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ABSTRACT

A method is presented for prediction of the
steady state performance characteristics of craft with
hydrofoil systems of the fully-submerged type. The
principles have fairly general application but the emphasis
is on a canard hydrofoil system of type and size suitable
for open ocean operation. Considerable use is made of
empirical expressions, with some discussion of their
underlying physical basis. Limited comparison is made with
experimental data.
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SOMMAIRE

On pr&ente  une methode  de piGdiction  des caractiSristiques
de performance d'un hydroptsre,  2 vitesse constante,  cap en avant, par
temps calme, les ailes entikement  submerg6es. Les principes  sont
d'une applicabilit6  asses g&Grale, mais on met l'accent sur 1'hydroptZre
"canard", de modOle  et de dimensions convenant  5 l'exploitation en pleine
mer. On s'appuie dans une grande mesure sur les expressions empiriques,
tout en abordant leur fondement th6orique. On fait quelques comparaisons
avec les donn6es  exp6rimentales.
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NOMENCLATURE

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

Lower Case

a'
0

b

bf

C

d

fb

fc

g

h

i
1

RF

R
P

R
S

n
S

9

theoretical section lift curve slope

projected foil span

projected flap span

foil chord

pod diameter

flap span ratio

flap chord ratio

standard gravitational acceleration

foil depth of immersion

foil incidence setting above zero lift angle

foil base length

length of pod

projected strut length

number of pods

P v2dynamic pressure = 2

section thickness

x coordinate measured forward from cg

y coordinate measured to port from cg

z coordinate measured upwards from cg
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Upper Case

A

B

C DH

'DI

C DP

cDS

cF

'PF

c1

C li

c1:,

C lo

cL

cLct

cM

C
m6

'PD

DA

E

F

FD

Fa

Hb

Hw

aspect ratio

buoyancy

coefficient of air drag for hull

coefficient of induced drag

coefficient of profile drag

coefficient of spray drag

coefficient of friction drag

form factor for profile drag

section operating lift coefficient

ideal section design lift coefficient

practical uncorrected design lift coefficient

depth-corrected design lift coefficient

foil operating lift coefficient

foil lift-curve slope

foil moment coefficient

rate of change of moment coefficient with flap
deflection

pod profile drag coefficient

air drag of hull

edge correction factor

Froude number

induction factor for drag

induction factor for angle

hull depth from main superstructure top to keel

maximum hull width
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K
.fl

Ke

Kf

K.

L*

M

R

S

sf

U

W

Greek

a

"6

as:,

a6*

"i
a

0

aI

Y

6

EB

5

n

depth correction factor for section lift-curve slope

section efficiency factor

depth correction factor for two-dimensional
f:Lap  effectiveness

depth correction factor for section lift coefficient

total lift due to foil element n

foil pitching moment

Reynolds number

projected foil area

projected foil area in way of flaps

ship speed

ship weight

angle of attack

foil flap effectiveness

uncorrected two dimensional flap effectiveness

depth-corrected two dimensional flap effectiveness

initial foil incidence setting

depth-corrected zero lift angle

induced angle

Breslin's wave function

flap angle

net downwash angle at bow foil

auxiliary function used in establishing
induction factor

a,uxiliary  function used in establishing
biplane factor and wave function
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foil taper ratio

T

+

Wb
A X

A h

AcF

A

r

3

flap correction factor

Glauert's planform  factor for lift

Glauert'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 chord

difference in depth between bow and main foils
at zero trim

coefficient of friction drag increment due to
surface roughness

quarter chord sweepback angle

foil dihedral angle (to horizontal)

strut slant angle (to vertical)
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1, INTRODUCTION

The accurate prediction of the steady state
characteristics of hydrofoil ships is fundamental to the
success of early planning in a development program. It is
essential to forecast, with reasonable confidence, range
capability and power requirements in order to determine the
size of ship required for a given operational application and
to make objective comparisons with other vehicles. At a
later stage in the design process, accurate prediction
techniques can lessen dependence on an extensive model test
program and greatly improve the understanding of the model
test results.

The objective here is to obtain an overall
appreciation of the characteristics rather than detailed
hydrodynamic analysis of a particular hydrofoil configuration.
The prediction methods are based largely on empirical
expressions and in consequence, apply primarily to the
particular hydrofoil system chosen in this case, a propeller
driven, canard arrangement, generally typical of current
military hydrofoil design and suitable for fairly wide ranges
of size and speed. There often exists a theoretical basis
for the empirical expressions, making it possible, with care,
to extend the methods to other practical design cases.

The hydrofoil system is first described and
expressions derived to define the geometry. The hydrofoil
section characteristics are then treated, with expressions
given for the lift, pitching moment and drag for the section
operating in two-dimensional flow, close to the water surface.
The more practical case is then given of a wing of finite
span operating in three-dimensional flow close to the water
surface. Various miscellaneous drag effects are also
considered. The generalised lift balance and moment equations
are given for the foilborne, steady state calse, with reference
to the way in which the expressions for lift and moment are
incorporated. Finally, in an appendix, the use of the
expressions is demonstrated by determining the flap angles
required and the total resistance for given speeds and foil
depths of immersions.
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The method has limitations. There is ILittle
information available on the characteristics of sections with
simple, sealed flaps. Increase in lift with flap angle is
probably not linear, although that is the assumption 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. Resistance estimates
are generally harder to make than lift, being dependent for
example, on quality of manufacture and intersection design
details.

Unfortunately there are very few experimental data
available from full scale hydrofoil ship trials, allowing
no comparison of flap angles and only limited comparison
with resistance estimates. Nevertheless, the methods out-
lined here are thought suitable for preliminary estimates and
it is anticipated that some refinement will be possible as
further model and full scale trials data become available.

2, FOIL AND SYSTEM GEOMETRY

2.1 GENERAL CONFIGURATION

The hydrofoil arrangement is assumed to be canard
in form, as shown in Figure 1, with the "inverted T" bow
foil supporting less than 35% of the all up weight. The bow
foil is continuous and horizontal with a planform  which
employs both taper and sweep. It has constant angle of
attack and constant thickness-to-chord ratio (t/c). Lift
is varied by a flap with constant flap-chord ratio.
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A two-strut main foil supports thle remaining ship
weight. It is composed of two anhedral elements 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 intersections. They have constant
flap-chord ratio and zero sweep angle at th'e flap hinge lines.

The main foil struts are inclined to the vertical
with a chord and t/c which vary continuously over their
lengths. Propulsion is by marine screw propellers located
with fairly large transmission pods at the .main foil-strut
intersections.

2.2 FOIL PLANFORM GEOMETRY

The planforms are shown in Figure 2. Geometrical
relationships are straight forward for the -most part and are
given here for definition and completeness. It should be
noted that all these expressions are for the main foil
geometry but reduce to the equivalent bow foil expressions
when the main foil span between struts, b,, becomes zero.

Taper Ratio

"=2

Flap Chord Ratio

Foil Span

b = b, + 2b 2

Projected Foil Area

S = blcl + b2c1 (1 + A)

or

s = s1 + 2s*

where S, is the area inboard of the main struts

% is the area of each outboard element

(2.1)

(2.2)

(2.3)

(2.4)

3
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Projected Foil Area in way of Flaps

%.  = s - c1 b-‘Ubfl  + bf,)l (2.5)

Angle of Sweep

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

A = tan-' $ ($ - fc) (1 - A)
2

Net Angle of Sweep

For the composite foil

S
I\  = 2$tan-l $(A - fc> (1

2 4
- A)

(2.6)

(2.7)

Mean Depth

For the integrated main foil unit shown in Figure
2, elliptical lift distribution is assumed over the outboard
spans, b

2’
giving the effective hydrodynamic depth:

h = h + tan P (0.25b 1 + 0.405b2) (2.8)1

for 0.25b  < b
1 2

< 0.56b
1

Mean Chord
S

C = -
b (2.9)

Lateral Centre of Pressure

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

L[l -Y=2 L O ]
3 (1+X) (2.10)



Longitudinal 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 = z h2c1(1 + A) tan A (2.11)

Aspect Ratio

The aspect ratio of the main 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.
Hoerner' as:

It can be derived from expressions given by

b
A = : [l + (+)3;]

Foil Buoyancy

BF = 0.7 c: ps

(2.12)

(2.13)

2.3 STRUTS AND PODS GEOMETRY

The strut and pod geometries common to both bow
and main foil assemblies are shown in Figure 3. The strut
span is assumed to extend to the foil axis of intersection
which is taken to be coincident with the pod axis.

Mean Immersed Chord
h

C = cm s2
+-qc -c )

2R, Sl s2

Chord at the Waterline
h

C = c
W s2

+e(c
Sl

-c )
S

s2

Mean Immersed Thickness - Chord Ratio

($1, = (f),,  + &- I(f)sl
S

- (;)s21

(2.14)

(2.15)

(2.16)

5

-.



Waterline Thickness - Chord Rn~io____-

Immersed Strut Area

ss  =
‘,hl
c o s  r

S

Immersed Strut Buoyancy

BS
= 0.7Sscm(t/c) m

Pod Frontal Area

sP =  0 . 2 5  rrd2

Pod Buoyancy

Using a Prismatic Coefficient of 0.7,

BP = 0.55 p d2 R
P

(2.17)

(2.18)

(2.19)

( 2 . 2 0 )

(2.21)

2 . 4 AXIS OF COORDINATES

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

2 . 5 SHIP GEOMETRY

Foil Base Length

&F = x  - xB M

Ship Trim
h - (h

T
B + Ah)

= 1M
RF

( 2 . 2 2 )

( 2 . 2 3 )
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Bow Foil Depth

h
1B

= h
IM

- Ah - -rRF (2.24)

30 S E C T I O N  C H A R A C T E R I S T I C S

3.1 SECTION TYPE

It is assumed that an NACA section of the 16 Series
will be used with a uniform-load mean line and a thickness-
to-chord ratio of 10% or less. The 16 Series sections have
found several applications in hydrofoil design. Little is
known about the section characteristics with 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 terms of t/c and the
included angle at the section trailing edge, $ (degrees), as:

a" =
0

2lT + 4.7 ($) (1 + 0.00375$) (3.1)

The relation between 4 and t/c for 16 Series
sections is:

$I = 238 (t/c)

so that for these sections:

a"
0

= 2~ + 4.7 (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 towards the
trailing edge. This results in an efficiency factor dependent
on Reynolds Number, R, and trailing edge angle, 4, which
must be applied to Equation 3.2. The efficiency factor can
be derived from curves given in Reference 2 as follows:

7
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1
Ke = 1.25 (6.8)-  logloR  -6.92 (t/c) R-'*" (3.3)

For infinite depth, section lift curve slope then becomes:

a: = Ke [2~ + 4.7 (t/c) + 4.18 (t/c)'] (3.4)

In the hydrofoil case, the presence of the free
surface modifies the section flow and reduces the lift curve
slope appreciably for submergences  below one chorld.
Bernicker' gives a theoretical treatment of two dimensional
depth effects from which an approximate expression for the
depth correction can be derived as:

Ka = 2O(h/c)'  + 1
20(h/c)2  + 2

(3.5)

Hence, the expression for section lift curve slope for
horizontal, unswept hydrofoils operating near a free surface
becomes:

a '
0
= Ka Ke [2n + 4.7 (t/c) + 4.18 (t/c)2] (3.6)

The effective section characteristics are modified
by dihedral or anhedral angle, I', 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 dihedral
is to introduce the factor cos r, reducing the section lift
curve slope. Sweep angle, A, also affects the characteristics.
The effective angle of attack, measured normal 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:

L-=
S $6) (VcosA)2  aA (a set  A cos r) (3.7)

Hence, the effective section lift curve slope becomes:

a
0 = KaKe  [2~r  + 4.7 (t/c) + 4.18 (t/c)2]  cos A cos A (3.8)

8



3.3 LIFT COEFFICIENT-

NACA 16 ,jeries  airfoils, in common with other
sections using a uniform  - load type (a = 1.0) mean line, do
not achieve in practice lift coefficients as high as the
idealized design values. Lindsey et al4 give the following
empirical relation for 16 Series sections:

l-35

cio  = CRi  [l - 5 (t/c> 1 (3.9)

where Cio  and CRi are the practical and ideal design lift
coefficients respectively.

Again, in the hydrofoil case, the practical lift
coefficient is reduced by flow curvature wihen near the
surface. The correction factor can be derived from Bernicker's
work3 as:

K. = 36(h/c)'  + 1
36(h/c)'  + 2

(3.10)

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

AC&  = - O.O5(t/c)

(h/d2
(3.11)

Thus, the practical depth-corrected lift coefficient for a
16 Series section is:

%O
= K. C a:,

_ O.O5(t/c)

(h/c>2 (3.12)

It should be noted that the expression for ACR

is unbounded, becoming - O" at h = 0. It is therefore
necessary to introduce a limiting value for C

RO
in any

computations.

9



3.4 ZERO LIFT ANGLE

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

%O(y, =--
0 a

0
(3.13)

where cx
0

is measured in the vertical fore and aft plane.

3.5 LIFT DUE TO FLAPS

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

about 0.3. The effect of flap angle is to modify the incidence
and camber of the foil section and consequently, use is made
of a flap effectiveness factor, defined as:

da
"6 = ii-8 (3.14)

where c1 is the angle of attack of the foil section and 6 is
the angle of flap deflection.

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

In practice, experimental data suggest that the empirical
expression given by Hoerner'

%O
= 1.1 T (3.15)

gives a better fit and is satisfactory at least for flap angles
< + 5O. Above 5", some decrease may be expected due to
increasing thickness of the boundary layer. Corrections for
trailing edge angle and for section t/c tend to cancel and
have not been included.

Bernicker's depth correction for flaps3  is different
from the one given earlier for foils. It can be approximated
by:

10



Kf = G(h/c)2 + 1

G(h/c)' + 2
(3.16)

where G := 25 (1.5 - fc)

Since the foil correction factor, Ka; is already

included in section lift curve slope (Equation J.8), flap
effectiveness must be modified 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 compensate for these by re-correcting ag. Hence,

%O
=l.lK g set r set A (3.17)

3.6 EFFECTIVE CAMBER AND INCIDENCE WITH FLAPS-

Pitching moment and profile drag are dependent on
the proportions of lift due to flap deflection which are
appropriate to camber and incidence change. Thin airfoil
theory shows that

Ac% = 26 sin-' (2Jfc(l-fc) ) + 46Jfc(l-fc) (3.18)

where the first term represents the effect of change of
incidence and the second term change of camber. These terms
are very similar for f c < 0.3 so that flap lift can be taken

as equally divided between camber and incidence effects.

3.7 PITCHING MOMENT

The pitching moment of an airfoil section is
primarily a function of its camber. For the NACA mean camber
line, a = 1.0, used in standard 16 Series sections, quarter
chord pitching moment is -0.25Clli, which dept:h  effects modify

in practice to -0.25Cgo.

For a section in a swept, inclined foil, the moment
per unit area, measured in the plane of the foil and in the
direction of the quarter chord line, is:

11



M LP (V cos A)2z-2 (c cos A) (-0.25 a:) (cl0  set  A cos I')

1=-2p (-0.25 ao) cl0 c cos A

In the fore-and-aft plane this becomes:

M
s=2

Lp (-0.25ao)  o. c cos2  A

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

CM = -0.25CRo cos2  A

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

C Mb = -Z&(1-fc)$

Experimental data suggest that about 80% of this is realised
in practice. Since the flap hinge line is unswept and flap
angle, 6, is measured in the plane of the foil, sweep and
inclination have no effect on this term. Thus the total
pitching moment for a section, including sweep and inclination
correction terms, becomes:

CM = -0.25 CR0  cos2  A -1.6&'fc(l-fc)I ( 3 . 1 9 )

4, P R O F I L E  D R A G

4.1 PROFILE DRAG AT IDEAL INCIDENCE

The minimum drag of a hydrofoil or strut profile
occurs generally at ideal incidence, i.e. at CR = CII .

0
The drag is composed of both friction and form drag. Friction

12



drag is primarily a function of Reynolds Number and the
standard empirical relationship' for viscous flow over a flat
plate, assuming a fully turbulent boundary layer is:

cF = 0.075 (log R - 2.0)-2 (4.1)
10

To this must be applied a form factor which is
dependent on thickness-to-chord ratio, camber ratio and the
location along the chord of maximum thickness. Hoerner6  gives
a basic section thickness factor of 1.2 (t/c) for "laminar
flow" sections like the 16 Series, with maximum thickness at
40 to 50% of the chord. There is an additional pressure drag
component which arises from thickening or separation of the
turbulent boundary layer at the trailing edge of the section.
This comprises a basic section thickness term ofi 120 (t/c)4
and a section camber term of 60 (t/c + 0.2 CRi) . Thus the

form factor for the 16 Series and similar profiles is given
by:

c PF = 1.0 + 1.2 (t/c) + 120 (tJC)4

+ 60 (t/c + 0.2C& (4.2)

For the profile drag of foils and struts, a factor of 2 is
required to allow for skin friction on both sides. Also, for
a foil operating close to the free surface, C

Ri is modified

by flow curvature to CKo. The profile drag thus becomes:

C DP = 2CF L1.0 + 1.2 (t/c) + 120 (t/C)4

+ 60 (t/c + 0.2Cllo}'] (4.3)

As noted earlier, the coefficient of friction used
in this equation assumes turbulent flow over the entire surface
and in consequence, the relatively low drag coefficients
achieved ty delayed transition to turbulent flow are not
predicted. This seems to be realistic in the hydrofoil case
since delayed transition to laminar flow is realisable over a
comparatively narrow range of CL and the required cleanliness,

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

13



4.2 EFFECT OF SURFACE IRREGULARITIES

Surface roughness causes an important increase in
drag which must be considered even though the flow is already
assumed turbulent over the section. It is extremely difficult
to estimate the increment to coefficient of friction which
should be allowed. Standard roughness tests on airfoils7

indicate an increment, 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 normal manufacture. For example,
inspection of HMCS BRAS D'OR, 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.

Barr' quotes ACF values of 0.0004 to 0.0008 as

normal allowances in standard ship design practice and recommends
the latter value for a smooth, unfouled foil of five feet
chord with an equivalent grain size roughness of about 0.003
inch. In fact, much will depend on size and method of
manufacture. An allowance of 0.0004 seems appropriate for a
smaller foil machined from the solid whereas 0.0008, as
recommended by Barr, does seem to be a minimum for larger,
fabricated foils. An even higher allowance should be made
for foils or struts with a relatively rough or fouled finish.

Surface waviness and discontinuities of curvature
can drastically affect the drag of aerofoilsg by inducing
premature transition to turbulent flow and in more extreme
cases, turbulent separation. No allowance is made here since
full turbulent flow is already assumed and since control of
section shape ought to be good enough to prevent premature
separation.

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

C DP = 2 (CF + AC,) [l.O + 1.2 (t/c) + 120 (t/#

+ 60 (t/c + 0.2Cko)41 (4.4)

14



4.3 PROFILE DRAG AS A FUNCTION OF LIFT

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

ACDP = K (Ca - CRo)n

where K and n must he determined experimentally and CR is

the operating lift coefficient for the section concerned.
Suitable data are not available for 16 Series sections and it
has been necessary to substitute data for the similar Type
65 Series, obtained from Reference 7 over a Reynolds Number
range of 3 x lo6 to 9 x 106. These give the empirical
relationship:

*'DP = 0.005 (Ca - cLo)1'g (4.5)

In practice, Cg must be determined from the corrected two

dimensional lift curve slope and the total angle of attack,
the latter comprising ship trim angle, T, initial incidence
setting if used, c1., and no lift angle, a
Equations 4.5 and 3.13: 0 ’

Thus, using

ACDP = 0.005 [a0 (T + cli)ll’g

4.4 PROFILE DRAG DUE TO FLAPS

As noted in 3.6, the effect of a pILain,  trailing
edge flap of normal 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
0.5aoago 6 to the CR0 and CQ terms of Equations 4.4 and 4.5.

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

4.5 FINAL EXPRESSIONS

cDp (total) = CDp + ACDp

15
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where:

'DP
= 2 (cF + AC,) (1.0  + 1.2 (t/c) + 120 (t/#

+ 60 [t/c + 0.2 (Cllo  + 0.5aooso6)14} (4.7)

(AC, should be taken as 0.0008 for the normal large ship

case.)

and ACDP = 0.005 [a,(? + ai + 0.5a606)31'9 (4.8)

5, FINiTE  S P A N  E F F E C T S

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

5.1 EDGE CORRECTION

This is a relatively minor correction to allow for
decrease of velocity at the wing edge, necessary since edge
velocity determines the circulation and hence, the lift.
For an elliptic wing, the decrease is given by the factor:

E = Wing Semi-Perimeter
Wing Span

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

R-b+hc
b

The effective wing span should be used since it more accurately
reflects flow conditions, so that the preferred expression
becomes:

E=l+a (5.1)

where A is the effective aspect ratio. With edge correction,
a

lift curve slope becomes $ , where a0 is given b.y Equation 3.8.

16



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 downward flow
with enough inclination to tip the resultant :Eorce  backward,
decreasing the lift curve slope and creating a significant
drag component. The required increase in total angle of attack
to maintain a given CL is the induced angle, (x1.

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

cL
5 = zi

and in the hydrofoil case, this is modified to:

cLaI = z (1 + c>

where 5 arises from free surface effects to be discussed later.

Lift Coefficient

The three dimensional lift coefficient becomes:

5 [acL = E
cL

- (1 + r> z ] (5.2)

Lift-Curve Slope

The corresponding three dimensional lift curve
slope is:

CL =
1

(5.3)
a E+%

a
0

Induction Factor for Lift

1+5The term ~A in Equation 5.3 contains all the terms

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

L%.=aI
Fa = VA cL

17
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Induced Drag

There is a similar induction factor for drag, FD,

identical with Fcl except for a small planform correction term.

The induced drag, CDI, is given by:

CDI = cL * aI I

or C DI = FD l C L2 ( 5 . 5 )

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

5.3 THE INDUCTION FACTOR

Breslin's analysis,of induction factorl" is used
since it is a relatively simple method and takes speed effects
into account. This gives:

F=k (ISui-o+nA (5.6)

where v is the Glauert planform correction,

V c1 for Fu, vD for FD

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 loading
distribution of the foil.

Planform Correction

As plotted by' Barr', following Glauert, this is
approximated, for X > 0.4, by:

Av. :- - 0.4 .A
a 3.6 -5-Y for lift

'D =
x - 0.4 A for drag

12 2n

(5.7)

(5.8)



For X > 0.4, the correction is neglected.-

Biplane Factor

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

It is convenient to define an auxiliary variable:

rl = Mean Depth = 2h = 2h
Effective Semi-Span b Ac

Then Prandtl's approximation for o is:

~ = l-0.66n
1.055+3.7n (5.9)

Wave Function

This originates from the interaction of the lifting
vortex with the free surface and gives rise to a transverse
wave system. In the three-dimensional ca,se, it is shown by
Breslin to increase rapidly in value with speed to reach a

peak at a chord Froude Number, Fc, of fi where it is the

dominant wave source. It decreases rapidly, becoming virtually
zeroatF  =5.

C
For 2 < Fc ( 4 (15 to 30 knots for a 6 foot

chord hydrofoil), it is a significant effect.

The use of three dimensional theory for predicting
wave drag is open to question since experimental data tend to
compare better with the two dimensional for F -< 2 and with

C

three dimensional for F > 3.
C

Breslin recommends use of the

three dimensional theory and for foilborne predictions this is
most accurate since F

C
= 3 corresponds about with the lower

limit for foilborne operations. Below this, several factors
combine to make predictions for the take-off zone doubtful in
any case.

E U+n2 >
-92

The Breslin function contains an elliptic' function
but for arguments close to unity, this approximates

to [2-(l+n*)
-l/2

] giving the wave function as:
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(5.10)

Flap Correction

The foil flaps are assumed to be full span but will
have gaps at the intersection pods and at mid-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:

ACDi = K2 (ACL)2

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

*CL  2

1~ = nA (0.14)2  -
cL

or
c 2

1-1 = 0.062A  ag262  2
cL

(5.11)

This expression applies to the bow foil. For the two strut
main foil arrangement considered here, it is factored by 2.

5.4 CORRECTIONS TO FLAP EFFECTIVENESS

The edge correction for flaps, Ef, is different
from the one given earlier for foils (Equation 5.1). Curves
presented by Lowry and Polhamus" present the correction
which must be applied to flap effectiveness assuming that the
factor E, of Equation 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 approximated
by the expression:

Ef
=l+Lkp (5.12)

Again, since flap effectiveness, when included in
the final lift balance equations is referred to total foil
area, a correction is required for flaps which do not extend
over the full span. Thus if Sf is the total area of the foil

20
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in way of the flaps and S is the total foil area, the net
three-dimensional flap effectiveness becomes, using Equation
3.17:

sf
% = %o Ef s (5.13)

5.5 DOWNWASH AT MAIN FOIL

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

There is both upwash and downwash on the main foil,
resulting in a net downwards velocity as indicated Sy the
hatched area. 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 = WB = FoB C.bB V

Net downwash angle =c =F
B aB "LB (in radians)

gRFVariation with distance aft is given by the f<actor  (cos 7)

-g (hM-hB)
and with depth difference by (e V= 1. The effect is
assumed to extend over a main foil span of IT/~ of the bow foil
span. Thus, the effective increment to main Eoil angle of
attack, in radians, is:

A& = - f bB
-g (ha--hB>

ii-& V"
gJ?  F

cos -;2
M be v (5.14)

5.6 PITCHING MOMENT

In the absence of data on the effect of the free
surface on C

m6
this correction has been omitted. The very

small additional nose down moment which should result will be
a conservative factor in most applications. Using Equation 3.19,
the total pitching moment coefficient for a flapped foil thus
becomes:

CM = -0.25CL a0 cos= A - 1.66 qL-fc)3 (5.15)
a

The corresponding foil pitching moment is:

M = q SC CM (5.16)

21
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6, MISCELLANEOUS DRAG COMPONENTS

6.1 HULL AIR 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-mounted equipment. The coefficient of drag,

'DH' used here is based on maximum hull frontal area. It is

estimated to vary from 0.3 for an exceptionally clean design
to 0.7 for a warship equipped with missiles, masthead control
radar and with little attempt to streamline. Recommended
normal warship value for CDH is 0.6. The expression for air

drag is:
PAV2

DA = 'DH 2- Hb Hw (for calm conditions) (6.1)

6.2 POD DRAG

Hoerner 6 uses experimental data to derive an
empirical expression for the coefficient of profile drag of a
streamline body, referred to the skin friction drag coefficient,

cf' The resulting profile drag coefficient is:

'PD
= (cF + AC,) I1+1.5($) 3 12 -+ 7 (%)31

P P

where R
P

is pod length and d the diameter. This expression

is based on wetted area and is converted to frontal area by
assuming that:

Frontal Area = d . 1
Wetted Area 4 0.75 x length x perimeter

Based on frontal area, pod drag coefficient becomes

cPD
32= (cF + AC,) 13 d + 4.5 cdTIT>- l/2

+ 21 (F)-21

6.3 SPRAY DRAG

The most appropriate data seem to be due to Chapman13.
These include measurements on round-nosed biogival strut forms
with maximum thickness at 50% chord, t/c ratios of 0.11 to 0.21
and chords between 4 and 23 inches. The resulting, empirical
expression for spray drag coefficient is:
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CDS = 0.011 + 0.08 (j) (6.3)

This is based on the area (tw . cw), where cw and tllr are the

water line chord and thickness respectively, measured normal
to the strut.

6.4 FENCE DRAG

Ventilation fences are normally used on the foil
support struts and are assumed to be flat plates projecting
on either side of the strut and normal to its axis. Fence
length 1,s 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 maximum chord thickness at the fence.

6.5 INTERFERENCE 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
intersection pod, housing the transmission and control
actuation components. The foil and strut areas are calculated
to the intersection axes and both Hoerner6  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 will be over-
estimated by this method and strut length should be taken to
the pod axis only.

6.6 ADDITIONAL MINOR DRAGS

Any hydrofoil ship design must necessarily include
sea water intakes, projections, bolt holes and gaps of various
kinds. Although individually small, these components will be
significant in total. In the absence of specific information,
a miscellaneous drag allowance of 2% total drag is recommended.

7, STEADY STATE PERFORMANCE CALCULATION

Equilibrium conditions are determined from a
vertical force equation and a longitudinal moment equation:

c" L - w = o
i n (7.1)



Z;Lnx - M  = 0n n (7.2)

C L is the sum of the lifts of all the foil andn
flap elements, together with the buoyancy, Bn, of the sub-

merged components. C Mn is the sum of the moments of these

elements, together with any moments due to thrust and drag.
Buoyancy moments are taken as Mn = Bn (xn - 0.25~~)  where xn

is the distance of the centre of pressure from the ship c.g..
Generally for foil element lift:

Ln = q sn CL (a + ad 6)
a

where C
La

is the fully-corrected lift-curve slope

cl is the total angle of attack

53 is the corrected flap efficiency

6 is the flap angle.

For designs with propeller drive located at main foil-strut
intersections, the thrust drag moment 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 become:

W-BB-BM =

qSBCLctB (r+i - a1B oB+a&g6g) + qsMcL
olM

(T+ilM--CloM+AE+06M6M) (7.3)

-BB  (xB -0.25~~) - BM(xM-0.25~~) =

qSBCLoB (~+i,g-aog+a~g6g)Xg+qsMcL (-r+i
C%M 1M-ooM B

(7.4)

where SB, SM are given by (2.4):
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i ill4IB'
are initial foil incidence angle
settings, where used

a aoB' oM are given by (3.13)

&Z is downwash at main foil, given by (5.14)

MBy MM are given by (5.16)

%B' %M are given by (5.13)

are given by (5.3)

These would be linear equations in 6, and 6,, the flap angles,

except for the downwash correction factor at the main foil
(Equation 5.14) and the flap correction terms, pM and uB

(Equation 5.11). A single iteration is therefore used, with
these terms omitted for the first calculation and included in
the second. A thrust-drag moment term could also be included
in a second calculation if considered desirable.

Appendix A gives a program listing for steady state
lift and resistance calculation for a 400 ton a.u.w. fully-
submerged design. A brief description of the design and an
input data chart are included.

8, COMPARISON OF RESULTS

Experimental verification of predictions is very
difficult because accurate full scale thrust measurement data
are very few. Even for those data that are available, the
exact conditions of operation are unknown, making the validity
of the comparison doubtful.

The MOD "0" version of the NSRDC trials ship PCH-1,
HIGHPOINT, gives the most applicable data as the con-
figuration, propulsion and geometry correspond to that assumed
here. Resistance data points are available from 1969 torque
and rpm measurements used in conjunction with
test data14 1P

ropeller model
and from 1972 thrust measurements . These data
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are compared in Figure 6 with predictions. The two sets of
experimental data differ considerably shawing the difficulty
of making experimental measurements. The predicted resistance
values are given for ACF = 0.0004 and 0.0008. The lower 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 unknowns, it is difficult to draw any con-
c:iusion  other than that the predictions are in general
agreement with the experimental data.

More detailed comparison is possible only on the
basis of other design predictions. The Boeing Company's
values' 6 for the various drag components of PCH-1 MOD 1 are
compared in TABLE I with corresponding values obtained by
the methods outlined here. Agreement is generally good except
for air drag of the hull which is predicted to be some 50%
higher by the method given here.

9, CONCLUDING REMARKS

Factors have been identified which affect the lift
and drag of practical hydrofoil configurations operating close
to the free surface. Expressions, largely empirical in
nature, have been obtained to characterise  these configurations.
Used with the steady state lift and moment balance equations,
the expressions predict the required flap angles and the
total resistance of the system. The predictions agree
reasonably well with what little full scale experimental data
are available.

The greatest need identified by this study is for
basic hydrodynamic data on simple, flapped hydrofoil sections.
Comprehensive section tests would be most useful tot confirm
the characteristics assumed here, to indicate the non-linear
flap angle effects and to define the practical limits of
cavitation-free operation. Comparison of predictions with
model test datzi on T and TT foil assemblies aiso would be very
useful, leading to a better understanding of prediction and
model test limitations.

Resistance values are particularly hard to predict.
The assumption made here of turbulent flow over the whole
section and the somewhat arbitrary selection of a value of the
coefficient of friction increment due to roughness render some
other factors of little consequence. It remains to be seen
how well these assumptions will stand up in practice. In the
meantime, the various factors have been identified and can be
modified as new evidence becomes available.
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TABLE I

COMPARISON OF RESISTANCE ESTIMATES FOR PCH-1 MOD-l

BOW POD

AFT LOWER PODS

AFT UPPER PODS

BOW STRUT AND SPRAY

BOW FOIL PROFILE

BOW FOIL INDUCED

MAIN STRUT AND SPRAY

MAIN FOIL PROFILE

MAIN FOIL INDUCED

HULL AIR

MISCELLANEOUS

BOEING D:REA- -
(ACF=0.0004)

(LBS) (:LBS)

338

1645

1250

946

2894

1373

2964

6418

1823

1596

3 16 6

17.26

10162

88 1

2671

13'97

29iB9

66,28

2259

24158

449

% DIFF.

8.2

4.9

-15.0

-6.9

-8.3

1.7

0.8

3.3

23.9

54.0

TOTAL 21247 22886 7.7

N.B. Values for 45 knots and 120.0 tons a.u.w.
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FIG I GENERAL CONFIGURATION
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MAIN FOIL

BOW F O I L

FIG 2 FOIL GEOMETRIES



FIG 3 POD AND STRUT GEOMETRY
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FIG 4 SHIP GEOMETRY AND AXIS SYSTEM

:
I
I \

1 \ MAIN
FOIL

FIG 5 EFFECT OF DOWNWASH  AT MAIN FOIL

31



3 0

DREA  Act  = 0.0006

7

EXPERIMENTAL 1972

/=*,

0) \
D R E A  AC, = C~.OOO4~

EXPERIMENTAL 1969

3s 4 0

SPEED (KNOTS)

4 5 50
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A P P E N D I X  A

Program Listing for a Typical Fully-Submerged System

The program listing is for a 360 tons all-up weight
hydrofoil ship  with a fully-submerged system designed for
50 knots maximum 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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PROi:RAH FSSS 2

DLTL: 2411175

SYHROL VALUES UNITS
_-.- -. __- -__

UK 25.0 27.5 10.0 35.0 40.0 45.0 50.0 Knot8
EM J60.0 T0nt3
E L 97.5 Qt

F R A 0.90
HG 22.0 FL

L i n e  2---_
M.Q.  Projected Span between Struts BIH 29.0 Qt
N.Q. Tip Span BZU 18.5 Qt
H.Q. R o o t  C h o r d c1n 1 1 . 4 Q t
H.Q.  T ip  Chord c2n 3.8 Ilt
M.F. f4in-Span D e p t h HlH 14.5 1 3 . 8 0  1 3 . 2 5  1 1 . 9 0  1 0 . 2 0  8.93 8 . 3 3  Q t
Y . Q .  tic TCU 0.065
Aounhneas  I n c r e m e n t O E L C Q 0. oooa

L i n e  I- -
B. Q. Span
B.Q. Root Chord
B.Q.  Ttp  C h o r d
6.Q. Intersect ion Depth
B.Q. t/c
(hln-h,B)  at Zero Trim
H. F .  Incidencv

. - .
Llnc-  /I

BB 19.5 F t
Cl8 6.3 Qt
C2B 2.10 F t

H B 2.47 3.48 4.3 5.0 5.0 5.0 5.0 Qt
T C B 0.065

ORLII 3.5 Ff
AIHD 0 . 0 0rgre.2

GM0 0 . 0 Degree
GSI) 1 4 . 0 Degree

CLIM 0.33
CLlll 0.33
All30 0 . 0 Degree

__--_-

Lln1,  >

M.F. Flap Span.  b,‘,

H . F .  Flap Span.  I’,.>

fl.Q. F l a p  S p a n .  hf2

H.1.. F l a p  Chord  Ratio
B . F .  Flap C h o r d  Rot  1”
llnw P o d  LeuRth
llnw p o d  OI;smPter

-

Lknv  -6

Hull  Air l)raR  Covfft.
H e x .  H u l l  Bran
Hull  K r r l  t o  Deckhouse  To”
Main  P o d  LcnRth
!inln PO81 Diameter

--_- - .----- _
L i n e  i

n.5. R o o t  C h o r d

BFlN

BF?#

RF:8

FM
F B

PLB
PDB

C O A

1 0 . 0 Ft

1 4 . 0 Q t

R.75 Qt

0 . 2 0
0 . 3 0

1 0 . 0 Ff
1 . 5 0 Q t

-~-.  .___-_______ _

0.6
NUB 32.0 Qt
HKO 24.0 F t
PLH
P O H

CSlH

1 9 . 2 5
3.50

12.5

Qt
Qt

-

Ft
U.S. Intersection Chord cstn 12.5 Ft
U.S. R o o t  tic TClH 0.16 Ft
M.S. Intersection tic TCZM 0.08 i;
M.S. P r o j e c t e d  Length S L H 21.5 Ft
U.S. Lower Fence Height (Proj) FLHl 6.5 F t
21.5. U p p e r  F e n c e  ileiBl,t (Proj) FLMZ 11.5 Ft

B . S . R o o t  C h o r d CSlB 8.0 Qt
B.S. Interaectfon  Chord CS2B 6.5 Ft
B.S. Root  tic TClB 0.16 Ft
B.S. Intersection tlr 1'CZB 0.08 F t
B.S. Length SLB 13.0 F t
B.S. Lover Fence Height FLBL 2.5 F t
B.S. Upper Fence EeLRht FL82 7.0 FC

10Line

flain Pod Height Above Foil OPHM 3.25 Ft
Bow Fcil Pod Height Above Foil O P H B 0.75 Ft
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YHOGRAW  FSSS2  ~INPUlrOU1PUT~TAPt  5 = INPUT.TAPk  6 = OUlt’UT)
STEAOY  S T A T E  A N A L Y S I S  O F  F U L L Y  !auB*EHGEO  kYDt4ciFolLS

E PROCRAW  FSSSZ
COhHON  fW01PlrG
R H O  = 1.9Y7
PI=3.A415Y
G  = 3 2 . 2

9 9 9 RCA0  (591) UK~~M~EL~FRAIHG
READ  (541) u~~,~~MICAMIC~M~~I~*TC~~DELCF
MAD (591) 80~ClbrC2B~k~rlC~~U~LHIAfnO
H E A D  (5rl)  ~D.GSD~cLIM,CLI~,.Alui,
R E A D  (5rl)  BFIHI~F~H.~FZHIFM~F~~~L~~~D~
HEAD  (Se11  CDA~HUBV~KDIPLHI~D?’
READ  (Sri)  CS~M~CS~H.TC~M,TC~CISL~~FLH~~FL~~
R E A D  (Sri)  CSl~rCS2brlC~~rTC~d.Sl~~FLdl~FL~2
R E A D  159 1)  DPHMrDPHe

1 F O R M A T  (7F10.4)
RkAD  (5+2000)  N E X T

2000 F O R M A T  (111
GM = 6HD/1tb0.0*PI
GS = GSD/lBO.O*PI
COSG = COStGM)
S I N G  = SIN(G+l)
TANG = SING/COSG
COSGS = COS IGS)
A I M  = AIMD*PI/IBO.O
AI8  = AlBD*PI/l~O.O

C MARKEM  F O R  SINtiLE  REPEAT
n = -1
cl = lc689*UK
0 = O.S+R~O*U*~2
Xc)  = FRA“EL
XH  = KU-EL
ALM  = CZW/ClM
ALO = C26/Cl8
uk  = 8AM+2.O*B2k
S)lr = BlM~ClM~~Z~~Clh~~l.O~ALM~
SFM = SM-ClM~~BM-2.O*~BFlH*~F~~~~
C M  I sn/aw
s e  =CIY”O.S*~lrO*ALb1*l36
CB = Sb/Bd
SF(I = St3418*(BB-2.0~BFZB~
HM 8 HlM l TANG�(0.25�BAW  l 0.405*e2)4)
ARM I BW/CM’~l.O~~dl~/9W~~~~~~~~~M~
SW4  = 0 . 0
A R B  = BB/Cb
TAlvl.6  = ClB/~O.S~~B~~~O.7S-F~~~~i.O-AL~)
YB = 0.25*B~+~l.O-~I.O~ALB~~~3.~*~1.0  l ALE’)))
CPAB  = YB~fANLb90.S*B~~C2u*~l.O  l AL%)JSb
SUB  = ATAhtTANLB)
TANLW  = ClM/B2H*~0~75-FW~~~1~D~ALM~
YW = d2M/2.O~Il.O-~l.O-AL~~~~3.~~~1.0  4 ALP’)))
CPxM  I YM~TANLM*82YEC2H*(I.0  + ALM)/SM
DM = Xb-CpXt)
OH = &H-CPXM
FClbe=O.O
FhUM+O.O



C

9 9

c

C

100

101
300
;o*

i(rr

2 0 6

201

WOiANClES
C A L L  WOY ~H6.O.rDPHB.O.rl.O~C~~u.CS2~~lC1~~TC2~~SL~~S~~~C~~lC~~

lPLbrP00*FBO~rS~OBrP808)
C A L L  [IUOY ~HLH~B1H.DPHC~TANG~C~~~~CSlM~CS2R~TClM~lC2H~S~LH~SH~

~CM~TC~.PLH~PDH~F8OH~S~O~~Pb~Ml
Tt30@ = (FBOB  . SBOa  + PBOfl)*H~O/L240.0
rrrpn = (F0OW  + 2.O*(SBOH  l PHOW)  )*HH0/2240.0
Dkd = 0 . 0
C A L L  S L O P E  ~fCW~COSG~CLIRrAlW~ARM~hM~C~~F~~SUM~SFM~Sti~

IU,CLA~DMIFRUH.AOM,CLA~,CLOM.ALFDM~CMFM~~AM~F~~~~
AOMO = .4OM*L8O.O/PI
C A L L  SLOC;E (TCarA.tCL:6rALdrARb~~b~C8~Fb~SUb~SFY,SB~

lU.C~AZD~rFWU6.AOb.CLA6~CLO~~AL~D~~CHF~~FAb~F~b)
i)nPtiti  = CDA”0.00238”U*Q2*tW6*~K0/2.0
Al,bO  = AO9*1f3O.O/Pf
THI)r = ATA~((HlH-DELn-H~)/EL)
L I F T  AYO  WMErJT EQUATIOhS
A l l = ACFDbQCLAbQSB
A12 = ALFDM*CLAH*SW
b1  = 22~O.O~IEH~Td08-TBOM~~~-S6~CLAb~~lRIM~~~6~AIbI~SW~CLAM*~TRIM

J-AW*AIM*Dhb)
A21 = Ail*XB l CHFa*CB
ai2 = A12eXM l CMFY*CM
UC! = -22cO.O+(TROB*DB  + TbOM*DY)/Q  - Sb~(CLAb*LTRlH-AOB~AIE)*Xb  l

~CLA~~A~~~O.~~“C~~(CDS~S~~)~~~~I-SM*(CLAM*~TRXM-A~R~D~~~ASR)*XM~CLA
ln+AOM~o,25~Cn”(COS(S~U~)**2)-D~AGHeHO/O

xi = al lQA22 - A12’A21
uELb  = (A22=61 - A12*62)/X2
UtLP  = (Bl-A1l*DELB1/A12
CL3 = ALFOb”CLAB*DELB  l CLAbQtTHIW-AOH*AIBl
C’,M = ALFD~J”CLAH*DELM l CLAM*(TRlM-AON~DN~~Al~~
wf3  = (CL~~SHOO/~P~O.O~TBO~)/EH
TfdIMAo  = fAIM*180.O/PI
UELBD  = DELk3~18O.O/PI
UIZLHD  = DtLM*ltiO.O/PI
S 1 ‘gGLi REPEAT
IF (M)  100*101tlOl
F~u~=O,~~~~A~~~(ALFD~~DELB~CLA~/CL~)*~~
F.Fcun  I 0.06~~~WM*~ALFDM~DELM*CLA~~CLM~+~2*2.0
L;riw  = -P1~bb~FAk~CLB/~4.OQ6M~~EX~~-G~~~~~hb)/U+@2~*COS~G*EL/U**2~
w  = 0.0
60 TO Y9
weIlE  16r?UO)
FOh”PT  ~~wl/////////////////3OXlOHINPUT  DAT.A)
FOHPAT  f//8x2hJKrBXZnEM~&X2hEL~7~3~FRA~GX2~~G~
wflITt  r4t2’r;:
ad176 fb@(,31  1 O?.rECetL  rFF(AeHti
FLt(V61  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3r- )
URITE (6ri!1?:
CRlfE  16r2c;l)  nIM~B2~,ClwrC2~rhi~,TCM~DELCF
FOWLliT  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IdIrE  (I3-2nt:
CIRITE i+.2’.l: .:~rCl~rc~bcn~rTC~r~~~~~~l~D
FOf?WAt  f//7ijd, ~D.?x3~GSO.b~4hCLI~.6X4~CLI~~bX4MAIBD)  *
bR1  IL g.6.207
w?lTt !6*2ol; ;,‘LI:*C;SSrCLI~~C~it!~PI1!D
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2 0 8 FWMAT  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
01

WRITE  (6-2081
nnITt  (6r201)  aFlkrdFZH,BF2arFhrF~rPLdrPDe

209 fORHAT  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
WHITE  (60209)
rttITE  (6r201)  CDAvHUB*HKD*PLM-PUM

2 3 1 F O R M A T  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ShFLM2)

dRITE (69231)
s&ITE (69201)  CS~M.CS~HITC~M.TC~HISLM~FLM~~FLM~~

2 3 3 FOk”AT  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ihFLE2 1

!.HXTE  (67233)
b*ITE (6.201)  CS~~~CS~B~TC~BJ~C~~~,SLB~FLB~~FLB~

234 F:;h”Al  (//5ka’iDPHly  .bX4HDPhto
rr!iiE  (6rZ341

*rtiITE (6+201)  DRHJ’,DPWR
301 FOGNAT  (lt-!i/JOXlIHCbTPbT D A T A )

k’nITE (be3011
3 0 2 F;jkMAT (/4X16HZERO  L I F T  ANGLESI~X~~HLIFT  C U R V E  SLOPESr6X12HLIFT  C

$UEFFTS+2X12HdOr  FtiACTION) .
asITE  (6.302)
*dITE (6,200)

200 FCht’PT  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
201 FO”‘MAT  (7F 1 0 . 4 )

urrlTE  (6.201)  AUMDIAOBOICLAMICLA~,CLHICLBIYB
303 FclY!“PT :/6X4MTKlC+7XllHFLAP  PhGLtS~6XBHDOkNkA!SH~3Xl8HFLAP E F F E C T 1

rVtkfiSS)

*RITE (6r3i3)
aiiI:E  ‘6.ZG2J

202 F;fiMhT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
203 F-O&M&T  lbFlo.4;

iiiITE (6vZO31  THICDIDELBDIDEL~C~O~Y,ALFDHIALFD~*ALFD~~
C RE5ISTA’.CE  AND  POljEk
C MAIN  FilIiw A S S E M B L Y
C STRLi? 5

C PR:;FILE ti+tG  O F  ONE  S T R U T
Ci:Li.  iTH;:T !~I~~U!~.DP~M,TA~G.C~~~~CS~M~SL~~TC~M~TC~M,U~DELCF~

TicI SSSh;r@?SYj

C S?r‘AY  L’i’CG @!= 3r.t  STYliT
CALL  sui-r> ~~i’“.r~l~rTAN*G~CSi~~CS~HrTClH~TC2HrSLM~O~DSSHJ

C F :.  t,  i: t‘ ;rt:G  SF U):;t  STntiT
bSP = f7iY  + Z:;M’TANG”G.5
CALL  FtNCE,  1CS!U.CSi~!1CiMl~SLf~.T~~~,TC2~,Q,FD~lJ
C;L!.  FE:iCE  (f~.:~~.Ctr”,Ei~~rSLr,TC~~,TC2M,~,FDM~~)
jF ! p;“:-;Lu&) r2o*iZi*l,c!

1 2 0 Fob’<  = r:.C

121 F()C  = F;�:-�:  l t:l�k

c .
Ci;LlT ;, .*  i �2 7LTL.L

,,I:� T /.y�.>,  j.-  l &.;,C☺SS$k  + r.,;c.p;M

C POOS

C ONE k,,;“.  r;;i YjlLI
C5:._  P O D  .rlet-‘.cd?/ .J,~LCC~-.~~ri,~“MI

c MAIN  FO:L  P O D  T O ’ : -
TOPM = 2 .fJ :;r.-!’

C E4AJh  F0lL  II~CL-
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222

309

215

223

310

216

224

3 1 1

217

225

FORMAT  (3F10.0tlOXtlF10.0~
WRITE  (6r22?) OP5f3~DSSB~FD~rTG5B
F O R M A T  (/ZX41H8OW  F O I L  POOvHISCtLLANEOUS  A N D  HlJLL  DRAGS)
WRITE  (61309)
F O R M A T  (/6X4HO~P~r6X4HOHISr5XSHUHAGH)
W R I T E  (6~215)
F O R M A T  ( 3 F 1 0 . 0 1
WRITt  (6r223)  Df’~B~DHIS,OHAGH
FORMAT (/2X50HBOY  F O I L  PROFILE* INoticE ANO TOTAL  A S S E M B L Y  ORAGS)
LrRITE  (6~310)

F O R M A T  ~3F1O.O~lOX~2F10.01
W R I T E  (6,224) O~A~~OPBBIOIBITOFBIOBF
F O R M A T (12X32HTOTAL  DRAG AN0 THRUST HORSEPOWER)
W R I T E  (6r311)
FORMAT (/~XZHOT,~X~HTHPIBX~HUKIBX~HEH)
W H I T E  (6,217)
FORMAT  ~2F10.0~1F10.2rlF10.1)
W R I T E  (6,225) OTITHPIUKIEN
I F  ( N E X T  .GT.  0)  G O  T O  9 9 9
STOP
EN0
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C

C

C

C

C

1

2
C

C

C

C

C

C

C

C

C

C

C

C

8

9

S U B R O U T I N E  SLCIPE(TCrCOSGrCLIrALrA*h*CrF,:jUrSFrSrUrCLA2D,FHUr
SAOICLAICLUIALFDICWFIFPIFB)

COMMON RWOIPI~G
R E Y N O L D S  NUHBEH

H = U*C/I.2BE-5
20  L I F T  C U R V E  S L O P E  A T  I N F .  DEPTb

CLA2Dl = (2.O”PI l  4.7*TC  l  4.l~*TC*~2~*~1.25/6.B**~l.O/ALOGlO~~~)
l-6.92*TC/R**0.09~*COSG*COS~Sw)

“ I D E A L ”  20  L I F T  C O E F F T .
CL01 = CLI*~1.0-5.*~TC~**l.35~

E D G E  CORRECTIOEJ
E = 1 . 0 l  A L / A

PLANFORM  CORAECTIOhi  F O R  L I F T
IFtAL-O.*)lriri!
P A  =  0 . 0
GO TO 5
P A  = IAL-0.41/3.6*A/2.O/PI

5
DEW;  FACTOH  FOk  C A M B E R

=  136.0°(H/C)**2  l 1.0)/(36.O’(H/C)**2  + 2 . 0 )
D E P T H  FACTOt?  FOH S L O P E

A K A  = ~20.O*(H/C)**2 l  1.0~/(2u.OQ(H/C)**2  l  2 . 0 1
20  L I F T  C U R V E  S L O P E

CLAZD = AKAQCLA2DI
A U X I L I A R Y  3 D  FUlvCTION

E T A = 2.0*H/  (A*c)

30  B I P L A N E  COC(HECTIOh
SIG = (l.O-0.66*ETA)/(l.OSS*3.7*ETA)

30  bAVE  C O R R E C T I O N
GA)4  = 4.0/~3.Oo~I~*~2.O/PI*~l.O*ElA**2~**l.5*~2.O~l.O/~~.O~E~A**2~

S=*O.S)-1.S”ETA)
2D  F L A P  tFFECTIVENESS

A L F D O  = l.l*SOHT(F)/COSG/COS(5*)
F L A P  M O M E N T  CURVE  SLGPE

CM0  = 1.6*SOHT(F*~1.0-F)**3~
F L A P  E D G E  C O R W E C T X O N

EF = 1.0 + ((l.O-F)**2)/12.0*A)
F L A P  D E P T H  F A C T O R

A J  = 25.0*(1.5-F)
A K F  = (AJ*(H/C)*‘2*1.O)/(AJ*(h~C)*~2~2.0)

F L A P  P A R T I A L  S P A N  F A C T O R
A K B  =  S F / S

C A M B E R  C O R R E C T E D  L I F T  C O E F F I C I E N T
D D L = H/C-SQkT(O.O5*TC/~AKOQCLO1))
IFtOOL-0.1)  89819
HC =  0 . 1  l  SPRT~O.O5*TC/(AKO*CLOl~)
DL = O.O5*TC/WC**2
GO TO 10
DL = O.O5’TC/(ti/C)**2

1 0 C L 0  = AKO*CLOl-DL
C ZERO  L I F T  AiuGLE

A U  = -tL0/C~A20
C C O R R E C T E D  FLAP  EFFECTIVEhESS

A L F D = ALFDO*At(F*EF~AKB/AKA
C INDUCTIGh FACTOH  F O R  L I F T

F A  =  ( 1 . 0  * P A  .  SIG+FHU)/(PI*A)  l  (GAM*C*G/u*“2)
C L I F T  CUHvE  SLUPt

C L A  = l.O/(E/tCLA2U*AKA)*FAl
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i F L A P  HOMtNT  R A T E  C O E F F I C I E N T
CMF = -CHD*AKia

C PLAkFOWH  CORRECTION FOR DRAG
IF (AL-0.4)3*3*4

3 P&=0.
GO TO 6

4 PB = ( A L - O . 4 1  /ld.O*A/  (2.0*Pi)
c

6
IN;;CTIOk  FnCTOR  F O R  D R A G

= ~1.O*PB+SIG*FMU)/~PI’A)+GAHoCOG/U’02
RETbRlv
EhD



SUBROUTINE STWUT  ~Hl,B1,DP~rlAk(irCs1,CS2rSL,lC)~lC2~U.O(TL~~~OS6f.
WtDPS)

HS = Hl . O.S*Bl*TANG-DPH
cs = c s 2  l  O.S*(CS1-CS2~*HS/SL
R = U*CS/1.2BE-S
T C  = TC2 .  O.W(TCl-TCZ)*HS/SL
CDSF = O.O75/~ALOGlO~R)-2.0)**2 .  DELCF
CDSP = 1.0  + 1.2*Tc  l 60.0eTc**b

~~qU;N2.0~cosF~cDsP~cs~ns~cos~s~a

END

SUBROUTINE  SPRAY (Hlr8lrTAhG~CSlrCS2~TCl~~C2~S~~G~~SS)
HS - t11 l Bl*TANW0.5
ucs = cs2 l (csi-632)  l nwsc
T C S  = fC2 l (TCl-TCZ)*HS/SL
DSS = (o.oii*ucs**2*Tcs  + o.o8*(ucs*fcs)~~2t*a
RETURN
END

SUBROUTINE FEhCE  ~CSltCS2rFL~SL~TCl~TC2~O~fD~
C F  = CS2 + (CSl-CSZ)*FL/SL
T C F  = Tc2 + (TCl-TCE)*FL/SL
f  D  = o.o09+4+TcF*cF~*2
RETURN
END

SUBROUTINE BUOY ~Hl~Bl~DPH~TANG~COSG~CSl~cS2~TCl.T~2,~~S.~~~C,
~PLIPDIFBO~S~IO,PBO~

HS * Ml l O.WBl*TANG - OPH
es = cs2  + o.s~~Csi-cs2~*Hs~sL
TCS = Tc2 + O.W(TCl-TC2)*HS/SL
F B O  = 0.7*C+TCeS
S B O  = 0.7~csvwc0SG*cs*Tcs
Pi30  = 0.55*Po**2*PL
RETURN
EN0
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SUBtiOUTINE  POD  (PL.PD,UID~LCFIO*D~P)
COMMON RHO*Pl*(r
P L D  = PL/PD
COPY  = 3.VPLD  . b.S/PLO*@O.S 4 2l.O/PLD**2
u = WPL/l.2BE-5
CDFP = O.O75/(ALOGlO(R)-Z.O)**t?  l OELCF
~~~U~kO*YI/*.0*CDfP.CDPP*PU**2

ENU

SUiMOUTI~E  FOIL  (DEL*U~C~DfLCFrTC~CLO*CLA2D,S,C~)SG.O~fB,ALfD~C~A~
lfRIM~A0tDNY*Al,DPAtDPd~DI)

A = U*C/1.2dt-5
CDFF = O.O75/(ALU6lO~R)-2~0)“~2  4 D E L C F
C D P F  = 1 . 0  .  1.24’fC  l  12o..o*TC9*4 4 60.0*(~C  l  ().p(CLD  .  G.Se

lCLAZD*ALFD*DEL))**‘+
D P B  = 0.005Q(CLAZD*ABS(TRIW l AI l DW . 0.5*AL~OODEL)).e1.9.S/

1 CUSGW
OPA = Z.O*CDFf*CDPF*S/CUS6*Q
01  =.FB*O*S*tALfD*CLA.OEL  + CLA~[t~I~.AD~Dk~~Af))OO2
WLTUGN
EtvC
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1)uPUl  DATA

UK
25.0000

EM
360.0000 97&Z

FRA
.9000 22.00::

LllM t32M ClW c2n HIM TCF OELCF
29.0000 18.5000 11.4000 3.8000 14.5000 .0650 l OOO&

88
19,kooo

Cl8 C26 ne TCB DLLM
6.3000 2.1000 2.4700 . ObSO 3.5000

GMD
0.0000

YflH
10.0000

GSD
14.0000

.I

W2M
14.0000

CLIM
.3300

GLIB
.3300

8F26
8.7500 .2oE

C D A
a6000

tlKD PLM
24.0000 19.2500

CSlM
14.5000

TClW fC2M
.1600 .0800

CSIY
cr.0000

tc1e tC28
.lbOO .0800

AIBD
0.0000

F8
.3000

POM
3.sooo

SLH
2 1 . 5 0 0 0

SLB
1 3 . 0 0 0 0

Pi8
10.0000

FL@1
6.5000

FL81
2.5000

AlM
0.0030

PDL)
1 .sooo

FLM2
A  1.5090

fLf92
7.0000

DPiM
3.2500

HU8
32.0000

CSZM
12.5000

CS28
6.5000

OPH0
.t500

-- -- -_~--.----
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OUrrUl  DAIA

lt..tc()  ClFT  AN(;l  tS LIFT CUHvt  SLOPtS LIFT COEFFTS  GOJ F R A C T I O N

AUH AOH CLAM CLAM CL)I CLB YB
-c .MHJI -3 .Od49 3.7955 2.0095 .6604 .5067 01062

IHIW FLAP ANGLES DOUNIIASH FL&f’  CffdiCTIVkNLSS

fHlt4 DLLG DELW ONV ALFDM ALC  09
4 .YY9Y 6.95Ytl S.69AY . ooi?t? .3439 .5660

CAIN  FOIL STRUTS AND TOTAL STRUT DHAG5

DPSW
lM4Y.

DSSM
&(iY.

FDW TOW
5b8. 6453.

MAIN F O I L  POD  DRAGS

UPPH TOW
991. 1982.

MAIN  FOIL PROFILE:, INOUCED  AND TOTAL ASSEMBLY ORlGS

DPAM DWM DIM TDCM
176Y. 2077. 35439. 45285.

MULl  FOIL SIWT  DWAG

UPS0 DSW fDG tom
153. 14s. t o . 369.

Huw FOIL POD,HISCELLANkOUS  AND HULL DRAGS

UPPG DMIS DAAGH
c!28. 1246. 978.

BOW  FOIL PWDFILE, INDUCED AND TOTAL ASSEM@Lr  DRAGS

OPAB DY&W DIB TDf8 DGC
1178. 274. 5533. 6906. 7503.

TOTAL DRAG  AND THRUST HORSEPOWER

O f THP
63527. 4877. 2s.:::
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I N P U T  DANA

UK EM EL FRA t46
2 7  .SuoO 3 6 0 . 6 0 6 0 9 7 . 5 0 0 0 .9000 2 2 . 0 0 0 0

61M 62W ClM c2n HlM TCW DELCF
2Y.0000 i8.5000 1A~OOO 3 . 8 0 0 0 1 3 . 8 0 0 0 .ObSO .OOO&

8(r Cl@ c20 HB TCB DCLh AIM0
1Y.SOOO 6 . 3 0 0 0 2 . 1 0 0 0 3 . 4 8 0 0 PO650 3.sooo 0 . 0 0 0 0

GM0
0 . 0 0 0 0

650 CLIW CLIl3 AIBD
14.0000 .3300 .3300 0.0000

clFlH BFZM BFZB
10.0000 14.0000 8 . 7 5 0 0 .20’0::

PLB PDY
1 0 . 0 0 0 0 I .sooo

CD& HUti HKD PLM
.bOOO 32.0000 2 4 . 0 6 0 0 1 9 . 2 5 0 0

CSlM
le?.SOOO

CSAC)
8 . 0 0 0 0

DWH
3 . 2 5 0 0

CSZM TClM fC2H
12.5000 .lbOO .0800

FLWI FLr2
6.SOOO 11.5001,

CS26 lCf0 TC2b
6.5000 .lbOO .0800

.30’0::

PDM
3 .sooo

SLM
21 .sooo

SLB
1 3 . 0 0 0 0

FLY1 FLB2
2.sooo 7 . 0 0 0 0

DPHB
.7soo
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O U T P U T  D A T A

LEHO  L I F T  AkGLES LIFT CURVE  SLOPES LIFT COEFFTS BOY FRACTIOP(

AOH A08 CLAM CL&B CLW CAY co
-2 .G628 -2.9GU2 3.8633 3 . 4  1 3 6 .33*7 .31oS .ll23

T*lH FLAP ANGLES DOWNJASH FLAP EfFEClIUEkESS

THSFI OELB DELW DNC ALFDM ALFOCI
I .Y472 .606(J .9268 -. 0038 .3*51 .5526

MAiN  FOIL  STRUTS AhD  TOTAL STRUT DRAGS

OPSM DSSP FDM TDSH
ioC6. 1 4 1 9 . 1 1 1 4 . 1 0 3 9 7 .

OPPW TDPH
1673. 3746.

MAIN  FOIL PROFILE. INDUCED A N D  T O T A L  ASSEMLY  DRAGS

WAM DPBM DIM TOFN DMF
16013. 461. 16293. 3 1 3 6 7 . 45510.,

BOU  FOIL  STRUT  W&G

OPSiv DSSb FOB fDS8
734. 364. 138. 1256. ,

BOW  FCIIL PCDIC~XELLPNEOUS  AkD  WLL  DRAGS

tiPPb D*iS UWACH
*SO. 1076. 1 9 1 6 .

BOW  F O I L  kfiOFI~tr IFiDUCED  Ah0 T O T A L  ASSEMBLY DRAGS

LIPAM DIJdB DIb TDFG D8F
2176. 70. 2515. 4763. 64*Y.

TOTAL  DHAG AND TkwuST  hOWSEPOI*EH

GT IWP UK EH
L,*YSJ* 5306. 35.09 360.0
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INPUT DATA

uu EM EL WA nc
30.0000 360.0000 97.5000 .9000 22.0000

BlM
29.0900

fi2M c/w ctn HlCl TCM DELCF
18.5000 11.4000 3.8000 A3.2500 .ObSO .OOOb

19.5ofX
Clfl

6.3000
c20 Ha TCB GEL&! AIM0

2.1000 4.3000 .0650 3.5000 0.0000

6WD GSD CLIH CL15 AIRD
0.0000 14.0000 .3300 .3300 0.0000

YFlR BFZW BFZB
10.0000 14.0000 8.7500 .20::: .3oFo:

CDA HUB HKD PLM PDM
06000 32.0090 24.0000 19.2500 3.5000

CSlM cs2n TClM 7C2H
12.5000 12.5000 .1600 .0800

CSlB CSSB TCl6 TCZB
4.0000 6.5000 .1600 .oeoo

SLH
21.5000

SLta
13.0000

DPHM DPHB
3.2500 .7500

PL8
10.0000

PDB
L.5000

FLMl FLr2
6.5000 11.5000

FLal FLB2
2.5~00 1.0000

SO



OUTPUT OATA

-.

ZERO LIFT ANGLtS LIFT CURVE SLOPES L I F T  COEFFTS  B O Y  FRACTXON

AOW AOB CLAM CLAla  8 CLW ccc) UY
-2.8714 - 2 . 9 9 1 9 3.8572 3.3000 .4573 l 4A64 01090

TRIM FLAP ANGLES OOYNYASH FLAP  LCCLCtfvEuEfS

TRIM DELB DELH DNU ALFDM ALCDB
3.1994 L .9230 2.5430 -. 0021 .3444 .5545

M4lM  POIL  STWTS  AND TOTAL STRUT DRAGS

DPSM DSSW FDH TOW
2311. 110s. 8 1 8 . 8470.

MAIN  FOlL P O D  DRAGS

DPPM TDPM
1399. 2790.

MAI& FOIL PWFlLEe IhDUCEO  AND TOTAL ASSEMGLY  DRAGS

OPAM CPdM DIM TDCM DWF
10935. 1030. 22897. 34062. 46130.

Bohi FOIL 5fRUT  D R A G

0”SY DSSb FOB TDSB
455. 2b1. 101. 8 1 7 .

BOli Fir1~  CU~~NIXELLPNEUUS AlrD  HULL C R A G S

bPVt: DHIS DnAGH
321. !077. A408.

k?Oa  FOIL  +mrlF1Lt, IkDuCED  AND TOTAL ASSEMBLY DRAGS

i)PAi.s &P&b DIG TDFB DBF
1637. 140. 3397. 5174. 6313.

TOTAL WAC  AND T~A~JST  HOWSEPDkEW

01 ‘IliP UK E M
54928. 5060. 30.00 360.0
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UM
35.0000

Ea
360.0000

EL
97.SOO6

B/H
29.9000

62M
18.SOOO

CIH
11.~000

1P.50::
CAB

6.3000
c20

2.1000

6HO 6SD CLIW
0.0000 14.0000 .a00

dFl)r
10.0000

COA
.6000

csiw
12.5000

CSlO
8.0000

UPkIM
3.2500

w2n
14.00~00

BF2B
a.7500

M U 0
32.0000

WC0
?4.0000

cszn
12.sooo

TClM
.lbOO

CS28
6.5000

TClB
.1600

WV40
.7500

FRA
.9000

c2w
3.8000

CLld
.3300

fH
.2000

PLM
19.2500

fC2W
.oc)oo

TC2l3
.0800

52

HO
22.0000

Hla 704
11.9000 .0650

TCB
.06SO

OELh
3.5000

A180
0.0000

FB
.3000

PLY
10.0000

PDW
3.5000

SL11
21 .sooo

SL0
13.0000

FLMl
6 . 5 0 0 0

CLtil
2.5000

OLLCF
.0008

hlPD
0.0000

Pod
A l 5000

FLCZ
lAe5000

FL82
7.0000



O U T P U T  D A T A

ZERO LIFT ANGLES L I F T  C U R V E  S L O P E S LIFT COEFFTS  BOU  FRACTION

AOM AU6 CLAM CLAB CLW CLB Lb
-2.d770 - 3 . 0 1 2 6 3.8311 3 . 1 3 4 9 .5450 .+91 A .a075

TfiIM FLAP ANGLES DO~NYAStt FLAP EFFCClIV~hESS

TRIM DELB DELM DNW
4.0013 3.51b2 3.87f.l9 -.OOLl

WAIW  FOIL STRUTS AND TOTAL STRUT DRAGS

ALFDH ALFDG
.34*2 .5580

WSN DSSH FDM 1094
207Z. 9 5 1 . 688. 7421.

NAIU FOIL POD DRAGS

DPPM TDPM
1187. 2373.

HALM FOIL  PROFILEI XhDUCED ANL‘ TOTAL ASSEMBLY DRAGS

DPAW OPW oxn TDFW DWF
92u7. 1472. 28131. 38890. 486W.

@jOU  F O I L  STRUT  DfiAG

DQ5e DSSB CD8 TDSB
294. 155. 85. 519.

8OU FOIL  WDtWISCELLAhEDUS  AND HULL DRAGS

OPPB DHIS DRAGH
273. 1130. 1183.

BOU  FOIL PkOFILEq Ih;DUCED AND TOTAL ASSEWLY  DRAGS

OQhB DYbii 018
1396. 195. 4202.

TDFB
5793.

DBF
6645.

TOT&  D R A G  AWD  ThRUST  nOF(SEPOnER

Of
57bS2.

THP
*ebb.

EM
27.z 360.0
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INPUT  oa’fa

UK
49.9000

EM
3 6 0 . 0 0 0 0

E L
97.sooo

BlW
29.0@00

82M
1 8 . 5 0 0 0

ClW
11 .*ooo

88 C l 0
10.5000 6.3000

CZB
2 . 1 0 0 0

6?40 6 S 0 CLIH
0 . 0 0 0 0 1*.0000 .3300

VFlW
1 0 . 0 0 0 0

(iF2lii 8F2Ei
1~.0000 8 . 7 5 0 0

coa HU8
.bOO@ 3 2 . 0 0 0 0

MKO
2*.0000

CSlM
1 2 . 5 0 0 0

cs1e
8.0000

wnw
3.2500

CSZH
12.5000

TClt4
.lbOO

CS28
6 . 5 0 0 0

lC10
.lbOO

OPktl
.7500

ma
.9000

c2n
3 . 6 0 0 0

Hit
5 . 0 0 0 0

CLXd
.3300

FM
.2000

eA
1 9 . 2 5 0 0

fC2M
.0000

lC20
.0800

H6
2 2 . 0 0 0 0

HlM
A0.2000

TCL)
.0650

AI8lI
0 . 0 0 0 0

F8
.3000

PON
3 .sooo

SLW
2 1 . 5 0 0 0

SLB
A3.0000

TCM
.Ob50

PkLh
3 . 5 0 0 0

&I)
1 0 . 0 0 0 0

fL)rl
6.5000

CL61
2.SUOO

Dt;LCF
.oaoo

AIvD
0.0000

PO8
1 .sooo

FW2
1 1 . 5 0 0 0

fL62
7  l 0800
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O~JTPUT  O&TA

zCr(O  LIFT ANGLES LIFT CURVE  SLOPES LIFT COEFFTS  BOW FRICTION

hOM A08 CLAM CLAB CLM CL8
- 2 . 8 5 7 7 - 2 . 9 6 9 2 3.6090 3.4333 .2553 a*99

TRIM FL AP AIUGLES DOWNUA5h FLIP EFFWTIVENESS

TRlM DELB DELM DNN ALFDH AUDI3
.9989 .3662 .5717 w.0038 .3*c* .5526

MAJW  FOIL STRUTS AkD  TOTAL STRUT DRAGS

0-M DSSM
2766. 1717.

MAIN  F O I L  PO0 DKa6S

FDM TDSM
668. 10260.

WPM TDPM
24412. 4825.

MIjN FOAL PROFILE, INDUCED AND TOTAL ASSEWLY  DRAGS

DPRM DPt3H DIM TDFM DMF
JWUS. 133. 12469. 31398. 46463.

JjDw F O I L  SfRUf WAG

OPSd DSSb FDG TDSC)
963. 502. 180. 1626.

BOh’  FOIL ~UDIMISCELLA~EUUS  AND  HULL D R A G S

DPPB c’MI5 DKAGH
5SJ. 11zo. 2503.

$OW  FOlL  FhOfILE,  lhDUCED  A N D  T O T A L  ASSCHBLY DRABS

DPA6 GPtr8 DIG
2191. Lb. t?oi?b.

TOTAL OftAO  AlkC  TwHcIST  nUHSEPOiER

TDFB DIJF
4848. 7026.

OT TliP UK E :4
57132. 7019. 4 0 . 0 0 360.0
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INPUT DATA

U K
45.0000 360 .ooE

H6
22.0000

B2W
18.5000

EL
97.5000
.

CLW
11.4000

WA
.9000

0lM
2Y.0000

C2M Hlh TC@ DE LCF
3.0000 8.9300 .Ob50 .ooocr

Ip.SO;:
Cl8 C28 MB TC8 GELn rxro

6.3000 2.1000 5.0000 .ObSO 3.5000 0.0000

6MO 650 CLIW GLIB AIBO
0.0000 I4.0000 iso0 .3300 0.0000

8FlW
10.0000

BF2M
A4.0000

BF2B
8.7500

PLd
10.03uo

?Gb
1 r5000

COA HUB HKD PLW pan
.bOOO 32.0000 24.0000 19.2500 3.5000

CSIM cs2n TClW rczn S L M FLWI FL)r2
A2.5000 A2.5000 .I600 . OMOO 21.5000 6.5000 11.5000

CSlI) cs20 fCl8 TCZY SLf3 FLMA FL02
M.0000 6.5000 .1600 .01)00 13.0000 2.5000 7.0000

DPW DYHB
J*ZSOO .7500



LEti  L I F T  AhGlES LIFT CUHVE  S L O W S L I F T  COLFFTS  ClOU  FlcACfJDh

AOM hO8 CLAM CLA8 CLM CLB Y8
- 2 .a536 -2.9597 3 . 7 4 7 4 3.4493 .2008 .2040 01196

ratn FLW ANGLES OOlNYASH CLAP CFFECIIVLNESS

TRXH DkLti DELU DNU ALFOM aLFD0
.2527 .3LA  1 .46;)3 9.0034 .3478 .SS26

MAIN  FOIL STRUTS Ah0 TOTAL STRUT DRAGS

OPSM DSSH FDW TOSM
2796. 2047. 645. 11375.

mAJM  FOIL POD  CRAGS

Torn
6032.

HAlN  FOIL FROFILEe INDUCED AND TOTAL ASSEM8LY DRAGS _

DPAn DPi5W DIM TDFM DMF
23+74. 5 . 9851. 33329. SO737.

BDJ F O I L  STWUT  W A G

OPSB DSSB FOB TOSB
1177. 636. 228. 2041.

bOY FOIL PCDtUISCELLANEOUS  A N D  WLL WAGS

DPPd DMlS DRAGH
691. 1236. 3168.

BOW FOIL PHOFILEv I’vDUCEO AND TOTAL ASSEMBLY  ORAGS

DPPH CPtl8 018
SW. 3. ib97.

T O T A L  ORat  AND  Tht+lrST  HOMSEPOwER

TDFB GfJF
5188. 7920.

THG UK
8714. 45.00
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UK
so .oooo

EM
360.0000

E L
97.5000

6lM 62I4
29;oooo 18.5000

ClM
11.4000

68 ClB
19.5000 6.3000

C28
2.1000

6MO 6SO CLIM
0.0000 14.0000 l 3300

YFlW 6F2Y
lU.OOOO 14.0000

BF26
6.7500

COA
.6000

CSlh
12.5000

CSltl
8.0000

OPWW
3.2500

H U B
32.0000

HUD
24.0000

cs2n
12.5000

CS26
6.5000

TClM
.1600

TClB
.1600

DPHB
.7500

_

INPUT DATA

FRA
.9000

c2n
3.8000

HB
5.0000

CL16
.3300

F M
.2000

PLn
19.2500

fC2M
.0800

TC28
.0600

58

Ii6
22.0000

HlM
8.3300

TCB
.0650

AIBO
0.0000

FB
.3000

PDM
3.5000

SLM
21 .sooo

SLB
A3.0000

TCM
.0650

CELH
3.5000

-- PLB
10.0000

FLU1
6.5000

FLBA
2.5000

OELCF
.OOOb

AlED
0.0000

PDtl
1 .sooo

FLct2
11.5000

FLU2
7.0000

~.--.  .____-- --



O U T P U T  U A T A

/
‘IEf?O  LIF  1 A N G L E S L I F T  CUHVE  S L O P E S

AOM AOH CLAM CLAd CLM CLB UC)
-2 .f34H6 - 2 . 9 5 1 3 3.7139 3.461 I .1619 .I713 .1240

THIH F L A P  ANGLES DOYNYASH FLAP EFFECT IVCNQSS

THIW DEL& DELW DNY
-.OY9Y -.oZYI a.2219 -.0030

M A I N  F U I L  STHUTS  A N D  T O T A L  S T W U T  DRAGS

LIFT  COLFFTS  B O Y  FWACTIDN

ALFDW ALFOB
.3486 .5526

DPSW DSSW FDM TDSH
3048. 2455. 1 0 4 3 . 1 3 0 9 2 .

PAIN  F O I L  PO0  DkAGS  ‘..

DPPH
3b84.

TDPM
7 3 6 7 .

M-AlN  F O I L  YkOFlLEq  I N D U C E D  A N D  T O T A L  ASSEbWLY  D R A G S

DPAM DPCJM DIM TDFM DHF
28638. 28. 7 9 2 3 . 3 6 5 9 0 . 5 7 0 4 9 .

EOk  F O I L  STRUT  DHAG

WSB DSSB FOB TOW
1 4 3 6 . 785, 2 8 2 . 2 5 0 2 .

BOW  F O I L  PODeHISCELLANEOUS  A N D  H U L L  D R A G S

D P P B DMIS DRAGH
tl43. 1400. 3 9 1 1 .

B O Y  F O I L  PWOFILE,  1NDUCCD  AN0 T O T A L  A S S E M B L Y  DRAGS

DPAB OWE3 018
4 2 4 8 . 0 . 1 4 6 8 .

TOTAL ORAG AND ThWlJSt  HORSEPOWER

TDFB DLIF
5 7 1 6 . 9 0 6 1 .

DT THP EM
7 1 4 2 2 . 1096b. 360eO
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