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RUSEARCH MEMORANDUM

RESULTS OF FLICHT TESTS AT SUPERSONIC SPEIDS TO
DETERMINE THE EFFECT OF BODY NOSE FINENESS
RATIO OM BODY AND VING DRAG

By Tllis R. Katz
SUMMARY

Flight tests of rocket-powered mndels at supersonic speeds
have been made to determine the effect of nnese fineness ratio of
winged bodies on total and ccmpanent drag at hich Mach numbers.
Vingless models of three nose fineness ratios and winned models of
two nose fineness ratios were flovm through & Mach number ronge
up to 1.4, On the winped modele, each nose fineness ratio was
investigated with winge of 45° sweepbrck 2nl aluo with wnswept
vings. Both wings were untapered and of 2.7 azpect ratio. Within
the scope of the teets, the results iniicated that, with inereasing
fineness ratio of the nose of 2 winsed dody, toth the total and
ving drag incrensed at Mich mumberno near 1.0 but decreascd at
higher Mach numbors. For a boly alone, howsver, increasing the’
nose fineness ratio decreased the tody draz. The tests show that
the values of winz dras derived in the vresence of one body may
prove markelly different from those derivei from the gams winz on
a body of different shave.

INTRODUCTION

Flisht tests for the evalnaticn of winz dreg have been performed
by the Langley Pllotless Aircraft Pesearch Divielon at its testing
station at Wallevns Island, Va., with rocket-propelled test models at
supersonic speede, Drac datz were reduced from the deceleration of
the models through » Mach number renge fgom 1.k to 1.0, The
Reynolds number was approximately 5 x 10° based on wing chord.
Reference 1 procents results which are a part of the investigation.
The wing drag reduced frcm these teate, however, ie the incremental
drag resulting from the addition of a winzg to a bedy-ta'l con-
figurnation. . This increment of drag centaine not cnly the pure drag
of tho wing dut alsc conteins interference effects arising from
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winr-body interaction nhenomena. Throwchout the text of this paver,
the incremental drez discussed abevo will be dafined as "wing drag.”
A mumbe~ of nrevicus roports, tynified by refercnce 1, have presented
wing dras cbtained from fli-ht tosts of winged models all having
bodies of identical shape. In order to deteimine what effect a
chan-e in the shape of ths body of 2 winged model might have on wing
draz, a serien of tosts have beon conductod on winged models of
Aifforent bed nose finenees ratios.

MODELS AND TESTS

A photegiaoh of a typical winged teet model is shcwn in
fisure 1. The all-wooden bodiers ace approximately 5 feet long
and of %-inch diameter. The fuseclage is male hollew to accommodate
the standard 3.2%-inch-diameter Mk. 7 rooket motor which
develope 2700 pownds of thrust for 0.87 second at an ambient
preimnition tempmerature of 69° ¥. The stabilizinz Tine are rotated
450 out of the mlans of the winzn.

The eeven confi-urations which have teen teetod 2re shown
in figure 2. The threo basic nnse shapes ero indicated ae nose A,
nose B, anl nnee C. Nose A has a blunt noeo of 1.9t~inch radius;
nose B hes a sha-p noee of finenesa ratio 3.5, the profile of
vhich ia the medi=n of =2 conical and a eircular arc profiley end
nogse C has a lonz sharon noce of finenesg ratio 7 dorived by
mltinlying the axial coordinstes of proflle B by a factor of 2,
The vntepered winas of all winged confisurations were of 2.7 aspect
retio (baeed on total soan end arca) =nd of O and k50 sweevtack.
The NACA 65-009 eirfoil sactions were maintainsi normal to the
leading edses. All vin~s hael their centers of expooed arvea located
on the bodies 3.L dAismetec- s to the rear of the base of the nosn,
The locaticn of the win leading elgce cn the center line of tho
bodr 13 ziven bt~ station I, {n the tetle in Pigure 2.

The exverimentnl 2atn wero obtained by leaunchinz: the body at
an an<le of 7% to the horizcntal and Aetermining ite velocity
alons the newdy stralrht-line flisht nath. The volocit: dotermina-
tion i3 made nossible by a CV Deppler 1ada- wnit (Aa‘f!/’I'PS-S)
leeated at the onint of launchin:g. Two models of wach confiruration
wero teoted and the rebults of each are presented. Two additional
models cf configuration number 3 were flovn to extend the Mach
number 1range. A trpical time history of flight velocity is shown
in fipgure 3. The deceleration dve to dras is determinedl by
graphically differentiating the coneting (after buwrnout) flicht
part of the velocity-time curve anl subtracting g sin 6, vhere g
is the acceleration of grovity and 8 1a the lawnching anglo.
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Drag ie obtained by mmltiplying the acceleraticn values by a factor
equal to the ratio of the model weight to the acceleration of
gravity. The drag coefficient Op 1s derived from the general
formula

where D 1e the drag at the velocity V. The density p 1ie
deternined from altitude~density soundings made prior to the
firings. The eymbol S 1s taken as the bdasic-body frontal ares
(0.136% »q ft).

RESULTS AND DISCUSSION

As a meane to determine the uniformity of the teet results,
five winglese tcst bodien of nose type B have been flown and the
values of drag, correoted to etanderd conditione, are plotted
against velocity in figure k., The maximmm experimental scatter
from the mean~faired curve appears to be approximately #10 pounds
drag and i1s nearly constant with velocity. A statistical analysis
of figure 4 made by perecnnol of the Langley Aircraft Loads Diviaion
indicated the following probvabilities:

(a) In 95 caees out of 100, comparable groups of five models
will ehow no greater ecatter then shown in figure k.

() In 95 casos ocut of 100, the mean curve for groups of
five models, .two mcdele, or cno model will fall within

£2, t}%, or :U% pounds, respectively, of the moan curve

of figure k.

Thie study dealt only with the stecndard wingless body and, thue,
the resnlte are directly applicable to drag data from exactly
einmilar hodiee. The standard practice of firing two teet modele

of each configuration, however, has resulted in only one case in
which the scatter was groater than that ehown in figure 4, and

the average ecatter for sll casze was about that of figure 4. Thue,
the accuracy data presented here mey be considered applicable to
all configurations tested. The scatter is probeably attributadble

to model fahrication tolerancee, instrumentation crrors, and

errors inherent in the method of data reduction.
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Figure 5 shows drag coefficient plotted against Mach nurber for
all models of each configuration tested, with the exception of
configuration number 6 vhich has been presented in reference 2.
Faired curves have been drawn as the median of each set of models
and these curves sre used as the basis for the following discussion.

Total Drag

Tho curves of total dram coefficient for the nose B and the
noge C winged bodies of 0° and 45 sweepback ars presented in
figure 6. At Mach mubers nsar 1.0, greater drag coerficients
are evidenced for the winged bedy with nose C than with the
blunter nose B; but the reverse is trve at the higher Mach nuxbers.
This reversal of effect occurs at a lower Mach number for the
wnswedt wing than for the swept wing. It sopears, therefore,
that the effect of sweepback is to Increase the Mach number at which
the total drag coefficient will decrezse with an Increase in nose
fineness -atic.

Bedy Drag

Figure 7 shows curves of body drag coefficient (fins included)
for bodies with noses A, B, anl C. The curves indicate that zbcve
a Mach number of approximatelr 1.05 bedy dras coefficient decreases
with increasing ncoese fineness ratio and that the effect increases
with Mach number. The reversal of effect at Mach nvmbers near 1.0
is presently inexplicable znd will bear further investigation.,. At e
Mach number of 1.3, the drag cozfficient of the blunt nose A model
igs decreased approximately 25 and 30 percent by Increasing the .
nose fineness ratio to that of the noss B end nose C models,
respectively. ; 5

Ying Prag

Fignre 8 shows the variation of wing drag coefficient with
Mach mumber for two velves of swsepback, 0° and %5° and for two
nose types, nose B and nose C. The values of wing drag coefficient
are derived as the difference Ttetwsen the drag ccefficients for a
winged and wingleeg model of the same nose type, and the velues
include possible interference effects. The wings of 00 =znd 459
swesp show greater draz with nose € than with the Plunter tody
nos2 B ot Mach nurbers close to 1.0. As the Mach number increases,
however, the effect decreases for the swept wing and reverses in
the czse of the wmswvept wing. Thus, sweepback increased the
velue of the Mach mumber at which wing drag coefficient decreases
with increasing nose fineness ratio.
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Examination of the wing-drag-coefficient curves reveals that,
throughout the Mach mumber range, eveepback provided a greater
drag redustion on the blunter B-nosed configuration than en the
sharper C-nosed eomfiguration. For Mach numbere between 1.l

and 1.25, 15° of sweep resulted in approximately 70- and 60-pereent
drag reduction for the short— and long-nosed configurations,
respectively.

CONCLUSIONS

'Within the scope of the tests, the following cohplusicne
wers noteds

1. Values of wing drag derived in the presence of one body
proved markedly different from those derived from the same
wing on a body of different shape.

2. For the winged configurations, an incrsase in the body
nose finenees ratio resulted in an increase of total drag coeffi~
cient near Mach numbers of 1.0 but resulted in a 2screase of drag
coefficient at higher lMach numbers. Wing sweep increased the
Mach number at which the reversal of effect ocecurs.

3. For the winged configurations, an increase in the body
nose fineness ratio resulted in an increase of wing drag coeffi-~
cient for swept and unswept vings near Mach numbers of 1.0. At
the higher Mach nunbers, the effect decreased for the ewept wing
and astually reversed for the umswept wing.

L. For the winged configurations, an increase in the body nose
fineness ratio decreesed the reduction of drag due to eweepback.

5. For the wingless configurations, an increase in the body
nose fineness ratioc deoreased the body dreg coefficiemnt.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Asronautics
Langley FPield, Va.
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