@ https://ntrs.nasa.gov/search.jsp?R=19690087813 2020-03-16T23:56:41+00:00Z

‘ ﬂﬁcmss FIED- AUT

S S Air Force

Rice m jsﬂA

DRAG AT MODIJL TRIM LIF'I‘ OF A 1/15-SCAIE ‘
CONVAIR 3-58 SUPERSONIC BOMBER

(CATEGORYA

By Russell N. Hopko and Willlam H. Klna.rd

)

Langley Aer‘ nautical Laboratory
Langley Field Va.

ER)

F7

\ (PAGES)

(ACCESSION NUMB
(NASA CR OR TMX OR AD NUMBER

Restriction/Classification Cancelled

{v)z09 "o 3




£ e

I %
§ @ 3

& 3w i
3 5
3

G W e
“

9
?@
R » ¥
4

e e
W

[PrELVFRTWES

NACA BM SI56G23 »# ** ¥ Restriction/Classification Cancelled
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM
for the

U. 8. Air Force

DRAG AT MODEL TRIM LIFT OF A 1/15-SCALE
CONVAIR B-58 SUPERSONIC BOMBER

\
By Russell N. Hopko and William H. Kinard
SUMMARY

An investigation has been made by the Langley Pilotless Aircraft
Research Division utilizing a 1/15-scale rocket-propelled model of the
Convaeir B-58 supersonic bomber. The drag at model trim 1lift was obtained
at Mach numbers between 0.85 and 2.0 at corresponding Reynolds number per

foot of 5.5 X 106 and 153.7 X 106, respectively. The results of the pres-
ent investigation are compared with unpublished data obtained from several
facilities, WADC 10-foot tunnel, Ames 6- by 6-foot supersonic tunnel and
the langley 16-foot transonic tunnel. A comparison of the drag at tran-
sonic speeds and at approximately the same Reynolds numbers showed excel-
lent agreement. A drag coefficient of 0,028 at a Mach number of 2.0 was
obtained at zero-1ift conditions.

INTRODUCTION

At the request of the U. S. Alr Force, the Langley Pilotless Aircraft
Research Division has undertaken a flight test program to determine the
drag near zero lift of the Convair B-58 composite airplane. The vehicle
portion of the B-58 supersonic bomber consists of two parts; the basic
inhabited airframe which is designated the return component, and an
expendable pod which is an air-to-surface missile. The complete vehicle
with pod attached on a short pylon is designated the composite airplane.

The return component consists of a 60° modified delta wing at 3° of
incidence incorporating 0.l15-local-semispan leading-edge camber, a Mach
number 2.0 supersonic "area rule" fuselage, and a swept tapered vertical
tail mounted atop the fuselage aft of the wing trailing edge. Four
nacelles are pylon mounted underneath the wing.
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The expendable pod is essentially a body-of-revolution missile with
the supporting pylon attached to its upper surface. Aerodynamic surfaces
of the pod, canard and wing, are 60° deltas with <100 swept trailing edges
and the vertical tails are swept and tapered.ﬁ

Results of some previous investigations during the development of
the B-58 have been reported in references 1 to 3. In the present inves=-
tigation a 1/15-scale rocket-propelled composite model was flown and data
were obtained over a Mach number range of 0.85 to 2.0 at corresponding

Reynolds number per foot of 3.5 X 106 and 15.7 X 106, respectively. This
investigation was conducted at the Langley Pilotless Aircraft Research
Station at Wallops Island, Va.

SYMBOLS
A cross-sectional area
Ay longitudinal acceleration, ft/sec2
g acceleration due to gravity, £t/sec?
Ce chord-force coefficient, QQQE%§£Q££§
Cp drag coefficient, ngg
Cpy internal drag coefficient, Interzgl drag
CDE external drag coefficient, Cpp - Cpy - Cpg
Cpg base drag coefficient, Eg—éigg X %}
CDT total drag coefficient, Cpg + Cpy + Cp -
b“ span
kCN normal-force coefficient, ‘Qggggigigggg
M Mach number

1 overall length
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P, static pressure, 1b/sq ft
Py base pressure, lb/sq ft
q dynamic pressure, lb/sq £t
R Reynolds number
S total wing area including body intercept, 6.86 sq ft
Sp area of nacelle base (four nacelles)
t time
v velocity, ft/sec
W model weight, 1b
Vi angle between instantaneous flight path and the horizontal,
deg
MODEL

The general arrangement of the model is shown in figure 1 and a
photograph of the model is shown in figure 2. Other pertinent physical
characteristics are. presented in tables I, IT, and IIT. The wing, con-
structed mainly of steel, has a diamond plan form with 60° sweep of the
leading edge and a ~10° sweep of the trailing edge. Outboard of sta-
tion 3.3% the wing has an NACA 0004.08-63 airfoil section; at the root
it has an NACA 0003.46-64.069 section. The wing has 3° of incidence and
dihedral of 2°13'45" outboard of station 3.T767. The camber has been
designed for a lift coefficient of 0.22 at a Mach number of 1.41l. The
elevon deflection was 0O°.

The pod wing and canard are of similar plan form to the wing of the
return component and have NACA 0004.5-64 airfoil sections. These sur-
faces were at 0° deflection for the present investigation.

The vertical tail is a swept tapered surface with an NACA 0005-64 air-
foil section. The leading-edge sweep is 52° and the taper ratio is 0.32k,

The pod tail is a swept tapered surface with an NACA 0005-64 section.
The leading edge is swept 60° and the taper ratio is 0.35.

The model was constructed by %k

Ft. Worth, Texas.
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TEST PROCEDURE

Instrumentation

The models were, internally instrumented by the Langley Aeronautical
Laboratory of the National Advisory Committee for Aeronautics with an
eight-channel telemeter which transmitted the following information:
longitudinal acceleration (two instruments), normal acceleration, trans-
verse acceleration, total pressure (two instruments), static pressure,
and base pressure. The base pressure measurements were made on one
inboard nacelle by using four pressure orifices manifolded together and
connected to a pressure pickup instrument. A modified SCR-584 radar
unit was used to determine the space position of the model in flight.
The velocity was obtained with a CW Doppler velocimeter and a rawinsonde
provided atmospheric conditions and winds aloft velocities throughout
the altitude range transversed by the model in flight.

Propulsion
The model attained a maximum Mach number of approximately 2.0 with
an M-5 Jato (Nike booster). After burnout the booster drag separated from

the model and data were obtained during coasting flight. A photograph of
the model in launching position is shown in figure 3.

DATA REDUCTION

Ground Radar

Drag coefficients were obtained during model flight by evaluating
the following expression

W _[av
Cn = =t + sin
D gas (dt & 7)

where V 1is the velocity obtained from CW Doppler velocimeter and cor-
rected to the tangential velocity along the flight path and also cor-
rected for winds of the altitudes traversed in flight.

Telemeter

The longitudinal accelerometer data were used in the following

equation
Cc=ﬂ.w
g a
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A similar expression was used to evaluate the normal and side-force
coefficients using the normal and transverse accelerations, respectively.

The base drag coefficients were determined from

o = 2o = Pp 5y
ACCURACY

The accuracies in coefficient form for the Mach number, drag, and
normal-force data are estimated to be

C c
M Dp N M

2 +£0.0005 | +0.008 | *0.01
1 +,0008 | +.013 | t.01

RESULTS AND DISCUSSION

The Reynolds numbers per foot are given in figure 4. The total
drag coefficients for the configuration are shown in figure 5. These
drag coefficients were determined by both CW Doppler radar and telem-
etered accelerations. The data range of the Doppler radar was from
M=2 to M= 1.5 for this investigation; the data range of the telem-
eter was from M =2 to M = 0.85. Excellent agreement was obtained
between the Doppler and telemeter data. Base pressures were measured on
one inboard nacelle and these data reduced to drag coefficient are shown
in figure 6. Also shown in figure 6 are base pressure measurements on
both the inboard and outboard nacelles, obtained in the langley 16-foot
transonic tunnel and the Ames 6- by 6-foot supersonic tunnel. Inasmuch
as the outboard nacelle base pressures were not measured in flight -and
because the comparison of the flight and tunnel base pressure measure-
ments for the inboard nacelle shows excellent agreement, the outboard
nacelle base pressure measurements obtained in the langley 16-foot tran-
sonic tunnel were employed in evaluating the external drag data for the
present rocket model.

No measurements of the internal drag were made with the flight model.
The internal drag measurements obtained in the Langley 16-foot transonic
tunnel on both the inboard and outboard nacelles are shown in figure 7.
Also shown are internal drag measurements obtained in the Langley L- by
k-foot supersonic pressure tunnel on one outboard nacelle of a similar

A
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nacelle configuration. The inlet spike for the 16-foot-transonic-tunnel
investigation was set at the M = 0.9 cruise position giving a mass-
flow ratio of approximately 0.9. For the present investigation the inlet
spikes were set for approximately the flight condition at M = 2 with a
respective mass-flow ratio of 1.0 and the mass~flow ratios of subsonic
speeds were approximately O.7. Therefore, calculated values of the inter-
nal drag using one-dimensional-flow theory and also reference 4 were used
to determine the external drag in this investigation.

. A comparison of available external drag data is made in figure 8 jguticts ohr
e drag coefficient at model trim 1ift (shown in fig. 9) and essentially
zero sideslip, as determined from the transverse accelerations?fﬁé pre-
sented and compared with data obtained at WADC 10-foot tunnel, ILangley
16~foot transonic tunnel, and Ames 6- by 6-foot supersonic tunnel; the
data of the latter configuration were obtained with the inboard nacelles
parallel to the wing chord and the outboard nacelles at -5° to the wing
chord. The configuration tested in the Iangley 16-foot transonic tunnel
was similar to the configuration of this investigation. A comparison of
the external drag obtained in this investigation with the results obtained
in the 16-foot transonic tunnel at approximately the same Reynolds numbers
showed excellent agreement. The 6- by 6-foot tests were made with fixed
transition and a ACp of approximately 0.0014 due to the boundary-layer

trip was estimated. This increment in drag coefficient has not been
subtracted from the data obtained in the Ames 6- by 6-foot supersonic
tunnel presented herein.

A nondimensional cross-sectional area diagram of the present con-
figuration 1s shown in figure 10.

CONCLUDING REMARKS

The drag at model trim 1lift of the Convair B-58 supersonic bomber
was obtained at Mach numbers between 0.85 and 2.0 at corresponding
Reynolds number per foot of 3.5 X 106 and 13.7 X 106, The external drag
of the model at trim 1ift has been compared with data obtained in the
langley 16-foot transonic tunnel. A comparison of the drag at transonic
speeds and at approximately the same Reynolds number showed excellent
agreement. A drag coefficient of 0.028 at a Mach number of 2.0 was



G ERE G
BEEE D
wdeew

& @
G e

NACA RM SL56G23

obtained at zero-lift conditions. The model had a mild transonic trim

Langley Aeronasutical Laboratory,
' National Advisory Committee for Aeronautics,

langley Field, Va., June 27, 1956
Russell N. Hopkg

Aeronautical Research Scientist

William H. Kinard
Aeronautical Research Scientist

Approved: W
#‘V Joseph A. Shortal

Chief of Pilotless Aircraft Research Division
mhg
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(b) Wing geometry.

(Also, see table I.)

Figure l.- Continued.
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(c) Detail of drag strut fairing and main landing-gear fairing.

Figure 1.~ Continued.
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"A "

" B“

NOTE: "c" tgngent to "A"
at 15  1line and to

nph
NACELLE GEOMETRY NAC,. INTERNAL

STA, npn npn npy GEOMETRY
T
® Ly Py do « 800 o M2 «997
-:th 10015 i 10015 oi’;ﬁ .gg"
o;L'IO 1,019 L '019 .11&9 09 2
o -LB' - - ¢ ]L7O . 98@

197 z - o 18l «979
2553 1.c49 1,05 + 497 2979
o 1,100 | To1 152 =992
'S Py o115 15,866] . 985
1,333 1,172 1,242 1B.667| .878
2,000 | 1,219 1.%60 19.335| o845
2,666 1.254 1.L,75

L.000 1.307 1,669
.000 1,381 1.869
8,000 147 1.966
10.000 ] 1,L87 1.971
10,666 | 1,191 1,961
12,000 1.L86 L.919
;,000 | 1.LL9 1.802
16,000 | 1,399 1,621

19.333 | 1.567 | 1.367 | .800

(£) Nacelle geometry.

Figure 1l.- Continued.
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SPIKE GEOMETRY |
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2,267 0283
| 208%% o2 1l
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(g) Engine nacelle spike.

Figure 1.~ Continued.
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BL
WL 9,147
STAR
—wit
|
WL 6.667
STA. STA. STA.
17.826 23,333 761467
° STRAIGHT LINE BETWEEN ORDINATES REARING
THIS SYMBOL
ST4. O STA. 1.00| STA. 6.000| $TA. 10.000| STA. 12.159
wet | BL| wit L L1 L | wil s | wil| =
1.0h2] 0 | .877 ] © 0 0 0 0 0 0
.917 |.167 | .217 | -0 .083 | .B03 | .083] .930
1.000 [.253 | 250 | .617] <167 11.052 | .167| 1.173
1.083 |.261 | .333 ] .893] .250 11.230 | .250] 1.343
1,167 1.225 | 117 11.023] »333 §1.350 | .3331 1.L53
1.250 | .120 | .500 [ 1,107 .500 |1.527 | .500] 1.620
1.273 1 0 | .667 |1.213] .667 [1.633 | .667] 1.723
1.000 | 1.340{1.000 |1.759 121.000] L1.850
1.333 11.370]1.333 [1.805 (1.333}1 1,907
1,667 | 1.257 11.667 |1.802 11.667] 1.520
2.000 | 1.09012.000 [1.781 [2.000] 1.903
{2.367 ] .86712,333 [1.650 [2.333} 1.652
2.333 | .L20l2.667 11.Lh11l |2.667) 1.7L8
2.380 ] 0O |3.000 | .887 |2.897] 1.608
3.108 | .h50 |3.000] I. 78
3.1L0 | 0 |3.333] 1.017
3.183 0 3.6331 1.3 7
Ll.oL3| 0.083
0

lyr, is distance above WL 6.667 ,

(n) Fuselage geometry.

Figure 1.- Continued.
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NACA RM SI56G23 . SEGRET’, °,
£
FUSELAGE
BL
WL
STA., 50.000| STA. 53.333 | STA. 56.667 | STA. 60.0C0 STA. 6L.133
wit | s | wil | oo | wit | B | wil L wl| BL
1.6Lh7 11.369) 1.377 | 1.5471 1.085 | 2.0L45 JT77 ] 2.732 .590 1 3.278
1.4h17 11,0271 1,167 1 1.755| .B833 ]| 2.h25 ] .667] 2.788
1.500 [ 1.3Lk7] 1,250 [ 1.641] 1.0C0] 2.127 1 .8331 2.437
1.611 131.324 ] 1.333 | 1.567 | 1.167 | 1.937 | 1,000 ] 2.202
1.500 11.k5911.33311.78911.33311.872
1.667 1 1.395 | 1.500 | L.673 1 1.667 ] 1.6L8
L885 | 1.355 | 1.667 | 1.575 | 2.0001 1.510
2.000 [ 1.LL5 | 2.333 | 1.425
2.233 1] 1.393
STA. 67.467] STA, 70.800 | STA. 72.000| STA. 72.667| STA. 73.333
wil | s | wmir | mL wet | o | owet | |wt B
520 | 2.207] 7901 .873f 1.103| .L55| 1.067| .227| 1.223 [0
LSL0 | 2.2071 .803| .873| 1.167] .500] 1.160| .380
.583 | 2.060]  .B33] .B850] 1.203] <753
L6067 [1.963] 1.000| .919
.750 11.883] 1.167 . 907
.83311.823] 1.Lh3| 1.113
1.000 [ 1.713
1.333 | 1.567
1.667 | 1.1h&3
2,113 | 1.L19 1§L, is distance above WL 6.667

(1) Fuselage-wing fillet geometry.

Figure l.- Continued.
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@
L2 E 2]

r*———-]JIM "An
FAIRING iy y

RA
——«us\\\\/ﬁ pu RADTUS

VERTICAL FIN

ACTUATOR FAIRING SECTIONS

Span Station 7.918
STA. Dist, [Dim A dius |FinOrd

0 0 - - 0
1.25| .05 - - LIS
2.06 | .123]| .05L | © p
2.50| .IL8( = - . 060
5 L2981 0971 .022 |.0B1

10 .595| .163 | .C62 |.105

20 1.191| .282] .130 [.132
30 1.786] .375| .176 | .15
Lo 2.382] L37] 196 |.148
50 2.977] ubL]| 199 [ 1h5
60 3.571| .Lh3| .185 |.132
70 L. 167| .389] .155 | .111
80 L.762) 2871 111 |.082
90 5.358] .151| .059 |.OL7
95 5.655] .082 .031 [.025

100 5.953] O 0 0

(k) Actuator fairing.

Figure 1.~ Continued.
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RADOME GEOMETRY

STA.. 73.633

VERT. TAIL ——-\\
C

\\\\h—_ c
RADOME

VERT. TAIL

RADOME STRUT

RADOME GEOMETRY

STA, ORD.
6l .2 «1108

5.911 2500
67.25% 530
T2oli1q .53l
12017 2529
72,817 198
12217 «357
150116 .260
T5.633 »000

(1) Radome geometry.

Figure 1l.- Continued.
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POD STA. 2,120
74120 e t— 2692

!

— D 10° 1™ D
60 L__.._«*._—-—~ — —--—L}3.928

X
POD ¢ i *
c c

‘-‘———-’DIST.

ORD.

S ——

TYPICAL SECTION NACA 000L.5-6l

CANARD AT ZERO INCIDENCE AND DIHEDRAL
ROOT CHORD 2.200 INCHES BELOW PARTING
PLANE NACA 000L.5-<6l, AIRFOIL SECTION

SECTION C-C | SECTION D=D
CHORD { DIST. | ORD., | DIST. | ORD.
Q0 Q Q Q Q

5 .375 | 092 .18 | .ou5
10 L7560 | .119 .368 | .058
15 T.12L [ .137 .552 | .067
20 1,499 | .149 .736 | .073
30 2.2h8 | .16 ] 1.10L | .080O
L0 2,998 | .169 11.472 | .083
50 3.7h8 | J16Ll | 1.8L0 | .080
60 L.L97 | .1LG | 2.207 | .073
70 0.2L7 | .126 | 2.575 | .062
) 5.996 | .093 | 2.9L3 | .0i6
90 0.7L6 | .053 | 3.311 | .026
55 7.120 | .029 | 3.h95 | .01l

100 7.495 | .0 3.679 0
L.E.R | -0156 | L.E.R | .007

(o) Pod canard geometry.

Figure 1.- Continued.
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POD STA, 16,000

A
L 13,076 -

e B

ORD.
DIST.

_— - - e

TYPICAL SECTION NACA 000,56l

Pod Wing Geometry

Sect. A-A Sect. B~-B
Chord Dist.| Ord. Dist. | Ord.

0 0 0 0
5 653 | .160 453 1 .11k
10 1,308 | .208 .907 | ik
15 1.961 | .238 | 1.360 [ 165
20 2,615 | 260 | 1.61 | 180
30 3,923 | 266 | 2.721 | 198
4O 1 5.230 | .29 | 3.62B 1 .2Ch
50 6,538 | .286 | L.535 | .168
60 | 7.846 | .261 | 5.hh1 | 181
70 1 9,153 | .220 | 6.3L8 | .152
80 |i0.h61 1 .163 ] 7.255 | .1i3
90 111.768 | .c92 | 6.162 | .06k
95 |12.129 | .C50 | B.616 | .C35
100 [13.076 0 5. 069 0
LER .029 .U20

(q) Pod wing geometry.

Figure 1.~ Concluded.
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ABSTRACT

An investigation has been made by the langley Pilotless Aircraft
Research Division utilizing a'l/l5-scale rocket-propelled model of the
Convair B-58 supersonic bomber. The drag at model trim 1lift was obtained
at Mach numbers between 0.85 and 2.0 at corresponding Reynolds number per

foot of 3.5 X 106 and 13.7 X 106, respectively. The results of the pres-
ent investigation are compared with unpublished data obtained from several
facilities, WADC 10-foot tunnel, Ames 6- by 6-foot supersonic tunnel and
the Langley 16-foot transonic tunnel. A comparison of the drag at tran-
sonic speeds and at approximately the same Reynolds numbers showed excel-
lent agreement. A drag coefficient of 0.028 at a Mach number of 2.0 was
obtained at zero~-lift conditions.






