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Abstract

In order to understand the essential flow pic-
tures of drag reduction of blunt body in supers-
onic speed, an investigation has been carried
out experimentally and analytically for the two-
dimensional cavity flow model 51mp11f1ed from
the three-dimensional axisymmetric cavity flow
of the conical tip and splked blunt body combin-
ation. The flow for the various two-dimensional
cavities have been observed and described syste-
matically, by visualizing the flow from schlier-
en pictures and by measuring the pressure distr-
ibution. The cavity flow field was also analyti-
cally computed by solving the two-dimensional
Euler equations based on the finite volume meth-
od combined with dissipation term and a Runge-
Kutta multi-time stepping scheme. The numerical
results agree with those of the experiments, pa-
rticularly the positions of shocks and expansion
waves in the cavity. The calculated pressure di-
stributions, however, show some differences from
the experimental results and can be improved by
making a wake model properly.

I. Introduction

The separated flow, the cavity flow or the fl-
ow over the spiked body have many applications
in aeronautical engineering problems. They are
mainly associated with drag reduction or minimi-
zation of maximum heat transfer rate of blunt
body in supersonic or hypersonic speed. Many re-
searchers[1,2,3,4], therefore, have been conseq-
uently interested in the detailed investigation
of the flow composed of separation wake and rec-
ompression wake in the cavity formed by the del-
iberate separation from the extended body. They
were, however,mainly concerned with the detailed
description of the flow in cavity by measuring
the pressure and temperature distributions with
parametric changes of the length-to-height ratio
» Mach number and Reynolds number. They ,however
,failed in a systematic study of the direct eff-
ect on drag reduction of blunt body by consider-
ing the various blunt body combinations.

So in order to study a drag reduction of blunt
body systematically, the present paper has purp-
osefully chosen the two-dimensional cavity flow
mode! consisted of wedge, cavity and flat-faced
body( called the cavity-blunt body combinations
at the paper) simply idealized from the three-
dimensional axisymmetric cavity flow of the co-
nical tip and spiked blunt body combination. In
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so doing, analytical as well as experimental
study are possible to investigate the essential
nature of drag reduction,

II. Experiment

The experiment was conducted at the Seoul Nat-
ional University’s supersonic wind tunnel with
20x20 cm test section, room stagnation temperat-
ure, variable stagnation pressure with automatic
pressure control and continuous flow unit equip-
ped with the two-dimensional fixed nozzle block
for M=3. The various test models have been chos—
en by changing the wedge angle, wedge chord and
the cavity length (Fig. 1). The test program for
these models was set up to make two type of stu-
dies: (a) pressure; (b) phenomenal flow visuali-
zation by optical arrangements.

The models was equipped with many pressure ho-
les along the cavity floor, the flat-faced surf-
ace and the top surface of the body, which were
connected to the recorder through scanivalve and
pressure transducer. The pressure distributions
were obtained by measuring the pressure along
the flat-faced surface of the body as well as
the cavity floor by varying systematically the
wedge angle, wedge chord and the cavity length,
for the three distinct types of cavity flows su-
gegested and defined by Charwat, et al[4]. In do-
ing so, the effect of wedge chord, wegde angle
and length were quantitatively investigated.

Fig. 2 & 3 show the effect of variation of we-
dge angle at fixed wedge chord, by indicating
that the increase of wedge angle decreases slig-
htly the pressure level acting on the flat-faced
body surface and along the cavity floor. This
may be physically explained that change of wedge
angle at the fixed wedge chord doesn’t alter the
formation of separation wake area noticeably.

Figs. 4 & 5 show the effect of variation of w-
edge chord at the fixed wedge angle. Unlike the
case of variation of wedge angle the results in-
dicate the considerable change of pressure level
which may be perhaps due to the change of forma-
tion of separation wake region.

Figs. 6 show the mean surface pressure on the
forward face of the body with increase of the c-
avity length. It indicate that as the cavity
length increases the cavity flow is altering the
formation of wake from the open cavity to the
closed cavity through the intermediate cavity f-
low.

Figs.7(a,b), Figs.8(a,b) and Figs.9(a,b) show
the spark shadow and schlieren flow phenomenal
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visualization of shocks and expansion waves aro—
und the cavity flow:

Figs.7(a,b) are the optical photographs of the
open cavity flow which is composed of an undere-
xpanded separation wake as a consequence of obl-
ique shocks caused by a flow deflection over the
cavity.

Figs.8(a,b) show the pictures of the intermed-
iate cavity flow which is formed by nearly perf-
ectly expanded separation wake where creation of
the lowest dynamic pressure is accounted for the
minimum pressure drag of the body.

Whereas, Figs. 9(a,b) show the flow phenomenal
visualization of the closed cavity which is spe-
cifically characterized by separation wake and a
relatively strong recompression wake. As a con—
sequence the strong trailing shock is taking pl-
ace at the free shear layer close to the flow
boundary between separation wake and recompress-
ion wake where the highest wake pressure is cre-
ated.

I11. Numerical Simulation

The simulated two-dimensional cavity flow was
obtained numerically by solving the two-dimensi-
onal Euler equations.

The numerical method was based on the finite
volume method combined with carefully designed
dissipative term and a Runge-Kutta mlti-time
stepping scheme which was originally proposed by
Jameson et al[5]. The detailed computational pr-
ocedures are given[12]. The computational resu-
Its are, instead, summarized: The example of the
mesh of the two-dimensional cavity flow is shown
in Fig. 10(a,b).

Figs. 11(a,b,c,d) are the calculated pressure
distributions for the three distinct cavity flow
patterns, respectively,and show some differences
from the experimental results. It may be explai-~
ned that the inviscid wake flow calculation doe-
sn’t satisfy all the real viscous flow conditio~
ns in the cavity. As shown in Fig. 11d, however,
the accurate pressure distributions can be obta-
ined from the inviscid flow solutions by proper
wake modeling. Fig. 12 shows the calculated pre~
ssure distributions along the cavity floor and
on the forward face of the body and agrees with
the general tendency of the measured pressure
distributions. Figs. 13,14,15 and 16 show, res-
pectively, the isobars and Mach number contours
for the three cavity flows, which were compared
with the shocks, the expansion waves and their
positions from the visualization of the optical
experiment, and generally agreed well.

IV, Conclusions

In order to understand the essential nature of
drag reduction phenomena of the axisymmetric bo~
dy combination, the experimental and theoretical
investigation has been carried out for the simp-
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lified two—dimensional model consisted of wedge,
cavity and flat-faced blunt body. In so doing,
the detailed experiment and the numerical compu-
tation can be made with relative easy.

The conclusions are summarized as follows:

(1) The open cavity is entirely composed of an
underexpanded separation wake which produces a
nearly medium high uniform pressure distributio—
ns along the cavity flow and on the flat-faced
body surface.

(2) The intermediate cavity is formed by the
nearly perfectly expanded wake which gives the
lowest pressure distributions for the three cav-
ity flows. The schlieren pictures show no shock
in the entire cavity flow. There exist, however,
the compression waves eminating from the free s-
hear layer of the recompression wake.

(3) The closed cavity 1is structurely composed
of the overexpanded separation wake and the tra-
iling shock which causes the highest pressure
distribution on the forward face of the body.

(4) The inviscid flow solutions computed from
the Euler equations can be used to predict the
pressure distributions as well as the positions
of shocks and expansion waves, by making the wa-
ke model properly.
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Fig.7(a,b) Spark Shadow and Schlieren Photogra-
= phs of the Open Cavity Flow
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Fig.9(a,b) Spark Shadow and Schlieren Photogra-
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Fig.10 Mesh of Two-Dimensional Cavity with Mod-
ified Wake
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(a) Type : 1 (Mesh 48 X 25 )
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Fig.14(a,b) Computed Equal Density and Mach Nu-
mber Contours for the Intermediate Cavi-
ty Flow, M=3
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Contours for the Closed Cavity with Wak-
e Modelling
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