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SUMMARY :

The gbject of this note is to provide anintrodu ¢tion to a
comprehensive and detailed study OF flap lift which is to follow this
note.

A very powsrful eguation for flap 1ift cavitation has been derived
as 2 result of all previous fiap 1ift investigations. Up until this

report flap control of cavitation was not a state of the art concept.
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Now that an easy to w tand, accurate method of determining cavitation
characteristics has been derived futher applications and extensive in-
vestigations of flap control are possible at a greatly reduced cost
since the need for costly computer time and extensive programs is no
Tonger requirad.

Through tille use of known equations for incidence lift and Allen®s
flap velocity distributions the foil cavitation equation was derived.
A check was performed on the resulting bucket by assuming a zero pitch
angle ad trinmed flaps | and comparing it to the curve for zero flap
deflection and the curve for incidence lift. Deflection angle equations
for the desired Ig case have been formulated through the use of

"reference terms" which were in themselves derived as a necessity to

this note.
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a. Limited Flap Angles

b. Smooth and Rough Water cavitation Characteristics

Employing the flap 1ift system to hydrofoil vehicles will expand
the realm of hydrofoils in the future. First, largar foils with spans
in excess of twenty feet will become possibie without the excessively
Targe control system required if only incidenca 11ft control were employed.
Second, the probleom of cavitation will become slightly reduced by expand-
ing the boundries of the illustrative foil cavitation bucket.

All of the ecuations have bzen reduced, and all constants have been
selected Tor application to the AG(EH) forward foil. Application to any

f course be considered.
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CONCLUSICNS:

Equaticons 7 and 14 of this note defina the two dimensional se

and the thrae dimensional foil cavitation bucaets for the flap 1ift case.

<
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The construction of these buckefs allows visualization of how the flaps
expand the region of cavitation-free operation, thus allowing perforaance
at reduced speeds and greater foil loadings
A breakdown of the foil cavitation bucket eguation into those terms
unicue to fieps allows the construction of eguaticns which determine
allowable flap ceflections for 1g operation, and the first sign of cavi-

tation. With th2 variation of pitch and incidence angles and the applica-

tion of the flap deflection eguations a complete catalogue of restricting
flap angles can be compiled for stabiliity and contrel purposes. The

relationships formulated in this report shall provide a reference and a

basis for all fiap 1ift investigations.



FLOT It BASIC THEQRY AND CERIVATION OF EQUATIONS

In beginning this discussion and evaluation of flap 1ift and its
cavitation charecteristics two major assurptions must be made in ordar
to proceca withn the derivation of the cavitation bucket.

The first problem considered arises from the fact that the peak
values for piten 1iFt, Incidence 11ft, and flap 1ift do not occur at
the same spanwise locations on the foil., So the first assumption made
shall be that tha largest (C /C )wax values that occur on each 1ift
coefficient shall be the ones used in the derivation, disregarding their
Tocation on the foil. This will assure that the derived cavitation bucket
will account for that critical station where the first sign of cavitation
becins. Incorporating into the theory the concept of full span flaps the
equality C}'CL)i = (C?/CL)S <an be made for simplicity. So for a
given foil configuration a total C] can be determined, and since a normal

20 the quarter chord dynamic pressure is known the total section foil
loadings, W/S, at the critical span station can be determiped by the

relation:

C]q = wW/s

This directs the thsory to a second problem and assumption. IFf the
C}’s vary along the span, what is the average foil loading on the foil?
This 1is necessary to deterrine bacause in investigating a single section

at an arbituary spanwise location a transformation to a foil cavitation

bucket 1s not possible unless an averags section foil leading can be



determinad. No single C};C ratio will carry the derivation from the

o "o - N N
section bucket to the foil bucket bocause th

144]

section loading has, as
was stated before, three components associated with £./C, raties. It

is the decomposition of the section loading and the reasser2iy of the
average foil loadings which constitute the bulk of the cavitation

bucket. At this point a clarification in foil loading terminclogy shouid
be made. W/S from this point on will denote tha foil lcading for the
three dimensional foil whereas w/s will be the two dimensional section
foil loading. The differing factor being Cl nd C} respectively.

The definition of w/s is:

(1) WS)S s+ w/s) g+ (wish = /s

This relationship can be derived from the terminoiogy Just discussed,
The only unknown term for flap 1ift control is (w/s)g
(2) (W/S)S =w/s - (w/s)' = (v/fs)«

The derivation of the section bycket will proceed from this point
starting with Eguation 37 of reference . The most basic local

velocity distribution over the section can be written,

< ! + ! + 1 { + fsf
(3) VS = v D ooyt (CI t*lar - G ) ava/V - Cib( av/v)TT

1a jeff
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Where i -(}“' Fia -‘.‘14V = - r h oy
C}b 15 basic fiap loadin 1af CHT C}b , and where



4\ Sce Ref. 1 for futher
(4) C,. = (1-5’){61 - Cii} explanation
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This is now a very basic equation in the linear form of y _ b + mx

It should be noted that the term CI' includes both pitch and incidence
lift since thay are indistinguishable on the section. At this point

Cil will b2 used for carber and incidence lifts only. Equation 5

becomes,
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The equation can be condensed by initiating the parameters - and <5

Y . + \

Note that this is still in the slope intercept form with E] =X,

Equation 7 is now the ecuation used to graphically represent the
section cavitation bucket. Fiaure 1 shows a very general section
cavitation bucket. 1t can be ssen that the upper area is the allowable
and most restricting opsrating area. A practical application of this
representation is sesn in the following exampie.

If a foil saction were operating at point A, at a givenyfgj and at
a given C] = L/g?DVES, where the S associated with the C} is area, the
section could increase its C} by decreasing its speed or increasing the

-

1ift. This would advance point A towards the right of the graph.
Cavitation would not occur anywhere on the section until point A" was

reached. At this location cavitation would occur on the upper leading
surface. In examining point B as it moves towards the right of the
graph 1t will incur cavitation on a middle chord station before
cavitating on the leading stations. What this graphis basically
showing is a linear connection of the Tow pressure regions of the foil
section through a range of Cyts OF simply a range of speeds.

In ordar for the derivation to continue an explanation of "cavitation
dynamic pressure" must be given.

Since the 16-(.320)08 section for the AS{EH) is defined as a section

normal to the guarter chord the velocity corponent that passes over the
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normal to the quarter chord is the velocity responsi
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the foil cavitation. See Figure 2. So a naw definition of g must

be given., Basically, through simple gecrmetry,

Now reconsidering the slope intercept form of the cavitaticn bucket:
Iy e T2y e ) ¢
A S > /Z/' : W[C f!-{w - '0{-’ L V w \“Jv"{

Rearranging,

£ (M ar) Cp o S5 F e [CooCe)i]
o (ppec)los 2 (5o ) e [ e (@e)]

Multiplying through by q', since the interest is in the cavitation of the

section and the section foil loading.
o (%fr-ee) () s 2(S-¥) 5 2o [(75)* (%) ]

For the flap lift case (W/s)" = (W/S)i + (W/s),.
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(%) -(C%) - 4,]\ /:,g/;

(/((/f) (///' /,,_ /?-;.
w (%)

G (“/f)[( )
. (G411 )

Employing the parameter 4 into the equation,

5 (%) f(/)
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and substituting the relations from Equation 9 and expressing

the section loadings on the right in terms of foil loadings,

(o) BT () o (Fede Z
(C%‘ij’ ,
(5l ey e ()
(oo 9 (), 24 7))
(W) Z () - V) (Ve
(A%} -2 ) /;’)c,f Jc-:( A”?/a’f s (V75
(13) ({’g C‘Joi

(e - (W) A o (e
Wu %) (7).]] - C’"// %
S (F)s e B () - () ]S
.f(\/_.;’_?/, (/{') [JBJ., ﬁljg,/
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()% 2 (F-¥)z

) (% T)E -
(w'*ﬁ‘ A%&)(%L

This is Equation 24 of Reference 2. Reconsidering the fact (Cl/CL)i =
v
(C]/CL)S’ the parameter 7. reduces to zero.

Thus,

-G A/
(’lbf jﬁ; v )( 5 Jot
Where (W/S)" involves all lift coefficients except that coefficient which

is associated with the type of lift imposed on the foil in deriving the

cavitation bucket. So,

c
. lieff
(/s)t = (C )y + (C)g + (C) + e
7L
C
_ _ Tiefs
Ther term for residual lift, o is the lift associated with the sections
1L

in the normal plane.
This is now the general equation for the three dimensional foil cavitation
bucket. It should be noted that bouyancy is not considered in the derivation,
An illustration of this bucket is shown in Figure 3.
Basically the explanation is the same as that regarding Figure 1 but

in this case cavitation will appear somewhere on the span as compared to

somewhere on the section. In using this foil bucket to determine the non-

14



—

=

LGWER LEADING CHCRZ S
-
i

UPPZR HMICLLE CHO

IR - -
///////, LL UM
t OPERATIONAL REGION
WITHOUT CAVITATION
UL
=, . . . ’

FIGUY

P

[0}

3

W/S

ILLUSTRATIVE Examp
BlLCan

15

LE
i

OF FOIL CAVITATION



4
cavitating regime of operation it must be noted that the bucket was

derived using gq' and not q. So in order to determine the correct CL

and thus the correct operating speed, CL must be multiplied by the factor
a/a’,

- W/s
CL is not q

but
- . W/S
CL iIs g/q —é——

So in summarizing Part 1 of this discussion it can be seen that the

expression for the flap lift fpil cavitation bucket 1is:

Ay ) g 24/ @ e )/
(15) — ,x\./') /J / /J( ,7 ,f %_/ 'U“ v { wd .
ﬂ rd

v
e

which can be derived from the equation for section cavitation bucket,

(16) \[5"’ ’}”1"2«'«"[6‘{“'1 ({"f/.;] * (/“g'i -""‘-"‘"") d(/

It is to the readers advantage to investigate the derivation of the
Incidence Lift Cavitation Bucket discussed in Reference 2. The two
equations, incidence lift and flap lift, are derived in quite similar
manners. Being exactly the same except for the inclusion of the velocity
distribution over the flap, which 1is in the term, and except for the
definition of the (W/S)' term . The incidence lift starts with the basic

definition of the cavitation nymber:

16



FrgprFrsr e -cn)- Al
(17) v '
1 %)F f/{«

and through algebraic manipulation the equation for incidence lift, with

zero pitch, reduces to

0 (22 - ley)
oy
7 e ),
It can be seen that the equations for incidence lift and flap lift reduce

to the same quanities when the specific case of § = (0, and (= 0 is used.

(Incidence Lift)
AV> w /S-"- /

%a/@«‘*.f'g:é‘sz w”)/ (5 =7 /’
T
[[(') u.-/f] - UF- -

(Flap Li ft)

T~ %')(7 ‘%‘a ¥ i,/ ,w’?-“‘/

(‘9—3’-4»/ f(J oA : s,
v )K/ ‘,),r CLJ'* Qd"’ ‘;/:-,fr_?? (-a,,r, f‘ﬁ) -+

w("—*‘ipﬂc ,
cel

2 _//’

VL e
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At the point on the 1.23 chord station with & = 0 and & = 0, the

flapped foil becames an incidence foil. This point can be mathematically

computed to be' )
/f',/? L [T, E

W}/ ; ) / T ) Fh " L v {i':‘;i, g
. __S;‘jﬁ’ 7'[(i":?/!/f ‘*";" _//
LA
f)l/‘. [Z()"" (t/,z,, ""‘j/

C“’ (’/
= [935? v 2772
1.3 /
- ¢ B/r/j ’
substituting and solving fory/? and then Vk'

Loz 5'/5‘//-—(‘/;: ’);?/ - O

.

(’-34/9(.3/5"/) < f’od}
4

12276 = U5
- 1/7?‘7/'_/._‘2' ;7
/-EF6 A ?

/.- 502/ = /390 9%
72 -/
Vit E

St s 2774377
S 2.8 fer

=), « (2.) (7907
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/£ 30 P

3?’ - /1797 3% 20F
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The procedure for going from Equation 17 to Equation 18 is the basis
for Reference 2 and is too lengthy to be covered in this note. Figure
4 shows the foil incidence bucket using the given section velocity

distributions.

PART 1L REFERENCE _LIG] _ COEFFICIENTS

It should be mted that the foil lift coefficient, CL does not

appear anywhere in the foil cavitation bucket derivation for flap lift.

But the foil Ilift coefficients are found in the terms W/S) ws)o, and

-i!
W/S) , and these foil loadings are related to those loadings of the se

section bucket through the terms (C])i’ Cl , and (C])sx. These six

jeff
above mentioned terms shall be referred to as reference lift coefficients.

The incidence and pitch reference foil loadings are easily defined

as:

(W/S), = (¢ )iq'a CLiiql

(W/S)

(€ k@™ % ¢ 2t

20



Note that g' is employed and not ¢. In order to determine a definition

far (W/S) o its definition must be retraced,

The W/S), is loading due to the camber of the foil. (W/° IS a component

J

of (W/S) .

C
ws) = WS o e g
e CYCR IR CTORE

The reference section lift coefficients at the critical span stations

are:

()5 €);  (6/¢)y

C
c = 1.
1. ieff (C./C, ).

In order to interpret the cavitation bucket as it is related to flap
deflection another reference foil loading 1is required. This term shall be

denoted W/S) which has previouslybeen present in the incidence lift

ref
case derivation, (AG-18). The subscript "ref " is reserved for the

product of a lift coefficient and the streanwise dynamic pressure,

(19)  WS)rer = RCL)i YOt (CLﬁl q + (%58

This term is multipurpose in use iIn regards to the flap lift case.
It takes into consideration all the factors of flap lift, namely the
pitch, the incidence, and the flap deflection and determines the operational
zero flap deflection range In the bucket. This reference term can also
be used to determine the validity of the (:L term used in the previous

foi 1 bucket equation derivation.

21



=cﬁc~4+c.z + C

Li LS § + CLo

(=4
This term provides a check on the entire theory of deriving the
section and foil cavitation buckets. The lift coefficients due to pitch
and incidence are obvious in their origin, Wwhereas the residual [lift coe-

fficient, or that lift due to camber requires comment at this time,

If the effects of the pod are neglected the zero lift angles for

incidence and section =zn lift are equal.

Ao = _ lieff
L
Then CLo must equal:
Co 7 =0
(20) = ¢y C
L1 ]ieff
c"io-c.

For the best interpretation of the Lindsey, Stevenson, and Daley data

available this relation results in

Clo = (2.49) (.330/5.72)

= 0 W

as compared to the value of .111 which was measured on the prototype. An
explanation of the results can be seen in Appendix |I. For a foil of fixed

pitch and incidence the W/S) term is a quadratic in V. extending up

ref
to the cavitation bucket boundary,

22



In order to go directly from the given velocity distribution data

to a foil cavitation bucket, equation 15 must be used. Recalling equation

U () B e (),
e - gz

and noting that the W/S present in the equation does not include any

{

buoyancy  term,

W/S = (N/S)H + (w/s)B
(W/S)B = 0 in equation
(W/S)H = W/S in equation for 3-D flap 1ift

Equation 15 can be further reduced by remembering the assumption

] A= =
of zero angle 1;)f attack. With 0, ((l:_"’)* 0, and (C]/CL)°K= 0
the parameter y reduces to zero. Equation 15 can be simplified to
equal:
sve )W) = 2 (WP () B
(22) (=7 < e - S
()
¢
with S = \ /+0“
o . 2044 ; gh
q' = qcosi
W
() = (W), + (ws),
(W/s); = CRUETRL
(W/s) = ¢ q'/(c,/C
Tiegr & /1 0s
Ws), = (€« @' & €, & a

23



to the cavitation bucket boundary,

PART IIl: CONSTRUCTION OF THE CAVITATION BUCKETS

In order to graphically show the buckets and to in turn check the
validity of the theory and graphs (See Part XI) the flap lift case will
be compared to the incidence lift case, one assumption will be made.
The assumption being that the foil 1is operating at a zero degree angle
of attack.

Equation 7 1s the primary equation used in the construction of the

section cavitation bwcket. An expansion of the term C] IS necessary

in order to see all working terms.
(21) /S = 'i'w[(C).+C +(C)]
7 1 Viefs e

It iIs appropriate at this point to iIntroduce the depth effect factor.
Because of free surface effects, which have a minor but not negligible
effect, Panchenkov's depth effect factor from Figure 13 of Ref. 3
in a value of .923 to be used as an applied factor to all reference load-
ings. Using the velocity distribution data from Abbot and Von Doenhoff's

Theory of Wing Sections, {@ndensedin Table 1) and Allen"s velocity dis-

tributions over a flapped section, Figure 5, expressions in the linear
form (y=b+mx) can be determined. These specific equations can be seen in
Table 2 where ClI has been equated to zero and unity. This then provides
the data necessary to construct the section cavitation bucket, Fig. 6,
for the AG(EH) forward foil. Access to this graph allows one to follow
an alternate method of foil cavitation bucket construction. See  Appendix

Xl for this explanation.

24
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SECTION CAVITATICN BUCKET
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FIGURE 6
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where CLi is derived from

(23) (Ws), = (Ws)
q Cp¢

ref = 0

at a design speed of fifty knots, and trimmed flaps

(W/S)yee = (W/S)y = 1435

This foil loading, being the design foil loading is then used in determin-

ing the value of (CL)i for the flap lift case.

Wy .
BCL)T' * CLO + (CL)"i qD + ('S“)B = 1435
BCL)i + .923(.1115](7100) = 7435 - 90
(C); + .1025 = 1347/7100 = .1894
(c); = .0869

The corresponding incidence angle is approximately:

(R Y S s 2.16°
i (.923) (.0438)

Since all variables and parameters are known for Equation 22 a foil
cavitation bucket can be constructed. The equation was programmed and
executed on a Hewlett-Packard 9810A calculator and the values are tabulated
on Table IIl. A long hand check can be seen in Appendix IIl. Figure 7
shows the completed foil cavitation bucket. Also on the graph are the

Ws)ref and WS)D curves.

27
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The cavitation bucket equation is a very powerful analytical tool.
It allows the term (CL)i to be used to compute a ((CL) s independent of
the cavitation bucket equation, This then allows the schedule for flap del
deflection to be determined. The fo1llowing equation can be employed when

it is desired to compute a (CL)S'

[(CL)i + CLO + CL« + CL;] qp + (W/s)B = 1435

29



At this point in the discussi.on both the derivation and graphical
representation of the foil cavitation bucket have been completed. How
do these results compare to the existing incidence lift system? Figure 8
compares the [limiting boundries of the +two different cavitation buckets. It
can be observed that the flap lift case expands the all ready known incidence
lift case boundries. In order for the flaps to produce enough lift, g = 1,
a flap deflection angle is required. In order to determine this anyle
Equation 24 is used.
() 8 g =W/S)y = WIS) Lop 4+ W/S)g

qC

Ls

This provides a concept that will be investigated in future notes;
the 1idea of combining incidence and pitch angles along with flap deflection
to provide the required 1 g lift with a minimum absolute value flap deflec-
tion. There also lies in the re/gime of the cavitation bucket a deflection

angle of cavitation:

(25) 6 cay - W/s) - (ws)" !
q’CLS
= (W/S)H + Ws)B - W/S)' - ws)B
qc
Ls

Note: Positive deflection is a flap trailing edge downward.

Fron these last two relations plots can be made, (See Figure 9, and
Tables 1V, V) and the two deflections can be compared. There are two
points on the graph whereéflg°= Sca:. This could pose a grave problem since
the deflection angles are within operational range. From Equations 24

30
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and 2 5it can be seen that a positive deflection will move any point on

the N/S)P‘Ef
transfer the point to the left.

curve toward the right, and any negative deflection will

In summarizing what has been emphasized in this discussion, it can be

seen that a set of very powerful equations have been derived. But the

equations are not so complex that a person with minimal knowledge of

cavitation cannot comprehend them.

FART 1V: QPTIMIZATION CONSIDERATIONS

Configurations which will optimize the flap lift system will be cov-
ered in future notes when sufficient data on the system can be gathered.
Major discussions of importance are:
A. Limited Flap Angles:
Determination and evaluation of the optimum flap angles when
combined with angles of incidence and pitch, and which combina-
tion will result in least drag and incipient cavitation number.
B. Smooth Water Cavitation Bucket:
Investigations in the distortions, expansions, reductions and
extentions of the cavitation bucket which 1s produced in smooth
water, with emphasis ©n various foil [loadings, flap, incidence
and pitch angles, and speeds.
C. Rough Water Cavitation Bucket:
Investigation in the distortions, expansions, reductions, and
extentions of the foil cavitation bucket which is produced in

rough water with special emphasis on the effects caused by

33



orbital  velocity, and how to compensate for the varying wave
heights.

D. Foil Drag

Resistance on the forward foil will be evaluated for the various
combinations of flap, incidence, and pitch angles. These values,
combined with thedeterminal drag on the pod, will give the total
drag on the foil-pod configuration,

E.Hinge Moments

This will not be a consideration for flap 1ift.
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[a]
SOURCES QF ERROR IN ~C-L0

If the derivation for CL? is incorporated into Equation 20
Recalling 20:

Co & = Cxo
= ¢; C
L ers
‘e
all of the sources of error can be displayed.
¢ =, M C G,
Lo C]“ Proto 1« Proto ieff

Cl“ Section

C}1/ ch Proto is the area under the incidence lift circulation

distribution on the span. ¢ and Cl Sectioff® distinct inter-

1.
pretations of the Lindsey, Stésgz;on, and Daley data. Thus there are three
sources of error.
i) Neither the prototype nor the section experimental data is very
reliable.
i1) There 1is an unestablished precision associated with the circulation
distribution, particularly for partial span distributions and most
particularly
for sections not defined in the streamwise plane. Note that a
section defined in a normal plane has its angle of attack reduced
by the cosine of the sweep angle. If Equation 20 has this in-
corporated in it the valve of CL, comes to within 5% of the measured
prototype valve.
iii) There 1is undoubtedly some pod influence, particularly at the foil
root, which is not accounted for by treating incidence lift as a

full chord, partial span flap case.
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SOURCES OF ERROR IN C,

 The iﬁast familiar manifestation of the p'mtotype/theor'y CLo dis-
crepancy is the model/theory zero 1ift angle discrepancy which has been

noted for years. Note that for the AGEH:

Prototype Theory
A e w XKoo = - C
AT liege /1o
= - .111/2.49 = = ,324/5.72
= - ,0496 = « .0566
= - 2.6 % T extreme = < 3,24 Z 13% o
= -« 2.7 10 = 2.4 = - 3.66 to ~ 2.82
It should be noted that °‘0 is invariant with depth, and CI is
ieff

subject to depth effect.

Applying the cos‘[\ factor to the prototype, where ClI is about
that much higher than theory, would resolve this discrepan&y. A

similar discrepancy exists for DOLPHIN and FLAGSTAFF where the section

iIs defined straamwise with a much smaller sweep.
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ALTERNATE METHOD OF FOIL CAVITATION
BUCKET CONSTRUCTION

A thre2 dimensional foil cavitation bucket can be constructed by
the to be mentioned procedure only after the construction of a precise
section cavitation bucket has been completed.

The procedure is as follows,

Step 1: Choose a mininun of three valves of /\/S»— and its
corresponding C?' Care must be taken when moving from upper
to lower surface or vice versa since the ratio CI/CL)E changes.
Three valves are necessary since the foil bucket is not linear.

Step 2: Calculate corresponding valves of VK and W/S.

S=1+P0 ~Pv
q
q =Po-Pv_ =13 RV
q
(.9952) (1.6880)2 v 2= R - Py
s-1

Pa + ?Xgh - Pv
S-1

2116 + 64(9.33) - 72
S-1

N R 1
Ve =V 2.5387 ey

tt

and where W/S 1s simply:

W/S = c]q'/c]/cl_)8

39



Step3: Now corresponding values of Vk and W/S can be determined, These
can then be plotted with W/S being the dependent variable and Vk being

the independent variable.

40
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VERIFICATION OF FOIL CAVITATION
BUCKET PROGRAM

(- 20 (-5 5)]

...,--fw (5/# (//:«\f),« e v Gt 2
T )s ) f/f):}'

(07“‘ &77)(5) //:’aw «((%33)(C¢) .- /ﬂ'/‘y/‘”g'%‘/f;j

substituting  valves:

/deff(f“a)
~32/

(- m:yz OF52+« (-F22( 324 o o (’9}

/. 3/ i
i 5’53/39!” -

4,,‘-:;;“- -/ o /,/.93) s - .{,;;[/,.3’/';)/4'74'3)

e
/37

5/ '?//57 .’9?-» =0 &2
N1

= 2105.71 as compared to the HP value of 2105.82
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DEFINITION OF C

ieff

There is a basic lift curve slope associated with the section camber
for every section on the span given any angle of attack. At any angle of
attack the camber 1is producing a lift, which shall be called from this

point on 1iIn this series of notes, ( , at every stat-ion an the span.

1ieff

C = -C] &

Vieff

The coefficient of Cl- comes from Lindsey, Stevenson, and Daley,
1
Reference 7. This value, multiplied by the section C] , results in the
i
value used for C] of ,324.
ieff

In comparing the relationship between CLo and C1 otf it shall be assumed
ie
that a zero lift angle is being used so there 1is no variation in lift and

every station on the span will be acting along the zero lift angle.

&,
-ol, = __f‘:_f;_: - (Jw
s =,

Cov Clutr ().

ey

: -(-l—é"#f:‘, O da s /\
A ™ b

where CL. / CL Is the ratio of the areas under the lift curve slopes.
.

These curves can be found in Reference 3,
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(o= ((838)(2.77)C.529) L 35.2°
— [7J(27)

. (L) 80

s )5

The number resulting, .141, is larger than the prototype value of

.111, which is in itself large since sweep was not taken into consideration,
but by applying a factor equal to the cosine of the sweep angle (.817),

the value of CL o can be reduced to near that of the prototype.
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SYMBOLS

All dimensions in ft,/#/sec./rad. unless otherwise noted.

Parenthesis read "due to"; e.g. (CL), = CL due to flap deflection,
bLg 6.
Primes indicate normal to the quarter chord.

C Foil Lift Coefficient, L/q4

L

¢l Residual Lift Coefficient

¢4 Incidence Lift Curve Slope, dC]./di
C .. Pitch Lift Curve Slope, dCL/df"
C g Flap Lift Curve Slope, dCL/dS

C‘l Section Lift Coefficient

C ‘ C, at Zero Flap, (C,). + C

1 1 174 Tieff
C]f Cl for flap deflection, C]o( d«/dg
/¢, Measure of Spanwise Lift Distribution
C]' Design Lift coefficient

i

C] See Appendix IV

ieff

h Depth

9 Acceleration of Gravity
i Incidence Angle

L Lift

PA Atoms pheriic Pressure (2116 psf)
PV Vapor Pressure (72 psf)

q Dynamic Pressure, % /° vl

'\/S— 1+¢
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SYMBOLS

vk Speed In Knots

v/V Local Velocity Distribution Due to Thickness

ov/V Local Velocity Ratio [Increment Due to Camber

av/Vv) £ Local Velocity Ratio Increment Due to Flap
Basic Load

ova/V Local Velocity Ratio Increment Due to addi-
tional Load, Angle of Attack and/or Flap
Deflection

W/S) Hydrodynamic  Foil  Loading

H

w/s Section Foil Loading

w/s)B Buoyant Foil Loading, B/S

W/S)D Design Foil Loading

W/S)o Pitch Foil Loading, CLqeq'

Ws)i Incidence Foil Loading, Cuiq

N/S)8 Flap Foil Loading, CLSSq

.W/S)ref' Reference Foil Loading

X Angle of Attack

S Flap  Deflection, Positive Nose Up
Spanwise Load Distribution Parameter, C1/CL)1 -1

Y
Spanwise Load Distribution Parameter, C.|/CL)¢,< -1
C’/CLE

Density, 1.9905 Tbf sec?/ ft
Cavitation Parameter, (PA - P, +2gh)/g
Flap Load Distribution Parameter,anva/\/ - Av/\l,!3

Sweep Angle

Chordwise  Velocity  Distribution
VIV T v/ oz ovalN C
ieff

A Flap Chordwise Lift Distribution Parameter

o D> E R g
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IABLE L

CAVITATION  PARAMETERS
AG(EH) FORWARD FOIL PROTOTYPE

Station ‘
% chord | 1.25 25 | 5.0 4 | 50 |60 |70 |80
’}/ 670 818 | 918 | 4900 | 1.11711.131 | 1.136 | 1.123
1380 | 1.284 |1.201 |
ava/V 1.346 970 | .686 | .196 | .160| .131] .103| .07
& s 620 739 | .301 | .010 | -.027 | -.071 | -.138 |-.477

Note:  Upper numbers and signs denote upper surface, lowers denote lower surface

16-(.390)08 Section Y=v/sv Tavvic,  ava
1 WAC (9.33) Depth jeff
20% Chord FI%? 1u~-:f
q =2.8387 V, ) EMaN ) (M/V)f] a1
q' = 668V,° (€7 g = (C/C ) = 9

£ 109

“ = 240
c, =32




CALCULATION TABLE 11

72 [ ]i (av 1V e, =/5

‘ 1.25 670 + (.620)( 4129) + (1.346- .620)¢) = , 9 2 5 + 7260,
| 25 | 818+ (. 439)( 4129) (970 439)C = 999t b3IC
5.0 .919 t ( 301)(.4129) :(Eag:_ﬁggc,m 1.04 + . 385c|
o 40 1.098 + (.010)(.4129) + + (1961 ,000)0) =.1.102 t .186G
i 50 | 1.117 + (-.027)_(_4_129) +(.160 t .022__)?_1_; 1.1(')_.5 t_.;87Cl
60 1.131 + (-=071)( .4129) + (.131 t .071)01 = 1,101 t .202c]
70 1.136 + (-.138)(.4129) + (,103 3+.138)C, = 1.079 t .241
80 1.123 + (-.477)( .4129) t_(.076 t .A77)G = 926t .553
11,25 | 1.380 - (-.620)(.4129) + (-1.346 + .620)C = 1.156 - .726C
L2.5 | 1.284 - (-.439)(.4129) t (-.970 +.439)C, = 1.125 ~ .531G
15,0 | 1,201 - 1(-,301)(.2129) + (-.686 +.301)G = 1. 092 -.385¢]




[ N IR P PRTIN
RESULTS OF FOIL CAVITATION
BUCKET EQUATION

Station, % Chord .

1.25 2:5 5.0 40 50 . 60 70 80 L1.25 12.5 L5.0
5 329 445 609 1247 1243 1151 968 432 -
10 585 780 1060 2144 2143 1979 1672 768
15 787 1031 1385 - 2165 1033
20 949 1218 1614 - 1247 - .
25 7085 1358 1770 - 1424 - - -
30 1202 1464 1870 - 1578 - -
35 1308 1544 1927 - 1718 -
40 1408 1606 1951 . 1849 -
45 1506 1655 1948 - 1977 - -
50 1604 1694 1922 - 2105 -
55 1703 1725 7878 - 2403 2315 2352 2236 - -
60 1806 1750 1818 2138 2001 1960 2132 2371, - - 183
65 1913 1771 1704 1545 1556 ' 1880 50.13 - €27
70 2024 1789 1039 1108 416 - 178
75 2141 1804 483 615 814 243 -
80 7 1 3 -
85 13
90 553

App F0 pPsF To At vhturs




CALCULATI ON TABLE 1V

0
1g

0
819

1001. 39
242.76
102. 28

53.11
30. 35
17. 99
10. 53
5.69

qC

L

5 2

45
50
55

65
70
15
80

lq

2.38
0.009

-1.74
-3.08
-4.12
-4.94
-5.61
-6.15



1.25%

CALCULATION TABLE V

W/S)H - W/s)!

-
-

AcaV ‘
a'Cg

cav

355.31 2.5%
149._54

83.32 50%
51.65
33.73

22.46 L80%
14.92
9.64
5.80
2.94
0.71

53

k cav
60 -1.44
62.5 -2.33
65 -4.83
67 -6.91
69.3 -8.80
65 -10.99
61 -13.54
60 -14.40.



CALCULATION TABLE VI

WS), ¢ = BCL)‘ Fo et CL‘]q
WSy = BC )+ €t c]ieff/(c]/cLH
W/S) pos vk W/S)!
103, 438 5 104. 940
12317?2 10 149. 759
210. 941 15 224, 457
305. 007 20 329, 036
425. 948 25 463, 493
573. 765 30 627. 830
748 458 35 822. 046
950 026 40 1046, 142
1178 471 45 1300, 117
1433791 50 1583, 972
1715. 987 55 1897. 706
2025. 059 60 2241, 320
2361. 007 65 2614, 813
2723 830 70 3018.185 |
3113’ 530 75 3451. 437
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