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Fig. 3 Comparison of computational effort for swirl number S = 0.5.
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flows. The proposed method uses a corrector form of the
tangential momentum equation to decompose the source terms
of the radial momentum equation.
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Passive Venting System for Modifying
Cavity Flowfields at Supersonic Speeds

Fig. 4 Comparison of computational effort for swirl number S = 2.0.

where \\ru\\ is the Euclidian norm of the residual for u, and it
is defined as

(14)

The outer summation in the preceding equation is performed
over all the control volumes in the domain.

Results are presented in Fig. 3 for S = 0.5, and in Fig. 4 for
S = 2.0. The computational effort expressed as the number of
iterations (shown on the vertical left axis), and the CPU time
in seconds (shown on the vertical right axis) are plotted
against the under-relaxation factor X.

At low swirl rates (5 = 0.5), both the conventional source
term decomposition [Eq. (7)] and the source term decomposi-
tion recommended in this technical note [Eq. (11)] exhibit
similar behavior (Fig. 3). However, at the higher swirl rate
(S = 2.0), the advantages of the recommended source term
decomposition [Eq. (11)] are clearly evident. A five- fold de-
crease in computational effort is obtained with the source term
decomposition proposed in Eq. (11). More importantly, the
solution algorithm exhibits stable convergent behavior over a
wide range of under-relaxation factors (for X nearly up to
0.8).

Based on the aforementioned comparisons, it is recom-
mended that in swirling flows the source term decomposition
in Eq. (11) should be used. A considerable decrease in the
computational effort will be obtained when applied.

Concluding Remarks
A source term decomposition method is proposed, and it is

shown to be computationally advantageous in highly swirling
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Nomenclature
= drag coefficient, based on cavity rear face area,

0.848 in.2 (5.47 cm2)
= pressure coefficient
= chamber height
= cavity height, 0.40 in. (1.02 cm)
= cavity length
= Mach number
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Introduction

EXISTING data available in the literature1'4 show there
are two fundamentally different types of cavity flowfields

at supersonic speeds depending primarily on the cavity
length-to-height (l/h) ratio. For l/h>l3, the flowfield ex-
pands over the cavity leading edge, attaches to the cavity
floor, and exits ahead of the rear face (see Fig. 1). For
l/h<\\, the flow passes over the cavity without appreciable
deflection. These two flow patterns are generally referred to as
closed and open cavity flow, respectively.

A recent experimental investigation5 has shown that the
drag of a cavity with closed flow was substantially higher than
that of a cavity with open flow. The higher drag for the closed
flow case is due to the large pressure difference between the
forward and aft sections of the cavity. In addition, stores
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Closed cavity flow

Open cavity flow

Fig. 1 Cavity flowfield sketches.
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Fig. 2 Porous floor cavity flowfield sketch.
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Fig. 3 Flat plate model.

launched from a cavity with closed ilpw may experience
adverse separation characteristics, whereas relatively benign
separation characteristics are obtained for open cavity flow.6

It follows that a passive method to extend the l/h range for
which open cavity flow exits would be extremely useful.

The drag of airfoils in transonic flow may be reduced
through the use of a passive venting system that uses a porous
plate for part of the airfoilupper surface with a vent chamber
beneath the porous plate.7'8 This arrangement allows air from
a high-pressure region on the airfoil surface to be vented to a
low-pressure region, thereby modifying the airfoil flowfield
and resulting in drag reduction. Using this approach, an exist-
ing cavity model was modified to house a porous floor with a
vent chamber beneath the floor. The expectation was that for
closed cavity flow the high-pressure air at the rear of the cavity
would vent to the low-pressure region at the front of the
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Fig. 4 Cavity pallet details.
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Fig. 5 Effect of porosity on cavity drag.

cavity, causing the flowfield to switch to open cavity flow (see
Fig. 2). This Note describes the results of an experimental in-
vestigation to determine the effectiveness of this passive vent-
ing system.

Experimental Methods
The wind tunnel model consisted of a flat plate, a cavity

pallet, and a balance (Fig. 3). The cavity pallet was isolated
from the flat plate by a 0.015 in. (0.038 cm) air gap and was
mounted on a one-component (axial force) balance such that
only the drag of the cavity was measured. A foam rubber seal
prevented flow through the air gap. Five static pressure ori-
fices were located on the forward and aft lips of the cavity
pallet to correct the drag data for pressure forces on the out-
side of the pallet. The drag data were also corrected for the
tare due to the foam rubber seal and pressure tubes.

Details of the cavity pallet are shown in Fig. 4. Although
not shown in the figure, approximately 3340 holes of 0.021 in.
diam were drilled in the floor in rows 0.065 in. (0.165 cm)
apart with alternating rows containing 31 and 32 holes each.
This resulted in a porosity of 7.8% based on the total floor
area. A solid floor was simulated by placing adhesive tape
over the holes on the vent chamber side of the floor. The
cavity height was held constant throughout the entire test
while the cavity length was varied by using rectangular block
inserts. Estimates of skin friction drag for the top surfaces of
the block inserts and pallet were subtracted from the cavity
drag measurements. The chamber height could be varied by
inserting a filler block into the chamber bottom and replacing
the porous floor supports to keep the cavity height constant.

The tests were conducted at Mach numbers of 1.60, 1.90,
2.16, and 2.86 and at a Reynolds number of 2 x 106 ft (6.56
x 106 m). The angle-of-attack of the flat plate was held con-
stant at 0 deg throughout the entire test. Grit type boundary-
layer transition strips were applied to the plate leading edge to
ensure a fully turbulent boundary layer on the flat plate.
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Fig. 6 Effect of porosity in forward and aft sections of cavity floor.

Results
Figure 5 shows results obtained at M = 2.86, which were

typical of the results obtained at the other Mach numbers. The
solid floor data show the typical large drag increase as the
cavity flowfield switches from open to closed cavity flow at
///z« 12. In comparison, the porous floor eliminated the large
drag increase for l/h^l2, suggesting that the flowfield is
probably typical of open cavity flow. The chamber height had
no effect on the porous floor cavity drag for l/h :£ 12 and still
had a minimal effect for l/h^l2, although the effect is be-
coming greater as l/h increases.

Data were also obtained with adhesive tape covering the
porous floor symmetrically about the cavity midlength to de-
termine if the porosity near the cavity midlength had a signifi-
cant effect on the cavity flowfield. Figure 6 shows data for a
cavity with l/h = 17.5atM= 2.86. The results show a steady
decrease in the cavity drag as the percentage of floor area with
porosity increases. The solid floor cavity drag was reduced by
half when approximately 35% of the floor area was porous.
When more than 50% of the floor area was porous, the addi-
tional drag reduction obtained was small. Therefore, the po-
rosity near the cavity midlength does not significantly effect
the cavity flowfield, i.e., porosity on the forward and aft sec-
tions of the cavity floor have the largest effect. This suggests
the possibility that other methods (e.g., an array of tubes)
could be used to transport the high-pressure air at the rear of
the cavity directly to the low-pressure region at the forward
part of the cavity and still obtain the same results as the
porous floor.

In summary, it has been experimentally shown that a pas-
sive venting system can be employed to control cavity
flowfields at supersonic speeds. Specifically, the passive vent-
ing system has been used to extend the l/h value before the
onset of high drag-producing closed cavity flow.
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Base Cayity at Angles of Incidence
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I. Introduction

I T is known from several investigations that a base cavity
can increase the base pressure and thus decrease the base

drag in axisymmetric flow (see Refs. 1-3). However, as far as
the author knows, there exist no published results on the effec-
tiveness of a base cavity at angles of incidence. By investigat-
ing the influence of tail surfaces on base pressure, some results
for a base cavity at angles of incidence were also obtained.
These will be given in this paper.

II. Experimental Setup
The measurements were performed in the Transonic Wind

Tunnel at Gottingen, which has a test section with a square
cross section of 1 x 1 m2. The Mach number range is
MO, =0.5-2.2. The model was an axisymmetric cylinder with
an ogival forebody. Its diameter was Z> = 45 mm and its total
length L - 13 D = 585 mm. The ogival nose had a length of 1.5
£> = 67.5 mm. The length of the cylindrical part of the model
was, therefore, 11.5£> = 517.5 mm. The model was mounted
in the wind tunnel by using a sideward strut.

The base cavity used in these measurements has a depth of
7YD = 1.2. The pressure was measured at eight orifices of 0.6-
mm diameter at the bottom of the cavity. On the normal base
without a cavity, the pressure was also measured at eight ori-
fices of 0.6-mm diameter. The mean value of these local
pressures was denoted as base pressure.

The measurements were performed at Mach numbers from
0.5-1.0. The Reynolds number based on the cylinder diameter
was ReD = 3.4 x 105. The angle of incidence had values from
oi = 0 - 25 deg.

III. Results
In Fig. 1, the increase of the base pressure coefficient &cpB

due to the cavity is shown for all Mach numbers investigated
at the angle of incidence a = 0 deg. The quantity AcpB is
defined by

&CPB = (C
PB)C - (C

PB\ (!)

with (cpB)c as the base pressure coefficient for the cavity base
and (cpB)n as the base pressure coefficient for the normal base
without a cavity. One can see that the base pressure coefficient
for all Mach numbers is greater for the cavity base than for the
base without a cavity. At M00=0.50, the difference is
AcpB = 0.012, or about 10% of the base pressure coefficient at
the normal base. The increase of the base pressure due to the
cavity is smaller for the higher Mach numbers. At M^ = 1.00,
it amounts only to AcpB =0.006, which is about 3.4%.

the investigations of Compton1 show that the largest in-
crease of the base pressure coefficient due to a base cavity
amounts to &cpB =0.01-0.02 at Mach numbers from
MO, =0.3-1.3. Our new results lie at the lower limit of the
values given by Compton.

Morel2 thoroughly investigated the influence of a base
cavity oh the base pressure at zero angle of incidence. The base
cavities used by Morel had six different depths, namely
r/Z> = 0.10, 0.20, 0.35, 0.50, 0.70, and 0.90 (compared with
7YD = '1.'20 as used in the present investigation). The Mach
number was Mw =0.11, and the Reynolds number based on
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