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INTRODUCTION

only were made on the model.

The purpose of this report is to present the results of
supersonic wind tunnel teets on a cylindrical pressure model aligned
longitudinally with the free streem, at various angles of attack.

The cylindrical model (1.5" in dlameterand 3.75" long) equipped
with 47 pressure orifices, was tested in the U.M.E,R.I. (8" x 13")

supersonic wind tunnel at a Mach number of 1.93. Pressure messurements
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SUMMARY

Supersonic. wind tunnel tests were made on a cylindrical
rressure mnodel aligned longitudinally with the freestresm at
various angles of attack, The pressures at various positions
on the longitudinal swrface and over the face of the model were
recorded, (no readings were taken for the base of the model)
and Schlieren photographs were taken,

From these pressures the values of Cp{ CN’ FN’ C.Pg. CFf’
Fgy C.Peu, CMT and M, were calculated, with ¢ used as a parameter

and the results presented in graphical form,

From the graphs and Schlieren photcgraphs several conclusions
and observations can be made,

1. The major portion of the normal force was due to the lorg-
itudinal position of the shock wave originating on the surface of
the model. That is, the shock wave was further aft on the top of
the model, See Flgure 4.

2. The variations of CN’ C.Ps,, CMT ané. C.Pf with ¢ are linesr
(Figures 14, 15, 16, and 20).

3, Variation of the force on the face of the model with o was too
small to be evaluated. The value of Cp  was .388 (Ff = 3,63 1b.).
f

The C.P. of this force, however, moved downward 1.3% of the radius

rer degree Incresse of ¢ . This C,Pf. movement caused the force

on the face to account for approximately 6% of the total moment
about the center of the face of the model (Figure 16),
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Symbols
A = Face area, X in?
_ Mr
CMT = Total moment coefficlent about center of face of model = EEE
oy = Longitudinal station normal force coefficient
Cy = Total normal force coefficlent
CP = Pregsure coefficlent = P-Pa
q
C,Pp. = Center of pressure on face of cylinder in % of radius
C.P. = Center of Pressure on longitudinal axis of cylinder In % of
model length
d = Diameter of cylinder, in.
Fp = Total force on face of model, 1b.
= Nose pressure drag on model
Fn = Normsl force on cylinder, Lb. i.e. normal to xy plane
(see Figure 1)
1l = Length of cylinder, in.
M = Moment about center of face due to F,, in. 1b.
Mr = Moment about center of face due to Ff, in, 1lb.
Mp = Total moment about center of face = Mg+ My, in, 1b,
P = Fluild pressure, p.s.i.
P, = Amblent pressure, p.s.i.
q = Free stream dynamic pressure, p.s.i.
r = Redius of cylinder, in.
X,Y.Z ; Right hand cartesian coordinate system, See Figure 1
? = Radius on face, in.
o = Angle of attack
¢

Angxain yz plane measured counterclockwise from positive Z Axlsg
(See Figure 1)
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DESCRIPTION OF MODEL

The model used in these tests, (Figure 2), was a stainless
steel cylinder 1.50" in diameter and 3,75" long. The model was
supported from the reer by a hollow steel sting. There were
four rows, located 90° apart, of seven orifices each on the longi-
tudinal surface of the model, The first orifice in each row was
.30" aft of the face of the cylinder, and the orifice spacing was
.50". There was an orifice in the center of the face, a ring of
six orifices 60° apart atg=.30", and a ring of twelve orifices
30° apart at ?=.60".. Thus there were 28 orifices on the longitudinal
surface of the model, and 10 on its face; a total of 47. There were
no pressure orifices on the base of the model. Each orifice was ,0225"
in dismeter. 1/16" 0.D, by .028" I.D, copper tubing lead from the
orifices through the sting, the floor of the wind tunnel, and then
to the manometer board.

TEST PROCEDURE

The model was installed in the U.M.E.R.I. supersonic wind
tunnel, with $= 0, and runs were made at 2° increments of & from
o= -10° toeC= + 10°, Then the model was rotated 450 (¢= n/4), and
runs were made at the angles of attack listed above. This procedure
provided four readings for each surface orifice position,.

At least two.runs were made at each position. Two menometer board
photographs, and one Schlieren photograph, were teken at each position,
Figures 3 and 4 are representative Schlleren photogrephs. The Mach
nurber for all runs was 1.93.

REDUCTION OF DATA

The pressure distribution date was reduced to force snd moment
coefficients, and the centers of pressure were located by graphical
methods, A brief explanation of these methods 1s given in Appendix A,
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PISCUSSICHN

The follewing discussion 1s an attempt to describe, witk the
aid of the test data emd physicel reasoning, the flow phencmena
which are shown on the Schiieren photographs., There being little basic
-thecry or previcus experimentetiocn applicable to supersomic flow over
& cylindrical body aligned lcngitudinally to the flow, the two tools
named above are the only ones available at present for use in explain-
ing the flcw in question,

To feetlitate the descripticn, constsnt reference will be rade
to Flgures 3A and 4A which are facsimiles of the two Schlierem photo-
graphs presented in figures three and four.

In order tc adequately explain the flow one can first determine
" the extent of the subsonic region which occurs behind the detached
shock wave, It is reasonable to sssume that the angle of the detached
shock, and the Mach number immediately behind it are the seme =8 those
which can be theoretically calculated for & two dimensicnal shock wave
occuring with a free stream Mach number of 1.93. Utilizing this
agsumption, reference (1) yields a shock angle of 61° for compression
through and oblique shock wave from a Mach number of 1.93 to a Mech
number of one, Thus the "sonic" point (point 3) on the detached shock
wave 1s determinmed. The shock wave which originates on the longitud-
inal surface of the model comes intc play in the determination of the
extent of the subsonic region aft of the detached shock. It will be
shown that the existence of this second shock wave requires that there
be a region of separation over the foremost portion of the cylindrical
surface, and that this separsted region must necessarily be an Integral
part cof the subsonic regime,

The flow is, of course, supersonic and psrellel to the model
behind the second shock wave, Thus the surface of the model forward
of shock "C" cannot be part of the flow boundary. A feassable flow
boundary ahead of the shock 1s a region of separated flow or near-stag-
nagt air, Such a region, labled "D", is visable on the Schlieren
photographs, This region originates above the edge of the face of the
model, point 1, and curves over to the intersection, at point 2, of
shock wave "C" and the surface of the model,

Referring to Figure 4, a week expension reglon is visible origi-
naxiné at point 1, therefore it is concluded that the flow must be
supersonic at this point, Though the expamsion region at zero angle of
attack is not shown to be of the simple type, it is believed that point
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1 is a point near the subsonic-supersonic boundary line in this case
a8 well as in the case of an angle of attack different from zeroc,

Having established the probable extent of the subsonic and
"stagnant” air regions, the remainder of the flow over the cylinder
can be qualitatively explained. The existence of the expansion region,
"E", is shown by the light colored aree on the Schlieren photographs,
which indicates a negative density gradient. At point 4 on the de-
tached shock wave there 1s & marked decrezse of the slope of the shock,
This indicated the intersection of an expansion region with the shock
wave, therefore point 4 is considered to be the intersection of the
strongest portion of the expansion region,"E", with the shock wave.

The general flow direction 1s now determined through the initial
shock wave and the expansion reglon, Upon emerging from the expansion
region the {low is inclined to the surface of the model, Thus the
ghock wave from the surface of the model 1s required to satisrty the
boundary condition that the flow be psrallel to the model aft of the
region of more or lese stagnant air,

The flow over the model at an angle of attack 1s of the same
nature as that at zero angle of attack. That 1s, there 1s a subsonic
and stagnetion region near the front of' the model, and the shock wave
originating on the surface of the model 1s present in both cases. The
difference between the two cases lies in the location and strength of
the shock waves, and the variation in pressure dietribution. These
differences are shown in the graphs,

Figures 5, 10, and 17 exhibit the exial symmetry of the flow at
zero angle of attack, Flgures 5 (Cp vs¢ ) shows that the pressure
coefficient is not a function of ¢ at @ = 0, and figures 6 through 9
show the variation of C_ with ¢ at varlous asxial positions, with an
angle of attack of 10°,

Figure 17 shows the symmetry of pressure distribution over the
face of the model at zero angle of attack, while the following two
figures show the destruction of this symmetry as the angle of attack
increases.

The variation in normeal force coefficient with angle of attack
was found to be 0.043 per degree, but the varlation in the force cn the
face of the model was too small to be calculated.

The variaetion, in position and strength, of the shock wave which
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originates cn the surface cof the model 1s shown in figures 1l and
12, From these two figures together with figure 13, it is epparent
that the mejor portion of the normsl force on the model is due to
the variation, with ¢,of the axial position of the shock weve,

A comparision between theory and experiment 1s afforded by the
pressure reading at the center of the face of the model, at zero ‘
engle of attack. It is reasonable to assume that this reading is the
total head behind & normal shock wave, One dimension supersonic flow
theory yields the following results (Reference 2):

s
....I.:?_..__. = -'-1222— = 5,29 = Eé
o) . 1425 Pa,
PO

The value of this ratiom from the tests was 5,27.
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Using Figure 1, and assuming symmetrical flow about the Xz plane, the

AFPENDIX A

Method of Data Reduction

Cocrdinate System

Figure 1

following equatione msay be written:

1.

Cn

CN

»i

[

i}

> |

PRLY

)

b8

f f Cp cos 9 4 4 & X
o O

X

é Cp cos ¢ d ¢

f
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6. MTzFNX +Fp 7

These equations were integrated graphically, with the exception
of equation 6, to obtain the data presented in this report.
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