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SUPFRSONIC WIND TUNNEL AT MACH NUMBERS FROM 1.49 TO 1.98
I - PRESENTATION AND ANALYSIS OF PRESSURE MEASUREMENTS
(STABILIZING FINS REMOVED)
- By Roger W. Luldens and Paul C. Simon

SUMMARY

An experimental Investlgation of the pressure distribution on
& slender pointed body of revolution was conducted in the NACA
Lewle 8- by 6-foot supersonic wind tunnel at free-stream Mach numbers
of 1.48, 1.58, 1.78, and 1.98, end at a Reynolds numbsex based on
model length of approximately 30,000,000 over a range of angles of
attack. The body was 2 half-scale model of the fuselage of the NACA
supersonic flight research missile designated RM-10 (with the sta-
bilizing fins removed). The pressure distribution over the entire
length of the body at zero angle of attack agreed well with that
predicted by linearized theory. At angle of atiack, the experimental
pressure distributions showed close agreement with an improved
linearized theory at 21l points on the model swrface except over
the aft leeward portion of the body, where the pressure dilstribution
_ was appreciably modified as a result of viscosity effects. A sur-
vey of the stream total pressure in the plane of the model base Indl-
cates that at angle of attack the boundary-layer alr formed a pair
of lobes located on the leeward side of the body, which left a very
thin boundary layer on the windward side. At zero angle of attack,
the bowdary-layer profile and thickness agreed very well with the
values calculated for subsonic turbulent flow for a flat plate.
Base-pressure measursments are also presented.

JINTRODUCTION

Several methods are avalleble for theoretically estimating the
pressure distribution, and forces end moments on a slender pointed
body of revolution. Experimental evaluations of these methods, how-
ever, have been limited primerily to the study of projectiles, usually
at low Reynolds numbers. An Investigation has therefore been conducted
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in the NACA Iewis 8- by 6-foot supersonic wind tunnel to determine - L
the aerodynamio load distridbutions on the NACA supersonic research

misgslle . RM-10. The pressure distribution over the body bhas been -
determined by experimental means and a comparison has been made

with the predlcted distrlibution caloulated by an improved linearized

theory. Where deviatioms of the experimental resulis from the theory

are observed, a ratiomal explanation is given on the basis of shed

vortliclty and viscoslty effects. In order to further eveluate these .
offects, a survey of the pitot pressures in the plane of the model \
base has been made. '

The 1nvestigation was conducted at free-stream Mach numbere of
1.496 1.59, 1.78, and 1.98 far a range of angles of attack from 0°
to 8¥, and at a Reynolds number of approximetely 30,000,000.

SYMBOLS
The following symbols are used in thils report:

e local velocity of sound -

cp pressure coefficient, (p-po)/qo

c constant . - ) .

[/ length of model ] .

M Mach number

P total pressure

P static pressure

q Z ot

Re Reynolds number, pUL/u

Uo free-gtream veloclty

Uy, ~  local stream velocity outside boundary layer

u veloclity in boundary layer

Vo redial velocity component (cylindrical coordinates) '
r

SR T -
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Yy axiel velocity compoment i
g tengential velocity component (cylindricael coordinetes)
x,b coordinates of model

X,r,60 cylindrical coordinates (¢ =.0 in plene of angle of attack
and to windward)
distance _perpendicular to and with origin at model surface

Q

angle of attack

cotangent of Mach angle, ‘v Ma-l

0 R O

- ratio of specific heats, 1.40
boundary-layer thickness .

K viscoslty
P density
P velocity potential
Subscripts:
b base of model
h sting
m measured behind normal shock at local stream Mach number
o free-stream conditions
1 conditions for model at gero angle of attack
2 conditions for model dus to angle of attack

APPARATUS AND PROCEDURE

The investigation was oonducted in the NACA Lewls 8- by 6-foot
supersonic wind tunmel. This nonreturn-type tumnel is powered by
three 29,000-horsepower electrical motors that drive a 7-stage axial-
flow compressor located upstream of the test section. Alr is
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filtered and dried before entering the compressor. The supersonic
nogzle 1s formed by two adjusteble steel-plate walls that are actu-
ated by a series of hydraulic Jacks to give a nominal Mach number
range of l.4 to 2.0. The Reynolds numbers corresponding to the
test Mach numbers are shown in the following table:

Eree- Reynolds
stream number,
Mach Re
number, ('based on
¥ model length)
1.49 28,000,000
1.59 28,000,000
1.78 31,000,000
1.98 28,000,000

Condensation-free flow was meintained during each run.

The model (fig. 1) consisted of the half-scale RM-10 fuselage
(stabllizing fins removed), which is & body of revolution with a
parebolic profile defined by the equation

b-l\/_g,z(z-z’-s-)

0= x =< 73.25 (1)
vhere

c-i
2
15

A machined straight taper existed between stations 66 and 71.5.
(Btation numbers represent distance from station O in inches.)
The body was spun from aluminum sheet and the nose was blunted by
removing 1/4 inch fram the tip. The model has an over-all length

of 75 inches, a maxinmum diameter of 6 inches, and a fineness ratio
of 12.2. C

The deviation of the model from the parebolic comtour is shown
in figure 2(a). Relatively large deviations occur in the vicinity
of station 20. Thie discrepancy is also apparent in the curveture
(fig. 2(b)), which was measured by & gage with e specing of 1.5 inches

~ I TIENTEAT

963T


http://www.abbottaerospace.com/technical-library

1296

NACA RM E50D10 ANRST 5

between its three contact points. (A Joint existed at station 24.2
and e small eccentriclty resulting in an asymmetrical discontinuity
in the model contour wes observed at this Juncture after most of
the rins.) Because of model irregularities, some scatter in the
experimental pressure-distribution data is to be expected.

The static-pressure orifices on the model surface were arranged
in two diemetriocally opposite rows and were located at the longl-

tudinal stations given in :Eigure 1. A% stetion 753-' bese~-pressure

tubes were located at MS to each of the rows of sm‘fa.ce statlics
and et a radius of 1l.62 inches. Two boundary-layer rakes extending

l% inches into the stream were located In-the plane of the surface

static-pressure orifices. The model could be rotated about its longi-
tudinal axls by an internal mechanism with a travel in excess of 9

80 that essuming flow symmetry, the pressures at any rotationsl posi-
tion on the model could be obtained. During the investigation, pres-
sures were recorded at rotaticmal gositions of the model of 8 = 09,
10°, 30°, 50°, 70°, 90°, 110°, 130°, 150°, 170°, and 180°.

The model weas supported from its base by a sting extending
upstrean from the tumnel vertical strut (fig. 3). The sting wes
desligned by the coriterla of reference 1l for attaining minimum inter-
ference with the model base pressure at zero angle of attack. Angle
of atteck was obtalned by movement of the tunnsl vertical strut. The
center of rotation of the system was located forward of the maximum
section of the model.

Actual angles of attack were determined by an electrical oll-
damped pendulum-type indicator located in the forward section of the
model. The actual angles of attack are compered with the nominal
angle of attack for each Mach number Investigated in the following
teble:

Angle of attack, deg

Nominal . Actual
Mech number, Mg

1.59 | 1.49, 1.78,
1.98
0 0 0
2 1.9 1.8
4 4.2 4.0
6 5.9 5.8
9 8.9 8.6
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The thecoretical curves were calculated for the actusl angle of attack
in each case. Static pressures on the model and the stlng, as well as
the plitot pressures of the bounmdary-layer survey reke, were obtalned
on manometer boards using tetrabromoethylene and mercury, respec-
tively, as flulds. All pressures were photographically recorded.

REDUCTION OF DATA

In the calculation of the pressure coefflclent, the free-stream
static pressure was determined as the average pressure measured by
several tunnel-wall static orifices loocated opposite the nose of the
model. The free-stream Mach number was determined from the ratioc of
the free-stream stetlic pressure in the test section and the average
of total pressures measured in the subsonic flow upstreem of the
tunnel throat. This Mach number ohecked well with the Mach number
determined by tunnel calibration. The ratio of specific heats ¥
was taken as l.40.

The lncrements of pressure coefficlent due to angle of attack
were determined by subtracting the measured value at zero angle of
‘attack from measured values at angls of attack.

In order to determine boundary-layer velocliy profiles, the
Rankine-Hugonliot equations were used to eveluste the rake data by
assuming that the static pressure in the flow field is comstant
along radial lines and equal to the value measured at the model sur-
face, and that the totael temperature in the flow field is constant.

THEORY

Pressure dlstributions. - The linearirzed theory was used to °
estimate the velocity field around the body. Velocity components
assoclated with thickness and angle of attack were independently
caloulated and superimposed on the free-stream velocity components.
The pressure distribution was then eveluated from the resultant
" velocity field.

Perturbation velocity components on the body surfeace at zero
angle of attack may be evaluated by the methods of references 2
or 3.

962T
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—= (See equation (12) A
ox .

13,

r 39 7

In terms of axes fixed with respect to the body, the veloclity
components assoclaeted with angle of attack are from reference 4:
(The epproximations sinao =a and cos @ = 1 have been made in
the equations for the perturbation velocities.)

P,

—2-- Ou.czose‘l"l \

ox ix

P,

aTz-ona. cos 6 > (3)
BCPZ

I—'ganu.sine J

The free-stream velocity components in terms of coordinates
fixed in the body are

30 3
0

—_— = [+

ax o} cos

P}
% \ (4)

g—ﬁ -Uod- coe 8

E = Uoda gin 6

i J
SRNIDERITEL
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(The epproximation cos & = 1 is not permissible in the first
equation of equation (4) because Uy cos o 1s of lower order then

a perturbation veloclty. Such an approximation would leed to an
error in 34,/dx of the order of magnitude of a perturbaticn
velocity.)

Addltion of the respective velocity components from equa-
tions (2), (3), end (4) gives for the body surface

% A

vy = Up cosa.yg-- 2Ugx oos 6%

r=Tp % & (5)

Vg = 2Uy0 sin 6 J

From an expansien of the exact expression for the pressure
coefficient, an spproximate expression results:

2 2 2 2
Uy* - (vx +7,, 47, );

(6)

cp-

Uy
Substitution of equetion (5) into equation (6) and dropping ell

terms of higher crder than a2 (or a.%, and 80 rorth) glves

o 2
cp"%é%'(%) + 4a cosé%+a.2(l-4 sin2 0) (7)

The pressure coefficients assoclated with thickness and angle of
attack are additive and are separately given as

Cp,1 = - = a2 _(93)2 : (8)
,1 Uo ax dx
Cp,2 = 4o 008 6 % + a2(1-4 ein® @) (9)

~~GORFLDERIIAL


http://www.abbottaerospace.com/technical-library

NACA RM ESODLO

An slternate and independent derivation of this result is presented
in reference 5. Equations (8) and (9) have been frequently approx-
imated, reepectively, by

--2 4 (20)

dab :
Cp,z = 4a cos O iz (11)

For the particular body discussed herein, defined by equa-
. tion (1), the method of reference 2 glves

3-9({.X -1 2 2
g;l; = -Upc (:5 ) V(é) - Bz (Z%) +
[5 (Zf.s' - J)z -1+ 38 (%)2] cosh™t = (12)

db cfx )

&= -2 '\lﬁ (E - 1)
Substitution of equations (12) and (13) into equations (7), (8),
and (9) glves the theoretical pressure distribution of the RM-10.

Boundery layer. - For a simple correlation of the measured
boundary layer with theory, several ocurves ere presented from refer-
ence 6, which derives from the data for turbulent subsonic flow
through pipes the relation

Also

(13)

2" 2

for +the nondimensional veloclty ratio profile in terms of the non-
dimensional distance ratio from the friction surface. The equation
for the bowndary-layer thickness on a flat plate corresponding to
the velocity profile of equation (14) is

QP TIFIT EA.
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1/5
B = 0.37 1 ( :;01) (15)

Poo

Equation (15) is applied to evaluate the theoretical boundary-layer
growth on the RM-10.

RESULTS AND DISCUSSION '
The experimental results consist of pressure distributions on
the body swrfece, incluiing base-pressure measurements, and a
boundary-layer (pltot pressure) survey in the plane of the model
base. These results are discussed for zero angle of eattack and for
angle of attack.

Zero Angle of Attack

Pressure distribution. - The experimental variation of the pres-
sure coefficient with longltudinel positlon cn the body at zero angle
of attack is presented in figure 4 for all Mach numbers investigated.
Compered wilth the experimental dete are the theoretical curves com~
puted from the linsarized theory (equatioms (8) and (10)) for the
parabolic contour of equation (1). To account for the machined .

stralght taper from stations 66 to 71% , the step-by-step inte-

gration method of reference 3 was also used to calculate the theareti-
ocal pressures of figure 4(c).

The trends for the theoretical and experimentel curves were slim-
i1ler and the agreement was best with the refined calculetion of equa-
tion (8). The pressure coefficlents were high neer the nose of the
model, then decreased rapldly to negative values near and downstream
of the body meximum section. Much of the deta-point scatter may be
explained an the basis of local model wariations from the assumed
contour. The effect of changes in model contowr 1s illustrated bi
the Jog In the theoretical pressure-distribution curve (fig. 4(c)
vhioch includes the effect of the machined straight teper. The data
et Mach number of l.49 show evidence of a pressure gradlent in the
free-stream flow far this particular rum. :

Base presgsures. - Base and sting pressures are included in
figure 4. The pressure on the sting l/4-1nch downstream of the base
wvees the same &8 the base pressure, both being below free-stream statlo
pressure. At 3 inches downstream of the model base, the sting pres-
sure recovered to & velus szbove free-stream statlic pressure.

CQNEIDENTIAL
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The varlation of base-pressure coefficlents for zerc angls of

attack for the Mach numbers iInvestigated is shown iIn figure 5. The

boundary-layer rekes were removed for this measurement to avold inter-
ference effects. Included for comparative purposes are deta from
references 1, 7, and 8. The data from reference 1l show the effect of
boattalling end of laminar end turbulent boundery layers et Mach num-
ber l.5. The result from this investigation shows only a tendency to
agree with the base-pressure coefficlent for the body with boattalling
and with turbulent boundary layer, the condition most similar to con-
ditions of this investigation. The variation of base pressure with
Mach number was small, & trend that compares falrly well with the data
of references 7 and 8.

Boundary layer. - The pltot pressures in the plane of the model
base are reduced as bowmdery-layer date and are presented in figure 6
In terms of nondimensional velocity and distance ratio. Also Included
is the theorstical 1/7-power-law profile of equation (14). The cor-
relation of the data with the 1/7-power profile shows that the bound-
ary layer 1is turbulent. The velocity-ratlo profile ls independent of
Mech number in the range of the investigation. Included with the
plot is a table glving the sonlc value of the nondimensional velocitye.
The sanic point is within 1/8 of the boundery-layer thiciness from
the model surface.

A comparison .of the observed boundary-layer thickness with the
thickness predicted by equation (15) for subecnic turbulent bowmdary
layer omn e flat plate 1s presented in figure 7. The boundary-layer
thicikness 1s falrly well predicted over the range of Mach numbers.
Boundary-layer deta were Influenced by pressure gradients, three-
dimensionel effects, and denslity variations, and therefare only qual-
itative agreement should bde expected with the formulemtions for the
subsonlc turbulent boundery layer on a flat plate.

Angle of Attack

Pressure distribution. - The longitudinal pressure distributions
along the top, bottom, and sides of the model for angles of attack
4V and 9° and for the Mach numbers investigated are presented in
figure 8. The incremsntal changss In pressure coeffliclent wlth eangle
of atteck determined from figures 4 and 8 are plotted in figure 9.
According to equation (9), these incrementel chengss are independent
of Mach number.
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In accordance with the theory far a parabollc contour, the
experimental variation of the pressure coefficlent due to angle of
attack on the windward side of the model (fig. 9(a)) with the lon-
gltudinal distance was approximetely linear. Inoreases ln angle of
attack were accompenied by increeses in the pressure near the nose
and increases in the rate of pressure drop with longltudinal posi- -
tion. These data, in gemeral, substantiate the theory for pre-
diotling the pressure due to angle of atteck both as to Ilndependence
of Mach number and magnitude of the pressure over the entire length
of the model. The experimsntal values, however, tend to fall slightly
above the theoretical curves.

a

962T

On the leeward side of the model (fig. 9(b)), the observed
effect of angle of attack was to decrease the pressures on the for-
ward portion of the model in the menner predicted by theory. Angle
of attack had llittle effect on the pressures over the downstream
portion of the body (implying flow separation), although the theory
indicates that a consliderable Increase in pressure should exlst.
Desplte the deviations of the data from the theory in magnitude, an
Independence of Mech number remained evident over most of the model

length.

The increment of pressure due to angle of attack on the side of
the model (fig. 9(c)) 1s predicted by theory to be independent of +the .
body profile or station as well as independent of Mach number, and .
the effect of angle of attack 1s to decrease the pressure on the side
of the model proportiomal to the square of the angle of attack. The
experimental data show good agreement with the theory over most of .
the model length. At the rear of the model the experimentally deter-
mined increment of pressure coefilclent tends to zero; however, an
independence of Mach number remains evident. A simllar effect was
observed on the leeward slde of the model.

The experimentally observed pressure dlstributions as & function
of the angular coordinate around the body are presented in figures 10
to 13 for several representative stations and for the Mach numbers and
engles of attack investigated. From these date the lncremental pres-
sure coefflclents due to angle of attack were obtained and plotted in
figure 1l4. Over the forward portion of the model (fige. lé(a) to
l4(c)), the pressures at the bottom and top of the model increased and
decreaged, respectivély, and there was a marked reduction in pressure
at the side of the model. The agreement wilth the theory (equation (9))
1s good both as to the independence of Mach number and the predicted
value of the pressure coefficient. (The pressure due to angle .of
attack predicted by equation (11) illustrated in figure l4(a) deviates .
consid.gra.bly from the experimental preesure distribution around the
model.

CONETIENTIAE
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Over the rear portion of the model (fige. 14(d) to 14(f)), the
experimental pressure distribution curves continue to show a reduction
in pressure near the sides of the model. The pressures on the wind-
ward side of the model agreed well wlth those predicted by theory;
vhereas on the leeward side of the model, deviatioms between exper-
imental and theoretical pressures progressively increased in magnitude
and extent as the station increased.

Deviations of the incremental pressure from the wvelues predicted
by theory to veluss epproximately equal to zero, such as occurred over
the aft leeward portion of the model, might be interpreted as an indi-
cation of flow separation; flow separation in the conventlional sense
did not ocour, however, as shown by the pltot-pressure measurements
at the model base.

Pito-t.-gessm'e contours. ~ Contours of the ratio of static pres-
sure to free-stream total pressure p/PO at station 70 end of the
ratlio of pltot pressure to free-stream totel pressure Pm/Po in the
plane of the bese of the model are shown in figures 15 and 18. (At

the large angles of attack, the measured pltot pressures may be some-
vhat In error because of angularity between the stream direction and

axes of the pitot tubes.).

At zero angle of attack (fig. 15(a)), the contours of pitot pres-
sure and statlic pressure on the model surface are symmetrical asround
the body, as would be expected. At an angle of atteck of 2°
(fig. 15(b)) the contours in general became crowdied on the windward
slde of the model and separated on the leewerd slde. At the same time
the stetlc pressure on the model surface varied in the direction pre-
dicted in the theory, becoming less than the pressure at zero angle
of attack on the windwerd eide of the model (6 = 0°) and greater
on the leeward side.

At increased angles of atteck of 4° and 6° (figs. 15(c) end
15(d)), the contours continued to epproach the model surface on the
windward side of the model, while on the leeward side of the model
the pltot contours formed & lobe in the vicinity of 6 = 150°. (The
individuality in the movement of the PE/PO = 0.8 ocontour on the
windward side of the model with angle Qf atteck 1s assoclated with
the potential flow fleld about the body.) The variation in static
pressure on the windwerd side of the model followed expected behavior
by further decreasing in value from (p/Pg);; however, on the leeward

slde of the model a trend reverse of that predicted by theory and
counter to that observed at an angle of attack of 2° occurred, in that
the statlic pressure Qecreased with an lncrease 1n angle of attack
fram 2° to 8°. At 9° angle of attack (fig. 15(e)), the static pressure

Ty,
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on the windward side of the model generally followed the previousiy
indicated trends. On the leeward side of the model the trends
observed at angles of attack of 4° and 6° are accentuated; the lobe
increases in size and the statlc pressure on the model surface con-
tinues to decrease. The plitot contours for Mach numbers of l.49,
1.59, and 1.88 are pimilar in character to those presented for Masch
number 1.78. The pitot contours at an angle of attack of 6° for the
remeining Mach numbers in figure 16 are representative.

With certain assumptions, the boundary-layer distribution about
the model base at angle of attack may be czloulated. The measured
pitot pressure resulis from elther one or & combination of (1) the
effect of viscous losses and (2) the effect of shock losses. The
shock losses are affected by the local Mach number, which will deviate
from that predicted by potential flow theory due to the presence of
viscous losses and vorticlity effects. Insufficient test information
is available to make possidle the experimentel seperation of the
aforementioned effects. The assumption that the statlic pressure in
the flow fleld is constant along radlal lines at the value measured at
the model swrface, however, permite reduction of the data as boundary-
layer veloclty ratlos which are of lnterest. Because the wvalldity of
the essumption becomes more doubtful as the angle of attack Iincreases,
especlally in the regiloms where 'vorticity may be expected to exist,
only the piltot-pressure distribution at angles of attack of 0° and 4°
and. Mach number 1.78 (represented in figs. 15(e) and 15(c)) are pre-
sented in figure 17 as contours of u/U;. As & result of the angle of
attack, & pronounced thickening of the boundary layer in the vlicinlty
of 6 = 150° and a thinning of the boundery leyer cn the windward
sldo of the model are evident on thls plot. In general, 1t 1s belleved
that the pltot contours can be interpreted to give 2 fair gualitative
plcture of the boundary-layer distribution about tho base of the model
for the angles of attack investigeted.

The schlieren photographs (fig. 18) of the forward part of the
model for o = 6° and M = 1.78 indicate a greater thickness of
boundary layer on the leeward side of the model. Consequently, it.may
be assumed that the boundary layer thickens on the leeward side of
the model for all stetions along the model.

As Indiceted by the pltot contours, the pltot tube nearest the
model swrface (y = 1/16 inch) recorded e pressure greater than the
local surface statlc pressure for all clrcumferential positions around
the model. Consequently, it can be concluded that flow separation
hes not coowrred, In the sense that both the veloclty and velocity
gradient have not become zero within 1/16 inch of the model surface.
The shape of the pltot contours, however, indlcates that the mech-
anisms at work within the flow warrent further discussion.

962t
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Flow mechanlsgm. - As an aid to wmderstanding the significance
of the date presented, a discussion Is given of the flow mechanism
that mey be deduced from the data of this investigatlon. In order
to follow the aft lesward portion of the body, the flow must traverse
ingreasingly adverse .pressure gradlents as 1t proceeds downstream.

(See theoretical curves cp,l ‘and Cp, 29 figs. 4 and 14.) The

influence of viscoslty alsc Increases as the flow proceeds down-
stream. As a consequence of these two factors, & "separation of
the cross flow" occurs that mitigates the pressure gradient the
flow is required to traverse. (That 1s, although the static pres-
sures are characteristic of separation, the axial component of the
flow has not separated as has been shown by the pltot pressures.
The polnt of cross-flow separation is characterized by the cross-
flow veloclity and veloclty gradient becoming zero at the body sur-~
face.) The lowering of the statlc pressures to values less than
theoretical over the top side of the model contributes en addi-
tional 1ift to the model; comsegquently, a simulteneous formation
of vorticlty must also have occurred. The existence of the vor-
ticlity may also be implied Ffrom the pair of lobes (rather than a
single hump) formed on the pltot contours. (Reference 9 makes use
of the concept of the separation of the cross flow around e slender
body of revolution inclined to a streem to caloulate 1ift, drag,
and moment. The mschenisme of the flow for the present supersonic
case are similsr to the subsonic case of an elongated body of rev-
olution at engle of attack (reference 10).)

Further evlidences of the hypothesls of the cross-flow sep-
aratlon due to viscous effects and the simultansous formation of
vorticlity may be deduced from the qualtitetive similarity both in
extent and shape of the totel-pressure-retio profiles at angle of
atteck with photographs of the two-dimensional subscnic flow about
e cylinder showing the vortices in the weke of the cylinder. (For
example, the photographs of reference 1l.) In the subsonic case
this phenomenon is kanown to be & result of viscoslty and is assoclated
with vorticity. Recent experimental and theoretical investigations
at the NACA Ames laboratory have shown that the cross flow around an
inclined body of revolution in a supersonic stream is gqualitatlvely
similar to the flow normal to a circular cylinder which has been
set in motion from rest and has traveled lnsufficlent time far the
development of steady state flow. Flow-visualization studies have
alsgo established that the flow fleld about 2 body at moderate angle
of attack conteins two symmetrlically disposed vortices on the lee
slde of the body. The cores of these vortices are alined approx-
Imnstely with the free stream.
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The location of the vorticity along the length of the model
may be traced by examining the series of surface static-pressure
distributions around the body showm In figures 10 to l4. Becauss
the angles of attack investigated wers moderate, the vorticlty
remeins near the body surfece and the low statlc pressure of the
vortex core influences the body static pressures. The low local
static pressure at an angular positiom 6 of approximately 150°
corresponds to the locatlion of vortex cores end agrees with the
location indicated by the pitot contours at the bese of the model.

Base pressures. - The varietion with angle of attack of base-
pressure coefficlent due to angle of attack for the Mach numbers
investigated is shown in figure 19. (The angle of attack for each
run proceeded from 0° to 9°.) The boundary-layer rakes were removed
for this investigatlicn; however, the reliabllity of these data must
8411l be considered 1n light of the sting system supporting the
model. The observed effect of angle of attack 1s to decrease the
bese pressure, although this effect is small for small angles (4°).
For the purpose of compering the magnitude of the effect of angle
of attack with the effect that ococurs on the remainder of the model,
and as & point of general interest, equation (9), evaluated
at 6 = 90°, 18 presented with the data. (At 6 = 90° +the inorement
of pressure due to angle of attack is independent of body profile.)
There ie no theoretical reason to expect agreement between the date
and ‘the equation.

SUMMARY OF RESULTB

The pressure distribution over a slender-pointed body of
revolution was investigated in the NACA ILewls 8- by 6-foot super-
sonic wind tunnel at free-stream Mach numbers of 1.49, 1.59, 1.78;
and 1l.98 at & Reynolds number of epproximetely 30,000,000 over a
range of angles of attack. The following resulte were obteined:

l. The pressure disgtributions at zero angle of attack agreed
closely with those predicted by linearized theory.

2. The boundary-layer profiles measured at the aft end of the
body for 0° angle of attack showed close agreement with the 1/7-power
lew for subsonic flow. The boundary-layer thickness showed reasonable
egreement with the velues predicted by the subsonic equation, corres-
ponding to the 1/7-power law for predicting the thickness on a flat
plate.
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3« The experimental pressure distribution due to engle of attack
showed close agreement with the independence of Mach number predicted
by linearized theory and with megnitude of the pressure predicted for
the forward portion of the body, and for the entire length of the
windward portions of the body. The pressure dilstributions on the
aft-leeward portion of the body indiceted that viscosity and vorticity
ere of mejor importance in this region.

4. The measured pltot pressures on the plane of the model base
and schlieren photographs showed a pronounced shift of the boundery
layer from the windward to the leeward side of the body at angle of
attack.

5. The tese-pressure coefficlent was essentially independent of
Me.ch number between 1.6 and 2.0 for angles of atteck from 0° to 4°.
Increasing the angle of attack reduced the base pressure.

Iewls Flight Propulsion laboratory,
Natlonal Advisory Committee for Aeronautics,
Cleveland, Ohlo.
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Flgure 12. = Ooncluded, Experimental variation of pressure oocefficient with angular positions
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Pigure 15. — Cont « Experimental variation of ratio of static to free-stream
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Pigure 15. — Concluded. Experimental variation of ratio of static to free-stream
total pressure p/Po on body surface and ratio of pitot to free-stream total
pressure P,/P; in flow field at rear of model. Mach number My, 1.78.
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(b) Xnife-edge horizontal down.

Flgure 18. -SOhlierenphotomphoffmemrtimofm-lOMelageshoﬂngbomdm
leyer growth. Mach mmber My, 1.78; engle of attack «, 8°; Reynolds mumber
31.,000,000.
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to angle of attack, cp’z’b
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Angle of attack e, deg

Flgure 19. - Experimental variation of base pressure
coefficient due to angle of attack wlith angle of
attack for Mach numbers ilnvestigated,
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