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DRAG NEAR ZERO LIFT OF A l/7—SCAIE MODEL OF
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SUMMARY 52{ ; ]
The zero-l1ift drag of a l/7—scale model of the Convair B-58 externsal
store was obtained at Mach numbers between 0.8 and 2.45 at corresponding

Reynolds numbers per foot of 3.5 X 106 and 15.3 X 106. The experimental
drag data are compared with calculated values at both subsonic and super-
sonic speeds and show good agreement. 1In addition to the drag data, some
static stability derivatives and damping factors were also obtained and
are presented with the predicted values of these derivatives for complete-
ness and for comparison. The static stability date were in good agree-
ment with the predicted data, but the damping data obtained are consid-
erably higher than the predicted values.

INTRODUCTION

At the request of the U. 8. Air Force, the Iangley Piloiless Air-
craft Research Division has undertaken a flight-test program to deter-
mine the drag near zero 1lift of the Convair B-58 external store. This
external store is a rocket-powered disposable bomb pod carried on the
underside of the B-58 fuselage. Two 1/7-scale rocket-propelled models
of the store alone were utilized to effect measurements over a Mach
nunber range of 0.8 to 2.45. Some static and dynamic stability deriv-
atives were also obtained from these tests and are presented. These

tests were conducted at the Iangley Pilotless Aircraft Research Station
- at Wallops Island, Va.
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SYMBOLS
a; longitudinal acceleration, ft/sec?
an normal acceleration, f’t/sec2
ay lateral acceleration, ft/sec?
b span, ft
c wing mean aerodynamic chord, ft
g acceleration due to gravity, ft/sec?
. Drag
CD drag coefficient, S
L. b -P
Cpp base-drag coefficient, —Oq—b X -S—Sh
Cy = Normal force
N~ qS
Co = Side force
Y B e —
gS .
Lift
¢, = ——
Yawing moment
Cn = Al
aSb
Pitching moment
Cm = =
qSc
. _ ac,, acy,
Cm_ + Cmd damping factor per radian, — +
Q g8 gat _1
2V 2V 57.3
I moment of inertia, slug-ft2
M Mach number
P static pressure, 1lb/sq ft
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2 Py, base pressure, 1b/sq ft
o ®
s
oedl P period of the short-period ascillation, sec
ﬁ..; q dynamic pressure, 1b/sq ft
g‘ R Reynolds nunber
?: S total wing area including body intercept, 2.857 sq ft
: Sy area of fuselage base, sq ft
: T1/2 time to damp to one-half amplitude, sec
33‘ \s ' velocity, ft/sec
;j W ' model weight, 1b
{ a angle of attack, deg
E B _ angle of sideslip, deg

y ‘ angle between instantaneous flight path énd the hori-

zontal, deg ’

0 _ angle of pitech, radians

Subscripts:

X,Y,72 longitudinal, lateral, and normal body axes,

respectively

?? a = éi

"= 2

T trim

MODELS

e

i
1.
g

The general arrangement of the model is shown in figure 1l and
photographs of the models are shown in figure 2. Other pertinent
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physical characteristics are presented in tables I, II, IIT, and IV.
Approximately the forward 40 percent of the model was machined from
steel; the aft section was machined from an aluminum casting. The tail
fins were of aluminum, the canard fins of steel, and the wings were
aluminum with tips of steel. Actuator fairings (see table IV) have
been simulated on the wings and on the base of the vertical fin. The
former is for the actuating mechanism of the ailerons of the full-scale
article, the latter for the mechanism retracting the vertical fin of
the full-scale article.

A smoke generator was installed to aid visual tracking. A pressure
tank with a volumetric capacity of approximately 1 pint was located in
the aft section of the model fuselage. Total pressure (to expel the
fluid) was supplied by a tube inlét mounted on the strut at station k2.
(See fig. 2.) The exhaust exits at the body base are shown in detail
in figure 1. A fluid is carried in the tank and during the coasting
flight of the model the expended fluid produced a vapor trail which was
an aid to the visual tracking of the radar.

The model airframes were constructed by Consolidated Vultee Air-
craft Corporation of Fort Worth, Texas. '

TEST PROCEDURE

Instrumentation ‘

The models were internally instrumented by the National Advisory
Committee for Aeronautics with an eight-channel telemeter which trans-
mitted the following information: longitudinal acceleration (two
instruments) ; normal acceleration, transverse acceleration, total pres-
sure (two instruments), static pressure, and base pressure. The base-
pressure measurements were made by using four pressure orifices mani-
folded together and connected to a pressure pickup instrument. (See
fig. 1.) TIn addition to the internal instrumentation, an SCR 584 radar
unit was used to determine the space positions of flight. The velocity
was obtained with a CW Doppler velocimeter and a rawlnsonde provided
atmospheric conditions and winds aloft velocities throughout the alti-
tude range traversed by the models in flight.

Propulsion

Model 1 attained a maximum Mach number of approximately 2.5 with
a Nike modification 5 booster motor and model 2 attained a maximum
Mach number of 1.5 with a booster using two Deacon rocket motors.
Photographs of the models in launching position with their respective

"boosters are shown in figure 2.
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= DATA REDUCTION
. Drag

Ground radar.- Drag coefficients were obtalned during model flights
by evaluating the following expression:

W [av
Ch = + sin

D=~ %es (dt & 7)

where V 1is the veloecity obtained from CW Doppler velocimeter and

corrected to the tangential velocity along its flight path and also
corrected for winds at altitudes traversed in flight.

l'lTh
Telemeter.- Tt

1 acceler
. following equations

ometer data were used in the

A similar expression was used to evaluate normal- and side-force
coefficients using normal and transverse accelerations, respectively

The base-drag coefficient was determined from the relationship
¢, =20 P, 5%
Dg q S
Stability
A disturbance to the models occurred upon separation from their
respective boosters. An analysis was made of the resulting oscillations

from which the static stability and damping factors were obtained. The
accelerations were measured along the body axes. The following expres-

sions were used which are derived from the equations of motion using a
stability axis system and standard NACA sign conventions

I’ hy?
C = + A
Mo, 573[ ]
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where

A validation of these expressioné to effect satisfactory derivatives
for this type of configuration is fully described in references 1, 2,
and 3.

Values of Clu were obtained from unpublished data by Convaif for

use in the aforementioned equations. (See fig. 3.)

RESULTS AND DISCUSSION

Drag

The Reynolds number per foot of the present tests is given in fig-
ure 4. A drag estimate was made of the configuration at zero lift.
Friction drag as calculated with the use of reference 5 agreed well with
the measured values of the subsonic drag. Base-pressure drag estimates
of the strut base were made with the aid of reference 9, and the base-
pressure data obtained from the present tests were used to determine
the base drag of the fuselage. Increments in drag, pressure and base
drag, calculated by using references 4 to 9 and the base drag from
the present tests were added to the friction drag as calculated from
reference 5 and are given in figure 5(a). The total estimated drag is
given in figure 5(b) with the measured values of the drag coefficients.
Good agreement exists between the measured and calculated values of the
total drag coefficients. It can be seen in figure 6 that the drag data
were obtained at small values of trim 1lift and trim side force corre-
sponding to angles of attack and sideslip less than 10,
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Stability and Damping Data

Stability and damping data were obtained from an analysis of normal
and transverse oscillations which occurred upon the separation of the
models from their respective boosters. These data are presented with
the predicted values from unpublished data prepared by the Consolidated
Vultee Aircraft Corp. ' ,

Static stability.- As a measure of static stability, the variation
of aerodynamic center with Mach number is shown in figure 7 and as CnB

in figure 8. Values of CnB as determined in the section on "Data

Reduction" were transferred to a common center of gravity (c.g.) (pro-
posed full-scale location) by the following transfer formula:

Cn = Cn ‘ .
Brer. c.g. Brest c.g.

where X isg the transfer distance.

Presented also in figure 8 are the predicted valﬁes of CyB which

- were used in shifting the model data to a common center of gravity for

comparison. Good agreement exists between the measured and the pre-
dicted values.

Damping. - The damping-in-pitch parameter Cmq + Cmd is presented

in figure 9. The damping has been established -for three center-of-
gravity locations - 33.3,'36.1, and 37.1. The calculated values of
c,. + C were greater for the more forward center-of-gravity locations.

mq md‘

The increment of Cm_q + Cm& between the center of gravity at 37.1 and
' 33.3 calculated by using reference 10 was added to the predicted values

given by Convair in order to give the solid line of figure 9. The dotted
line of figure 9 was constructed in a similar manner using the calculated
values for 37.1 and 36.1. The curve for center of gravity at 37.1 cal-
culated by using reference 10 was in close agreement with the predicted
values given by Convair. No cross coupling was evident between the
lateral and longitudinal modes of motion. The calculated damping is
considerably less than the experimental damping. This is due in part

to the increment in damping caused by the downwash resulting from CLq

and CI& which was neglected in the estimation. A more complete dis-

cussion of these additional increments of damping due to pitching veloc-
ity CLq and the rate of change of angle of attack CLi are found in

reference 11.
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CONCLUDING REMARKS

The zero-1ift drag of the Convair B-58 external store was obtained
at Mach numbers between 0.8 and 2.45 at corresponding Reynolds numbers

per foot of 3.5 X lO6 and 15.3 X 106. The experimental drag data were
compared with calculated values at both subsonic and supersonic speeds
and showed good agreement.

In addition to the drag data some static stability derivatives and

. X
damping factors were also obtained. A comparison of flight data with

the predictions of Convair is made which shows good agreement for the
static stability data. The predicted damping is considerably less than
the experimental damping. This disagreement is believed due in part to
an increment in damping caused by the downwash resulting from CLq

and Crs which was neglected in the estimation.

Iangley Aeronautical Laboratory,
National Advisory Committee for Aeronautlcs,
Iangley Field, Va., July 15, 1955.

Russell N. Hopko
Aeronautical Research Scientist

7 L]
. ; Joseph A. Shortal
Chi?;/of ilotless Aircraft Research Division
mgk
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TABLE I.- PHYSICAL CHARACTERISTICS

Body:
Overall length, in. . . . . « & & ¢ ¢ « + & « « v &« = « « . . 87.858
Maximum diameter . « « « & 4 4+ e 4 e e s e e e e e s . e . . 8572

Canard: .
Span, in. . . e e e e e e e e e e e e e e e e e e e e . . 15,986
Total area, sq D PP O - 1
Exposed area, sq Tt . « « v « ¢ 4 4 4 4 4 e 4 e e e o w s« o 0347
Alrfoil section . . . + . ¢« « & « « ¢« v « « « + « . . . NACA 0005-6k4
Sweepback, leading edge, deg . « « « + + « + 4 4 e 4 e e 0. . . 60
Sweepback, trailing edge, deg . . « .« « & ¢« & ¢ 4 4 o 0 . . =10«
Tncidence, deg « + ¢« ¢+ ¢ ¢« ¢ o v o o o o o o o o s o s o o o 0
ASPECt TBEIO + v v v v 4 4 h e i e e e e e e e e e e e e ... 2.096

Wing:
Span, in. . . e e e e e e e e e e e e e e e e e e e e . . 29.386
Total area, sq ft - s T
Exposed area, sq ft . « ¢ + ¢ ¢ . 4 4 4 e e o 4 4 e o o .+ . . 1l.ho
Alrfoil section . . . . . ¢ &« ¢« 4 ¢« 4« « « « « « « . . NACA OOO4.5-64
Sweepback, leading edge, deg . - « « + « « ¢ o+ o 4 o . oo . . 60
Sweepback, trailing edge, deg . « « ¢« ¢ ¢« ¢ ¢ ¢ ¢ 4 v o . . . -10
Incidence, deg . . . ¢ ¢« ¢ ¢ ¢ ¢« ¢ e 4 s e e 4 s e e s e s s e 0
Aspect TAEI0 « v v v v 4 4t e e e e e e e e e e e e e e e .. 35.006

Vertical fin:
Total area, SQ ££ « « « « &« « ¢« + 4 o o o o s o o « o« » o 0551
Exposed areg, sq £t . + + + ¢ 4 4 4 4 4 4 e s e e e 4 s . . . 0.204
Aspect T8EI0 v v v & 4 it i e e e e e e e e e e e e e e .. . 2.096
Taper TatI0 « o v ¢ v o 4 4 e v 4 e s e e a e e e e e . 0.33h4
Airfoil section ....................NACA000561+

) Vertical fin (lower):

) Total area, SQ £ + + « + « « + « e ¢ o s o s o s » « o+« . 0.612
¥ Exposed area, S@ f£ - « + « + 4 4 4 4 4 4 4 v e e e e e . . . 0.38
iy Aspect ratio . . .« v v i i i e e e et e e e e e e e e e e e 1.75
ﬁ Taper ratio . + = ¢ ¢ ¢ « ¢ 4 v b e e s e e e s e e e . 0.35
; Airfoilsection............,.......NACAOOO561L
¥

4

1]
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TABLE II.- POD GEOMETRY

87.858

Pod station Radius
0 0
2.286 611
9.429 2.186

16.572 3.377
23.715 L.o63
29.h429 L.286
Li . 000 L.286
L5.143 L.284
59.429 Lh.036
66.572 3.701
73.715 3.178
80.858 2.427
87.858 1.428
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°et TABLE TIT.- POD STRUT GEOMETRY
vesl o Strut Sta. 87.858
2 { I»ls 3] |
» hcm ‘/ﬁg _________ —V
' == ___ I —
Strut Station Y X
0 0 0
21 . 065 « 065
543 +109 109
1.829 226 226
L.685 L9 409
7.543 .558 .558
10.14:00 688 688
- 13.257 805 .805
16.11; «912 « 912
18.971 1,008 1,008
21.829 1.093 1,093
2L.585 1.168 1.168
27, ‘313 1,229 1,229
. 30.,,00 1,269 1,269
31.929 1.277 1.277
33.357 1.276 1.277
36.21, - 1.267 1.27
39.071 1.250 1.267
i1.979 1,226 1.250
Lk . 786 1,197 1,226
B L7.643 1.161 1.197
‘, 50.500 1.121 1.161
0 53.357 . 1.07% 1.121
) 56.21) 1.023 1.0
] 59.07L +966 1,023
L 61.929 .903 <966,
% 6ls.. 786 .833 903
1 67613 - 756 833
76.21L J157 572
79.071 «311 A57
81.357 a3 311
81.786 .083 <131
81.929 0 0
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o TABLE IV.- ACTUATOR FAIRINGS
Leading edge
X —)-‘
r——»—A
| .
|
- |
b | |
LA
' Span Sta. 10.536
|
A ,
i s S
‘ k‘+>) X Y r
! N 0 0 0
Al R
P ‘ . Section A - A : 3:9211 :;22 ’:21‘8
5.152 .86 «231
64395 364 «170
8.626 0 0




T Y e TR Y R L TR s - - - . . ... ' : .. :.E.
¢ . .o. .3, :oo L
=
&
>
w
t
0
g
8
' ©
Sta. 0 L.s5u43 19.800 31.286 ' 62.315 87.858
' ' 9h.258

70.929 86.146 | 91.246
87.858 |
Model 1 Model 2
Iy oSk 140
I, 27.7 2.8
I; 27.7 24.8
wt 273 208 .

A 33,28 364,09

Figure 1.- General arrangement of models. All dimensions are in inches.
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(a) Views of model.

Figure 2.~ Photographs of models and model booster systems.
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(a) Concluded.

Figure 2.- Continued.
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(b) Model booster systems. Model 1. L-87018.1

Figure 2.- Continued.
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(b) Concluded. Model 2. L-87731.1

Figure 2.- Concluded.
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Figure 8.- Variation of side force and yawing moment with Mach number.
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