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ABSTRACT

A nmethod is presented for prediction of the
steady state performance characteristics of craft with

hydrofoil systems of the fully-subnmerged type. The
principles have fairly general application but the enphasis
is on a canard hydrofoil system of type and size suitable
for open ocean operation. Considerable use is nade of
enpirical expressions, wth sonme discussion of their

under | yi ng physi cal basi s. Limted conparison is nade wth

experi mental data.




SOMMAIRE

On présente une méthode de prédiction des caractéristiques
de perfornance d'un hydroptére, 3 vitesse constante, cap en avant, par
tenps calme, les ailes entiérement submergées., Les principes sont
d'une applicabilité asses générale, mais on net |'accent sur 1'hydroptdre
“canard', de mod&le et de dinensions convenant 3 |'exploitation en pleine
mer. On s'appui e dans une grande mesure sur les expressions enpiriques,
tout en abordant |eur fondenent théorique. On fait quel ques comparaisons

avec | es données expérimentales.
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NOMVENCLATURE

(See Figures 2, 3, 4 & 5 for identification of

Lower Case

ag t heoreti cal section [lift curve sl ope
b projected foil span

bf projected flap span

c foil chord

d pod diameter

fb flap span ratio

fc flap chord ratio

g standard gravitational accel eration

h foil depth of imrersion

il foil incidence setting above zero |ift
QF foil base length

RP length of pod

RS projected strut | ength

n. nunber of pods

q dynanmic pressure = Q%§L

t section thickness

be X coordinate neasured forward from cg
y y coordinate nmeasured to port from cg
z z coordinate neasured upwards from cg

Vi

suf fi xes)

angl e



Upper  Case

A aspect ratio

B buoyancy

CDH coefficient of air drag for hull

CDI coefficient of i nduced drag

CDP coefficient of profile drag

CDS coefficient of spray drag

CF coef ficient of friction drag

CPF form factor for profile drag

C1 section operating lift coefficient

CI i i deal section design lift coefficient

Clc') practi cal uncorrect ed desi gn lift coefficient

CI o dept h-corrected desi gn lift coefficient

CL foil operating lift coefficient

CL foil lift-curve slope
a

CM foil nmonment coef ficient

Cm rate of_ change of nonment coefficient wth flap
$ defl ection

CPD pod profile drag coefficient

DA air drag of hull

E edge correction factor

F Froude  nunber

FD induction factor for drag

Fu induction factor for angle

Hb hull  depth from main superstructure top to keel

Hw maxi mum  hul | wi dt h

Vi



K depth correction factor for section lift-curve slope
K section efficiency factor

K dept h correction factor for t wo- di mensi ona
flap effectiveness

Ko dept h correction factor for section [lift coefficient
Ln total lift due to foil element n

M foil pitching nonent

R Reynol ds nunber

S projected foil area

Sf projected foil area in way of flaps

U ship speed

W ship weight

Gr eek
a angle of attack
O foil flap effectiveness
asé uncorrect ed two di mensi onal flap ef fecti veness
Cso dept h-corrected two di mensi onal flap ef fecti veness
oy initial foil i nci dence  setting
a, depth-corrected zero lift angl e
aI i nduced angl e
Y Breslin's wave function
§ flap angle
€3 net downwash angle at bow foi
C auxiliary function used in establishing
i nduction factor
n auxiliary function wused in establishing

bi plane factor and wave function
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A X

Ah

AC

foil taper ratio

flap correction factor

Qauert's planform factor for [ift
GQauert's planform factor for drag
density of water

density of air

Prandtl's biplane factor

ship trim

section trailing edge angle
downwash velocity at bow foil
distance of <center of pressure aft of quarter

difference in depth between bow and min foils
at zero trim

coefficient of friction drag increnent due to
surface roughness

quarter chord sweepback angle
foil dihedral angle (to horizontal)

strut slant angle (to wvertical)




1. |1 NTRODUCTI ON

The accurate prediction of the steady state

characteristics of hydrofoil ships is fundanental to the
success of early planning in a devel opment program It is
essenti al to forecast, Wwth r easonabl e confi dence, range
capability and power requirenents in order to determne the
size of ship required for a given operational application and
to nmake objective conparisons wth other vehicles. At a

later stage in the design process, accurate prediction
techniques can |essen dependence on an extensive nodel test
program and greatly inprove the understanding of the nodel
t est results.

The objective here is to obtain an overall
appreciation  of the characteristics rather than detailed

hydr odynam c anal ysi s of a particular hydr of oi | configuration.
The prediction methods are based largely on enpirical
expressions and in consequence, apply prinmarily to the
particular hydrofoil system chosen in this case, a propeller
driven, canard arrangenment, generally typical of current
mlitary hydrofoil design and suitable for fairly wde ranges
of size and speed. There often exists a theoretical basi s

for the enpirical expressions, naking it possible, wth care,
to extend the nethods to other practical design cases.

The hydrofoil system is first described and
expressions derived to define the geonetry. The hydrof oil
section characteristics are then treated, with expressions
given for the [lift, pitching noment and drag for the section

operating in two-dinensional flow, <close to the water surface.
The nore practical case is then given of a wng of finite

span operating in three-dimensional flow close to the water
surface. Various mscellaneous drag effects are also

consi der ed. The generalised |I|ift balance and nonent equations
are given for the foilborne, steady state case, Wwth reference
to the way in which the expressions for |ift and nonment are

i ncor por at ed. Finally, in an appendix, the use of the
expressions is denonstrated by deternmining the flap angles
required and the total resistance for given speeds and foil
depths  of i mrer si ons.




The nethod has linitations. There is little
information available on the characteristics of sections wth
simple, sealed flaps. Increase in lift wth flap angle is
probably not linear, although that is the assunption here.
Also, it is assumed that the flow is cavitation free. The
method is thus good for only small flap and trim angles and
for the normal foilborne speed range. In particular, take-
off drag would require special study. Resi stance estinmates
are generally harder to nake than [lift, being dependent for
((ajxanplle, on quality of nanufacture and intersection design
etalls.

Unfortunately there are very few experinmental data
available from full scale hydrofoil ship trials, allowng
no conparison of flap angles and only limted conparison
with resistance estinates. Neverthel ess, the nethods out-
lined here are thought suitable for prelimnary estimates and
it is anticipated that some refinement wll be possible as
further nmodel and full scale trials data becone available.

2. FOIL AND SYSTEM GEOMETRY

2.1 GENERAL CONFI GURATI ON

The hydrofoil arrangement is assumed to be canard
in form as shown in Figure 1, wth the "inverted T" bow
foil supporting less than 35% of the all wup weight. The bow
foil is continuous and horizontal wth a planform Which
enploys both taper and sweep. It has constant angle of
attack and constant thickness-to-chord ratio (t/c). Lift
is varied by a flap wth constant flap-chord ratio.




A two-strut main foil supports the renaining ship
wei ght . It is conmposed of two anhedral elenments joined at
the centre to form an "inverted V'. Angle of attack and the
t/c are constant over its length and the foil has taper out-
board of the support struts. Flaps are full-span, except
for necessary breaks at i ntersections. They have constant
flap-chord ratio and zero sweep angle at the flap hinge Ilines.

The main foil struts are inclined to the vertical
with a chord and t/c which vary continuously over their
| engt hs. Propulsion is by marine screw propellers |ocated
with fairly large transmission pods at the main foil-strut
i ntersections.

2.2 FOL PLANFORM CEOVETRY

The planforns are shown in Figure 2. Geonetri cal
relationships are straight forward for the -nost part and are
given here for definition and conpleteness. It should be
noted that all these expressions are for the nmain foil
geonetry but reduce to the -equivalent bow foil expressions
when the main foil span between struts, b,, becomes zero.

Taper Rati o

A= — (2.1)

Flap Chord Ratio

Cc C
f = L1 _f2 (2.2)
C C1 C2
Foi | Span
b= 1b, + 2b2 (2.3)
Projected Foil Area
s = byc ¥ b,c, (1 + A) (2.4)
or

where S. is the area inboard of the main struts

52 is the area of each outboard elenent




Projected Foil Area in way of Faps

Sf = S5 = c1 [b—2(bfl + bfz)] (2.5)

Angle of Sweep

For the particular case considered, wth the flap
hinge lines arranged to have zero sweep angle, the angle of
sweep for the outboard elenments is given by:

C
A= tan (% - £ (1 - ) (2.6)
2

Net Angle of Sweep

For the conposite foil

Mean  Depth

For the integrated main foil wunit shown in Figure
2, elliptical lift distribution is assumed over the outboard
spans, b )’ giving the effective hydrodynamc depth:

h = f" + tan T (O.25b1 + 0.405b2) (2.8)

for 0.25b <b_ < 0.56
1 2 1

Mean  Chord

(2.9)

o
n
={wn

Lat er al Centre of Pressure

The lateral distance of the centre of pressure of
an outboard element from the axis of intersection is given
by:

bZ




Longi t udi nal Centre  of Pressure

The distance of the centre of pressure of an
outboard element aft of the quarter chord point of the centre
section is given by:

Ax =L p ¢ (1 + A tan A (2. 11)
S 2 1

Aspect Ratio

The aspect ratio of the min foil is effectively
increased by the presence of the struts which act as "end
plates” to reduce spanwise flow Effective aspect ratio is
dependent on the spanwise position of the struts and on the

foil dePth. It can be derived from expressions given hy
Hoerner as:
B3
- b 1y h

A = a 1+ (b ) b] (2.12)

Foi | Buoyancy
t
Bp = 0.7 c_ ps (2.13)

2.3 SIRUIS AND PCDS CGEQVETRY

The strut and pod geonetries comon to both bow
and main foil assenblies are shown in Figure 3. The strut
span is assuned to extend to the foil axis of intersection
which is taken to be coincident wth the pod axis.

Mean | mersed Chord
h
— 1 .
°n = g, T 0 (cSl c Sz) (2.14)
S

Chord at the \Waterline

h
_ 1 _
cy T Cg, * T, (CS1 c Sz) (2.15)
Mean |Inmersed Thickness - Chord Ratio
t t h t t
£ = (& 1 t - (&
(c)m (c)32 + ZJLS [(c)sl (c)szl (2.16)




Waterline Thickness - Chord Ratio

h

t, _ (Lt _1 gt - (L

(c)w (c)32 + Qs [(c)sl (c)szl (2.17)
Inmrersed Strut  Area

cmh1
SS B cos [ (218)
S

| mrersed  Strut Buoyancy

B, = 0.7S_c_(t/e), (2.19)
Pod Frontal Area

Sp = 0.25 nd? (2.20)
Pod  Buoyancy

Wing a Prismatic Coefficient of 0.7,

Bp = 05 p d° iy (2.21)

2.4 AXS O OOCCRD NATES

The axis system is shown in Figure 4. It is
taken as fixed wth respect to the ship, has its origin at
the center of gravity and polarities as shown.  Coordinates
are neasured to the quarter chord points of the foils but
forces are assumed to act at the centers of pressure, which
are nct necessarily in the same |ocation.

2.5 SHP GEOWETRY

Foil Base Length

QF =Xg - Xy (2.22)
Ship Trim
h M- (h g t Ah)
T = —1 i (2.23)
F




Bow Foil Depth

h . =h , = Ah - 1% (2.24)

3. SECTION CHARACTERISTICS

3.1 SECTION  TYPE

It is assuned that an NACA section of the 16 Series

wll be used with a uniformload nean |line and a thickness-
to-chord ratio of 10% or |ess. The 16 Series sections have
found several applications in hydrofoil desi gn. Little is

known about the section <characteristics wth a flap but the
uniform pressure distribution of the unflapped section should
give good cavitation characteristics and the section offers
the best basis for design at present.

3.2 LIFT-CURVE SLOPE

A general expression for the section [lift-curve
slope is given in Reference 2 in terns of t/c and the
included angle at the section trailing edge, ¢ (degrees), as:

t
a'o' =27 + 4.7 (E) (1 + 0.00375¢) (3.1)
The relation between ¢ and t/c for 16 Series
sections is:
o = 238 (t/c)
so that for these sections:

al = 21 + 47 (t/c) + 4.18 (t/c)? (3.2)

Lift-curve slope is reduced in practice by viscous
effects which increase the boundary layer thickness in the
area of adverse pressure gradient, particularly t owar ds t he

trailing edge. This results in an efficiency factor dependent
on Reynolds MNunber, R and trailing edge angle, ¢, which
must be applied to Equation 3.2. The efficiency factor can

be derived from curves given in Reference 2 as follows:




1 0.09

K, = 1.25 (6.8) 1log R -6.92 (t/c) R (3.3)

For infinite depth, section |ift curve slope then becones
al = K, [2m + 4.7 (t/c) + 4.18 (t/c)?) (3.4)

In the hydrofoil case, the presence of the free
surface nodifies the section flow and reduces the [lift curve
slope appreciably for submergences below one chord.
Bernicker?® gives a theoretical treatnent of two dinensional
depth effects from which an approximate expression for the
depth correction can be derived as:

_ 20(h/c)? + 1

K 3.5
2 20(h/e)? + 2 (3:3)
Hence, the expression for section |ift curve slope for
hori zontal, unswept hydrofoils operating near a free surface
becomes:
a' = K_ K [20 + 4.7 (t/c) + 4.18 (t/e)?] (3.6)

The effective section characteristics are nodified
by dihedral or anhedral angle, |', of the foil. Angle of
attack changes due to ship trim or foil setting angle are
measured in the vertical plane so that the effect of dihedra
is to introduce the factor cos T, reducing the section [ift
curve sl ope. Sweep angle, A also affects the characteristics.
The effective angle of attack, measured nornmal to the quarter

chord line, is increased by introduction of the factor cos A
while the speed over the section is decreased by the factor
cos A In detail, liftper unit area, L/S is given by:
Lolo (veosmy? a (a A cos T
S 2 ) sec ) (3.7)
Hence, the effective section 1lift curve slope becones:

a, = KK [2m+ 4.7 (t/c) + 4.18 (t/c)?2] cos A cos A (3.8)




3.3 LIFT COEFFI Cl ENT

NACA 16 series airfoils, in comon wth other
sections using a unaiform ~ load type (a = 1.0) nean line, do
not achieve in practice lift coefficients as high as the
idealized design values. Lindsey et al" give the following
enpirical relation for 16 Series sections:

*35

1
C), = Cgy [L =5 (t/c) ! (3.9)

wher e cio and Coy are the practical and ideal design [lift

coefficients respectively.

Again, in the hydrofoil case, the practical [lift
coefficient is reduced by flow curvature when near the
surface. The correction factor can be derived from Bernicker's
work®  as:

- 36(h/c)* + 1
36(h/c)? + 2

K
o

(3. 10)

Bernicker also identifies an effect of thickness on
the lift of a thin hydrofoil which can be approxinated by:

ac, = - 0:05(c/e) (3.11)
(h/c)?
Thus, the practical depth-corrected [lift coefficient for a

16 Series section is:

¢y, = K CQ' _0.05(t/e)
° e (h/c)? (3.12)
It should be noted that the expression for ACQ
IS unbounded, becomng - o at h = O. It is therefore
necessary to introduce a limting value for C in any

conput ati ons. Lo




3.4 ZERO LIFT ANGE

Using Equations 3.8 and 3.12, the depth-corrected
zero lift angle is:

(3.13)

wher e o, is mnmeasured in the vertical fore and aft plane.

3.5 LIFT DUE TO FLAPS

It is assumed that use is nmade of a plain, sealed,
trailing-edge flap wth flap-chord ratio, fc, of less than

about 0. 3. The effect of flap angle is to nodify the incidence
and canmber of the foil section and consequently, wuse is nade
of a flap effectiveness factor, defined as:

o
83}

s = 4§ (3.14)
where ¢ is the angle of attack of the foil section and § is
the angle of flap deflection.

For flap-chord ratios < 0.3, theoretical flap
effectiveness is given by:

ag, = LAV

o T c
In practice, experinmental data suggest that the enpirical
expression given by Hoerner'®

1 —

Ao = 1.1 s/fc (3.15)

gives a better fit and is satisfactory at least for flap angles
< + 5°, Above 5°, sone decrease nmay be expected due to
increasing thickness of the boundary |ayer. Corrections for
trailing edge angle and for section t/c tend to cancel and

have not been i ncluded.

Bernicker's depth correction for flaps® is different
from the one given earlier for foils. It can be approximated

by:

10

T ——




_ G(h/c)® + 1

K¢ (3.16)
G(h/c)? + 2
where G = 25 (1.5 = fC)

Since the foil correction factor, Ka,' is already
included in section |lift curve slope (Equation %.8), flap
effectiveness must be nodified by the ratio of the two.

Section lift-curve slope also includes factors for foil
inclination and sweep angles which do not apply to flap
effectiveness since the flap hinge line is at zero sweep and
flap angle is defined in the plane normal to the foil. It is

convenient to conpensate for these by re-correcting g e Hence,

] /7~ KE
Oso = 1.1 fc Ka Sec I' sec A (3.17)

3.6 EFFECTIVE CAMBER AND INCDENCE WTH FLAPS

Pitching nmonent and profile drag are dependent on
the proportions of [|ift due to flap deflection which are
appropriate to canber and incidence change. Thin airfoil
theory shows that

ACQ = 26 sin-' (2v’fc(l-fc) ) 46v‘fc(l—fc) (3.18)

where the first term represents the effect of change of
incidence and the second term change of canber. These terns
are very simlar for f o < 0.3 so that flap lift can be taken

as equally divided between canber and incidence effects.

3.7 PITCH NG MOMENT

The pitching nmoment of an airfoil section is
primarily a function of its canber. For the NACA nean canber
line, a = 1.0, wused in standard 16 Series sections, quarter

chord pitching nmonent is —O.ZSCQ‘i, which depth effects nodify
in practice to —O'ZSCJLo'

For a section in a swept, inclined foil, the nonent
per unit area, neasured in the plane of the foil and in the
direction of the quarter chord Iline, is:

11




wi=g

- —;—p (Vv cos A)? (c cos A (-0.25 aé) (@ sec A cos I')
1
= -ip ('0 25 ao) OLO C cos A

In the fore-and-aft plane this becones:

ul=

= 1 - 2
=3P ( 0.25a0) a C cos A

Hence for a section used in a swept, inclined foil the basic
pitching nonent is:

_ 2
CM = 0'25020 cos® A

In addition, thin airfoil theory shows that the
effective canber change due to flap angle deflection gives a
moment curve slope of:

Cop = ~2VE_(T-£ )7

Experinental data suggest that about 80% of this is realised
in practice. Since the flap hinge line is unswept and flap
angle, 6, is neasured in the plane of the foil, swep and
inclination have no effect on this term  Thus the total

pitching nonent for a section, including sweep and inclination

correction terms, becones:

Cy = -0.25 Coo

4, PROFILE DRAG

4.1 PRCHILE DRAG AT |IDEAL | NO DENCE

The mninum drag of a hydrofoil or strut profile
occurs generally at ideal incidence, i.e. at C, = c:z ,
0

cos® A -1.68/E_(I-f ) ° (3.19)

The drag is conposed of both friction and form drag. Friction

12




drag is primarily a function of Reynolds Nunber and the
st andard enpi ri cal relationship’ for viscous flow over a flat
plate, assuming a fully turbulent boundary |ayer is:

C, = 0.075 (log R - 2.0)" (4.1)
10

To this nust be applied a form factor which is
dependent on t hi ckness-to-chord ratio, canber ratio and the

location along the <chord of rmaxi num thickness. Hoerner ® gives
a basic section thickness factor of 1.2 (t/c) for "lamnar
flow' sections |ike the 16 Series, wth naxinmum thickness at

40 to 50% of the chord. There is an additional pressure drag

conponent which arises from thickening or separation of the
turbul ent boundary layer at the trailing edge of the section.
This conprises a basic section thickness term of 120 (t/c)"*
and a section canber term of 60 (t/c + 0.2 Czi)'*. Thus the

form factor for the 16 Series and simlar profiles is given
by:
Cop = 1.0 + 1.2 (t/c) + 120 (t/c)"

+ 60 (t/c + o.zc“)“ (4.2)

For the profile drag of foils and struts, a factor of 2 is

required to allow for skin friction on both sides. Al so, for
a foil operating close to the free surface, CRi is nodified
by flow curvature to CS&o' The profile drag thus becones:

Cop = 2Cp [1.0 + 1.2 (t/ic) + 120 (t/c)™
[N
+ 60 (t/c + 0.2C, )*] (4.3)

As noted wearlier, the «coefficient of friction used
in this equation assunmes turbulent flow over the entire surface
and in consequence, the relatively Ilow drag coefficients
achieved ty delayed transition to turbulent flow are not
predicted. This seens to be realistic in the hydrofoil case
si nce del ayed transition to laminar flow is realisable over a
conparatively narrow range of CJL and the required cleanliness,

profile accuracy and snmooth in-flow conditions are hard to
obtain in practice wth a hydrofoil section.

13




4.2 EFFECT O SURFACE | RREGULARI TI ES

Surface roughness causes an inportant increase in
drag which nust be considered even though the flow is already
assuned turbul ent over the section. It is extremely difficult
to estimate the increment to coefficient of friction which
should be allowed. Standard roughness tests on airfoils’
indicate an increnent, AC, of more than 0.002 for conditions
appropriate to fully turbulent flow This is for a 0.011 inch
grain roughness on the leading edge of a foil of 24 inches
chord and does not decrease greatly for grain sizes down to
0.002 inch. However, these roughnesses are  considerably
greater than should occur in nornal manuf act ur e. For exanpl e,

inspection of HMCS BRAS DOR a 200 tons auw hydrofoil ship
with carefully manufactured foils, showed a surface finish of
about 0.003 inch equivalent grain size for an 8 foot chord foil.

8

Barr® quotes ACF values of 0.0004 to 0.0008 as

nor mal allowances in standard ship design practice and recomends

the latter value for a snooth, wunfouled foil of five feet
chord with an equivalent grain size roughness of about 0.003
i nch. In fact, nuch wll depend on size and nethod of

manuf act ure. An allowance of 0.0004 seens appropriate for a
smaller foil machined from the solid whereas 0.0008, as
recoomended by Barr, does seem to be a mnimum for |arger,
fabri cat ed foils. An  even higher allowance should be nade

for foils or struts wth a relatively rough or fouled finish.

Surface waviness and discontinuities of curvature
can drastically affect the drag of aerofoils® by inducing
premature transition to turbulent flow and in nore extrene
cases, turbulent separation. No allowance is nade here since
full turbulent flow is already assuned and since control of
section shape ought to be good enough to prevent prenmature
separation.

The profile drag of practical hydr of oi | sections
at ideal angle of attack is therefore taken to be:

C = 2 (Cp + Ac) [1.0 + 1.2 (t/c) + 120 (t/c)"

DP

+ 60 (t/c + 0.2¢, )"] (4. 4)

14




4,3 PRCFILE  DRAG AS A FUNCTION CF LIFT

Equation 4.4 applies only to the optimum lift
coefficient, where "shock free" entry obtains. Drag wll
increase for |ift coefficients above and below this due to
flow around the leading edge and the resulting changes to
boundary layer flow The drag increnent is of the form

_ n
AC —K(CQ-C

DP 20)

where K and n nust he determned experimentally and va is

the operating |ift —coefficient for the section concerned.
Suitable data are not available for 16 Series sections and it
has been necessary to substitute data for the simlar Type
65 Series, obtained from Reference 7 over a Reynolds Nunber
range of 3 x 10°® to 9 x 10°% These give the enpirical

rel ati onshi p:

— _ 19

ACDP = 0.005 (CQ CSLo) (4.5)
In practice, CQ, must be determined from the corrected two
dinensional lift curve slope and the total angle of attack,
the latter conprising ship trim angle, T, initial incidence
setting if wused, a.,, and no Iift angle, a . Thus, using

Equations 4.5 and 3.13:

— 1+9
ACDP = 0. 005 [ao (T + oci)]

4.4 PROFILE DRAG DUE TO FLAPS

As noted in 3.6, the effect of a plain, trailing
edge flap of nornmal size is to change the effective camber
and the effective incidence of the section in essentially equal
proportions. These changes are reflected as additions of
0. 5aoa606 to the CSLo and CQ ternms of Equations 4.4 and 4.5.

The final expressions for profile drag then becone those
listed below as Equations 4.7 and 4.8.

4.5 FI NAL  EXPRESSI ONS

CDP (total) = CDP + ACDP
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wher e:

c.. = 2(. + AC) {1.0 + 1.2 (t/c) + 120 (t/c)*
DP F
y
+ 60 [t/c + 0.2 (C; + 0.5a a5 8)] } (4.7)
(ACF should be taken as 0.0008 for the normal Ilarge ship
case.)
- 1-9

and ACDP = 0.005 [ao(r ooy 4 0.5(1606)] (4. 8)

5. FINITE SPAN EFFECTS

Consideration of foils of finite span introduces
several basic effects which must be applied to the section
characteristics determ ned previously.

5.1 EDGE CORRECTI ON

This is a relatively mnor correction to allow for
decrease of wvelocity at the wng edge, necessary since edge
velocity deternmines the circulation and hence, the [lift.

For an elliptic wng, the decrease is given by the factor:

Wng Sem -Perineter

E = Wng Span

and for planforms of interest to us can be approximated by:

b + Ac

E="3

The effective wing span should be wused since it nore accurately
reflects flow conditions, so that the preferred expression
becones:

A
E =1+ Y (5. 1)
where A is the effective aspect ratio. Wth edge correction,
a
l[ift curve slope becones -E—Q ,  Where a, is given by Equation 3.8.
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5.2 THE INDUCED ANGLE

The major influence of finite span is to create a

trailing vortex field, influenced in the hydrofoil case by

free surface effects. This results in a net dowward flow

with enough inclination to tip the resultant force backward,
decreasing the 1ift curve slope and «creating a significant

drag conponent . The required increase in total angle of attack
to maintain a given CL is the induced angle, o

From aerodynanmic theory, the induced angle can be
shown to ' be:

“L
%1 = Ta
and in the hydrofoil case, this is nodified to:
C
- L
0p = qa 4 H D)

where [ arises from free surface effects to be discussed |ater.

Lift Coefficient

The three di nensional lift coefficient becones:
ao CL
CL - F fo = (1 + 1) A ) (5.2)

Lift-Curve Sl ope

The corresponding three dinensional lift curve
slope is:
c, = 1 (5.3)
a E_ . 14g
a_ mA

| nduction Factor for Lift

The term%gin Equation 5.3 contains all the terns

contributing to the induced angle and is <called the induction
factor for lift.

1+ I
p =4t _ 1 (5.4)
a = TA CL
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I nduced Dr ag

There is a simlar induction factor for drag, F

D’
identical with Fa except for a small planform correction term
The induced drag, CDI’ is given by:

‘o = €L " %
4
- 2
or CDI-FD.CL (5.5)

The various terms which make up the Induction Factor for
practical hydrofoils operating close to the water surface are
treated separately bel ow.

5.3 THE INDUCTION FACTCR

Breslin's analysis'of induction factor!® is used
since it is a relatively sinple method and takes speed effects
into account. This gives:

_ 1 : c ‘
F = (1w+o+wAX%77 + u) (5. 6)

where v is the dauert planform correction,

o is Prandtl's biplane factor

Y is Breslin's wave function

u is a correction, not included by Breslin,
for the influence of flap operation on the [oading
distribution of the foil.

Planform Correction

As plotted by Barr', following dauert, this is
approxi mated, for A > 0.4, by:

= A=04 A o it
a 3.6 2 (5.7)

A - 0.4

v A = 0.4 A for drag (5.8)
2m
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For A > 0.4, the correction is neglected.

Bi pl ane Fact or

The interaction of the trailing vortices from the
hydrofoil tips wth the free surface gives rise to a diverging
wave  system For Froude Nunbers greater than 2, the associated
function in the Induction Factor renains sensibly constant
with speed and beconmes Prandtl's finite span Biplane Factor,
with hydrofoil mean imrersed depth taken to be half the bi-
plane wing separation.

It is convenient to define an auxiliary variable:

Mean Depth 2h _ 2h

-— Petii)

= Effective Semi-Span _ b Ac

Then Prandtl's approximation for ¢ is:

1—0-66n
9 = 1.055+3.7n (5.9)
Wve Functi on
This originates from the interaction of the |lifting
vortex with the free surface and gives rise to a transverse
wave system In the three-dinensional case, it 1is shown by

Breslin to increase rapidly in value wth speed to reach a
peak at a chord Froude Nunber, FC, of V2 where it is the

dom nant wave source. It decreases rapidly, becoming wvirtually
zero at Fc = 5. For 2 < F o< 4 (15 to 30 knots for a 6 foot
chord hydrofoil), it is a significant effect.

The wuse of three dimensional theory for predicting
wave drag is open to question since experinental data tend to
conpare better with the two dinensional for Fc < 2 and with

three dinensional for F c > 3. Breslin recomrends wuse of the
three dinensional theory and for foilborne predictions this is
nost accurate since FC = 3 corresponds about wth the |ower
[imt for foil borne operations. Below this, several factors
conbine to make predictions for the take-off zone doubtful in
any case.

_1y, The Breslin function <contains an elliptic' function
E (l+n2 ) but for argunents «close to unity, this approximtes

1

to [2-(1+n2) /2] giving the wave function as:
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/2 3

b 2.0, 203 _ 2y='/2y _ 3
Y = 37 {£(1+n?) [2-(1+n?) 1 -5} (5.10)

Flap Correction

The foil flaps are assunmed to be full span but wll
have gaps at the intersection pods and at md-span. The flap
edges introduce vortices of their own and distort the spanwise
lift distribution, increasing the induced angle. Reference 12
gives the increment to induced drag for a single cut-out of
span 0.2b as:

- w2 2
ACDi = K* (AC)

where K has the value 0.14 and is virtually independent of
aspect ratio, at least for 4 < A < 12. The corresponding
induction factor increnent is:

AC, 2
po= TA (0.14)°% T
L
Cra?
or W= 0.0624 a,”6s? o (5.11)
L
This expression applies to the bow foil. For the two strut
min foil arrangement considered here, it is factored by 2.

5.4 ORRECTIONS TO FLAP  EFFECTI VENESS

The edge correction for flaps, Ec, is different

from the one given earlier for foils (Equation 5.1). Curves
presented by Lowy and Pol hanus" present the correction

which nmust be applied to flap effectiveness assuming that the
factor E, of FEquation 5.1 has already been applied to the

foil lift-curve slope. Over the range of aspect ratios and
flap-chord ratios of interest, these curves can be approxinated
by the expression:

N (A-£fc)?
E. = 1 + 3 (5.12)

Again, since flap effectiveness, when included in
the final |ift balance equations is referred to total foil
area, a correction is required for flaps which do not extend

over the full span. Thus if S¢ is the total area of the foil
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in way of the flaps and s is the total foil area, the net

t hr ee- di nensi onal flap ef fecti veness becones, usi ng Equati on
3.17:
S
o o E_ —L
§ = "8o0 Tf § (5.13)

5.5 DOWNWASH AT MAIN FAOL

The main foil is affected by the wake of the bow
foil which appears as two distinct vortices, separated as
shown in Figure 5.

There is both upwash and downwash on the min foil,
resulting in a net dowwards velocity as indicated by the
hat ched ar ea. This is dependent on free surface effects, the
distance aft and the difference in depth between the bow and
main foils. At the bow foil,

Net downwash velocity = w, = F C. Y

Net downwash angle =eg=TF r adi ans)

ap Crp (i

gh
Variation with distance aft is given by the factor (cos .7;:)

—g (hy-hy)
and with depth difference by (e VK ). The effect is
assunmed to extend over a main foil span of w/4 of the bow foil
span. Thus, the effective increment to main Eoil angle of
attack, in radians, is:
. Py 8 (hy-hy) g
= - — 2 .
Ae 4 bNI e, © \ Cos 7 (5. 14)

5.6 PITCHI NG MOMENT

In the absence of data on the effect of the free

surface on Cm , this ~correction has been onitted. The very
small additional nose down rmoment which should result wll be
a conservative factor in nost applications. Using FEquation 3.19,
the total pitching nonent coefficient for a flapped foil thus
becomes:
- - 2 - SE{i—F 3

Cy = O.ZSCLaoc0 cos” A 1.66 V£ (1 fc) (5.15)
The corresponding foil pitching nonent is:

M= qg & CM (5.16)
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6. MISCELLANEOUS DRAG COMPONENTS

6.1 HUL AR DRAG

It is difficult to provide a general equation for

air drag of the hull since it is very sensitive to the extent
and type of deck-nmounted equipnent. The coefficient of drag,
CDH’ used here is based on nmaximum hull frontal area. It is

estimated to vary from 0.3 for an exceptionally clean design
to 0.7 for a warship equipped wth mssiles, masthead control

radar and wth little attenpt to streaniine. Recommended
normal warship value for CDH is 0.6. The expression for air
drag is:
NE o
DA _ CDH —— Hb Hw (for calm conditions) (6.1)

6.2 PO DRAG
Hoerner ° uses experinmental data to derive an

enpirical expression for the coefficient of profile drag of a
stream i ne body, referred to the skin friction drag coefficient,

Cf. The resulting profile drag coefficient is:
- a3/ d 3
CPD = (CF + ACF) [1+1-5(2 ) + 7 (T) ]
P P
wher e ZP is pod length and d the diameter. This expression

is based on wetted area and is converted to frontal area by
assuni ng t hat:

Frontal Area _ d . 1
Witted Area 4 0.75 x length x perimeter

Based on frontal area, pod drag coefficient becones

C = (C

L 2. 1
*p Zpy-7/2
PD +ACF)[3d+4.5 (u,)

F
Ly -
v 21 (G (6.2)

6.3 SPRAY DRAG

The nost appropriate data seem to be due to Chapman?!?.
These include neasurenents on round-nosed biogival strut forns
with maximum thickness at 50% chord, t/c ratios of 0.11 to 0.21
and chords between 4 and 23 inches. The resulting, enpi ri cal
expression for spray drag coefficient is:
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C.. = 0.011 + 0.08 (i-) (6.3)

DS
This is based on the area (t:w . CW, where Cw and t, are t he
water line chord and thickness respectively, nmeasured nor nal

to the strut.

6.4 FENCE DRAG

Ventilation fences are normally used on the foil
support struts and are assuned to be flat plates projecting
on either side of the strut and normal to its axis. Fence
length 1s taken to be strut chord length and the drag co-
efficient is assumed to be a representative 0.009, based on the
area 2 x chord length x maxinum chord thickness at the fence.

6.5 | NTERFERENCE DRAGS

Only foilborne performance is considered here and

hence, only the interference drag of the foil-strut inter-
sections need be included. These are taken to incorporate an

i ntersection pod, housing the transmission and control

actuation conponents. The foil and strut areas are calculated
to the intersection axes and both Hoerner® and Barr® consider
the pod-strut and pod-foil interference drags to be essentially
equal to the drag of those portions of foil and strut enclosed
by the pod. Interference drag is thus automatically taken

into account. If the pod axis is displaced vertically above
the foil-strut intersection axis, strut drag wll be over-

estimated by this method and strut length should be taken to
the pod axis only.

6.6 ADDI TI ONAL M NOR DRAGS

Any  hydrofoil ship design must necessarily include
sea water intakes, projections, bolt holes and gaps of various
ki nds. Al t hough i ndi vidual l'y small, these conponents will be
signi ficant in total. In the absence of specific information,

a mscellaneous drag allowance of 2% total drag is recomended.

/. STEADY STATE PERFORMANCE CALCULATION

Equilibrium conditions are deternined from a
verti cal force equation and a |ongitudinal noment  equati on:

L - w=o (7.1)
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CLn is the sum of the lifts of all the foil and

flap elenments, together wth the buoyancy, Bn’ of the sub-

(7.2)

mer ged conponents. ) Mn is the sum of the noments of these
el ements, together wth any norments due to thrust and drag.
Buoyancy nmonents are taken as M_ = B_ (x_ - 0.25c_) where x

n n n n n
is the distance of the centre of pressure from the ship c¢.g..
Cenerally for foil elenment [lift:

a
wher e CL is the fully-corrected Ilift-curve slope
o
o is the total angle of attack

O s is the corrected flap efficiency
§ is the flap angle.

For designs wth propeller drive located at main foil-strut

intersections, the thrust drag nonment is assumed negligible.

The depth and trim are specified for each speed

and

the remaining unknowns are then the flap angles at the bow and

main foils. Equations 7.1 and 7.2 becone:

W‘BB"BM =

qSBCLaB (T+i1}§ aoB+oc6BcSB) + qSMCLaM(T+ilM-u0M+As+a6M6M)

—BB(xB—O.ZSCB) - BM(xM-O.ZSCM) =

(7.3)

. - + O -
9SgC,  (THi p-a R+a 8. xp+qS,Cr (THL -0 Hhe ta gy 8y )xy My M

aB aM M oM

(7.4)

where S S,, are given by (2.4):

B’ "M
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i B’ iIM are initial foil i nci dence angle
! settings, where used
aoB » oy are given by (3.13)
e is downwash at main foil, given by (5.14)
MB, MM are given by (5.16)

Osps M are given by (5.13)
CL s CL are given by (5.3)
oB oM
These would be Ilinear equations in SB and GM, the flap angles,

except for the downwash correction factor at the nmain foil

(Equation 5.14) and the flap correction terns, Hy and Mg
(Equation 5.11). A single iteration is therefore wused, wth
these ternms omtted for the first calculation and included in
the second. A thrust-drag nonent term could also be included

in a second calculation if consi dered desirable.

Appendix A gives a program listing for steady state
lift and resistance calculation for a 400 ton auw fully-
subrrer ged desi gn. A brief description of the design and an
input data chart are included.

8. COMPARISON OF RESULTS

Experi ment al verification of predictions is very
difficult because accurate full scale thrust measur enent dat a
are very few Even for those data that are available, the
exact conditions of operation are unknown, making the wvalidity
of the conparison doubtful.

The MD "0" version of the NSRDC trials ship PCH1,
HI GHPOI NT, gives the nobst applicable data as the con-
figuration, propulsion and geonetry correspond to that assumed
her e. Resistance data points are available from 1969 torque
and rpm neasurenents used in conjunction wth Eropel I er nmodel
test data'* and from 1972 thrust nmeasurenents ! These data
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are conpared in Figure 6 wth predictions. The two sets of
experi nent al data differ considerably showing the difficulty

of naki ng experi nment al neasur enent s. The predi ct ed resi stance
values are given for ACF = 0.0004 and 0.0008. The |ower value
for ACF is probably applicable in this case since the PCH

foils were reportedly accurately made and very well finished.
In view of the wunknowns, it is difficult to draw any con-

clusion other than that the predictions are in general
agreenent with the experinental dat a.

More detailed conparison is possible only on the

basi s of6 other design predictions. The Boeing Conpany's

val ues' for the various drag conponents of PCH1 MD 1 are
conpared in TABLE | wth corresponding values obtained by
the methods outlined here. Agr eenent is generally good except

for air drag of the hull which is predicted to be some 50%
higher by the nethod given here.

9. CONCLUDING REMARKS

Factors have been identified which affect the lift

and drag of practi cal hydr of oi | configurations operating close
to the free surface. Expressions, largely enpirical in

nature, have been obtained to characterise these configurations.
Used with the steady state |ift and nonent balance equations,

the expressions predict the required flap angles and the

total resistance of the system The predictions agree
reasonably well wth what Ilittle full scale experinental dat a
are avail able.

The ogreatest need identified by this study is for
basic hydrodynamc data on sinple, flapped hydr of oi | sections.
Conprehensive section tests would be nost wuseful to confirm
the characteristics assunmed here, to indicate the non-linear

flap angle effects and to define the practical Ilimts of
cavitation-free operation. Conparison  of predictions with
nodel test data on T and 7 foil assenblies aiso would be very
useful, leading to a better wunderstanding of prediction and
nodel t est limtations.

Resistance values are particularly hard to predict.
The assunption nade here of turbulent flow over the whole
section and the somewhat arbitrary selection of a value of the
coefficient of friction increnent due to roughness render sone
other factors of little consequence. It remains to be seen
how well these assunptions wll stand up in practice. In the
meantime, the various factors have been identified and can be
nodified as new evidence becones avail able.
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TABLE |

COWAR SON  COF RESISTANCE ESTIMATES FCR PCH1 MXD|

BOEI NG D: REA % DI FF.
(ACF=O. 0004)
(LBS) (1LBS)

BON PCD 338 366 8.2
AFT LOMER PCDS 1645 17.26 4.9
AFT  UPPER PCDS 1250 1062 -15.0
BON STRUT AND SPRAY 946 88 1 -6.9
BON FAL PRCHLE 2894 2671 -8.3
BON FAL | NDUCED 1373 13' 97 1.7
MAN STRUT AND SPRAY 2964 2989 0.8
MIN FAOL PRCFILE 6418 6628 3.3
MAIN FAL | NDUCED 1823 2259 23.9
HLL AR 1596 24158 54.0
M SCELLANEOUS 449

TOTAL 21247 22886 7.7

N. B. Values for 45 knots and 120.0 tons a.u.w
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APPENDIX A

Program Listing for a Typical Ful | y- Submerged  System

The program listing is for a 360 tons all-up weight

hydrofoil ship wth a fully-submerged system designed for

50 knots naxi num speed. Figure 1A shows the main foil arrange-
ment and Figure 2A the bow foil. The input data required for
the program are listed in the Table which follows.
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SHIP: _Fn Type 64

PROGRAM FSSS 2

DATE: 24/1/75

PARAHETER

SYMBOL VALUES UNTS
Line 1
Speed UK 25.0 27.5 10.0 35.0 40.0 45.0 50.0 Knots
All Up Weight EM 360.0 Tons
Foll Bare longth EL 97.5 Ft
Bow Foill Fraction, xB/Vr FRA 0.90
C.G. to Prop. Axis Distance HG 22.0 Fe
Line2
M.F. Projected Span between Struts BLIM 29.0 Qt
N.Q. Tip Span B2M 18.5 Ft
M.F. Root Chord CIM 11.4 Qt
H.Q. Tip Chord C2M . Pr
M.F.Min-SpanDepth HIM 14.5 13.80 13.25 11.90 10.20 B8.93 8.33 Qt
Y.Q. tfc TCM 0. 065
Roughness Increment 0ELCQ 0. 0008
Line }.
B.Q. Span BR 19.5 Ft
B.Q. Root Chord cls 6.3 Q
B.F. Ti{p Chord c2s 2.10 Ft
B.F. Intersection Depth HB 2.47 3.48 4.3 5.0 5.0 5.0 50 Ft
B.Q t/c TCB 0. 065
(hyy~h,p) at Zero Trim DELN 3.5 Ft
M.F . Incidence AIMD 0.0 Degree
Line 4
*M.F. Anhedral Anple to Hor. GMD 0.0 Degree
M.¥F. Strut Dihoedral to Vert. Gsn 14.0 Degree
M.F. Section Lift Coefft. CLIM 0.33
B.¥. Scetton Lift Codfft. CL1B 0.33
BR.F. Incldence AlBD 0.0 Degree
* Anhrdral only
Line 5
M,F. Flap Span, b“ BFIM 10.0 Ft
H.F. F]npSpnn.b“ BF2M 14.0 Qt
R.F. Flap Span. h” BF2B R 75 Qt
M.F. F 1l ap ChordRatlo FM 0.20
B.F. Flap Chord Rat{o FB 0.30
Bow Pod Length PLB 10.0 Ft
Bow pod Piameter PDB 1.50 Qt
Line 6
Hull Afr Orag Coerfft. COA 0.6
Hex. Hull Beam nuB 32.0 Ft
Hull Krrl to Deckhouse Top HKO 24.0 Ft
Main P o d Length PLH 19.25 Qt
Main Pod Diameter POH 3.50 Qt
Line 7
M.5. Root Chord CS1M 12.5 Ft
U.S. Intersection Chord cS2M 12.5 Ft
U.S. Root tfe TC1M 0.16 Ft
M.S. Intersection t/c TC2M 0.08 Fr
M.S. Projected Leagth SLH 21.5 Ft
U.S. Lower Fence Height (Proj) FLM1 6.5 Ft
M.5.Upper Fence delght (Proj) FLM2 11.5 Ft
Line 9
B.S. Root Chord CS1B 8.0 Q
B.S. 1Intersection Chord CS28B 6.5 Ft
B.S. Rdot t/c TC1B 0.16 Ft
B.S. Intersection t/c TC2B 0.08 Ft
B.S. Length SLB 13.0 Ft
B.S. Lover Fence Height FLB1 2.5 Ft
B.S. Upper Fence Fefght FLB2 7.0 Ft
Line
Main Pod Height Above Foil DPHM 3.25 Ft
Bow Feil Pod Height Above Fojl OPHB 0.75 Ft
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PHOGRAM FSSS2 (INPUT.OUTPUT.TAPE § = INPUT.TARPE 6 2 OUTHUT)
c STEADY STATE ANALYSIS OF FULLY SUBMERGED mYUROFUILS
C PROGRAM FSSS2
COMMON RHOGP] G
RHO £1.997
Pl1=3.,14159
G 232.2
999 READ (591) UKsEMIEL +FRAIHG
READ (Sel) BlMeB2MeCLMaC2MeMIMeTCMIDELCF
READ (Hy]) BBeClEBIC2B+HMBTCHLELMIAIMD
HEAD (5¢1) GMD+GSD+CLIMSCLIBALIBD
READ (5¢])BFLMsBF2M.BF2B+FM+FpPLBEPDB
READ (Se]) COA+HUB+MKCsPLMFPDY
READ (5+¢1) CSIMeCS2MTCIMeTC2M SLMIFLM] 9FL M2
READ (S¢])CS18+CS2b+TCLIByTC20SLEFLH]FLB?
READ (Se 1) DPHM,DPHB
1 FORMAT {(7F10e%)
READ (5+2000) NEXT
2000 FORMAT (]l
GM = GMD/180.0°P]
6S = GSD/180.0°P1
COSG = COS(GM)
SING & SIN(GM)
TANG = SING/COSG
COSGS = COS (535)
AIM = AIMD®PI/150.0
Al8 = A1BD#P1/180.0
C MARKER F O R SINGLE REPEAT
M= -]
U = 1.689%UK
0 = 0,5*RHO*Ys2
X4 s FRA®EL
XM = XB~EL
ALM =z C2M/CIM
ALD = C2B/C18B
BM 3 BIMe2,0%B2M
SM = BIMeClMegZMeCIM= (] ,04ALM)
SFM 2 SM=CIM# (BM=-2,0% (BFIM+BFzM))

CM =5S5M/gM
s e zCluv0,5%(1,0+ALb)*e8BB
CH = SHB/BB

SFb = SB=ClB8%* (8B8-2,0*8F28B)

HMt = HIM o TANG® ((0o25%H]IM . 0.405882M)

ARM 3 BM/CM*()l.0¢(B1M/BM)Rai0pM/HM)

SWM S0 . 0

ARB = B8/CH

TANLB 8 ClB/(0.5%8B)®(0,75-FB)2(1.0~ALB)

YO 8 0.,25°BU% (1.0=(1.0=-ALB)/7(3.0%(1e0 o ALE)})
CPAB = YBeTANLB®0,5°BB*C2bB*%(1.0 « ALB)/SH

SWEH = ATAN(TANLB)

TANLM 3 CIM/B2M® (0,75-FM)® (] ,0=ALM)

YM = BcM/Ce0%(1l,0=().0=ALM)/(3,0%(1s0 ¢ ALM)})
CPXM & YMOTANLMABZM=CZ2MR (] ,0 ¢ ALM)/SM

08 2 Xp-CPXB

DM = AM=CPXM

FMUB=0,0

FMumMe0, 0
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C

99

100

101
300
fa

206

2017

BUOYANCIES

CALL BUOY (HBs0osDPHBs0ss10¢CS1HsCS2BeTCIB+TC289SLBeSB+CBLTCB,
1PLHPDRFROB.SBOB,PBOB)

CALL BUCY (HIMeBIMeDPHMoTANGeCOSGoCSIMeCS2MaTCIMeTC2MoSLMoSM,y
1CMe TCMoPLMePOMFBOM o SHOMyPBOM)

TBO08B = (FBOB . SB808 + PBOR)®#RN(C/2240.0

TBOM = (FBOM + 2,0%(SBOM « PBOM) )9RH0/2240.0

DNEs(0 . 0

CALL SLOPE (TCMsCOSG+CLIMGALMIARMoMMoCMoFMaSWMeSFM,SH,
TUsCLAZDM e FMUM«AUM g CLAM s CLOMALFDMyCMFM+FAMoFBM)

ACMO = AOM®180,0/PI

CALL SLOFE(TCBslssCLIBIALOIARBIHHCBFBISWEsSFEB9SB,
JUSsCLAZOB +FMUBAVB«CLABICLOBoALFUBCMFBFABFBY)

VHAGH = CDA®0.002384yue2eNUBerKD/2,0

AuBsD = AOB®180.0/P1

THIM = ATAN((HIM=DELH=HB) /EL)

L1 FT AND MCMENT EQGUAT IONS
All & ALFDB*CLABUSB
Al2 = ALFDMeCLAM®SM

8l = 2260.,0% (EM=TB0B=-THOOM) /U=-SE*CLAB® (TRIM=AVB+ATE) =SMOCLAM® (TKIM
F=AUM+¢AIM+sDNW)

A2l = Ali®XB . CMFB«CB

Azee = AL2%XM o CMFVe(CM

UC! = =2240.,02(TBOB=DB ¢ TBOM®DM)/Q = SEs(CLAB®* (TRIM=-AQEeAIB)®XB .
ICLAHZAOEY0,25%CH? (COS(SWB) ) o8z} aSMa (CLAM® (TRIM=AOM+DNWOATIM) SXMeCLA
IMeACMYD,25%CH* {COS(SWM) ) #e2) ~DRAGH®HG/Q

Xi = Al1%AZ22 = AlZ2®A2]

VELE = (A28l e A]2®BC)/X2

DEL¥ 2 (Bl=Al11°DELB)/AL2

cLs ALFOECCLAB=DELB « CLABU(TRIM=AOB+AIR)

CLM ALFOMECLAM#DELM « CLAM® (TRIM=AOMeDNWeAINM)

wB = (CLB*SH*Q/2240.0¢THOB) 7EM

IRIMD = TRIM®*180.0/P]

VELBD = DELB%180,0/P]

VELMD = DELM®]180.0/F1

S [ NGlLe REPEAT

IF (M) 100+10)e101

FMUB=0,0627ArdY (ALFDBDELB~CLAB/CLE) »#2

FMUM 2 04,0627 aRMS (ALFOM20ELMECLAM/CLM) #5282, 0

Uhm = «PI#BBYFAB*CLB/ (4 04BM) SEXP («G® (HMahl) /U*e2) *COS (GREL/U®#2)
¥ = 00

60 TO 99

welTE (64300)

FGRMAT (IWY1///777747247777777730X10KINPUT DATA)

FORMAT (//8X2HUK+8X2HEMyBX2HEL ¢ TAIHFRABX2HNG)

WRITE (6e2ns!

W ITE theell) UNeEMeEL oFRAWHG

FORMBT (/77723 iMeTX3MBCMeTXIFCIMe 7TXIHC2M o TAIHMIM s TXINTCMSXSNOELC

b1

WRITE (AKe205}

WRITE (6¢27]) wiMyB2MeCIMeC2MsMiMe TCMDELCF

FORMAT (//7UXzrkBeTAIHCIR«TAIACLZB+8X2HHE s TXIHTCBoOXAMDELHI6XGNATIMD)
WRITE (he-ne!

WRITE 64201 osClBeCeBonmBsTCE UELHeAINMD

FORMAY (//7/3- MO eTAIRGSDe6A4nCLIMIARGNCLIEI6XGHATBD) ‘

WR1 TE :6-.207

WRITE (64201 +*LeCSDeCLIM9CLIBATND
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208

206

233

234

301

200
201

303

202
203

FURMAT (//6K4HBF IMe6X4HBF 2My 6 XaHBF 2B+8X2HFM 9 BX2HF B TXIHPLB s TX3HPDY

3)

WRITE (6.208)

wHITE (64201) SFIMsBF2MBF2B+FMyFU«PLUsPDE

FORMAT (//TX3HCDA+TX3HRUB s TAIHRKD 9 7X3HPLM o TX3IHPUM)

WRITE (6+209)

wHITE (64201) CDASHUBsHKD+PLM.PDM

FORMAT (//6X4HCSIMe6X4HCS2Ms6X4HTCIMe6X4HTC2Me TXIHSLMs6X4HFLM] 4 6X4

PHFLMZ)

WRITE (64231}

“RITE (69201) CSIMeCS2MyTCIMeTC2MoSLMFLM]I oF M2

FORYAT (//6R4HCSIBv6X4HCS2B o6 XaMTCIB6X4HTC2Bs TXIHSLBI6XaHFLB] +6X4
3hfLEZ)

WHITE {64233)

WHRITE (Bez0]) CSlBeCS2B+TC1IB«TCZB+SLBIFLBlFLBZ

FURMAT (//8XaHDPHY +6X4HDPHE)

wRiTE (Bez3a)

wrITE (6+42031) DPHMLDPHB

FORMAT ¢ 1K1/30XK11RCUTPUTDATA)

WHITE (64301)

FURMAT  (/4X16HZERO L1 FT ANGLESs4X17HLIFTCURVE SLOPES6X]2HLIFTC
BOEFFTSe2412HBON FRACTION)

wRITE (64302)

wrITE (6+200)

FURNMAT (/7X3HAUMy TX3HACR ¢ 6X4HCLAM e X4HCLAR ¢ TX3HCLMe TXINCLBLBX2HWE)
FORMAT (7TF 10.4)

#r]TE (64201) AONMDAQBED+CLAMCLABICLM«CLByNB

FORMAT  {/6XaRTRIM TR IHFLAP ANGLES y 6 XBHDOWNWASH e 3X1BHFLAPEFFECT L
pYENRESS)

wrITE (64303}

wRITE 1642020

Format (/6X4HTHIM«OX4HDELB+O6X4HDELMs TX3HDONW s 6 XSHALFDM«6XSHALFDB)
FORMAT (6F10.4)

wRITE (642030 TRIMDGUELBD DELMU+DNWoALFDM,ALFDSE

C RESISTANCE AND POWEK
CMAINFGILASSEMBLY

C
C

120
121

STRUTS
FROFILE DPAGOF UNESTRUT

Cabll 5TRUT (HiMebBlMeDPHMaTANGCSiMoCS2MeSLMoTCIMyTC2M4UDELCF
STOSGS 2o DPSM)
SFREAY [WAG OF OnE STRUT

CLLL SPREY [(HiMapglM e TANGeCSIMeCScMaTCLIMeTCZM9SILMeQyDSSM)
FERCE UraG UF ONe STrRUT

RSHM oz pIVM e B MYTANGE(,L.Y

Call FERCE (CSIMICSoMELMI e SIMTLIMaTC2MyQ4FDM])

Catl FENCE (CLiMeCl oMy Fi iz S TCIMeTCZMeGeFDMR)

TE pmaMerNMg) igCeicielrl

Forz = o,¢

FDP = F[fl‘_lz . p;\.va

STeuT Dwihg TUTAL

ToS™ = 2,050 D o g 3% 0888 o .U%FDM
PODS

ONE Mo b TUIL rUD

(il POD igitercnily LLCF elusisibem:
MAIN FOIL

POD TO':-
TOPM = [ .0 v
MAIN FOTL Oree
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OO0

174
19E

Cc S

cT

CALL FOTL (NFL 2 alla W PFLCE JTOY ol L] 2 CLAPRY o€ g FS G4 o FuM g A Flie o O 2
IMGTHIN e BOV DNy TN A DLAN (NPHM TN
TNFN = DRAM & DR 4 DM

TOTAL MAIN FOTL ASSHNMOLY PRan

NME = TS « TDPV « TOFM
ROW FOTL ASSEWALY
STRUT

PLCFILFE DRAG
CALL STHUT (HR 4N eNeMPER 4N oS )R eCC2R 4G ReTOIReTEPA o oMFLCFalaNa
FNFESE)
SPPAY NPAG
CALL SPRLY (HH o0, sCC 1R «CSPRTCIF«TCPRWASLRIN LSS
FFNCF DPAG COF RON STRYT
CotL FFENCE (CSIFeCSPA.F LRI «SLHTCI%aTC2RNWFNHY)
CALL FFNCE (CS1R«CSPR«FLRZWS| BeTCIRTCPRN.FNRP)
IF (HR=FLRZ) 1244]175.17%
FDB? = 0n,n
FRR = FHR] + FN5?
ROW STRYUT DRAG TOTAL
TNRRE = NPSE 4 NSSH + FRA
POP NRACG
CrLL PON (PLR«PDP L NFLCF N NPER)
FOIL CRar
CALL FOIL (NELPalleCo NELCFeTCReCLOR oML APRE SR ] ,aNeFREJALFINR T L3,
I1TRIVePCR N Neu R elPARGIPPR NI~
ROV FOTL NRAG
TNFR = NPAR + NDFXE 4+ QTR
TNATAL ROWw FOTL ASSEMBLY PFRAG
NEF = TNSA «+ DPPE + THFA
MISCELLANFOUS DRAG
OVMIS = (DMF+N&EF+DRAGH) 2N, NP
HIP TOTAL DORAC
NY = (NYFINEF eNRAGR) » NMIS
NDYST HNRSFPOYEK
TP = DT=U/360,0
FORMAT tP2Xx32H7aIN FATL STRUTS AND TNTAL STRLT FRARS)
WRITFE («.374)
FCOVAT (/ARG=DPSY LAY LFNCEN ¢ TXIRETY qaX4kTRaMY
WRITE (4.71M)
FCrRvAT (RFYIN,N)
VRTITE (FeP1R) NPSNNECW FNOM TS
FOLRMAT  {/7X]GHMBTN FOTL POR M=AGS)
WETTE (#.20A)
FGCRVvAT (/AXL4ANDBPN 2N Y AXakTNEY)
WETTF (44717)
FORMAT (FIN . Nea2hXeFIn,n)
WRTTE (A,270) DReEN,,TRDM
FORVAT (/7X&1H%ATN FATL 2R0OFTLF. TADUHCFER AND TOTAL ASSFMRLY PRARS)
Wik TTF (~e3NT) .
FroNat (/EYLROFAN QX 4RNDIN (7XZHNTY o | DX e AXANTRFM  7X IRNNF Y
v RITFE (Ra7' )

FODVAT (2R 1 nalNXeF 10,00

BEITE (o 7715 ORANGRBEN (N a  TOEN T F

Froneey (/7310w y FATE Q7027 T

WETTFE (Ve )

FREeaAT (/SXGHARGH g AXALNERR s 7XIF I g TNY g x4 TRCR)

whTTF (~4Z14)
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222 FORMAT (3F10.0910X91F10.0)
WRITE (64222) OPSB4+DSSB+FDBsTCSH
309 FORMAT (/2X41HBUW FOIL POUMISCELLANEQUS AND HULL DRAGS)
WRITE (69309)
215 FORMAT (/6X4HUPPH +6X4HOMIS +5SXSHURAGH)
WRITE (6521%)
223 FORMAT (3F10.01
WRITE (6+223) DPPB.DMIS,ORAGH ‘
310 FORMAT  (/2X50HBOW FO | L PROFILE, INDUCED AND TOTAL ASSEMBLY DRAGS)
WRITE (6+310)
216 FORMAT  (/6X4HDPAB+6X4HDPBB+TX3HDIB10Xe6X4HTDF B+ TX3HDBF)
WHITE (6+216)
224 FORMAT (3F10.0910Xe2F10.0)
WRITE (69224) DPAB+OPBB.DIB+TDFB4DBAF
311 FORMAT  {/2X32HTOTAL DRAG ANO THRUST HORSEPOWER)
WRITE (6+31])
217 FORMAT (/BR2HDT o TX3HTHP 4 BX2HUK ¢ 8X2HEM)
WHITE (6+217)
225 FURMAT (2F10.0+1F10.2+1F10.1)
WRITE (6¢225) DT+THP UK 9EM
IF (NEXT 4GV, i} GO TO 999
STOP
END
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SUBROUTINE SLUPE(TCoeCOSGeCLI AL sAsHeCoF 93 WeSF eSeUsCLAZDFMUY
SAUYCLASCLOJALFDCMF oFALFB)
COMMON RHOQsPI+G
REYNOLDS NUMBER
R = uUeC/1.28E-S
2D LIFT CURVE SLOPE AT INF. DEPTH
CLAZDL = (2+0%P] o 4.72TC ¢ 4.18%TC®22)0(],25/6+8%%(1,0/AL0GL0O(R)}
1-6.92#TC/Re%0,09)2COSGoCOS(SwW)
“IDEAL” 2DLIFT COEFFT.
CLOl = CLI‘(IQO-S).’(TC)°“103S,
EDGE CORRECTION
E 1.0 o :owms
PLANFORM CORRECTIONFOR LIFT
IF(AL=040)10l02
PA 20.0
GO TO 5
P A ={AL=0.,4)/3.6%A/2.0/P1
DEPTHFACTORFORCAMBER
AKO = (36.0%({H/C)oa2, ],0)/136.08(H/C)B2242 . 0 )
DEPTH FACTORFQOR SLOPE
AKA = (20.0%(H/C) 882 o ]1,0}/(20.0%(HsCYoR2 o 2.01
2DLIFT CURVE SLOPE
CLA2D = AKA®*CLAZD]
AUXILIARY 3D FUNCTION
ETA = 2.0%H/ (A®C)
30 BIPLANE CORRECTION
SlG = (IOO'Ouﬁb’ETA)/(1-055‘3.7“ETA)
3D WAVECORRECTION
GAM = 4,0/ (3.0%P]}#(2,0/P1%(],0+ETA®®2)20] 68(2,0=],0/(1.0¢ETA®E2)
5"“005)’1;5’ETA)
e0F L AP EFFECTIVENESS
ALFDO = l41®SQRT(F)/COSG/COS(Sn)
FLAP MOMENT CUKRVE SLOPE
CMD = 1.62SQRT(F® (], ,0~F)&e3)
FLAP EDGE CORWECTXON
EF = 1.0 + ((l.0=-F)®a2)/(2.0%4A)
FLAP DEPTH FACTOR
AJ = 25.0%(]1,5~F)
AKF = (AJR(H/C)®#24] ,0) /7 (AJB(r/7C)o0242,0)
FLAP PARTIAL SPAN FACTOR
AKB = SFI/S
CAMBER CORRECTED LIFT COEFFICIENT
DDL = H/C=SQART(0.05¢TC/ (AKO&CLC]))
IF(DDL-0.]1) 84899
HC = 0.1 o SQRT{).05#TC/(AKO®CLO1))
DL = (0,05%#TC/HC®##2
GO TO 10
DL = 0,05%TC/(H/C)ee2
CLO = AKO®CLOl-DL
ZERO L | F T ANGLE
AU =z«CLO/CiLAZD
CORRECTED FLAFEFFECTIVENESS
ALFD = ALFDO®*AKF#EFsAKB/AKA
INDUCTION FACTORFOR LIFT
FA = (1.0 ¢«PA . SIG+FMU} /(PI®A) s (GAMECRG/URER)
LI FT CURVESLUMPE
CLA = la0/7{E/Z(CLARD®AKA)+FA)
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L FLAP MOMLNT RATE COEFFICIENT
CMF = =CMDH#AKYH

c PLANFORM CORRECTION FOR DRAG
IF (AL=044)30344

3 Po=0.

GO TO 6

P8 = (AL-0.41 /]2.0%A7 (2,0%P)

¢ INDUCTION FACTOR FOR DRAG

[} FB = {(1e0+PBeSIG+FMU)/(PIRA)+GANCCEGIURS?

RETURN
END

N
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SUBROUTINE STRUT (H1¢BloDPHeTANGCS1+CS29SLeTCloeTC2eUsDELCF +COSGS
$Q4+0PS)

HS 3 H1 . D.5*B18TANG=DPH

CS ®Cs2 o 0.5%(CS1=CS2)%HS/SL

R & U®CS/1.28E~5

TC BTC2. 05%#(TC1=TC2)*HS/SL

CDSF = 0.075/(ALOGl10(R)=2,0)%%2 . DELCF
CDSP = 140 ¢ 1¢2%7C o 60.,0*7Co84

OPS = 2,0*COSF*CDSP*CS*HS/COSGS*Q
RETURN

END

SUBROUTINE SPRAY (H1+BleTANGCS1eCS2eTCLleTC2eSLeQeDSS)
HS = H]l o Bl¢TANG®0.5

WCS (S22 ¢ (CS1=CS2) © Me¢]})

TCS 28TC2 ¢ (TC1l=TC2)®*NHS/SL

DSS &8 (0.011%WCS*#2#TCS + 0.08%(wCSe#T(CS)*02)8Q

RETURN

END

SUBROUTINE FENCE (CS]+C52+FLeSLsTC)sTC2+Q4FD)
C F 2 (S2 ¢+ (CS1-CS2)*FL/SL

TCF =2TC2¢(TC1l=TC2)*FL/SL

f D 20,009%Q*TCF¥*CFee2

RETURN

END

SUBROUTINE BUOY {H]1+Bl+sOPHeTANG+COSGsCS1¢CS29TCLloTC2eSLe¢SeCeTCo
1PL+PDsFBO+S80,PBO)

HS = M o 0.5%*B1%TANG « DPH

€S = CS2 ¢+ 0,5%({CS1=CS2)*HS/SL

TCS = TC2 * 0.5%(TC1-TC2)*HS/SL

FBO = 0,72C*TC#S

SBO £ 07%CS#HS/COSG2#CS*#TCS

PBO = 0,S55%PDwea2ep

RETURN

END
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SUBROUTINE POD (PLePUsUDELCF 4G oDPP)
COMMON RHOsH]sb

PLD s PL/PD

COPP 2 3,0%PLD . 6.5/PLD*%(0,5 » 2]1,0/PLD*ep
K £ USPL/1.28E~-5

CDOFP = 0,075/ (ALOGlO(R)~2,0)%8z o DELCF

DPP = W*PI/4.0%COFPeCDPPePD 22

RETURN

ENU

SUBROUTINE FOIL (DELUICsDELCF o TCsCLOCLAZD¢S9COSGe@eFB9ALFDeCLAS
1TRIMGAUSDNWAL+DPAWOPRDI)

R & yeC/l.248E=5

COFF 2 0,075/ (ALOGIO(R)=2.0)*42 «DELCF

CDPF 21.0 . 1e2%TC o 120..0*TC#%4 ¢ 60,0°(TC e 0.2°(CLO . §,5¢
1CLAZD®ALFD4DEL) ) #®y

DPB 20,0052 (CLAZD*ABS(TRIM o 2 o DNW . 0,S%ALFDYDEL) ) ®®] 9957
1CUSG*Y

OPA & 2.09COFFeCOPF®S/COSGHQ

01 = FB#*u#So(ALFD®*CLACDEL + CLA®(TRIMeAOD+DNN*A]L)) 002

RETURN

END
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UK
25.0000

BIM
29.0000

, 88
19,5000

6MD
0.0000

8F 1M
10.0000

CDA
«6000

CS1iM
14.5000

CSis
cr.0000

DPHM
3.2500

EM
360.0000

B2M
18.5000

Clp
6.3000

6SD
14.0000

BF 2m
14.0000

HuB
32.0000

CS2M
12.5000

(T4
6.5000

OPHB
«7500

INPUT DATA

EL FRA
97.5000 «9000
CiM C2eM
11.4000 3.8000
c28 HB
2.1000 2.4700
CLIM cLIB
«3300 «3300
8F 28 FM
8.7500 «+2000
HKD PLM

24.0000 19.2500

TC1M TC2M
«1600 «0800
TC1B Tc28
+1600 +08090
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22.00::

H1M
14.5000

TC8
. 0650

AlBD
0.0000

Fo
+3000

POM
3.5000

SLM
21.5000

SLB
13.0000

TCw
«0650

DELM
3.5000

L8
10.0000

Fimn}
6.5000

FLel
2.5000

DELCF
(|

Al¥D
0.0030

PDB
15000

FiLh2
1 1.5090

FLE82
7.0000



OuUTPUT DATA

2RO LIFT ANGL ES LIFT CUKVE SLOPES LIFY COEFFTS BOW FRACTION
AUM AOH CLAM CLAS cLM cLe ("]']
- 8831 =}.0c48 3.795% 2.0095 «6604 1.1}, 01062
IRIM FLAP ANGLES DOWNWASH  FLAP EFFECTIVENESS
THIM ptLb DELW ONW ALF DM ALFDB
409999 6.9594 5.691Y .0022 «3439 «50660
MAIN FOLIL STRUTS AND TOTAL STRUT DRAGS
DPSM DSSM FDM TOSM

MAIN FOIL POD DRAGS

DPPM TOPM
991. 1982.

MAIN FOIL PROFILEs INDUCED AND TOTAL ASSEMBLY DRAGS

DPAM OPBM DIM TOFNH Onf
1769, 2077. 35439, 45265, 53721,

HUuw FOIL STRUT DRAG

bPSY DERT Fo8 1088
153. 14s. to. 369.

HUw FOIL POD+MISCELLANEOUS AND HULL DRAGS

UPPH DMIS DRAGH
228, 1246. 918,
HUw FOIL PROFILEs INDUCED AND TOTAL ASSEMBLY DRAGS
OPAB pPBB 334 :) TOFB DOF
1178. 274. §5131. 6986, 7583,

TOTAL DRAG AND THRUST HORSEPOWER

of THP uK En
63527, 48717, 25.00 360.0
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UK
27 +5000

Bl1M
29.0000

8&
19.5000

GMD
0.0000

gf 1M
10.0000

CoA
.b0O0O

CSim
12+5000

CSiB
8.0000

OPHM
3.2500

EM
360.6060

B82M
18,5000

cle
6.3000

650
14. 0000

BF 2M
14.0000

HUd
32.0000

cS2M
12.5000

€S20
6.5000

DPHB
«7500

INPUT DATA

EL FRA
97.5000 +9000
Cim C2M

114000 3.8000

ces MY
2.1000 3.4800
CLIM cLIB
#3300 «3300
BF2z8 FM
8.7500 2000
HKD PLM

24.0600 19.2500

TCIM TC2M
«1600 .0800
TC1P TC2t
«1600 «0800
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H6
22.0000

H1M
13.8000

7C8
<0650

AIBD
0.0000

FB
3000

POM
345000

SLM
21.5000

SLB
13.0000

TCM
+0650

DeLHm
3.5000

PLB
10.0000

Finl
6.5000

FLB)
2.5000

DELCF
« 0008

AIND
0.0000

PO
15000

Fim2
11.5001,

FLB2
7.0000



OUTPUT DATA

ZERO L IFT ANGLES LIFT CURVE SLOPES LIFT COEFFTS BOY FRAC?ION
AOM AQB CLAM CLAB CcLW CAY w8
-2 ,8628 -2.9802 3.8633 3.4 136 3367 «3105 «1123
TRIM FLAP ANGLES DOWNNASH FLAP EFFECTIVENESS
THIM DELS DELM DNC ALFDM ALFDB
| 09‘,72 .6068 09268 -4 0038 03‘51 05526
MALN FOIL STRUTS AND TOTAL STRUT DRAGS
ORSH DSSM FDM TOSM
2666 1419. 1114, 10397.

MAIN FUIL POD DRAGS

OPPM TOPM
1673. 3746.

MAIN FOIL PROFILES INDUCED AND TOTAL ASSEMBLY DRAGS

OPAM OFEM DIM TOFM OMF
leoil. 461. 16293. 31367. 65510,

BOW FOIL STRUT DRAG

oPSE pSSk FoB 1088
734, 384, 138, 1256. ,

goW FGIL PODeMISCELLANEQUS AND muLlL DRAGS

ukPp IS DRAGH
«30. 1078- 1916.

BOW FOIL FROFILEs INDUCED AND TOTAL ASSEMBLY DRAGS

DPAB 1] 4.1.] Dig TOF8 14
2118, 70. 2515. 4763. 64he9,

TOTAL DrAG AND TrwrUST RONSEPCOWER

oT Twp UK EM
S4953. 8al6. 35.09 360.0
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UK
30.0000

B81M
29.0900

88
19,5000

GMD
0.0000

BF 1M
10.0000

CDA
6000

CSIM
12.5000

Csis
4.0000

OPHM
3.2500

EM
360.0000

B2m
18.5000

cle
6.3000

650
14.0000

BF 2M
14.0000

HUB
32.0090

CcSem
12.5000

cscB
6.5000

DPMB
«7500

INPUT DATA

EL FRA
97.5000 «9000
ClM L2M
11.4000 3.8000
cee HB
2.1000 4.3000
CLIM CLIB
«3300 «3300
BF28 FM
8.7500 «2000
HKD PLM

24.0000 19.2500

TCIM TC2M
+1600 «0800
1C18 TCe8
1600 0800

50

HG
22.0000

HIM
13.2500

1C8
0650

Al1BD
0.0000

F8
«3000

POM
3.5000

SLM
21.5000

SL8
13.0000

TCm
«0650

CELM
3.5000

PLB
10.0000

FLM]
6.5000

FLsl
2.5~00

DELCF
«0008

AIND
0.0000

Ple
15000

FLk2
11.5000

FLee
1.0000




OUTPUT DATA

ZERO LIFT ANGLES LIFT CURVE SLOPES LIFT COEFFTS BOY FRACTION
AOW AOB CLAM CLAB ! CLM cLp e
-z.87)4 -2.9919 3.8572 3.3000 <4572 I <1090
TRIM FLAP ANGLES DONNWASH FLAP EFFECT]IVENESS
TRIM DELS DELM ONw ALFDM ALFDB
3.1994 1.9230 2.5430 ~e 0027 3644 «5545
MALIN FOJL STHUTS AND TOTAL STRUT DRAGS
DPSM DSSW FDu TOSM
2311. 1105, 818. 8470.

MAIN FOJL POD DRAGS

DPPM TUPM
1399. 2798,

MAIN FOIL PHUFILE« INDUCED AND TOTAL ASSEMBLY DRAGS

DPAM CPaM DIimM TOFM OMF
30935, 1030. 22897. 34062. 46130,

80M FOIL STRUT DRAG

D~SB DSSh FOB T0S8B
4S5, 2ol 101. 817.

BOM FUIL FUUIMISCELLANEQUS AND HULL CRAGS

LPPE OMIS DRAGH
321, 1077, 1408,

BOw FOIL FnOFILEs INDUCED AND TOTAL ASSEMBLY DRAGS

DPAR bPBE p1e TOFB8 DoF
1637. 140. 3397. 5174. 6313.

TOTAL ORAG AND THRUST HORSEPGWER

D7 1 UK EM
54928, 5060. 30.00 360.0
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UKk
35.0000

BliM
29,0000

88
19,5000

6MD
0.0000

uFln
10.0000

CoA
«6000

CSim
12.5000

1-31 ]
8.0000

OPHM
3.2500

En
360.0000

82m
18,5000

ci8
6.3000

6SD
14.0000

BF2M
14,0000

MU0
32.0000

CS2M
12.5000

Cseb
6,5000

pPHB
«7500

INPUT DATA

€L FRA
97.5008 «9000
Cin cem
11.~000 3.8000
C28 M8
2.1000 5.0000
CLIm CLlg
3300 3300
BF2B FM
a.7500 .2000
HKD PLM

24,0000 19.2500

TCIM TC2M
1600 «0800
TC18 TC28
«1600 +0800
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HG
22.0000

HiM
11.9000

TC8
«0650

AlBD
0.0000

F8
23000

PDM
3.5000

SLM
21 +5000

SL8
13.0000

TCM
00650

DELN
3.5000

PLY
10.0000

Finm)
6.5000

FLul
2.5000

VELCF
«0008

AlrD
0.0000

4]
b oir

FLr2
115000

FL82
7.0000




OUTPUT DATA

ZERO L1FT ANGLES LIFT CURVE SLOPES

AQM AUB CLAM CLAB

«2,3770 -3.0126 3.8311 3.1349
TRIM FLAP ANGLES DOWNWASH

TRIM DELE DELM ONw

MALIN FOIL STRUTS AND TOTAL STRUT DRAGS

OPSH DSSM FOM TDSM
207¢é. 951. 688, 7421.

MAIM FOIL POD DRAGS

DPPN TOPM
1187. 2373.

LEIFT COEFFTS 80w FRACTION

CLM cLb Lb
« 9450 «4911 o107
FLAP EFFECTIVENMNESS

ALFOM ALFDB
034642 «5580

MALN FOIL FROFILEs INDUCED ANL TOTAL ASSEMBLY DRAGS

DPAW DPBM DIM

9287, 1472, 28131,
80w FO I L STRUT DRAG

0Ps DSSB FpB

294. 155. 85.

8OW FOIL PODYMISCELLANEOUS AND HULL DRAGS

orPB DMIS DRAGH
2713, 1130. 1183.

TOFM OmF
38890. 4868e.
T0S8
S79.

BOW FOIL FROFILEy INDUCED AND TOTAL ASSEMBLY DRAGS

OPAB DPEB DiIB
1396, 195. 4202.

TOTAL DR A G AND THRUST HORSEPGRER

o7 The LK £M
Sleez, “B6b. 27450 360.0

53

TOFB UBF
5793. 6645,




UK
40.0000

81M
£9.0000

68
10.5000

6MD
0.0000

oF 1M
10.0000

COA
+6000

CSim
12.5000

csle
8.0000

DPHM
3.2500

(2]
360.0000

BeM
18.5000

clo
6.3000

6S0
14,0000

BF2M
14,0000

HUB
32.0000

CS2M
12.5000

cs28
6.5000

OPHB
« 7500

INPUT DATA

EL FRA
97.5000 «9000
ClmM Lo L]

114000 3.6000

(oF]:] HY
2.1000 5.0000
CLIM CcLIn
«3300 «3300
gFap FM
8.7500 +2000
HKD PLN

26,0000 19.2500

TCIM TC2M
«1600 0800
TC18 TC20
01600 <0800

54

HG
22.0000

HINM
10.2000

1CH
«0650

AlIBD
0.0000

F8
«3000

POM
345000

SLM
21.5000

SLB
13.0000

TCx
«00650

DELMN
3.5000

LB
10.0000

FLn}
6.5000

FLB]
245000

DELCF
0008

AlvD
0.0000

1
15000

Fime
11.5000

FLe2
T 0D




QUTPUT DATA

ZERQ LIFT ANGLES LIFT CURVE SLOPES LIFT COEFFTS BOW FRICTION
AOM AOB CLAM CLAB CLM CcLB wt
-2.8577 -2.9692 3.6090 3.4333 2553 «2499 «1158
TRIM FLAP ANGLES DOWNNASH FLAP EFFECTIVENESS
TRIM DELB DELM ONw ALFDM ALFDB
9989 03662 +95717 -,0038 P 7YY «5526
MAIN FOIL STRYUTS AND TOTAL STRUT DRAGS
OPSM DSSM FOMm TDSM
2V46, 1717. 668. 10260.

MAIN FOIL FOD DRAEGS

OPPM TDPM
2ylce. 4825,

MAIN FOIL FRUFILEs INDUCED AND TOTAL ASSEMBLY DRAGS

DPAM DPBM DIM TDFM DMF
18795, 133. 12469. 31398. 46483,

BOW F O | L STRUT DRAG

OFsE uSse Fp8 TDS8
ye3l, S0z, 180. 1626.

BOW FUIL HGDMISCELLANEVUUS AND HULL DRAGS

pPrPB LMIs PDRAGH
583, 1120, 2503.

BOW FOIL FnOFILEs INDUCED AND TOTAL ASSEMBLY DRAGS

DPAB CrBe D1® TDFB (IT°12
2191. 31 2026, 4848, T026.

TOTAL DRAG AN[ TrHRUST HOKRSEPORER

or The UK ENM
57132. 70109. 40.00 360.0
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UK
45.0000

BiM
2Y.0000

1)
19.5000

6M0
0.0000

8F 1M
10.0000

CoA
6000

CSIM
12.5000

cS18
8.0000

DPHM
3.2500

(3]
360,0000

to2m
18.5000

Ccl8
6.3000

6S0
14,0000

BF2M
14,0000

nuB
32.0000

CS52M
12,5000

cSes
6.5000

DPHB
«7500

EL
97.5000

ClM
11.4000

cee
2.1000

cLIn
¢3300

6F28
8.7500

KD
24.0000

TCIM
«1600

118
«1600

INPUT DATA

FRA
+9000

cemM
3.0000

HB
5.0000

cLia
03300

FM
«2000

PLW
19.2500

TC2M
0800

TC29
+0800

56

6
22.0000

Hlk
8.9300

TC8
«0650

Al1BO
0. 0000

d )
«3000

POM
3.5000

SLM
21.5000

SL8
13.0000

TCM
«0650

OELN
3.5000

LY
10.0000

FLul
6.5000

FLisl
2.5000

DELCF
«0008

Alr0
0. 0000

PUS
1e%000

FLmk2
11.5000

FLB2
7.0000




CERO L I FT ANGLES LIFT CURVE SLOWS L1 FT COEFFTS BOW FRACTION

AOM AOB CLAM cLAB CLM CcLE w8

-2 48936 -2.9597 3.7474 3.4493 +2008 02040 «1190

TRIM FLAP ANGLES DOWNWASH CLAP EFFECYIVENESS

TRIM pELB DELM UNu ALFOM ALFDB

02527 o3él1 .6603 '0003’0 03‘78 05526
WAIN FOIL STRUTS AND TOTAL STRUT DRAGS

OPSM DSSM FOM TOSM

2196, 2067, B4S, 11375,

MAIN FOIL POD CRAGS

. OPPM TOPM
3016. 6032.

MAIN FOIL FROFJLEe INDUCED AND TOTAL ASSEMBLY DRAGS

DPAM DPEM DIM TDFM DMF
23474, 5. 9851. 33329. 50737,

BOW FOIL STRUT WAG

oPSL pSse FOB 10S8
177, 636. 228. 2041.

80W FOIL PCOyMISCELLANEOUS A N D  HULL DRAGS

DPFY DMIS DRAGH
691. 1236. 3168.

BOW FOIL FROFILEs INDUCEL AND TOTAL ASSEMBLY DRAGS

DPaY pFEB D18 TDF8 GBF
34868, 3e 1697, 5l48. 7920.
TOTAL BRAC AND THRUST HOKSEPORER
oT THE UK EM
63061 . 8114, 45.00 360.0
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UK
SO .0000

BIM
29.0000

8B
19.5000

GMD
0.0000

BF 1M
IU.0000

cDA
6000

CS1M
12.5000

Csly
8.0000

OPHM
3.2500

EM
360.0000

az2m
18.5000

Cle
6.3000

65D
14.0000

BF2¥
14.0000

HUB
32.0000

CcS2M
12.5000

Cs28
6.5000

DPHY
«7500

INPUT DATA

EL FRA
97.5000 «9000
CiM C2M
11.4000 3.8000
c28 HB
2.1000 5.0000
CLIM cL1s

o 3300 «3300
8Fz8 FM
6.7500 «2000
HUD PLM

24.0000 19.2500

TCIM TCeM
1C1B TC28
«1600 «0600

58

HG
22.0000

HIM
8.3300

TCcH
+ 0650

AlIBD
0.0000

FB
+3000

PDH
3.5000

SLM
2145000

siL8
A3.0000

TCH
+0650

CELM
3.5000

- PLY
10.0000

FLM]
6.5000

FLBl
2.5000

DELCF
«0008

AlIMD
0.0000

PDH
145600

FLw2
11.5000

FLB2
7.0000




2ERO L1F T ANGLES

OUTPUT UATA

LIFT CURVE SLOPES

LIFT COEFFTS B O Y FRACTION

AUM AOH CLAM CLAY CLM cLa (1]
-2 .84H6 -2.9513 3.7139 3.461 1 1619 1713 s1240
THIM FLAP ANGLES DOYNYASH FLAP EFFECT IVENESS
TRIM DELY DELM DNY ALFDW ALFDB
- 099y =, 0297 a.2219 =-.0030 3486 «5526
MAIN FUIL STRUTS AND TOTAL STWUT DRAGS
DPSM DSSM FDM TDSM
3048. 2455, 1043. 13092.
MAINF O | L POD DHAGS
OPPM TOPM
JoB4. 7367.
MAIN FOIL PRQFILEy INDUCED AND TOTAL ASSEMBLY DRAGS
DPAM DPBM DIM TOFM OMF
28638, 28, 7923, 36590. 57049.
BOW F O | L STRUT DKAG
DeSH ERY] FDB TDSH
1436, 785, 282. 2502.
BUw FOIL PODyMISCELLANEOUS AND HULL DRAGS
DPPB DMIS DORAGH
843, 1400. 3911.
BOY FOIL PROFILE+ INDUCED AND TOTAL ASSEMBLY DRAGS
DPAB oPBB 13 1:] TDFB OufF
4248, 0. 1468. 5716. 9061.

TOTAL ORAG AND THRUST HORSEPOWER

DT THP UK EM
71422. 1096b. 50.00 360.0
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BOW FOIL REF

FIG IA TYPE 64 MAIN FOIL GEOMETRY
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FIG 2A TYPE 64 BOW FOIL GEOMETRY
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