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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

THE EFFECT OF CANOPY LOCATION ON THE AERODYNAMIC 

CHARACTERISTICS OF A SWEPTBACK WING-BODY 

CONFIGURATION AT TRANSONIC SPEEDS 

By Harold L. Robinson 

SUMMARY 

Aerodynamic data, have been obtained for a 450 sweptback wing-body
canopy configuration at transonic speeds with the canopy placed on the 
body so that the cross-sectional area of the canopy approximately filled 
the concave portion of the basic wing-body cross-sectlonal-area distri
bution curve (design location) and with the canopy placed 0.0614 of the 
body length forward of the design location. Data have also been obtained 
for the basic wing-body combination. 

Placing the canopy in the rear position significantly reduced the 
drag of the configuration. at transonic speeds, increased the lift, and 
did not appreciably affect the slope of the pitching-moment curve. 

INTRODUCTION 

An aerodynamic concept now called the transonic area rule was pre
sented in reference 1. This concept stated that "near the speed of sound 
the zero-lift drag rise of a wing-body configuration generally should be . I 
primarily dependent on the axial distribution of the cross-sectional 
areas normal to the airstream." It has been shown, reference 2, that the 
drag of a wing-body combination could be reduced by application of the 
transonic area rule at transonic speeds up to moderate lift coefficients. 
On the basis of this concept, it has been reasoned that in the transonic 
speed range a canopy placed on a wing-body configuration such that the 
axial distribution of cross-sectional area is improved would add less 
drag than one placed such that the area distribution is adversely affected. 
Conceivably, the drag of the wing-body-canopy configuration with a prop
erly located canopy might even be less than the drag of the original 
wing-body configuration. 
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This paper presents the results of a force - test investigation of a 
sweptback wing-body-canopy configuration with the canopy placed longi
tudinally so as to fill most smoothly the concave portion of the area 
distribution curve of the wing-body combination near the leading edge 
of the wing root, and with the canopy placed 0 . 0614 of the body length 
forward of the original design location . The forward position would 
provide improved visibility . The canopy size was such that the wing 
canopy configuration may be considered as approxi mately a 0 . 05 - scale 
model of a fighter-type aircraft. The angle-of-attack range of the tests 
was 00 to So . The Mach number range was 0 .80 to 1 .15, and the Reynolds 

number range was 3 .9 x 106 to 4 .1 x 106 . 

APPARATUS AND MEASUREMENTS 

Tunnel 

The investigation was performed in the Langley S- foot transonic 
tunnel which has a dodecagonal slotted test section and is capable of 
continuously variable operation through the speed range up to a Mach 
number of approximately 1 .15 . Detailed discussions of the design and 
calibration of this tunnel have been presented in references 3 and 4 . 
The uniformity of the Mach number distribution in the model region is 
within ±0.006 . Tunnel -wall constraint and blockage corrections have 
not been applied to the data because such corrections are negligible . 
The data are insignificantly affected by shock reflection at the Mach 
numbers for which data are presented . 

Models 

The pertinent dimensions of the models have been presented in fig 
ure 1 . A photograph of the model with the canopy mounted in the rear 
position has been presented as figure 2 . The cross - sectional area of 
the canopy in the rear or design position approximately fills in the 
concave portion of the area distribution for the wing-body combination 
near the wing- leading edge . The cross - sectional area with the canopy 
in the forward position (0 . 0614 of the body length forward of the design 
position) has a concave area distribution although the original concave 
portion i s somewhat relieved . The profile of the canopy behind the 
windshield consists of the back part of an NACA 65A-series airfoil with 
the camber line coincident with the top body meridian . The cross sec
tions consist of semicircles "sheared" so that the horizontal diameter 
of the canopy becomes coincident with the body circumference . A more 
complete description of this "shearing" has been presented in reference 5. 
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Angle-of-Attack Measurements 

The angle of attack was measured by an electrical strain-gage pen
dulum device mounted internally near the base of the support sting. 
Sting and model deflections occurring ahead of this pOint, due to forces 
and moments acting on the model, were determined from static tests. 
These corrections were applied to the angle of attack. The maximum cor
rection for deflection due to load was approximately 0.60 • The angle of 
attack was also corrected for the approximately 0.10 upflow existing in 
the Langley 8-foot transonic tunnel. The errors of the absolute value 
of the angle-of-attack measurements have been estimated to be less than 
0.10 • The incremental angle errors are considerably less than this 
amount. 

Lift, Drag, and Pitching-Moment Measurements 

The normal force, axial force, and pitching moment about the ~uarter 
chord of the mean aerodynamic chord for the models were measured by an 
internally mounted electrical strain-gage force balance. The pressures 
at the base of the model (fig . 3) were measured and the axial force was 
adjusted to the condition of free-stream pressure at the model base. 
These forces were resolved along the wind axes for presentation in this 
paper. An estimate of the maximum errors in the repeatability of the 
data reported herein is presented in the following table: 

Error at -

Subsonic speeds Supersonic speeds 

Lift coeffiCient, CL . · · iO.008 ±0.004 

Pitching-moment 
coeffiCient, Cm . . · · ±0.005 ±0.003 

Drag coefficient, CD · · ±0.001 ±0 .0005 

The errors are usually less than these maximum values. 

RESULTS AND DISCUSSION 

Lift 

The lift coefficient as a function of the angle of attack has been 
presented in figure 4 for the three configurations tested. Addition of 
the rear canopy to the basic wing-body combination slightly increased 
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the lift-curve slope between Mach numbers of 0.96 to 1.03 inclusive and 
addition of either of the canopies increased the lift coefficient at an 
angle of attack of 00 . The lift, at a given angle of attack, for either 
canopy configuration was larger than the lift for the basic wing-body 
configuration, and the lift for the rear-canopy configuration was usually 
larger than that for the forward-canopy configuration at supersonic 
velocities. This lift increase is probably caused by the induced veloci
ties over the canopy which may in turn have created a lower pressure 
field over the upper surface of the forward portions of the wing. This 
phenomenon is similar to that observed for modification A of reference 6. 

Pitching Moment 

The pitching-moment coefficients about the quarter chord of the mean 
aerodynamic chord have been presented as a function of the lift coeffi
cient, for the three configurations tested, in figure 5. Addition of 
either canopy did not significantly alter the slopes of the pitching
moment curves. The rear canopy caused a positive increment in the 
pitching moment at all Mach numbers throughout the entire lift range 
investigated. The forward canopy caused a similar increment mainly at 
supersonic $peeds. Although the canopies did not appreciably affect the 
slope of the pitching-moment curves the observed increment of pitching 
moment due to the canopies is indicative of forward center-of-pressure 
shifts . 

Drag 

The basic drag data have been presented in figure 6 as a plot of 
drag coefficient as a function of lift coefficient for the three con
figurations tested. The variation of drag coefficient with Mach number 
has been presented in figure 7. The maximum lift-drag ratio character
istics have been determined from figure 6 and presented in figure 8. 

Addition of the canopy in the rear position significantly reduced 
the drag of the configuration at a given lift coefficient through the 
entire lift range investigated at Mach numbers above 0.93 (fig. 7). It 
should be noted that the drag of the configuration with the canopy in 
the forward position was lower than the drag for the rear-canopy con
figuration at high lift and Mach number conditions (at CL = 0.4 above 

M ~ 1.10 and at CL = 0.5 above M ~ 1.07). 

The drag reductions noted due to the canopy at angles of attack 
larger than 20 are similar to the drag effects found for modification A 
of reference 6, and are associated with the increase of lift due to the 
canopy . It may be noted (figs . 4 and 6 ) that the drag at a given angle 
of attack above 20 is often largest for the rear -canopy configuration 
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although the drag at a given lift coefficient is lowest. At ~ = 0 0 , 

however, the drag interference was such that the drag increment of the 
rear canopy was negative at Mach numbers above 0.96. 

Although the drag of the rear-canopy configuration was lower at 
sonic speed than either the forward-canopy configuration or the basic 
wing-body configuration, the Mach number at which the drag rise began 
was not much different for any of the configurations tested (fig. 7). 

5 

The maximum lift-drag ratio near sonic velocities for the rear
canopy configuration is somewhat larger than that for the basic wing
body configuration or the forward-canopy configuration (fig. 8). The 
lift coefficient for maximum lift-drag ratio was higher for either canopy 
configuration than for the basic wing-body configuration at subsonic Mach 
numbers above 0.93 but was lower at supersonic Mach numbers. 

An estimate of the transonic drag rise for the three configurations 
tested was made by the method of reference 7. The transonic drag-rise 
coefficient estimated for the wing-body combination was approximately 
one -half of that measured. However, the drar i.ncrements due to either 
canopy location estimated by the method of r 'ence 7 were in substan
tial agreement with the measured increments. 

CONCLUSIONS 

Aerodynamic data have been obtained for a 450 sweptback wing-body
canopy configuration with the canopy mounted on the body so as to fill 
partially the concave portion of the wing-body configuration cross
sectional-area distribution near the wing leading edge and with the can
opy placed 0.0614 of the body length forward of this original design 
location. Data have also been obtained for the basic wing-body config
uration. Analysis of the data obtained indicated the following 
conclusions: 

1. The drag was reduced at Mach numbers above 0.93 when the rear 
canopy was added to the basic wing-body configuration. 

2. When the canopy was moved forward in an attempt to improve the 
visibility, the drag was increased over most of the lift range at Mach 
numbers above 0.93. However, the drag was reduced at high lift and Mach 
number conditions (at CL = 0.4 above M ~ 1.10 and at CL = 0.5 above 

M ~ 1.07) . 

3. The lift, at a given angle of attack, for either canopy config
uration was larger than the lift for the basic wing-bOdy configuration 
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through the entire range investigated, and the lift was usually larger 
for the rear-canopy configuration than for the forward-canopy configura
tion at supersonic Mach numbers. 

4 . The addition of the canopy in either position did not change the 
slopes of the pitching-moment curves. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., May 5, 1954. 

REFERENCES 

1. vlhi tcomb, Richard T.: A Study of the Zero-Lift Drag-Rise Character
istics of Wing-Body Combinations Near the Speed of Sound . NACA 
RM L52H08, 1952. 

2 . Robinson, Harold L.: A Transonic Wind-Tunnel Investigation of the 
Effects of Body Indentation, As Specified by the Transonic Drag
Rise Rule, on the Aerodynamic Characteristics and Flow Phenomena 
of a 45 0 Sweptback-Wing--Body Combination. NACA RM L52L12, 1953. 

3 . Wright, Ray H., and Ritchie, Virgil S.: Characteristics of a Tran
sonic Test Section With Various Slot Shapes in the Langley 8-Foot 
High-Speed Tunnel. NACA RM L51HlO, 1951. 

4. Ritchie, Virgil S., and Pearson, Albin 0.: Calibration of the Slotted 
Test Section of the Langley 8-Foot Transonic Tunnel and Preliminary 
Experimental Investigation of Boundary-Reflected Disturbances. NACA 
RM L5lKl4, 1952 . 

5 . Welsh, Clement J., and Morrow, John D.: Flight Investigation at Mach 
Numbers From 0.8 to 1.5 of the Drag of a Canopy Located at Two Posi
tions on a Parabolic Body of Revolution. NACA RM L5lA29, 1951. 

6. LOving, Donald L.: A Transonic lUnd-Tunnel Investigation of the Effect 
of Modifications to an Indented Body in Combination With a 450 Swept
back Wing. NACA RM L53F02, 1953. 

7. Nelson, Robert L., and Stoney, William E., Jr.: Pressure Drag of 
Bodies at Mach Numbers up to 2.0. NACA RM L53I22c, 1953. 

CONFIDENTIAL 



., 

NACA RM L54Ell 

o 0 
,llOO .002 
.300 .1II~ 
.500 .171 

1.000 .28V 
2.000 .482 
3,,000 .&46 
~.())J :1'88 
11.000 1.037 
8.000 1.2311 

10,000 1.388 
12.000 I.de 
14.000 1.573 
la.ooo 1.82& 
18.000 l.e!!-7 
nooo L..0e7 
22.000 1.8S2 
rM.OOO t8JO 
2&.<100 \.~". 
28.000 l.d& 
".000 1.2bl 
S2.000 J.OI0 
32.6113 .IMO 

1--------

CONFIDENTIAL 

9.231 
~---12.775 reor position 6.395----"1 

AlrfoU .-et1C111 
~pl'CtraUo 
Taper ratio 
..".~. 

"" ... -Dihedral 

h--' 

HAC"" MAooe 

• 0.' 
l""-alA. 

rI' 
rI' 

10.775 forward . "." .. -;/-~ :0....-0
." 

-~5-93 ----. ~c: ~==:~~~~ 

12 l--+-L 
WinQ· and body wilh CanaDY in reorpasilion ~ ./ 1'-. 

10 
.!: 

Win and body with canopy in forward position,1 \ ~ ,/ -Wing and body "-
L v-: ~ /" " II 

8 

~ 
0 

.~ 
6 

~ 
4 

~ 

- V t2 r- ....1 :--r-- "-/-- I<?- Body r--.. " ./ 
~ I"~ 

,..-
I".... 

V ~ 
/ " e 

<.) 

2 ./ 
V 

/' 
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 

Distance from nose, in. 

Figure 1 .- Mode l det ai l s . All dimensions are in inches . 

CONFID~TIAL 

o o 
q 
C\J 

7 

J 



(") 

~ 
§ 
~ 

! 

L-83270 
Figure 2.- Photograph of model with the canopy in rearward position. 

,. 

---~----------------~~ 

(» 

(") 

o 
~ 

~ 
~ 

~ 
~ 
t"1 

\J1 
+
t:rJ 
I-' 
I-' 



I 
~F 

I ~ 

I _ 

NACA RM L54-Ell CONFIDENTIAL 9 

-c: 
Q.) 

() 

~ 
~ 
Q.) 

0 
() 

Q.) 
~ 

::J 
(/) 
(/) 

~ c.. 

Q.) 
(/) 

0 
CD 

Wing and body 
- - - - Forward canopy 

-Rear canopy 

L/ 
~ 

~ ~ \ " 

.2 

. I 

- f-- "-

~ 
f-

~ 
a,deg 

" 0 

0 ~ 
V ~ 

a=OO I--- ~, 

~ " -..,; 

~ 4 

0 --- 1\ 

a=4° l----~ \ 
\.-. - 8 

o a=8° 

I 
.7 .8 .9 1.0 1.1 1.2 

Mach number,M 

Figure 3.- Variation with Mach number of the base pressure coefficient 
for the sting-mounted model. 

CONFIDENTIAL 



I 
I 

(") 

~ 
H 

~ 
1-3 
H 
;J::> 
r--< 

...J 
U 

.8 

.6 

+-~ 

~ .4 
'u 
~ 
<l> 
o 
u 

.:::: .2 
'..::::i 

o 

I---

-~22 

~ . --~.-' - ' 

,.,..~.-- -----

o Win.g and body 1.00 
- - - - 0 Forward canopy 

M=0.80 .90 .93 .96 /J --- <> Rear canopy ...0 f) A 

va V 7 
/ ~ V A~V 

7 LW V lw V 
~ 1// 

I?" / ~y~ 
/ V- --: I)-J 

v;/' v~ ~ 

~ V V ~ h ~ ~ / ~ ./ W lw 
/ 

~ V lY' ~ d ~ V V ~ ~ ~ h / 

~ ~ / W' .~ 
~ 

~ 
~ # [? ff ~ /$ ~ 

~ 
r / f./ ,~ ,~ ~:~ W 

M=0.80 .90 .93 .96 1.00 1.03 I.l5 
I 

o o o o o o o 2 4 

Angle of attack ,a ,deg 

Figure 4.- Variation of lift coefficient with angle of attack . 

1.03 

l? 

f ~ ,,-

V 

6 

1.15 
A 

V 
V 

8 

I 

f-' 
o 

(") 

~ 
~ 
~ 

~ 

~ 
~ 

~ 
t'i 
\J1 
+" 
t>J 
t-' 
t-' 



... _ ._----------

NACA RM L54Ell CONFIDENT IAL 

.04 
O Wing and body 

- - -- 0 Forward canopy -
~ 

- <> Rear canopy 

M=O.BO ~ ~ M 
~~ 

o 

r-.::::::::: ":'~ ~ .80 
~ 

~ 

M=O.90 ~ 
~ 

o 

~ ~ . 9 0 p¢q, 

M=O.93 ~ R ~ f'9' 
~'" 

o 

0 
E 

U 

~ 
~ .Ji:m 

M::O.96 ~" ~ ,,- .93 ~ ~ 
-~ c: 
Q) 

'(3 
0 '+= -Q) 

0 
u -c: 
Q) 

E 0 0 
E 
I 

Cl 
c: 
~ 
u 0 -n: 

b. ~ ~, 
~ ~ 

M::I.OO 

~ '" ~ ~" 
~ ~ ~ '- ' - <> S .96 '" M=I.03 ~ ~ 

~fP-

~'" l~ 

~ ~ ~ I~ ~ 
M= 1.1 5 ~ ~ I~ ~ ~. 

~ ~ 
~ K 1\, 

~~ ~ 1"0 1.00 \, ~ 

-.04 

-.08 

\ 
~ 

"" 

~ 
'\ ~, "© 

1.03 

-.12 
~ K-

"" ~ 1. 15 

o . 2 .4 . 6 . 8 
Lift coefficient ,CL 

Figure 5.- Variation of pitching- moment coeffici ent with lift coefficient. 

CONFIDENTIAL 

--------~---------

11 



(') 

~ 
"".l 
H 

~ 
~ 
~ 
t'" 

.1 1 

.10 I 

I .0 9 

I .08 

,07 

a 
~ 
~ .06 
'u 
-.:: 

~ 
u 05 
0' . 
o 
o 

f .04 

) .0 3 

.0 ) 

,0 I 

o 

- 0 Wing and body 
I-- - - - - 0 Forward canopy 

- - 0 Rear canopy 

M=0.80 

~ 
I 
J 
I 

II 

J 
d 
I 

II 
/ 

/ J 
'1 If 

17 / 
~ '-- ~ ~--

~ 

M=0.80 .90 .93 

o o o 

.90 

~ 

I 
I 
I 
I 

if 
f 

J 
/ 
/ 

1/ 
!J -, 

/ 

V 
l/" (~ 

.96 

o 

1.00 1.Q3 
~ 

,96 r r 
0

93 P I :/ 
II 

/ 
I I I I 
I I / I 
I I £ If 1 
I I J G ] 
I t J l f 
lr / /t7 Ii' I 

I, 10:; W f 
d II Pi /; /1 

!' , Ij~' W' (ff 
If 1'1 riJ7 ~'J / 

I!I j~ .,.I 
~I ,rjV 

VI ~ '/ ~ ~ ~ ~ 
Lf ~ 

/ 

,) 

I.qo 1.03 1.15 

o o o .2 4 
Lift coefficient,CL 

Figure 6.- Variation of drag coefficient with lift coefficient . 

----------- -~---~~'--- -

-

~1.I51 

I 

/ I 

/ I 

I I 

II I 
I 

1 

I 

I 

I 
1 

1 

I 

I 

I 

I 

I 

I 

.6 

I-' 
f\) 

(') 

~ 
~ 
~ 

~ 

~ 
;:t> 

~ 
t'" 
\Jl 
~ 
t:r1 
I-' 
I-' 



F NACA RM L54-E11 

.08 

.07 

.06 

a .05 
u .. -c 
Q) 

u 
\;:: 04 ...... . 
Q) 
o 
U 

0' 
e 
o .03 

.02 

.0 I 

o 
.7 

CONFIDENTIAL 

I I I I I 

Wing and body CL 
- - - - Forward canopy ~ .5 - Rear canopy /0 ~--

V; ...-/ 
/' 

/ '" '" 

/: 1/ 

~ j VI 
~ .4 

~ !/ ~ v----:: v--
r- --/ 

/' 

I: 
// 

/ 

II 

II! ~ I 

l 

j / 
/ 

r------- // .2 / -----.-
I v:- 1-- f- -- 0 

~- ,..-- --r-

/;~: V 

L til 
=--- / 1 

J -

.8 ,9 1.0 1.1 1.2 
Mach number ,M 

Fi gure 7.- Variation of drag coefficient with Mach number. 

CONFIDENTIAL 

------~ ~ - -

13 



14 CONF ]J)ENT IAL NACA RM L54Ell 

I 101 I I 
--- Wing and body 

I 81-------1- ____ Forward canopy --l-----I 

~ 0 .4 E:;::: 
0_ 0 x ~ 

o 
E 01 

o 
o -0 ,2 

'-+- I -'-+-
-1:= 

o 

F=" 

-- - Rear canopy 

.9 1.0 1.1 12 Mach number M , , 

./ "-: ~ ~-- r=.. -
-<Y" 

:Y ..--/ 

.9 1.0 1.1 1.2 
Mach number,M 

Figure 8.- Maximum lift-drag ratio characteristics. 

I 
I 
I 
I 
I 
I 

\ 
I 

\ 

j 

• I 
I 

. \ 

I 
CONFIDENTIAL I 

NACA-Langley - 6-25-54 - 325 ~ 
-~------- ---~-- - -- --- ------





• I· 

• f ' , ' 

CON FI DENTIAL 

CON FI DENTIAL 

, 
, 


