bending moment 

± .010 pounds 

± . 005 inch-pounds 

± . 006 inch-pounds 

No. 2 Canard Balance 

Normal force 

Hinge moment 

Bending moment 

±.012 pounds 

± . 007 inch-pounds 

± . 008 inch-pounds 
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SECTION VII PRECISION OF DATA (CONT. ) 

Component 

No. 3 Canard Balance 

Normal force 

Hinge moment 

Bending moment 

Root M^an Square Deviation 

± .012 pounds 

± . 008 inch-pounds 

± . 012 inch-pounds 

No. 4 Canard Balance 

Normal force 

Hinge moment 

Bending moment 

±.010 pounds 

± . 006 inch-pounds 

± . 010 inch-pounds 

No. 1 Tail Fin Balance 

Norma1 force 

Hinge moment 

Bending moment 

± .06 pounds 

± . 10 inch-pounds 

±.11 inch-pounds 

No. 2 Tail Fin Balance 

Normal force 

Hinge moment 

Bending moment 

± .06 pounds 

±.11 inch-pounds 

± . 09 inch-pounds 

No, 3 Tail Fin Balance 

Normal force 

Hinge moment 

Bending moment 

± .06 pounds 

± . 10 inch-pounds 

± . 10 inch-pounds 

No. 4 Tail Fin Balance 

Normal force 

Hinge moment 

Bending moment 

± .05 pounds 

± . 10 inch-pounds 

±.11 inch-pounds 

2J 
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SECTION VII PRECISION OF DATA (CONT. ) 

The pressure transducers used to measure the balance cavity 

and model base pressures were calibrated to an accuracy of ± 2 pounds 

per square foot. The pressure transducers used to measure the pressure 

upstream of the orifice plate in the air supply line and in the plume simulator 

were calibrated to an accuracy of ± 2 pounds per square inch. The pressure 

transducer used to measure the differential pressure across the orifice 

plate in the air supply line was calibrated to an accuracy of ± . 15 pounds 

per square inch. 

No satisfactory method is known to determine the absolute accuracy 

of the final coefficients. However, since the testing procedure resulted 

in the repetition of at least one model attitude during each run, an estimate 

can be made of the repeatability with which these data were measured. No 

repeat data points were obtained during these runs when model roll angle 

was varied from point to point in the aerodynamic testing phase, and no 

repeat data points were obtained at all during the thrust effect study. The 

coefficients were examined at the various repeat points with the following 

results: 

Coefficient Root Mean Square Deviation 

± .0040 

±.0048 

± .0040 

± .0035 

± .0005 

± .0030 

± .0005 

2a 
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SECTION VII PRECISION OF DATA (CONT. ) 

Coefficient 

'HM 

U 

'BM 

yN 

'HM 

'BM 

'N 

'RM 

'BM 

'N 

TIM 

'BM 

'Nr 

"HMr 

'BM, 

Root Mean Square Deviation 

±.0004 

± .0006 

±.0007 

±.0001 

±.0004 

±.0005 

± .0002 

±.0004 

± .0008 

±.0001 

± .0004 

±.0015 

±.0008 

±.0004 

* #• 

?D 

f 
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Ù 
SECTION VII PRECISION OF DATA (CONT. ) 

Coefficient 

'Nr 

'HM, 

'BMr 

Root Mean Square Deviation 

± .0017 

± .0009 

± .0008 

"Nr 
±.0015 

'HMrr 
± .0009 

± .0003 

± .0012 

± . 0005 

± .0004 
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Figure No. 

1 

2 

3 

4 

Contents 
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a, b Model Installations 
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