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EXPERINENTAL INVESTIGATION OF THE EASE PRESSURE ON ROUND CYLINDERS OF

LABRGE ASPECT RATIO 3

V. M. Kovalenko, V. S. Kosorygin, V. V. Shusskiy

Behind the blunt base cf a body of revclution, located in a

supersonic gas flow, rarefacticn appears. The degree of rarefaction

deteraines the amount of Lase resistance - cne of the components of

total resistance of the body.

As is knovn, base pressure depends primarily on the condition of
the boundary layer at the pcint of separaticn and in the region

between it and the point of attachmsent, located on the axis behind

the base section. Furthermore, it depends cn the angle of attack, the
shape of the body on the whole and, in particular, the configuration
at the foundation, on tte aspect ratio of the body, condition of its
surface, on the main parameters of incident flow - Mach and Reynolds

numbers, wall temperature. At present there are experimental data

———————
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about the effect of different factors on the tase resistance of
todies of revolution [1). Ncne the less these data do not alvays make
it possible to sufficiently reliably calculate the value of base
resistance, particularly in those cases when the shape of the
examined body substantially differs frcam the versions for wvhich the
experiment al data are obtained. For exasple, the existing
experisental results and emperical formulas, evaluating the effect of
elongation on the amount of base pressure, are obtained only with
moderate aspect ratios (A £ 18-20). In practice bodies of revolution
are applied, for example meteorological rockets, with aspect ratios
double the indicated range. The most reliable in such cases remains

the method of direct measurement of the base pressure.

The experimental investigation of base pressure is conducted on
three models of bodies of revolution of moderate and very large
aspect ratio. The models represent a ccmbination of a cylinder and

ogive with a spire (Pig. 1).
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Fig. 1. Aerodynamic arrangesents of models.

The cylindrical part had asgect ratio A, = 10.3 (model 1) and 32.8
(models 2 and 3). Model 3 differed frcm model 2 by the prasence of

back tail cone.

The tests were conducted in a supersonic wind tunnel with
dimensions of working area 0.6 X 0.6 2 at K numbers 3 and &; Rew

numbers vere 36¢10¢ and S4e10¢ respectively.

Attachment of the models to the a-mechanism of the tunnel was

accomplished with the aid of an arrow-like side holder (Pig. 2).

i Rl L L bl LRl LB LSRR R LLL, prrIIII2773 VIIIIIIIFIIFF L
g
4 290 .
—— Th —— o 5 % %

u‘-‘ T |
& .

44 &

oot
0 . . —

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

The small diameter of the base section of tie models (25 and 20.9 am)
eliminated the possibility of application of a tail holder. The end
part of the side hclder had cylindrical shape, its diameter wvas equal
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to the diaseter of models 2 and 3. All the models vere sectional. The

tail part of the models were fastened to the end cylindrical part of
the side holder with the aid of a pneumatic joint and coupling bolt.

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

Por decrease of the effect of the side holder on the base
fressure its thickness vas selected the minimunm possible from
conditions of strength. Por increase of the rigidity of the system
ncdel-holder relative to axis Y, which has significant value at the
aosent of start of the tunnel, the model vwas additionally fastened
with the aid of tvo vire tkraces 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 sutually perpendicular
sections. The constructicn cf the tase part of the model made it
possible to turn the rows of drainage holes arcund the axis of the
nodel within +-85% wyith 15° pitch. Por seasurement and recording of
the pressure group recording pressuvre gauges (GRM) vere applied with
lisits of measureament ¢-100C kg/m2 (precisicn class 0.5). Then

pressure coefficients vere computed

o Pi — P
= rm

were p, - pressure im i point of the bottoz section; p, - static

pressure of undisturbed flow; ¢. - dynamic pressure. The pressure
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distribution obtained in tests turned out tc be virtually constant
along the diametral sections of the base secticn with change of
relative radius T from 0 to +-0.93 and not cepending on angle ¢

(angle of plane of measureaent vith plane xz, Fig 3).
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Fig. 3. Distribution of coefficient of base pressure along the bottonm

of the model.

These data are confirmed ty the results of seasurements of base
pressure presented in [Z] vith the presemce of turbuleant boundary

layer at the point of separation.

Bith |7]>093 the pressure coefficieat p vwith respect to
absolute value, apparently, is decreased. If we take p, constant

aleng the section with 0<|r]<l1 and equal tc its average value ;.,




vith 0<|r]< 0.93, then the coefficient of Lase resistance
C"-—p-.g,
s-;:.

Pig. 4 shovs experimental values of (,, for three models.

vhere

Fig. 8. Coefficient of Lase resistance. Comparison of expsriment

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

With moderate aspect ratios they agree wvell with the data of other
vorks [2). Increase of the aspect ratio of the cylindrical part A,
frcm 10.3 to L = 32.8 leads to decrease of the base resistance at M
= 3 and 4 respectively by 12 and 6 o0, i.e., vith increase of M
nusber of incident flow the effect of aspect ratio becomes less
significant. This result qualitatively agrees with the physical
ccncepts about the method of base pressure and is confirmed by data

of Pig. 5, on which is seen the effect of dimensionless thickness of
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the boundary layer on the base pressure with different ¥ numbers

(according to vork [1] and cur tests).
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Pig. 5. Relationship between the magnitude cf base pressure and

dimensionless thickness of the boundary layer.

Let us note in conclusion that the presence of a tail cone
(model 3) decreases the absolute value of tlke coefficient of base

pressure approximately 5 o/c.
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Institute of theoretical and applied mechanics cf SO AN USSR,
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