
RESEARCH MEMORANDUM
.

AERODYNAMICS OF SLENDER BODIES AT WCH NUMBER OF

REYNOLDS NUMBERS FROM 2X106 TO 15X 106

3.12 AND

II- AERODYNAMIC LOAD DISTRIBUTIONS OF SERIES OF FIVE BODIES

HAVING CONICAL NOSES AND CYLINDRICAL AFT ERBODIES

By John R. Jack and Lawrence I.Gould

\
Lewis Flight Propulsion Laboratory

..-
-4 Cleveland, Ohio

-“

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON

.

#

.

t
t

-t
.

?Vpyf”f ““:qp
x..— .+.-— -—



TECH LIBRARY KAFB, NM _

I:llllllllllllllillllllffl[lllllE
Cl14340b =

Iv
i

.

NACA RM

An

E52C1O

NATIOI?AL

*W= ~..

AIJVXSURYCOMMITTEE FOR AER(XWJTIC%

RESEMCH m0RMDtR4
I

AER(m!NAMIcs OF SLENDER BODIES AT MWE l’WMEEROF 3.12

MII)REYNOLDS IWlqER3 mm 2xlo6 m 15d

Ix - lilIROIXIWIT.CLOAD DIS131RAT omaF sERIEsoF

FINE BODIES HATING COKECAIINOSES MD

CUJNDRICUL N?T)IZWDIES

By John R. Jack and Lawrence 1. Gould

SWWRY

experimental investigation to determine the aerodynamic load
distributi~ns of a series of‘five bodies havi@ conical.or slightly
blunted noses and cylindrical afterbodies was conducted in the IWCA
Lewis 1- by l-foot supersonic wind tunnel. Pressure distributions and
tiscous drags were measured at a Mach nmiber of 3.12 for a Reynolds num-
b&&~ of 2m06 -k) 14)Q& ~ f or an angle of attack rqe of

E
or zero @e of attack and a Reynolds numiberrange of =06 to

14XL0 , linearized potential theory predicted the pressure dis~ibutione
satisfactorily for all pointed bodies having large nose fineness ratios.
The exact conical flow theory predicted the cone surface pressures well
regardless of nose ftieness ratio. At smalL angles of attack, the
experimental pressure distributions due to angle of attack on the top
and the bottcm surfaces of a representative mdel” agreed fairly well
with slender-body theory for W Reynolds muibers. The theoretical
data obtained from Massachusetts Institute of Technology tables
predicted the conical.pressures welL for dl angles of attack.

The base-pressure coefficient for the higher Reynolds nuuibers
decreased uniformly as the angle of attack was ~Sedj for the 10W
Reynolds nuniber,however> the base-pressure c~fficient increased and
then decreased as the angle of attack increased. The ?mzWhm base-

. pressure coefficient was obtained at emgles of attack of about 33°.
,. For the five models investigated at a Reynolds nuniberof 14X106) the

base-pressure coefficient did not vary more than *4 percent from a
median curve.
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A summation of the drag components for zero angle of attack
showed that the total-drag coefficient for free transition increased
with increas

9
Reynolds nuniberuntil some Reynolds number between

2X106 ad 8X1.O was reached.
,_

Further increases in Reynolds number had
no appreciable effect on the total-drag coefficient.

R?TRODUCTIOH

.
The investigation reported herein is the second of a series con-

ducted in the NACA Lewis 1- by l-foot supersonic wind tunnel to extend
the basic informatim on the aerodynamics of bodies of revolution with
varying Reynolds nuuibersand to evaluate the validity of several theo-
ries for predicting the pressures acting on such bodies. The first of
this series of investigations was repbrted in reference 1, which cqn-
tains an evaluation of the aerodynamics of a near-parabolic nose body.
!l!hesubject of the present report is the aerodynamic load distributions
obtained with a series of five bodies having conical or slightly blunted
noses and cylindrical afterbodies at a Mach nuniberof 3.12 for Reynolds
nunibersfrom 2XL06 to 14.X106and for angles of attack frm 0° to 9Q.

Rressure
%

stributions were obtained for a
92

mdels a a Reynolds
number of 14X10 and at Reynolds nuuibersof 2x1O and 8X10 for a rep-
resentative model. These experimentally determined pressure coeffi-
cients are compared with several theories. In order to obtain the
over-all drag of the representative model, a momentum survey was made
at the base of the model for natural transition md for forced
transition.
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The following syuibolsare used
,

frontal area

drag coefficient, D/~+

in this report:

pressure coefficientj (p-Po)/~

drag .

maximmbody diameter

bddy Ien@h

free-stream llaphnumber
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static pressure

free-stream dynamic pressure, (T/2) p~z

Reynolds nuniber,PoIJoZ/P

free-stresm

velocity in

cylindrical

Velociw

boundary layer

coordinates

angle of attack

ratio of specific heats, 1.40

a

1momentum thickness, —

J’

pU(U@ dy
plu~z

o

viscosity

density

perturbation-velocity potential

Subscripts:

o free-stream conditions

1 conditions at edge of boundary layer

b base

f friction

P pressure

APPM!L!usllIIDPROCEDURE

The investigation was conducted inthe Lewis 1- by l-foot vari-

P able Reynolds nmiber tunnel, which is a nonreturn-type tunnel with a
test-section llachnuniberof 3.12 kO.03. A stagnation temperature of
approximately 60° F was”maintained throughout the investigation} and

* inlet pres~s were vsried from 7 to 50 pounds per square inch
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absolute. The e?&r&ng air had a specific humidity of approximately - -
ZK10-5 pounds of water per pound of dry air, which insured negligible
condensation effects.

● =
.

A schematic diagram with pertinent dimensions d? each model is
presented In figure 1. All models ‘weremac~ned from mild steel sad
polished to a 16-microinch finish. The static-pressme orifices on the
models were arranged in five rows W were located at stations given in
table 1. Each model base W four static-pressure orifices located in
one quadrant 30° apart. The mczuentumsurvey at the base of the repre- 3
sentative model (model 2, fig. 1) was made for free transition and N

forced transition with the probe pictured in figure 2. A wire ring
made from O.010-inch-diameter c~er wire and phced 0.675 inch down-
stream of the tip of the model was used for forcing transition. ..

The models were supported by a sting extending upstream from a
horizontal strut mounted to the side of the tunnel (fig. 3}. Inter-
ference of the sting with the base pressures at zero angle of attack
was mid.mized by designing the sting on the basis of the data presented
In reference 2. Angle of attack was varied by rotating each model
about a point 4 inches u.stre~” of the base.

REP-ON OF DATA’AND METHOD OF COMPUIWTIOII
● —

In the reduction of the pressure data, the free-sto?eemstatic pres- .
sure was assumed to be the static pressure measured on the tunnel walJ.
opposite the model tip. The incremental pressure coefficients due to
sngle of attack Cp,a were obtained by subtracting the values measured

at zero angle-of attack from those measured at angle of attack. —

The boundary-layer-survey data obtain- at the base of the repre-
sentative model were evaluated by the Rankine-Hugotiot eqmtion with
the assumption that the total temperature was constant in the flaw
field, and that the static pressure was constant along radial lines
through the boundary layer. Skin-friction coefficients were obtained ,
by calculating the momentum loss at the base of the representative
model. The effect of body pressure gradient on the calculated skin-
friction drag was not considered because this effect is shown to be “-
negligible in reference 3.

The theoretical pressure-distribution curves were calculated from
‘ the following equations (refererice4]:

.— ..—

*

(1) -

“
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(2)

where
(%!

a is the axial perturbation velocity associated with zero
x (X=O

angle of aWack. The perturbation velocities for zero angle of attack
were c~uted using the numerical method of reference 5. m the Vici.n-
ity of a discontinuity in surface slope, the linearized pptential theory

E
is not e~ected to be valid.

El%W12M MID DISCUSSION

The experimental results consist of pressure distributions on the
forebdies snd the afterbodies of all the nmdels of figure 1 for angles
of attack fran 0° to 9°. In addition, the boundary layer at the base
station of model 2 was surveyed for four Reynolds numbers at zero angle
of attack. !l?heresults for zero @e of’attack exe discussed for all
models; however, because the effects of sngl.eof attack are approxi-
mately the same for all models, only these effects for a representative
model (model 2) are discusseal.

Zero Angle of Attack

The expefiental. variation of the ressure coefficient with axial
Bposition for a Reynolds number of 14X10 is presented in figure 4 for

models 1, 2, and 3. Theoretical curves computed from the linearized ‘
potential theory and the exact conical flow theory are compared with
the ~erimental. data. For mall cone angles, the second-order theory
of reference 6 agrees very well with the e~ct conical theory; conse-
quently, the experimental data for zero angle of attack has not been
compared with the second-order theory. The qualitative agreement
between ~eriment and linearized potential theory 1s g@ except for
model 1 (fig. 4(a}) for which the theoretical prediction for the cone
is approximately 30 percent lower than a median line through the
e~erimental data. This is to be expected, however, since the cone
‘half-angleis large (lOO). Agreement with the exact conical values is
good.

The exper-nial variation of pressure coefficient tith axial
station for model 2 is presented in figure 5 for Reynolds numbers of
2X106, 8=06, and 14=06. A~eement between experiment, the exact con-
ical theory~ and the linearized potential theory is good for the Reynolds.
ntier range investigated. One interesting point was revealed by the
low Reynolds m.miberinvestigation. Originally, the model was iustru-

. mented with 0.035-i.nch-inside-diametertubing, which measured a pressure
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that gave a cone pressure coefficient approximately 1.5 times as great
as theory. By using 0.048-inch-inside-diametertubing, however, the .

Fmeasured data were found to be in good agreat with theory and the
experimentsJ.data at the higher Reynolds nunibers(fig. 5(a)). A pre-
liminary investigation indicated that this phenomenon is a result of
the diffusion of atmospheric air through the flexible plastic Wing
used in the manometer system. The data obtained from the 0.048-inch-

—

inside-diameter tubing has been used for @l. the 10U Reynolds nmiber
curves.

d“

The distribution of pressure coefficients over the blunt, conical.-
~

nosed models 4 and 5 for a Reynolds nmiber of 14XIJ36is shown in fig-
gure 6. For both models, the pressure-coefficient distribution begins
at the free-stream stagnation value, expsmds to a very low pressure
coefficient, W subsequentl.yrecompresses to a value approximately

—

equal to the ~ct conical value for a cone with a half-angle e’tjpalto
the inclinaticm of the straight portion of the nose.

The experimental and theoretical variation of pressure-fore-drag
coefficient with nose fineness ratio for all bodies is shown in fig-
ure 7. The experimentalpressure-drag coefficients represent an
average of the 8 ~ 0° end the 6 = 90° data. Several conclusions
may be drawn frcm figure 7~ namely: (1) Agreement between experiment *

end linearized potential theory for the shadp-nosedbodies is good only
at the higher nose fineness mtiQS j howeverj the e=ct cofic~ theo~
is in good agreement with experhent for all nose fineness ratios; ‘

b

(2) Fort&e same nose fineness ratio, the pressure-drag coefficients
for the blunt-nosed models investigated are at least 2.5 times as
large as those ”forthe corresponding conical-nosedmodels. (A minimum
and a maximum pressure-drag coefficient have been plotted in figure 7

.-

for the blunt-nosed bodies to give an idea o: the pssible error in the
experimental pressure-drag coefficient,because the instrumentationon the
blunt part of the nose was probably insufficient to determine “thepressure- ““”
drag coefficients accurately.) (3) The pressure-drag coefficient for
the representative model changes-very little with an increase in Reynolds

-.

number from 2X106 to 14X106.
—.

ln order b complete the investigation of the component drag
force$ which contribute to the total dxag of model 2 at zero @e of
attack, friction-drs& coefficients were obtained from the experimentsll.y
determined mome tum thicknesses at..thebase of the model for Reynolds

8nudbers of 2)(I.O, 4XU16, 8M06, and 14X106. The experimental momentum
thicknesses from which the skin-friction coefficients were calculated
are presemted in figure 8. It is evident from figure 8 tha?the *

O.010-inch-diameterwire r
%!

was unsuccessful in causing transition
—

at a Reynolds number,of 2X10 . !l?hisconclusion is also substantiated
by a comparison of the two velocity profiles.
ation of total-dreg coefficientwith Reynolds

The e~erimental vari-
.

number, obtainedby
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adding the component drag coefficients, is presented in figure 9. The
curves are broken between the Reynolds numbers of 2XL06 and 8X106
because of the uncertain variation of the component drag coefficients
between these tw~ Reynolds numbers. The total-drag coefficient for
free and for forced transition increased with increasing Reynolds num-
ber until some Reynolds nuaiberbetween 2n06 and 8Xl@ was reached and
then remained almost constant at a value of approximately 0.18. This
type of variation of total-drag coefficient with Reynolds nmiber was
also observed in reference 1. Figure 9 also shows the vsxiation of the

~ base-pressure-drag cQefficie& with Reynolds number. This type of
—

variation was observed in reference 1.

.

.

“

Angle of Attack ,

The axial.pressure distributions along the bottom and the top of
the representative model 2 are presented in figure 10 for two angles of
attack and three Reynolds numbers. Angle-of-attack data for models 1,
3, 4, and 5 are presented in tables II, 111, Dl, and V, respectively,
for a Reynolds number of 14X1.Q6. The pressure-coefficient increments
due to angle of attack for model 2, as determined from figures 5
and 10, are compsred in figure 11 with slender-body theory (equa-
tion (2)), the series solution of reference 6, and the theoretical data
of reference 7.

For the bottom surface (Ll=0°) of the model nose, figure3J.
shows that all three theories used for c~arison are in good agreement
with experiment for an angle of attack of 3°. Huwever, at an angle of
attack of 9° the second-order theory of reference 7 is in best agree-
ment with experiment. The slender-body theory and the series-expansion
solution of reference 6 are low, the series-expansion solution being
appreciably lower than experiment. This difference might be expected,
however, because the series-expansion solution of reference 6 is line-
arized with respect to angle of attack. On the top surface (e = 180°)
of the model nose, experiment and theory are again in good agreement
for sm angle of attack of 3°. For an singleof attack of 9° the slender-
body theory agrees best with expertient. The series-expansion solution
of reference 6 predicts a pressure coefficient too low, whereas the
theoretical data of reference 7 give a pressure coefficient somewhat
high. No significant Reynolds ntier effect was noticed for the Rey-
nolds number range investigated. For the cylindrical portion of the
body, experiment smd slender-body theory are in fair agreement for an
angle of attack of 3° (e = 0° and 180°) but not for an angle of attack
of 9°. The discrepancy at the M@ angle of attack can be attributed
to some extent to cross-fluw separation.
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The variation of the experimentally determined pressure coeffi-
cients.with =ridien angle around the body is given,in figure 12 for .

three Reynolds nwibers and for four axial stations, the first two of which
are on the cone. Because the highest Reynolds number is of most practi- -.

cal interest, only the exper~ntal pressure-coefficient increments due
to eagle of attack for a Reynolds nuuiberof 14%L06 are compared with

.

theory in figure 13. For u angle OZ attack of 3° and for the cone sur-
face (fig. 13(a)), the agreement between experiment and the three theo-
ries used for co~erison is good, although the theory of reference 6

.

overestimates the side pressures slightly. Slender-body theoti SJ-SO “
adequately predicts the pressures acting on the cylindrical surface at “1!”

m,angle of attack of 3°. The pressures acting on the cone surface at
an angle of attack of 9° are best predicted by slender-body theory ~
the second-order theory of reference 7. “Foran angle of attack of 9° and
for the cylindrical surface (figs. 13(b) and 13(c)), ex~riment and
slender-body theory are in fair agreement for the first qu@rant, but

.-

marked deviations occur in the second qtidraht.
.-

The’differences between
—

experiment and the theories used for ccm@arison may be attributable to
-.

the inadequacy of the theories or to the effects of cross-flbw sepafa-
tion,’which are not considered in the theories.

,-

The variation of the base-pressure coefficient with angle of
attack for the representative model at three Reynolds numbers is pre- *“

sented in figure 14. The base-pressure coefficients for the higher
Reynolds nunibersdecrease steadily as the angle of attack increases;
for the lQW Reynolds nuriber,howeverj the Press~e coefficient first

.

increases to a maximum near u angle of attack of 43° end then
decreases for higher eagles of attack. !l!bistype of variation was also
obtained in reference 1. The broken M.ne between the a = t3° data at
a Reynolds number of 2X1.@ is used to indicate that the true variation

—

of the pressure coefficient in this region is unkaoyn. As in refer- ._ .
ence 1, this behavior for the low Reynolds number may be associated
with the movement of the boundary-layer-transitionregion with increas-
ing eagle of attack.

.-

In an effort to gain an insight into the effect of boundary-layer ‘“ --
-developmentand body shape on the base-pressure coefficient, all the

.-.

base-pressure coefficients for the five-models are plotted as a func- ““
tion of angle of attack for a Reynolds nu&r of-14~06 in figure 15.

,-.

It is evident from figure 15 that for this particular Reynolds nmiber
the base-pressure coefficient is not altered significantlyby the dif-
ferent boundary-layer developments or body shapes. In fact, the base-
pressure coefficient does not vary more than*4 percent from a median
line drati through the data points.

—
.

—

.8
.-
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The aerodynamic load distributions of a’series of five bodies hav-
ing conical or slightly blunted noses and cylindrical afterbties were
investigated in the NACA Iewts 1- by l-fcat variable Reynolds number
tunnel at a Mach number of 3.12. The results may be summsxized as
fOllows:

1. ~or zero angle of attack szxia Reynolds nuniberrange of 2X106
to MXIOO, linearized yotential theory predicted the pressure distri-
butions satisfactorily for the pointed bodies having large nose fine-
ness ratios. The exact conical.flow theory predicted the conical pres-
sures well regardless of nose fineness ratio.

2. The total-drag coefficient for zero angle of attack and free
trsmition increased with increasing Reynolds number until some Reynolds
nunber between 2X1.06and 8X106 was reached and then remained alzaostcon-
stant at a “valueof approximately 0.18. .

3. For small @es of attack, the exper~ntal pressure distribu-
tions due to angle of attack on the top and the bottom surfaces of a
representative model were in satisfactory agreement with sletier-body
theory for all Reynolds nuzibers. The theoretical data obtained from
Massachusetts bstitute of Technolo#g tables predicted the conical
pressures well for all @es of attack.

4. The base-pressure coefficient for the higher
decreased steadily as the @e of attack increased;
nolds number, however, the base-pressure coefficient
~ a ~ near an angle of attack of *3° W then
larger angles of attack.

Reynolds rnmibers
for the low R&y-
first increased
decreased for

5. For the five models investigated at a Reynolds number of 14x106,
the base-pressure coefficient did not vary more than *4 percent from a
median curve.

.

Lewis Flight Propulsion Laboratory
National Adtisory Committee for Aeronautics

Cleveland, Ohio
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TA2LE I - LOCATION W STA!TIC-FI?J9SURE OFi~IC26 FCUi MODEIS

Model 1

F

-Iodol #

Heridlan xngh

(d:s)

Kodal 3

Meridian mgle

(d&)

Xial
atim

2.)

3.00
5.00
7 .0)
9.00
l.m
5.66
4.12
4.E4

::E
8.00

::%
0.50

Model 4

nel.m.lnn angle

Modd 5

Axial I I18ridim angle
tatlon

(1:.)
o ’22.

0.00 x
.12 x
.50 x

1.00 %
2 .CO x
9.00 x
5 .Oi) x x
7.00 x
9.OQ x 1

11.02 x
13.03 x
13,.8B x “x
14.12 z x
14.56 x
15.CQ x
15.s0 x

16.W x
16.KI x
:;.; : x

20:50 x x

7

(&
ZE
—

x

x
x

2

x

x

—

3
i
x
x

x
x
1

x
x
2

x
x

x
x
x

x
z
x

x
x

[

,5 67.5

x
,*

x
:x

x

?fl

++

K—

x

x

x
x

x

x

—

i
:
x

‘x

x
x
x
x
x
x
x
x
x

x

x
x
x
x
x
z
x
z

x
x

J

i
:
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
‘x

x

x
x

[

22. u

xx

xx

xx
xx

xx

xx

;

o 22.:

x

x
x

x

x

x
xx

1

xx

x

xx

xx

x
x
x
2

z
1

x

xx
x
x

1X

G—

x

c

K

K

c

K
—

z

x

x

x
x

x

s

—

-

1.(M x
2.00 x

3.3’9 x
4.64 x
5.09 x
S.W x

6.fw x
6,m x

7.00 x
7.76 ‘x
8.50 x

10.00 x
11.543 x
13.00 x
14.5Ll x
16.lX x
17,30 x
19. C6 x
20..50 x

x
x

x

x

x

x

x

x

x
x

x

x

T

x

x

x
x

x

x

%. m? 0.055 .l.n.I.D. tuhlrq
in.dioatia by x and use of
0.048 in. I.D. tubi~r by ● .

I
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TA21X II- FR2SSOF3 WKFBICJEWE3 FC21 MO~ 1 FcX7 TWO AHGIES ~ ATTACK

MD H2Y20LtS IJW2ER OF 14~06

[a) -1 variaticm of premm aoeffloient

Angle of attack, &o

Axial nmmaian angll
ntation

(:. )
(A&)

o ltw

1.CQ 0.1192 0.0475
2.00 .1221 .om7
3.3.9 .1192 .0537
4.64 .1218 .0507
5.09 - .014s -.0393
5.00 -.0172 -.04Em
6.00 -.0024 -.0266
6.50 -,0104 -.0369
7.Q2 -.0087 -.0312
7.75 -.0070 -.0243
8.50 -.C065 -.0187

10.00 -.0033 -.0130
11.50 -.CKJ39 -.0117
13.00 -.0072 - .CQ87
14.50 -.0275 -.0100
16.00 - .&39F1 -.0067
17.50 -.C073 -,0041

~:g) ::~~ ::~~

t-

A.r@e oi

Axial
ntation

(:.)

i:%
3.96
4.64
5.09
5.50
6.00
6.50
7.00
7.75

JR
11.50
15.00
14 .EQ
16.00
17.50
19.00
20.50

attack, CE.60’

eridian awl

(d:g)

T
o lKJ

.1582 .0266

.1651 .0279

.1717 .0304

.1722 .0318

.Olwl -.0461

.00W -.0568

.0306 -.0406

.0138 -.0443

.0149 -.0372

.0146 .0261

.0132 -.0217

.0123 -.0166

.0118 -.0137

.0092 -.0134

.0073 -.0125

.0030 -.0110

.0015 -.0072

(b) Ci.mmremntial variation of precmre .owi.ient
=5=

#e of attaok, a-3°

Mal Meridian angle
station

x (d~g)
(in. )

22.5 45 67.5 w 112.5 135 X57 .5

3.38 0.1162 0.1143 0 .106.9 0.0939 0.0771 0.0617 0 .CZ355
4.84 ‘.1169 .1Z31 .1044 ------ .0744 .0613 .0523
5.02 -.0152 -.0179 -.0227 -.0279 -.0556 -:0371 -.0399

10.00 - .m353 -.C091 -.0161 -.m3 -.C4?Q2 -.0193 -.0148
14.s7 -.CQ65 -.cQfJ9 -.0119 -.0139 -,0140 -.0111 - .(U)94
ZO.50 .0040 -.0064 - .o137 -.0145 -.0134 -.0113 -.0107

Angle of attack, u-8°a

Ax.Aal Meridian angle
Btatim

(:. )
(d:g)

22.5 46 67.5 90 112.5 Hi 157.5

3.38 0.1750 0.1413 ------ O.oam 0.0509 0.0356 0.0502
4.64 .1599 .1413 0.1062 ------ ‘ .0502 .0361m .0317
5.09 .0071 -.0044 -.0197 -,0341 -.0449 -.0464 -.0487

.mdo - .CQ69 -.0272 -.0410 -.0466 - .0?X33 -.0212
E :E .0022 -.0127 -.0321 -.0359 -.02711 -.0214 -.0224
20.60 -.0010 -.0167 -.0304 -.0503 -.0213 -.0198 -.0250

‘%ata for u-Y b not prmmtad fdr =.del 1 keaauae qmrati tibraticau occurred for this condlticm.

1 1
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TABLS III - PFXSSU2X COEFFIC- FC31 MO~ 3 FOR ‘IWO AMILES W AlTAC3

m mom mm m 10a08

(a) Axial variation of pressure coefficient

Angle of attack, a-3a

Axial Meridian angle

itatlo e

u
5.00 .0282 .0044

.0296 .0092

1?:% .0328 .0062
13.88 .0297 .0045

14.1’2 -.MJ59 -.0218
14.50 -.0122 -.0261
15.CU -.0119 -.0267

15.50 -.0122 -.0243
16.00 -.0109 -.0213

17.50 -.0081 -.0104

19.50 -.0071 -’.0130
20.60 -.0086 -.0119 E

Angle (

Axial

station

(1,,)

3,00
5.00

1?:%
13.88
14.12
14.50
15.OQ
15. WJ
16.00
17.50
19.50
20.50

-1
‘ attaak, a-9°

[er ~me

((leg)

o

1.0040
.0871
.0852
.0835
.0888
.036!2
.0528
.0336
.0329
.0310
.0278
.0261
.0251 1

124

.0.0176
-.0136
-.0395
-.0125
-.0150
-.0462
-.0491
-.0471
-.0430
-.0$77
-.0265
-.0310
-.0293

(b) Circumferential variation of pressure meffiolent

Angle OC attack, u+”

‘ Axial lleri~ angle

station

(J. )
(deg)

,.

5.00
9.00

13.88
14.12
17.50
20,50 m0.0262 0.0196 0.0141 0.0078 0.0051 0.0036 0.0042

1
\..

Angle of atteok, cc-9°

Axial I Marldian mule

ntatiod .e. - -1

(i:.)

5.00
9.00

.13.88
14.12
17.50
20.50

(deg)

22.5 45 67.5 90 112.5 135 157.5

0.0766 0.0376 0.0016 -0.0334 -0.0385 -0.0260 -0.0255
.0743 .0415 .0020 -.0386 -.0446 -.02s0 -.0164
.0619 .0469 .0078 -.0325 -.0359 -,0233 -.0222
.0295 .0057 -.0267 -.0565 -.0577 -.0423 -.0447
.0233 -.0046 -.0392 -.0708 -.0559 -.0456 -.0394
.0197 -.0099 -.0462 - .07s2 -.0443 -.0441 -.Q452, 1 1 1 1 1 , I

1 ,,,

#

!, ‘1’” ‘ ‘
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T4BIJ3D -FF@NIRECO EWICISt?E FOR MOlEU,4FCX WOAHi21&30F ATTAcK

AND RBYNOUE NIMBKR OF 14)(106

(a) Axial variation of preuaure owfri.imt

!2&

tat iml

(:. )

0.03
.12
.s0

1.00
1.W3
2 .Ea
4.03
5.50
7 .Ea

1::%
10.62

11.00

11.,54

12.00

-

attack, @o

krldi.m angle

(d:&t)

I

attack, a-9c

W% 8n21e

(I@

o I 180

(b) Clromferential varlaticm of pressure coeiYiolent

Angle of attack, a+”

4Xinl Heridia; angle

8“tit10n

(:. )

(deg)

r

I

l“’
#

,,
‘, I

A@e of attack, a=9°

nxie.1 Merldlan angle
tat ion

(d. ]
(d~g)

1 1 1 1 1 1
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TABIE V - P2M2URB COEFFICIENTS FCR MODEL 5 FCfi ‘NO ANOIES OF AITACK “

AKO RHliOLtE NDMB3R C@ 14%106

(a) Axial variation of pramure coaffiuiant

r
Angle I

Axial
Statia

(&. )

[

0.00
.12

l%
2.00
3 .Cm
5 .M1
7 .CxJ

1:::
13 .Co
13.86
14.12
14.55
15.00
15.50
16.00
1.s.50
17.50
19.00
03.50

attack, a+”

Meridly anglI

(dig)

T

o 160

1.7080 1.70N
.0810 .0165
.0184 -.0176
.01Q9 -.0163
.0169 -.0091
.0173 -.0046
.0197 .0013
.0221 .0059
.0229 .@356
.0263 .CQ24
.0236 .001.2
.0231 O.CWO

-.0073 -.oleo
-.0065 -.Oms
-.0078 -,0206
..0024 -.0195
-,0103 -.0186
-.0088 -.0156
-.W57 -.0102

F
Angle c

Ax.lal
Elt.aticlr

(J)

0.00
.12
.50

M
$.Lm
5.&3
7.C31
9.OJ

11.00
13.00
13.88
14,12
14.55

L
15.00
15.W3
16.cm
16.=

17.50
19.00

0

attaok, c#AO

Harldian angl

(d:s)

Q-L.YL

-

1.7090 1 .70eo
.1722 -.0375
.0734 :.0355
.0621 -.025XI
.0632 -.0159
.0676 -.0150
.0758 -.0$68
.0744 -.0151
.0’/s9-,0157
.0757 -.0167
.0758 -.0189
.oao5 -.012CI
.0538 -.0423
.0328 -.0447
.0533 -.0429
.0323 -,0400

.0260 -.0366

.0!275 -.0321

.0278 -.0316

.0273 -.0312
--

(b) Ctioumfertmtial variation of preamme ccmf~lcient

Axial Meridian angle
!tatlon e I

(;.)

-5-mi
9.00

13.68
14.12
17.50
E13.50

(deg)

22.5 45 67.6 w 112.5 155 157.5

0.01.99 0.0141 0.C078 0,CK%6 J3.o@36 -o.0006 0.0013
.02’2Q .0170 .0104 .IX156 .0024
.0245

.C026 ,0040
.0219 .0168 .ooe9 .0333 .0011 .0009

-.mafi - .00B4 -.0117 -.016!2 -.0164 -.0197 -.0183
- .C4351 -.0127 -.0165 -.0206 -.0227 -.0195 -.0137
-.W63 -.0113 -.0166 -.0196 -.0179 -.0149 -.0127

2434 .

Axial
3tat10n

(1:. )

5.00
9.00

1s .66
14.12
17.50
20. WJ

A@o of nttaak, a-9°
I

146ridlan angle

(d&)

Tj157.5

-0,0248 -0.0260
- .023S -.0224
-.0254 -.0252
-.0402 -.0408
-.0429 - .0s75
-.0407 -.0413

G
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Meridian angle

.12 (d&)
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— theory (equation (1) )
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Figure 4. - Experimental and theoretioel axial variation of pressure codficlent for madel

at zero engle of attack end Reynolds number of 14x106.
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Flgdre 6. - Experimental axial varlatlon of pressure ccefflclent for blunt-nosed baly at
zero angle of attack and Reynolds ntnnber of 14x166.
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Variationof momentum thiclmesswith Reynolds
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4 8 12 16x106
Reynolds number, Re

——

Figure 9. - Variation of total-drag coefficientwith Reynolds number for
zero angle of attack.
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