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SUMMARY

An experimental investigation to determine the aerodynamic charac-
teristics of a slender, square-based body of revolution was conducted
in the NACA Lewis 1- by l-foot supersonic wind tunnel. Pressure distri-
butions, viscous drag, and three component forces were measured at a
Mach number of 3.12 for a Reynolds number range of 2X106 to 15X106 sad
for an angle-of-attack range of 0° to 10°.

The pressure distribution over the nose of the body for the small
angles of attack and for Reynolds nunibersgreater than 8X106 agreed weXl
with those predicted by linearized theory. For the lsrge angles of
attack, the agreement was poor, especially for the top surface of the
nmdel where the effects of cross-flow separation became important. The
base-pressure coefficient for zero angle of attack decreased uniformly
with increasing Remolds number until a Reynolds numiberof 6X106 was
reached, after which the base-pressure coefficient remsdned relatively
constant.

—

The force measurements of the investigation showed that the drag
coefficient for zero angle of attack increased with increasing Reynolds
nuuiberuntil a Reynolds nurtiberof 6.5XL06 wss reached. Further increases
in Reynolds number had little effect on the drag coefficient. The lift
and pitching-moment coefficients increased uniformly with increasing
angle of attack and were essentially independent of Reyuolds number. A
separation of the measured total-drag coefficient into components at
zero sngle of attack showed that the fore-pressure-drag coefficient was
approximately one-sixth, the base-pressure-drag coefficient was approxi-
mately one-half, and the skin-friction-drag coefficient was approximately

* one-third of the total drag.

Trends similar to those of the experimental data were predicted by+
Allen’s method, which includes some effects of Viscosity however, this
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method underestimated the increment in fore-drag coefficient due to
angle of attack, the lift coefficient, and the pitching-moment coeffi-
cient. Potential theory ‘-- inferior to Allen’s method for predicting
the force coefficients.

INTRODUCTION

Existing experimental data for low supersonic Mach numbers (for
m
~

example, references 1 to 3) indicate that the linearized potentisl the- W
ory adequately predicts the pressure distribution for zero angle of
attack, but that it fails to predict accurately the incremental pres-
sure distributions and over-all forces resulting from inclined flow. A
more complete equation is obtained in reference 1 for the incremental

—

pressure distributions resulting from moderate angles of attack, but
the ~greement with experimental force measurements is stUJ. poor. The
semiempirical theory of referenoe 4, which employs the concept of the
viscous cross flow, has proved somewhat more successful in predicting
the body forces encountered at low supersonic Mach numbers. The pres-
ent investigationwas undertaken at the WA Lewis laboratory to com-
plement the basic aerodynsmd.cdata available at high Mach numbers by
evaluating the effect of Reynolds nuuiberand angle of attack on the
pressure distributions and forces on a slender, square-basedbody of
revolution at a Mach number of 3.12. b“

Pressure distributions over the body and the forces acting on the
body have been determined experimentallyfor a range of Reynolds num Y

hers from 2XL06 to 15X106 and angles of attack from 0° to 10°.
—

These
data sre compared with linearized potential theory end the semlempirical
method of reference 4. In order to provide a more complete correlation
of experimental data and to evaluate the effects of,viscosity, the
boundary-layer growth was investigated along the len@h of the mdel.

SY-M2QLS

The following syuibolsare used in this report:

% base area

+?
front~ area

!!? plan-form area

%7 wetted area

CD drag coefficient, D/@

ND increment of drag coefficient due to angle of attack

*

k
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P Vi.SCOBity

P density

@ velocity potential

Subscripts:

o free-stream conditions

1 conditions at edge of boundary layer

B body

b base

f friction

M measured value

m maximum

n nose

P pressure

APPARATUSAND PROCEOURE

The investigation was conducted in the NACA Lewis 1- by l-foot var-
iable Reynolds number tunnel, which is a nonreturn-type tunnel with a
test-section Mach nmiber of 3.12 ~ 0.03. A stagnation temperature of
approximately 55° F was maintained throughout the investigation, and
inlet pressures were varied from 6 to 52 pounds per square inch abso-
lute. The entering air had a specific humidity of approximately
2X10-5 pounds of water per pound of dry air, insuring”negligible con-
densation effects.

A schematic di.agremof the model (fineness ratio, 12) is presented
in figure 1. The first ha3f of the model is defined by the equation

N
D3
m
UY

This equation describes a closed body, which, according to reference 5,
has a minimum wave drag for a’given volume and length. The last half
of the body is a cylintiical section. Pertinent geometric parameters
of this model me given in the following table:
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J.

w

n

Bodylen@h, Z, ft...... . . . . . . . ...-..”” ““ 1.75

Body fineness ratio, FB. . . . . . . . ..o”o” o”” ““” 12

Nose fineness ratio, Fri.. . . . . . . . . ..s. ”s” s’” 6

Volume of body, V,cu ft.. . . . . . . . . . . . ..-O . ..0.0232
Wetted area, ~,sq ft... . . . . . . . . . . . ...* . ..0.688
Frontal area, ~,sq ft.. . . . . . . . . . . . . . . . . ..0.0167
Base area, &,sq ft..... . . . . . . . . . . . . . . . .. 0.0167
Plan-form area, Ap, sq ft. . . . . . . . . . . . . . . . . ..0.219
hfaximu mbodydiameter,~,ft . . . . . . . . . . . . ...* .0.146

The body used for pressure-distributionmeasurements and boundary-
layer surveys was turned from mild steel and polished to a 5- to 8%icro-
inch finish. The static-pressure orifices on the mdel surface were
srranged in five rows and were located at stations given in figure 1.
The boundsry-layer data for zero sm.gleof attack were obtained tith the
probe pictured in figure 2(a) and the data for the pitot contours were
obtained from a traverse with the rake pictured in figure 2(b). Because
intense sporadic vibrations of the model occurred at a Reynolds number
of 15X106 and an angle of attack of 10°, pressure measurements were not
made at this condition. Static pressu~es were measured on tifferential
msnometers to within @.002 pound per square inch absolute.

The force model was the same as the pressure distribution ?mdel
except that it was turned frorasluminum and had a 20-microinch finish.
The model was rigidly connected to a three-component strain-gage bal-
ance, which was attached to a sting-strut conibination. Since the strain
gage was mounted internally, no aerodynamic tsre corrections were neces-
sary. Static calibration of the balance indicated that there was a
slight interaction between the axial force and the ~m-tj therefore}
corrections for this interaction were made in the reduction of the force
data. Forces were measured to within W.1 pound for drag, +0.1 pound
for lift, and 43.5 inch-pound for pitching moment.

The models were supported from their bases by a sting extending
upstream from a horizontal strut mounted to the side wall of the tunnel
(fig. 3). The sting was designed by using the data presented in refer-
ence 6“for obtaining minimum interference yith the base pressures at
zero angle of attack. Angle of attack was varied by rotating the nmdel
about a point 4 inches upstream of the base. ●

REDUCTION OF DATA AND METHODS OF COMPUTATION

b In the reduction of the pressure Qata, the free-stresm static pres-
sure was assumed to be the static pressure measured on the tunnel wall

s o~site the model.tip. Correction for the axial gradient of free-stream
static pressure measured on the tunnel side walls was negligible, and
hence was not applied to the results.
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The incremental pressure coefficient due to engle of attack Cp,a
was obtained by subtracting the measured vslues at zero angle of attack
from the measured values at angle of attack.

The boundery-layer-surveydata were evaluated by the Renkine-
Hugoniot equation ~th the assumption that the total temperature was
constant in the flow field, and that the static pressure was constant

“

along radial lines

Skin-friction
equation:

.

through-the boundary layer. -

coefficients were calculated using the following

~[sd(rP&2(3)ds~srb*~d]
(2)%,f ‘

where

(3)

.

J’
m

1
8*=—

%U1 ()
(Ppl-Pu) 0

.

(4)

and where s represents the distance measured along the surface ‘ofthe
body and y, the distance measured normal to the body surface. This
equation may be derived from the boundary-layer momentum equation for
axially symmetric bodies under the assumption that ~ is very much less
than the body rtius.

The theoretical pressure-distributioncurves were calculated by the
numerical method of reference 7. The following equations were used to
calculate the pressure coefficients:

()233 dr2~=-5__x-~

Cp,a = 4a cos 0 %+ u2(l-4 sin2 8)

(5)

(6)
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The theoretical force coefficients were calculated by the method of ref-
erence 4, whereti viscous effects em estimated. The equations given
in reference 4 for the force and moment coefficients are:

+3
‘D

= az + qcd,c — a
+?

(7)

(8)

where XP is the centroid of the plsn srea, q is the ratio of the drag
coefficient of a circular cylinder of finite length to that of a
cylinder of infinite length, and Cd c is the SeCtiOn drag coefficient
of a circular cylinder per unit l~h. From reference 4 a value for
~ of 0.70 and a representative value for cd,C of 1.20 were obtained
for the cross-flow Reynolds numbers encountered in this investigation.

RESULTS AND DISCUSSION

The experimental results consist of pressure distributions on the
forebody and base surface, bounr%ary-layersurveys for several axial
stations, end force measurements. These results are discussed in order
for zero angle of attack end for angle of attack.

Forebody Pressure Distributions

Zero augl.eof attack. - The experimental veriation of the pressure
coefficient with axial position on the body for three Reynolds numbers
is presented in figure 4. Theoretical curves computed from the linear-
ized theory of reference 7 are compared with the experimental data.

The trends for the experimental and theoretical curves were simi-
lar for all Reynolds numibers. For the lower Reynolds numbers the agree-
ment between theory aud exper~nt was good only for the first 40 per-
cent of the nose. As the Reynolds nuder was increased from 2X106 to
8XL06 (figs. 4(a) and 4(b)), the agreement between experiment end theory
improved, particularly on the cylindrical portion of the ~d~j however,
with a further increase in Reynolds nuniberto 15X106, very little
improvement was noticed. Evaluating the theoretical.‘------–-3.—L--*%--

tion in terms of the body diameter plus the measured
pre~wme uu3zrl9u-
boundary-layer
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displacement thickness resulted in a negligible
cal distribution. The improvement in agreement
theory upon increasing the Reynolds nuniberfrom

NACARM E51E13
.

change in the theoreti-
betw en experiment and

z
.

2XL0 to 8X106, however,
corresponded to a movement of the beginning of transition from the base
of the mdel to a point 15 inches upstream of the model base. The data
for the side pressure distributions show evidence of a disturbance exist-
ing in the tunnel free-stream flow; consequently, the preceding conclu-
sions were based on the bottom profile. This disturbance as well as
that to be mentioned subsequently for angle of attack is attributed to %

irregularities in the tunnel flow. Wcauae corrections of these non-
g-

unifo~ties would require considerably more calibration data than are
now aveilable, no attempt was made to evaluate the effect herein. The
disturbance affecting the side-pressure distribution at zero angle of
attack was evaluated in terms of over-all drag and at most gave m
error of approximately 1 percent. --

Angle of attack. - The axial pressure distributions along the top
and bottom of the model are presented in figure 5 for three angles of
attack and three Reynolds numbers. The pressure-coefficient ticrements
due to angle of attack, as
pared in figure 6 with the

On the bottom surface
experiment snd theory have
progressively worse as the

determined from figures 4 and 5, are com-
slender-body theory of reference 1.

of the model (figs. 6(a), 6(b], and 6(c)),
similar trends, but the agreement becomes h

angle of attack increases. (The humps in
.

the curves are attributed to the tunnel disturbance mentioned pre-
viously.) The effect of Reynolds number upon the agreement was neg-

>

ligible at 3° angle of attack. At the higher emgles”of attack, no
definite Reynolds number effect ws.aobservable.

On the top surface of the model (figs. 6(d), 6(e), and 6(f)), the
effect of increasing the angle of attack w~.to decrease the pressures
on the nose section in a manner similar to that predicted by theory.
The theoretical curves for a = 3°, 8°, and 10o cross each other,
whereas the experimental curves do not. The difference between experi-
ment and theory for the cylindrical.portion of the model increased as
the angle of attack increased. This result is attributed to cross-flow
separation which will be discussed later.

Some improvement in the agreement between experiment and theory
with .@creasing Reynolds number was observed on the forward part of
the nose; however, the change in the agreement for the rest of the body
was negligible.

Experimental pressure distributions as a function of the meridian
angle around the body are given in figure 7ufor three axial stations
and three Reynolds numbers. Since no conclusive Reynolds number effect
was obtained, only the experimental pressure increments due to angle

.—

9

,.
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of attack for a Reynolds number of 15X1.06are compared with theory in
figure 8. Agreement between e~eriment and theory is good for CL= 3°
but poor for a = 8°.

Base Pressures

The variation of base-pressure coefficient with Reynolds nuniberis
presented in figure 9. In figure 9(a) the measured coefficients at
zero angle of attack ere compared with the coefficients predicted by the
method of reference 8. The method of reference 8 predicts the correct
trend, but underestimates the meaeured values by more than 10 percent.
However, in terms of over-all drag this discrepancy amounts to only
5 percent.

The variation of base-pressure coefficient with free-stresm Rey-
nolds nuniberfor 0°, 3°, 6°, 8°, and 10° @es of attack is presented
in figure 9(b). For zero angle of attack, the base-pressure coefficient
decreases with increasing Reynolds number until a Reynolds numiberof
6XL06 is reached and then remains relatively constant. With increasing
singleof attack, the Reynolds nuniberat which the pressure becomes con-
stant increases to approximately 12X106 for u = 8°.

Figure 10 shows the variation of the base-pressure coefficient with
@e of attack for five Reynolds nunibers. The base-pressure coeffi-
cients for the highest Reynolds numbers decrease as the angle of attack
increases; however, for the two low Re~lds numbers, the pressure coef-
ficient first increases to a maximum near u = +3° and then decreases
for higher angles’of attack. The broken line between the m = Go data
is used,to indicate that the true variation of the pressure coefficient
in this region is unlmown. This behavior for the low Reynolds numbers
may be associated with the movement of the boundery-layer-transition
region with increasing angle of attack which will be discussed more
fully later. The cross-over of the curves presented in figure 9(b] may
also be attributed to the movement of the boundary-layer-transition
region with angle of attack.

Boundary Layer and Cross-Flow Sep=ation

Skin friction. - In order ta complete the investigation of the com-
pon=t drag forces which meke up the tital drag of the body at a . 0°,
friction-drag coefficients were obtdned from the experimentally deter-
mined displacement and momentum thicknesses for Reynolds numbers ofL
4~06, 8~06, end 14~06. The experimental mean friction-drsg coeffi-
cients CD ~ for different axial stations are presented in figure ~

s for the pr&~eding free-stresm Reynolds nuribers.
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A comparisonof the measured cD,f with the correspon~u
compressible-flat-platecoefficients is also given in figure Xl. The
le&ar coeffici.en~(ref&rence 9) and the
coefficients (reference 10) are presented

1.207
1~ cD,f = ~el/2

0.0306
turbulent CD,f = ‘

()

% 2 5/7Rel/7

l+W

turbulent mean
as foS1.ows:

friction-drag

(lo)

(based on arithmetic (n)
mean temperature]

o.030b
turbulent CD,f = ~ 5/7

()

h l/7
1+~ Re

The theoretical hminar skin friction for
ence U. is

—

d

(based on wall
perature)

tem- (12)

a cone aa derived in refer-

(13)

.s

.

This equation is also Tresented in figure 11 for comparison.

A quantitative comparison between the flat-plate coefficients and
the measured coefficients on a body of revolution is subject to question.
However, if the effect of preesure gadient on skin-friction drag is of
secondary importance (reference 9), a comparison of the measured values

. with the conical values is reasonable. The good agreement between the
experimental and theoretical coefficients of Mangler (reference 11)
indicate8 that the effect of the pressure gradient elong the body was
Smald.(fig. U). The expertiental coefficients for values of Rex
beyond transition tend to approach the empirical coefficients for fully
turbulent boundsry layers based on walJ_temperature (equation (12))
rather than those based on arithmetic mean temperature (equation (1.1)).
Thisf however, does not indicate that equation (12) is more applicable
than equation (n], inesmuch as the empirical formulas have not been
“correctedfor the effect of the initial laminer boundary layer or for
the difference between axially symmetric and flat-plate flow.

The momentum- and displacement-thicknessdistributions which were
used in obtaining the experimental.friction coefficients of figure I-1.
are presented in figure 12.
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Boundary-layer transition. - In the course of the investigation of
the effect of Reynolds number upon friction drag, boundary-layer tran-
sition was investigated at zero angle of attack. The beginniqg of the
boundary-layer-transitionregion was determined from microsecond
schlieren photographs SE indicated in figure 13. The variation of the
axial distance to the beginning of transition (equivalent to the extent
of lsminar boundary layer) with Reynolds number for zero angle of attack
is presented in figure 14(a).

The schlieren transition data were substantiated with a probe
investigation of the boun~ layer by measuring the momentum and dis-
placement thiclmesses at one station over a range of Reynolds numbers
(fig. 15). The criticel Reynolds number was chosen to be the value at
which the friction drag coefficient”and consequently the mxnentum
thickness started to increase. The critical Reynolds number of figure 15
is presented in figure 14 (square symbol) for a comparison of the two
techniques. As anticipated, the -al. extent of the laminsr boundary
layer decreased with increasing Reynolds number (fig. 14(a)). The
critical Reynolds number, defined aa free-stream Reynolds number per
foot times the tial distance to the beginning of transition, increased
tith increasing inlet pressure, as shown in figure 14(b). It is lmown
that reservoir conditions influence the criticsl Reynolds number in
incompressible flow, and hence it is suggested that the trend of fig-
ure 14(b) may be caused by a change in the turbulence level or tunnel
boundary-layer development with a change ti inlet air pressure.

The effect of angle of attack upon boundary-leyer transition is
presented in figure 16 for a Reynolds number of 8X106. It is evident
from the figure that transition is retarded on the bottom region of
the nmdel and accelerated on the upper region at positive angles of
attack. This effect may be attributed to-the fac~ that
air of the boundary layer moves from the bottom surface
towards the top surface.

Cross-flow separation. - Cross-flow separation was
schlieren data and investigated by pitot surveys. This

the iow-energy
of the model

observed from
phenomenon has

been observed with pitot surveys at the model base (reference 1) and
with a “vapor screen” method (reference 12). Pitot surveys at three
axial stations on the cylindrical portion of the body and the corres-
ponding schlieren photograph of the flow field are presented h fig-
ure 17 for the body at an singleof attack of 8° (Re = 8X106). Although
the values of P~pO in figure 17 are of little quantitative signifi-

cance, they serve to locate the vortices associated with cross-flow sepa-
ration, and consequently, the regions of low-energy ati. The bulge in theb
0.25 P~Po curve near th”eside of the body at stations A and B may be

attributed to the dowastresm portion of the disturbance in the tunnel
k flow field previously mentioned in connection with the forebody pres-

sure distributions.

.
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Schlieren observations of cross-flow separation at 8° angle of
attack are presented in fi~e 18 for Reynolds numbers of 4X106, 8KL06,
1X106, aud 15XL06. The figure
effect exists.

Force

shows that no

Meemrernents

.

d

large Reynolds number

variation of totsl drag !%Zero angle of attack. - The experimental
with Reynolds nuniberobtained with the force model is given in fig- -

“.

CD

ure 19. The contributionsto total drag of’fore-press&e, base-p~essure,
and skin-friction drags as measured on the pressure-distributionmodel
are also presented. The total-drag coefficient increased with increas-
ing Re@olds number until a Reynolds number of 6.5x106 was reached and
then leveled off at a value of approximately 0.21. As shown in figure 19
the fore-pressure drag is a~ro-t~y one-sixth, the base-pressure
drag is approximately one-haM, and the skin-friction drag 3s approxi-
mately’one-thtqdof the total drag, The maximum difference between
the summation of the components and the total-drag coefficient measured
with the strain-gage balance is 13.6 percent, Schlieren photographs
indicated that transition occurred farther upstream for the force model.
than for the pressure-distributionmodelj the force model, consequently,
had a greater skin-friction-dragcoefficient and thus a greater totel-
drag coefficient than the pressure-distributionmodel. If the pressure ●

drags of the force and pressure mdels are assumed to be the seine,the
variation of skin-friction-dragcoefficients with Reynolds number for
both models is presented in figure 20.

*
Figure 20 indicatesthatthe

difference between the total forces can be accounted for by the forward
movement of transition. This discrepancy, in part, may be attributed
to the difference in model surface finishes.

Angle of attack. - The total-drag coefficient and the ‘incrementin
fore drag due to angle of attack are plotted in figure 21 as functions
of singleof attack for various Reyuolds numbers. The dependence of
drag on Reynolds number is also inticated. At an angle of attack of
~0°) the v~ue of CD for a Reynolds number of lSx106 is 4.5 percent
lower than the value for a Reynolds nmnber of 2x106. The theoretical
curve obtained by the method of reference 4 is compared with the incre-
ment in drag due to angle of attack. The data show that the me~od of
reference 4 greatly underestimates the experimental.values.

The lift coefficient (fig. 22) is much greater at alJ Reynolds
numbers than would be predicted by linearized potential theory. The
method of reference 4 yields results closer to experimental values,
but still underestimates the experimental values by a large percentage
at sll sngles of attack. Figure 22 shows also that the variation of the
lift coefficient with Reynolds number is ve@ small.

—
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The experimental and theoretical lift distributions over the body
sre given in fi~e 23 for two angles of attack. The lerge difference
between the potential lift distributions end the experimental lift dis-
tributions is attributed, in part, to the inherent inadequacy of the
potential theory to account for viscosity and, in part, to the use of
the first-order potential flow theory. The experimental curves which
were obtained from the pressure distribution data at Re = 8X106 have
been integrated and the total lift coefficient has been plotted on fig-
ure 22. As shown in figure 22, the integrated values fall somewhat
below the values measured by the strain-gage balsnce. This difference
may be attributed to the fact that the cross~flow skin-friction drag,
which has a component acting in the lift direction, has not been added
to the integrated pressure value, or it may be attributed ,>0insufficient
instrumentation of the model.

The experimental and theoretical variation of the pitching-nmment
coefficient about the base of the model with angle of attack is given
in figure 24. The effect of Reynolds number, as in the case of the
lift coefficient, is sti.

A comparison of the experimental values with those predictedby
the method of reference 4 shows that for an angle of attack of 10° the
coefficient of pitching moment is underestimated by 20 percent. Since
the slope of the lift curve increased tith angle of attack at a faster
rate th~ the slope of the pitching-moment curve, the center of pres-
sure moved rearwsrd as shown in figure 25. The center of pressure, as
predicted by the method of reference 4, is upstresm of the measured
center of pressure by 1/2 diameter at an angle of attack of 3° end
1 tiameter at an angle of attack of 10°.

SUMMARY OF RESULTS

The aerodynamic characteristics of a slender, square-based body of
revolution were investigated in the NACA Lewis 1- by l-foot variable
Reyuolds number tunnel at a Mach number of 3.12. The results may be
sumnsrized as follows:

Pressure Distributions

1. The pressure distributions on the nose of the model for zero
angle of attack and for Reynolds numbers greater then 8X106 agreed
closely with those predicted by linearized potential theory. For lower
Reyuolds nunibers,the agreement was good only for the first 40 percent
of the nose.
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2. The experimental pressure distributions due to angle of attack
on the top and bottom surfaces of the model agreed well.with theory for
small sngles of attack. For large angles of attack, the agreement was

.

poor, especially for the top surface of the model, indicating that cross-
flow sepsxation’becomesimportant in this region.

3. For zero sngle of attack, the base-pressure coefficient decreased
with increasing free-stream Reynolds nuniber”untila free-stresm Reynolds
number of 6x106 was reached and then remained relatively constant. The 1%
base pressures for angle of attack followed the same trend.

ma.

4. A method derived by Cope of the National Physical Laboratory —

predicted the correct trend for base-pressure coefficient at zero angle
of attack tiutunderestimated themeasuredvaluesby more-than10 peroeirb. ‘= “=

5. At low Reynolds numbers the base-pressure coefficient first
increased and then decreased as the angle of attack was increased. The
maximum pressure was obtained at an angle of attack of about 3°. For
high Reynolds numbers the base-pressure coefficient decreased uniformly

--

with increasing engle of attack.

Boundary Lsyer
●

1. The measured mean skin-friction coefficients for hminar flow —

over the nose of the model agreed well with the theoretical values
predicted by Mangler for laminar flow over coned. .

2. No Reynolds number effect upon cross-flow separation was visible
for Reynolds numbers from 4X106 to 15X106.

Forces —

1. The &ag coefficient for zero angle of attack increased with
increasing Reynolds number mtil a Reynolds number of 6.5x106 was
reached and then remained relatively constsnt. ,

2. The lift and pitching-moment coefficients increased uniformly
as the sngle of attack was increased and were relatively independent
of Reynolds number.

—

3. A breakdown of the measured total drag into components at zero
angle of attack shows that the fore-pressure drag was approximately
one-sixth,the base-pressure drag wss approximately one-hslf, and the 4

skin-friction drag was approximately one-third of the total drag at
all Reynolds numbers. —

f
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4. Potential
trends simlla- to

theory was inferior to Allen’s
those of the experimental data

15

method, which predicted
but underestimated the

increment in fore-drag coefficient due to angle of attack, the lift
coefficient, and the pitching-nmment coefficient.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics

Cleveland, Ohio
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