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NOTATION

Foil plan area

Drag coefficient of strut/foil
configuration, CD = D/[l/ZszA]

Lift coefficient of strut/foil
configuration, €, = L/[1/20V2A]

Pitching moment coefficient of strut/foil

configuration about the pitch center of
the dynamometer, Cy, = M/[l/ZszAc']

Foil chord length

Mean foil chord length (average of
centerline and tip chord lengths
including flap)

Drag of strut/foil configuration

Foil depth from still water surface
Strut depth from still water surface
Strut/foil depth-to-chord ratio

Bare strut depth-to-chord ratio

Froude number, strut/foil configuration
Fo= Vit

Acceleration due to gravity

Lift of strut/foil configuration

Lift-to-drag ratio of strut/foil
configuration

vi

1b

£t2

nondimensional
nondimensional

nondimensional

in.

in.

in.
in.
nondimensional
nondimensional

nondimensional

ft/sec2 ;
1b !

nondimensional




t/c

Pitching moment of strut/foil
configuration about the pitch
center of the dynamometer

Experimental facility water vapor pressure

Free stream static pressure

Reynolds number,

R
n

Ry

Swept strut chord length at the still
water interface

Ve]ocfty
Fractional chord length

Foil incidence angle referenced to the
horizontal

Strut sweep angle referenced to the
vertical

Kinematic viscosity
Water density

Cavitation number based on fluid vapor
pressure, o = [p_ - p,]1/ [1/20v%]

Local foil section or cavity thickness

Local thickness-to-chord ratio

; vii

Vc'/v for the strut/foil configuration

Vs'/v for the bare strut configuration
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1b/ft2
1b/Ft2

nondimensional
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ABSTRACT

As part of an effort to develop a data base and design
criterion for high speed struts and foils, experiments were
conducted to evaluate the TAP-2 fgil performance for a range
of speeds, including the design takeoff speed of 35 knots.

The T-foil system, designated as TAP-2, was designed to operate
fully wetted at takeoff and as a §upercavitating foil at a
60 knot cruise speed.

Experiments were conducted at 30, 35, 40, 45, and 50 knots '
at various depth-to-chord ratios and at a range of foil incidence
angles.

The maximum 1ift coefficient for the foil system was found

to be C, = 0.738 at 30 knots - the lowest speed run in the

L
evaluation. At the takeoff speed of 35 knots and d/c' = 2.0,
the maximum 1ift coefficient was 0.534 and the maximum L/D was
14.25.

ADMINISTRATIVE INFORMATION

This project was authorized py the Naval Material Command
(NAVMAT) and funded by High Speed Hydrofoil Struts and Foils Direct
Laboratory Funding Project ZF 43 421 001, Program Element 62754N.
Work was performed under Naval Ship Research and Development Center

Work Unit No. 1520-0G1.




INTRODUCTION

In September 1972, the Naval Material Command tasked the Naval
Ship Research and Development Center to develop a data base and design
criterion for high speed struts and foils in general and the Develop-
mental Fast Hydrofoil (DFH) in particular. The procedures selected to
accomplish the primary objectives have been to:
1. Select strut/foil configurations for high speed operation,
2. Determine hydrodynamic loads for strut/foil systems
associated with their various operational modes,
3. Determine methods of controlling these hydrodynamic loads, and
4. Determine the impact of hydrodynamic loadings on structures
and materials.
As part of this program, takeoff experiments were conducted in
Langley Tank No. 1 of NSRDC with a foil system designated as TAP-2.

2 prediction program for

The foil had been designed] using Furuya's
supercavitating foil sections operating beneath a free water surface.

The purpose of these experiments was to determine 1ift and drag forces,
foil pitching moments, and cavitation characteristics of the strut/foil

system at various depths.

! Baker, Elwyn S., "Design of Hydrofoil TAP-2," NSRDC SPD Report

575-03 (June 1975)

2 Furuya, Okitsugu, "Nonlinear Calculations of Arbitrarily Shaped
Supercavitating Hydrofoils Near a Free Surface," Journal of
Fluid Mechanics, Vol. 68, Part 1 (March 1975)




DESCRIPTION OF MODEL

The foil system to be evaluated was designed such that it
would operate fully wetted at takeoff and as a supercavitating
foil at 60 knots. A large aspect ratio which would give a high
1ift component was desirable since the foil would operate fully
wetted at takeoff. A spanwise taper (tip chord/root chord = 0.5)
was included in the design to reduce stresses in the foil leading
edge.

The high speed foil design was based on use of Furuya's
performance prediction program for supercavitatin® foil sections
beneath a free water surface. This program assumes that the lower
surface profile is comprised of a leading edge ellipse (i.e. blunt
nosed section) with the remainder of the lower surface profile
being a circular arc.

The foil upper surface (suction side) was generated such
that the surface at each section lay beneath the predicted location
of the free streamline. Clearance between the upper surface and
the cavity interface was designed to be minimal near the foil
leading edge (where the shape of the cavity is known) and substantial
(>20% of predicted cavity thickness) at the foil trailing edge.
Assuming given lower surface geometry and predicted cavity thickness

the section upper surface was generated from the expression

(t/c)egiq = 0.80 (1.25 - 0.25X) (”c)cavity




where X is the fraction of chord length from the foil section
leading edge. From 70% to 100% chord the foil thickness was

further reduced by a circular arc fairing from the 70% chord

point to the trailing edge flap.

The TAP-2 foil was constructed with a trailing edge flap to
generate additional 1ift capability during takeoff. The flap area
was approximately 20% of the foil area.

Photographs and sketches of the TAP-2 strut-foil model are
shown in Figures 1, 2, and 3. Foil geometry characteristics are
listed in Table 1. Characteristic dimensions shown in Figure 2
include the flap section.

The support strut had a chord length of 6 inches and a span
of 29 inches. The strut section was a NACA 16-012 airfoil shape.
Section offsets and geometry are shown in Figure 4.

The basic TAP-2 foil was constructed with blunt wing tips.
At the conclusion of the experimental program with the basic con-
figuration the foil tips were modified to investigate tip shape
effects on foil drag. The tips were rounded by cutting circles
tangent to the upper and lower foil surfaces at stations along
the chord.

EXPERIMENTAL APPARATUS AND PROCEDURE

Hydrofoil takeoff experiments were conducted on the towing

carriage at Langley Tank 1. A detailed description of the facility




can be found in Reference 3. The hydrofoil was mounted through
its support strut to a bracket (see Figure 5) and in turn to a
six-component dynamometer. The dynamometer'was attached to an
elevator designed for and permanently fixed to the carriage. The
elevator has a vertical travel of 27 inches with the dynamometer
attached. The dynamometer can be configured for high or low ranges.
For these experiments the high load range of 1ift (+ 2250 1bs), low
range of drag (-150 1bs) and high range of pitching moment (46,800 in-1b)
were used.

Model experiments were conducted at 30, 35, 40, 45 and 50 knots
at various depth-to-chord ratios and for a range of incidence angles.
At the conclusion of these experiments, the foil tips were faired
as previously described and experiments were repeated to determine
if tip vortex cavitation characteristics would be altered and if
consequent changes to 1ift and drag would result. After all foil
experiments were completed, runs were made with the bare strut at
various speeds at d'/c' = 1.0, 2.0, and 3.0 and strut sweep angle
of -9 degrees.

Foil chord length referenced in this text includes the chord line
from the leading edge of the foil to the trailing edge of the flap. Foil

section incidence angle was constant along the foil span and was

g Olson, R. E. and W. F. Brownell, "Facilities and Research
Capabilities, High Speed Phenomena Division, David Taylor
Model Basin, Langley Field, Va." DTMB Report 1809 (April 1964)
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defined as the geometric angle between the fg11 chord and the
horizontal reference plane. Foil incidence was set by matching
precise holes in the strut and strut support bracket (Figure 5)

and securing with pins. This allowed foil angle of attack adjustment
in one degree increments up to +11.814 degrees. A table indicating
hole number on the strut support bracket in relation to strut angle
(referenced to the vertical) and foil incidence angle is given in
Table 2. The relationship between the strut sweep angle and foil
incidence angle is given by « = constant + g where g is the strut
sweep angle with the vertical. The constant value of 11.814 degrees
is a constructed angle between the strut chord line and the foil
chord line (see Figure 5).

Foil depth was set and checked before each run. The reference
point used in determining depth below the water surface was a point
on the leading edge of the foil mean chord section. Strut depth for
the bare strut runs was based on the foil mean chord and was referenced
to the leading edge at the bottom surface of the strut. A complete
outline of conditions set during the takeoff experiments is included
in Table 3.

Lift, drag, pitching moment, and speed were recorded with a
digital data collection system and data analyses were performed on
line with a mini-computer. Pitching moment was referenced to the
moment center of the dynamometer (see Figure £;. One to four

(depending on speed) three-second data samples were collected for




each speed run. The data were averaged during the collection time.
In the analyses, presented data were the average of each collected
sample.

Closed circuit television, motion pictures, above water and
underwater still photographs were taken and used for recording

cavitation characteristics observed during the experiments.
DATA ACCURACY

It was the aim of the program to run experimental conditions
at 30, 35, 40, 45, and 50 knots. An examination of all recorded
speeds (three-second averages) showed that the average velocity
differential from the desired speed was 0.8 percent. The average
variation in <peed from the first data sample to the second data
sample during a given carriage run was 0.6 percent. A1l coefficient
data presented in this report, which were nondimensionalized on
velocity, were calculated using the average force, moment, and
speed values obtained during the data sampling periods. The area
used in the coefficient calculations was the tc*al area of the foil
including the flap area. The cavitation number, ¢, values reported
in Table 4 are based on the mean values of speed.

The accuracy in setting the geometric foil incidence angle was
+ 0.05 degree. The dimension locating the dynamometer moment center
with respéct to the strut pivot point (Figure 5) was correct to

within + 0.1 inch.
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The dynamometer arrangement used in the experiment was comprised
of modular force gages. Two gages rated to 3600 pounds (axially
spaced 36 inches apart) made up the 1ift and pitching moment sensors
and one 230 pound rated gage carried the drag force. The accuracy
of these modular force gages is considered to be + 0.5 percent of
their full scale rated load.

The average water temperature throughout the experiments was
46 degrees and was within + 2.0 degrees of that value for the period

of experimentation and for the extent of the basin. The specific

gravity of the water was 1.014 and density, p, was 1.9682 1b-sec2/ft4.

DATA REDUCTION

Lift and drag forces were measured normal and parallel,
respectively, to the horizontal plane. The 1ift coefficient is

defined by
L

c T e
1/20V2A

L

where A is the foil plan area including the flap area. The drag
coefficient is defined by

D

c . .. Sp——
1/20V2A

D

Drag is defined as the total strut and foil drag. For consistency,
this formulation was also used for generating the bare strut drag

coefficient data. The pitching moment is referenced to the moment




center of the dynamometer and pitching moment coefficient is

defined as
M

C = .._.___2.—_.
1/2pV"Ac'

M

where ¢' is the mean foil (including flap) chord length.
Cavity pressure was not measured, however, cavitation

numbers for vapor cavities were computed as

P = Py

1/20v%

where p_ was free stream static pressure in pounds per square foot,
py was ambient fluid vapor pressure in pounds per square foot.

Froude number for the fqil experiments was defined by

where ¢' = mean chord length and g = acceleration due to gravity. )

Reynolds number for the strut/foil configuration was defined

as

where v was the kinematic viscosity of the tank water at the average

5

water temperature and assumed to have the value of 1.529 X 10” ftz/sec

throughout the experiments.




For the bare strut experiments, Reynolds number was defined

as

; .
g Rn i

where s' = the swept strut chord length at the still water interface.

RESULTS

Experimental data for the TAP-2 strut/foil configuration are
‘ presented graphically and in tabular form. Lift and drag coefficients
and 1ift-to-drag ratios are plotted as functions of foil incidence

¢ angle showing effects of carriage velocity and foil submergence.

Lift and drag coefficient data have also been plotted as functions
of carraige velocity showing the effects of foil angle of attack.
Drag coefficient data for the bare strut runs have been plotted as
a function of Reynolds number. A1l data have been tabulated and
are presented in Table 3.

Figure 6 presents 1ift and drag coefficient data plotted at

] velocities corresponding to the gxperimental condition. Separate

plots are shown for depth-to-chord ratios of 1.0, 2.0, and 3.0.

A rather detailed legend has been compiled for Figure 6 which

depicts the type or types of cavitation existing at the given

experimental condition. In instances where cavitation of a given

type was slight, the speed condition has been noted in parentheses

and consequently gives an indication of the point of cavitation é




inception. The schematic shown in Figure 7 depicts the areas of

the foil, i.e., pressure side, suction side, leading and trailing

edges, along span and in the vicinity of the strut, in which
cavitation was observed on the photographs. In all areas there
were no apparent differences in cavitation patterns between the
basic strut/foil configuration and the configuration with modified
foil tips.

Figures 8 and 9 show representative photographs obtained
for the basic configuration at various carriage velocities, foil
incidence angles and submergence depths. The photographs appear
in two sections; one section shows above.water photographs of the
foil suction side with cavitation associated with the given experi-

mental condition. The remainder of the photographs are underwater

pictures of the foil lower surface identified as the normal pressure

side of the foil.

Figures 10 through 18 show 1ift coefficients, drag coefficients,
and 1ift-to-drag ratios for a variation in foil incidence angle.
Different plots are included for the different foil submergence
conditions. Since it has been previously noted that carriage
velocity varied slightly (up to 0.8 percent) from the prescribed
values of 30, 35, 40, 45, and 50 knots, curves indicating velocity
must be considered approximate. The faired curves connecting

symbols for a given velocity condition have been superimposed on

1




the plots as a visual aid and do not represent any mathematically

defined data fit procedure. Any nondimensional coefficients
presented, however, were calculated using the exact velocity
measured during a data sampling period. The data in Figures 10

to 18 show that 1ift coefficient increased with increasing foil
incidence angle but decreased with increasing speed at constant
foil incidence angle. Drag coefficient curves displayed minimal
values within the range of experimental conditions and were generally
at a minimum at small (positive or negative) foil incidence angles.
The incidence angle values which corresponded to conditions of
minimum drag coefficient showed some dependence on velocity and,
therefore, involved effects of cavitation, submergence, and flow
characteristics on the strut at the water surface.

The maximum L/D which was obtained for the conditions evaluated
at d/c' = 1.0 was 10.7 at an a = 2.814 and V = 40 knots. At depth-
to-chord ratios of 2.0 and 3.0, L/D values were near 14.0 at foil
incidence angles near 1.0 degrees and at V = 35 knots.

Figures 19 through 22 show 1ift and drag coefficients versus
foil incidence angle. Experimental results for conditions at
varying foil submergences are superimposed on the plots. At a
given speed the 1ift and drag coefficients show little variation
with submergence at d/c' values of 2.0 and 3.0. Comparisons of
these coefficient data with those corresponding to the d/c' = 1.0

show slight reductions in the drag coefficients at the shallow

12




condition which can be attributed to the reduced wetted strut area.
Drag coefficients obtained in the bare strut experiments are
shown in Figure 23. These are plotted versus a Reynolds number
based on the swept strut chord length at the still water interface.
For these experiments the strut tip was submerged 5.4 inches,
10.8 inches, and 16.2 inches corresponding to one, two, and three
times the characteristic length of the foil mean chord. Drag
coefficients shown in Figure 23 were mean values of 2 to 6 data
samples. The average scatter for these data was + 30% of the
mean value.
Froude number, Reynolds numbers, and cavitation numbers
calculated for each experimental condition for the strut/foil

configuration and for the bare strut where applicable have been

given in Tables 3 and 4.
CONCLUSTIONS
1. Large lift-to-drag ratios were achieved at takeoff

conditions for the TAP-2 foil/strut configuration. Lift-to-drag

ratios near—t-{I"Teke méasured at certain combinations of speed,

e foil incidence angle, and foil submergence.

2. Lift coefficient increased with increasing incidence angle
at constant speed but decreased with increasing speed at constant
incidence angles.

3. ﬁounding the foil wing tips had no significant effect on
foil 1ift or drag and there was no apparent change in tip vortex

cavitation.
13
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4, Fofl submergence change had 1ittle effect on 1ift and drag
coefficients at depth-to-chord ratios of 2.0 and 3.0. Nearer the
surface at d/c' = 1.0, drag coefficients were less than comparable
values obtained at greater depths. Some of the reduction is
attributable to the reduced strut wetted area. |

5. TAP-2 pressure side (bottom) and suction side (top) surfaces .
were subject to cavitation at different locations on the surfaces de-
pending on velocity and foil incidence angle. In general, the foil
pressure side was fully wetted at incidence angles of 3.814 and greater
for all speeds. Pressure side cavitation, when occurring at small
positive and all negative incidence angles, tended to begin at the
foil centerplane. Suction side cavitation'occurred along the span of
the foil leading edge at high incidence angles (i.e. 4.814 - 6.814).
Cavitation near the strut trailing edge was common for most conditions.
Suction side cavitation along the span of the flap occurred and in-
creased in intensity as the angle of attack or speed increased.

6. In general, all cavitation (suction and pressure side) was
minimal in extent at a foil incidenge angle of 3.814.
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Figure 2 - TAP-2 Foil, Plan View




Figure 3 - TAP-2 Strut-Foil Assembly
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NACA 16-012 HYDROFOIL STRUT COORDINATES

X X Y Y
% Chord Inches % Chord Inches
0.00 .000 0.000 .0000
1.25 .075 1.292 .077%
2.50 .150 1.805 .1083
5.00 .300 2.509 .1505
7.50 .450 3.032 .1819
10.00 .600 3.457 .2074
15.00 .900 4.135 .2481
20.00 1.200 4.664 .2798
30.00 1.800 5.417 .3250
40.00 2.400 5.855 .3513
50.00 3.000 6.000 .3600
60.00 3.600 5.835 .3501
70.00 4,200 5.269 .3161
80.00 4.800 4.199 .2519
90.00 5.400 2.517 .1510
95.00 5.700 1.415 .0849
100.00 6.000 0.000 .0000

Leading Edge Radius 0.703% of C = .0421 Inches

6.000

Figure 4 - Schematic and Coordinates of the TAP-2 Strut Section
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Dynamometer Mounting Plate ——
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Strut Support Bracket ——— == (5
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\ \
‘_\ 1.5"
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Figure 5 - TAP-2 Foil1-Strut Mounting Arrangement
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a = 2.814 deg

V = 45 Knots, d/c' = 1.0

Figure 8(b)
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Figure 8(f) - V = 35 Knots, d/c' = 2.0
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Figure 8(h) - V = 40 Knots, d/c' = 2.0
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a = -1.186 deg

a = -2,186 deg
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a = -0.186 deg

Figure 9(c) - V = 35 Knots, d/c' = 2.0




0°2 = ,2/p ‘saowi € = A - (P)6 a4nbly

6ap y18°L = 6ap $18°0 = ®




?
;
:
*

a = -1.186 deg

41

a = -0.186 deg

Figure 9(e) - V = 40 Knots, d/c' = 2.0
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a = 1.814 deg

Figure 9(g) - V = 45 Knots, d/c' = 2.0
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Figure 12 - Lift-to-Drag Ratio as a Function of Foil Incidence Angle
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Figure 13 - Lift Coefficient as a Function of Foil Incidence Angle for

Speeds of 35, 40, and 45 Knots at d/c' = 2.0
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Figure 15 - Lift-to-Drag Ratio as a Function of Foil Incidence Angle

at Speeds of 35, 40, and 45 Knots at d/c' = 2.0
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Figure 18 - Lift-to-Drag Ratio as a Function of Foil Incidence Angle

for Speeds of 35, 40, and 45 Knots at d/c' = 3.0

53

aad




8+

sjou) 0€ 3@ Q"€ pue 0°Z = ,2/p 404 3| buy ddusploul (}0d JO

L+

(s33¥930) ®

S+

b+

™
+

o+

uoj3oung © se oj3ey 6e4Q-03-3317 pue SIUIEDL3420) Goug pue 3447 - 6L 34n6Ly

L+

i SisiE) @ 7 — ._h.ﬁf e 05 o T :‘_1 { 1 W [+] 2
A T ot 4 Felppebp o 1] 1 111 1
T S W B 00 | A T Tt
3 0 T 144L | 1 | 1 | 1
] T T T T
Il i ]
L+ 3 l» -+ 1
o
: % 5 B T S ! i T
" 1 il 1 4 1| ;8
{ 1 & 5 { o 13 |
o \w’. ] ) 3 [ ~ F )
0 et RS 5 3 TR 50 5 6 O O 15 0 A 5 6 O O 13 -+
1 T, S+ 44 44 Pl dad ity 4+ M 1 I
wik ik IR I : ol i e I i
T EadERBE T E I t B 0s*
B e fE S et ._M‘ 44 § oo ﬂ.“* Jotd Ve
o Sk SE FrE AR EREE AR AR SRENE S EERN i
3 HH T .
{ ! P ! . 1 0 oy : i 1
;m..w. wP ! IL_‘.VA -+t luﬂvJ m.q M»Hﬂuuﬁhl.“ ;w \“ ~
L3 2 o Y'Y ! b i
1 T S * .
e . ' 09
i ? A 1
11 WHA S
Sbctsd R }
: e ST u0yIedL4HPON diL q
I B _ H o 0't 4 [ S 1
f BB 1 19 P £ B 1 e |
e S 0t © SSSA n o’
fadioca s - g e <4 1.,.“ =
: Y ha e 1
g IR REERe g m
o P 0z 0 8
} B i
s b .I‘Tp -U\ﬂ lﬁL b
- - S A R — po
s s
i s ]
S WS PN FEEEE SRS N 08*
i —_—— = + 4, 1 A‘M kJ«
- . -+ 1 4,'1»0 - N d.ﬂ + - .,rHAl B T g ol ‘JU
- - oy + 4 . - 40 s -+ 444 -
e : IEERREE L R A AERSS AR NS EERSE Y
TSI REREERANE SR SR BEESE N
SN BEEE nanal baas: FH34H4+HH
PSRN I g 1 3 [ U BT
TR IBEWE R ¥ = R [
T RESEAEEEEAREE It 1

54




panuijuo) - 6| a4nb} 4

(s33y930) ©
8+ L+ 9+ G+ b+ €+ o+

.
L+ 0
! i
T L T 1 B T T T
{ ! 1. H
| : Hi
1 T 2
: o T €0
Ay EEEE
i it i = i ;] el _‘ G
) 3 4 VL |
SO AR G [ e e ] e B 6 1]
e - PEN. 5 i - ® e g | Y
L e 2 el oyl

4
1
HEEEE

s

P
henal
dade
4HJ _ : nu v
e e B £ 3 !
R B R EEEE R
0 5 W 1 4L : 4

8-

L0°

8'




8+

I+

panuijuo) - 6| s4nb4

(s33y930) ®
9+ G+ v+ £+ o+ L+ 0

1

T _ T g N R S e = =TT 08
; : : e ; ; o i B e
: S SR
: , KERBEE s iny RENES supng N
b ol S B s PR en np
” - A ! “m\. gt .L
j o Bam ek mpad 8 _ 0°ot
—— ‘ - . - Wﬁl OJTU -+ 44— . 1
e (e SERSEETE 2
+
s s |
-~ - -+
i o i ] 1 . 11
ST S e i
] - o0zl
] i . 17
T it
T 1 u T
i =) 0 i
A AEN D EE T 5 )
saxEEn : B
— ) ——4& 0°tL
DT R ] T
BN - g HHL q H-
TR S N ; B IHEERRE e
1] ¥ ~ REEE
=i oy | N N R R
— e el e I;“ = 41?1[41' T —4 \w s
waicu e Hait: = 5 _ REE) B
98 TR I t i 4.& w i ° OF
i e ki .q.j‘;x.mn 4 SE N W
TR (P e . N T,H 14 P -3 - 1 HH -
fee e — — . 44 s -1 4 = D e
ST, Wi B 5 Bl i R B SNTNN TR R ARI R
SR W 1ok {3
i 1 -~ i 1353 ﬁmﬁdﬁl EWE RS
= o el R I 1*»,“L «4_ B e o o = o
5o s *l - - .. .J,+.+_. WaJﬂJ#J.JJ I 8 i i g .
e EE |38 5 3 “Wﬂ* .“L#AL% +¢Llﬂlbi$AT
B S i : e bl & L L4 Ve 5 1 O R
s 5 s e s . 11 1 »T e HJ4.. u |+ = .
ST, [ o5 F l,t\.m 4 1 4 HE
T I :

b
e
W
T
|9
| .
R
144
-
.-A:Ijl
Sl
{ o4 o0 ¢
Ll
il
L
ElElE]
=y
-
L I T

an

56

sade oo M




.— . S

—+—— ——
B e
e e
. e
dmaed .

P e

Pt ) BRI (R

e e e e e e 5
ot b e Db hy i i)
H ! : 1
4 L i 1
1) .1T
v oo 1
~ . . P oy
T N ™M g Y
-
< a
o
1 e *Zrlr
1 } !
! |
1
1 i o 1
LB |
Sl 1 P i
BSOS S i pegIE!
— § I S 0 0 By o i
) 14 : Lt et ) 1B 10 58 O S 4 =
BN 5[ 44 «Hl_i‘.i »LTA 4 +
|18 38 RN i I W 14 i
+ - i SR (SIS Ry (5 I I + L p»
SEHENNET AN B ISl ST GRIRRR B RN (P B (0 SR | .
S o SR R B A B D rH- 70 1
A s s e 5 T E i e 1 ]
. ‘ ! ) 2 B A ol Syt
s o | IR R { ! (0

8

+3

+2

ction of Foil Incidence Angle

to-Chord Ratios

h

+
a (DEGREES)

57

-1

at 35 Knots for Various Dept

- Lift and Drag Coefficients as a Fun

Figure 20

.50
.30
.10




+—

L

4
4

Lt

HHHH

b g

B

5 N
S B e .

eyl

Lx 1 i

+3

-

T

-4

+
e St S S S

8

I
44

2l

H

4
—
=
14

Lde

t
4

=

{
1]
+2

HAT

Chi

$—b b bty

e gt i
I SRR 1 I
DERBRRENE _ i
1100 0 i
T IR T |
T 1 1 i
| =F T 1
) JoifiC o) T i 1
| 111 1 7
i f

+

a (DEGREES)
58

Figure 20 - Continued

: -t —
: i |
H E
T T
; 4+
+ t i
- 4 4
+ 11 T 1 | R
T T | L T 1 4 +
13 1 ; 11 =
SEREREES El 7 t
I8 BAn I (28 2,
| VT .Lnrl. | 1
| B8 1 T B 1 i T
! |+|.|.. ! t
A C< I
. {

e

CIEIAT

B el B

e

. ¢;A Pl

-+4

L—;L#

-

- -4
“+ 4t

]

) S 0 G B W Y

g ds

bodg s

—

%) 58S 5 IS

B

SR

444 -

.01




| 5 51 5 5 5 0 O 5 0
L,HILf 0 I O 1 O 0 &IM
B
1!.1'41«A W‘...*A., vu dLﬁ B et o ket
ol bl ad ol e = -4t — ot syt ol towd
I ] HL‘_.T._-x&IZ«J Gl
5 6 ) (B R
13 _ 5 0 i i N
A [Pl
- ! J
1] JWTML AL
1 L ] |
1 i 1 it
g AN
VR ) e 1
10t 5 1 O 1 ,ALL‘U 4
SEEERAERED
t HHAH .
T _ |
i + i i 1
\ 0 O 1
- v ooco 7
+ -~ e o o
. T —~—NM Giohe
poa
I
i 1 ™3
12 4 =
i
w vl -
|
d
[
I i ‘
! —
+ =¥ : r
) HiE BRREANRETS ST S0 1B0EE ]
95 58 ¢ + | 4 TR SIS EEE PRI B 8 0 B L D) e &
RN B & A RERE MR RO 0 BB 0 ] LF
ST A e 8 P B (e B R SRS SRR ER N R R R R B AR
- 1 ! i W) 1T A i 1
19 N B T mEE
=) =3 =3 =) X
~ o Iy - o o o
. . . . ™ N 1I-

+?2 +3

+
a (DEGREES)

-1

-2
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Figure 23 - Bare Strut Drag Coefficient as a Function of
Reynolds Number for the TAP-2 Strut Configuration
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TABLE 1 - TAP-2 DESIGN CHARACTERISTICS

Total Planform Area 121.5 sq. inches
Tip Chord 3.6 inches
Root Chord 7.2 inches
Mean Chord 5.4 inches
Span 22.5 inches
Aspect Ratio 4.167

Flap Angle 0 degrees
Section Offsets DTNSRDC drawing

{ Number E-3265
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TABLE 2 - TAP-2 STRUT-FOIL INCIDENCE ANGLE SETTING ARRANGEMENT

Hole Number on Strut

Support Bracket
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et emf el b el
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Strut Angle (f)

Foil Angle (a)

Degrees Degrees
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n
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.814

10.814
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.214
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.186
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TABLE 4 - FROUDE NUMBER, REYNOLDS NUMBER AND CAVITATION

V (Knots)

30
35
40
45
50

V (Knots)

30
40
45
50
35
40
45
35
40
45

NUMBER FOR TAP-2 EXPERIMENTS

Froude Number

13.32
15.54
17.76
19.98
22.20

d/c

W W W N NN = et et
OOOOOOQO\OO

Reynolds Number

1.491 x 10°
1.740 x 10°
1.988 x 10°
2.237 x 10°
2.485 X 10°

.846
.476
.376
.304
.626
.479
379
.635
.486
.384




DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE

BASIS.







