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ABSTRACT

subsonic lift and drag coefficients are given for a
delta wing, canard configuration, towed vehicle capable of
carrying a 10,000-pound payload. These values are plotted
for tow vehicle wing loadings ranging from 10 to 100 lb/ft 2 .
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Results of an investigation to determine the subsonic lift
and drag characteristics of a canard glider configuration are pres-
ented. Basic data are taken from wind-tunnel test results and
applied to a configuration with various wing loadings. Results are
presented in graphical form.
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AERODYNAMIC NOMENCLATURE

wing span, ft.

fuselage diameter, ft.

fuselage length, ft.

	C D 	=	 drag coefficient, based upon wing area.

CD '
	D 	

drag coefficient, based upon projected frontal area.

lift coefficient, based upon wing area.

moment coefficient, based upon wing area.

drag, lbs.

lift, lbs.

area, ft
2

.

weight, lbs.

angle of attack, degrees.

Subscripts 

canard deflection angle, degrees.

fuselage

canard

induced

vertail tail

wing
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AERODYNAMIC CHARACTERISTICS OF A TOWED VEHICLE

Introduction

Interest has recently been shown in a relatively new type of delivery
system. Basically, the system involves installing a warhead in a glider-
like configuration and towing it with an aircraft. At the target the towed
vehicle is released and programmed to perform a pull-up or loop maneuver to
allow the airplane to escape. In the course of a study to determine the
feasibility of this new delivery method, it was found necessary to determine
some of the aerodynamic characteristics of a configuration that might be
used for such a purpose.

The tow delivery method could be used with a great variety of aircraft,
ranging from the B-52 type , on one end of the scale to an L-19 on the other.
Hence, it was thought advisable to examine two tow configurations: one
for use with high subsonic speed aircraft and capable of carrying payloads
up to 10,000 pounds, the other for use with slower aircraft and capable of
carrying payloads from 50 to 2,000 pounds.

The purpose of this investigation was to determine what effect a change
in wing loading has on the subsonic aerodynamic characteristics of the heavy,
higher-speed tow vehicle.

Determination of Drag Characteristics

General 

The chosen tow configuration, shown in Fig. 1, has been wind-tunnel
tested and was thought to be typical of one that might be used for the tow
application. Its dimensions are such that if it were to carry a 10,000-
pound payload its wing loading would be very close to 40 lb/ft2 . Using this
basic configuration, it was decided that studies of variations in wing load-
ing would be accomplished by holding the vehicle wing-span-to-fuselage-length
ratio and fuselage diameter constant while varying wing area. This simplifies
determination of fuselage drag which will vary only as fuselage parasite drag,
(C
D )

7 , varies with fuselage fineness ratio, (€ /d). This variation is shown
o b

in Fig. 2.
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In order to investigate the desired range of wing loadings it was
first necessary to obtain data concerning change in vehicle gross weight
with change in wing loading. This is shown in Fig. 3 and was taken from
Reference 1. With this information available it was then possible to deter-
mine the change in vehicle physical characteristics with variation in wing
loading. These results are shown in Figs. 4, 5, and 6.

The following sections illustrate the method used in adapting existing
wind-tunnel data, for a corfiguration with 40 lb/ft 2 wing loading, to obtain
aerodynamic characteristics for a similar configuration but with wing load-
ings other than 40 lb/ft2 . The desired final results are shown in Fig. 7.

Total Vehicle Drag

We assume the total vehicle drag coefficient to be

CD = C
D
 + C

n 
+ C

D
o 	 -1 	 bc

where

= (CD ) + (C, ) + (CD ) + (CD )
o b 	 'ow 	 o v 	 o c

CD = (C
Di

)b + (CD )
w 

+ (C
D

) 	 .

The last three terms in Equation 2 will remain approximately constant in
the subsonic Mach number range with variation in wing loading, since the
affected parts remain geometrically similar at all times. Wind-tunnel
tests show their combined value to be 0.0066.

Drag at Zero Lift

We have the fuselage drag coefficient at zero lift, (C
D
 )' , expressed
o b

as a function of fuselage projected frontal area (Fig. 2). Since it is
common practice to express aerodynamic coefficients of winged vehicles in
terms of wing area, the fuselage drag coefficient must be based on wing area.
This may be done in the following manner:
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Since

Drag (CD ) q Sb
o b

Drag 	 = (CD ) q 514
o b

Sbthen 	 (C
Do

)
b 

=
o b Sw

Making use of Fig. 2 and the variation of vehicle physical characteristics
with change in wing loading, as shown in Figs. 4, 5, and 6, we are now able
to express the fuselage parasite drag coefficient, (CD )', in terms of wing

o b
area. It is now only necessary to add to these values of fuselage parasite
drag coefficient, (CD ) , a constant value of 0.0066, which represents the

o b
combined drag coefficient of the last three terms in Equation 2. Thus, we
have completely defined the vehicle drag coefficient at zero lift, (CD ),

for all wing loadings in which we are interested. .

Values of fuselage parasite drag coefficient, (CD ) , and vehicle
o b

parasite drag coefficient, (CD ), are plotted versus tow wing loading in

Figs. 8 and 9 respectively. 	 °

Ems Due to Lift

The drag due to lift or induced drag portion of the total drag co-
efficient may be seen in Fig. 10. Data for the zero canard deflection
portion of this plot were obtained directly from Reference 2. It was
obviously necessary to choose values at zero canard deflection in order
to obtain pure drag due to lift and prevent introduction of a drag com-
ponent due to canard deflection. A separate plot of induced drag, C

Di'
versus lift coefficient, C

L' 
at zero canard deflection is seen in Fig. 11.

Drag Due to Canard Deflection

The drag coefficient due to canard deflection is shown in Fig. 10 as
the difference between the zero canard deflection and the zero pitching
moment curves. At any angle of attack, other than. that at which the lift
coefficient is zero, there will be a pitching moment introduced if the
canard is at zero degrees deflection. Therefore, in order to balance this
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pitching moment the canard must be deflected a certain amount. It can be
seen, then, that the difference between the zero pitching moment and zero
canard deflection curves of Fig. 10 constitutes an incremental drag due
to canard deflection. The increasing difference between these two curves,
as lift coefficient increases, is representative of an increase in canard
deflection. Dates for the zero pitching moment curve was not directly
available from wind-rannel test results. Information was, however, given
for lift, drag, and pitching moment versus angle of attack. Thus it was
possible to plot this data, as in Fig. 12, to obtain lift and drag at zero
pitching moment which corresponds to the level flight condition. A plot
of induced drag plus drag due to canard deflection is seen in Fig. 13.

Total Drag Coefficient For All Wing Loadings

Since we have previously defined
(C
D

) for all wing loadings, it is now
o

drag and drag due to canard deflection
efficient at zero lift, as in Equation
coefficient for any given wing loading
values are plotted in Fig. 7.

the vehicle parasite drag coefficient
only necessary to add the induced

to this value of vehicle drag co-
1, to obtain the total vehicle drag
in which we are interested. These
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