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EIPIRINENTAL IIYES TIGATION CF THE HASE PRESSURE ON ROU ND CYLINDERS OF

LARGE ASPECT RATIO

V. H. Nova ].enko, V . S. Kosorygin , V. V. Shu .skiy

Behind the bl unt base of a body of reuclut ion , loca ted in a

supersonic gas flow , rarefacticn aFpear s . The degree of rarefaction

detersines the asount of base resistance — cne of the coaponents of

total resistance of the body.

As is known , base pressur e depends pri .ar ily on the condition of

the boundary layer at the ~cint of sepa vaticn and in the region

b tween it and the point of attach .ent , located on the axis behind

the base sect ion. Furtheriore, it depends cc the angle of attack , the

• shape of the body on the whole and , in particular , the configuration

• at the fou ndation, on tke aEpect ratio of the body, condition of its

surface, on the .ain paraweters of incident flow — Mach and Reynolds

nuibers, wall te.p.rature. it present then , are ex peninental data
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about the •ffect of different factors on the tase resistance of

bodies of revolution (1). Ncne the less theae data do not alwa ys wake

it possible to sufficiently reliably calculate the value of base

resistance, particularly in those cases when the shape of the
• exami n*d bod y substantially differ s ftc. the versions for whic h the

ezpenia.nt al data are obtained. For example , the existing

.xp .nie.ntal resul ts and eapen ical formulas, evaluatin g the effect of

elongation on the amount of base pressure , are obtained only with

moderate aspect ratios ~ ~< 18—20). In practice bodies of revolut ion

an. appl ied , for example meteorological rockets , with aspect ratios

doubl e th . indicated range. The most reliable in sudi cases renain s

the method of direct measurement of the base pressure.

The e xperi mental investigation of base pressure is conduc ted on

th r•e mode ls of bodies of revolution of moderate and ver y large

aspect rat io. The models r epresent a ccmbi na tion of a cylinder and

og ive with a spire (Fig. 1) .
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iig. 1. Aerodynamic arrangemen ts of models.

The cy lindrical part had aspect ratio 2~ — 10.3 (model 1) and 32.8

(models 2 and 3). Model 3 d i f fered f rca  model 2 by the pre sence of

back tail cone .

The tests were conducted in a supersonic wind tunnel with

dimensions of vockiug area 0.6 I 0.6 .~ at B numbers 3 an~I 4; Re,*

numbers were 36.10’ and 54.10e respectively.

Attachment of the models to the a— echanism of the tunnel was

accomplished with the aid of an arrow—like side holder (Fig. 2).

____________ tflj ,flh,,J.4 fliflJiflhp,jifljfl.jtfl JEAAJJflflJfli/~~fl4At ttt

4~r ~~~~~~~~~~~~~~~

.t.fl~~t.tflt ~~F~~F,rr,,r ~~fl.fl fl.rrr.. ..n’..nnnnrrrrrn ’n’n ,M.n.rral

rig. 2. Diagram of installation of the model in the wind tunnel.

The small diameter of the base section of tfe models (25 *nd 20.9 mm )

• . elimimated the possibility of applicat ion of a tail holder. The end

part of the side holder had cylind rica l shape , its dia mete r was equal
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to the diameter of models 2 and 3. All the models were sectional. The

tail part of the models were fastened to the end cylindrical part of

the side holder with the aid of a pneum atic joint and coupling bolt.

This gave the possibility of testing all the models on one holder.

For decrease of the effect of the side holder on the base

pressure its thickness was selected the •inimu i possible from

conditions of strength. For increase of the rigidity of the system

ucdel—holder relative to axis Y, which has significant value at the

moment of start of the tunnel, the model was addit ionally fastened

with the aid of two wit. traces 0.8 mm in diameter, going from the

base of the spire to the windows of the tunnel.

The base pressure was measured in two mutually perpendicu lar

sections . The construction Cf the base part of the model made it

possible to turn the rows of drainage holes around the axis of the

model withi n •— S’ with 150 pitch. For seas~rement and recording of

th. pressure group recording pressure gauges (GEM) were applied with

limits of measurement •—100C kg/m2 (precisicu class 0.5). Then

pressure confficisnts were computed

Pl

vsre p, — pressure in i point of the bottom section; p_ — static

pressure of undisturbed flow; q. — dynamic pressure. The pressure
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distributio n obtained in tests turned out tc be virtually constant

aloeg the diametral sections of th~ base section wi th  change of

relative radius ~ fro m 0 to •—O.93 and not cepending on angle 0

(angle of plan. of measurement with plane xz, Pig 3).
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Pig. 3. Distribution of coefficient of base pressure along the bottom

of the model.

These data ar. confirmed by th. results of measurement s of base

pressure presented in ( 2 ]  wit h the presemce of turbulent boundar y

• la yer at the point of separation.

Vith ~ >0,93 the pressure coefficieat ~~, with respect to

absolete value, apparentl y , is dec reased. It we take j1 const ant

alcng the section with o~ Ir1’ci and equ al tc its avera g. valee p,,
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with O~~(F1~ 0.93, then the coefficient of tasE resistance

Cu — — i w ’
where

Pi9. 14 shows experimental values of Cu f or th ree  models .

‘ [2]

I~
TN

rig. 14. Coefficient of base resistance. Comparison of ex periment

(models 1-3) with data of work (2).

With moderate aspe ct ratios they agree well w i t h  the data of other

works (2]. Incr ase of the aspect ratio of the cylindr ical part ~
from 10.3 to a 32.8 leads to decrease of the base resistance at M

— 3 and ‘I respectively by 12 and 6 0,0, i.e., wi th increase of ~
number of incident flow the effect of aspect ratio becomes less

significant. This result qualitatively agrees with the physical

concepts about the method of base pressure and is confir med by data

of rig. 5, on which is seen the effect of dimensionless thickness of 
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the boundary layer on the base pressure with different I num bers

(according to work (1) and our tests).

0.!? —

O lloa l 
_______  _____

• MOO.?

a.._ _ _ _  _ _ _ _

0 U.5 1.0 ‘.#~D~~’

Fig. 5. Relationship between the ma gni tud e Cf base pressure and

di mensionless thick ness of the boundary layer.

Let us note In conclusion that the presence of a tail cone

(sod.l 3) decreases the absolute value of tke coefficient of base

pressure approxima tely 5 0/C.

Institute of theoretical and applied mechanics cf SO AR USSR,

Wovosibirsk.

Submitted Mar. 16 1972.
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