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SUMMARY

The use of flaps to control the incidence hinge monent and cavication
characteristics for incidence lift control foils is examned in the Iight
of the neasured prototype lift and noment characteristics of Reference 3.
The flap management conzidered here is a function of speed and is critical
only at mninum flight speed, to avoid crossover, and at naxinnum speed,
to avoid exceeding design hinge mnonent. The nunmerical sumary is for the

AG(EH) fwd. foils but is typical for foils of any size and of any speed |ess

then 50 - 60 knots.

Trailing edge flaps would reduce the existing incidence lift control
hinge noment about L40%. The existing hinge nonment could be reduced about
60% by also changing the hinge position but that noment would be bidirect-
fonal and is considered to ypresent an intolerable crossover problem
Hnging for positive hinge nonent rather than negative, would double the
moment.  Abnormal flap chords do not aid monent or cavitation control. and
flaps do not relieve the requirement to design the basic section for the

design speed.

-

The flaps can be enployed to increase the incipient cavitation foil
loading by sone 40O psf cr to increase the cavitation fgfl speed by up to
about 10 knots, This cavitation control c¢an be extended by incorporating
the section geonetry into the control procedure. Flap control of cavitation
is not state of the art, being dependent upon the effective cavitation

boundaries which are wunknown for the flapped foil.



h-ailing edge flaps do not provide control over the flying foil

The Interim Report conclusion that an appropriately selected fixed

I nci dence angle would provide the flap 1ift control system wWith the opti-

mum inci pient cavitation bucket was a coincidental result of the nunerica

val ue assigned ¢ ‘in that report. A confident evaluation of this par anet er

will probably compromise the optinum bucket for the fixed incidence, flap
lift control system



INTRODUCTION

Incidence lift control provides three qualitative advantages over
flap lift control

L Superior cavitation characteristics,

2. Lower (profile) drag,

3. Mre confident performance predictability.

None of these advantages can be evaluated quantitatively yet, even
to establish whether the differences are significant or not, because no

confidence level has yet been established for the performance of the flap

lift control system

The only disadvantage associated wit;! incidence lift control is the
hi gh hinge nonment relative to the flap lift control system but this is a
real disadvantage which has already produced design and operational diffi-
culties. Reference 1 denonstrates that unflapped incidence lift contro
hinge nonents are generally proportional to craft displacenent and that

the PGH-1 and AG(EH) hinge nonents are characteristic.

This note is intended to emplyythe results of Reference 2 to exanine
the feasibility for adjustable flap control of the hinge noments for an
incidence Iift control systemincluding the case for the "flying" flap
contralledfoil. A closely related problem enploynent of flaps for the

control of the incipient cavitation bucket, is included for conpleteness.

The general equations developed in this note are illustrated by

application to the AG(EH) fwed. foil geometry but are, of course, applicable

to any foil confijuration.



CONCLUSI ONS

The maximum incidence lift hinge moment is increased by:

A. Spreading the mininum and nmaxi num foil | oading,

B Increasing the normal acceleration margin requirement,
C. Spreading the mninum and maxi mum flight speed,
D. Reducing the nomnal m ninum subnergence,
E. Alowance for prediction precision for:
a. aerodynam ¢ center,
b. residulanoment,
e. flap load distribution, ¢
Flaps will reduce th naximum hinge nonent by about 404 and will

conpensate for the prediction errors of 1 E above.

Hnging for bi-directional nonent reduces the hinge nonent about 35% smoze

but not to a tolerable level for crossover. Hnging for positive
nonent doubl es the nonent.

Mments for the various hinge and flap schedule options are conpared
numerically in Table VI.

Flaps can increase the incipient cavitation foil loading by 400 psg
or increase the incipient cavitation speed by up to 10 knots (See
Figure 17).

Intelligent flap scheduling will always inprove the hinge noment and
the incipient cavitation bucket but the optinmum flap schedul es are not
the same for the two objectives.

Opti mum hinge positions are summarized in Table V and the corresponding

maxi mum noments are sumarized in Table V.



10.

11,

A mo¥e concise derivation of the cavitation equations of the Interim
Report including accountability for buoyancy and extending the results
to the case for t:e:-flapped incidence lift control foil, is prc -ented
inthis pote. Eq. (24) presents the incipient cavitation foil [|oading
for flap lift control and Eq. (29) presents this foil loading for the
flapped incidence lift control system Eg. (29) includes the case

for the unflapped foil.

The -hinge noment equation of this note, Egq. (lzg), i ncl udes the unfl apped
hinge nonents of Reference 1 as a special case.

Al of the noment and cavitation results of this note are subject to

i nadequat e confidence levels for the hydrodynam ¢ characteristics of
flaps; specifically for the paramegter, €, and for the flapped effective
cavitation boundaries.

The trajling edge flap will not control .the "flying" foil because the

flap angles required aeintolerable for cavitation.

, 12. The Interim Report conclusion that an appropriately selected fixed

13‘

i nci dence angle would provide the flap lift control systemwth the
optimum incipient cavitation bucket was a coigﬁental result of the
numerical val ue assigned € in that report. A confident evaluation of
this parameter will probably conpronm se the optimm bucket for the
fixed incidence, flap lift control system

Existing flap lift control prototypes are not, necessarily,modeis of
future designs, If future prototypes are to bhe d@signed Wi th confid-

ence, the general theory for flapped hydrofoils must be experimentally

val i dat ed.



2,

RECOMMENDA TICH3

An adequate map of' the effective cavitaticn houndaries for sone, any,
fl apped hydrofoil. isurgently required. the as(yx) foil woul d be an
ideal nodel. for this mp because of' “im= theoreticel and experinental
background already available for thiis eoxfigurstim. The AG(EH)
etonfiguratian .~ also ideally suited +to Be Grummss whirling tank in
span and aspect ratio and wll provide this map nore' economcally and
nore reliably than any existing faciilidy. It is therefore recommended
that Gumman's "Propeosal for Extensiicw To AG(EH) Lift Contrel Study
For Cavitation Sealed Mdel Testing™, It Octoker 1972, be undert aken
without further delay. No general 4heory for flaemmed foil performance,
incidence or flap Iift control, can = fumulatsd im the absence of

this map. Any prototype bui |t witheout tivis mem ig zn experinent al

pr ot ot ype.

A general theoretical andexperimentail stitack upon ti e hydrodynamic
characteristics of the flapped foil is memired though no such program
is formulated here.

Theoretical and experinmental examination of the possibility for extend-
ing the conventional foil speed range by the use of flaps is recomended
though no such programis formulatest here.

Theoretical and experinental examimation of the characteristics of a
flying foil controlled by a boom mounted foil is recomended though

no such programis fornul ated here,.



f

J
result of the studies of this note are reserved for conpletion of

5.  Recommendations With regard to the "Plainview" specifically, as a

studies of flap hinge nonent and control power.



DI SCUSSI ON

BASTC FQUATIONS

Alternative forms of the total lift equation for the foil with flap

arc.:

C'.’:-q’w a—e(“_ (W/sjf/ _
Gy oy F ol Ly, ‘+"5 ot Cog
(1)
R s
l—dwd‘f“a;, qdwb"f”c},g c“C‘*dng'f"Cbooo

The corresponding foil loading equation is particularly useful to

this note:

C;if (VO/J (W Ol T(Qmo T’( )5v0+
= (@d w b (@54’0 f—(@’lﬁw

wher e (g)d, accounts for orbital angle of attach or for craft pitch+,

W
S e!
The hinge noment anal yses of this note assume, as in References 1 and 2,

t hat CHC = Cy = Cie so that the total hinge nonent is given by:

L © Loy Li

() H=Cue Gud - SMAC +Cu, Gyl FSMac +fo,,5£15 §psmAac
+ Cup, 7 SMAC + Hp |

;,%7;'2’ = CH(- (GO(D( +Ce, L)j"f“;’r ‘Zggf"f(ﬂaff“f‘ 5,74%2'



() (Conti nued)

It is convenient for the purpose of this note o consider the buoyant

hinge roment in the form
. A
() HB = (o - bf) Mrc X(S_)B S

sgfa - (—’é— -a.c. -fdz’.Cf"“L’-C') (@5
- [/C/J,-L_ +a.C, "b'c')(%)&

In Reference 2 the CHc has been defined as:

' Ta /17
(5)

where the synbol & is enployed for brevity.

The zero lift hinge nonent is not &«wll defined for the flapped, incidence
~lift control foil because there are many conbinations of pitch, incidence,.

and flap angle which will produce a zero lift, all with different zero lift

hinge nonents. For the particular case where the pitch and incidence lift

aerodynamic center are the same however, ¢, ~ _ C, , the residual hinge
o L.
1

nmoment can be related to the zero-flsp, zero lift hinge nonent by:

!
©  Cuy= Cup o, Tl G



(6) (Continued)
where the prime is & remnder that the relationship nust be evaluated

for common pitch and incidence |ift aerodynamc centers and for =zero

flap.

Swbsitiuting Eas. (4) = (6) in Bq. (3):
o S = G, (6,000, 0%*(@% -8)Gg Sf
| T QJIQ ot o +@H¢L+ ¢.d-é.6.>(%>8
Cug, [(f:.ddffl, (g §1h,) 7 f(%)ﬁ]
+ (a0~ b.c.) (’f@@-—.ﬁ oy +C~',.L=,, //
= oo, [( D)+ (D ]t werb D200 00, o
=G %t (wa b))y - (D), 16, g

For brevity, B is defined to be

i

? B = (a.c. - b.c:.)(%) B

Oly one term of Eg. (7) is depth sensitive and that term is nore

conveniently  witten:



Then Eq. (7) may be witten

(10) svpc T (/4," Y B - &(@5 t

Coy
T

., !
Crag “Hoog . 7

which is the farm enployed for the nonent analyses in follow ng

sections.

From References 2 - % the following coefficients are practical for

the AG(EH) foils with 204 chord flaps at infinite depth:



a/d/d'5 '%7

(LQIW =2.97+=, O"l%/c’a

Cpp =, P3PX2.572 2,49 = 04 35/d e,
Cigy =, 407X2.49= LIL& =, 020%/4?1
{‘-Ooa Al

C = [Hr"d - C/'/‘l - ,07 (&E&Sf&ﬁ%)

4(’ m/;r) T~
CHQ} = by, —A 0071752 = =152 (em'swhg)
C}Joﬁ = —,060%

' 3 _ .
(,‘qu':c = C},‘% - CﬂrL Qav = -, 00680 (p/zoto:tjﬁa

Cﬂd = C/-/r de - 2.97X,07 = 2082, 0035,%/5-5 (en'sn):{)
iy, (Hp G = 2.49%,07 2174 45,0030 s, (x5t my)
Cus,, - C"Qgr‘-%ﬂ = e~ 15)= 1342"~ooas457/J¢ 5 (existen ﬂa



(11)

(Conti nued)

SMPC = 2lo0

(w/s)5 X 90
Hg =— 7580

Hpfsree = =3.6/

a.c. =&y =@, T35
b.c. = .47

P= (w.a-b.r)[%)g = 63’5‘1‘}?0)790 = —/5, 4

A, = | MAC = 9,33 fF
C},a(,c/(idw .,923

It is to be noted that the mominal mninumfoil depth is quite
arbitrary. Gumman prefers to enploy that depth for which the
nom nal maximum foil loading will not ventilate the foil. That

depth is an experimental characteristic which has not been established

for the AG (EH) foil system and the 1 MAC depth is assumed.



CAVITATICH REVI EW

A proper appefciation for the potentialities of Eq. (10) requires a
better instuitive appreciation for the effect of flaps on cavitation than

is provided by Reference 4 and the subject is therefore reviewed here.

This review will xlso provide on opportunity to incorporate the revised
eval uation for the parameter & of Reference 2 and to provide accounta-

bility for buoyant lift, which was not nentioned in Reference 4,

The 4following degivation for the cavitation foil loading is nore concise

than that of Reference & and therefore, perhaps, nore satisfying intuitively.

The -pressure coefficient, S, on the section perpendicular to the

quarter-chord lixe is given by:
s .Y, Aif A@r l I (Ay) |
- - C, . + (= c
(12) - Vo l"eff] V/g L

* i basic flap |oad dlstrlbut|on-j
additional |oad distribution(angle of attack)

camber distrlbutlon for l 'ﬁ.)

I d|str|but|on for thickness distribution

where prines indicate plane perpendicular to quarter-chord

The paraneters Y/and { are dé&fined in Reference k.

(13) - 2Z — pla.
’}V‘vi’\/i' VC/L'



Then Eq. (12) nay be witten:

b
- Y I - 2 +(’._-—-)
’7*(44 0&)"'9%“ 7 e Y,
! /
- Ly oy
F (e -30 )5 L 3(57) cr
The total hydrodynamic |ift coefficient, qu , includes the effective

design lift corfficient (camber) plus pitch, incidence, and flap components:

(16)

75 ¥ E[@)1(E); 1 (0 1, - sE)] B 23 ED-(D);
51 = ), 1) 15k, - S 30, 6,

Each of these conponents of the section |ift &cefficient is related
to the corresponding foil average lift coefficient'conponent by the
appropriate spanwise lift distribution where it is to be noted that the
spanwise distribution for canber |lift is identical wth that for incidence

lift:



(17)
5 -¥
= 2[4, +(EN ) +( DU A G- B
t 3z '?:)g ﬁ‘),: ) 5

Mil tiplying this equation through by Lg“ ‘w2 obiein foil | oadi ng com-

ponent swhi ch are independent of the flow oritentation. Note that the pro-

1 . .
" duct, q ¢ 11 eff IS a theoretical(g) which is dfentified with the

Q

experimental value at this point. (for A, :@’%}9

(rs(‘li)-V)/
= £[(2), (2 + (4B, (DD 3 (D[4, ]
t SEDLD (D),
£(75 D= [(2),(9), t (), (%) + (f‘;m]w-%
+(1-() (8, 25 + S35 (&
=[(4),(%), +(B): (%), + (¢ ).{-‘ﬁ_)]m’w
+ SLO). - 5EICE, (D + S (%),

The paraneter, w, was defined in Refersnce 4 fOr comvenience:




e Y
(19) cw = 5[(7‘):—' e’fj

and Eq, (18)may be witten

(20)

L (55 -Wp [ (DA, (D, + (D)D) 5
- () (D) + () (s
= [(8),(9,+ (D, (9, ()] F
+ (5 - (9,

B~ F+CFh /
s=/+ £ ;r,/ = | +0C°

2=(D), +(D, r (D +(D, +(%),

' :(%gwﬁ 7'(%)1 ”!‘(%95 t -3%3
= (%DH 7"(%4)5

WS is the incipient ca¥itation foil |oading for any givenys and q'

wher e:

(or q) and Eq. (20) is the nost general form of the relationship.

For a flap lift control system Eq (20) is moreconveniently handled by:

-17 -



@) Ler (%L)g = %”(5 a 5/a ( )o (.!44)
= ¥ - M\h “’(J; &’:(?5

S 5 jiree

Subsitiuting in Eq. (20):

(22)

L (5 -1p" (), (D, #{ D) (A |55
[ (e <—-—%’% (5 -
U@(W ¥ D), P [Jig( -097(@01?
[ (D) ;“f”w,z?e’m*f—*)( (D),
* %g@;’:@?‘*“w £ (;/%s 7 ‘f—](gzef
" %—j’é%;—“? wjr‘”’) (D),
e paraneier, § , fs Qerined for comventence In Teremmnce b

_ (w/a),
G = SR

(23)

- (/6w ___
Sa = (5755, !

and BEq. (22) may be written:

- 18 «



(24)
+ (V5 - Vf/

+ LoBE (o %-(9,]+(5, 5E +a)(9),.
-r(fa‘ ﬁ? *"”‘3(3\'60(
/s - 3
(-9, = + G (v 8, DD,
—(ev+ L %{%’)[ %>O(

vhich is identical with Eq. (6.2.19)0of Reference 4 except for tae

obvious refinenent that the total WS is now identified as the hydro-
dynamc foil [oading.

For the case where the full exposed span is flapped Eq. (24) reduces to

(25)

Y / ' ’
(8-, = & B - wf D), (o 5, 5%
[F‘O/L - 7%)5 4 %)‘]

which is Eg. (6.2.21)0of Reference &,

For the incidence lift control @ase for a flapped foil,

@) ep (TS‘) ""(535 («/) ()a' (‘9""

20
and substitute in Eq. (23):

-19 .
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LU YN YA ()/2{5)&] "

P (e E)lD)s

- $ (9,2, - )(.95 [E-(D, )0} F

E) (D
(%), (%), +[z 5@_ <0-( 5109,
1—[() (>3J&BC(W>°( ‘

For the special case where the full exposef wpan ig flapped, a very

conveni ent reduction results by dividing througn tog (Cl / CI.)S :

(28)
+ Ve -¥) C' Q’/‘L)g ﬁ__?ﬁ‘ r”M*‘ i (’g;/:‘,,) NS
(cs/ :,)5 (e2lee, ( WLV ST, J(—gﬁé
(ofDy _ (4l%),) Tny
t (/a0 (@f@,ﬁ _4_( 5)0{

= AVV(’% ("595 fgu%/(%o(

A?'&,(_M) - 4 (5/(@;’1 -f—&u’(%)g - § A%(ﬂﬂd
[For (/a5 =Cofe;
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(e8) (Cont i nued)

For the nore general case, however, it 'is more convenient to divide

ga. (1) through by (%17 %),

(29) '

£ GEIE - e (), o[ (5 -0 - 25T(9)
{275 -1 -%%

19, - + A [ (5E-e0- 551,
T [”%«%}%ﬁ (%)x,

whi ch, of course, reduces immediately to Eq. (28)for

,(Cl/cg,) ¢ =(01/CL) .

Note that for the unflapped foil EQ. (29) reduce's to

(30)
NV (% _'_[ (9/4) 7 prg (ﬂ
(9/5' (o/ay | v Lsa
(for incidence 1ift control with unflapped foil)
an5 if the foil is rigidly attached to the p&d, (Cl/CL)i =(Cl/C),)

o 3
there is g further reduction to:

m2].--



/
(31) L?"?(’éa -+ (\/—-’7/)'17/ (for pitch lift cmtrol)
v L™ ™

‘:P/CL— with unflapped foil

which is Eq. (6.1.4) of Reference L.

Some inconsistencies have entered the AG(EH) study by way of inter-
polating the section characteristics and Figures 1 and 2 present graphical
interpolations from the velocity distributions of Reference 6to avoid

this problemin the future.



(31) (Conti nued)
Figure 4 presents three of Allen s basic flap load distributions

Reference 5, for ready reference for this study.

For any given lift coefficient, whatever its conmponents, the cavitation

speed is proportional to the depth function:



sy V= JB-F tCgh

Thus a cavitation bucket derived for any pariizular depth can be trans-

fornmed to another depth by use of the functions:

Me. L
Ve, \/ It Fa —Fy

w/5 Ve > _ rah
(33) (W/§>o - Vf‘o / Fﬂ .'I?V

The function Vc/vco is presented on Figure 3for convenience in trans-
formng the cavitation buckets of this note to other depths,Figure 3 was
not enployed in the derivation of the cavitation buckets of this note which

were all derived directly fromthe equations of this section.
Figure 3is valid only for the theoretical incipient cavitation bucket

of course; there is no theoretical accountability at present for the cavi-

tation inhibiting effect of the free surface.

- Pl -



UPDATING THE INTERIM REPORT

CAVITATION BUCKET .

The AG(EH) fwd. foil incidence |ift cavitation buckets of Reference 4
are inappropriate to this study for five reasons:

1. Fpil buoyancy was not accounted for,

2. The model canber was presented rather than the prototype canber
(for evaluation of the towing tank test results),

3 The depth was modeX depth (8.5ft) rather than the 1 MAC depth
(9.33 ft) preferred for this study,

k, Zero piteh was asswmed to sinplify the calculations while a nore
realistic pitch (1°) is preferred for this study,

5. The cavitation paraneter, &, was reevaluated in Reference 2.

Mae first four nodifications to the cavitation buckets of Reference 4
are discussed in this section and the effect of reevaluating  is considered
inalater section. The necessary section gnd cavitation characteristics

are presented in Tables | and II.

Typical buoyant and depth effects are shownon Figure 5, Te8.5ft.
depth, zero buoyancy bucket of Figure 5is almost identical with the in-
cidence lift buckets of Reference 4 though that of Figure 5was derived
fromEgg. (28). The top of the bucket of Figure 5is alnost a knot higher
than that of Reference 4 for some reason not explored here though it was
noted that the section bucket of Figure é.20f Reference 4 is slightly in

error for the md-chord stations.



Buoyancy is a scale effectyas discussed elsewnere in these notes,
having a negligible value in nodel scale, The buoyancy effect of Figure
5,then, actually exists in the conparison of nodel and prototype data.
Note that buoyancy shifts the bucket on the foil |oading scale, by the
val ue of the buoyant foil |oading, while increasing depths expand the
bucket at all three boundaries, Again it is to be noted that this depth
effect is theoretical, 'Near the surface there is a significant and

unpredictable cavitation inhibiting effect, most famliar on yawed struts.

The effects of pitch and canber are illustrated on Figure 6. The
effect of pitch is slight because it represents a redistribution of the
total [ift between pitch and incidence Iift. Increasing pitch expands
all three boundaries because the spanwise lift distribution for pitch

[ift is nore favorable than that fogrincidence |ift.

| ncreasing canber lowreys the top of the bucket and rotates the bucket
about the axis to the right. Te AG(EH) bucket top is nmuch higher than
necessary and substantially nore camber could be added or, alternatively,

a new section of inferior cavitation characteristics but nore favorabie

quz“:}could be enpl oyed

The prototype bucket of Figure 6is enployed as the basic, or reference

cavitation bucket throughout the rest of this note.



FLAP CONTROL CF CAVI TATI ON

The principle enployed here was introduced in Reference L. In cssence,

the simultaneous sol ution of Ege, (28)evaluated for the |eading edge and
the flap hinge station on the upper surffaceis the flap foil |oading, CL

fa,
which provides sinultaneous incipient cavitation at thosetwo stgtions ané
the corresponding total foil loading. This flap angle redistributes the
unflapped incidence |ift contofl chordwise |0ad distribution in an approx-
imation for the ideal distribution for cavitation. A identical solution is

provi ded by Eg. (25), which vas the equation enployed in Reference kexcept

that the solutions are total foil |oading and reference foil |oading where
reference foil loading and flap foil loading aye related by the foil |oading

relationships in Eq. (20).

For the purpose of deriving this optimum cavitation bucket it is conven-

ient to rearrange Eg. (28)in the form

NN (L ) 4
(34) _\7& Q,, } (/C)s t (yﬁs ol v (ﬂ)ec
F"‘ )g? ‘3,,
fg&(‘@”-w(“@s =t ((;/Q;;é Eo( + 5 o

29 &%/V [% T (Ar;a, }.;% Eq(“@o{

Wy S ey =
(5 IS4 ( =& m(fz,) ~C 0%

W (AN -, (T-10F /
{@H S[l Trasl ( - e%‘#—"(-gf)s C%d%}é‘f

r_.
e, )P

i

{1

-27 -



(3k4) (Cont i nued)

This 3s still in its nost general fozmjappropria.te for any station on
any foil. Restricted to the upper surface of the AG(EH) foil, Eg. (34)
becones:

: ‘ N ) -
or (3[-Sw Il [t - 7 &l
b - Sl e

',/;ZK +. 007‘91—7;/

The incipient cavitatiom foil |oadings, flap schedules, and incidence

angles provided by Eq. (35} for several section and operating parameters are
shown on Figures 7 == 9. These figures relate the reference cavitation
buckets of the Interim Report to the updated reference buckets of this note
The first curve of Figure Tis the reference curve of the Interim Report and
is for the model section, The difference between curves #1 and #2 is the
advantage afforded by the increase& canber of the prototype. The difference
between curves #2 and #3 presents some advantage in depth and pitch angle

but nostly due to accountability for buoyancy. e flap load distribution

paraneter, { , has no effect on the boundary of Figure 7.
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figure 8 presents the flap schedul es whieh produce the bowndaries of
Figure 7 and hoyo o urameter € does neke z differsnce. Throughout this
note the revisea definition of Reference 2 fer. & was employed to eval uate

thi s paramet:r

Figure g presents the incidence angleszszsoeiatied with t he poundties
«® Figure 7. These angles have N0 particulasr sigmiffwsmoe to the incidence
control foil but the € conparison of Figure ¢ iz wery sigmificant to one
conclusion of the Interim Report and is discmseed fm =ame detail in the

next section.

The use of flaps as & cavitation contredll dewioe smggests the use of a
symmetric section with a 50% chord flap t0 emprosimeite sn a = 1.0 canber
distribution of adjustable design lift coefficfsnt. Mgare 10 presents an
evaluation of this possibility. The regulte irdicete tlhmt the Basie section
nust be designed for the design speed condiitions, thougk flaps can be em
ployed to unload the |eading edge at |ow speed and inprove the boundary

there.

Figure 10 indicates that larger flaps improve the cavitation bucket
slightly but the structural disadvantage is considered too great for further
consideration. [The flap sch@dules and incidience angles for the boundaries
of Figure 10 are presented on Figures 11 and 12 for information but only the

prototype section of 20% chord flap is considered further in this note.



o

igure 10 presents a relatively confideny incimpient. cavitation advantage
for the flaps but no conclusions can be dzumn mbout “the wffects Of flaps
on the effective cavitation boundaries in tie =wbsernce of an adsquate experi-

nental cavitation map for sone, any, flappatl .foil.

S At gyt S b e



CORRECTING ANINTERIM REPORT CONCLUSI ON

The boundary incidence angles of Figure 9 are the optinmum (cavitation)
i nci dence angles for the flap left control foil. The Interim Report concludes,
on the basis of curve #1L of Figure 9, that the incidence for the flap lift
control foil could be permanently fixed at an angle which would produce the
optimum cavitation bucket at any speed. Figure 9 indicates that the near-
zero slope of curve 1 is a coincidental result of the evaluation adopted
for £in the InterimReport. That indication has been confirmed by a cal-
culation, not shown, for curve 1 with a € of .é5which has a substantia

negative slope fp¥: the curve throughout.

Neither € value of Figure 9 is adgquately supported and no confident
consi deration can be given to the incidence angle for the flap lift control

foil until such experimental support is provided.




REFERENCE FLAP SCHEDULES

The three flap schedul es of Figure 13 exe iuvestigated in detail in
this note. The first schedule is *he Jdngemessie wese of the unflapped foil,
(w/s)s =0, The second case is the "wgtimm onvitition” schedule of Figure
11 for the AG(EH) prototype with a 204 cisrré :flap and with the revised (.466)
value for . 'Te third case wll e devsilopst nore fully in a 'later section

but has a slope of:

—— l 4

(36) —g%?—i = G, _, / A
= ——-,o&fm/{ iHrs 2
= =37

This slope is passed through thke asercoyymemic 30° flap foil |oading
at a mnimmflight speed of 30 know:

—M’/’_ .
(37) (‘S>63 \ = Cg, ¥§0°X%alf
0 .
= ,0203 X300 X2550
=154 C-

The flap schedule of Egs. (36) and (37) is referred to as the
OR$ AN MY MOMEN T
"opti num moment";lschedule for reasons tr be devel oped later.



REFERENCE CAVITATION BUCKETS

The cavitation buckets for the three flap schedules of Figure 13 are
presented on Figures 1k « 17. Figures 14 - 16 present the construction of
the cavitation buckets beeause it is instructive to view the relationship
between the incipient cavitation speeds for all of -the chord stations; i.e.

the variation of chordw se pressure distribution with speed.

Only the stations bracketing the cavitation bucket (see Tables Il &
Iv) have been considered in this note to conserve tine. Were novement of
thee¢herd Station for initial cavitation is indicated, as on the upper surface
| eadi ng edge boundary of Figure 14, it iS abvious that intermediate stations
woul d provide a nore detailed boundary though the difference would be in-

significant.

The spacing of the individual station boundaries of Figufé 14 is a
qualitative indication of the chordw se spread of cavitation as the incipient
boundary is nore deeply penetrated; the spanwise |oad distribution of Figure
6.1 of Reference 4 provides the sane qualitative indication of the spanwise

spread of cavitation

Cose station boundary spacing, for unit chordw se stations, indicates
rapid cavity growth and a relatively "haxd" boundary,  The upper right corner
of the bucket, then,is the "hardest" region of the bucket because the bound-

aries for. every station pivot about = 2 point near this

corner; this is perhaps seen nore clearly on Figure 6.2 of Reference 4. The
effective cavitation boundaries (peak lift, cavitation drag, etc.) all spring
from the incipient bucket at this corner. e upper surface |eading edge

boundary is so "seft" that it carries no significance
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The upper surface, mid-chord and |ower surface, |eading edge boundaries
have never been mapped. The upper surface is expected to be a hard boundary
since at least 20% of the chord is on the verge of cavitation here. The
| ower surface boundary is expected to be soft except that propeller experience
indi cates that the eppsion boundary may coincide with the incipient boundary

for the lower (pressure) surface

These intuitive and poorly understood characteristics of the cavitation
bucket must be borne in mind in evaluating the bucket. On Figure 15, for
exanple, it is evident that the flap has shifted the bucket to higher foi
loadings without affecting its general characteristics, Figure 16 presents
a qualitatively different and very interesting flap effect. Here the bucket
has been straightened up and 10 knots added to the top of the bucket. The
"corner" of the bucket has been softened very substantially, e hinge line
boundary is not significant because foils typically operate cavitated at
| ow speed, because it is a very local condition which mght not develop in

practice, and because ¢ alight adjustment in the flap schedule would elim

inate this boundary.

Renenbering that Figure 16results fromthe addition of a flap to an
existing foil, with no consideration for cavitation, a very real potentia
for a high speed ( -~ 80 knot), cavitation ftee, cqnventional section foi
I's suggested here, Pursuit of this possibility, however, lies outside the

scope of the AG(EH) lift study.

w2h L



The three reference buckets are conpared on Figure 17.The adequacy
of the optinum noment bucket depends entirely upon its effective boundary
and upon the normal acceleration requirenent. The meximum foil |oading
indicated provides a 1/4 @ nmargin over the 1435psy design foil |oading
and i S probably extreme. Note that eenwth the hinge iime boundary, the

optimum noment bucket provides a |ower cavitation-frég sgeed at 1435 psy
than does the unflapped bucket.

Note that the optinmum noment bucket intersects the optinum cavitation
bucket at the speed for which they have = commen flap angle on Figure 13.
Similarly the optinmum nonent bucket intexsects the unflapped bucket at the
speed at which the flap schedul e passes throughk zero on Figure 13. There
I's no conparable intersection between the optinum cavitation and unflapped
buckets because the zero flap angle for optimum cavitation occurs at a

speed above both buckets. ‘ ‘
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CLASSES or MCMENT CONTROL (A? Intuitive Review

Symme tric Secti on

L
e

@ >

P &l
& HINZE

The symmetric Section has no Cma,n)hence al ways presents a zero hinge
noment when hinged at the aemdywamic center, Such a section does ..ot
present a useful incivient wavitation bucket at high speed, thoughits
effective cavitatiorn 'bucket ras mever been established, and has never been
enpl oyed for hydro:foils., The symmetrie Ssection should be considered for
low speed ad/or 1ipdtly doaced application however; e.g, this would appear

£

t0 be the loglcal swction £esm SWATH trimecontrol.  The hinge night be set

off of the a.c. by a nonminal amount to insure undirectional hinge nmonents.

Cambered Secti on

a,c, HINGE
The canbered section is discussed in some detail in Reference 1. It
presents hinge momentSdefined by

(38) % = O, O + Cge



(38) (Conti nued)

where the Cmc is always negative for hydrofoils. Dimensionally the

hi nge nonent is:

H - W
(39) @ = %hq = chL S + Ge ¢

E:ecause the noment is a function of g, no single hinge l|ocation (CHCL)
will produce a zero hinge noment over the speed range. This type foil nust
be hinged ta produce a vanishing hinge noment at one flight speed extrene,
accepting whatever results at the other flight speed extreme. The extreme
monent i s edways less if the foil is hinged to produce a 'zero nonent at

minimum f | i ght sgeed, which is why hydrofoil hinge monents are al ways

negative.

Fl apped (Incidence Lift Control) Section

In ternms of the concept of lift-at-a.c./nonent-about-a.c., Eg. (10) may

be presented as:

A_ Cma/'c' = F"'A(Q}g +G/(,2_:p
Y Cipc. P
\/ma;c ‘7\
HCL
e RiNge. |
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The alternative center-of-pressure concept is awkwsyd for analysis and
is not enployed in the analysis of this note. It dees Mave intuitive val ue
however in identifying the significance of the coefficients of the nonent

Presented in terms of centers of pressare, B3. (10) may be pre-

equation.
sernted &%
(s
o P

_ % ) @“‘*’1Q\

]
| o
N L1 PR
Cp | o PBle
[ Cog

AIGE

a,C.

The chordwi se pressure distributions presenit ean ewen NOr e fundamental
view of the hinge nonent equation and eme which ig. partioxlarly useful to
an intuitive appreciation for this note. The buoysnt Lifft axd nonent are

omtted fromthis intuitive review for ckarity.
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The canber |ift distribution is a function of the canber and for hydro-
foils the a = 1.0 canber line is enployed for cwxvitation reasons. Theoret-
ieally, then, the chordwi se distribution of tre camber Lift with which we

are concerned has the shape:

G = QZ ;‘{'ﬁﬁwr@ﬂcq/zz’_y)
A

Cp Jistribution

|

o

-a Lty
all g, == 74

aczVe  cpc Y2

The chordwise lift distribution due %o pii#eth Or incidence is the classic
"additional" lift distribution, which is a functiam af msction thickness

distribution though the CP. is about at the guamrter-cford for any section:

Co distribytion

C”?ag_,:o

- 3G =



The chordwise flap load distribution, in Allen's view, has- two com-

ponents, ope identical with the "additional" lift distribution and one

which is a function of flap chord:

~
at
N .
/'/’—-.—.- ~~~~~~ .
VERpOL >
(sce Aller)
¢l

The optinum flap schedule for cavitation of Reference 4 makes the
| eadi ng edge and hinge line pressure identical throughout_ the flight speed

range thereby achieving alnost a flat chordw se 1ift distribution throughout

that range: Cl..




As a consequence, the center of pressure remains at about half-chord
throughout the flight speed range, This neans that the cavitation control
and nean hinge noment control objectives for the flap schedule are virtually
i dentical since the foil could be hinged at the fixed ¢.p. position to pro-
vide & zero nmean hinge noment across the speed range. ‘The difficulty is
that this is only the nean hinge moment, the |ift for acceleration margin
nmust atill e supplied in the form of additional |oad dfstribution having

its c.p. at the 1/4 chord pednt = 1/4 chord away from the zero mean nonent

hinge.
wyfs
A
ian
4
k ea ﬁ\&%\
o/ mmee=S
" Therefore the zero mean monent foil still presents a maxinmum hinge
nmoment  of

Hmax _ L A w
SMAc T X(i; ﬂé)

For exanple the AG(EH) fwd foil, hinged and operated for a zero nean

moment with + 1/4% g acceleration margins, would present a maxi num noment

of:



Fmar _ 1 ] - S
SR = Lz XF X435 = P07 PSF

Hooe X102 = L 087X 2.12 .0 885 ££ Wbs, = 2,26 e, 2bs,

conpared with the existing 10 X PO6 in. Ibs. The feasibility for the zero
mean nonent system however, depends upon the feasibility for designing
a control systemohandle this monment with no significant angular discon-

tinuity at crossover.

For the AG(EH) exanple the extrene c.p.'s are:

).25‘%‘
A .7;%
A
( 4 —\E
g5c  SB3C

To neke the nonents undirectional there are the options for hinging

at .533C where the maxinmum monent is:

% = +h zs'--( 573 4:*,_) =dbb3 % T239 psf f‘or =138

or at .hLsc where

and, in general, the maxinum hinge monent wi |l be reduced by the factor
(1-&65)/(1#:&;:;) if the foil is hinged to produce negative undirectional

noments rather than positive.



What has been reviewed intuitively here with respect to flap control
of incidence hinge monent will be validated rationally in a later section

but two limitation upon that analysis are noted here:

(1) It is evident that the thickness distribution, canber distribution
and flap chord ratio could al.1 be tailored for still further optimzation
of the cavitation and/or noment characteristics. Such efforts would over-
extend the existing accuracy state-of-the-art for flap cavitation and
moment characteristics however and'this analysis assunes the existing foil

configuration with the anticipated 20% chord flaps

(2) The optinum cavitation flap schedule is defined on the basis of
the incipient cavitation bucket while it is the effective cavitation bucket,
still totally unknown for flapped hydrofoils, which is significant. The
seme |imtation, incidently, applies to the universal use of 16-series
sections and the a = 1,0 nean line for incidence lift control hydrofoils
though no demonstrations are available that these sections arceffectively

. or newer
superior-to: olderfsections.

THE REFLEXED SECTI ON

Eq. (10) is repeated here for convenience

(20) 574’%5 = [CHQ_ _g/__ T 15]"‘ [:A CQDg - CJ:,,.—J;’
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One way to produce a zero hinge nonent througtiout the: speed range is
to mafe both bracketed terns vanish; i.s,

l. St ’Ll._lfg - Ht“_ro

2. Offset the hinge off of the g.c¢., «only far enomdl t 0 cancel the

buoyant nonent.

!
A trivial solution to the two requiimamewts f£s provided by the un-

fl apped, symetric section but this solwtien iz known to be inadequate for

cavitation for a lifting foil. Thus the .sslmtton, if it exists, presents

a canbered section with the flap deflectwd im oppostion to the canmber and

by a fixed amount; i.e., the section is ezssewmtislly a reflexed, unflapped

section.

The general subject of reflexed sectiioms lies far fwegond the scope of
this note but anevaluation of flap summlied meflex for cme particular case
will denonstrate a negligible probability off fRessifbility ifmr reflexed

<

sections generally for lifting foils.

For the AG(EH) fwd foils with 20% chowd flaps, #he nesmirement for a
vanishing q term in By. (10) inplies:

/
¢,
() = Hoco

G5 = —10626/ 1752

L0203 §° = =37
¢° s=l5 23



Obvicusly such a flap deflection defeats the purpose of the canber
provided for high speed and weuld have a disastrous effect upon the |ow
speed cavitation performance. Mninmzation of this adverse effect would

require inpractically large flap chord ratios and/or ineffectively snal
canbers.

L)

In summary, the enploynent of flaps to elimnate the q termof the
hinge noment requires a fixed flap angle and therefore a reflexed section
would be empsoyed rather than a flap. Evaluation of one partieular flap
case, as &n approximation for the reflexed section, indicates that the

cavitation effect is so negative as not to justify further investigation

inthe time available.



RATIONAL CONSIDERPATION OF HINGE MOVENT CONTROL

Where flaps are enployed for nonent control, it is the hinge position
of the first termof Eq. (10) and the flap schedule of the third term which
are juggled to produce the optimumresult. The second termis a fixed
(by craft geonetry) conponent of the zero speed hinge nmonent intercept.

The last termis the basic slope termand is considered fixed by craft
geonmetry :ian these anal yses though in the distant f:ture, when these terns
are known.with much better precision, the section canmber may al so be
employed s an optimzation variable. only the infinite and one chord

dept h slepes, CLa/ CLaoo are considered here for the fourth term
H

In general, the nonent curve has the appearance

SSMAC NoreE! (é’;—;% | 15 £Ynceeon of W/.S'
-0 A
() ‘
SMAC %<0 \

s

These generalized characteristics determne the conditions which

govern optimzation for the three cases considered.



The craft weight will vary between extremes presented by the m ninmm
flight weight at the nmaximum negative normal acceleration margin and the

maxi mum flight weight at thz maxi num positive accel eration margin. .

represent these extreme foil loadings it is convenient to define the para-
neter, K

(40) K= (EQ 4L (%)mm (J@’” 2% — (Mﬂm”
)4 (%.)/77 ('E‘)m?a« +('PT

[ I+ A@ (-g&)ﬂam. mox
( @rm‘o = ( ! 'N?)( %Jnaé. mep),
(%>/77 = 'él'[ ( -@mo.v t [ -@mp&z—]

For exanple, this note enploys for the AG(ER) fwd foils:

1L

iA
Wﬁ&"'{.’: (5 (e

D (B = 1E X135 =175

\

’ * |
(Epin = Zx1220 = 975~

W 1795+ 915 2710
(S)M: 2. "‘"?"'35'5’

1798 —9/5 - B2o.
K = e 7/0 27/0 =.,325

« 7 w
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(k1) (Cont i nued)

K serves the sane purpose as &/F but imecorporates the flight weight
range:

(42) (g)m/min - (s K) ('g')m

M N MM H NGE MOMENT

Referring to Eg. (10) the incidence hinge noments are mininzed by

setting:
(43)

CHpL(/?N)[%,§7'+ F - & (%_)67/”,&” Te fl

s +§-§: HW:‘: 7’;7&/7
+ Cug (-9, 18 =8 (80, 7+ Gl =0

s JrY =

2 Cide, ( %)m +tzp -4 [( %)5?,,,,.” +( @s ,,,,,,}@Jg, ( fi“%n%):

AR

6o (D= 1 3Ly 10D, P iy P,

CLdpa

which locates the optinmum hinge position when the flap schedul e has been
established.

N



e corresponding maxi mum tminge noment nay be established either at
q max by substituting Eg. (43) imtm the appropriate form of Eq. (10).
For the optimum hinge position emd ftag schedule the NMaXi num hinge nmonent
occwe s &L g mn, where it i s pomitive, anfi identically at q max, where it
i's negative. The absolute val ue: of the mewimum %bnge noment is therefore

giver nt q min,
’"-a'x/

SMﬂa (5’”’05 Triity + Ky Afe =/
_ (1K ‘%9 A |
= (“w/%}'??& Pt Z[(%)‘fm *(&fmw 4

/
a({:xw Fmin +%M Heoge }
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The first termis a mnor adjustnent for buoyancy. The zero lift
hinge noment coefficient of the third term is negative so the third term
i s posifcive. Thus the maxinum hinge nonent is reduced by increasing the
m ninum speed flap angle and by reducing the maximum speed flap angle,

No limit upon these foil loadings is presented by Eq. (44) except as to
their relative value, or slope, as discussed below.  There are practica
limitations upon the flap angles however. Large flap angles present
practical design problens and lineayity effects which are not considered
in this note. A +30°f|ap angle limt is assumed in this note. The high
speed fIap angle, which can be negative, is |imted by the compromises

one cares to take on the cavitation bucket.



Eq. (4k4) can be witten in a form which empuasizes the effect of K
upon the maxi num hinge nmonent and the fact thaz the unflapped foil IS a

degenirate speciui case of the equation:

!Hmo.::l — __I,(fs’
(u5) ~ SMAE .y m -
$ G| G 52 G K Gt 2 i)

-2 AE [(‘@‘gfﬂ?b—(’%ﬁm "i R[[ @‘Sﬁ”m"' @5 M*‘]}

| Hrnax / wnflapped
SMAC.

[&9.,,,,,,,,, ’(ﬁ)ﬁ Mj ‘*"l@& n [) jz

Note that the speed range and the weight rammge both: contribute to the

——

maxi num hinge nonent for the unflapped foil. Prewisiow off flaps can elim
inate the effect of the speed range but not the effect of'-the weight range;
nearly all of the maxinum hinge noment for tha flzpped foil which has been
optimzed for noments is due to the weight range with the remainder being

due to provision for limjted depth, Thus a craft designed for platformng
operation at a fixed weight could be provided with a zero noment system

On the other hand, the verylong ranges now being considered woul d present
relatively high hinge noments for an incidence: Lift control system  Note,

too, that the final term neans that flaps do nat necessarily reduce the

maxi num hi nge noment .
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I ncreasing the mninum speed flap amglie and reducing the maxi num speed
flap angle reduces the nonent slope. Whearn the ane chord depth sl ope
vani shes, Eq. (43)becones invalid and must be redzfined. Further changes
in the flu, ......... produce a positive i1 shord d@epth monent elope and a
zero infiuse wepth stupe; then further ctranges mzke bot h slopespositive.
It is in o pmoe” = that the flap schedulie begins to conprom se the cav-
itation bucket 2nd the optinum flap schedle is ultimtely asubjectiguige~

ment of that conprom se.

In order to provide a well defined “ptimum" flap schedule for moments
for this note, the optinumflap schedule: #s defined to have a slope which

makes the infinite depth hinge nonent sl.ge vanish; i.e.,

!_I:L.. L /
(46) :;}f = -A 0/76 %>/'_5 ﬁ'é“;i' (H”Q,-fb - 0

J(E)s _ /

"/‘(/ 7 - Cloy =g /B
and this slope is passed through a 30° fiep amgde 2 g min.  Thisin the
"optimum monent" flap schedule of Eqs.. (%) and (37) amd of Pigure 13. It
will be recognized that the 1chord depthuslimpe cauld have been nade to
vanish or that the 1 chord and infinite cipth sheomes mpuld have been assigned
equal values of apposite sign, which would: heve preduced a still |ower H max.

The definition adopted here is entirely arbitrary.
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For this case Eq. (10) nay be nodified to (enploying primes to indicate
a restricted case):
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The corresponding nmaxinum hinge noment is mnimzed by setting:

(48)

('ﬂ"r“) ’ (e =0
SNEC f/??d’&) 'fhi) a//‘:- TR ;?’m.m *k o£/C =00 .
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For this hinge position in Eg. (b7):
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The bracketed term vanishes for a zero weight spread and the second
term vani shes for deep depth operation; i.e. this result presents analyti-

cally the condition for which a zero noment can be designed.

e
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Eq. (49) can be nade to vanish for the general¢@ese with a sufficiently
low top speed flap foil loading (~ - 2300 psg for the AG(EH}) but this
approach is back to the reflexed foil case and presents an intolerable
conprom se of the cavitation bucket. Therefore Eg. (é@% only says that the
maxi mim speed flap foil |oading should be as |ow as one's judgement of the

cavitmtion effect trill allow

Solid schedules are safe,
Dashed schedule invites
excessive hinge moment at
extreme speeds,.

{v/5)s

(%95 F 4

ﬁ/

Just as there is no well defined optimumflap foil loading for mninmum
or maximum Speed, there is no optinmum flap schedul e connecting those points.
Some care must be exercised at the two speed extremes to avoid producing
hinge noments in excess of the monents at those extrenmes, which are presum
ably design values, but the flap schedule at intermediate speeds is com

pletely arbitrary.



The threefl ap schedules of Figure 13are evaluated for noments in
this note. It is evident on Figure 13 that the optimum nonent schedul e
conproni ses the unflapped cavitation bucket for g's above 6750 psg (48.7
knots) and that it conpromises the optinmum cavitation bucket for q's bel ow
4130 psy (38 knots). These conpromises may be seen on Figure 17. That at
48,7 knots is obviously insignificant ard that at 38knots is considered

insignificant for reasons already presented in the discussion of Figure 17.

The woments for the three flap schedules of Figure 13, hinged to present
M ni num moments, are presented on Figure 18, Note that the optinmum cavitation
flap schedule has slightly increased the maxi mum moment of the unflapped
foil, aresult of the large weight and normal acceleration spread relative

to the fisp displacement spread (see the lasttermof Eq, (45).

It is to be noted that the optinmum moment H max is 50% larger than the
1/h K % " which intuitive consideration would lead us to hope for, The
0
H max is reduced by reducing the section Chtnc which requires a reduction in

canmber and/or the adoption of a camber line offering a more favorable CMac‘

Centering the nonents in the zero axis has substantially reduced the
maxi mum hi nge monents but 'they are still probably too large to insure a
slop-free systemat crossover, It is not likely that any special purpose
application will ever present itself offering sufficiently restricted
wei ght and normal acceleration ranges for the confident specification of

the m ni num noment geonetry.
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For this case Eg. (10) provides a hinge postion for which the monment

vanshes &t

(50)

2 o = (
- SHMAC '
Srie T, + R, AC=1

:C""u(”'@(@mﬂg“A('g)sfmﬁ‘ e 7

0, !
QJ,_L(I *@( %9,” =-F ‘I”A('@s Fimin % (HWrLsp J7nn

The naxi num monent enploys this hinge in a second application of Hq.

(10) :



(51)

LT
sMAc PP Fhign, —R) S =

=R ,f_:«z), | U Gshe o
14~ i f”’f’ﬁ{ kY4 oy g q”dr g%&ﬂ

G A (—‘—’sr'-)é oo T {«zq'-. Fvaar

=(1- 1+N)'3+ T 5)5;:;7,,,, -—[Qs,.mjzs
Gt
+ (Frnon = ii-'ll;( Fades f;’m) A

Igfj;:é (H‘H )/3 [:Tl{:( )5;’7»?@“{3‘)51/’;»‘7‘& A
~(Frmaw - L~ Te ,,W)am, »
50 B =[5y (D e 2 2 )
,Hgf —¢KF [("@(“9;& (”'ﬁ@% %} ’[@ o (z ﬁ;i" «’;/]*ﬁ;a

w’c

=T L I+K i— 2}(’3"(7;7;'0‘& Lo 77(‘)@35". —K(ﬁ’ﬂ"* f:::; /'91) "50 G5

- [( %)5 Frmin (395,?»?#] +NZ? 95;’?4':)7 r@éﬁ’?d{] A}
,2;-];{ Q/l el [( mox = zv-‘“ﬁ;’m)'f’ IL‘( Finoxw g Q,@ = 7 2*;/7)3

- 77:‘75 [ 55}’%‘/7 '{99;‘{»7(] '”[[ @5;3»@*@7@9}
B [/ . Wy 0 & W o

n59m

'




(51) (Conti nued)

Eq. (51) is identical in formwith Bg. (4%) and, in fact, can be

witten:

[Fmox] ). - ,ﬂ,’””‘*’L
SM/‘}& mt‘ﬂ. r),ggi n;om‘ ' l+K S‘Mﬁ& mtﬂn mal??.

(52)

Therefore all of the comment with regerd to optimzation and flap

" schedul es of the mininmum nonent case apply to the mninmum negative noment

c&. The only difference is that one extrsme speed presents a zero hinge
monment in this case, with potential crossower for careless flap managenent,
and the other extreme speed presents the mmsdmum, or design, hinge nonent.
For the previous, minimum noment, case both extreme speeds presented the

maxi num nmonent .

H/sMac

Fren, W

2ERS — K, dfc = Mo
SLOPE. . | | _'E%WE/




(52) fo

For the “optimum” moment case, hawing & mere infinite depth moment

slope , the hinge must be set by evaluatiing Hp. (¥7) as :

(53)
#!

SMAC =0

‘>77mv TR, /e =
C;-J( (/+N){""9 1P - A( %fm%T D /;;w ad,)(l\#oo, s Ty

Ladheaill 4
ch ('HQ(% “Bt (@@g,w"ﬁ%@w » Irnait

The maximum moment is provided by- empiay-ivg this Iniimge position in
Eq. (47) evaluated as:

[H rmax | _

G - = (3 |

_ gjj\i A LGO(“; '
=k [Pt ( ‘95,3,;,,, i (;'w, » Frax

L=t 1=K G\ ! |
= (’ “;f#)ﬁ+(;rl~’ )A('S)gﬁw{ +([ 1+¥ Cbﬁ(g;r f’c&,— 5%9/

ol 2ty W
“CMAC — ~ TR P’-f- K [5 gfnmx i TIHK (‘Le(oog@ -»o?fb?dv'

- Q{P[ﬁ-}—A(%DST {] '*R( e r:: /'-"ac,-.,5 mv’}
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(54) (Cont i nued)

The third termw || &transform into:

(55)

_Lié'-"-ﬂ /Hr‘) Hory- 6 Pt [ (/r@-r z,(l @ e _7 He o g P00
. --[ EL(’ cm( (’—;::;)7%7, .di/a&’

Then Eq. (54) may be witten:

(56)

H"ma?»’ {[ %) e
Symo Tk (R[CPt ( Sf &’l(‘rﬂ-f«'a "%—ai&avj

&a) 1Ce, =57//F7tmﬁ}

Then by reference to Eq. (49)

(57) ( H"’”-“‘) - 2. l”@' ﬂx;}.
SMAC Jimin, negmom, — 1R\ SMAC |4 mom,

which is identical with Eg. (52) so the optinum negative noment case is

sinply a special case of the mninum negative nonment general case.
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The monments for the three flap schedul es of Figure 13, hinged to pre-
sent negative nonents for all flight conditions, are presented on Figure 19.
The unflapped result of Figure 19 differs slightly fromthat of Figure 6
of Reference 1 because the hinge has been nmoved slightly in this note to

produce a zero mnimum hinge nonent.



M N MUMPOSITIVE H NGE MOMENT
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For this case Ba. {10) provides a hinge position for which the nonent

vani shes at:

ok
) Sz = O () gnar, —ky dte =

=Cue, (""91/ %), 16 ‘A(@Sﬁwz +vq’:°“c-'a Finox’
» } I
CN("(I'A‘)({'QM - _F t A(%Sﬁya%h (’:’Oc;_:a ﬁ?ﬁ/

The maxi num nonent enploys this hinge in a second epplication oOf

Eq. (10):
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Tis equation is identical in form with one appearing in the develop-

ment Of Eg. (51)and may be witten:



(60)

Hmaxl 2 [IHmed
SHEC o, pos.mom,  A"KN S Jmin, mom,
Histihe Hoai
POl | e
- K, He=0
Fmin, Frrrkt, é

For theoptimum noment case, having a zero infinite depth monent sl ope,

the hinge nust be set by evaluating Eq. (47)as :
(1)

g - o

SMAC ) Frrig, K, e =

Crie, (’—@({’;9,,7 +P 'A(@sfm% %C}JOLQM Fny = O
!
CHQ, (I"@(%)m = =P *A(@gﬁwﬁ ”C}/:aq:o %ﬁﬂ/

The maxi num nmonent is provided by enploying this hinge position

in Eq. (47)eval uated as:



(62)
IHmnz/ (
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I PN L 1 i__-f»d)
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and by reference to Eq. (54) this my be written:

!
:H—-Jm”"") = 2 wml
(63) S MAC_Ipun, pos. mon, TS tu, o,

which is identical with Eq. (60).

The moments for the three flap schedinles of Figure 13, hinged to
present positive monents for all flight conditions, are presented on

Figure 20.
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FLAP CAVITATION AND MOMENT CONTROL SUWARY

The hinge location equations are summgrized in Table V and the corres-
pondi ng maxi mum hinge nonent equations are summarized in Table VI. Expression
of the numerical refuts of this note in terms of H/SMAC insures that the
results are characteristic of any size craft. The AG(EH) canber , and these
numerical results, are characteristic of any craft of design top speed |ess

than 50-60 knots,

Referring to the optinum maxi num monment equation of Table VI it is
evident that the zero hinge monment incidence lift control foil does exist,

but only if the following explicit restrictions on the operating conditions

can be observed:

1. No variation in craft weight of ¢,G, (zero fuel consunption)
(for K=0), and
2. Platformng operation (An = o0 for K-= 0), and

3. Operation at a constant depth (to make the final term vanish),

and if the followng inplicit conditions are satisified,

k., Aerodynamc center prediction is perfect, and
5. Residual pitching noment prediction is perfect, and

6. Flap hinge monent derivative, & , prediction is perfect



Violation of each of these six conditions is associated with an incre-
nent of maxinum hinge nonent and conversely, approaching each of those six

conditions reduces the maxi mum hinge monent

The nunerical results for the AG(EH) are summarized in Table VI1 and
lead to the follow ng conclusions. These numerical results are strongly
influenced by K but the AG(EH} is typical for this factor
It is not likely that any design objective will be sufficiently restricted
MOMENT L OCRATIGN gND poSirivie _ _
to allow use of the minimumAmoments are about twice as high as negative nom
ents, therefore the negative nonent hinge position wll probably be enployed

~on g2l incidence Bift systens.

Flaps can reduce the linit hinge moment by some L40%, Flaps can al so
i ncrease the hinge nonent, of course,. but only through carel ess scheduling.
One decided current advantage of flaps is that they can be enployed to
correct for design errors; i.e., to elimnate crossover or reduce excessive
noments caused by faulty hinging.

shape
Flaps can be enployed to.sdepe the cavitation bucket but this is a

sophistg¢cated technique requiring know edge of the effective cavitation

boundaries which is totally lacking now,

As a still nore sophisticated use of flaps to shape the cavitation
bucket, it appears that the speed range of the conventional section coul d'
be extended to sonething of the order of 80 knots, cavitation free, by

flaps.  The transit foil enploys a conventional section in this speed range

but with significant cavitation.
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THE "FLYI" ' FOIL

The "flying" foil is defined here to be an incidence lift control foi

which is freely pivoted about.the incidence axis and which ecarries an inci-

dence control, trailing edge flap,

In coefficient form Eq. (10) reads:

(61)
H

———— "

Gweg = Cue, & TP - A(’@g + &5, /00( s

4 G
CH = 5%9?: j)?’: (HCLQ +fl “A(C")s + E:fl:-o CHWQ-’V

havi ng t he devgrgtive:

AC
(65) A T C/"f‘,,.

The flying foil, then, requires a negative CﬁcL ; 1.e., the incidence'

hinge is ahead of the aerodyromic center

Te flying foil trins at an angle defined by
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(66) .
.-, E Ga !
(y =@ = CHc‘_ T F 'A(C“DE ¥ Gaw Cri

c",’_:&
c, ]
Gz b [t A D5~ s Gy )

having the derivative with respect to flap angle, (?Z;% ) oF

which is also negative. Thus the situation presented is .

The desirable value for C

He I's a dynam c probl em which woul d have
to be examned on SLOCOP but that value has a cavitation significance

which can be exam ned here.



Eq. (66) may be witten:

(ééfw)
. [P‘M(’s)s /wr,,f’j

N\ w 0 a /
A(@g - CH"'- ?+ Pt Tedw CN”Q.:{S f/

AN w. Coa 1 ;
(*g’)s =N [C/"'Q_ 5 ‘f’:B'f‘z":,‘; C//wa=5,?j

For the AG(EH) fwd foils at infinite depth this evaluated to:
(65h)
w‘) - ___,( ) o8l
( 5 = C”" s 1+F TIere

* (o, % 1F) - —37%

At 50 knots this requires a (I;Dg of some -2600 psFat 50 knots just
for the q term the first two terms are also negative. This is sufficient
demonstration of the infeasibility of the trailing edge flap as a control

device for the fiying foil.
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It nmust be noted that the discussion. abave iz limted to cemsideration
of the trailing edge flap controlled flying, foil. There is an arrangement
of the flying foil that is entirely feasible lhgdrodynamically though it has

not yet booia pari:. ' chanically:

The flying foil is deserving of seriknus consideratiom because it
: : orbLtal]
relieves the autopilot of the problem of cmreelling the Sambidst angle of
attack and because it mght incorporate sweme depth sensitivity. The
arrangenent was not included in the scope «g the AG(EH) 1ift study because
the arrangement presents formdable dynamic analytical problens. The
SLOCCP program now makes it possible to evaluate this arrangenent and

its detailed consideration is recomended.
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