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SUMMARY

Results of towing-tank tests on a 4-inch chord, 24-inch span, single-
strut mounted, plain-flapped hydrofoil model, having an NACA 16-309
wing section, are reported. The hydrofoil model was constructed to
permit tests to be conducted on four flap sizes.

‘Results are presented in coefficient form. Comparisons are
made with aerodynamic data and theory. Results include curves
of hydrofoil lift, drag, and pitching moment co.e‘f_f-icient; flap normal,

and chord force coefficient; hinge moment coefficient; and flap effec-

tiveness.
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INTRODUCTION: :

The fully-submerged hydrofoil with zero dihedral has the highest lift-drag ratio
of all known hydrofoils. However, the desire to use this type of hydrofoil on
1a;:ge seacraft has pointed .to‘t;he need for trailing-edge flaps which are neces-
sary for lateral control and pitch control, as well as for reducing sea-state

gust loads.

The trailing-edge flap should be regarded as a control device which can
cause a seacraft to roll, pitch, or yaw, as the human pilot or mechanical auto-
pilot dictates.” This controllability of the flap is a result of a change in the
pressure distribution on the wing surface of which the flap is a part. - For
example, when the trailing-edge flap is deflected downward, the hydrofoil be-
comes, in essence, a new hydrofoil of increased camber. The increased cam-
ber generates a cons’iderﬁble negative pressure increase over the top surface,

-and an increase in positive pressure over the bottom surface of the hydrofoil.
This results in an increasé in lift coefficient which causes a. change _,in,i_:he
balance of the seacraft, and a subsequent angular movement-of' the crraft about

one of its axes.

W'ith' few exceptions, past seacraft designs have not used flaps. Control

problems have caused area-submergence configurations to be favored; there-

. fore, experimental information on flapped hydrofoils is virtually non-existent.

The program cohvered‘by this report had the following objectives:
1. Obtain experimentally the characteristics of a flapped hydrofoil.

2, Compare experimental results with aeronautical data-theory to
determine to what extent aerodynamic data may be used in the
design of subcavitating hydrofoils.
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AIn the Results section of this report, brief comments are made on the
theory,. followed by discussion and comparison of each result. It is pointed out
that the comparisons Were not always made with theory, as some comparisons
were made with empirically-based formulas generally favored by aeronautical

designers.

The NACA 16-309 wing section was chosen for this study, based upon the
Bureau of Ships specified reqﬁirem_ent of supporting approximately 20 percent
of the weight of a 100—ten seacraft. The 16-series sections are well-known
aerodynamically, for a number of them (including the -309) have been thoroughly

documented by computat‘ibnal stu'dies,' wind-tunnel tests, and tank tests. They

‘are cambered to a uniform mean lihe, and their ‘designed minimum pressure

position is 60 percent of the chord aft of the leading edge. Consequently, when
operating at'their ‘desig'n lift coefficient, all members of the 16-series have a
uniform chordwise pressure distribution, a feature which makes them well

suited for hydrofoils.

" The plain trailing-edge flap was recommended for this study because. it is
the oni‘y one which can perform as an aileron ee.pable of deflecting to negative
flap engles and, in addition, it isnot as susceptible to fouling as the other types.
There are others (such as. the split type and the zap type) which, although ef-
fective in increasing lift, are considered objeeﬁoneble fpr subcavitating flow,
Ambitious types (such as the Fowler, the siotted and venetian-blind types),
which have promised very high lift increments, involve an 1ncrease in effective

wing area because they extend rearward when deﬂected 'Th1s feature requ1res

sophisticated mechanical linkage resulting in additional weight and mcreased

maintenance.




MODEL DESCRIPTION AND INSTRUMENTATION

" TEST FACILITY

The ent-irg test program was conducted at the Convair Hydrodynamic Towing
Tank, which is 300 feet long, 12 feet wide, and 6 feet deep. A description of
this tank is given in Referenée 1. Figure 1 shows the model mounted on the

base of the high-speed carriage.

MODEL DESCRIPTION

The hydrofoil model has an aspect ratio -6 (4 x 24 inches) wing rectangular in
planform, with zero dihedral, and with thickness a.nd'pla.nf'orm taper ratios of
1.0.  Both wing and flaps were made of Armco 17-4 PH stainless steel. A

profile sketch of the 16-309 section, and a table of hydrofoil model ordinates,

‘are shown in Figure 2.

The model was constructed to allow the testing of four different flaps
which are identified in this report as:

cf/c bf/b
Model Flap Configuration 1 0.3 0.6
Model Flap Configuration 2 0.3 0.8
Model Flap Configuration 3 0.2~ 0.6
Model Flap Configuration 4 0.2 0.8

Steel inserts, cut to conform to the hydrofoil wing sﬁrface, were fastened
to the model wing when it was desired to test conﬁgurationé having either
cf/c = 0.2 or bf/b = 0.6 dimensions. Figure 3 is a photograph of the model
mounted on the test bench. The figurg shows a flap with a chord insert mounted.

Figure 4 i_éf'a schematic of the model installation shoWing the hydrofoil
mounted to a structural strut. This strut served to transmit all of the wing




forces to the strain gage balances mounted at its upper end. The figure also

shows an ogive strut fairing enclosing the structural strut. The strut fairing

" was designed.to be mounted directly to the carriage so as not to touch either

the structural strut or the model This method of mounting the strut fairing

'eliminated strut drag from the drag results. ‘

mSTRUMENTATION

All of the instrumentation necessary to 'recordvfo'il and flap forces, distance,

- time-analog velocity, and flap position, was mounted ’directly:on the carriage.
'The. main balance of the foil sensed normal force, axial force, and pitching

- moment The ﬂap balance sensed normal force, axial force, and hinge moment.

All wing and flap forces were measured by means of moment—type strain gages,

' _r-which were mou.nted for single-gage readout in order to mimmize gage inter-

action. The moment due to drag of the foil Was cancelled electrically to allow

direct reading of the wing pitching mement on the oscillograph trace. Figure 5

isa schematic of the strain gage instrumentation for measuring the flap forces.

For flap cycling tests an electric motor, mounted below the main balance,
was used to drive the flaps through an eccentric, push rod, bellcrank, and flap

torque shaft mechanism. Flap position was recorded by a s'tra'i_n"gag'e element

‘Whichfollowed the bellcrank displacements (see Figure 4).

All- seven strain gage channels incorporated a Consolidated Electro—

.dynamics Corporation (CEC) 3-kc carrier amplifier with an- amplifier out—

_put calibration circuit, and a variable attenuation and galvanometer damping

circuit with outputs recorded ona CEC osci]lograph type 5-114—P3 26 With

the use of the amplifier calibration circuit, and the va.riable a'ctenuation circuit,

va.mplifier output was maintained within one -percent ‘The analog velocity read-

B - out’ generated by a carriage-mounted d1rect—current generator, driven by a

drum riding on the carriage rails, was also recorded on the oscillograph




record. Precise velocity was obtained from a distance-time history originating
from a carriage-mounted photocell signal. Interrupters, spaced every five
feet along the length of the carriage rails, broke the light path to the photocell,

and caused a sharp trace deflection on the oscillograph record.

Photographic instrumentation consisted of a 161ﬁm Eyemo motion picfure
camera. The camera was mounted on the carriage, above the model, and
trained aft to observe the flow phenomena. Figure 6 is a photograph taken from
the motion-f;icture film showing the flow pattern.




TEST PROCEDURES

All tests were conducted with the model mounted to the No. 2 carriage, using ,
the hydraulic drive. The operating procedure consisted of testing the model
over a ra.ﬁge of velocities at a fixed depth of submergence of four inches,
measured above the wing quarter-chord. Wing angles of attack were -5, 0, 2,
5, and 10 degrees. Flap_deﬂection angles were fixed at -5, 0, 2, 5, 10 and

20 degrees. Data for these tests is tébulated in Tables I through IV.

During the latter part of the study program some tests were conducted
with the flaps cycled at 0.5, 0. 83, a.nd’1.66 cycles per second. Depth of sub-
mergence was maintained at four inches, and wing angle of attack was fixed
at 0 degrees. Flap deflection amplitudes r.ﬁnged between 0 and 10 degrees.

Strut-interference tests consisted of operating the model with supporting
struts at the wing tips. A series of runs was made in which the midspan strut
was removed. These were repeated, with the midspan strut fairing mounted
in placé, but not touching the model. All runs were made with flaps neutral
and at two wing angles of attack - 0 and 10 degrees. Depth of submergence
was kept at 4 inches.

Photo—coveragé and visual observations were made throughout the pro-

gram to ensure that no air entrainment occurred.

Average test velocity throughout the study was 24 feet pér second, Tank
temperature was observed to be steady at 70°F, for which the density was

1,94 slugs/fta.
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RESULTS

The results of this investigation are presented in éqeffic‘ient form using NASA

absolute coefficients.

LIFT

The flap-neutral lift curve is calculated from

CL = (a-ao)CL | (1)
a

where (a‘-ao) is the wing angle of attack measured from zero lift and

ga
=c
2 . C*
La a‘Ec a+ Zkt(‘r+1_)

Cc 2)

All tgrms are those used in aeronautical practice, Figure 7 is a com-
parison plot between the experimental lift curve a_.ﬁd the computed lift cﬁrve,
using Equations 1 and 2 with the section data on the 16-309 wing from Reference
2, The figure shows Stack's lift curve for thé 16-309, obtained from wind-
tunnel tests, having a C'La = 0.1/degree. His curve was three-dimensionalized
and corrected for the effect of depth, using the empirical approximation in
Reference 3, i.e.,

CL -1. 454%
c - 1-0.422 ¢ . (3)
L

o

The resulting lift curve had a slope of CLoz = 0.059/degree. The experi-
mental durve, also shown in the figure, had a lower slope, nainely, CLa =
0.05/degree. The difference in the angle of zero lift of the experimental 1ift

curvé—, with the calculated, amounts to about 0.2 of a degree.
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_ S c
. Where the functions f(.cf‘) f(df) and f( f

The variiation of li'ft—drag ratio with angle of attack,when the hydrofoil

has neutral flap and is at a -depth of _submefgehce of one chord,is ,s'howniin

Figure 8. The peak lift-drag ratio of 17 occurs at a = 2.8 degrees, thereafter

| failing off as angle of attack increases beyond 2.8 degrees.

FLAP EFFECTIVENESS '

: ,Fig‘ures 9 through 12 present the curves of 11ft coefﬁc1ent at various flap deflec- '

tions for the four flap conf1gurat1ons. They show that a'straight line relation—
ship between CL and a exists at allflap. deflections over the tested ra.nge of
angles of attack.

| Figure 13 is a plot of flap effectiveness based on the experimental results
for all four model configurations ata = 2 s a.nd at a depth of submergence of

one chord. The figure shows that flap effectlveness varies with c /c a.nd b /b

having a.n approx1mate linea.rity-_for values of 6'-f between -~5° and 5°.

The lift coeffic1ent of a ﬂapped wing can be written as

CL = CL (a a ) + CL df . | 4
o ) . B .
where C L is the flap effectiveness. FolloWing_ aeronautical practice, flap

effecti\)‘enegs is written:

c by :
SC PN
c, -f(c, i(s,) f +)t® e
70 . : .
f _
' b

. b o
(4) (5). The function f(h) is a depth correction and it accounts for the fact

that the hydi!bfbil_ is not 6perating in an infinite fluid. Inasmuch as the aseess— |

_ ing of the flap's ability as a lift generator is the principal concern of this. Study,

it is important that f ( E) be computed. This can be done by a simplificatidn of
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Prandtl's lifting line theory as applied to the biplane.

Figures 14 and 15 show the hydrofoﬂ and its image operating as a biplane
having a gap distance of 2h and no wing stagger. Fig‘ure 14 shows the vortex
lifting lines, which, toa first approximation, replace the wings and ﬂape.
Figure 15 shows the location of the wing and flap bound vortices. The wing

' . 1
- vortex at (0,-h) has a strength I'. The flap vortex at (c + —~c, -h)yhas a

4P
strength 1" Corresponding 1mage vortices, having the same strengths, are

positioned at (0, h) a.nd (c += h) respectively. Arranging the vortices in

s
this manner, the problem the:ll isf one of finding the strengths of these vortices
that induce a total downwash Z(v) at (%cw, =h, 0) and (c + % Ces -h, 0) which
when added vectorially to the free stream velocity, U, produce a resultant
flow that does not penetrate the chord line representing the wmg and the flaps

at these points The two boundary equations are,

Z(v)
(Ec s+ =h 0)
4 w ,
U =tfana = a - (6)
Z(v)
_ (c +ch, =h, 0) _ _
; - = tan (q+6f)5 o+ df_ . o (7)

To set up Equation 6 the do‘wnwa_sh at (% ¢ ~ 1 0) due to the wing
bound vortex is computed by using the Biot-Savart law,

fJ(i B)

where the minus sign denotes a downward flow.

ve-L
' 2n




The downwash at (% cw, =h, 0) due to the wing image bound vortex is

- C.
2

b
2

25 2 - '
c 2
<_2v_v> "+ (2h)

Nl

| \/<_2v_v >2+ e’

The downwash at (-i-cw, -h, 0) due to the wing trailing vortices is

The downwash at (% Coy’ -h, 0) dué to the 1magé wing trailing vortices is-

b
2
(2h)2 N (h )Z | 1+

‘N

7 The downwash at (% Cor? -h,

S 1 2
2x et e | c +oe 2 b 2

.T_hé downwash at (% c . ~hs 0) due to the flap image bound vortex is

‘ - Cwtef by _ ]
i 4 2 _
v 2n '

: .
c +c¢,.\
_ <——w I f)_‘ + (2h)2
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The downwash at (% Co ~ h, 0) due to the flap trailing vortices is

cW
FV - E i 1- T _
- W f
2_, T + ?
L i

[ c_+c |
w

2x 7 ) 2 . 2
b : c 4cC b,
O 2 w f . 2 f
<—-2 ) + (2h) 7 ( T > + (2h) + <-—2> |

i
)

<
1]
]
NN
-t
]

Now adding the foregoing downwash contributions from each vortex in the |
real wing and setting this sum equal to the product Ua,' Equation 6 results.
Equation 7 can be derived in a similar manner. To summarize then, the equa-
t‘i‘onsv for which we may solve for T and I'_ , after some rearrangement of

terms, are:

1

c 1
I''{B+————— B_. + k—+ = kcB
141602k 1 ,b 2 2|
1 1c¢c 1 : '
“=Te (B, +———— B, -3 7= -S¢B_{ 2k= Unkeg 8)
E178 7 o452, 4 2b  4°75f _
1 3 1l ¢ 1
I'i; B, + B,+5 - +< ¢B_{ 2
3 Bg — c k
9+64h2 7T 2 b 4 8
. 1 . C E k
+ S —— 1 +E— + == U +0 ’
s 1By 2 Bt By, t20By[ 5T Utke@+8) ’
1+16—2 ‘ f : :
E

®
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where thg B - coefficients are

b
.2
B_ = :
2 2
2 b
(@h) + (—2-)
il
- 2
B._
4 . 2 <b>2 | ,
<Z + ? + (2h)y
.9 .
. 2.
B. =
| 4 ° 2
b
B_ = 72.




By substituting the various values for the coefficients, B, B, B

: r 2’ Cos
Equations 8 and 9 may be solved for I'and I; . The total downwash at (% 4 c '
-h, 0) and (c +—Z Cps -h, 0) for conditions of finite submergence and infinite
submergence can then be obtained by substituting the values of T and I‘f in each
of the appropriate downwash formulas and adding the results. The depth func-
tion f(h) can then be computed by ratioing the infinite submergence downwash

to the finite submergence downwash. This function expresses the ratio of vorti-
city generated at infinite submergence to the greater vorticity generated at
finite submerger’;ce in order to produce the same lift. Imasmuch as the vorticity
is a measure of the lift of thefoil, thefunction f(h) can be regarded as the ratio

of lift at finite submergence to the lift at infinite submergence.

Equations 8 and 9 were solved for I' and I‘f for -E = 0.25, 0.50,b0.75, |
1.0, and « for ‘6f,= 2, 0, 5, 10, and 20 degrees at ¢ = 2 degrees a.nd-b.—f =0.8
a.nd ot = 0.3. The velocities were summated, the aepth function was deter-
mined, and a plot of it is shown in Figure 16. The figure indicates that for
any given flap deflection there is a variation in lift with 6 g aS previous experi-
ments have indicated, (see References 4 and 5). Further it indicates that at a
fixed depth the effect of the flap is greater at low flap angles than at high flap
angles. Thg foregoing derivation of f(h) makes the assumption of constant
spanwise vorticity which is not a physical reality. However, as f(’Ti) is a ratio
of two conditions of submergence, it is felt that the assulﬁption of constant span-

wise vorticity is not gross.

Using the information présented in Figure 16, plots of ACL versus 6f

for Model Configuration 2 (cf/c = 0.3, bf/b = 0.8) are presented in Figure 17,

h _
for ; = 0.5, 1.0, and o, using Equation 5 and the charts in Reference 4. The

figure indicates that aeronautical theory predicts considerably higher values of
lift coefficient for a given flap angle than were obtained in this study.




The ef-fect'-gf depth was assessed experimentally using Model Configura-
tion 2. Plots of CL versus submerg_ence are presented for a range of flap -

angles in Figure 18.
DRAG

The drag coefficient of a sﬁbcavitating hydrofoil having rectangular planform
and zero dihedral can be written as

C.=C._ +C_ . o)

The induced drag coefficient, C , is made up of two terms:
i

c K (AC,) .
L (11)

na

- where the first term on the right is the recognizable form for a non-elliptic

planform. The second term contains the 1ift coefficient increment due to the .
flap, andK is a function of flap geometry (see References 4 and 6),

The profile drag coefficient, CD is made up of two parts, the sum of

P+ L’?'-,uLY@

- the section drag and friction ‘coefficients (c g+ 2C f), plus the change in profile

drag coefficient due to ﬂa.p deflection ACD

The change in profile drag coefficient is generally'expressed as,

°f bf |
'ACDo =d d(syd |— (12)

where
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» are corrective functions for _variafions ovf'ﬂap—chord ratio, ﬂgp angle, and flap

span, respectively.

Figures 19, 20, 21, and 22 present the experimental curves of drag .
coefficient for all four model conﬁ'gdrationfs. Figure 23 compares the results
for thr‘ee-of the configurations at a fixed angle of attack- of 2 degrees, and it is '
seen that agreement between the test points and the calculated values are
reasonably good at low flap angles. At large flap angles, the calculated drag
coefficients tend to be slightly higher than those obtained experimentally, No
depth correction was incorporated in Equation 11, and it appears that the effect
of depth on drag is quite small. Drag coefficients are for foil only, as strut
and interference drags have been eliminated.

At the conclusion of the second part of the test program, a series of runs
was made in order to determine the effect of strut-wing interference drag. -
First, a series of runs was made with the wing supported by a strut at each
tip and with the normal midspan strut removed. Runs were made with flaps
_neutral. at two wing angles of attack, 0 and 10 degrees, while depth of sub- _
mergence was kept at four inches.” The drag balance was attached to the yoke

in which the tip struts were mouxited so that the drag of the configuration was

1 “wing * Dstruts .
The tests were then repeated with the normal midspan strut fairing in

position but not attached to the yoke and not touching the wi_ﬁg; The resultant
drag of this configuration was |

D =1 . ,
2 Dwing Dstrui;:s * Dinter.fe_rence .

The difference in drag results obtained by the two configurations (D2 - Dl)x
was attributed to interference of the strut on the foil (assuming, of course,

that there was no measurable interference effect between the midspan fairing
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and tip struts). Figure 24 shows the mounting arrangement for this test; and
| Figure 25 is a plot of ACD due to strut wing interference, This was subtracted

from the total measured drag to give the data tabulated in Tables I through IV.

PITCHING MOMENT

" The pitching moment coefficient for a flapped airfoil with a full-span flap

positioned at 6, degrees is given by

f
aC
=0 _M .
CM = CM + ( ) df_ (13)
o \ f
where CM is the pitching moment coefficient for the undeformed section and
o 9C : ] :
the partial 55 Misa proportionality factor which Reference 7 derives as
_ t _ )
BCM -C L, . -
§<§_=_n— (1- ENE(1-E) . (14)
¢ _

From empirical data based on accumulated wind tunnel tests, the esti-

mate of 'CM about the quarter-chord is generally of the form

b\
: f
AC), =m(Eym < ?) AC, | (15)

because of the close correlationship between ACM and ACL . The two func-
tions m(E) and m(bf/b) are corrections for flap-chord ratio;, and for the effect

of partial span. Empirical curves of these functions are given in Reference 4

* for calculating ACM. The experimental results presented in Figures 26, 27,

28, and 29, generally confirm aero trends which indicate that the
variation in pitching moment coefficient with flap deflection is independent of
angle of attack. Figure 30 shows the comparison between aerodynamic



estimates and theory versué the eXperiment_a.l tank results. Although the test
data in Figure 30 doés show some scatter, all of the test points along the band
consistently fall away from Glauert's theoretical curve at largé angles of attack.
However, the élope of th-erba.nd of 'ppints is generally parallel to the aero esti-

mates from Reference 4.

Thin airfoil theory indicates that there is a fixed relation between pitch-

' ing moment and lift coefficient increments for a given flap-chord ratio,

Ac -‘l (sin 6 1 sin 26 ) S -
m) __4 o 2 o (16).
Ac/Z 5 [(:r-eo)+s1neo] : :
f
wheré sin 9 = 2VE (I-E) (056 261
and E = cf/c
Figure 31 is a plot of AC M/AC_L against £ for Model Configuration 2.

The deviation between theoi'y and the test data is illustrated by the magnitude

of the slope of the solid line which represents the average curve from test data.

'FLAP FORCES

Theoretical expressions for the flap-lift coefficient, a.nd hinge-moment coef-

ficient for a flap on a thin airfoil, are given: ' ‘ J
| acL . oy | 4
c, = C, + - C + 1 Yog (17)
T BCL aaf :
o)

aC 8C.

Hf 8CHf
C,=C. +\—— JC .+ — ] o - (18)

_Hf Hfo BCL L 96 £ f




" Thé partials in E‘q"uatbn 17 were d’e_rix_ied By_ Pinkerton (Reference 8) .,

iﬁtegrating the load over the flap of a thin airfoil. They are:

— = (- & - Si e 9) .
acL n(1+cos ¢ (n= ¢ - sin qD): ' (1‘)
aci“f : 4 2 '
'aaf . =-It (l-i-'cos 2) sin .-(p_(1+ cos <p»)v
n L 9
+ZZ <sincpsi;n:pcoeng eos<psm mp) o)
1 | n -1 '.-'*;n(nv-l)
Where
7008 ¢ == (1- 2E)
- sin ¢ = 2\E(1 - E) -
c
_ K 'ac‘f S
Approximate values of -GT were derived :by Pinkerton inas-mueh
as the series term'in Equation (20) does not have a general su.mmation
faC aC
P.inkerton-'s plotof | —— ) and | —— ] is presented in Figure 32 for
| AR E TN S oC, | ) - ,

- reference.

—Gla_uert-Qerived expressions for the pai'tials in E’Qﬁatioﬁ '18‘ from thin




airfoil theory. They are:

:C:f ﬂ;z [(%_E) JEG-E) -(g- 2E)(§- coa” IJE)] ._(.21)

/8C,,

f nE . ‘ A

. Equations 21 and 22 are plotted in Figure 33 for reference.

Flap normal force coefficient and axial force coefficient', using the wing
chord as> diréctional referénce, are plotted in Figures 34 through 4i for all
model configurations. Normal and axial force coefficients were pfeferfed for
presentation because it was felt thaf the data fvou’ld be more us'efi'll;' for struc-
tural design. The figures show the indepégdence of CNf and C A from Wing
angle of attack, a. - , 1 :

In comparing the experimental results with the theory as derived by
Pinkerton and Glauert, ihe CNf - data at @ = 2 degrees for 'a.li four‘méaélé was
converted to C_ - data, which is presented in Figures 42 and 43. The figures

show a linear variation between C_ and 6, at low flap a.ngies and the experi-

f

mental curve para,lleis’ the theoretical curve (Reference. 8). Beyond § £= 4 de-

grees; however, there is a marked fall-off in the C_ as §_'is increased. This

f
is a probable indication that the flow region above the flap has a low velocity.

Figures 44, 45, 46, and 47, are plots of flap hinge moment coefficient
against angle of attack, a. Comparison with Glauert's expression (Equation 22)
in Figures 48, 49, 50, and 51, generally indicate that the flap hinge moment
will be considerably less than predicted theoretically, - .

I




'EFFECT OF SPEED

: Figures 52 and 53 are plots of wmg and flap coeff1c1ents for Model Conf1gura—
tion 1, covermg angles; of attack of -5 and 10 degrees, and flap detection o
angles of -5 to 20 degrees for a range of Reynolds numbers between 0 4x 106'
to 0.9 x 106 These results are typical for all con.figurations,- and 1nd1cate :

|  that the force coefficients are independent of the veloc1ty of the model within

‘the range of Reynolds numbers cons1dered
LIFT, DRAG, PITCHING MOMENT, ‘_WITH FLAPS CYCL'ED' :

'All of the hydrofoil model con.ﬁgurations were tested at three ﬂap—cycling
' rates 0 5, 0 83 and 1.66 cps. Curves of lift, drag, and pitchi.ng moment
| coefficient are presented in Figures 54 55, a.nd 56 for Model Configuration 1,
inasmuch as it is considered genera.lly representative of the ﬂap-cycled re-.

_sults for all of the models.

' The results of th1s phase of the test program will be mcluded in a.nother
report in wh1ch the dyna.mic aspects of the ﬂap cycling will be brought out

,. ‘Concluslons on this phase are, therefore, reserved for later—._ |
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CONCLUSIONS
This study has demonstrated that flapped airfoil data may be used to predict the
furces and moments on the wing and flap of a fully-submerged hydrofoil.

The ﬂa._p—neutral lift curve can be predicted with fair accuracy from

aeronautical data incorporating a depth correction.

Thehydrofoil lift curve slope is not affected by flap deflection. The lift curve

Cf e
flap of P 0.3 and ' 0.8.

;

retains its linearity up to verylarge anglesof attack using the maximum size

It has been shown theoretically and experimentally that flap effectiveness
varies with depth of submergence. Theory predicts much higher values of flap

effectiveness than were obtained in these tests.

Aerodynamic data may be used to predict hydrofoil flap lift coefficient for
low flap angles. For the 16-309 section, the experimental values of CLf fall off
sharply at about 6; = 4° for all of the models tested. '

Flap hinge moment coefficient can be predicted with fair accuracy from

aerodynamic theory.
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SYMBOLS

angle of attack, degrees

| angular deflection of flap, degrees (+ve when flap deflects

downward)

chord of hydrofoil, leadmg edge to flap trailing edge
area of hydrofoil

depth of the foil 1/4-chord below the freé surface
chord of the wing, less flap

chord of the flap |

area of the flap

foil span

thickneés of hydrofoil

flap span

1ift of hydrofoil including ﬂap

drag of hydrofoil including flap

pitching moment of hydrofoil with flap

hydrofoil total lift coefficient, L/qS

hydrofoil total drag coefficient, D/qS (foils and flaps only)
hydi'ofoil total moment coefficient, M/ch (about 1/4-chord)

pitching moment coefficient for the undeformed section
aCy,

slope of the lift curve for a wing in an infinite fluid, (W)
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)

| sectional 1ift curve, (—)

rate of chénge of lift coefficient with flap deflection, —L

acz
o
induced drag. coefficien'tj
profile d;'ag coefficient |
section drag coefficient
friction &ag coefficient (based on ATTC 1947.friction line)
flap lift force coefficient, Lf/q Sf |
flap lift force co_et'fi‘c’ient for the unflapped section at zero lift
flap drag force coefficient,l Df/q Sf
flap normal force coefficienf, Nf/qs ¢

flap axial force coefficient, Af/q Sf

rate of change of pitching moment coefficient with flap deflection

section moment coefficient about 1/4-chord
section lift coefficient

lift coefficient at infinite submergence
aC

86f

hinge moment coefficient of flap, Hf/q S £ %
hinge moment coefficient for the unflapped section at zero lift .
angle of zero lift of hydrofoil, deg

: 2
aspect ratio (b /A)

correction to the slope of the section lift curve for the presence |

of the free surface




foil velocity, (ft/sec)
strength of wing vortex at 1/4 C. (wing ll'ess flap 1/4-chord)

strength of flap vortex at et 1/4 Cps (flap 1/4-chord)

wing emi—p@i.i:netet) ‘

Jones e correction ( -
edg ‘wing span

function of flap geometry
induced drag correction for a non-elliptic wing

downwash velocity

rate of change of flap hinge~moment coefficient with change in
fixed-surface angle of attack, flap deflection 1__1e1d constant S

rate of flap hinge-moment coefficient with change in angle of
surface deflection, angle of attack of fixed surface constant

density, - slu.«g;s/ft3

1+e

1+e2

t
(¢}

4
where € = 3\/3_x

correction for nori-el]iptical planform

29
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| y z /me'an line
. _' L / /-_ - ) 5
. P i /. chord line
- X —d’
- Basic half thickness ~ Mean Line
Ordinate .. Ordinate for
for 9% section } design Cy, = 0.3
x in. y in. ' o " gz in,
0.0 0.0 0.0
0.05 0.039 0.006
- 0.10 0.054 0,011
0.20 0.075 - 0.019 -
0.30 0.091 0.025
- 0.40 0.104 0.031
0.60° 0.124 0.040
~0.80- -0.140. 0.048
- 1.20 0.163 0.058
"1.60 ©0.176 ©0.064
' 2.00 0.180 0.066.
2,40 0,175 0.064
2.80 0.158, - 0.058
0 3.20 - 0.126 0.048
3.60 0.076" 0.031
3.80 0.043 0.019
4.00 0.0 - 0.0

. Data taken from Reference 5.

Leading-edge radius = 0. 016 in. .

All ordinates based on 4. 0-inch chord.

Ordinates (y) are superimposed on the mean line (z), and one
measured perpendicular to the mean line, '

Notes:

R

‘Figure 2. HYDROFOIL MODEL ORDINATES (HYDROFOIL, NACA 16-309)
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{

. Carriage bed

'~ setting foil angle
of attack

- Fairing support
" bracket

B -
] | = -\ - —
i i . — g p— ).

i

r
[ 1.
[— — — —F— 7

T

Foil lift and
moment balance

Foil drag balance

Flap cycling
motor

st ;;\\\\\\\;\\

 Water surface

~___ Flap angle
indicator

Figure 4. SCHEMATIC DRAWING OF MODEL AND BALANCES




’Lift. Force

- ' Drag Force:
{ ny

&
4

— Flap (Adjustable)
Drag Legs —

Lifé & Hinge

Moment Section —

3-Component
.Flap Balance

Flap Hinge Line —>_
~ Flap Support Strut .

—— Attach Flap Balance to Hydrofoil

Hydrofoil — 'Along This Seat

Note: Strain gages were bonded to the drag legs and lift and hinge moment.
sections in such a way as to give maximum output from lift and drag
forces, while reducing interactions and combiné load effects that
were present in this load-measuring system. The strain gages were
picked by means of a special digital computer program.

Figure 5. STRAIN GAGE INSTRUMENTATION FOR MEASURING FLAP FORCES
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Stagk (2) Stack's curve. . / »
U corrected for ol
. aspect ratio,
1. planform & depth|

VA
S
/

\K_Fxperimental curve
¢ » O deg

h/c = 1

s 6° o gf° 10°
Attack ',OL '

Figure 7. COMPARISON BETWEEN EXPERIMENTAL LIFT CURVE AND
| AERODYNAMIC DATA
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= 1.0

a0l

a O°

. - /] -2 T & »
Angle of| Attack -| of®

X _L‘. .
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Figure 9. LIFT COEFFICIENT: MODEL CONFIGURATION 1
: cf/c = 0.3, bf/b = 0.6, h/c=1 '







—

}/A%/ |

//

I

Figure 11. LIFT COEFFICIENT: MODEL CONFIGURATION 3
- 0.2, b/b=10.6, h/c=1 '

’cf/c= _
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IQ

M O W
o

NN T

'9 <>' o <P o Eg
£,

SR N

% / Q] P o] I T
7 ‘
A

Figu.r e 12, LIFT COEFFICIENT: MODEL CONFIGURATION 4 ‘

'f./ = 0.2, b/b 0.8, h/c




~ Config I Symbol

cg/c  bg/b
1 0 0.3 0.6 |19
.3 2 A 0.3 0.8 LA
3 D 0.2 0.6 /
4 0 0.2 0.8 .
22 Z

o

E=

ion - Sf

Figure 13. VARIATION OF FLAP EFFECTIVENESS WITH FLAP GEOME'I_‘RY

43
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Figure 14. 'VORTEX-ARRANGEMENT REPRESENTING THE REAL
Lo - " AND IMAGE WINGS AND THEIR FLAPS




N "B, T
Image Wing _ T - )
| A T
v -
- | olr @ - o
H, | ATy
' Real Wing 1 N
| I \\f
-lc-b —l-c-" .__Z(V)
4 C 4 fﬁt——c —
w . f
= - C

Figure 15. LOCATION OF BOUND VORTICES ON THE WING AND FLAP
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- B/ =
1.00
/_4/""457(: = .50
| //E]C = 25
;75 . J;Lap_nnnﬁ.umr.m :
cg/lc 4 0.3
be/b o 0.8
) =20
[y % N ile . ° lbe dbn
Flap Deflection

Figure 16.

THEORY (3- DIMENSIONAL)




o5

® 1 chord depth h
' c
3 .50 chord depth oo
L/
1
ob Ve
Model Configuration Ve .50

cefe = 0.3
bs/b = 0.8

a. (o JUP 20
.3

NA\E

/
-

e
N\
2 /

Expeﬂ mental

) 4 8
Flap| Deflection |- 6f°

-

12 16 20

Figure 17. FLAP EFFECTIVENESS AT VARIOUS DEPTHS - COMPARISON
' OF THEORY WITH EXPERIMENT MODEL CONFIGURATION 2

S




.6 -
Sym Sf cf/c=0
[ ~ .| be/dv=0
A -5 X w2
. O 0° '1,[;,/
. v 2. / /
B 5° [}/ (1)
<> 10° //
n D 20°
—
e 9
//
— 0
_h— _
- _—vyv— Y
vV
2 O———
o — T ®
.1 — A=
4= &
0

0] .25 .50 TS5 1.0 1.25
Submergence of 1/4 Chord - h/c "

Figure 18. EFFECT OF DEPTH ON CL. MODE L. CONFIGURATION 2




Symbol

.1 Noete: Cnﬂfor fo_*..‘i._ + fldpJ only /

W?rf 210

AN -5°

o] o°

\V 2: _ .

R 5>° - -09. . L . /

Y - - ) i ° .

B 20° /

208 , _ _
4 / )

.07 / /

Co

061

AN

AN
N

ku\

N

T WUk

Y1177
BEEN 47

——
N

P

02

<01

g4

s—ul

Figure 19. - DRAG COEFFICIENT: MODEL CONFIGURATION 1

cf/c = 0.3, bf/b = 0.6, h/c=1
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 Symbol, |

S —
ote: Qp for foil + flaps lenly

/

17

oo nk o p|
I, ‘
85 vy gdls

lanes

;%f/y g %

B
LN

SRS === S SR
2 ¢ 2 P N
, Angle of Attack § Q.°

Figure 20. DRAG COEFFICIENT MODEL CONFIGURATION 2

ef/e -

0.3, bf/b 0.8, h/c
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N'otez_

Cp for foil + flap‘s' only

.U'QDG'Obg -
o

2 &
Angle of Attack =

Figure 21, DRAG COEFFICIENT: MODEL CONFIGURATION 3
cf/c = 0.2, 'bf/c = 0.6, h/e =1 :




otes |Cp for fofl + flapd omly

Figure 22, DRAG COEFFICIENT MODEL CONFIGURATION 4
c/c 02b/b 0.8, h/cl‘



wn

Symbol | Model _ '
= . Mode] 2
©) 1 / '
O 2
o | | - #
o ' : Mode
.06 ' - - /
b/c = ‘ ModLl L
| o< =
.05 -
.04
.03
.02
Q
.01_<u
0 - = — - - -
o 4L 8 12 16 20 24

Flap Deflection - £®

Figure 23. DRAG COEFFICIENT COMPARISON BETWEEN TI-IEORY
: - AND EXPERIMENT




(a) Without Strut Fairing

=" T

- Drag Balance

\». | . ' 4, : . [ vater

-~ _ _Burface
| | | =
- /— Foll
i . )
|-
() In Presence of Strut Fairing
) | « /
I — :
- Drag Balance
1 |
" ] ] ] \
- o { B ' 1 -
1 ' ' 1
_ . | ' S / Water
- - — } - . . Bﬁl:fa__ .
1 : 7 ’ ’ 1
e o ) Gep
]

Figuré 24. MOUNTING ARRANGEMENT FOR DETERMINING STRUT-WING
. INTERFERENCE DRAG -




—'CD ' nr\; - _
o — -
g° B° 10°
| Angle| o Atkack p<°

Figure 25. STRUT-WING INTERFERENCE DRAG COEFFICIENT
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- -P N [ b § 1 |

- — [T =

, —— = = — 30—

h | R A . - _
——*l} " WS — T B 7 - 20' =
\ : D
el | Oy 7 _

Figure 26. PITCHING MOMENT COEFFICIENT - MODEL CONFIGURATION 1

cf/c = 0.3! bf/b = 0.6

CEENENEPE

IR
= —-ﬁ% =1 1 F 1 .1 1 L

s e e e g P

Figure 27. PlTCHING MOMENT COEFFICIENT - MODEL CONFIGURATION 2
R cf/c=03 b/b= 0.8 ~ ,
. o<’ o

L JB- -5 -3 2 4 ]J
R ‘ . 1 1
- - ""'— 4 V
he-l , ui ,
Figure 28. PITCHING MOMENT COEFFICIENT - MODEL CONFIGURATION 3
cf/c= 0.2, bf/b=0.6A ' A
o<’
-+ -4 -2 'J_ 4 1
,- k . » .
— — 3
A O

: Figt_u"e 29.

PITCHING MOMENT COEFFICIENT - MODEL CONFIGURATION 4

cf/c-02 bf/b-08




S ]
N 3 f 12 1_6' 20
S —
Theor
. a | or.Y. \ |
. i o | | ' _
' ACM R \'0\ .

Figure 31. RATIO OF CHANGE OF PITCHING MOMENT COEFFICIENT WITH
CHANGE IN LIFT COEFFICIENT




H8

2.4 i —

Ref 8

.Fig'ure- 32, VARIATION OF FLAP LIFT COEFFICIENT PARAMETERS WITH
‘ ‘ FLAP CHORD RATIO

1.0 :
' * fad
L ac s
(&) ’_
3Cu . o
(5) NN L] s
.8
" E = cg/e |

Figure 33, VARIATION OF FLAP HINGE MOMENT COEFFICIENT AND THIN WING
MOMENT COEFFICIENT PARAMETERS WITH FLAP CHORD RATIO
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Figure 34, FLAP NORMAL FORCE COEFFICIENT - CONFIGURATION 1
cf/c = 0.3, bf/b = 0.6, h/e =1
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Figure 35. FLAP NORMAL FORCE COEFFICIENT - CONFIGURATION 2
' cf/c = 0.3, bf/b =0.8, h/c=1
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Figure 36. ~ FLAP NORMAL FORCE COEFFICIENT - CONFIGURATION 3
_ c/c = 0.2, by/b=0.6, h/c=1
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L “1&‘ .. B T

2 | I DA — ; —

Figure 37. FLAP NORMAL FORCE COEFFICIENT - CONFIGURATION 4
_ cf/c =-0.2; bf/b = 0.8, h/c=1 ‘
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Figure 39,

FLAP AXIAL FORCE COEFFICIENT - CONFIGURATION 2

cf/c = 0.3, bf/b = 0.8, h/ec=1
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A -2 ‘ T2 6 6
__ 1 | jo<[ |

/*“ - = -
T 10

Figure 40. FLAP AXIAL FORCE COEFFICIENT - CONFIGURATION 3
' cf/'c1= 0.2, b,/b= 0.6, h/c =1 :

: . - . -_‘_e “»u‘:, . = 7..7.._ ... - .
—lc -21! e O. 1 ;::?co 4 | ? j‘*f 0

Figure 41. - FLAP AXIAL FORCE COEFFICIENT - CONFIGURATION 4
c/c = 0.2, bf/b =0,8, h/e=1




3 T 8 12 16 a2 | -8 7 b8 12 16 20
. ?/ 54 § . , }._ )

63

| ) 1 - . 11 sl h/ci= )
_ i ;,2-901{ ) B s e i -2 by =;°' :
§ / ,
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'Figure 42, FLAP LIFT COEFFICIENT COMPARISON WITH THEORY
: : MODEL CONFIGURATIONS 1 AND 2

M Twessr3 | | T T 1 [ws] T T
1.2 h/c . 1 . N h/:?= ]l |
O d - 20 - .'~ - o - d F 2. - - . o o —— =
1.8 Theory 8 . '}?hedry-\ A
Lo - oL,
o =" -
i /4 —1 _ A |- //,
s i _ oéy ,
%
-8 o ry 8 1 15 20 £ C b »_8 1 16 20
/ Sf - / 3 7 Sf _ ) '
/ - T T "

Figure 43, FLAP LIFT COEFFICIENT - COMPARISON WITH THEORY
' MODEL CONFIGURATIONS 3 AND 4
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. FLAP HINGE MOMENT COEFFICIENT

T

(>N

cf/C-= 0.3, bf/b = 0.6, h/c=1

T ‘ | 3°g‘
‘i : — —— — -1p 7J‘>;—‘
4 G——— PRO0° B
X | o | cpfe - 0.5, Ug/b 4 0.6, hlz=1

Figure 44. MODEL CONFIGURATION 1

-2 n o< 2 13 :
—— L = ' s - “
E= —
' ' i Y
. -3l r B W ——
Cy, ce/e|= 0.3, |bg/b|= 0.8, hza

Figure 45.

MODEL CONFIGURATION 2
Qf/c = 0.3, bf/b =0.8, h/e=1

=508

i .SFP l
‘ ‘ 6 -" o——&/

—

=

o 50°
| PEe f;#/¢’= 0.2, be/b|= 0.6, W<

T

—Figure 3.

‘ cf/p = 0,

MODE L CONFIGURATION 3

, bf/b=o.6,' h/c=1

-2

i

6 6= 8

CHf

Figure 47. MODEL CONFIGURATION 4
Cf/C = 0,2, bf/b = 0.8, h/C =1



T
1M

,“--50 ——
o°l

2

4

10°

|endle o

Figure 48. HINGE MOMENT COEFFICIENT - MODEL CONFIGURATION 1

h/c = ‘1.0, cf/c = 0.3, _bf/b = 0,6
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Figure 49. HINGE MOMENT COEFFICIENT - MODEL CONFIGURATION 3

h/c = 1.0, cf/c = 0.2, bf{b= 0.6
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Figure 50, . HINGE MOMENT COEFFICIENT MODEL CONFIGURATION 2
: cf/c—03 bf/b-08 h/e = 1
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HlNGE MOMENT COEFFICIENT MODEL CONFIGURATION 4

‘Figure 51.
: ' cf/c—02 bf/b—OS h/e=1.




ol

-2 - 3=
. 15 .6 .7 .8 .9 1.0

(o]

ne

1.0°

 Figure 52. VARIATION OF COEFFICIENTS WITH SPEED

67




68

0
o

anl-

T

i - N ‘ K »]"Io,
: - —ata———T1 1A .
' =P T —o0 = T
t - _ : o~ -
=,1 i v v i
- ¢ =I5

'Figure'53. VARIATION OF COEFFICIENTS WITH SPEED
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~ Figure 54, ° MODEL CONFIGURATION 1- FLAPS CYCLED
FREQUENCY = 0.5 cps
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" Figure 55. MODEL CONFIGURATION 1 - FLAPS CYCLED

FREQUENCY = 0.83 cps
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. Figure 56, - MODEL CONFIGURATION 1 - FLAPS CYCLED
o FREQUENCY = 1,66 cps

71



.- ‘Table I

* DATA FOR MODEL GONFIGURATION 1

Flaps Fixed
Smooth Water
eg/c = 0.3
B bg/b = 0.6 |
' ' "~ h/ec = 1.0 : p
f L D
' demvoss | | " I S
.__degrees )
.5 -5 -.270 .0329 -.010 -.03 0305  -.042
0 =145 .0210 =-.039° A3 .0015 = =.115
2 -.118 © .0191 -.0k1 A8 - .012 -.125
5 -.088 .0190 = -.053 .23 .026 -.142
10 -.053 .0235 - =.072 27 .050 -.150
20 +.003 .0433  -.1065 42 .032  -.246
0 -5 - .008 .0136 ~-.016 .025 .025 -.057
- 0 ©.100 . .0093 = -.03L45 .07 ~.010 -.059
2 - L.125. ,0102 -.039 16 .013 -.093
5 .57 .0147 ~.056 22 .0345 -.111
10 199 . .0252 -.071 .30. - .122 -.125
20 292  .0509 -.116 43 4317 -.259
2. -5 .10 .0101  -.013 -.015 .0L6 ».021
0 .205 .0099 -.0U2 16 . .0065 -.087 -
2 .236 .0127 = -.049 .23 0265  -.11k
5 2Tk - .0180 . -.054 26" 031 -.121
10 327 . 295 . -.068 . .33 ..108 -.156
20 .399 0567 -.11k Yy .036 -.276
5 . -5 262 ~ .0170 -,0082 Ok . -.0325.  -.03k4
o 0 .36 02200 -.0265 .21 .01k -.09k4
2 400 .0251 . -.0335 .23 .026: -.100
5 450 .0307 ~ -.044 .265 050 - <.105
10 485 .0418 -.0635 . «335 110 -.152
20 .532 .0687 -.10k4 .49 .3k0 -.269
10 -5 .511  .04g6 -.0075 -  .035 030 -.002
0 .570 ~ -.0553 -.0265 - .13 .00k -.0k2
2 ..592 - .0597 =.03k 17 .020 -.053
5 .625 .0677 + -.046 .21 .OLT -.080
10. .682 0818 -.065 .31 113 -.137
20 .789 -,1088 -.120 L9 315 -.243
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Table I
DATA FOR MODEL CONFIGURATION 2
Flaps Fixed
Smooth Water
cg/e = 0.3
b/b = 0.8
o . h/e = 1.0 . .
“ % ‘. % S % % S
f - f f
degrees. === _
-5 -5 -.30 .0365  -.029 .0l .0315  -.06L
(0] -.18 .0199 -.050 125  .002 -.095
2 -.125  .0210 -.056 21 022 -.116
5 -.07 0191 - -.059 24 .028 ~-.130
10 0 - .0248  =.075 - .33 .101 157
20 +.085 .0522 -.112 45 384 .250
o] -5 - .0119 -.029 0 .028 -.057
- A0 0123 -.045 215 .029 -.079
5 . .189 0161 -.061 .29 OTh -.094
10 250  .0218  -.086 .36 .168 130
.20 - .389 .0596 -.122 .535 416 -.220
2 -5 .09 .0089 T =.0075 0 034 -.042
0 .185 0094 -.041 .16 007 +.090
.2 - .255 0108 - -.047 25 .036 -.110
2 .305 .0158  -.053 .33 .078 -.12h
$10 7 376 .0258  -.059 3k A2 - -.160
20 <515 .0651 =119 .525 .39 -.258
5 . =5 245 .0188 -.019 .015 .035 -.038
0 40 0258  -.050 .21 024k -.092
2 .m ’ 00308 -0051"5 028 .05}4» ' -.098'
-2 470 .0338  -.057 .31 068 - -.098
10 - .54k .ouTh - -.088 . <38 k6 . =el62
20 671  .0956 -.1k6 .56 M438 . -.276
10 =5 . .48l 0580 | -.007 Ol L0211 -.005
- o} 572 .0628 -0l <145 .005 -.043
2 613 L0667 v.025 175 .021 -.055
5 655 078 : =~.050 .2 o7 -.080
10 ST .0976 -.092 .39 156 -.150
20 .863 1356  -.1k6 .53 «363 =.258




Table I
DATA FOR MODEL CONFIGURATION 3
Flaps Fixed
Smooth Water
cg/e = 0.2
. bf/b = 0.6
- " h/e = 1.0
a C. C C. C C C
f L . M .IT‘ Df IHf.
degrees
-5 -5 -.261 .0k22  -.0LL -.10 . .038 .052
o 0 -.179 .0350 -.0455 .07 .003 .090
2 -.165 0345  -.053 . |
5 -.138 .0350  -.069 .195 .028 113
10 -.119  .0384 © -.0812 .25 .062 -.123
20 -.058  .0k09 -.083 - Lo 213 .158 .
0 =5 .028 .0129  -.008 -.085 .037 -.00k4 -
- 0 ~.100 .0129 -.0256 .06 .033 -.032
2 111 L0149 -.034 : _
5 . .130 L0176 -.0483 .195 .010 -.037 .
10 .166 .0210 -.0682 .335 042 -.075
20 .250 0246 -.082 .50 .182 -.132
2 - -5 136 .0129 -.012 -.09 031 .005
0 .196 .0129 -.0175 .015 .031 -.015
2 . .219 .0150 -.027 o
.5 .256 .0193 -.0475 .25 .025 -.022
10 .298 - .0254  -.067 .375 .023 -.07Th
20 .381 0371 -.078 . .555 .162 .110
5 -5 ©.319 .0206 -.0217 -.035 .030 .000
0 - .369 .0257 -.034k4 .21 .033 .051
2 387 .0259 ° -.041 :
5 L1700 - L0292 -.053 .27 .033 - -.060
‘10 468 L0374 -.0TL L2 .029 .072
20 .530 .0508 -.078 .56 AT -.100
10 -5 .546 .okl  -.0258 -.0k4 .038 +.072
0 .599. © .0539  =.0304 Ak .032 .020 -
2 .612. .0557 -.036 _
5 646 .0602 ° -.0LT - .25 .025 +.010
10 .679 .0684  -.0638 .365 .025 010
20 .761 -.089 975 .108 -.110

.0851
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Table IV
DATA FOR MODEL CONFIGURATION 4
Flaps Fixed
Smooth Water
cf/c = 0,2
. bf/b = 0.8
- ] h/c = 1.0 : .
o o - C C C C C C
f Lv D M L, 1)f | Hf
degrees : -
-5 -5 -.27 <OBTT -.040 -.07  .035 -.056
0 -.17 .0334 -.045 .115 .009 -.057
2 -.15 .0340 -.058 165 017  -.0TT
5 -.12 0339 -.0738 .265 .057 -
10 -.112 .0359 -.0864 .25 .056 ~.095
20 - .006 -03% - -101 -h"? .232 - .105 .
0 -5 -OUT 0153  -.029% 005  .029 -.0L7
. 0. .10 o1l  -.037 .10 .021 -.032
2 121 0166 -.0505 215 .018 -.034
5 A5 .0169 -.071 .26 .010 -.035
10 .210 .0301 -.088 425 .o48 -.058
20 350 0619  -.1085 625 - .222 -.112
2 -5 129 .0139  -.0257 -.0k .034 ~-.020
0 .205 .013k4 -.04h .12 021 - -.031
2 240 .0187 -.065 .235 .010 -.035
5 .284 .0211 -.076 34 .018 -
10 330 .0261 -.0864 4L .021 -.0LT
20 L21 - .04k0  -.1073 .63 .199 -.083
5 -5 277 .0186 -.0047 -.095 .027 -.002'
o] +350 .0228 -.031 .195 +013 -.010
2 .378 .0253 -0kl .215 012 .. -.023
5 412 0298 -.0625 29 .012 -.032
10 LB .0lk03 -07T75  .h1 .066 -.055
20 ' .596 .0615 -.0927 645 166 -.085
10 -5 517 0415 -.0022 -.065 027 +.062
0 .595 .0527 -.0215 2135 .023 -.018
2 615 - 0528 -.033 145 .025 -.034
5 641 - ,0618 . -.057 275 .026 -.045
10 T 0731 -.0753 L2 005 -.059
20 835 .0999 -.103 :625 124 =.100
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