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SUMMARY OF CONCLUSTONS.

The resulby of pressure distribution tests on a cone-
cy.li.n.clox' mbdel ab a Mach Number of 1,93 are presented in the form
of pressure coefficient and normal force coefficient as a function
of angle of attack. On the basis of these results the following
conclugions are drawn,

1 The cylindeical portion of the body contributes between

35% and 554 of the total nommal force of the configuration,

2+ The linearized theory predicts a normal force variation
with angle ‘0.1' attack in good agreemont whth the oxperimental results,
3, The trond of pressuro coefliclent variation versus axial
distance for each rm:r:i.G‘i.&n plane agrees with lizxoér:ﬁaml theory, but
the magnitudes of pressure coofficient disagree over the after por--

tion of the cylinder, Lt is noted thal this may possibly be due to

impinging of tunnel interference shock waves,
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SAMBOLS

secetion normal force coefficient

botol normal force coefficient

.~/<2§7aéaf

Y . 1 ..
.waw“iE #  pressuve coefficient
q

drag force
model total length
Lift force
Mach Number
normal force
Jocol surface static pressure
ambient. static pressure
total stagnution presguve
?
/égy; = free stroam dynamic pressure

free strean velocity

Ureek symbols
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angle of attack

nevddian p 0, 159, 90°%, 135°, 180°)
meridian plane (0°, 57, 907, 1357, 1
froe stream donsity

roll angle (0%, 180°)
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ANTROIUGTLON

L series of pressure distvibution tests on a sequence
of supersonic configurations is being run al Mach
Number 1,93 to provido bagic aerodynamic data, Ine
cluded In these tests is a pressure survey on a cone
figurabion consisbing of a conical nose and cylindeical
aftorbody. The wodel was bested at positive and nega-
tive mgles of attack, and the data so oblained is re-
duced 1n this report to plots of pressure coofficioent
and novmal force coefficlent, Theoretical results off
such a configuration are compared with the experimental

resulbs where possibles
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A cone-cylinder body of revolution was tested in the University
of Michigan supersovde wind bumel ot the Aovopautical Retsoarch Centor
at a Mach Lamber of 1:93s  The model was constructed of slainless
steel and provided with 28 surface pressure taps locobed on the
oylindrical section os shown in Figure 1. The vertox anglo of the
- C o 0 N
conical nose was specified as 20° so Lhat results previously oh.
tained for a 20° cone reported in Reference 1 cowld be used for
this section of the body .
O 0 0 o0 o0 )
Readings were taken at ¢ , 2 s by 6,8, and 10
0 0
angles of attack at 0 and IS roll about the axis of symmelvy of
the medel, sueh a procedure yields pressure readings in the five
0 0 ) 0 0

moridian planes O =0 s W55 90, 13y s and 180  al both EICIERRS
tive and negative angles of attack. Figure ? Il ustrates thig
procedure,

A sehlieren photograph was taken for each angle of
attack, A vertical plumb 1ine appears as & reference line in eae
photograph from which the actual angle of attack can be read,

Figure 3 is a Lypieal Schlieren pholograph teken at an angle of at.-
tack of g7,

The valua of pressuve coefficiont, G , was obtatined for

_ P '
each orifice using the equation given below by the wind tunnel group

and presented as test data,

e My,
“pE (1)

7, x 1o/ |
%, = /p(}&x /zf]a rvalue determined from reading

the mxometber bank

e B8 S N B A v s o
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moan value baken for convenience of
calevlatione

This introduces an error of less

Using a graphical wethod of integration the normal force

on the cylindrical sectic

m of the confipuration was oblained from

the values of €y, determined &s above, The procedure used iy oule

1ined below. Congilder a

typlcal crose sectlonof the cylindrical

portion of the model perpendicular to the modol canterline asg

skotcehed below.

Nowus,
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hence
Ay z;:m C/o coag 9 (2)
Then \
= [ o’ v 4 (3)
The section noz‘nml force umf.f._i.cicrxt vas obbtained by a
mothod of graphlcal integration based on equation (2) for each seven
longitudinal stations along the cylindrical section at angles of
attack of ?,O, 4%, 69, 89 and 10%, Using the section normal force
coefficients determined by equation (2) the total normal foroe co-
efficiont is detormined graphicelly for the cyl.i.ndx‘:i.cél sectlon using
equation (3) Figure lipresents a typieal plot. of /(',;) versus ¥ used
to determine the total normal force coelficient of the cylindrical.
section at an angle of attack of 6°,
On the basis oi'l the normal force coefficients of the cy-

»

Lindrical sm‘c:t;iﬁon debtormined in this mamer it is evident that the
cylindrical s ectlon definitely conbributes a normal force ard hence
a 1ft and drag force. = Figure 5 illustral es a normal force coeffi-
clent curve versus angle of attack for the cylindrical section alone
compared Lo similar curves for the cone nose alone and for the come
plete confliguration. ’l‘hc i curves will be discussed seporately in

the followling text,

The normal force ¢oefficlent for the conice) nose was obe

“tained from 20° cone data previously reported in Reference 1. The

1484 and drag coefficlent curves versus anpgle of atlack woere deter-
mined from pressure distribution data in Reference 1, The normal
force for the cone nose was determined using the familiar expression

below,

N @ L, [«4{7'(1;- . vr l} ((:'v“x";"“ ( )‘)
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Once the cone nose normal force, N, was delermined the
norma). force coefficient was caleulated and plotted for cowparison
in Mpure Y. The curve is approximately Linesr as is predicted by
theoxy.

The noviral force for the complete conececylinder configu.
vation is shown in Pigure 5 as a function of angle of attack., Be-

0

cause the normal force coefficients for the 20 cone nose and the
evlindrical components weve both based on the cylindrical baso area
the complete normal fores coefficlent is the sum of the separate com-
ponent normal force confficients. This total novmal force coeffi.
cient curve departs from the lincar chavacleristic variation of the
cone noge bocausc of the curvative present in the curve ropresenting
the component normal force coefficient of the cylindrical scciion,
This curvatuve will be discussed in the following,
15 calcue

S

The value of dCy for tLhe cone-cylinder model wi
P

dX
lated using the linearized theory outlined in Reforence 2. Using

this value, the curve of (}N versus X was plotted for comparison pur-
poses on Figure %, It can be geen that pood agreemont exists hetween
experimont &ad theory in the range of angles considered, This was

to be expecled because the lineavized theory should give good results
for this compaxatively low HMach Number of 1,93.

To agsist in calenlating the values of scction normal
force coefficdent Cy and to provide a counon paraweter to coupave
with theory, curves of pressure coefficient Cl’ versus axial length
Aong bhe cylindrical section wore prepared {or the five meridian
planes representod in Flguve 2 at angles of abtack of 0%, 29, 1%,

69, 89 and 109 Figures 6,7,8,9, 10 and 1) presont this data in

graphical forin,
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The theoretical value of pressure coefficienty for the
mnm~qﬂinmﬂ‘mmhi(ntzoxogmyh>ni at 1M\wa8<Mtuhuw Uhirough
using the linearized theory outlined ! in Reference 2. ‘Theso values
ave plotted in Fipure 6 and cowpared with the oxperimentai resultse.
Inspection of this figure veveals that the experimentel resulis
depart somewnat from the theoretical mapnitudes over the after scce
tion oft the cylindrical soction.  The experimentel values of pressure
coefficiont ag read al orifice stations (6) and (1) indicate static
pressure exceeding free stream static peessurce  The theory indie
cates Lhat the body static pressure nowhere excecds fr&ewﬁircam
sbatic pressure.  Tests ran on a siwilar configurabion ol M = L.07,
L2 and 2400 reporvied in Reforence 3 found close agreement between
experimont end theory. On the basis of these results and the theor-
ebical results oan dnvestigation into this dis \(‘Y’(")(‘.]l()}/ was condueled,

Exaninabion of the Schlieron photographs revealed that
chock waves originating at the nozzle test section juncbure were e
pinging on the after reglon of Lhe ceylindrical section of the wodel,
The occurance of these shock waves 1s rveported in the wind tunnel
calibration report, Reference lio Figure 3 is a Sehlieren photograph

o
of the rodel at 10 and Lllustrates the presence of these shock waves
in the vieinity of the modol. The location of the point of intere
se&tiornof‘bhésc shock waves with the model surface was Scﬁled from
Selilieren photographs Lo determine their repion of influence, 'The
shock wave intersecbions are shown in the {ollowing skeleh togetber
with the orifice planesin their vicinlly, The sketch rcepresents the

0
model al 0 angle of abtack,
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An Ls shown sbove, bhe Inplrging weak | ’s;hock wavé:s can infla.-
ehee orifice planes (L), (5), (6) and (7). Examination ol Figure
6 reveals that the values of pressure coefficienh for these orifico

‘ Part of
planes is higher than the theory predicts, tals inercase in prese
surg coefficiont over thal predicted by theory is atbribnted bo
bhe interf erence of ‘vt;.hz?. Juneture shock waves,  These waves influe
enco the statle pressure values at the body in two ways. Associ-
ated with each shock x‘}zwe K aﬁ j.nhe)z‘on’h Jump in static pressuve
which increases the loecal value o.i“pre:.f;.‘mm coefficient over the
value to be expected fn the absence of the shock waves.  Tn addi.
tlon to this mantfestation the impinging shock waves influence
the boundary layer in suéh a way ss to contribute to an additional

: ‘

static praessure increase. Analysis of the Schlleren photographs

reveals a tendency lowards boundary layer Lhickening beginning

PA—— ows b, yo—
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slightly forward of the foremost Lapinging sha:k wave, This
boundary layer increase is brought aboul, by the Ll.m‘:a,i increase
in static pressure which adversely affects the ?)ound:u*'y layer
momentwn, - This inereased preasurc'is}prupagated foqurd in thg
subsonic layer thickening the layer in front of the shock wavé;.
Agsociated with thig boundary layér growth ig én additional com-
pression in slatle pressuve, This labtor phenomenon 1s repre-

sented gchomatically below,
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“The oxplanation for tho discrepancy in surfoce static
pregsure shoﬁld be valid at all angles of attack. The curvature
in the Anrmal force cooffﬁciont §urve‘an'a function o f anglerf‘
attack con be explained on the basis df(ihis‘phanumonon. hs the
angle of attack increases the nose shock fwave! iﬁ the 0° woridian
plane or in the "op" plane deeregsgs in sbrengbh, Cpnvqraﬂly,
thg. nose shock "wave in the "l)oli,:to)n" )pil.m‘m or. 160° mnr‘i;diian'pil.z’miﬁ/
increas,s‘in strength.  As a result, the iﬁtorference shocks when

Intersecting the nose shock apo deflected differently in the two

0 . . ' :
planes, Thal is, the 0 neridlan plane interfervence shoek wave

Lmpinges on the upper surface of the eylindrical section o f the
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model further aft than the 1807 meridian plane inlerference wave
Z'U'ﬂ})itzlréieﬂ the lower ssux'facebf the model.  The results of this
behavior is to increase the stablc pressure over the aft end

of the model in ss_u(:h @ manner that the swrtace integeabion of
pregsure as fno cequation (2) yields a soction novmal
forcalcoefficienﬁ thaﬂ behaves not-Linearly with angle of atiack
at the higher angles of attack,

In pmpm‘iﬁg the curves of exporimental. pressuce conffi-
@imﬂ.voﬁnm axtal station for the five meridian planes at Lhe
various angles of abtack it was declded to fair smooth ocurves
through the experimental cata, Figure 12 pres&ﬁts the cuﬁfﬂs of
pressure coefficient Vnrsusvaxiui length for«an'mxglé of attack
of 6° whoere the eurves afo dr&wn through the axpgrimental polnts,
Comparison of these curves with those curves .t"n"i.'md through the
e;xper;i:nom;afl. points at a‘n angle of abtack of 60_ shown in Mgure
7 voveals that 1ittle change Yn trends or magnitudes is shown.
On the basis of this the procedure ss followed 18 deemed as

valid as any that could be devised uldlizing pressure data,
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