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SUMMARY

An analysis was undertaken to determine the aerodynamic charactaristics
of a Profile Fighter Tow Target having as a proposed configuration that of
a target vhich has been produced in limited quantity and flight evaluated by
the Navy., Included in the analysis were derivations of lift curve slope,
pitching moment curve slope (center of presaure), side force, yawing moment,
and rolling moment coefficient variation with sideslip angle, and drag
coefficient, The effect of modifying the proposed configuratica to reduce
the drag was also investigated. The results are valid at eubsonic Mach
mmbers, and provide aerodynamic data which can be used to determine towline
tension and towline egress angle at the target for any subsonic flight
condition,
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LIST OF S'/MBOLS
Symbol
A aspect ratio
b panel span (measured from target cemterline to tip of panel)
D
cn drag coefficient, g
ct friction coefficient
L
°x. 11ft coefficient, g
)
cL' coefficient of force normal to panels, FH
C
’.:1” 11£ft curve slope, -d'

rolling moment coefficient, Z

a .
Ceg %
cI

pitching moment coeificient, ?;lsl'z
c_' coafficient of moment normal to panels, ;l%
Cq, pitching moment curve sliope, %
c‘ yaving moment coefficient, q_’s"Z
*
cY side force coefficient, a’-s-
Crq %‘
D drag, positive aft
L 1lift, positive up
L' force normel to panel
f rolling moment, positive, right wing dowm
2 target length (equals 30 ft.)
| pitching moment, positive, nose up; or Mach mmber
N’ moment normal to panel
N yaving moment, positive, nnse right
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LIST OF SYMBOLS (CON'T)

Sywbol
q dyasmic pressure
z s reference area (equals 99 ftz)
. 8'.t wetted area
t/e thickness to chord ratic
x distance from target nose; or distance between center of pressure
and centsr of gravity, positive, center of pressure ahead of center
of gravity
Y side force, positive right
y spanwise distance to paael center of pressure
(] engle of attack
o' relative angle of attack normal to panel
e sideslip angle, positive, nose to left of relative wind
r wing dihedral angle (equals -30 degrees)

Sublcriztl

?2 b base

%ﬁ £ friction

j?; rB forebody

;: p induced

§< = miscellanaous
?k v vertical panel
{ ’ x ving panels
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INTRODUCTICN

The Profile Fighter Target is included as part of the proposed Mavy
Standard Tow Target System in order to provide a gunnery target that is both
size and performance representative of potential threst vehilcles, According
to reference (a), a target currently being produced under the trade name
“FIGAT" (Fiberglass Aerial Target) cen fulfill the requirements for the
Profile Fighter Target., The "PIGAT" is 30 feet long, 8 feet high, has a
9 foot wingspan and weighs approximately 500 pounds, It is described in
reference (b). A drawing is shown in figure 1,

Under authority of reference (c), an analysis was undertaksn to determine
the aerodynamic characteristics, including aerodynamic derivatives, centers of
pressure, and drag for the Profile Fighter Target, as bssed oaﬂfhe "FIGAT"
configuration. The effect of a modification which would reduce the drag was
invastigated also,

AERODYNAMIC ANALYSTIS

The results of the analysis presented below are applicable at subsonic
Mech numbers (up to approximately Mach 0.98)., The serodynamic coefficients
are all based on a wing reference area of 99 £t? with the target length of
30 feet the reference length for the moment coefficients, The results are
susmar.zed in Table I,

The force and moment coefficients normal to the two wing panels, which have
a8 =30 degrees dihedral, and the vertical panel of the target were calculated
as follows using slender thin wing theory., For each painel, the normal force
coofficicnt.cL', 18 determined from the equation

CL. -"%EU'

vhere b is the span of each panel (measured from centerline of carget), S is
the refsrence area, and »‘ is the angle of attack relative to the respective
panel (in radians), The woment coefficient corresponding to the moment about
the nose normal to cach panel, cn'. is fetermined from the equation

, [
c* -%— , x [b(x)] [b'(x)] dx

vhere { is the target length, The center of pressure of asch panel, located
as a fraction of the total target length, is obtained by dividing the calculated
moment coefficient by the calculuted normal force coefficient. That is,

x.
T CL

Centers of pressure calculated by this mathod were found to agree with those ‘
calculated usirg charts in reference (d). Because slender thin wing theory
assumes an aspect ratio approsching tero, however, normal force coefficients
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calculated by this method will be slightly large for a configuration with a
finitc aspect ratio. In this case the difference is small; nevertheless, the
calculated normal force curve slopss (3C. '/3a') were reduced by three percent
iz order to agres with estimates made &ng the following equation from
approximate lifting surface theory at a Mach number of 0.7. (At the Mach
mmbers of 0.5 and 0.9, there is a variation from this of approximately

11y percent, which is comsidered negligible,) .

ag' -k 2nA
M2 + 2 (A.ﬂ
AJT 4+ 2
In this equation M is the Mach mumber and A is the aspect ratio of an equivalent

wing with a semispan equal to the pansl span and an area equal to twice the
panel srea., The moment curve slopes (ac" /3c¢') were recalculated by multiplying

the ruspective adjusted normal force curve slipe by the distance to the center
of pruessure (normalized as a fraction of the target reference length),

Lift due to amgle of attack (1ift curve slope, clv) comes from the vertical
component of the force on the two wing panels, Since

o' mevcos T

wvhere « is the angle of attack and T 18 the wing dihedral angle of -30 degrees,
and

(:L - Z(CL' cos I
(for the two wing panels) vhere CL
C, = 2(0.97 ﬂl’za) cos T
L ° S

is the lift coefficient, therefore

2
- 4,57 -‘?é- @

Then
bl

Cpg = 4.57 :
= (4,57) Q_;%)_

= 1,20/radian

The center of pressure of the wing panels, which is also the longitudianal
center of pressure, was found to be located 18.4 feet aft of the nose, This
is 3,5 feet behind the tow point, which is located at F.,S, (fuselage station)
179, and 2,75 feet aft of the center of gravity (F.S. 188). The pitching
moment curve slope about the center of gravity (c.u), was calculated as

o2 et e PR
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Cay * Oty @
«2,75

" 1.2 50

= <0,110/radian

This is a stable moment (increasing nose down pitching wmoment with incressing
angle of attack),

Side force dus to sideslip angle (OYB) comes from the force on the vertical
panel and the sideways component of force on the wing panels, For the vertical

panel,
(cYB)v - '(%:)v

- .97 n G2

= -0,80/radian
For the two wing panels, since
o' =8 sin T
vhere B is the sideslip angle,
g, = -2 (34 sin2 T
w «0,40/radian

Added together,
1 Cvp = (cYB)v ¥ (cYB)v
4 - 0,80 -0.40
= «1,20/radian
(Side force is positive to the right,)
i The center of pressure of the vertical panel was calculated to be 19.8
j feet aft of the nose, and therefore 4.15 feet aft of the center of gravity.

The slope of the curve of yawing moment coefficient (about the center of
gra—ity) versus sideslip angle (c“B) is thus calculated as

Cog = ["Ye @ ]v + [CYP @)

- 0.8 (1) -0.40 HB

‘ = 0,111 + 0,037
% = 0,148/radian
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This 1s also a stible moment (increasing nose right yawing moment with
increasing sideslip angle), The net directionsl center of pressure, Vith
respect te the center of gravity, was calculated as follows:

= L12 G0

= "'3.7 ft
This is 19.35 feet aft of the nose,

The rolling moment about the target centerline produced by sidesiip angle
(Q,B) was calculated as

Cig = (cza)v + (C-LB)'

(&0 @, 2 r [ @),

vhere y is the distance to the spanwise center of pressure, measured from the
target centerline, for each panel, Since

Gy ¥ G0,

and

Yy = Yy
thus

Ceq = 0

The drag of the target coasistz ¢f zero-1ift drag plus induced drag.
However, unless the target is seriously misbalanced, the angle of attack
will practically always be so low that the induced drag coefficient, calculated
as follows, will be cpegligible, Using an expression valid for low aspect
. ratio wings,

5 cos T’
' c“i = cos I‘) (a

= (L.20a) @
= 0.6 o2 (o in radians)
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Considering only sero-lift drag, then, the total drag of the target is made up
of skim friction drag, hase drag, and miscellaneous drag from the various
proturberances, skids, etc, including &ny interference drag,

Skin friction drug was calculated according to the methed of reference (d),
using an equation ard charts from that reference, Six different eections of
the wing and vertical panels (with different lengths) were considered
separccely. For asach section, the Reynolds number was cslculated corresponding
to an aversge flight condition of Mach 0.7 at 20,000 feet, This was compared
to the "cutoff™ Rcynolds cumber, which is a function of the relstive surface
roughness height. For an estimated surface roughness height of 0.4 X 103
inches (same 2s ordinary paint), the "cutoff" Reynolds pumber is just slightly
less thea the calculated Reynolds number, 'The friction coefficient for each
section is determined as a function of Mach number and Reynolds mumber, using
the lesser of either the calculated Reynolds number or the “cutoff" Reynolds
mmber, the latfer of which was used in this cese, The resultant total skin
friction drag coefficient was calculated as

1,7 t
Cog =5 (0 Q42D S,
= 0,0104

vhere C¢ is the friction coefficient, % is the thickness to chord ratio, and
Suut is the wetted area of each section., The term 2 % accounts for the increase
in dynsmic pressure over the surface dus to thickness,

Base drag, arising from the four inch thic': blunt trailing edges of the
panels, was calculated according to reference (e)., The two-dimensional base
drag coeificient, based on base area, is determined from the ~quation

Cpb - 0.14/3%

vhere CDPB i the forebody drag coefficient - that is, drag originacing on

the surfece ahead of the base - also based on base area. This equation was
applied to each of the panel sections discussed above and its base, The total
base drag coefficient, based or the wing reference area, was found to he

°°b = 0,0132

Miscellsneous drag from the various proturb:rances, skids, etc, was
estimated to provide an additional increment in drag coeff :ient of

CD. = 0,013

of which approximately 0,010 comes from the forward skid assembly. The totel
target drag coefficient is

10
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CD m Cnt + Cpb + CD.
= 00,0104 + 0,0132 + 0.013
= 0,037

This value is relatively unaffected by Reynolds mumber, For example, at a
lower Reynclds number corresponding to spproximately Mach 0.5 at 40,000 feet
(also correspondiag to the "cutoff” Reynolds nuxber for 2 surface roughness
height of 1.0 X 10-3 inches), the target drag coefficient would increase by
oaly 0.001.

It can be noted that a significant portion of the total drag is wade up
of base drag, By tapering the trailing edges of the wing and vertical panels
to a point or otherwise reducing of eliminating the blunt bases, this drag
could be reduced. As an exawple, if the final foot of each pansl were to b2
tapered smoothly to a point, a decreasz in the targei drag coefficient of
approximately 0,012 (30%) could be expected, (This would also effect a change
in trim angle of attack of about 0.2 degrees, which is not considered significant.)

CONCLUSIONS

An snalysis has been made to detarmine aerodynamic derivatives, canters of
pressure, and drag coefficient for a proposed Navy Profile Fighter Tow Target
configuration. The results, vhich are valid at subsonic Mach mumbers, show
that the target is staticclly stable, as expected, In aduition, they provide
the serodynsmic data necessary to determine towlinz tension and towline
egress angle at the target for any subsonic flight condition.

It has also been determined that a significant reduction irn target drag
(as much as 30 percent) could be accomplished by tapering the trailing edges
of the wings ard vertical panel so as to eliminate, or at Least reduce the
size of, the blunt bass,
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TABLE I
SIMMARY OF AERODYMAMIC DERIVATIVES AND COEFFICIENTS
FOR PROFILE FIGHTER TOW TARGET

Cly ¢t 1.20/rad
cq, ¢ =0,110/rad
Cyq : =-1.20/rad
C.a :  0,148/rsd
Q,B t ~0

¢y ¢ 0.027

Notes:

1. Derivatives and coeificients are defined 15 text and in list of symbols.

2, All coefficients based on an area of 99 ft<,

3. Moment coefficients are based on target lsngth of 30 ft; moments are about
center of gravity located 15.65 feet back of nose.

4. Surface roughness height assumed as 0.4 X 10~3 inches.
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