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Intrsducticn

Supersonic wind tumnsl tests on varicue configurations are being cone
ducted to provide basic asrodynamic data. Initially, a ssries of pressure
survey tests are being runm as a first part of a broad progrem. The first
of the ssries of pressure distribution tests were made on a 20° included
angils cone model at a Meok number of 1.93. These tesis provide data for
comparizon evaluation of the wind tunnel test results on a simple model

with that of other ftunnels as well as with thsorstical results.
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Sunmsyr Y

Wind tumel pressure tests were run on & 2C° included angls cons at
8. Mach number of 1.93 and the results sare compsred with existing theory and
test results of other organizations. On the basis of the %est resultzs the

following conclusions are drawn:

bod

o The numerical integration method of Taylor and Macooll tabue
leted in Referance 1 gives value of drag coefficient slightly
lower in magnitude than sctually ccours. Howwver, the différ-
oxoe in magnitude bstween experiment and theory is not signie
fisant.

2. The linearized theory gives reasonably correct valuss of

precsure coefficient at zero angle of atteck Ter the 20° conas.

3. These tests indicals that conioal flow may not be preserved

at angles of attack as is assumed by the linesrized theories

of Tsien and Von Kerwman and Moore. However, at small angles
of attack the deverture of the flow field from the coﬁical

condition is slight.

i
-

The approximste method advanced by Reference Z will give
valuss of dreag coefficient fairly correct in megnitude bub
will predict & lift cosfficlent higher than that which
actually occurs due mostly to the assumption of conical flow

at sngles of atitack, and the omission of viscosity effectis.

P

[al

. The data detarmined by these tmsts quantitatively cheoks with
the results of tests run by other organizations and in most
cases shows batter test socurscy.

This repcrt presents curves of pressurs coefficients, 1lift cosfficiente,
drag coefficients and center of pressure verszus angle of attack for 200 cone

as calculated from pressure deta obtained from wind tunnel tests.
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Symbols
A = frontal area of model
Ay 2 ares of bhase of model
Cp = DRAG = drag coofficient
Qo A
Cp, =~ffy -7 ) A
b by 2
o
Cp = Pq = Py = pressure cosfficient
g0
Cy, = LIFT = 1lift ccefficient
% A
CePe = center of pressure
1 = length of cone model
M = Mach number
Pb = base gtatic pressure
P, = free gtream static pressure
Pg = ocne swface statio pressure
4 = free stream dynemic pressurs
x = axisl station measured from tip of cone

i, II, III, IV and V = numerals indicating meridian plenes at 0°,

45°%, 90°, 135% and 130Y respectively

VAR
Céee:,fé:ﬁ { Aot ek, 5

-
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The model used in the wind tunnel is shown in plan view in Figure 1.

Tt ie & 20° stainless steel cone squipped with 18 pressure orifices JOZZE"

in diamevers The covper orifice tubling leading through the sting snd supe

. : . : et ) . s ; 1 : T
rerting ssotor in " autside dismeter and 022" ianside disweter, Thw

as zwooth 8 findsh =8 possible.

Seventecy of thnr prifices surplisd ugseful data = one orifice wae
riugzed and could not be alsered, KReadings were taken at anpgles of attack
'qirnpprqxjm&ﬁaly GO,‘i 29, b 4%, ! ev, : 80, : 109, the modsl rotatnad 1609,
s taken at spprogimately 02, t4° s and 3 4% t6 check the sunmshry
rung wers made st e Meoh munber of 1.93,

A Sohlieren yhebtograph was haken of sach rune A plumb line war used to
areaate & vertical referznce line whiol apyssars in saoh Sﬂhli@fﬁn photogranh,

Yy

e sotusl angle of sttack was read from bhese rhotograrhse A typiosl

v 1s ; . : . & .
shlieren photogresph showlay whe model st approximately ¢ 107 angle of

2]

sttack s shown as

1

were slso wakean for sach angls

hege photographs rascord the pressure deba which is reduced to
sive the prsssure distributicn over the surfsce of the model. A typieal

5 5 . : . N : d
benk photogravh giving the reading at ¢ 10V appears in Figure 2.

-
The first three {luid levsls of five tube groups remrssent orifice meridian
pianes I, IV, and Il roppectiyely. The last leve 1 of three tubes represents

bass pressuws orifices.

7]

The theoretical methods ured so Jalermine the pressurs distribution at

i

rore anple of attmoil sre these of Lhe nwerical integraltion methed of Taylor
and laceoll in Fefsrence 1 and the linsarized method of Relfsrsnce 2. Ag is

raasonable bto expact, the comreriscn bebwesn exporiments snd theoretical
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resultes ies fairly close considering the fact that the Taylor and Macooll
theory neglects viscosity and the linearized theory neglects both viscos=
ity and the ocourancs of & finite shock wave.

The results of an approximation method given in Reference 3 wes used
to compare with experimental results at angles of attack. Ths cémparison
shows fair agreement betwsen the lift and drag ccefficients. This methed
elso neglacts viscosity which has its effect on pressure distribution
through inersasing the sffective included cone angle. This method alsc
assumes conical flow.

Figure 4 shows pressurs ocoesfficient plotted versus axisl station for

1!

overy meridian plane at gzero sngle of attack. The theoretical results and
experimental results compare favorably when considerstion is made of the
following facters contributing towards any deviation:

1. No account of the boundery laysr or viscous effects is taken
by the“chooretioal caleulations. The boundary laysr tends to
incresse the effective cone angle.

2s The linsarized method takes no ecoount of either wviscosity or
a finite shock wave. This theory gives reasonable results
for small cone angles only.

3+ The mumerioal integration values as tabulated in Referencs 1
were extrapolated to give valués at Mach number 1.93. This
lsadg to a slight ervor in results,

4+ Although extreme oare waes taken in f‘abrieating-the model .
some deviations will ocour in the goometry of the model with
a corrasponding effect on pressure readings.

E. Some test section velooity fluotuation is unavoidable whioh

contributes slightly to inacouracies in experimental resulss.
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8+ The method employsd %o set the sngles of attack was not an
acourats ons., BReading the angle from a photograph gives
limited accuraoy.

7. Some undstectsd rall and yaw of the model may have ocoured
wnils the runs were being made. This leads to errors in
the pressurs readings.

The exporimental results plotted in Figurs 4 agree with the theory
of existance of a conieal flow field at zsro angle of attask, This is
gubstantbiated by the sxistsnce within exnerimental accuracy of a constaut
pressurs coafficiont for sash meridian planes over the surfacs at zero
angls of attacks Refersnces 4 and 5 reported similar results for slightly
lower llach numbers.

Figures 5, 6, 7, 8 and 9 present plots of pressure cosfficisnt versus
sxial distance for fives meridian planes at angless of attack of : 20; 2 40,

+

+
4o, 2

8¢, and ¢

10° The expsrimental points are connected by a solid
lin® while the mean values of pressure coefficient for each meridian plane
arz repreasnted by a2 straight broken line.

Figurss & and 6 for 220 and 2 49 shows thet withia exporimental accue
racy the pressurs coefficisnts for oach axial station of a meridian plane
does not deviate very much from & conegtant wvalue. This indicates that the
flow f'ield has not dsparted far from conioal flqw at these small angles.
Since the linearized thscory presumes the conical field to be preserved at
simall angles of attask the thesorstioal results of the linearized theory
and experiment should be falriy clo;a. The method outlined in Rafersnce 3
also assunes the conieal fisld to be preserved at smuyl angles of attack,

and it will be shown later that results of this method compare favorably

with tost resulis.
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The lines in Figurss 5, 8, 7, 8 and 9 repressnting a constant mean
pragsure coefficisnt for sach meridisn plaﬁo were used ln the graphical
integration detarmining the 1ift, drag and moment of the modesle This pro-
cedure omploying a constant pressure coefficient flor aiﬂh maridian plane
was adopted because it was shown that at the smsll angles of athack
(2° end 4°) this condition approximatsly sxisted and for the higher angles
the deviation from this condition was not much more than the ACoUrady
limits of test data., It is thought that ths caloulations based on this
assumption will yield nsarly correct wvaluss of 1ift end drag coef?icient
while the error in moment will incrsass as angle of attaok incrsases.

» + L0
- -0

Figures 7, 8, and 9 showing pressurs cosfficient for - &9, and
£ 10° tend to indicate that at these angles the conical flow field no

lane

el

rz

longer exista. No trend in pressurs coefficient alony & meridian ;
ssems to oxist other than the fact that it seems to be highest in the
region of the bip. Tésts reported in Refsrences 4 and b also found this
type af bahaviof iﬁ pressure csefficient although the scatter of test
points was much grester becauss of mors dsviations of test conditions. It
is soon, however, that the valuss of presaure ccefficient do uot depart
far from a mean value at angles of attack as high ss 10° which irdicutes
that the flow field has not departed vsry far from a conioal flow fisld,
It oan be seen that thé pressure coofficisents reprassnting meridian
plane II at 452 are lees than thoss representing moridian plane I at 0%,
This somswhat startling rssult was not found in the tests reported by
Refersances 4 and § and may be exvlained Ey the posaibility of some roll
and yaw of the model being preasnt at the bime of thess runs. The tests
for plane I ﬁmre ?un with the model at pesitive angles of attack whils
those of plane II were run at nsgative angles. If the model was not

symmotrically aligned with the stream the bshavior as shown in Figures
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b, 6, and 7 may conoeivably have ocourrsd. However, it is diffieult to
explain why the pressurs should be lowsr at plane_II than at plane I at
positive angles of attack unless some other flow deviation oceurred. It
is thought that this manifastation is an additional indication of the de-
parturs of the flow fisld frow exact conical flow conditions. |

Figurs 10 gives values of drag and 1ift coefficient wersus angls of
atiacks, The valus of drag coefficient determined experimentally compares
favoradbly in m@gnitudc anﬁ trend with phoso w.lues determined with the
aépraxim&tion method of Reference 3 and with the magnitude of the numerical
integration method of Refersnose 2; Reference 2 considers the walus of the
drag coefficient as being constant for small angles of attasks. Experimeut
showod that drag coefficisnl was approximately constant up to 4° angle of
attack which ie the region considersd by Reference 2. The experimental
drag cosfficient is higher than theoretioal because of the omiséien‘by the
theory of consideration of the effects of viscositye

Lift onefficients shown in Figure 10 were soﬁewhat iower than theory
a8 was bto be sxpected. Thﬂldeviation from theory was greater at higher
angles whare the wviscous affects not cansidarod‘by theory begin to take
s groater effect on the prossure distribution. ‘However, the glope of‘tho
1ift curve was siown o remain constant as is prediocdted by theory,

The loeation of the center of pressure is pressnted in Figurs 11,
These valuss wers determined by making use of the moment ocaleulations
using the comnstant mean pressure coefficients. These veluss are not core
rect in nagnitude besauss of this approximation and are only indicative
of the trend of ssnter of pressure looafian. The theorstioal constent
location predicteﬂ by the linearized theory is shown to bs in error by

this data.
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The value of base drag coefficient for zere angle of attack was oanle
culated by using the value of base pressure registered by the orifices on
the hage of the models This experimental value compared favorably with
values reported in Reference 10 foumd for tests run under similaf conditions
at a slightly lower Mach numbsr but at the same Reynolds number. (Since
the bass pressure is largsly Affoohed by the boundary layer condition over
the model which in turn is a funotion of the Reynolds number these values
should oompare favorably even though the Mach mumber differs slightlye)

The two wvalues are shown bslow.

Cone Tost Referencs 10
CD +152 +14 to .16
b .

This result servss to indicate that probably very littls deviation’

from normal test conditions oceurred during the cone teste.
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SKETCH oF 20° INCLUGED ANGLE CONE MODEL. SHOWING
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ORIFICE STATIONS AND NUMBERING
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