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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

. RESEARCH MEMORANDUM

TANK TESTS AT SUBCAVITATION SPEEDS OF AN ASPECT—
- RATTO-10 HYDROFOIL WITH A SINGLE STRUT

By Kenneoth I.. Wadlin, John A. Ramsen,
agd John R. McGehes

SUMMARY

An investigation was made 1m ILangley tank no. 2 to debermlne the
1lift-and drag characteristlics of a rectangular hydrofoll with an aspect
ratio of 10 supported by a single strut. The model was tested at various
depths below the water surface at speeds up to 35 feet psr second corre—

sponding to a Reynolds number of 2.0 X 106.

A maximum lift—drag ratio of 25.4 was obtained with the hydrofoll
at a depth of 1/2 chord. This ratio decreased and the 1lift coefficlent
at which it occurred increased with depth. The effects of the water .
surface were negliglible at & depth of 2 chords or greater. The data

at a Reynolds number of 2.0 X 106 showed good agreement with corre—
sponding aerodynamic date from wind—tunnel tests.

INTRODUCTION

An investigation i1s being conducted in ILangley tank no. 2 of the
1ift—drag ratlos of hydrofoil-strut combinations applicable to the design
of high—speed water—borne craft. As the flrst phase of the Investigation
1t appeared desirable to determine experimentally, at subcavitatlon speeds
and various depths of submsrsion, the 1ift ard drag of a high-aspect—ratio
rectangular hydrofoil supported by a single strut and having an airfoill
section. This phase was of interest to determine whether lift—drag ratios

in the order of 20 were attainsble with a structurally feasible system and

to determine how the 1ift and drag characteristics of the hydrofoil as

predicted .from serodynamic data are affected by depth of submersion and the

free water surfsace.

The measurements ﬁere maede at water speeds from 15 to 35 feet per
second. The size of the model was chosen to give & Reynolds number

of 2.0 X 106 at 35 feet per second. )
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DESCRIPTION OF MODEL

The model (see fig. 1) consisted of an 8-inch—chord hydrofoil with
an aspect ratio of 10 supported by an 8—inch—chord strut intersecting

the upper surface of the hydrofoll without fillets. The strut was perpen—

dicular to the chord line of the hydrofcoil. The foll ard strut were made

of stainless.steel with a yield strength of 100,000 pounds per square inch.

They were polished to a smooth finish consistent with current wind—tunnel
practice. . .

The hydrofoil had an NACA 6hlAh12 section which differs from the

NACA 64,1412 section only by removal of the trailing-edge cusp. The

section characteristics are essentially the same. (See reference 1.)
The strut had an NACA 66,-012 section. Figure 2 gives the sectlons and

ordinates for the foil and the strut as computed from references 1 and 2.

The 6h-series sectlon wus chosen since it 1s designed for a moderate
extent of-laminar flow. The results would therefore be more nearly
applicaeble at high values of the Reynolds number, say in the order

of-20.0 X 106, than i1f sections baving a larger extent of design laminar
flow had been used. '(See reference 3.) The design lift coefficlent

of 0.4 was chosen since preliminary calculations based on date in ref—
erence 2 indlcated that the maximum lift—drag ratio would occur near this
1ift coefficient. A thickness of 12 percent was chosen as & compromise
between the increasing strength and increasing minimam drag coefficlent
with increasing thlckness ratio.

The 66-series section was chosen for the strut (see fig. 1) since
its small frontal angle is more suitable for intersecting the water
surface than the larger frontal angles for the sectlions with the minimum
pressure farther forward. The 12—percent thickness was chosen as the
minimum thought to be structurally adequate.

APPARATUS AND PROCEDURE

The tests were made using the main carriage of ILangley tank no. 2.
Figure 3 shows a view of the test setup wlth the hydrofoll and balance
attached to the support structure on the carrlags.

The hydrofoll was moved vertlically by means of & motor—driven
Jacking screw which moved the balance and hydrofoil system as a unlt.
Change of angle of attack was obtained at the plate attaching the strut
to the balance. One end of the plate was pivoted whilile the other end
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was moved with another Jacking screw to obtain the desired angle. Over
the range of angles of attack tested, the change in depth caused by
change in angle was negliglible.

Measurements of 11ft and drag were made by means of electrical
strain gages. The force mesasurements were made at constant speed, angle
of attack, and depth of submersion. The depth of submersion is defined
as the distance from the water surface to the point on the foil nearest
the water surface. A range of submersions from 3.5 inches (0.4L chord)
to 30.0 inches (3.75 chords), and speeds from 15 to 35 feet per second
were covered. At each speed the angle of attack was increased from 0°
untll the peak In lift—drag ratlo was obtained. The 1ift and drag forces
caused a negliglble change in angle of attack.

The supportling strut was run alone at the same range of speeds,
depths, and angles as the comblnatlon. For these tests the end of +the
strut was fltted with a falred cap. -

The forces ¢cbtained were converted to the usual asrodynamic 1ift
and drag coefficients using a value of p of 1.966 slugs per cubic foot
corresponding to a water temperature during the tests of TOC F. All
coefficients were based on the area of the hydrofoll, L.hl square feet.

The drag coefficlents were corrected for the ground effect of the
bottom of the tank (see reference 4) by using the equation

cr2

(CD)corrected = (D)measured * SIR

where R 1is the aspect ratio, and B 18 an Interference cocefficient
that varies with the distance from the hydrofoll to the tank bottom.

Values of & from reference 4 used for the various depths are given

in figure L.

A similasr ground—effect correction was applied to the angle of
attack by the equation '

: Cr
Ycorrected T Tmeasured ¥ iy

where o 1is measured in radians.
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RESULTS_AND DISCUSSION

The uncorrected data for the complete model (hydrofoil and strut)
are presented in figures 5 and 6 as plots, for each depth, of 1lift
coefficient and drag coefficient, respectively, against speed wilth angle
of attack as a parameter. For a .given depth, the 1ift coefficient.did
not very appreciably with speed over the range tested. The drag coeffi-—
clent did not vary apprecisbly wlth speéed from 25 to 35 feet per second
though it did increase at lower speeds. Both lift coefficient and dreg
coefficient Iincreased wilth increasing depth over the range tested. The
variation of 1ift coefficient at depths greaster then 2 chords, however,
was negligible.

The strut dreg data are presented in figure T(a) as a plot of drag
. coefficient against speed with depth &s a parameter. The strut drag
coefficient was small compared to the total drag coefficient asnd dld not
vary with speed. Figure 7(b) is a plot of drag coefficient against depth.

The falred curves of flgures 5 to T were obtalned by cross felring
the data. These cross failrings were used to cbtaln values at depths
of 0.5, 1.0, 2.0, 3.0, and 3.5 chords which were used in the computations
of all subsequent plots.

The varlations of lift—drag ratio (corrected for ground effect) with
1ift coefficlent and depth of submersion are shown in figure 8. Since
1ift coefflicient-did not vary with speed and drag coefflclent was constant
above 25 feet per second, figure 8(b) 1s typical for speeds from 25.
to 35 feet per second. The variations in lifi—drag ratlo at the two speed
conditions are similar in charactsr. The maximum values obtalned were
23.2 at 15 feet per second and 25.4 at 35 feet per second.

.

At depths of 2 chords or greater the lift—drag retio values decreased
in = regular manner with increasing depth at all values of 1ift coefficient.
This results from the fact that below a depth of 2 chords, the forces on
the hydrofoil were not varying spprecigbly with depth, the lift—drag ratio
of the combination being reduced princ1pally by the increase in strut drag
with depth. . _

At depths less than 2 chords the lift-drag ratio varied in the
same manner as at the greater depths until the peak was reached.
. Flgure 9 shows the variation, with depth and speed, of the maximum
liftdrag ratloc and the 11ft coefficient at which the maximum 1lifit—drag
ratlo occurred. It can be seen that as the depth increased, the maxlmm
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1ift—drag ratio decreased and the 1ift coefficlent at which the maxlmunr
1ift—drag ratio occurred increased. This is to be expected since the
strut drag increases with depth.

Figure 10 is a plot of the data at a speed of 35 feet per second

(Reynolds number of 2.04% X 106) after subtracting the strut tares given
in figure 7, making corrections for ground effect and converting the

coefficients to infinite aspect ratio by the usual equations. These
equations are ' |

2
CD1=%R—(1+0’)
ai=%(l+'r)

where g and T &are corrections for rectengular wings depemdent on
aspect ratio. For an aspect ratio of 10, the value of ¢ 1s 0.088;

the value of T is 0.25. Also included in figure 10 are the aerodynamic
data at a Reynolds number of 2.0 X 106 for the NACA 6411412 section as
given in reference 5. The slope of the 1lift curve and the 1ift coeffi-—
clent for a given angle of attack increased with increasing depth. Af
depths of 2 chords and greabter the agreement with the serodynamic data
1s good. The drag coefficients fall between the aerodynamic data for
the smooth condition and the standard roughness condition. The variation
due to depth was very small compared to the possible effects due to
roughness. During the tests the surface of the model was slightly pitted
by the salt water in the tank and was probably rougher than in the aero—
dynemic tests. This surface condition may have significant effects from

practical considerations but unfortunately no data were taken to show
these effects. :

Because of the large aspect ratio and the agreement with the aero—
dynamic data 1t appears that any Interference effects of the strut are
small. Since interference Increases with Iincreasing l1ift coefficilent,
1t 1s possible that if an interference correction could be mede the
slopes of the drag curves would agree even better. i

The results of the investigation should not be considered to apply
at higher absolute speeds than those tested since cavitation, which is

a furction of the absclute speed, greatly affects the characteristics
of hydrofoll systems. :
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CONCLUDING REMARKS

The results of the tank tests of the hydrofoil—strut combination
may be summarized as follows:

l. A meximum lift—drag ratio of 25.4 was obtained with the hydrofoil
at a depth of 1/2 chord below the surface.

2. The meximum lift—drag ratio decreased and the 1ift coefficient at
which it occurred increased with depth principally because of the
Increasing drag of the strut.

3. The water surface had a negligible effect on the 1lift and drag
characteristlics of the hydrofoll at depthe of 2 chords or greater.

k., The hydrofoil 1ift and drag characteristics obtained at a

Reynolds number of 2.0 X 106 showed good agreement with aerodynamic
data at the same Reynolds number.

Langley Aerounsutical Laboratory
Natlonal Advisory Cormlttee for Aeronautlcs
Langley Alr Force Base, Va.
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Pigure 2.~ Sectlons end ordinates of strut amd hydrofoll.






NACA RM L9K1lka

o

13

angle of a.ttack_

-

Figure 3.- Test setup showlng aspect-ratio-10 hydrofoil and balance
attached to towlng carriagse.

WiS:rew for changing'

——TT

3







NACA RM Lo9K1ka ) 15

12 Pr—

Ground interference coefficient, &
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‘ Figure 4.- Variation of ground interference coefficient & with depth.
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Figure 5.- Uncorrected data - variation of 1ift coefficient with speed
for hydrofoil-gtrut configuration.
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Lift coefficient, Cj
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Figure 5.- Continued.
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Lift coefficlent, Cg
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Drag coefficient, Cp
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(a) 3.5-inch depth.

Figure 6.- Uncorrected data - variation of total drag coefficlent of

hydrofoil-strut configuration with speed.
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Drag soefficient, COp
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Figure 8.- Variation of lift-drag ratio with 1ift coefficient and depth

of submersion. (Hydrofoil-strut configuration)
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