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Water-Tunnel Tests of Base-Vented
Torpedo Models

NOMENCLATURE
A = cross-sectional area of torpedo (md2/u),
sq Tt
Ay = base area of torpedo (md2/4), sq ft
CDA = drag coefficlent based on cross-section=-

al area (D/q A)
GDV-= drag coeffic?%nt based on volume

(0/a_ v2/3)

= diameter of torpedo, ft
= dlameter of base, ft
= drag, 1b <
= Froude number V/(gi)?
= acceleration of gravity, 32.13 ft/’sec2
= ventilatlion number (P - P )/q
0 ¢

length of torpedo, ft

= base=cavity pressure, psf

= free-stream statlc pressure, psf

= free-stream dynamlc pressure (1/2 pvi)),
pstf

= alr-flow rate at free stream pressure,
cfs

= alr=-flow rate coefficlent (Q/V A_)

= Reynolds number (V £/y) e 0

= torpedo body volume, cu ft

free stream veloclty, fps

Q g g
-
1

S 8818 e

= angle of attack, deg
= denslty of the fluild, slugs/ft3
= kinematic viscosity, ftz/sec

«® g gy u@ 8
1}

INTRODUCTION

Interest in ventilated hydrofolls at the U,
S. Naval Ordnance Test Statlon, Pasadena, began in
the m1d-1950's and resulted in several experimen-
tal and theoretical investigations (lflg).l A
natural extension of these investigations was the
study on base-vented torpedoes reported in this
paper.

Since many modern torpedoes use thermal pro-
pulsion systems, exhaust gas 1s avallable for ven-
tilation. If the drag of a torpedo wlth a vented,
truncated tallcone 1s reasonably low, a consider-
able galn 1n packaglng effilclency might be obtalned
due to the reduction in tallcone length. New pos-
sibllities for both mechanical and hydrodynamic
deslign changes would also exlst.

1
Underlined numbers in parentheses designate
References at the end of the paper,
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Fig.1 Models and struts

To obtaln suffilclent baslc data for design
purposes, a series of experiments was planned at
the free-surface water tunnel, California Insti-
tute of Technology (CIT). It was declded to test
one streamlined model and seven base-vented models
having various extents of truncatlion. The objec-
tive was to measure drag and cavlty pressure as a
function of alr-flow rate, angle of attack, and
tunnel speed. The results would determine:

1 Whether base-vented torpedoes have
enough drag to be feasible.

2 The magnitude of the requlred gas-flow
rates.

3 The cavity pressures involved.

4 The restrictions imposed by speed or
angle of attack.

5 Whether ventilation occurs ahead of the
base,

low

DESCRIPTION OF MODEL AND INSTRUMENTATION

The streamlined torpedo model, designated as
Model A, had a fineness ratio of 8:1, with a blunt
nose falred into a 2-ln-dla cylindrical center



Fig.2 Model C, partially vented Fig.3 Model D, partially vented Fig.4 Model E, partially vented

Fig.5 Model F, partially vented Fig.6 Model G, partially vented Fig.T Model H, partially vented

Fig.8 Model B, base vented Fig.8 Model C, base vented Fig.10 Model D, base vented

Fig.11 Model E, base vented Fig.12 Model F, base vented Fig.13 Model G, base vented

L

Fig.14 Model H, base vented Fig.15 Model C, base vented, high Fig.16 Model H, base vented, high
air-flow rate air-flow rate

At



Fig.17 Model D, base vented, side Fig.18 Model D, base vented, bottom view, = 6 deg
view, @ = 6 deg

Fig.19 Model H, base vented, side Fig.20 Model H, base vented, bottom view, = 6 deg
view, o«= 6 deg

- Fig.22 Model D, later stage of cavity
Fig.21 Model D, early stage of cavity collapse
collapse

sectlon, The afterbody was the David Taylor Model
Basin 4174 shape faired into a 2Y-deg cone. Models
B-G were base-vented and were identical to Model A
except that their tall cones were truncated at
various diameters, Model G was simply Model A
without a tall cone. Model H was also base=-vented,
but had a boat-talled afterbody conslsting of an
arec of 3-in, radius. The basic forward section
and 1ts interchangeable afterbodies are shown in
Fig.l. The models varied as follows:

Fig.23 Model D, still later stage of
cavity collapse

Ratio of base to The models were supported with a lentlcular
Configuration cylinder diameter, percent strut 3/8 in. thiek, with a chord length of 3 in.
Two alr channels passed through the strut, then
A Y through the model to ports in the base; one was
B 30 used for measurlng base-cavlity pressure, while the
c 50 other was used for supplying alr for ventllation.
D 72 The Jolnt between the afterbody and the center
E 81 section was sealed with a flat gasket to prevent
F 89 alr leakage.
G 100 A Fischer and Porter Company Rotameter was
£ 87 used for measuring the air-flow rate within 1 per-

3



Hysteresis not shown.
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Fig.24 Cp, versus Q', Models A through H

cent. The air pressure at the Rotameter was mea-
sured by a bourdon-tube gage to an accuracy of
1/10 psi, while the alr-flow rate was controlled
by means of a conventional flow-regulating valve.
Base~cavity pressure was measured with a CIT=-
developed seriles of water manometers and valves
having an accuracy of about 2 percent,

The CIT free-surface water tunnel 1ls de=-
seribed in (11), and the mechanlcal balance used
in measuring drag in (12). The balance measures
the drag to 1/1000 1b but, because of fluctuations
of flow 1n the tunnel, the data are valld to only
1/100 1b, TUnless otherwlse stated, all the tests
described here were conducted at 24.6 fps.

FLOW DESCRIPTION

The flow patterns behind the bases of Models
C=-H, when they are partlially wetted, are shown in
Fig.2-T7. Note that a relatively short region of
separated flow, composed of a bubbly water mixture,
exlsts directly behind the bases,

As the alr-flow rate lncreases, an increas=-
ing amount of alr 1s mixed wilth the water in the
region behind the base untlil suddenly an air-
filled cavity appears. The alr-flow rate at this
point 1s called the critical value, and the model
is sald to be base-vented. Figs.8-14 show Models
B-H with base-vented cavities. Note how the alr=-
water Interface tends to extend the streamlined
body contour rearward, so that a pseudo tall cone
is formed.

If the alr-flow rate 1s further increased,

the cavity changes little in shape but becomes
dlstended near the end, Figs.l5 and 16.

Increasing the angle of attack, o, »f a
base=-vented model has the effect of making the
cavity more asymmetrical and causing twin vortices
to form, as shown for Models D and H in Flgs.l7-2C

The alr-flow rate can be reduced below the
critical value wlthout dlsturblng the air-filled
cavity; thils phenomenon 1s called a "hysteresis
effect," since the critical air-flow rate with re-
ducing flow, Q , 1s less than the cerltical flow
rate with increaging flow, Q If the flow rate
1s then reduced further, thecgir-filled cavity
collapses and the original flow pattern, composed
of a gas-water mlxture, arises once agaln. The
varlous stages of collapse can be seen 1n Figs.
21=-23 for Model D. As the cavity gets smaller,
the re=-entrant Jet can be seen to impinge on the
lower cavlty wall closer and closer to the base.
When the disturbance inside the cavlity caused by
the reentrant Jet 1s sufficlently great, the cavi=-
ty collapses and takes on the appearance of Flg.3.

RESULTS AND ANALYSIS

The drag coefflclents CD and are plot=
ted as functlons of the dimenslonless alr-flow
rate Q' in Flg.24 and 25, respectively, for Models
A-H at a = 0°, Perhaps the most reasonable way to
compare drag ls on the basis of unit volume, as in
Flg.25, rather than unlt cross-sectional area, as
in Fig.2l, When this 1s done, the result 1s that
cd¥! for all base-vented models except G, 1s es-
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Fig. 25 CD?\l versus Q', Models A through H

sentlially the same as for Model A, the parent

streamlined model. The exception, Model G TABﬁf '

Hodal i in st Q' Q'
d (deg) 4@ er+ =

712 = 100 percent B 0 30 --a --a

c 0 50 |0,007-0.011 --8
has 25 percent higher drag. D 0 T2 0.010 0.005
It is seen that the fully wetted drag based E 0 81 0.010 0.006
on the volume of each model increases as the F 0 89 0.012 0.007
truncatlion dlameter increases, with the exceptlon G 0 100 0.017 0.010
of Model H (d /d = 87 percent), whose drag lies H 0 87 0.008 0.005
midway between Model E (dc/d = 81 percent) and H 2.62 871 0.009 0.009
Model F (dc/d = 89 percent). The primary differ- H k.29 871 0.011 0.011

ence between the models is that Model H has much
greater curvature ahead of 1ts base. Typlcal of
all the curves 1s the sudden reductlon in drag to

SNot measurable with the equipment used.

a minimum value as Q! 1s reached, The drag then

remains essentlially constant as Q' increases fur- dynamic pressures, respectively, and P_1is the

ther, cavity pressure. Looklng first at the fully wetted
base pressure in terms of cavity number K, 1t 1s

CAVITY PRESSURE seen in Fig.26 that K increases progressively as

truncation dlameter lnecreases, except for Model H.
Cavlty pressure, expressed 1ln dimensionless The increased tallcone curvature of Model H has

form, i1s represented by the ventllation number apparently produced an increase in 1ts base pres-
P -P sure and a reduction in its drag.
Kis =99 c When the models are vented, a similar pro=-
qoo gressilon in the increase of K with 1ncreasing
truncation diameter 1s seen, again wlth the excep=-
where POD and qm are the free-stream static and tion of Model H. The photographs of the vented
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Fig.27 Effect of tunnel speed

condition, Fig. 8«14 indicate that the cavity
length of Model H 1s much shorter than those of
the basic family having the same truncation dlame-
ter; this 1s apparently caused by the increased
tallcone angle and the curvature at its base. Note

6

Ql
on Cpy, Models A and H

that the cavity pressures of all the base-vented
models are greater than the depth pressure, with
the exceptlon of Model G, the 100 percent cut=off;
this result 1s expected, nhowever, since any poten=
tial-flow solution of a streamlined body (1i.e.,
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Fig.29 Effect of angle of attack on Cpy;, Models A and H

body plus cavity) would predict a pressure greater
than free-gtream at the tall.

CRITICAL AIR-FLOW RATE

It 1s seen in Figs.2W, 25, and 26 that when
the air-flow rate reaches the critical value Q'cr'

then C3,, Oy, and K all suddenly and simultane-
ously reduce to steady minimum values. This phe=
nomenon occurs simultaneously with the formation
of an alr-filled cavity. All the data in Figs,24,
25, and 26 were acquired by increasing the airw
flow rate; the hysteresis effect caused by reduc-
ing alr-flow rate is not shown. Table 1 derived
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Fig.30 Effect of angle of attack on K, Model H

from the basic data sheets shows the values of
Q! and Q! as a functlon of model configura-
tiggf angle gf-attack, and truncatlion dlameter,

It 1s seen that some of the eritlcal air-
flow rates are very low, slnce Q! represents the
fraction of free=-stream veloclty requlred to ven-
tilate the base., The value of Q! for Model H i1s
much lower than those of the othe%rmodels with
equlvalent truncation dilameters.,

EFFECT OF TUNNEL SPEED

Tests on Models A and H were conducted to
determine whether significant scallng effects oc=-
curred as the result of a change in tunnel velocl-
ty. The results in Flg.27 show that the ratio of
G at 15 fps to C at 25 fps for models A and H
are 1,09 and 1,07, respectlively. The ratlo of
turbulent skln=frictlon coefficlents at the two
Reynolds numbers 1s about 1.08. Consequently, the
change 1n measured drag appears to be caused by
the change in frictional drag with Reynolds number.

It 1s also seen 1n Filg.27 that z change in
speed has no effect on elther Q! or Q!
Similarly, speed has no effect ogrgavity ﬁgﬁber,
K, as plotted in Flg.28., As a result, the cavity
characteristlcs appear to be functlons of dynamlc
pressure and not Froude number or Reynolds number,

ANGLE OF ATTACK

The effect of angle of attack on (Models
A and H) and K (Model H) are shown in Flgs. 29 and
30, respectively. The drag of Model H increased
about. 30 percent from o = 0° to o« = 4,39 and the

8

drag of Model A increased 7 percent. The drag in-
crease of Model H was belleved to have resulted
from a reduction in base pressure caused by an in-
creased asymmetry of the cavlty and the formation
of twin vortices. The value of K 1s seen to in=-
crease, l.e,, base pressure reduces, from =0.036
at o = 02 to =0.006 at o= 4,30,

It 1s also seen 1n Flgs.29 and 30 that Q!
inecreases from 0,008 to about 0.011 as o increases
from 0° to 4.3°, The hysteresls effect dlsappears
above o= 2,60,

CONCLUSIONS

The results show that there was no drag pen-
alty for most of the base~vented confilgurations
since the drags based on body volyme -were the same
as for the fully wetted streamlined confilguration.
0f all the conflgurations tested, only the model
wlth the 100 percent truncation had a higher drag
per unlt volume than the streamlined model.

The boat=talled confilguration Model H had
the shortest tall cone and the lowest critical air-
flow rate of all the conflgurations tested, with
no penalty in drag.,

It was found that the cavity pressure was
greater than the depth pressure for all base=-
vented models having a truncation diameter less
than about 90 percent. The gas=flow hysteresls
effect was found to lnecrease with increasing trun-
catlon dlameter and to reduce with lncreasing
angle of attack.,

The results show that the drag coefficilent
varies with Reynolds number in proportion to the
coefflclent of turbulent skin frictlion. Nelther



the critical alr-flow=rate coefflclent, Q! nor
the ventilation number, K, was notlceably affected
by Reynolds or Froude numbers.

There was no sign of ventilation forward of
the base during the entlre test series, including
exploratory tests up to an angle of attack of 6
deg.

There was a drag increase of about 30 per=-
cent for Model H placed at an angle of attack of
4.3 deg; 1n addlition, the critical alr-flow coef=
ficient, Q! 5 increased about 36 percent. These
two increases were apparently caused by a reduc=-
tlion in base pressure, the asymmetry of the base
cavity, and the formatlon of twin gas-filled vor=-
tlces at the rear of the cavity.
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