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This test program vas conducted to unsure the hydrodyenamic
characteristics of a series of superesvitating nd trnscaritating•.hydrofoil models with various planforms and sections to provide a design i

procedure to predict hydrodynamic characteristics for this type hydrofoil.
Twenty hydrofoil models were tested in the sarunma Whirling Tank at three
depths and at a sufficient naber of speeds and angles of attack to fully
define their hydrodynamic characteristics. Lift., drag, pitching moment,
and strut base pressure were measured for all models, and cavity pressure
and foil base pressure were measured for the supercavitating models.

Classic supereavitating hydrofoil theory is shown to predict testS~results with an accuracy adequate for design if a modified value for the
cross-flow lift coefficient is accepted.
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The work under this contract consisted of testing twenty supercavitating
Sd transcavitating hydrofoil models in the Grumsan Whirling Tank at three
depths and at a sufficient nmaber of speeds and ngles of attack to fully
define their hydrodynamic characteristics. The models include aspect
ratios of 1.0 to 15.0, -eep angles of 0 to 56.30; taper ratios of 0 to
1.00, design lift coef~icients of 0 to .350, Snd were tested at cavitation
numbers of .029 to .145.

Lift, drag, pitching ,mont, and strut base pressure were measured
for all models, Snd cavity pressure and foil base pressure were measured
for the supercavitating models. The foil cavity pressure was measured by
meana of a static pressure tap centrally located on the upper surface of
one semi-span.

Analysis of the test .A.ults was limited to the fully ventilated lift
an drag data; the transition from fully wetted to fully ventilated did
not- cover a significant angle of attack range on any foil tested. Transition
from wetted to cavitated flow on these foils was characteristically
accompanied by a very high frequency vibration audible as a loud screech.
A study of this "singing" phenomenon did not conclusively identify the
source but gave some indication that it was associated with a stall flutter
type instability.

The work of this contract has been submitted in three volumes. Volume
I presents the measured results in tabular form, the correlation of results,
the structural analysis, and an analysu of the "singing" phenomenon
encountered during the tests. Volume It presents the measured results
in graphical form.

i This volume summarizes the test results as a theory for the
prediction of the lift and drag for a fully cavitated hydrofoil of arbitrary
section and planform with a numerical example. Measured and predicted
lift and drag are coempared over ranges of submergence and hydrofoil
geometric parameters as a measure of the reliability of the prediction
procedure.

I
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Classic ventilated I'drofoll theory provides adequate correlation
for these remults if a modified vale for the cross-flow lift
coefficient is accepted. With the modified cross-flow lift coefficient,
the correlation of the fifty-nine measured lift and drag curves with
classic ventilated bdrofoil theory my be mmmirized statistically as
a prediction reliability (+ error indicates marement higber than
predicted):

Mean Error Probable Rrror

LiftCefcetW
De
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I •:, All Dimensions in Ft./#/Sec./•atane Unless Othervise Noted.

A Aspect Ratio.

An Section Coefficient. See Eqe. 2 and 3.

A0 ' Section Coefficient. See Eq. 1.

b Opan.
c Charnd,

II c Chord In Transformid Plane r, /7
CD Total Foil Dragw CL + Cf.

Cf Schoenherr Drag Coefficient.

CDL Drag Coefficient Due to Lift. See Eq. 12.

CL Lift Coefficient.

CL 1  Lift Coefficient Due to Camber, Angle of Attack, and Cavitation Number.
See Eq. 9.

CC Lift Coefficient Due to Crossflov. See Eq. 9.Ii Cc Section Lift Coefficient.

T. C1 Section Lift Curve Slope. See Fig. 2.

C1, Design Section Lift Coefficient.

Adct Lift Coefficient Due to Cavitation Number. See Fig. 3.

d ~ Submergence.

3 Jones Edge Correction Factor. See Eq. 10.

Kb Biplane Factor For Surface Effect. See Fig. 5.

t Section Thickness.

x Distance From Leading Edge.

7 x in Transformed Plane a *

I Section Lover Surface Ordinate.

iy n Transformed Plane.

I a Foil Angle of Attack.

T a0  Camber Equivalent Angle of Attack, See Eq. 6 and Fig. 1.

ai Induced Angle of Attack. See Eq. 11.

o tan.1 ý-C) T.E. - Ao'
a Section Angle of Attack a +AI + ac . vai

'V Half-Angle Subtended by Circular Arc Section.

*0 Parameter Defining Distance Along Chord. See Eq. 5.
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A Foil Sweep. For c/4 Line Unless Othervise Specified.
A Taper Ratio.

V Cavitation Number.
we Cavitation Nuj.ber !1oved on Cavity Pressure.

r Planform Correction Factor. See Fig. 6.

SUBS~tIPTS

I Loter.
T.I. Trailing Zdge.

* At Infinite Submergence.

r
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SI:ZSCUSSION

. A. Model Deserlition

The twenty Models of this progro are described in Table In and
the sections empoyed are shown an Figure 28. Each foil, except
nw*er 7, It munted on a single 19% thick, blunt base parabolic
strut. Foil number 7 is mounted on a twin strut combination. All
the foil nodels have a curvature of 51 inch radius added to their
ordinates to account for the streamline curvature or the Whirling
Tank. This curvature Li tangent to the foil chord line at 29% of
the mean geometric chord of each odel.

A static prestore tap in located at the base of the strut,
on the base of each fbil, and on the upper surface of each foil.
The upper surface pressure tap in located at the 80% chord station
on the middle of one semi-span.

I
I
!
I
I
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S. Lift and Drag Prediction

C2aSICSUPerCaOitating hydrofoil theory, as presented by Johnson
in Reference , was the basis for the corelation of the-ze Mnal-te. A
nuwer of Variations of the classic theory were applied to the cats
but correlation was adequate only when a odifled cross-flow lift
coefficient vas sloyed. The applicable equstions of Reference 1
we repeated in this section.

The section coefficients are defined by Equation (31) of
Reference 1:

(2% A, 4 . coo# d9

i.

(3) A2 d coon 20 d,

' Where it is noted from Eqaation (5) of Reference I thatj Ii

where V ,,

and by definition

( 0) e- com '1.24)I
Note that the section coefficients are poorly defined at the

leading edge (e.g. the 1% chord station is at nearly 20% of the 0
scale) and that these coefficients are not defined at all for sections
of infinite slope such as parabolic sections or sections cambered on
the a - 1.0 mean line. Note furthers however., that parabolic thickness
distributions do not contribute to section angle of attack; that is

A6 + a,< +A6+ 0

for parabolic thickness distribution.
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Where a section presents any significant curvature near the
leading edge, therefore, accuracy is Improved by subtracting an
arbitrary auoumt of dkrabolic thickness distribution from the section
ordinates. In practice it has proven convenient to v-btract that
amount of parabolin, thickness which provides a zero ordinate at the
first specified chord station.

By definition, the angle-of-attack Increase due to camber is
given at Infinite submergence by

A2
(6) 2c

The free surface effect on the section camber, a a

way be taken from Figure 11 of Reference 1 which is presented here
as Figure 1 for convenience. The curve for the Tulin-Burkart section
was eployed in the correlations of this report.

The section lift curve slope, C , is taken from Figure 2

of Reference 1 which is presented here as Figure 2 for convenience.

The increment In lift coefficient added for finite cavitation
number is that of Equation (4), of Reference 2 for a flat plate
which is gaphically presented in Figures 3 and 6 of Reference 2 and
in Figure 3 of this report. The Auslaender equation (Equation 18
of Reference 3)

(7=AI0 + 4C

1 ('i') wher Ac, -c, %2 e <I.

is compared with the Wu equation at two angles of attack for infinite
aspect ratio on Figure 4. The difference between the two equations
is a function of submergence, angle of attack, and planform and it is
difficult to generalize. The two equations differ significantly only
at cavitation numrers greater than .10 and section angles of attack
less than about 60. This operating condition was poorly covered by
the configurations tested but gave some indication that the Auslaender
equation is preferable for this region.

The section lift is given by

(8) CjC. (a + A' + a +,ACI
a 0 c
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and the three-dimensional lift coefficient is given by

(9) CL " C LJ + CLL

where: cla co A c/2

5 AC, c• ., 8 +, Act

2.4 (i+w) sin,2 a, c O,05

s me+ A'+ a -.
5 0 1

aer a a+A01+ ac + 0

"dr" aa+A,+ no

The constant, 2.4,, in the cross-flow lift coefficient expression
was established on Figure 5 by favoring the results obtained at the
higher values of the cross-flov lift parameter, (1 + 6) hin2aarcOsa'cr/AZ.I A3l the data obtained for cross-flow lift parameters greater than .02
are presented on Figure 5 though only representative results are
presented for lower values of the parameter. Additional testing on
an extended range of the crosa-flov lift parameter would be desirable
for further substantiation of this important constant.

The Jones edge correction factor, E, my be taken from Figure 6
for foils having unswept half-chord lines or, in the general case,
is given by

(10) I i.÷y + + [tanA+ A( i + 2 +[tanA- A "I+,

I
The induced angle of attack is given bi

| ~ ~(U) a " 0•1 (1+.., )

I where the biplane factor, Kb, and the Glauert planform correction
factor, r p my be taken from Figures T and 8.

The drag due to lift is given by

(12) CDL tan a + A') + tan (a+ A + a

DL|
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The Schoenherr line to included in this Volume an Figure 9.
Note that only the lover si-face is wetted on the sulereavitating
hydrofoil. A -. rss allowance of .000k ts suggested for prototype
foils.

C. nml
(Foil No. S, Figures 10 and 11)

Aspect atio - 3.0
Quarter-chord Sweep Angle, A - 0
Taper Ratio, A - .5
Thickness Ratio, t/c - .131
Section: Parent (These specifications, from Reference )4

are not used In the performance calcu-
lations and the symbols are not employed
elsewhere In the report)

Design Lift Coefficient, Cl- = .170
Camber Index, c2 - .0875
Design Angle of Attack, -2.5
Semi-parbolie thickness, V = 0
Induced Curvature Correction, f = .0099

Submergence, d/c - 1.0

Cavitation Nxtber, .a .066

Section Coefficients

The section is shown on Figure 10.

g The chordwise distributions for U and § cos n, are computed in

Table I and plotted on Figures 12, 13 and 14. Integration on
Figures 12, 13, and 14 yields

4 = 2.11.P

A1 - 2.750

A2 --. 4l160

where it should be noted that these results differ from the computer
evaluations employed in Volume I by .5$ to 2.5$.

By definition:

00; A, - A 2 /2

- 2.75 + 1.460/2
n 3.480



Page U

Fbil Lift an Drag

The foil lift a drag cure are derived in Table fl. The
supporting derivations . :quired are as follows (rote that erw$ Aer
derived section coefficients sam emlOYed here):

69 5T-3 vA (I-F,)

a 57.3 x (.16 1.O) C

31r

3 7.211

a -.

tan 1 .0121 - 2.060

= *350
D. Correlations

The measured lift and drag data are compared with the predictions
for each foil in Part III, Volume I. Figures 15 - 27 of this Volume
make these comparisons between the members of foil families included
among the twenty foils tested in order to illustrate the ability of
the theory to predict the effect of individual foil parameters. The
data for all these figures have been reduced to zero cavitation
number for direct comparison. Strut aag and foil friction drag have
been removed from the measured drags to reduce the results to dragdue to lift.

Correlation with aspect ratio (Figures 15 and 20) and camber
(Figures 16 and 21) is good except for the foils of least camber
which differ significantly in slope on Figure 16 and in position
on Figure 21. The slope disagreement occurs frequently throughout
the data but is not systematic with the hydroloil configuration.
"Note that Foil No. 7 was excluded from Figure 20 because the struts
failed before drag tares could be obtained.

1.. The results for taper ratio effect (Figures 17 and 22) verify
qualitatively that taper ratio becomes more significant as it approaches
unity. The range of sweeps provided for the foils incorporating the
r ent section was too limited to present a significant sweep effect(Frige 18an 23).

The taper ratio effect and the sweep effect (for small sweep,
angles) are both of the same order as the effect of the speed on the
foil characteristics and further experience with this speed effect
would be required to provide a data precision which would measure
tho effects of taper ratio and moderate sweep. The source for the
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I speed effect cannot be positively identified from the data. It it
not a Froude f er effect became frod. Number in independent of
speed in the Whirling tank. Observation of the flow aku i-,c
langley Model No. 5 In the Uter tel of Hydronauties, Inc.
reveals persistent vetted flow in regions Influenced by the strut
and by the tip vortex and the data is consistent with lingering
wetted flow followed by a ore typical Reynolds Number effect.

The effect of sebneramene mu negligible for all foils tested
(-igures 19 and 24 the seetion lift cur, slope effect being
almost exactly offset by the cmber effect.

Drag data throusout this report have been presented as polar

drag curves became it is the foil lift/dre ratio which is of
primery Interest. For Information, hower, typical curves of drag
vs. angle of attack are presented on Figures 25, 26, and 2T. Figures

25 and 26 do not add anything to the Interpretation of Figures 20
and 231., being virtual cross-plots of those figures. Figure 2T is
presented as evidence that the poor correlation for Foil Roo. 16
and 17 of Figure 26 is not systematic with design lift coefficient.

I

I
i
!

1
I-
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SECTION COUFC

-PAPT SECTION C,

1 3 45 6 TL A i I i 2 I
xd

o 0 (.008) 0 0 J
.025 .0003 .050 .0004 .008 .1580 .3160
.05 .0004 .050 .0004 .008 .2237 .4474.075 .0007 .050 •00004 .008 .2735 .5470
.1 .0008 .075 .0006 .008 .3162 .6324
.15 .0013 .100 .0009 .009 .7873 .7746
.2 .0017 A .0010 .010 .4472 .8944
.25 .- 023 .O1OU .o1 .5000 1.000• 3 .0028 .0013 .013 054T7 1-0954

•35 .0036 .0017 .017 .5920 1.184
.4 .oo45 .0023. .021 .632 1.1264
.45 -005T .oo57 -. 02- .671 1.342
.5 .0072 .0033 .033 .707 1.4i1
.55 .0090 .0038 .038 .742 1A84
.6 .0110 .oo08 .o48 .5 1.550
.6 .xo34 .o-51 .8o06 l.612• 7 .o161 .ocek .058 .83T l.674
J75 .0192 .oo6T .067 .866 1.732
.8 .o228 .oo77 .O77 .894 1.788
•9 .0361 .0086 .086 .942 1.844

.95 .0365 .0107 .107 .975 1.950
01.00 .0421 _.1_o (.1245) 1.000 2.000

NOTE: Section is shown on Figure 10.

1, 2 Lower Surface Section Ordinates.

3, 4 Co-ordinate Differences
5 (4)/(3) Extrapolation for x/c -0 & 1. See Figure 11.

6
7 2 x (6)

1 I
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TAM I

SECIMON COZMFCM PARMOHMNR

PAamN ZJ'zo0 Ci - .17o t/e, .131
1.

6 7 8 9 10 f1 12 13 14

2! dild;dý/dicoos 0 0o x Cos 2 e° coo 20 x coso 2

S 1.o000 0 0 -. 00800 0 1 -. 00800
.1580 .3160 .6740 46.9 .818 -. 00538 93.8 - .0663 .00053
.2237 .,4174 .55P6 56.5 .986 -. 00442 313.0 - .3905 .003125.2735 4 o7 .4•530 631 1.102 -. 0o•6Q 12§.6•2 - .•q .o•7

.3162 .63 .3676 65.45 1.193 -- 002935 136.9 - .730 .00584
•7873 .7746 .2254 77.0 1.343 -. 00203 154.0 - .899 .00808
.44T2 .8944 .1056 83.95 1.463 -. 001056 167.9 - .979 .00979
.5000 1.000 0 90.0 1.57 0 18o.o -1.000 .011Wo
,5477 1.0954 - 0954 95.5 1.6w .0012 191.0 - .98_ .01275•5920 1.184 - .184 100.6 1.753 .00313 201.2 - .933 .01595
.632 1.1264 - .264 105.3 1.837 .00554 210.6- - .860 .01805
.6_1 w42 -.342 110.0 1.92 .0023 220.0 - .766 .0207
'(07 i.414 - .414 114.4 1.997 .01365 228.8 -. 695 .0217

.742 1.484 - .484 u8.85 2.07 .01840 237.7 - .534 .0203

.775 1.550 - •550 123.4 2•155 .242 246.8 - .394 •01735.806 1.612 - .612 127.6 2.255 .0112 255.2 -. 2551; .OIO

.837 1.674 - 6T4 132.3 2.31 .0391" 264.6 - .0941 .00546
.866 1.732 - .732 137.0 2.39 .0x490 274.0 .0698 -. 00468
.894 1.788 - .T88 142.0 2.48 .0607 284.0 .242 -. 01863S . 922 1 .844, -. .8 4,4l 1 17 .5 2 .57 . '2.0 -. N .97 ,- f c o ; -nA - Q,036a
.949 1.g -9 .•9W 153.8 2.68 .086 30W.6 zVD10 -. 0586
•975 1.950 - .950 161.7 2.82 .o105 323.4 .803 -. 08581I.OO 00.2000 -IOOw 1800. 1-14 .1P45 ;6o. o.ooo -. lz45

8 1-(7) 13 coo (12)
9 cos"- (8) 14 (5) x (13)

'igure 11. 10 (9)/57.3
u (5) x (8)

12 gx (9)



l) 1101.

1 2 3 4 5 6 T 8 9 10

1.-10 C st c ' a-A*-* l+a
DM 10.0 - - Ci -W Mo

- - - - - - m -

S 0305 24 .188 P e .208 1.51 -3.51 4.19 1.86

12 (081 .33T .262 .282 2.o., -2.98 9.02 2.39
-i

16 .6o .,1,6 .321 r 3"1 2.4T7 -2.55 "3.".5 2.82

20 0236 .-472 .363 1 .383 2.77 -2.25 17.75 3.12

1. Arbitrary U1

2. Figue 2 12.

3. (1) x (2) 13.

4. i.775 x (3) 14..
(c/2 Sweep is Nelct)

5. Figure3 15.

6. (4) + (5) 16.
7. 7T.2 x (6) 17.
8. From Figu.re 1, ac - .84 18.

at,. 19.
a.= .84 x 3.53 2.960  20.

(8) (7) - 2.06 2.96 21.

(Computer Evaluattons hlpoyed)

9. (1) + (8)
10. (T) + .350
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PMMMMrfl F)n LIFT AND DIAG

PA ,RT! SE.-MN C1 u.170 d/c . 1.0 t/c .131

i0MhNO@ 4 A-3.0 A-O -A.5

9 10 11112 13 114 15 16 17 18 19 20 21

-

2 1

a 1 + I... a .0ni...2 ! 6lA ' *A to +

D W D• B M x coo 0er 0 C C. D D

4.49 1.86 9.86 6.90 .0291 .019 .22T 6.55 6.90 .0239 .0023 .0262 .0304

9.02 2.39 14.39 11.-43 .0602 .040 .322 U.08 11.43 .0553 .0081 .0634 .0676

5 13.-5 2.82 18.82 15.86 .1005 .066 .Am 155.5 15.86 .0945 .0L87 ..132 .. 174

5 17.75 3.12 23.12 20.16 .1343 .095 .478 19.81 20.16 .1377 .0348 .1725 .1767

13. (1) + (10)
12. (9)+Al + %-(9)+2.41
13. ~,,2 (1) x coo (12)

14. ?.4 (1 + w) sina.2  co ,O'e .66 x (13)

15. (6) + (14)
1.6. (9) + 2.060

17. (16) + .35'

18. (6) x tan (16)

19. (14) x tan (17)

21. (18) + (19)
21. + otr - (20) + oo42



Foil Aspect c/4 Sweep Taper Thickness Design Lift Foil
Number Ratio Angle-Deg. Ratio Ratio Coeff. Section

A A j An ti Cli d/e

1 3.0 0 1.00 .118 0 Wedge .0

2 3.0 0 1.00 •.17 .275 Tulin -

3 3.0 0 .30 .131 .170 Parent .05

4 3.0 0 .50 .131 .170 Parent .05

5 3.0 0 1.00 .131 .170 Parent .0

6 1.0 0 1.00 .131 .170 Parent .08

7 5.0 0 1.00 .131 .170 Parent .0

8 3.0 10.0 .30 .131 .170 Parent .05

9 3.0 20.0 .30 •131 .170 Parent .05

10 2.0 56.3 0 .030 0 Flat .0

U1 2.0 214.2 .25 .030 0 Flat .0T

12 3.0 45.o 0 .030 0 Flat .0

13 3.0 16.7 .25 .030 0 Flat .05

14 3.0 45.0 0 .060 .200 Parabolic .06

15 3.0 16.7 .25 .060 .200 Parabolic .05

16 3.0 0 .50 .071 .059 Parent .0

17 3.0 0 .50 .103 .117 Parent .0

18 3.0 0 .50 .158 .230 Parent .0

19 3.0 0 .50 .180 .287 Parent .0

00 3.0 0 .50 .203 .350 Parent .0
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FOIL aROKR!

Foil Nominal Cavitation No. re Velocity Angle ot
Section Rage Attack Coiments

d/e - .75 I/e - 1.00 4/c - 1.25 Knots 1atge

Wedge .01o8 .063 .078 40 - 80 00 to 100

Tulin - .088 .no0 40 - TO 10 to 120 14odel failed at 70 knots

Parent .053 .069 .085 40 - 80 -1.50 to 30

Parent .050 .066 .081 40 - 80 -2 to r7

Parent .o48 .064 .078 40 - 80 -10 to 90

Parent .084 .110 .145 40 - 70 -.1 to fl0 Mounting screw failure at 70

Parent .029 .039 .o48 40 - 70 -20 to 70 Twin strut model - failed at
80 knots.

Parent .053 .069 .085 40 - 80 -20 to 8°

Parent .053 .069 .085 40 - 80 -2g to 80.

Flat .076 .097 .121 4o - 45 -1c to 120 Model failed at 45 knots

Flat .077 .101 .125 40 - 80 -i° to 12P Model failed at 80 knots

Flat .062 .081 .101 40 - 80 -.50 to 90

Flat .053 .071 .088 40 - 80 00 to 100

Parabolic .063 .084 .103 40 - 80 -20 to 70

Parabolic .053 .071 .088 4o - 80 -2° to 90

Parent .049 .065 .079 40 - 80 -1° to To

Parent .049 .065 .079 40 - 96 -19 to 80

Pa rent o049 .064 .080 14o) - 95 -20 to 80

Parent .039 .051 .063 40 - 96 -2.50 to 80

Parent .039 .051 .062 40 - 95 -20 to 90
.--
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1. o vs. Sumergence 20

2. Section Lift CMrve Slope vs. Butmrgeme 21

3. Cavitation Nmlber Lift Increment 22

4. Lift cicrement - Va vs. Auslender 23

5. Cross-flow Coefficient, C~er 2

6. jones Eage Correction Factor vs. Aspect Ratio 25

T. EiPlane Factor., K~b 26

8. Pienrorm Correction Factor, r 27

9. Friction Drag Coefficient 28

10. Parent Foil Section 29

11. Lower Surface Slope - Parent Section 30

12. dy/dx vs. * - Parent Section 31.

13. dy/dx coo * vs. 0 - Parent Section 32

13. dy/dx coo 20 vs. 0 - Parent Section 33

15. Lift Correlation - Aspect Ratio Effect 341.

16. Lift Correlation - Camber Effect 35

17. Lift Correlation - Taper Ratio Effect 36

18. Lift Correlation - Sweep Effect 37

19. Lift Correlation - Submergence Effect 38

20. Lift Correlation - Aspect Ratio Effect 39

21. Drag Correlation - Camber Effect 40

22. Drag Correlation - Taper Ratio Effect 41



Page l9

MJUM (Cont a.)

Page

23. DM Correlation - Sweep Effect

24. Dre•gorrelation - sublvergenc Effect 413

25. Drag Corretion vs. a Aspect -atlo Effect 44

26. Drag Correlation vs. a Camber Effect 15

27. Drag Correlation vs. a . Flat Foil 16

28. Poll mAd Strut SectiOns 
47

I.!

i
I.



Page 20

FlOGR 1 U'FWCIV AALIZ OF ATT!ACK WEJ TO CA1KR, a0 vs. SUH4ERGERCE

From Figure fl of Ref. 1
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FIGMf 2 BSCTIOW LUlT MUR SLOPE VS. SUMMEMlS
From Figure 2 of Ref. 1
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1IGUM1K : .VITATION IUTM LIFT MEMMT

Tlat Plate Infinite Submergence
[ w u

Derived From Ref. 2

Section
Arele of Attack

a+Aý01+q -q.

#22

,200

.16 0

0

o 0

V. 
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0t .0 10 2 80 .0 0

.08

r.0
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°~0•
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Cavitation Number- o.



Page 23

nOUR! 4 CAVITATION UUMBER L3FT IPCREMfl T-1U AND AUZLAMM,-

Fla& Plate- Infinite ApeOCt Ratio

-u. (independent of submergence)
S.... .AuslaendeT
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.00

N
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0 0 .02 .o4 .06 .08 .10 .12 .34 a16 .18 .20

Cavitation Number- r
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FIG. 5 -6O5-rFW LIFT

A-O

d/e = .75-1.25

Foil Section C, Av
1 Wedge 0 - 1.-0 .o4-.=07

9 2 Tulin .275 3 1.00 2o.0.1o
" 5 Parent .170 3 I.00 .oM8-.078

6 6 Parent .170 1 1.00 .o&-.i45

07 Parent .170 5 1.00 .029-.048

18 Paet .230 3 .50 .04i9,080

S0 20 Parent 1 .350 3 .50 .039-.062

C 2 1+ ( f ) ,,f 2 a coo sd

AE- ~e cr

X" .15

105
.05

0 .01 .02 .03 0o .05

1+9 sin2  a
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FIGUR 6 o EDM, COMMCTON 7ACTOR vs.* ASPECT EAMO
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FIMUM 8 fLARFON CORECTION FACTOR.,r
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FI0U• 11 LOWER SURFACE SLOPE

Parent Foil Section

c1  .17o t/c - .131

L. .12

II .10 
i

dx
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FIGUR 12 ay/a2 vs. *
Parent Section

C .170 t/c - .131
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FIGU 13 a3'/d COS Ova.e0

Parent Section
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K l.M1 ay/o2 COO 20 vs.#
Parent Section
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ri0Um 16 LI7T C01RIMIMIfOI-CAKBER UFEC

Parent Section

A 3 A 0

Predicted

Symbol roil CI t/c N~ominal v ____

so,_ d ___ /c - .75 d/c - d/: - 125

___.170 .131 .050 .066 .081

0 16 .059 01.49o5 .

-1 - 17 *117 __103 .4 .o65 .079

03 18 .230 .158 .04~9 .06Ji .080

9 19 .287 .180 .039 .051 .063

9 20 .350 .203 .039 .051 o0621!*Test Measurements on This Plot Are Reduced to *a- 0.

V~C c3c:

.35

-17

10

0I- ------
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rIC"UR 17 LIPT C0OMOMMI0I-TA*PI ATIO M&FCT

?mment Sectioii - C .10 -t/0 . .131
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nIMM 1.8 LIFT COIGLAn'IN-8IIEP Z'FWT
Psre't keton -Cj * .170 - t/c - .131

A. 3 h.- .3 :

Prediction Mesa. Foil A
_ _ No. i

0130.0 3 0
A 8 100

105 .0 9 .085

Ii -- 0 9;

60~ 3

........o • ..o 9 ..... ....

0 . .

1. 1 .°i

I

2 6 8 10 2 4 6 8 10 2 4 6 8 10
Angle of Attaakp a - deg.I

1
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parent Section
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IPIGMh N) VRAG COfELATION-ABFUC PAMI MECT

ii

!iParent Se ctio n - Cfi - .170 - t/ c -. 131

An 0 h•- 1.0

-3 S

dIc - d/c•. 1.0 , /c 1.25 •

Iii
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A-3
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FIGUR~E 21 DRAG~ CORRELATION-CAihBR EFFEC

Parent Section

A 3 An 0A-.
un0

Symbol Foil C1  t/c
INO.

4& i .170 .1311
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FlOMR 214 DRAG COMM"NMMEC Z 7FECT
Parent Beetioti

A 3 Arn0
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?PIGMR 26 DWA COtRMkI0N VS. &-CAN=R 7FC

Parent Section

A 3 AOa
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20.350 *0
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FIGURE MM DRAG CORRE=ATION Vs. 4-FOIL No. I
Wedge-C 1  0 - t/c .118

A w 3 Am 0 X= 1.0

Predicted

Symbol VK AlilO

o ii0 .76
A I5 .85
E 50 .95
0 6o o1.114

Q 70 1.32
o 8o -1.50

.06 . .....ijj /Q Is .75 !I.z"•/.12
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Angle of Attack, a- deg.
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FOIL AND On=? SECTIO=S

Foil #21 Fol #5 Foil #16 Strut
• I •!e tlc yI/c YUI YI/C y./I YlO

0 0 0 0 0 0 0 0

.0075 .00056 .001o 7 - - .00190 .00330 .0o651

.0125 .00101 .00210 .0oo22B o0442 .00839
o.25o - .0003 .0053 .002B8 .oo66o .01186

.050 .00•41 .00520 .0ooo4 .ooB4 .00355 .00987 .o168o
.075 - - .0007 .0115 .00398 .01246 .02054

.100 .00905 .00801 .0008 .0142 .00o432 .01466 .02372

.200 .01759 .01272 .0017 .0194 .00546 .02138 .03354

.300 o2436 .01815 .0028 .0334 oo671 .02615 .04108

.400 .02893 .02505 .00C45 .0419 .00826 .02968 .04744
.500 .03104 .03422 .0072 .0504 .01018 .03224 .05303
.550 .03112 .03950 .0090 .0544 .01130 .03320 .05560
.600 .03053 .o4557 .0110 .0582 .01253 .03395 .05810
.700 .0272 .05944 .0161 .0659 .01538 .03482 .06275
.800 .02112 .07595 .022& .0736 .01887 .03479 .06708

.900 .01207 .09521 .o314 .0812 .02329 .03363 07115

.950 .00642 .10591 .0365 .0849 .02608 .03240 .07310
"1.000 0 .11734 .0421 .0885 .03000 .03000 .07500

I



Strut

P .00651
.00839
-01186
x .1680

S.02054

* 02372
: 03354Pol#

.04744
: 05303 30%

0556 Cirular Arc
2 .062556 Or
95 .06781

03 .03107115 Poll 41o0 Flat

0. .07500

Strut -Parabola

roll'
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