
NAVSHIPS ogoo-oo6-53%'
CASDAC 231011 - MCSA

SHIP DESIGN

COMPUTER PROGRAM

Hydrofoil Ship Longitudinal,

Static, Trim Load Program

July 1968

NAVY DEPARTMENT

WASHINGTON D.C. 20360
c

I -.---  -- __----.~



.



f . .

H H H H H H H H H
H H H H H H H H H
H H H H H H H H H

H H H H H H H H H H H H H H H
H H H H H H H H H H H H H H H HHHHHHH



.



I - IDENTIFICATION

I 1 Title: Hydrofoil Ship Longitudinal, Static:, Trim-Load

Program (CASXC 231011~XCSA IYAVSZXPS O900-006-5390)

I 2 Brief Description: This program computes the foil control

surface deflection angles necessary to produce static equilib-

rium for a hydrofoil ship operating at a specified hull

clearance, pitch angle, and velocity. Assuming the hull can

be represented by a prismatic planing hull, the conditions

through a quasi-static (i.e. ignoring accelerations and rates)

take-off can also be determined. The program computes and

tabulates the individual forces acting on the ship and outputs

them for ready reference.

There are two subroutines and one non-standard function.

I 3 Author: E. Price, General Dynamics/Convair

W. D. Bauman, NAVSEC Code 6114

F. Woffinden, General Dynamics/Convair

S. Miley, General Dynamics/Convair

Date: July 1968

I 4 Language: FORTRAN IV, IBSYS

I 5 Machine: IBM 7090

I 6 Security Classification: UNCLASSIFIED

I 7 Estimated Running Time: Execution time is approximately

2 minutes per set of data. Time will vary according to the

number of iterations required to converge to a solution.
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II - PURPOSE, METHOD AND THEORY.

C

II 1 Purpose

During the past several years as hydrofoil ship design

has developed its own special working tools for the rational

prediction of ship performance, the area of synthesizing these

theoretical and experimental methods of the iseveral  arts into

tools, to be used in concept formulation or preliminary design

studies of 'basic trade-offs, has generally been ignored. Ad-

mittedly, the primary concern of first generation ships is to

get them working smoothly. However, second generation ship

designs should benefit from some optimizations studies of the

working designs.

The variations of forces and moments acting on a hydrofoil

ship are strongly influenced by the conditions at which it is

operating. It would seem natural to study the combinations of

hull and foil-strut-nacelle arrays to minimize the forces and

moments. In addition, at least the longitudinal mode, stability

in the presence of small perturbations should be evaluated about

the equilibrium flight condition, which must be foreknown. If

the hull can be represented by a prismatic planing hull, then

the effects of beam and deadrise angle can be included in the

optimization study.

This program is specifically tailored to balance the ship

in static equilibrium and then list out the details. It is

left to the designer's art to gain insight from the details

and produce a workable design. The longitudinal stability
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calculations are deferred to a planned revision when the hul;- -

stability derivatives are firmly established.
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II 2 Method and Theory

-

2.1 Method

A moving body will be in static equilibrium if the sum

of its external forces and,moments  is zero. For the longl-

tudlnal  motion of a hydrofoil ship, an equilibrium condition

can be obtained by trimming the foil control surfaces so that

for a specified operating depth and velocity, the drag of the

ship is equal to the horizontal component of the thrust vector

and the sum of the vertical forces and pitching moments are

within specified tolerances. The hydrofoil conflguratlon

analyzed in the worked example is shown in Figure 1. The

particular development of the total lift and drag from the

contributions of their various components will be detailed in

the following sectlons.

An iteration technique is used to determine the control

surface deflection angles necessary for equilibrium. The input

data contains the initial estimated control surface deflection

angles, on which the Initial summations of lift and pitching

moment are calculated. A control surface deflection increment

Is then applied to the forward foil (s) and the change in sum-

mations of lift and moment are determined. The forward foil

control surface is reset to Its former position, a control

surface deflection increment is then applied to the aft foil(s),

and the summations of lift and pitching moment are recalculated.

As a result, the summations of lift and moment errors due to

incrementing the forward and aft control surfaces are obtained

and used to generate new, Initial control surface deflection
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angles that will reduce the lift and pitching moment errors.

If at the end of the input number of iteration sequences, the

control surface deflection limits have been exceeded, the

flying height of the craft will  be adjusted so as to br+g

the control surface deflection angles within the input limits.

In the hullborne mode, the percent of load carried by the hull

is adjusted, which In turn adjusts the foil submergence. When

the lift and pitching moment errors are less than the arbitrarily

established input limits, then the ship Issaid  to be in equlllb-

rlum and the details are output.

II 2.2 Theory

2.2.1 Coordinate Systems

The three coordinate systems commonly used In studying

hydrofoil ship dynamics are: the body axes, the earth axes and

the water or "wind" axes coordinate systems, each of which are

"right-hand" orthogonal systems. The body axes coordinate

system generally used In the study of ship motions has the origin

at the ship's center of gravity and Is fixed relative to the ship.

Its X axis runs forward longitudinally through the craft and

the Z axis is down through the keel.. The weight engineer will

locate the ship's center of gravity either from the mid-ship

section or from the fore perpendicular and the baseline. On

the other hand the planing hull analyst will  prefer  the body

axes origin at the aft perpendicular and the baseline. All three

can be called "body axes fixed relative to the ship". For the

purpose of this program the lift, drag and pitching moment
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equilibrium equations are written with respect to the center of

gravity. However, the ship's center of gravity ard' foil

components are located with respect to the origin at the

aft perpendicular and the baseline. The justification for

this is that the designer can change the location of the

ship's center of gravity or relocate a foil-strut-nacelle

array or even consider water-jet propulsion rather that

water propellers,with minimum changes to the input data.

Let the computer calculate lever arms. The aft perpendicular

Is preferred in consideration of the equations developed for

the prismatic planing hull.

The earth axes coordinate system fixed relative to the.
earth's surface is typically used In a full dynaimlc  analysis

of the ship's motion. This program assumes the quasi-dynamic

situation of the ship's motion being without acceleration and

therefore independent of the flight history. Thus the earth

axes are always centered on the ship's center of gravity and

serves as a measure of craft pitch attitude. The program user

may specify a ship pitch angle as part of the input.

The water axes coordinate system.Is  the basis for lift

and drag force directions. Clearly lift and weight or thrust

and drag are opposing forces all normally thought of as positive.

Typical hydrodynamic model test data Is taken and presented as

plots of non-dimensional coefficients In terms of the water

axes coordinate system. The simultaneous equations this program

solves are written in terms of thrust, drag, lift, weight, center

-?-

-.



II

of gravity above the baseline, foils located below the baseline,

etc. all being positive where historical designs have clearly

established an orientation.,

The result is that the "Coordinate System" is a con-

glomeration of all three axes where past usage dictates a

particular preference. Hopefully, the naval architect will

find the various axes rational rather than whimsical.

2.2.2 Lift of Hydrofoils

The lift characteristics of hydrofoils operating well

submerged are directly equivalent to the airfoil in an infinite

fluid, assuming all-wetted flow and allowing for the change in

fluid density. There are several theories currently available

for reliably estimating the all-wetted lift curve slope as a

function of foil gemetry. However, the effects of the free

surface on the hydrodynamic characteristics of operating hydro-

foils, remains a prime concern to the hydrofoil ship designer.

The presence of a free surface (a) leads to an increase in the

drag of the foil as represented by a visable loss in energy

through the trailing wave train and (b) leads to a loss in lift

through a change in the pressure field as the flying draft is

reduced.

The total foil lift is developedby contributions from

camber, craft pitch angle and control surface deflection. For

the present time, we assume the effects of the free surface are
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felt on the total lift coefficient rather than on just one

component:

cL = CLd
[

+ CLa(  + CLS 1 dCL 4 (2.1)
a( 6 dCLW

C

where: CL total  lift coefficient (L/qA)

CL design lift coefficient, infinite depth
d

cL, change in lift coefficient with pitch angle,
infinite depth

CL
6

change in lift coefficient with control surface
deflection angle, infinite depth

dCL  /dCL  change in lift coefficient with su'bmergence,
h -Figure  2

o< craft pitch angle,+ bow up

b control surface deflection angle, +trailing
edge down

Note that the graphical function of dCLh/dC:L versus depth/ro
chord ration (h/E) as shown in Figure 2 is Input for subsequent

interpolation at the depth/chord ratio of Interest. There is

some controversial evidence that the angle of zero lift changes

with depth and that the CL, change with depth is not equal to

the CL change. However, these changes are, typically, quite
t

small and outside the program's intended use in concept formula-

tion and preliminary design. The lift is presumed to act at

l/4  chord point of the mean hydrodynamic chord.

II 2.2.3  Drag of Hydrofoils

The total drag of the hydrofoil-strut-nacelle array is

assumed to be composed of five parts: (a) foil drag,
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(b) strut drag, (c) nacelle drag, (d) ventral fin drag and (e)
.:

-

strut spray drag. The strut drag is based on only the wetted

area from the flying waterline to the top of the nacelle. Two

dimensional flow ds assumed based on the nacelle and free-

surface acting as "end plates" to eliminate any spanwise  flow.

The foil drag is based on total planform  area Including the

area covered by the nacelle. It has thus been assumed that

the inclusion of this extra foil drag and the exclusion of

the extra strut drag results in a realistic allowance for

any component, mutual interference drag.

2.2.3.1 Foil Draq: The general expression for the total

drag coefficient of subcavitating foils is (ref (1)):

CD= 2(cD  +ACf)  + CD
f

+ &D +
pmin

‘D +
i

c,D (3.1)
P w

where: CD total drag coefficient (D/qA)

CD
f

Schoenherr skin friction drag coefficient

ACf roughness allowance for foils

CD minimum profile drag coefficient
Pmin

ACD change in profile drag coefficient due to
P control surface deflection

cDi
induced drag coefficient, due to lift

cDW
wave drag coefficient
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The Schoenherr skin friction drag coefficient is used through-

out the entire program. A special library function is used

since CD only depends on the Reynolds number, Rn. The character-
f

istic  length for calculating Rn for the hydrofoil is the mean

hydrodynamic chord. A single roughness allowance is input for

all hydrofoil-strut-nacelle arrays.

The minimum profile drag may be input or, if It is unkown

and the appropriate input field is left blank, the program

estimates a7alue  based on Reference 2:

CD = 2 CD
f

(1.2 g
pmin

+ 60.0  i 4, (3.2)

Note that when the emperical formulation is used, the rough-

ness allowance is not included, but 60.0 (t/cl4  is included.

.The lift coeffident changes from the design value  as the

flaps are deflected or as the foil Incidence is changed, with

a corresponding increase in the foil profile drag. The change

in profile drag coefficient CICD due to control surface
P

deflection must be determined from model test results as it

cannot be calculated theoretically. Figure 3 is a typical plot

of graphical functions ready for inputing. When the foils

will be operating well submerged at a high pitch angle, as

during take-off, the corresponding, control surf'ace  deflection

induced profile drag coefficient taken about that high pitch

angle should befnput as shown.
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The induced drag due to lift and the induced drag

wave generation are both Internally generated from the

(ref (1) & (3)):

due to

formulas,

(3.3)

(3.4)

where: ##2 = foil aspect ratio (b2/A)

) = l/e 2Sh/u2

Klc = 4 _a
rpec  + Wh/c)2

1
/&+I6  (h/cF+r

+l
]

2.2.3.2 Strut  Drag

The minimum profile drag of a strut is treated in the

same manner as for the hydrofoil. Since the program Is written

for straight ahead flight only, the other drag components are '

not apptlcable. The program estimates a strut minimum profile

drag coefficient based on Reference 4:

CD
P strut

= 2 CD
f

[ 1 + 1o(t/c)2] (3.5)

Then the total profile drag coefficient of the strut is found

as:

CD
strut

= 2(cD
f
+ AC,)  + c,,

Pstrut (3.6)

2.2.3.3  Nacelle Drag

Nacelle drag is based on wetted surface, rather than a

projected area, in keeping with the presentations of the

popular DTMB Series 58 bodies of revolution, (References 5

-12-
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and 6). Any nacelle applied to a hydrofoil ship design must

be carefully evaluated for a high cavitation inception speed.

Model 4162 of the DTMB Series 58 has shown the most promise

for pure applications (Reference 7) with Model 4156 another

possibility where some parallel middle-body must be inserted

(Reference 8). Specifically, the nacelle drag is calculated by:
Dnacelle = lcD $- CD + bcf) q 'nacelle

P f

where Snacelle  = wetted surface of nacelle (CwsQ'lnDn)

The user must input the nacelle length (In), length/diameter

ratio (ln/bn),  and wetted surface coefficient (C,,). Whenever

a Series 58 nacelle is used, the wetted surface coefficient is

readily obtained from Reference 6. The user mayinput the nacelle

profile drag coefficient of his choice or if the appropriate

data field is left blank the program will make an estimate

based on Reference 2:

cDp = cDf [ 1.5 i&r" + %O(!&r] (3.8)

2.2.3.4 Ventral Fin Drag

Certain problems  in the area of dynamic lateral stability

arise when the steering hydrofoil-strut-nacelle array either

vents as in a tight turn or broaches in short high waves. As

a result of some rather dramatic experiences, ventral fins may

be installed for directional control below the nacelles.

The ventral fins can be mounted on either the forward or aft

arrays, or both. This program assumes that if ,they are mounted,

-13-
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It is one per array following the common practice. The ventral

fin drag is calculated as:

Dv.fin  = (2cDf+ 2ACf+ CD ) qAv.fin (3.9)
P

where Avefin  = pro,lGzcted  area of ventral fin

The user must input the ventral fin length, thickness/

chord ratio and projected area. If no ventral fin length is

input, then the program rightly assumes no ventral fin is to

be included. Whenever used, the ventral fin profile drag

coefficient is estimated from Reference 2 as:

cD = 2 c 1.2(tj)  + 60 (b)II
Pv.fln Df 1 (3.10)

fhere are some indications that a negative, squared term should

be included in Equation 3.10 for tip effects. However,

substatiating data would also provide the correct profile drag

coefficient, which should be used rather than the estimated

value.

2.2.3.5 Strut Spray Drag

Wherever a strut pierces the surface, additional energy

is carried away in the form of spray. This drag is primarily

a function of the thickness and the sharpness of the leading

edge. At the relatively high speeds of hydrofoil ships, the

spray drag coefficient apparently does not vary appreciably

with either Reynolds number or Froude number. For the present,

.

the computer program calculates spray drag from:

DSpray  = 'D 9 t2 (3.11)
way

-14-
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For typical hydrofoil strut sections, Reference 2 suggests

using  CD = 0.24. Additional strut studies were reported
spray

in reference 9 and an alternate emperical  relationship for the

spray drag presented. Certainly more effort in this area is

desirable to settle on a 'best' formulation.

-

.-
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II 2.2.4 Wetted Area of Prismatic Planing Hulls (ref lo>

Generally speaking, for planing hulls there are three

wetted areas, 1) the wetted pressure or load carrying area,

2) the spray wetted area and 3) the side wetted area. At

the pre-take-off condition, hydrofoil ship hulls are pre-

dominatly supported by dynamic pressure over the wetted

pressure area. The spray wetted area is typically small

and is assumed to contribute only to the drag. Since the

present program is based on hard chine, planing hulls there

is no side wetting on the hull.

The wetted pressure area needs to be clearly defined

as it is the cornerstone of the subsequent calculations. The

wetted pressure area Is defined as that portion of the wetted

area over which water pressure is exerted, excluding the

forward thrown spray sheet but including all the hull bottom

area aft of a line drawn normal to the planing surface and

tangent to the spray root curve.

For the Vee-shaped planing hulls, aft of the initial point of

contact 0, the rise of the water surface Is along the two

oblique spray root lines (O-B, see Figure 4) which are ahead

of the line of calm water intersection (O-C). Thus the mean

wetted length of a deadrlse planing surface Is defined as the

average of the wetted keel and the wetted chine lengths measured

from the transom to the Intersection with the spray root line.

.
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The mean wetted length

of the wetted pressure

Lk + Lc Tk
2B = sinr B

where B average wetted beam, ft.

to beam ratio, which defines the length

area, is then:

Tk draft of keel at transom, ft.

.
P deadrise angle, deg.

.
7 trim angle, deg.

If we define a speed coefficient, as the Froude number based

on beam:

C
U

v= ?jg

where U = velocity of ship, ft/sec.

(4.2)

“-4

65 = acceleration due to gravity, ft/sec'

then the experimental evidence collected by Davidson Laboratory

indicates that equation (4.1) is applicable for all deadrise

angle and trim angle combinations such that the speed coefficient,

C v, is greater than two. For lower speed coefficients, the user

should consult Reference 10 or model test results. The product

AB' thus sizes the wetted pressure area.

The spray wetted surface area is forward of the spray root

line and the total spray area, both sides of the keel, is

given by:

'h - B2
sp- 2 cos/f3

tan,,& 1
gtanr - 2 tan* cos,n 1-

where cp= angle between the keel and the spray edge
measured in the plane of the bottom

-17-
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tang = (a + kl)/(l-Akl)

in27  (1-2X)  + K2
2 2

A =. tan Y [(l/sinb  ) - sin r21
cod’+  K tanr  sit-d

k, z K tan?’ / sinp

coy _ tanb sin
'3.33

An average wetted length for the Reynolds number and

Schoenherr  skin friction drag coeffident  is:

L =B tana-
[

1.
spray 2 fftanr 2 tan@ kosp 1 (494)

Recall the assumption of a hard chine, planing hull so

there is no side wetting! As this computer program finds wider

acceptance and use in developing preliminary hydrofoil ship

designs, then (in cooperation with the users) perhaps a Bter

revision will allow for rounded chines or wetted sides.

II ‘2.2.5  Lift of Prismatic Planing Hulls (Ref. 10)

The lift of a planing surface at fixed trim and draft can

be attributed to two separate effects; the dynamic reaction of

the fluid against the moving surface and the buoyant contribution.

Taking both effects into consideration, the emperical  planing

lift equation for a zero deadrise  surface was given In Reference

10 as:

cL c 0.0055~55/2  (5.1)

P
= o

= CL +
d Lb = +l

0.012 Al/*+  2
C v 1

where cL = total lift coefficient of a zero deadrlse
p= 0 planing surface

cLd
= dynamic lift coefficient of a zero deadrise

planing sruface

cLb
- buoyancy lift coefficient of a zero deadrise

planing surface
-18-



For a given trim and mean wetted length to beam ratio,

the effect of Increasing the deadrise  angle Is to reduce the

planing lift due to the reduction in stagnation pressure at

the leading edge of the wetted area. The lift coefficient

of a Vee surface was compared with that of a flat plate at

the identical values ofThand C, by the staff of Davidson

Laboratory. Based on that comparislon,  an emperical equation

for the planing lift of a deadrlse surface was found:
0.6

CL,= CL - 0.0065p cL (5.2)
P-0 P=O

where CL/=total  lift coefficient of a deadrise pllaning  surface.

The total lift coefficient required of a deadrise planing

surface is fixed by the hull design:

- w
CL  =

P $pIJ2B2
(5.3)

where W = weight on hull, pounds

P = mass densi,ty of water, slugs/ft 3

Recall that in Section II 2.2.4, the cornerstone of these

calculations is determining the wetted pressure area h6 which

provides the hydrodynamic lift. With CLBknownby equation (5.3),

we find CL
Pa0

from equation (5.2) by iterating. The iteration

formula used,by applying the Newton-Raphson method and

con lng terms, is:

'Ontl=3

CLs[CLp;o] I-41 O*O026P[cL/1;o] n

[ 1
0.4

cL
p=O n

- 0.0039p

(5.4)

where the iteration is repeated until
[FL.;01  n+ 1 - pLP=O] n]

-1g-
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( 0.0001. Now with an assumed planing surface trim angle,

which Is the ships pitch angle, the only unknown in equation

(5.1) i s  the  des i red  mean  wet ted  l ength  t o  beam ra t i o .  A f t e r

applying the Newton-Raphson iteration formula and consolidating

terms again, we have:

0.6 h3n - 0.4363 C,*h,+  72.7272 (CL /‘r 1 . 1 )  cv*fi

Xn+  l=
p-0  ’

)r2+  0.4363 cv2 (5.5)
n

w h e r e  h e r e  a g a i n  t h e  i t e r a t i o n  Is r epeated  unt i l  /X, + 1 - Xn/

< 0 . 0 0 0 1 . With the mean wetted length to beam ratio known,

then the drag of the planing surface, the wetted keel and chine
7

lengths, the spray drag and the skeg  drag are all quick:Ly-
calcu la ted .

It should be mentioned that the manipulations and con-

sollda tlons  leading to equations (5.4) and (5.5) were accom-

plished to speed up the computations. With the IBM 162Oj

FORTRAN II version of Reference 10 (Reference il), the time

required to balance the hull at an Input speed was HALTED.

Another item that should be mentioned here is that for certain

combinations of high deadrise  and high speed, the computer

will find a  very low (or even negative) value of mean wetted

l e n g t h  t o  b e a m  r a t i o  will  s a t i s f y  e q u a t i o n  (5;5).  I n  t h o s e

cases the output would show LcL 0 which means that the inter-

s e c t i o n  o f  t h e  s p r a y  r o o t  l i n e  w i t h  t h e  c h i n e  Is a f t  o f  t h e

transom. Th i s  ch ines  d ry  c ond i t i on  Is q u i t e  p o s s i b l e  f o r  a

h y d r o f o i l  s h i p  h u l l  jus t  p r i o r  t o  t a k e - o f f  b u t  It  Is outs ide

the range of applicability of these emperlcal planing equa-

tions. Such cases should be r$$aF using a  reduced beam such



that Lc 2 0. The hull subroutine is set up to return to the

main program and increase the weight fraction carried by the

hull whenever LcLO, which is to say the program is self

correcting of this situation.

II 2.2.6 Drag  of Prismatic Planing Hulls

The total hydrodynamic drag of prismatic planing hulls

as evaluated by this program is composed of three parts: (a)

pressure drag developed by forces acting normal to the in-

clined hull, (b) viscous drag acting along the hull bottom

parallel to the keel in the pressure area, and (c) viscous

drag acting along the hull bottom parallel to the keel in

the spray area, (see Figure 5). Since this analysis is

restricted to hard chine hulls there is no additional com-

ponent of viscous drag due to side wetting.

(a) The hull pressure drag force is taken in the

horizontal direction:

=h = A tan?'
P

(6.1)

It is assumed to act at the ship's center of gravity and so

produces no moment.

(b) The viscous drag in the wetted pressure area is

computed by:
2

=hf
@$a+  AC,) shf (6.2)

where Um = mean or average hull bottom velocity

ACf = roughness allowance for hull

shf
= wetted pressure surface of hull, ~B~/cos/~

The mean VelOCity over the bottom of the hull in the wetted

-21-
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pressure area is less than the planing velocity due to the

increase in pressure. The mean hull bottom velocity corrected

for deadrise  angle in the wetted pressure area is:

‘rn = u i _ 0 . 0 1 2  h*5+1  - 0.006Q  ( 0 . 0 1 2  h 7”’
.5 1.1) 0.6.  (6.3)

+
x cos9-

Note that U, is used to calculate the Reynold Is  Number on

which the Schoenherr skin friction drag coefficient is based.

The viscous drag-is assumed to act parallel to the keel at

a point l/2 the chine height, measured from the keel. T h e

lever arm as shown in Figure 5 is then:

lhf
= VCG - f tan

P

(c) The viscous drag of the spray is computed by:

Dh l u2,
sP = !p (CDf+  &+‘) sh

sP

(6.4)

(6.5)

where S
hsP

= surface of hull wetted by spray (Equation 4.3).

Note that the reflection of the spray about the

spray root line means that the ship velocity must be used.

The spray drag is assumed to act parallel to the keel at a

point 2/3 of the chine height measured from the keel. T h e

lever arm as shown in Figure 5 is then:

‘h = VCG - !?  tan
sP 3 f

(6.6)

It should be polnted out that the spray does not act parallel

to the keel and Savitsky does not advocate its inclusion in

the performance prediction when the keel trim angle is less

than 4’. Therefore, this program does not include spray drag

when the keel trim angle is less then 4’. Since the spray
-22-
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drag vector direction is debateable, so Is the lever arm and

average wetted length. However, the justification for refln-

ing  this portion of the prediction method must rest in an

evaluation of the correlation with full scale trials data.

The validity of restricting the inclusion of the spray drag

to trim conditions greater thana?  equai to 4' will  then also

become apparent.

II 2.2.7  ~~11  Air Drag

Hull air drag of hydrofoil ships Is nearly impossible to

estimate from scratch what with the unknown Interference effects

of the superstrucutre and "appendages", such as antennas,

ordnance items, cowlings, etc. In some cases, parametric

studies for example, the designer may justifUbly  ignore the

air drag. The alternate Is to resort to wind tunnel test
-

results. Non-dimenslonallzlng the wind tunnel data leads to

defining a projected area, which continually a!nd  radically

changes with wind azmiuth  angle. Certainly the "best"

reference area should Include the length of the ship. To-date,

the problem has no uniformly accepted solution. For the

purposes of this program, the hull air drag side-steps the

issue by defining this drag:

D air = Cb v2
air

2
where Gl

air
=;P air C,Ahull  l*6889

P. air = density of air

cD = drag coefficient from model tests

Ahull - hull projected area used on model tests

V = ship velocity, k_n2yts

(7.1)
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II 2.2.8 Center of Pressure and Thrust Moment

The center of pressure of planing surfaces (can be

evaluated by considering the buoyant and dynamic forces

separately. Take the dynamic component at 33$ forward of

the transom. With the two forces as given in equation (5.1)

then Savitsky (Reference 10) found that the hull center of

nressure lever arm would be:
1

1
C.P.

= LCG - AR -75  -
5,21(c,/~)~  + 2-39 1 (8.1)

With the advent of waterjets as candidate propulsion

systems, greater flexibility is required in locating the

thrust vector. However, rather than distract the designer

with laying out the geometry every time the center of gravity

shifts or the propulsor is moved, the program calculates the -

thrust lever arm. Referring to Figure 6, the thrust lever

arm is:

lT = D2T)2+  (LCG - XLlT)2] li2 sin5 (8.2)

where g = tan -1 (VCG + D2T) _ G
(LCG - XLlT)

<= "shaft" angle to keel
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II. 2.2.9 Static Equilibrium Condition

Static equilibrium is satisfied by setting the ,thrust

equal to the drag and then adjusting the fore and af,t  lift

distribution such that the summation of vertical for8ces  and

longitudinal moments are within the Input error limits. If

the control surfaces do not provide a sufficient range of

deflection angles to balance the ship statically, the program

automatically adjusts the height of the ship's center of gravity

relative to the water surface so as to alleviate the imbalance.

No provisions are made for adjusting the ship's pitch angle nor

speed to heen the balancing. The user does exe&se  control

over the number of Iterations per depth as iwell as the overall

job time. Specifically, the static equilibrium equations are:

CFXX =T cos(r+5)=Dair+D strut (spray)
+D

v. fins +

DnacellesCD struts (profileCfriction) +Dfolls+Dhull  (pressure)+

Dhull  (friction) + Dhull  spray (9.1)

=zz=Lfoils - A+ T sin (Y+t)  + Lhull (9.2)

cMyy=-D -D
strut (spray)dc.g.  .v fin (VCG+dv  fin) - Dnacelle(VCG+dnacelle).

'Dstruts  (profile4 friction) (d c.g. + +dstrut) - Dfoils(dc.g:dfoild

T lthrust+LfOils  'foils  - Dhull  (pressure) 'c.p.

'Dhull  (friction) 'hull (friction) - Dhull  (spray) 'hull(spray)
(9.3)
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It should be mentioned that in equations 9.1 through

9.3 the separate contributions from the fore and aft foils have

been omitted for brevity. Of course they appear in the

program, along with an occasional lever arm sign change to

reflect the physical location of the aft hydrofoil being aft

of the center of gravity. When equations 9.2 and 9.3 are

satisfied within the input error limits, the hydrofoil ship

is said to be in equilibrium and the results are output.

h
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II. 3 General Remarks

This program was developed from the one reported in General

Dynamics/Convair Report GDC 66-075-2, Reference 12, which was

written under Navy contract NOBS-90430. The program and

documentation have been throughly revised from the special needs

of that contract to the more general design requirements

of the Naval hydrofoil ship design program. Some effort

has been made to minimize the proliferation of diverse math-

ematical models by incorporating much of the excellent material

reported in Reference 1, which was written under Navy

contract N61339-1630. It is not intended that this program

will remain static but rather will be revised and updated as

new material, including the hullborne mode, becomes available.

Some expansion into the foilborne stability area could be

incorporated immediatly,  however the hullborne stability

problem definition 'is immenient.

.
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III - INPUT OUTPUT REQUIREMENTS

III 1. General Restrictions

The input data format is set up to facilitate running

multiple trim-load problems on each job. After the foil geometry,

foil characteristics and initial hull data have been read In, only

the hull data is necessary for subsequent problems on the same job.

The following numerical values are assumed:

g = 32.17 acceleration due to gravity

e = 2.7182818 Naperian log. base

7f= 3 . 1 4 1 5 9 2 7  Pi

deg/rad.  = 57.29578 change of angular unit

v/v, = 1.6889 conversion from kts. to fps

maximum foil control surface
deflection angle, fwd and aft foils

log/in = o. 43429448 conversion of base

No special tapes are required.

No non-standard hardware is required. However, page turn

control is provided by a 1 in output card column 1. Each output

page is numbered for comparison with the input number of problems

per job.

Ten one-column arrays are used with the largest having

20 elements. All four graphical Inputs must utilize monotone

Increasing numerical values on the abscissa.

There are no special operating instructions; however, the

user and the machine operator are not without responsibility.

During the development of this program, several potential
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calculation flow fumbles were spotted and suitable self-correction

features provided. Typical CONFORM parametric studies range from

the absurd to the ludicrous as regards ship configurations.

Naturally at either extreme some inexplicable difficulty in ob-

taining a static trim-load solution may be expected. The user is

therefore cautioned to input extreme hull-foil-propulsion configura-

tions by steps from working designs. An alerted machine operator

can abort the program if the total time becomes excessive.

III 2. Input Data Preparations

III 2.1 Control Card

Program control Is accomplished by the five numbers:

Kinematic  Viscosity of Water (VS2),  No. of Problems/This Job

(XJOBS), Lift Error Bound (ZL), Moment Error Bound (ZM), and No.

of Iterations/Each Problem (XNTRYS). The kinematic viscosity of

water is checked numerically to see if a job follows. XJOBS

Indicates how many problems are to be run with the input foil

configuration; i.e., how many pairs of hull data cards are to be

read. Both the lift and moment error bounds influence the accuracy

of the final force and moment trim; indirectly they influence the

computation time. Finally, XNTRYS specifies the number of times

the control surface deflection angles are adjusted prior to

re-evaluating the foil submergence.

III 2.2 Hydrofoil Data Cards

The first set of hydrofoil data cards applies to the

forward foil(s) while the second set applies to the aft foil(s).

-31-
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The three initial cards in each set identify configuration

constants such as area, thickness to chord ratios, number of

foil-strut-nacelle arrays fwd or aft, drag coefficients, etc.

The last four cards in each hydrofoil data set are used to input

graphical information typified by Figures 2 and 3. These figures

are derived from model test results.

III 2.3  Hull Data Cards

Cards 17 and 18  describe the hull, how much of the total

load it carries and how fast the ship is moving. These latter

two cards are input XJOBS times, with the desired changes.

Input data specifications are presented with sample

numerical values in Table 1.

-32-
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TABLE 1 INPUT DATA LAYOUT FORM

Card Input
Column Format

.
Card Number 1

1-12 ~12.4

. 13-21 F9.0

22-27 Fe.0

28-32 F5.0

33-37 P5.0

38-42 F5.0

43-47 F5.0

48-52 F5.0

Card Number 2

1-80 20A4 DATAID

Program
Symbol

vs2

DElW

DLlCFl

XJOBS

DLlCF2

ZL

ZM

XNTPYS

Definition
Typical
Value

Kinematic viscosity 0.0000128

Density of water 2.000

Roughness allowance, hull .0004

Number of problems 5.0

Roughness allowance, foils . 0001

Lift error bound 200.0

Moment error bound 50.0

Number of control surface 13.0
angle iterations

Title (centered)

Card Number 3 (fwd foil-nacelle-strut array)

l-10 F10.3

11-20 F10.3

21-30 F10.3

31-40 F10.3

41-50 F10.3

51-6~ F10.3

61-70 F10.3

71-80 F10.3

D2F

D2N

D2V

XLlLT

XLlCM

XLlCS

XLlV

XLlN

Depth below B.L., foil 9.00

Depth below B.L., nacelle 9.00

Depth below B.L., ventral fin 0.00

Length to center of lift 88.30

Mean foil chord length 3.68

Mean strut chord length 4.25

Mean ventral fin chord length 0.00

Nacelle length 632

-33- .
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Card Input Program
Column Format Symbol Definition

Card Number 3 (fwd foil-nacelle-strut array)

l-10 F10.3 AlP Planform area, foil

11-20 F10.3 AlPV Planform area, ventral fX.n

21-30 F10.3 RlTCM Thickness/chord, foil

31-40 F10.3 RlTCS Thickness/chord, strut

41-50 F10.3 RlTCV Thickness/chord,ventral fin

51-60 F10.3 RlLDN Length/diameter, nacelle

61-70 F10.3 A3DD Initial control surface
deflection angle

71-80 F10.3 XN2SN ,Number  of arrays, fwd

Card Number 4 (fwd foil-nacelle-strut array)

l-10 F10.3 ClLD Design lift coeff. mdepth

11-20 F10.3 DRlPT ST' a~ depth

21-30 F10.3 DRlPD C
‘a '

= depth

31-40 F10.3 ClDSP Strut spray drag coeff.

41-50 F10.3 ClDFP Foil pressure drag coeff.

51-60 F10.3 ClDNP Nacelle pressure drag coeff.

Typicai
Value

65.63

0.00

0.09

0.12

0.00

7.00

2.00

1.00

0.22

4.302

2.109

0.24

0.00

0.00

61-70 F10.3 ClWSN Nacelle wetted surface coeff. 0.7742

71-80 F10.3 RlAS Poll aspect ratio 6.60

Card Number 5 (fwd foil-nacelle-strut array)

1-8

. . . 9F8.2 RlHCT Foil depth/chord ratio
(from Figure 2)

65-72

-34-
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Card Input Program
Column Format Symbol Definition

Card Number b

1-U

. . . 9FU.2

65-72

Card Number 7

1-u

. . . 9FB.2

65-72

Card Number U

1-U
,. . . 9FU.2

65-72

Typical
Value

(fwd foil-nacelle-strut array)

RlCLT cL% h

c,
at each - of Card 5

C.aD

(from Figure 2)

(fwd foil-nacelle-strut array)

ClLEA 3-D C, by control surface deflection

[from Figure 3)

(fwd foil-nacelle-strut array)

ClDICA C,. at each C, of Card 7
L

(from Figure 3)

Card Number g-15 (aft foil-nacelle-strut array)

These cards duplicate the input data layout format of cards

3 through U; the data is applicable to the aft array however.

Card Number 16 (first hull data card)

l-10 F10.3 D Height of C.G. above \J.L. 12.96

11-20 F10.3 ClDAIR Hull Air drag coeff. 0.772

21-30 FlW.3 XLlT Length to thrust, fwd of 2 2 . 0 0

31-40 F10.3 PClH $ of a carried by hull1 0 . 0

- 35 -
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Card Input Program Typical
Column Format Symbol Definition Value

Card Number 17

1-12 F12.4

13-21 pg.0

22-27 F6.0

28-32 F5.0

33-37 F5.0

38-42 F5.0

43-47 F5.0

48-52 F5.0

53-57 F5.0

Card Number 18

1-12 ~12.4

(second hull data card)

DPlP

CGlLT

CGlVB

BlA

A3BD

UlSK

D2T

A3SHD

A3TAD

Weight of ship, pounds 256,000,o

Long. C. of Gravity, from
transom

Vert. C. of Gravity, from
baseline

Beam, average

Deadrlse angle, degrees

Speed, knots

Depth to thrust, below baseline

Shaft angle

Trim (pitch) angle

End of Jobs Card

46.00

8.00

22.00

8.00

45.00

11.25

0.00

o-00

-

9999.0
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III 3 Output Data Editing

Program output is presented as three tables of data.

The first tabL,e  Itemizes the equilibrium conditions. These

numbers should be carefully reviewed, for Internally generated,

required changes to the Input Initial conditions. The enclosed

sample data shows five problems using the "flying" data from

Figure 3 followed by ten problems using the "takeoff" data of

Figure 3.

Sampling the first table for the 50 kts, .follborne  problem

note the following: (a) a 2' flaps down was Input for both the

forward and aft foil whereas -O.g"  fwd and -0.15~  aft are re-

qulred, reducing the pitch angle or slowing to approximately

47.5 kts would eliminate the necessity for any flaps, and (b)

&he  keel draft aft (on centerline at the transom) Is a -4.61,

which Is Indicative of an ample keel clearance. Later on,

when the hull carries some of the load, the keel draft aft

goes positive In accordance with expectations.

-

The second or middle table presents the drag breakdown

into lever arms, characteristic lengths, drag coefficients of

the elements, areas and finally the net drag of the various

elements. This middle table Is Invaluable for discerning the

causes for wide variations In total drag. No@,  for example,

that in slowing to 30 knots (page 5, foilborne data) that the
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increment In profile draz  due to control surface deflection

has increased from AC, = O.OO(jOZ  to AC = O.Ofjg48
P 5’

for the forward foil and the variation is even greater for the

a f t  f o i l . Clearly, an Increase in pitch angle at lower speeds

should be investigated to relieve the requirement for flaps

with their associated, induced profile drag.

The third and last table presents the drag and lift

summary. iiecall  that hull drag Is omitted unless the pitch

angle is greater than 0’ and spray drag is omitted unless the

trim angle is greater than 4’. The summation of the lift and

drag  components equals their respective totals w1thl.n  the

Input error bounds.

Some famillarlzatlon  with the program, Its Input and output

is to be expected. NAVSEC will work with the program’s users

and try to accommodate suggested revisions, additions or dele-

tions. This program is particularly intended for CONFORM and

Preliminary Design Studies to quickly predict credible

propulsion requirements considering the sensitivity to such

hull parameters as beam, deadrise angle, center of gravity and

location of the thrust vector.
.
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111 4 Validation

Program validation was certified by hand calculation of

the 30 knot hullborne case with 10% of the weight carried by

the hull at a 2.5O bow up attitude. Input data as listed

was used and the) results compared with page 2 of the hullborne

output. No significant differences were found.

III 4.1 Sample Input

The sample input shown is for the two situations of low

trim angle for full foilborne operations and moderate trim

angles for low foilborne and takeoff operations. The basic

difference is in the choice of data from Figure 3, which

must be established from model or full scale test data. Refer

to Table 1 for the definition of the various data.
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III 4.2 Sample.Output

The sample output enclosed Is for the sample Input and

may be used to validate proper operation on other machines.

Figure 7 Is aLgraphIcal  presentation of the salient data.

For design purposes, many more data runs would be made, varg-

lng speed, trim angle and percent load carried by the hull.

Considering those three variables-as most strongly Influencing

total resistance, and the net I'esults  being a four dimensional

"saddle," then this program finds application In defining the

path of minimum total resistance through takeoff to full

flying speed.

. I

-
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HYDRUDYNAMIC  DESIGiL’ O F  HYL?RI!l-OIL  SH!PS
ivnVSEC PRIlGZAI”1  II!DH-061, R E F . I‘!AVSk IPS 09OD-OOb-5390

HYDRUFLIT  I..  PnTkDL  C R A F T  VAL IDA-r  IO1.i  DATA,  FDTLtiORNE

R E S U L T S  F O R  V =  5 0 . D  K T S , O= 7 1 3 1 .  P S F

9/3O/SP

L C G  F R O M  TRANS=  4 6 . 0  F T nEfir)HISF  ANG.= 8.0 [JEG
VCG  F R O M  KFFL  = 8.0 FT SHAFT Al\!GLE = 0. 0 F G
CG A+UVE FkrL =  1 3 . 0  F T TF IM  A&M-E 0 .  5 0 F r:
M E A N  REAM =  2 7 . 0  FT CDNT  DFFC  FlJDq  -0.9  UEG
HET.TED KEEL. = 0. F 1 CONT  DFFL  A F T =  -0.6  t)EG
I;‘ETTEtl  Ct+IIidE  = 0. FT

F O R W A R D  A R R A Y
F O I L STRUT POD V - F I PA F O I L

L  BELOW K E E L . 9 .o 9 . (1 0 . 11.2
L Fi\rD  TRANS 88.30 12.00
T/C  O R  L / D 0 . 0 9 0 . 1 2 7 . 0 0 0  . 0 . 119
L  - R E Y N .  110 3 . 6 8 4 . 2 5 6 . 1 % 0  . 4 . 7 5

T Y P E  O F  D R A G C O E F F CUEFF C O E F F CDEFF C D E F F
P R O F I L E 0.(10057  o.()()%l  0.00024-0.00000  o.(Jf105”;

F R I C T I O N  (2)  0 . 0 0 2 5 5  P.00250  0 . 0 0 2 3 6  0 . 0 .(I0745
YOUGHI~IESS~  21 CJ.00010  0.0001.0  0.00010  0 . 0 0 0 1 0  O.oOnlO
IhDUCED 0 . 0 0 2 5 7 0.003.53
D  P R O F I L E 0 .oon02 O.(~OOlR
W A V E  O R  SPKAY0.00015  0 . 2 4 0 0 0 0 . 0 0 0 1 2
T O T A L  C O E F F 0 . 0 0 8 6 2 0 . 0 0 7 4 9

AAEA-PRDF  I L E 6 5 . 6 3 1 3 . 7 4 1 3 . 0 1 0 . 7 4 . 8 2
A R E A - S P R A Y 0 . 2 6

D R A G - E L E M E N T 4 0 3 2 . 7 1067 -9 2 5 0 . 7 0 . 7Y93.R
D R A G - S T R U T  S P R A Y 4 4 5 . 1

tiULL  AIR DRAG 1930 .o FWII  F O I L
HUL!.  S P R A Y  D R A G 0  . nFT  FOiL
t3Ut.L FRICTIOI~I  D R A G 0 . HtJLL
HI?LL.  “RESSURE  D R A G 0 .

T  BELCIW  KFFL  1 1 . 7  F T
T  FWD TRAI\!.S. 2 3 . 0  FT
F DRAFT  FWD. 3 . 7  FT
F  D R A F T  A F T . 6 . 5  F T
K  I)R.AFT A F T .  - 4 . 6  F T

AI’T A R R A Y
STRUT POD V-F IN

11.7 0.

0 . I.  2 4.82 0.
4 .2 ’5 12.33 0.

C(IFFI- CI)kl=F C O E F F
0 . 0 0 5 7  i. 0 .nonn?-n  .nooon
o.no25n n.on21.3  0.
n.0nnJ.o  n.nmln  o.nnnin

0 . 2 4 0 0 0

72.113 9 5 . 0 1 0 .
0.26

3 4 4 8 . 1 3 0 3 9 . 8 0 .
A90.3

L I F T 9 0 8 7 8 . 8
L I F T 1 6 4 9 1 9 . 7
I..  I FT 0.
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.

H Y D R O D Y N A M I C  D E S I G N  O F  H Y D R O F O I L  S H I P S
N A V S E C  P R O G R A M  WDB-061, R E F . N A V S H I P S  0900-006-5390

H Y D R O F O I L  P A T R O L  C R A F T  VALIDAT  ION D A T A ,  F0  ILBORNE 9/30/6!?

R E S U L T S  F G R  V =  4 5 . 0  KTS, C l = 5776. PSF

L C G  F R O M  TRAhS=  4 6 . 0  F T DEADRISE  ANG.= 8 . 0  D E G
V C G  F R O M  K E E L  = 8.0 FT SHAFT ANGI-E = 0. DEG
C G  A B O V E  F W L = 13.0 FT T R I M  A N G L E
M E A N  B E A M = 22.0 FT CONT  D E F L FWD==

0 . 5  DFG
0.6 DEG

WETTED KEEL = 0.  FT C O N T  DEFI- A F T = 0 . 6  r)EG
WETTED CHINE = 0. FT

T  Btl..OW K E F L  1 1 . 2  F T
T  F W D  T R A N S .  7 2 . 0  F T
F  D R A F T  F W D . 3.7 FT
F  L)RAFT  A F T . 6.5 FT
K  D R A F T  A F T .  -4.6  F T

F 0 R b!  A R I3 A R R A Y
F O I L STRUT POD V - F  IN F0IL

L  B E L O W  K E E L 9.0 9 . 0 0 . 11.2
L  F W D  T R A N S 88.30 _ 22.00
T / C  O R  L / D 0.09 0.12 7.00 0. 0.09
L  - R E Y N .  N O 3.68 4.25 6.1.2 0. 4.75

T Y P E  O F  D R A G COE FF C O E F F COEFF C O E F F COEFF

A F T A R R A Y
STRIJT POD V - F I N

11.2 0.

0.12 4.82 0.
4.25 12.33 0.

C O E F F C O E F F CUEFF
P R O F I L E 0.00057 0.00580 0.00024-0.00000 0.00055 0.00580 0.00001-0.00000
F R I C T I O N (21 0.00259 0 . 0 0 2 5 4 0 . 0 0 2 4 0  0 . 0.00749 0.00254 0.00117 0.
KOIIGHNESS(2)  O.OOO3.0 0.00010 0.OOOl.O 0 . 0 0 0 1 0 O.UOOIO O.OOOlO 11.00010 O.OOOlO
I N D U C E D  0 . 0 0 3 9 3 0.00233
D  P R O F I L E O .OOO40 o.tiooo4
W A V E  O R  S P R A Y 0 . 0 0 0 2 8 0 . 2 4 0 0 0 Q.00022 0.24000
TOTAL  coEFF  0 . 0 1 0 5 7 0.00833

A R E A - P R O F I L E 65.63 13.74 13.01 0. 74.82 22.18 95.01 n.
A R E A - S P R A Y 0.26 0.26

D R A G - E L E M E N T 4-008.8 878.7 205.9 0. 7197.5, 2R37.4 2497.7 0.
D R A G - S T R U T  S P R A Y 36O:b 721.1

H U L L  A I R  D R A G 1 5 6 3 . 3 F W D  F O I L .  L I F T ‘ 9 1 0 6 5 . 4
H U L L  S P R A Y  D R A G 0

0:‘
AFT F O I L  I~  I F T 1 6 4 7 5 7 . 6

H U L L  F R I C T I O N  D R A G H U L L  I_  I F T 0 .
H U L L  P R E S S U R E  D R A G 0 .

T O T A L S  * D R A G ,  L B S 2n2’1.4  * :: C G 4 S 4 ;r :: L I F T ,  L B S 256000.0



- ‘

HYDRfJDYNAMIC  DESIGF) O F  HYDRflFOIL  S H I P S
-NnVSEC PROGRAH W D R - 0 6 1 , R E F . N A V S H I P S  0900-006-5390

H Y U R O F O I L  P A T R O L  C R A F T  V A L I D A T I O N  D A T A ,  FflILRnRNE 9/30/68

R E S U L T S  F O R  V =  4 0 . 0  K T S , O= 4 5 6 4 .  P S F

L C G  FROiil  TRAf’IS=  4 6 . 0  F T DEADRISE  ANG.= 0.0 DtG T  B E L O W  K E E L  1 1 . 2  F T
V C G  FROM  K E E L  = 8 . 0  Fl SHAFT ANGLE = 0. LJEG T  FMC) T R A N S .  2 2 . 0  F T
C G  AROVE FWI. =  1 3 . 0  F T TRIM  A N G L E

CCJNT I:JEFL  F&
0.  5 u E G F  D R A F T  Find. 3 . 7  F T

hi  E A fJ B E A r4 =  2 2 . 0  F T 7 . 6  LJEC, F  I)ttAFT  A F T . 6 . 5  F T
WETTED KEEL = 0.
W E T T E D  C H I N E  =  0.

F O I L
L  B E L O W  K E E L 9 . 0
L FWD TRaNS 8 8 . 3 0
l / C  O R  L / D 0 . 0 9
L  -  R E Y N .  N O 3 . 6 8

1.YPE  O F  C R A G C O E F F
P R O F I L E 0 . 0 0 0 5 7
FRICTIOfd (2)  0 . 0 0 2 6 4
YOUGHNESS(2)  0 . 0 0 0 1 0
I N D U C E D 0 . 0 0 6 3 2
0 P R O F I L E 0 . 0 0 2 2 3
lvAVE O R  SPRPY0.00057
TUTAL  C O E F F 0 . 0 1 5 1 7

A R E A - P R O F I L E 6 5 . 6 3
A R E A - S P R A Y

D R A G - E L E M E N T 4 5 4 3 . 1
D R A G - S T R U T  S P R A Y

H U L L  A I R  D R A G
H U L L  S P R A Y  DRAG
H U L L  F R I C T I O N  D R A G
H U L L  P R E S S U R E  D R A G

T O T A L S  * @ R A G ,  LbS

F T CONT  D E F L  A F T = 2 . 2  DFG K  ORAFT A F T .  - 4 . 6  F T
F T

FORWARD A R R A Y A\  F T A R R A Y
STRUT POD V - F  I N F O I L STRUT PClD V - F I N

9.0 0 . 1.1.2 11.2 0.
2 2 . 0 0

0 . 1 2 7.00 0. 0 . 0 9 0.1.2 4.R2 0.
4.?5 6.12 0. 4 . 7 5 4 . 2 5 12.33 0.

C O E F F C O E F F C O E F F CCJEFF COEFF C O F F F C O E F F
0 . 0 0 5 9 1 0 . 0 0 0 2 4 - 0 . 0 0 0 0 0 0 . 0 0 0 5 5 0 . 0 0 5 9 1 0 . 0 0 0 0 1 - 0 . 0 0 0 0 0
0 . 0 0 2 5 8 0 . 0 0 2 4 4  0 . O.UO254 0 . 0 0 2 5 8 0 . 0 0 2 2 0  .O.
0 . 0 0 0 1 0 0 . 0 0 0 1 0  0 . 0 0 0 1 0 0 . 0 0 0 1 0 0.000:10 0 . 0 0 0 1 0  0 . 0 0 0 1 0

0 . 0 0 3 7 3
0 . 0 0 0 4 1 .

0 . 2 4 0 0 0 0 . 0 0 0 4 4 0 . 2 4 0 0 0
O.UlO41

1 3 . 7 4 13.n1  0. 7 4 . 8 2 72.I8 95.01 0.
0 . 2 6 O.:?h

7 0 6 . 8 165.2 0. 7 1 0 8 . 4 2 2 8 2 . 1 2005.5 0.
2 6 4 . 9 5 6 9 . 8

1 2 3 5 . 2 FWD FOiL LIFl 9i209.5
0 . A F T  FOIL. ILIFT 1 6 4 6 2 5 . 5
0 . hlJLL I_  I  FT 0 .
0 .

lR901.0  ::- -gc  * f ;k * * * f L I F T ,  LBS 2 5 6 0 0 0 . 0

_-



HYDRLJDYtvAMIC D E S I G N  O F  HYOROFOIL  S H I P S
N A V S E C  PGIJGRAM W D B - 0 6 1 , R E F .  NAVSHIPS  0 9 0 0 - 0 0 6 - 5 3 9 0

H Y D R O F O I  L  P A T R O L  C R A F T  V A L  IDAT  JON  IDATA,  Frl  ILRi~Rr\iE

RESIJLTS  F U R  V= 3 5 . 0  KTSI O= 3494. PSF

9/3G/h8

L C G  FRDi.1  TRANS=  4 6 . 0  F T D E A D R I  S E  ANG.= 8 . 0  D E G
VCG  FRU,M K E E L  = 8 . 0  F T SHAFT ANGLE = 0. LIEG
C G  A B O V E  FidL = 13.0 FT T R 1  II! A NGI.  E = 0 . 5  1jFG
$1 E A N B E A :.l = 22.0 FT CDhT  D E F L  FJ+‘D= 5.6 irEG
WETTED I(EtL  = 0. FT C O N T  D E F L  A F T =  4 . 6  D E G
kETTED  CHIbdE  = 0. FT

FORWARD A R R A Y
F O I L S T R U T POD V-FIk F O I L

L  B E L O W  K E E L 9.0 9.0 0. 11.2
L FkD  TKANS 88.30 22.00
T / C  O R  L / D 0.09 0.17 7.00 0. 0.09
L  - R E Y N .  IN0 3.68 4.25 6.12 0. 4.75

T Y P E  O F  DR.&G COE FF C O E F F C O E F F C O E F F CDEFF
P R O F I L E 0.00057 0.00603 0.00024-0.00000 0.00055
F R I C T I O N  (2) D.OD270 0 . 0 0 2 6 4 0 . 0 0 2 4 9  0 . 0.00259
RDLJGHJ’:ESS(Z) O.OOOlO 0 . 0 0 0 1 0 0 . 0 0 0 1 0  0.00010 0.00010
I J’JDIJC  ED o.illnBrJ 0.00635
D  P R O F I L E 0.00896 0.00297
?IAVE  OR SPRAY0.00125 0.24000 O.CbCI09h 0.24000
T O T A L  C O E F F 0.02718 0.01617

A R E A - P R O F I L E 65.63 13.74 13.01 0. 54.82 22.18 9 5 . 0 1 0.
A R E A - S P R A Y 0.26 0.26

D R A G - E L E H E N T 6232.6 552.2 128.8 0 . 8456.7 1783.1 1564.0 0.
D R A G - S T R U T  S P R A Y 2 1 8 . 1 436.2

J-JULL A I R  D R A G 945.7
H U L L  S P R A Y  DRAG 0 .
H U L L  F R I C T I O N  D R A G 0 .
H U L L  P R E S S U R E  D R A G 0  .

T  B E L O W  KEFC 1 1 . 2  F T
T  Fr(D  T R A N S .  2 2 . 0  F T
F  D R A F T  F#D. 3.7 FT
F  D R A F T  A F T . 6.5 FT
K  D R A F T  A F T .  - 4 . 6  F T

A F T A R R A Y
S T R U T POD V - F  I N

11.2 0.

0.12 4.82 0.
4.25 12.33  0 .

C O E F F C O E F F C O E F F
0.00603 0.00001-0.00000
0.00264 0.00225 0.
0.00010 0.00010 0.00010

FklD  F O I L  L I F T 9 1 2 8 5 . A
A F T  F O I L  L I F T 1 6 4 5 3 6 . 9

H U L L  L I F T 0 .

T O T A L S  * D R A G , LBS 2fl317.4  :: + 4 G ***** LIFT, LHS 2515000.0
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- ’
i-tYDKf.jDYNAhIC  D E S I G N  f?F  H Y D R O F O I L  S H I P S

r<AVSEC  PROGRAi,i  idi)d-Oh1  t K E F . MUVShIPS  09ofi-006-5390

R E S U L T S  F U R  V =  3 0 . 0  KTS, cl  = 2567. PSF

LCG  FROM  TRAi\iS= 4 6 . 0  F - i DEaDRISe  AlUG.= 8 . 0 1)  E 6
V C G  F R O M  K E E L  =  8 . 0  F T SHAFT ANGLE = 0. IJEG
Cf.; APOVE FWL =  1 2 . 8  F1- TRIM  A N G L E 0 .  5  LJE  G
/k/  i 4 3 H E A,  M =  2 2 . 0  F T CONT  DtFL  FIdljl 1.0.0 OEG
WETTED KEEL = 0.  FT CIJhT  D E F L  AFT= 8 . 3  DE6
VETTES, CHINE  = n. F T

T  dELflW KFFL  1 1 . 7  FT
1’ F CI  I:I  T Ra  kl  S . 2 2 . 0 F T
F ORAFT  Fldn. 3 . 9  FT
F  D R A F T  aFT. 6 . 7  FT
K  ORAFT A F T .  - 4 . 4  F T

FORWARD A R R A Y
F O I L STRUT POD V - F  I N FDIL

L  BELON K E E L 9 . 0 9 .fl 0 . 11.7
L FklD  TAnhiS 88.30 27.0n

T / C  O R  L / D 0 . 0 9
L - KEY&.  ND 3 . 6 8

T Y P E  O F  D R A G C O E F F
PKUFILE 0.00n57
F&ICT  I O N  (2)  0 . 0 0 2 7 6
KOUGHMESS(2)  0 . 0 0 0 1 0
I N D U C E D 0 . 0 1 9 7 2
D  P R O F I L E 0 . 0 5 9 3 2
W A V E  O R  SPKAYO.00305
T O T A L  C O E F F rl.Otr840

A R E A - P R O F I L E 6 5 . 6 3
A R E A - S P R A Y

DRAG-ELE’dENT  1 4 8 9 3 . 1
D R A G - S T R U T  S P R A Y

0.1.2 7.00 0 .
4 . 2 5 6 . 1 % 0 .

CilEFF CilEFF Cl)EFF
O.O(ih18  1~.(!0(j34-n.Otr000
0.0027c1  0 . 0 0 2 5 5  l-1.
0 . 0 0 0 1 0  O.!)OfllO O.OO0J.U

0 . 2 4 0 0 0

1 4 . 5 9 13 .01 . 0 .
0 . 2 6

4 4 1 . 1 9 6 . 6 0 .
1 6 0 . 3

0 . 0 9
4 . 7 5

c !. 1 E  F  F
n.Ocln55
0 . 0 02 h 5
o.tmoin
O.f~l172
0 . 0 1 3 9 1
0 . 0 0 2 3 1
o.ti34orl

7 4 . 8 2

1 3 0 6 0 . 3

H U L L  A I R  URAG 6 9 4 . 8
H U L L  S P R A Y  O R A G 0 .
H U L L  F R I C T I O N  D R A G 0 .
H?ILL  P R E S S U R E  D R A G 0 .

FWD FOIL L IF1 9 1 0 3 5 . 9
AI--T  FC)IL I.  IFT lb46R2.R

HOL  L L I F T 0.

A F T ARK,jY
STKUT Pill1 v -  F I N

1  1.  .  ? 0 .

0.1% 4.67 0 .
4 . t!  5 1 7 . 3 3 0 .

C O E F F COEFF CIIEFF
n . 0 0 h I.8 I) . n n n n 1 - n  . n n 0 i)0
n.no270 1l.or1270 0.
O.OOOl.fl  O.I?OOJ.O  0.00(110

0.74OOO

2 3 . 0 3 9 5 . 0 1 0 .
0 . 7 6

139LR lJ.74.0 0.
3 2 0 I , 5

T O T A L S  * D R A G ,  LbS 31233.5  * * ;t C ~2  * * * * L I F T ,  LBS 256OflO.O



H Y D R D D Y N A W I C  D E S I G N  O F  H Y D R O F O I L  S H I P S
N A V S E C  P R O G R A M  WDB-061, R F F . MAVShIPS 0 9 0 0 - 0 0 6 - 5 3 9 0

H Y D R O F O I L  P A T R O L  C R A F T  VALIDATTD1\:  DATA., HIJLLBORi?llZ 9/Scl/hP

R E S U L T S  FOR  V =  3 0 . 0  K T S , O=  2 5 6 7 .  P S F

L C G  F R O M  TRANS=  4 6 . 0  F T DEADR  I  S F  ANG.= 8.0 1jF-G
V C G  F R O M  K E E L  = B.0 F T S H A F T  ,ANGLE  =  9. DEG
C G  A B O V E  Fl?iL =  1 3 . 0  F T T R I M  A N G L E
M E A N  B E A M = 22.0 FT CDNT  D E F L F&

2 . 5  IlEG
7.1 DEG

WETTED KEEL = 0. F ‘r CCINT  DEFL  A F T = 3.3 LJiG
h’ETTED  CHINE = 0. FT

FORWARD A R R A Y
F O I L STRUT POD V - F  I N F O I L

‘L  BELGW K E E L 9.0 9.0 0. 11.2
L  F W D  T R A N S 88.30 22.00
T / C  O R  L / D 0.09 0.12 7.00 0. 0.09
L  - R E Y N .  N O 3.68 4.25 6.1.2 0 . 4 . 7 5

T Y P E  O F  D R A G CDE  FF C O E F F CDFFF CllEFF CDFFF

T  HEI.DW  KEFL  1 1 . 2  F T
T  F W D  T R A N S .  2 2 . 0  F T
F  D R A F T  l=WD. 2.2 FT
F  D R A F T  A F T . 7.3 FT
K  D R A F T  ,o,F-T.  - 3 . 0  F T

A F T A R R A Y
STRIJT POD V - F I N

11.2 0.

0.12 4.82 P J.
4.25 12.33 0.

C O E F F CDFFF CI-JFFF
P R O F I L E  0 . 0 0 0 6 2 0.00618 0.00026-O.OO~IPO 0.00059 O.OOhlH 0.00001-0.00000
F R I C T I O N  (2)  0 . 0 0 2 7 6 0 . 0 0 2 7 0 0 . 0 0 2 5 5  0. 0.00765 0.00270 0.00230 0.
R O U G H N E S S ( Z )  0 . 0 0 0 1 0 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010
I N D U C E D  0 . 0 2 0 1 2 0.01175

-D  P R O F I L E  .0.00490 0.00074
W A V E  O R  S P R A Y 0 . 0 0 3 0 3 0 . 2 4 0 0 0 0.00233 0.24000

-TOTAL  C O E F F  0 . 0 3 4 3 9 0 . 0 7 0 9 1

- A R E A - P R O F I L E  6 5 . 6 3 7.40 13.01 0. 74.82. 25.67 95.01 0.
A R E A - S P R A Y 0.26 0.26

D R A G - E L E M E N T  5794.1 223.8 97.2 0. RU33.9 1 5 5 2 . 1 1174.0 0.
D R A G - S T R U T  S P R A Y 1 6 0 . 3 320.5

H U L L  A I R  D R A G 694.8 F W D  FDIL L I F T 8 8 6 9 4 . 8
H U L L  S P R A Y  D R A G 0 . A F T  F O I L  L I F T 16651.7.1
H U L L  F R I C T I O N  D R A G 0 . H U L L  L I F T 0 .
H U L L  P R E S S U R E  D R A G 0  .

T O T A L S  * D R A G ,  L B S 18050.8 * * %  ;r * * * * $ L I F T ,  LES 256000.0



HYDRODYNAi4iC D E S I G N  DF )-1YDRDFOIL  S H I P S
NPVSEC PRDGR@,b  WUFI-061, R E F . t\:AVShIPS 09DO-006-5390

HYDROFDIL  P A T R O L  Ci(AFT  VULIDPTIC~~ !)ATAr HIJLL~DRIQF 9/30/6X

R E S I J L T S  F O R  V =  3 0 . 0  KTS, Q= 2 5 6 7 .  PSF

L C G  FRUivl  TRPNS=  4 6 . 0  F T DFADRISE  ANG.= 8 . 0  DEG T  B E L O W  K F E L  1  I . 7  F-i
V C G  FRDi”i  K E E L  = 8.0 F T SHAFT ANGLE = 0. DFG T F W D  T R A M S .  2 2 . 0  F T
C G  AHOVE FIJL = 8 . 5  F T TRiibi  ANGLE
i+iEA!d  sEAr4 =  2 2 . 0  F T COi\!T  DEFL  Fb,D==

2 . 5  IJEG F  D R A F T  FbD. 6 . 2  F T
5 . 3  DEt; F  D R A F T  A F T .  1 1 . 3  F T

biETTE@  K E E L =  2 4 . 4  F T CIXJT D E F L  A F T = 0 . 4  UEG K  IJRAFT A F T . 1 . 1  F T
W E T T E D  C H I N E  = 1 . 8  F T

FOR’dARD  A R R A Y A F T A R R A Y
F O I L S T R U T POTJ V - F I N FDIL STRLJ’T POD V - F I N

L  BZLOW K E E L 9 . 0 9 . 0 0 . 1 1 . 2 3  I.  .2 0 .
L FM0 TRA\NS 8 8 . 3 0 2 2 . 0 0
T / C  O R  L / D 0 . 0 9 0 . 1 2 7 . 0 0 0 . 0 . 0 9 0 . 1 7 4 . 8 3 0 .
L  - R E Y N .  N O 3 . 6 8 4 . 2 5 h.12 0 . 4 . 7 5 4 . 2 5 1 2 . 3 3 0.

T Y P E  O F  @ R A G CDEFF C O E F F CCIEFF C O E F F C D E F F C O E F F COE  F F C D E F F
P R O F I L E  0 . 0 0 0 6 2 0 . 0 0 6 1 8 0 . 0 0 0 2 6 - 0 . 0 0 0 0 0 0 . 0 0 0 5 9 0.0061FI 0.00001-0.00000
F R I C T I O N  (2)  0 . 0 0 2 7 6 0 . 0 0 2 7 0 0 . 0 0 2 5 5  0 . 0 . 0 0 2 6 5 0 . 0 0 2 7 0 0 . 0 0 2 3 0  0 .
ROUGHNESS(21  0 . 0 0 0 1 0 0 . 0 0 0 1 0 O.OOOlG  0 . 0 0 0 1 0 0 . 0 0 0 1 0 0 . 0 0 0 1 0 0 . 0 0 0 1 0  0 . 0 0 0 1 0
I N D U C E D  0 . 0 1 8 6 1 0 . 0 0 7 1 7

D P R O F I L E 0 . 0 0 6 6 2 O.ODOO9
W A V E  O R  S P R k Y 0 . 0 0 3 0 0 0 . 2 4 0 0 0 0 . 0 0 1 4 2 0 . 2 4 0 0 0
T O T A L  C O E  F F  0 . 0 3 4 5 7 0 . 0 1 4 7 8

A R E A - P R O F I L E  6 5 . 6 3 2 4 . 5 0 13.01  0. 7 4 . 8 2 4 2 . 7 7 95.01 0.
A R E A - S P R A Y 0 . 2 6 0 . 2 6

D X A G - E L E M E N T  5 8 2 5 . 2 7 4 0 . 8 9 7 . 2 0 . 5 6 7 7 . 9 2 5 8 6 . 2 1 1 7 4 . 0 0 .
D R A G - S T R U T  S P R A Y 1 6 0 . 3 3 2 0 . 5

H U L L  A I R  D R A G 6 9 4 . 8 F W D  F O I L  L I F T 9 2 8 6 0 . 2
H U L L  S P R A Y  D R A G 0 . A F T  F O I L  L I F T 1 3 6 6 5 3 . 6
f+ULL  FRICTIDk D R A G 1 9 3 6 . 1 HliLL  LIFi 25hDO.D
H U L L  c’RESSUfit  DRi\!G 1 1 1 7 . 7

T O T A L S  4 D R A G ,  LBS 2(,2~3(j.8  4 c G D+  $6  z$  e k 4 L I F T ,  LBS 25hO00.0



HYOR~~DYNA~“IIC  D E S I G N  OF H Y D R O F O I L  S H I P S
N A V S E C  P R O G R A M  W D H - 0 6 1 , R E F . N A V S H I P S  0 9 0 0 - 0 0 6 - 5 3 9 0

H Y D R O F O I L  PATRUL CRnFT  VuL TDAT  ION UATP  ) HULLBORNE 9/3O/hR

RESl!LTS  F O R  V =  3 0 . 0  KTS, C!  = 2567. PSF

L C G  FRU!?  TRANS=  4 6 . 0  F T DEADRISE  ANG.= 6 . 0  DFG T  hEL.obd  KEFL  1 1 . 2  FT
VCG  FRO?;  K E E L  = 5.0 FT StiAFT  n!\ltiLE =  0 . DEG T  FWlj  T R A N S .  2 2 . 0  F T
CC;  AROVi- F:J!  = A . 1  F T TRIbl  ANti1.E  = 2." LJt-6 F  D R A F T  FWI). 7.0 FT
i,lFA:J  IREAI”I = 77.0  Fl CIII\~T  UEFL  FldD= 4.4 iJEc-4 F I)ktAF-r  A F T .  1 7 . 7  F-l
IJETTED K E E L = 43.0 t-T CUNT  c)tFL  I\FT=  - 1 . 4  iJFh K DitAFT  AFT. 1 . 9  F T
WiTTED  CrlIidE = 20.4 FT

FOIL
L  ciELOk K E E L 9.0
L  F W D  TRANS 88.30
T / C  OR L / D 0.09
L - R E Y IV  . N 0 3.68

T Y P E  OF D R A G CUE  FF
P R O F I L E 0.00062
FRICT IOi\l  (2)  0.00276
ROUGHfrES  S ( 2 ) 0 . 0 0 0  1 0
INDUCED 0 . 0 1 6 3 8
D  P R O F I L E 0.00478
H A V E  O R  SPRAYO.00266
T O T A L  C O E F F  0 . 0 3 0 1 6

AREA-PdOFILE 65.63
A R E A - S P R A Y

D R A G - E L  EdEN 5082.1
DRAG-STRUT  SPhPY

hULL  A I R  D R A G
H U L L  SPSAY D R A G
hULL  FRICTId8 D R A G
F U L L  P R E  S.FUKE  LlRAG

FCRWARD A R R A Y A F T A R R A Y
S T R U T PLJU V - F  JN FOIL STR(JT POD V - F I IN

9 . 0 0. 11.2 11.2 0.
22.00

0.12 7.06  0. 0.09 0 . 1. 2 4.82  IJ .
4.25 6.12 0. 4.75 4.25 12.33 0.

COEFF C O E F F C U E F F CUEFF C O E F F C O E F F C G E F F
0.00618 0.00026-0.00000 0.00059 0.00618 0 . 0 0 0 0 1 - 0 . 0 0 0 0 0
0.1~0270 0.00255 0. 0.00265 0.00270 0.00230 0.
0.00010 0.00010 0.00010 0.00010 0.000I0 O.OOOlO  O.ooOln

0.00505
0.00020

0.24000 0 . 0 0 0 9 9 0 . 2 4 0 0 0
0.01234.

27.95 13.01 0. 74.82 46.72 9 5 . 0 1 0 .
0.26 0.26

845.1 97.2 0. 4741.0 2794.8 i174.0 0.
100.3 32a.5

654.8 FWO FOIL L I F T $38346.5
0 . A F T F O I L LIFT 115476.3

42 60. 4 HIILL L I F T 1 5 1 2 0 0 . 0
2235.4

T O T A L S = ORAG,  Li-\S



H Y D R O D Y N A M I C  D E S I G N  O F  H Y D R O F O I L  S H I P S
NAVSEC PROGRAM WDB-061 7 R E F . N A V S H I P S  0 9 0 0 - 0 0 6 - 5 3 9 0

H Y D R O F O I L  P A T R O L  C R A F T  V A L  IDAT  ION D A T A ,  H U L L B O R N E 9/30/60

R E S U L T S  F O R  V =  3 0 . 0  KTS, Q= 2 5 6 7 .  P S F

L C G  F R O M  TRANS=  4 6 . 0  F T DEADRISE  A N G . = 8 . 0  D E G T BELDW  KEEL 11.2 FT
V C G  F R O M  K E E L  =  8 . 0  F T SHAFT ANGLE = 0. DEG T  F W D  T R A N S .  2 2 . 0  F T
C G  A B O V E  F W L  = 8 . 6  F T T R I M  A N G L E 3 . 0  D E G

C O N T  D E F L  FWD:  4 . 0  I)EG
F  D R A F T  F W D . 6 . 2  F T

M  E A N B E A M =  2 2 . 0  F T F  D R A F T  A F T .  I-l.9 F T
W E T T E D  K E E L =  3 4 . 4  F T COh!T  D E F L  A F T =  - 2 . 8  D E G K  D R A F T  A F T . 1 . 8  F T
!bJETTED  C H I N E =  1 5 . 6  F T

F O R W A R D  A R R A Y A F T  A R R A Y
F O I L S T R U T POD V - F  I N F O I L S T R U T POD V - F I N

L B E L O W  K E E L 9 . 0 9 . 0 0 . 1 1 . 2 1 1 . 2 0 .
L F W D  T R A N S 8 8 . 3 0 2 2 . 0 0
T / C  O R  L / D 0 . 0 9 0 . 1 2 7 . 0 0 0 . 0 . 0 9 0.12 4 . 8 2 0 .
L  - R E Y N .  N O 3 . 6 8 4 . 2 5 6 . 1 2 0 . 4 . 7 5 4 . 2 5 1 2 . 3 3 n .

T Y P E  O F  D R A G C O E F F C O E F F C D E F F C D E F F C O E F F C O E F F C D E F F C O E F F
P R O F I L E  O.nflO62 0 . 0 0 6 1 8 0.00076-0.00000 0 . 0 0 0 5 9 0.006lFI O.OOfiOl-0.000130
F R I C T I O N  (21  0 . 0 0 2 7 6 0 . 0 0 7 7 0 0 . 0 0 7 5 5  0. 0 . 0 0 2 6 5 0 . 0 0 2 7 0 o.on230  0.
ROUGHNESS(Z)  0 . 0 0 0 1 0 n.00010 0.00010 0.00010 O.tiOOlO 0.00010 0.00010 0.00010
I N D U C E D  0 . 0 1 7 7 0 0.00485.
D  P R O F I L E  0 . 0 0 5 7 3 0 . 0 0 0 3 0
W A V E  O R  S P R A Y 0 . 0 0 2 8 6 0 . 2 4 0 0 0 0 . 0 0 0 9 5 0 . 2 4 0 0 0
T O T A L  C O E F F  0 . 0 3 2 7 2 0 . 0 1 2 2 0

A R E A - P R U F  ILE  6 5 . 6 3 2 4 . 3 5 13.01 0. 7 4 . 8 2 4 5 . 0 5 95.01 0.
A K E A - S P R A Y 0 . 2 6 0 . 2 6

D R A G - E L E M E N T  5 5 1 2 . 1 7 3 6 . 1 97.2 0. 4 6 8 8 . 4 2 7 2 5 . 1 1174.0 0.
D R A G - S T R U T  S P R A Y 1 6 0 . 3 3 2 0 . 5

H U L L  A I R  D R A G 6 9 4 . 8 F W D  F O I L  L I F T 9 0 7 0 1 . 2
H U L L  S P R A Y  D R A G 0 . A F T  F O I L  L I F T 1 1 2 9 3 4 . 5
H U L L F R I C T I O N DRAG 3 4 2 5 . 7 H U L L L I F T 5 1 2 0 0 . 0
H U L L  P R E S S U R E  D R A G 2 6 8 3 . 3

T O T A L S  h’  D R A G ,  L B S 22217.4 * :: C C 5 * + * I L I F T ,  LBS 2 5 6 0 0 0 . 0

-51-
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-

H Y D R O D Y N A M I C  D E S I G N  DF  H Y D R O F O I L  S H I P S
N A V S E C  P R O G R A M  W D B - 0 6 1 , R E F .  N A V S H I P S  0900-006-5390

H Y D R O F O I L  PATRCJL  C R A F T  V A L  IDAT  J O N  D A T A ,  H U L L B O R N E g/30/68

R E S U L T S  F O R  V =  2 7 . 0  K T S , CI= 2079. PSF

L C G  F R O M  TRANS=  4 6 . 0  F T D E A D R I  S E  A N G . = 8 . 0  D E G T  B E L O W  K E E L  1 . 1 . 2  F T
V C G  F R O M  K E E L  = 8.0 FT SHAFT ANGLE = 0. DE6 T  F W D  T R A N S .  2 2 . 0  F T
C G  A B O V E  F W L  = 7.9 FT T R I M  A N G L E  = 2.5 DEG F  D R A F T  F W D . 7.2 FT
WEAN BEAM = 22.0 FT C O N T  D E F L  FWD= 7.6 DEG F  D R A F T  A F T .  1 2 . 4  F T
W E T T E D  K E E L =  4 7 . 8  F T C O N T  D E F L  A F T = 1.0 DEG K  D R A F T  A F T . 2.1 FT
W E T T E D  C H I N E = 25.2 FT

F O I L
L  B E L O W  K E E L 9.0
L  F W D  T R A N S 88.30
T / C  O R  L / O 0.09
L  - R E Y N .  N O 3.68

T Y P E  O F  D R A G COE FF
P R O F I L E 0.00062
F R I C T I O N  ! 2)  0 . 0 0 2 8 1
ROUGHNESS(Z)  0.00010
INDUCED 0.02407
D  P R O F I L E 0 . 0 1 2 6 5
W A V E  O R  S P R A Y 0 . 0 0 4 6 3
T O T A L  C O E F F 0.04779

A R E A - P R O F I L E 65.63
A R E A - S P R A Y

D R A G - E L E M E N T 6 5 2 1 . 6
D R A G - S T R U T  S P R A Y

H U L L  A I R  D R A G 562.8 F W D  FDII- L I F T '97037.7
H U L L  S P R A Y  D R A G 0. A F T F O I L L I F T 1 1 6 7 7 0 . 9
H U L L  F R I C T I O N  D R A G 3963.7 HIJLL  L I F T ‘ 5 1 2 0 0 . 0
H U L L  P R E S S U R E  D R A G 2235.4

T O T A L S  * D R A G ,  L B S 22712.7 % :: C :: Q 9 ;: * :: L I F T , L B S 256000.0

FORWARD A R R A Y A F T A R R A Y
S T R U T POD V-F IN FOII. S T R U T POD V - F I N

9.0 0. 11.7 11.2 0.
22.00

0.12 7.00 0. 0.09 0.12 4.82 0.
4.25 6.12 0. 4.75 4.25 12.33 0.

C O E F F C O E F F C O E F F C O E F F C O E F F C O E F F C O E F F
0.00628 0.00026-0;OOOOO 0.00059 0.00628 ~0.00001-0.00000
0.00275 0.00259 0. 0.00270 0.00275 0.00233 0.
0.00010 0.00010 0.00010 0.00010 0.00010 l0.00010 0.00010

0.00784
0.00005

0.24000- 0.00176 0.24000
0.01585

28.84 13.01 0. 74.87 47.11 95.01 0.
0.26 0.26

718.0 79.9 0. * 4931.2 7345i5 965.1 0.
129.8 259.6



-

.-

H Y D R O D Y N A M I C  D E S I G N  O F  H Y D R O F O I L  S H I P S
N A V S E C  PROGRApl  W D B - 0 6 1  T R E F . N A V S H I P S  09Oo-006-5390

H Y D R O F O I L  P A T R O L  C R A F T  V A L I D A T I O N  LIATA,  H U L L B O R N E 9/30/68

R E S U L T S  F O R  V =  2 7 . 0  KTS, O= 2079. PSF

L C G  F R O M  TRANS=  4 6 . 0  FT DEADRISE  A N G . = 8 . 0  D E G T B E L O W  K E E L  1 1 . 2  FT
V C G  FROH  K E E L  =  8.0 FT SHAFT ANGLE = 0. DEG T FhlD  T R A N S .  2 2 . 0  F T
C G  A B O V E  F W L  = 6.3 FT T R I M  A N G L E

CONT  DEFL  FWD==
3.0 IIFG F DR.AFT  FWO. 6.4 FT

MEAN B E A M = 22.0 Fi 7.2 DEG F  D R A F T  A F T .  1 2 . 1  FT
W E T T E D  K E E L = 39.4 FT CONT  D E F L  b.FT=  - 0 . 5  DFG K  D R A F T  A F T . 2.1 FT
W E T T E D  C H I N E = 20.6 FT

FORtiARD  A R R A Y A F T  A R R A Y
F O I L STRUT POD V - F  I N F O I L STRUT POD V - F I N

.i BELOW KEEL 5.0 9.0 0. 11.2 l-1.2 0.
L FWD TRANS 88.30 22.00
T/C OR L/D 0.09 0.12 7.00 0. 0.05 0.12 4.82  0.
L - REYN.  NO 3.68 4.25 6.12 0. 4.75 4.25 12.33 0.

T Y P E  O F  D R A G C O E F F C O E F F C O E F F C O E F F C O E F F C O E F F COEFF C O E F F
‘ P R O F I L E  0 . 0 0 0 6 2 0.00628 0.00026-0.00000 0.00059 0.00628 O.Onr~ol-n.ononn
F R I C T I O N  (2)  0 . 0 0 2 8 1 O.OO275 0 . 0 0 2 5 9  0 . 0.00270 0.00275 0.00233 0.
ROUGHNESS(2)  0 . 0 0 0 1 0 0 . 0 0 0 1 0 0 . 0 0 0 1 0  0 . 0 0 0 1 0 0 . 0 0 0 1 0 0 . 0 0 0 1 0 0.00010  O.(iOn10
I N D U C E D  0 . 0 2 5 7 6 0.0076.0

.D PKOF I L E  0 . 0 1 3 7 6 0 . 0 0 0 0 6
W A V E  OR S P R A Y 0 . 0 0 4 9 5 0 . 2 4 0 0 0 0.00172 0.24000- -  .
T O T A L  COEFT;  0 . 0 5 0 9 0 0.01557

A R E A - P R O F I L E  6 5 . 6 3 25.4h 13.01 0. 74.83 46.!ti 55.01 0.
A R E A - S P R A Y 0.26 0.26

- D R A G - E L E M E N T  6946.6 633.5 79.9 0. 4845.1 2299.2 965.1 n .
D R A G - S T R U T  S P R A Y 1 2 9 . 8 7 5 9 . h

-

H U L L  A I R  D R A G 562.8 FldD  F O I L  L I F T Htjh50.9
H U L L  S P R A Y  D R A G 0 . A F T  F O I L  L I F T 114759.2
H U L L  F R I C T I O N  D R A G 3309.2 H U L L L I F T 5 1 2 0 0 . 0

- H U L L  P R E S S U R E  D R A G 2 6 8 3 . 3

i0l-ALS  * D R A G ,  LBS 22714.5  z+  :>  4 $c  :$ t :; :: :; LIFT9 LHS 256000.0
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HYDRUDYNAMIC D E S I G N  O F  H Y D R O F O I L  S H I P S
N A V S E C  PROGKAM CiD5-061, R E F . NAVShIPS 0 9 0 0 - 0 0 6 - 5 3 9 0

H Y D R O F O I  I..  FATRDL  C R A F T  V A L  IDAT  l(lN  D A T A ,  hUl.LBOKNF 9/30/hq

R E S U L T S  F O R  V =  2 7 . 0  KTS, (j= 2 0 7 9 .  PSF

L C G  F R O M  TRANS=  4 6 . 0  F T DFAOK I  S F  ANG.= R . 0 IJ F G T 4El.llbi  KEFI Il.? F T
V C G  FROM  K E E L  = 8 . 0  F T S H A F T  A N G L E  =  0. 1-J  i? (; T  FWn  TRANS.  2 2 . 0  F T
CG ABOVE FWL = 8 . 8  F T T R I M  /il\lGI_k  = 3 . 5  IJFG F  D R A F T  F!2’D. 5 . 6  F T
id  E A N R E A W =  2 2 . 0  F T CTINT  DEFL  FWD=  6 . 8  LJEG F  DtiAFT  A F T .  1 1 . 9  F T
%rETTED  K E E L =  3 2 . 8  F T CONT  DFFL  AFT=  - 1 . 9  DFG K  IDRAFT  A F T . 2 . 0  F T
W E T T E D  C H I N E =  1 6 . 7  F-1

FORWARD A R R A Y A F T A R R A Y
F O I L STRUT POD V - F  I N FUIL .STKIIT POD v-f  I N

L  BELUW  K E E L 9 . 0 9 . 0 0. 1 1 . 2 1 1 . 2 0 .
L  F W D  T R A N S 8 8 . 3 0 2 2 . 0 0
T / C  O R  L / D 0 . 0 9 0 . 1 2 7.00 0 . 0.09 0 . 1 2 4 . 8 2 0 .
L  - REYN.  N O 3 . 6 8 4 . 2 5 h.  1% 0. 4 . 7 5 4 . 2 5 12.33 0 .

T Y P E  DF D R A G CUE FF CDEFF COE FF C O E F F CIIEFF C(lEFF CDFFF CUFFF
P R O F I L E 0 . 0 0 0 6 2  0.0~628  ~).OOCI~~-O.O~C~~O  0 . 0 0 0 5 9  O.OOh7H  O.T)11(,01-n.l)ooi~f~
FR!CTiON (7)  O.nn2Hl  0 . 0 0 7 7 5  o.oOi59  0. o.on27n  n.o027c,  o.nn733  0.
RouG~NEss(21  0.noni.n  o.moI.0  o.noolo  o.nnoIo  o.oooln  r1.1woI.0  0.0noI.o  n.oonln
I N D U C E D 0 . 0 2 7 5 1 O.(iO7LO
D  P R O F I L E 0 . 0 1 6 4 9 o.onon7
W A V E  O R  SPRAY0.00525  0 . 2 4 0 0 0 O.(JOihR  0.74oorI

T O T A L  C O E F F  0 . 0 5 5 6 8 0 . 0 1 5 3 4

A R E A - P R O F I L E  6 5 . 6 3 2 1 . 9 3 1 3 . 0 1 0 . 7 4 . 8 2 4 5 . 1 0 9 5 . 0 1 0.
A R E A - S P R A Y 0 . 2 6 0 . 2 6

D R A G - E L E M E N T  7 5 9 8 . 9 5 4 5 . 9 7 9 . 9 0. 4 7 7 4 . 7 7 7 4 5 . 4 9 6 5 . 1 I-; .
D R A G - S T R U T  S P R A Y 1 2 9 . 8 2 5 9 . 6

H U L L  A I R  D R A G 5 6 2 . 8 F W D  F O I L  L I F T 9 0 3 8 2 . 4
H U L L  S P R A Y  D R A G 0 . A F T  F O I L  ILIFT 1 1 3 0 0 7 . 4
H U L L  F R I C T I O N  DRAG 2 7 7 2 . 4 H U L L  L I F T 5 1 2 0 0 . 0
H U L L  P R E S S U R E  D R A G 3 1 3 1 . 5

T O T A L S  * DRAG? LaS 2 30  66 . (-,  * :* :; :: ;k ::; % t +:  ZX ILIFT, I-t’,?; 2 5 h n n n . 0



A

H Y D R O D Y N A M I C  DESIGk OF  hYDROFDIL  S H I P S
N A V S E C  PROGRAN  WDF-061, R E F . MVSHIPS  0900-006-5390

HYGROFOI  L  P A T R O L  C R A F T  V A L  J D A T  ITllu  D A T A , HIJLLBORNE 4/30/6A

R E S U L T S  FOR  V =  2 4 . 0  K T S , c)= 1 6 4 3 .

L C G  FRLJJ‘I  TRANS= 4 6 . 0  F T DFADRISE  ARIG.= J3.n  IJEG
V C G  FRDiJ  K E E L  = 8 . 0  F T SHAFT ANGLE = 0. GFG
CG A B O V E  F W L  = 6.9 FT TRIN  ANGLF  = 2.5 IIEG
M E A N  BEAF: = 22.0 FT COlvT  DEFL.  FWD= 9.7 DEG
W E T T E D  K E E L =  7 0 . 0  F T CONT  D F F L  A F T = 0.3 UFI;
YETTED  CHII\;E = 47.5 FT

F O R W A R D  A R R A Y
F O I L STRIJT POD V - F  I N FOIL

L  BELUW  K E E L 9 .o 9 .ct 0. 11.7
L  F W D  TRANS 88.30 22.00
T / C  OR L / D 0.09 0.12 7. on 0. 0.09
L  - K E Y N .  N O 3.68 4.25 6.12 0. 4.75

T Y P E  OF D R A G C O E F F CDEFF C O E F F CUEFF (.(IE FF
P R O F I L E 0 . 0 0 0 6 2 O.UOh40 0.00026-0.00000 O.UOC159
FRICTIOfil  (2) 0 . 0 0 2 8 6 O.tJO280 0 . 0 0 2 6 4  0 . O.OO275
ROUGHNESStZJ 0.00010 0.00010 0.00010 0.00010 0.00010
INDUCED 0.02927 0.00693
0 P R O F I L E 0.02888 O.oOnr~o
W A V E  OR SPRAY0.00665  0 . 2 4 0 0 0 O.cJO174
T O T A L  C O E F F 0 . 0 7 1 3 4 0 . 0 1 5 0 5

A F T A R R A Y
STKtJT wo V - F  Ilu

1 1 . 2 0 .

0.17 4.AZ 0.
4.25 12.33 0.

C O E F F C D E F F C O E F F
0.006~40  o.nrlfln1-o.onfJno
0.002RO 0.00237 0.
0.01)010 cJ.00010 0 . 0 0 0 1 0

0.74000

A R E A - P R O F I L E 65.63 32.96 13.01 0. 74.82 5 1 . 2 3 9 5 . 0 1 0 .
A R E A - S P R A Y 0.26 0.26

D R A G - E L E M E N T  7693.0 660.4 64.1 0. 3698.9 2052.7 775.4 0.
D R A G - S T R U T  S P R A Y 1.02.6 705.1

HJLL  AIR DRAG 444.7 FWD FD I L
H U L L  S P R A Y  D R A G iJ a A F T  FOIL
H U L L  F R I C T I O N  D R A G 4857.0 HIlLI-
H U L L  P R E S S U R E  D R A G 3 9 6 0 . 2

PSF

T  BELOW  KEFL  11.2 F T
i Fblli T R A N S .  2 7 . 0  F T
F  D R A F T  FMD. 8 . 2  Fi
F  I)RAFT  PFT. 1 3 . 3  F T
K  D R A F T  A F T . 3.1. FT

L I F T 76904.5
L I F T 87372.3
L I F T 90703.9

T O T A L S  * D R A G ,  LBS 24514.3  * C JZ ~2 ir :Z  * * * L I F T ,  Las 256000.0



H Y D R O D Y N A M I C  D E S I G N  O F  HYDROFOIL  S H I P S
N A V S E C  P R O G R A M  bJDb-061, R E F . NAVShIPS 0 9 0 0 - 0 0 6 - 5 3 9 0

H Y D R O F O I L  P A T R O L  C R A F T  V A L I D A T I O N  D A T A ,

R E S U L T S  F D R  V =  2 4 . 0  KTSv Cl= 1 6 4 3 .

LCG  F R O M  TRANS=  4 6 . 0  F T DFADRI  S E  A N G . = 8.0 DEG
VC.G F R O M  K E E L  = 8 . 0  F T SHAFT ANGLE = 0. DE6
C G  ABOVc Fb!L  = 7 . 3  F T T R I M  A N G L E 3 . 0  DEG
M E A N  BEAM =  2 2 . 0  F T COwT  DEFI. FWD: 9 . 9  D E G
W E T T E D  K E E L =  5 8 . 2  F T CONT  D E F L  A F T =  - 0 . 5  D E G
W E T T E D  C H I N E =  3 9 . 5  F T

FUKWARD A R R A Y
F O I L STRUT POD V - F I N F O I L

L BELOCd  K E E L 9 . 0 9 . 0 0 . 1 1 . 2
L  F W D  T K A N S 8 8 . 3 0 2 2 . 0 0
T / C  O R  L / D 0 . 0 9 0 . 1 2 7 . 0 0 0. 0 . 0 9
L - REYN.  N O 3 . 6 8 4 . 2 5 6 . 1 2 0 . 4 . 7 5

T Y P E  O F  D R A G CDE FF C O E F F C O E F F CCJEFF CDEFF
P R O F I L E 0 . 0 0 0 6 2  0 . 0 0 6 4 0  0 . 0 0 0 2 6 - 0 . 0 0 0 0 0  0 . 0 0 0 5 9
F R I C T I O N  (2)  0 . 0 0 3 8 6  0 . 0 0 2 8 0  0 . 0 0 2 6 4  c). 0 . 0 0 2 7 5
RDUGHNESS(2)  O.C!0Ol.O  0 . 0 0 0 1 0  0 . 0 0 0 1 0  0 . 0 0 0 1 0  0 . 0 0 0 1 0
INDUCED 0 . 0 3 3 2 6 0 .r;O756
D  P R O F I L E 0 . 0 3 8 2 8 0.0000h
W A V E  O R  S P R A Y 0 . 0 0 7 6 2  0 . 2 4 0 0 0 0 . 0 0 1 9 1
T O T A L  C O E F F 0 . 0 8 5 7 0 ‘ 0 . 0 1 5 8 2

A R E A - P R O F I L E 6 5 . 6 3 2 9 . 6 5 1 3 . 0 1 0 . 7 4 . 8 2
A K E A - S P R A Y 0 . 2 6

D R A G - E L E M E N T 9 2 4 1 . 0 5 9 4 . 1 6 4 . 1 0 . 3889.8
D R A G - S T R U T  S P R A Y 1 0 2 . 6

H U L L  A I R  D R A G 4 4 4 . 7 F W D  F O I L
H U L L  S P R A Y  D R A G 0 . A F T  F O I L
H U L L  F R I C T I O N  D R A G 4 1 0 0 . 9 HIJLL
H U L L  P R E S S U R E  D R A G 4 3 2 1 . 4

HULLHOR!UE 9/30/68

PSF

T  tiELOb:  KEFI. 1 1 . 7  F T
T  F W D  T R A N S .  7 2 . 0  FT
F  D R A F T  FLvD. 7 . 4  F T
F  D R A F T  A F T .  1 3 . 1  FT
K  D R A F T  A F T . 3 . 0  F T

A F T A R R A Y
STRIJT POD V - F I N

I. 1 . 2 0 .

0 . 1 2 4.82 0 .
4 . 2 5 12.33 0.

C O E F F C O F F F C O E F F
0 . 0 0 6 4 0 0.00001-n.nooon
0 . 0 0 2 8 0 0 . 0 0 2 3 7  0.
0.001310 0.0001.0  O.O(lOJ.0

0 . 2 4 0 0 0

5 0 . 3 7 9 5 . 0 1 0 .
0 . 2 6

2 0 1 8 . 3 7 7 5 . 4 0 .
2 0 5 . 1

L I F T 8 1 0 7 0 . 5
L I F T 9 1 1 2 1 . 5
L I F T 8 2 4 5 8 . 1

T O T A L S  * D R A G ,  LBS 25757.4  -$  G * C * * :t  * + ILIFT, LRS 2 5 6 0 0 0  .O



A

HYDRUDYNAivIC  D E S I G N  O F  HYDRflFCiIL  S H I P S ’
INAVScC  P R O G R A M  kDR-061, R E F . hiAVSk1  PS  09OD-006-5390

pYDRDFDIL  P A T R O L  C R A F T  VALIDATIC~N  [JATAI  HlJLLi?[lRNE 9/30/68

R E S U L T S  FOK  V =  2 4 . 0  KTS, 0 = 1 6 4 3 .  P S F

L C G  FROil TRAblS= 4 6 . 0  F’I DEADRISE  ANG.= 8 . 0  DEG T  BtLDi/j  r(FEL  1 1 . 2  F T
V C G  FROM  K E E L  =  8 . 0  FT SHAFT ANGLE = 0. tJE  G T  F!dD T R A N S .  22.0 F T
C G  A B O V E  FWL = 7 . 7  F T TRIM  A N G L E 3 . 5  UEG F  D R A F T  F!JD. 6 . 7  F T
MEPN BEAiji =  2 2 . 0  F T ~OI\IT  ~EFL Fwrl~ 9 . 6  GEG F D R A F T  A F T .  13.0  F T
WETl-ED K E E L =  5 1 . 4  F T C O N T  D E F L  A F T =  - 2 . 0  DEG K  iJRAF1.  A F T . 3 . 1  F T
tiETTti1  C H I N E =  3 5 . 3  F T

FORWARD A R R A Y A F T A R R A Y
F O I L STRUT POD V - F  I N F O I L STRUT POD V-FIfv

L YELCJW KEEL 9.0 9.0 0. 11.2 11.7 6.
L FWD TRANS 88.30 27.00
T/C OR L/D 0.09 0 . 1 2 7.00 0. 0.09 0.12 4.87 0.
L - REYN. NO 3.68 4 . 2 5 6.12 0. 4 . 7 5 4 . 2 5 12.33 0 .

T Y P E  OF D R A G C O E F F COEFF C O E F F CCIEFF CCIEFF CUE  F F -CClFFF Cf-#EFF
P R O F I L E  0 . 0 0 0 6 2 0 . 0 0 6 4 0 0 . 0 0 0 2 6 - 0 . 0 0 0 0 0 0 . 0 0 0 5 9 0 . 0 0 6 4 0 0.Dn(;Dl-D.OiJDnD
FKIC.TIUN  (2)  0 . 0 0 2 8 6 0 . 0 0 2 8 0 0 . 0 0 2 6 4  0 . O.UO275 0 . 0 0 2 8 0 0 . 0 0 2 3 7  0.
ROUGHNESSI2)  0 . 0 0 0 1 0 0 . 0 0 0 1 0 0 . 0 0 0 1 0  0 . 0 0 0 1 0 O.OOOl’-l D.OODlCl O.OOOIfl  O.fJfJOlO
I N D U C E D  0 . 0 3 5 4 1 0 . 0 0 7 2 6
D  P R O F I L E  0 . 0 4 2 0 4 0 . 0 0 0 0 7

W A V E  OR SPRAYO.OD815 0 . 2 4 0 0 0 0 . 0 0 1 8 4 0 . 2 4 0 0 0
T O T A L  CUEFF  0 . 0 9 2 1 4 0 . 0 1 5 4 6

A R E A - P R O F I L E  6 5 . 6 3 2 6 . 7 5 13,.  0 1 0 . 74.82 49.97 95.01 0.
A H F A - S P R A Y 0.76 0.76

D R A G - E L E M E N T  9935.0 536.0 6 4 . 1 0 . 3800.3 2000.3 775.4 0.
D R A G - S T R U T  SPRkY 1 0 2 . 6 7 0 5 . 1

H U L L  A I R  IDR!-\G 444.7 F W D  FOIL L I F T X2735.5
H U L L  S P R A Y  D R A G 0. A F T  F~-IIL  I.!F-I 89184.2
H U L L  F R  I C T  I O N  D R A G 3669.6 H U L L  L I F T Y245A.1
H U L L  P R E S S U R E  D R A G 5043.4

TUTALS :::  D R A G ,  LBS 26576.4 $ z,?  I::  t c 0 ,,t  e s,, L I F T ,  LBS 2 5 6 0 0 0 . 0

I
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F I G U R E  2  T H R E E  D I M E N S I O N A L  c, RATIOS VS. FOIL DEPTH TO CHORD RATIO.
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.Ol
FWD HYDROFOIL

AFT HYDROFOIL
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THREE D IMENSIONAL L IFT  COEFFIC IENT

FIGURE 3 INDUCED DRAG COEFFICIENT VS. 3-D LIFT COEFFICIENT.
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FIGURE 5 FRICTIONAL FORCES 8 LEVER ARMS.
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*

C
C
C
c
c
C
C
C
c

c

C
C

c
C

c
C

c
C

C
C

c
C

H Y D R O F O I L  S H I P  LONGITUOINAL,STATIC, T R I M  L O A D  P R O G R A M
CASDAC 2310 1 l-MCSA N A V S H I P S  D O C  N O  0 9 0 0 - 0 0 6 - 5 3 9 0  J U L Y  1 9 6 8
W  B  BAUHAN  N A V S E C  6114C

L O N G I T U D I N A L  S T A T I C  T R I M - L O A D  C A L C U L A T I O N  (HY-02A)

S U B R O U T I N E S  A N D  F U N C T I O N  S U B P R O G R A M S  R E O U I R E D
PHULLf  *I, F C T  ClDSFfXNlRE), INTERP(X,NO,Z,Y,VALUE)

H Y - 0  2 0
C O M M O N  VS2,DE1W,DL1CFl,DPlPH,CGlLT,CGlV8,~lA,A38D,V6,f~lL8W,ClLO8,  H Y - 0  3 0

1 Gl,QE,A3TAD,DGlFRH,DGlSPH,XM2,D,QPI,P2K,A3TAR,XL~KW,XLl~W, H Y - 0  4 0
2 DGlPH,DlKT,SINT,COST,TANT H Y - 0  5 0

H Y - 0  6 0
D I M E N S I O N  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  7 0

1,DATAID~20),QC1DFR~8),C1LEf9l,ClLEA(S) H Y - 0  8 0
H Y - 0  90

S E T  O R  R E S E T  J O B  C O N S T A N T S  A T  T H E I R  I N I T I A L  V A L U E S .
1 XJOB = 1.

Gl = 3 2 . 1 7
NPAGE = 1
ClLOB=O.O85
RlLBW=3.300
OE=2.7182818
QP1=3.1415927

R E A D  O V E R A L L  C O N T R O L  D A T A  C A R D .
R E A D  f5,5)  VS2,DElW,DLlCFl,XJOBS,DLlCF2,ZL,ZM,XNTRYS

5 FORMATf Fl2.4,F9.O,F6.0,6F5.0  1
IFLVS2-9999.)  9 ,  1000,  1 0 0 0

I

H Y - 0 100
H Y - 0 110
H Y - 0 1 2 0
H Y - 0 1 3 0
H Y - 0 1 4 0
H Y - 0 1 5 0
H Y - 0 1 6 0
H Y - 0 1 7 0
H Y - 0 1 8 0
H Y - 0 1 9 0
H Y - 0 2 0 0
H Y - 0 2 1 0
H Y - 0 2 2 0
H Y - 0 2 3 0
H Y - 0  2 4 0
H Y - 0  2 5 0

R E A D  T H E  T I T L E  C A R D .
9  R E A D  (5,101  DATAID
10 FORMAT ( 20A4)

R E A D  D A T A  F O R  F O R W A R D  F O I L - S T R U T - N A C E L L E  A R R A Y .
1 5  FORMATf8F10.31
1 6  F O R M A T ( 9 F 8 . 2 )

R E A D  (5.15)  D2F,D2N,D2V,XLlLT,XLlCM,XLlCS,XLlV,XLlN
R E A D  (5.15)  AlP,AlPV,RlTCM,RlTCS,RlTCV,RlLDN,A3DD,XN2SN
R E A D  (5,151  C1LD,DR1PT,DRlPD,ClDSP,ClDFP,ClDNP,ClWSN,RlAS
R E A D  (5,161  RlHCT
R E A D  (5,161  RlCLT
R E A D  f5,16)  ClLE
R E A D  15,161  ClDIC

R E A D  D A T A  F O R  A F T  F O I L - S T R U T - N A C E L L E  A R R A Y .
R E A D  (5,151
R E A D  (5,151
R E A D  (5,151
R E A D  (5,161
R E A D  (5,161
R E A D  (5,161
R E A D  (5,161

1

H Y - 0 2 6 0
H Y - 0 2 7 0
H Y - 0 2 8 0
H Y - 0 2 9 0
H Y - 0 3 0 0
H Y - 0 3 1 0
H Y - 0 3 2 0
H Y - 0 3 3 0
H Y - 0 3 4 0
H Y - 0 3 5 0
H Y - 0 3 6 0
H Y - 0 3 7 0
H Y - 0 3 8 0
H Y - 0 3 9 0

D2FA,D2NA,D2VA,XLlLTA,XLlCMA,XLlCSA,XLlVA,XLlNA H Y - 0  4 0 0
AlPA,AlPVA,RlTCMA,R1TCSA,RlTCVA,RlLDNA,A3DOA,XN2SNA H Y - 0  4 1 0
C1LDA,DRlPTA,DR1PDA,ClDSPA,ClDFPA,ClDNPA,ClWSNA,RlASA  H Y - 0  4 2 0
RlHCTA H Y - 0  4 3 0
RlCLTA H Y - 0  4 4 0
ClLEA H Y - 0  4 5 0
ClDICA H Y - 0  4 6 0

H Y - 0  4 7 0
H Y - 0  4 8 0
H Y - 0  4 9 0
H Y - 0  5 0 0

R E A D  H U L L  D A T A  C A R D S .
2 0  R E A D  (5,151  D,ClDAIR,XLlT,PClH

R E A D  (5,5)~DPlP,CGlLT,CGlVB,BlA,A3BO,UlSK,D2T,A3SHD,A3TAD



c
C

C
c

C
C

c
c

C
C

C
C

C

C

C

S E T  O R  R E S E T  R U N  C O N S T A N T S  A T  T H E I R  I N I T I A L  V A L U E S .
2 1  D E L T N F - 0 . 5

D E L T N R - 0 . 5
N T R Y S = X N T R Y S
V6=1.6889*UlSK
DPlPH=DP  lP*PClH
RlDLN=l.O/RlLDN
RlDLNA=l.O/RlLDNA
P2K=0.5*DElW*V6**2
A3TAR=A3TAD/57.29578

.A3SHR=A3SHD/57.29578
‘-S  I N T = SIN(A3TAR)
C O S T = COStA3TAR)
TANT = TAN(A3TARI
A3THR =  A3TAR  +  A3SHR

E Q U A T I O N  8 . 2 ,  C O M P U T E  T H R U S T  L E V E R  A R M .
CONST=(CGlVB+D2T)/(CGlLT-XLlT)
A3XI  =ATAN(CONST)-A3SHR

-ZCGlT=SIN(A3XI)*SQRT((CGLVB+D2T)*~2  + (CGLLT-XLlT)**Z)

E Q U A T I O N  7 . 1 , C O M P U T E  H U L L  A I R  D R A G .
DGlAIR=ClDAIR*UlSK**2

E Q U A T I O N  3 . 1 1 , C O M P U T E  S T R U T  S P R A Y  D R A G .
AlWSS=(RlTCS*XLlCS)**2
AlWSSA=LRlTCSA*XLlCSA)**2
DGlSP=ClDSP*P2K*AlWSStXN2SN
DGlSPA=ClDSPA*P2K*AlWSSA*XN2SNA

C O M P U T E  C O M P O N E N T  R E Y N O L D S  N U M B E R S .
XNlR=XLlCM*V6/VSZ
XN lRN=XL  lN*V6/VS2
XNlRS=XLlCS*V6/VS2
XNLRA=XLlCMA*V6/VS2
XNlRNA=XLlNA*V6/VS2
XNlRSA=XLlCSA*V6IVSZ

C O M P U T E  V E N T R A L  F I N  D R A G  W H E N  A P P L I C A B L E .
I F  (XLlV) 45,45,50

4 5  DGlV=O.QOO
QClDFR(4)=0.00
G O  T O  6 5

5 0  XNlRV=XL  lV*Vb/VS2
QClDFR(4l=ClDSF(XNlRV)
E Q U A T I O N  3.101 F W D  V E N T R A L  FIN(S) P R O F I L E  D R A G  C O E F F I C I E N T .
ClDVP=2.0+QC1DFR(4)*~l.2*RlTCV+6O.O*RlTCV**4~
E Q U A T I O N  3 . 9 , F W D  V E N T R A L  FIN(S)  D R A G .
DdlV=(2.0*(Q~lDFR(4)+DLlCF2)+ClDVP)*A1PV~P2K~XN2SN

6 5 I F  (XLlVA)  70,70,75
7 0 DGlVA=O.OOO

QClDFR(B)=O.OOO
G O  T O  9 0

7 5 XNlRVA=XLlVA*V6/VSZ
QClDFRt8)=ClDSF(XNlRVA)
E Q U A T I O N  3 . 1 0 , A F T  V E N T R A L  FIN(S) P R O F I L E  D R A G  C O E F F I
ClDVPA=2.*QClDFR(8)*(1.2*RlTCVA+6O.*RiTCVA**4)

C I E N T .

H Y - 0  5 1 0
H Y - 0 5 2 0
H Y - 0 5 3 0
H Y - 0 5 4 0
H Y - 0 5 5 0
H Y - 0 5 6 0
H Y - 0 5 7 0
H Y - 0 5 8 0
H Y - 0 5 9 0
H Y - 0 6 0 0
H Y - 0 6 1 0
H Y - 0 6 2 0
H Y - 0 6 3 0
H Y - 0 6 4 0
H Y - 0 6 5 0
H Y - 0 6 6 0
H Y - 0 6 7 0
H Y - 0 6 8 0
H Y - 0 6 9 0
H Y - 0 7 0 0
H Y - 0 7 1 0
H Y - 0 7 2 0
H Y - 0 7 3 0
H Y - 0 7 4 0
H Y - 0 7 5 0
H Y - 0 7 6 0
H Y - 0 7 7 0
H Y - 0 7 8 0
H Y - 0 7 9 0
H Y - 0 8 0 0
H Y - 0 8 1 0
H Y - 0 8 2 0
H Y - 0 8 3 0
H Y - 0 8 4 0
H Y - 0 8 5 0
H Y - 0 8 6 0
H Y - 0 8 7 0
H Y - 0 8 8 0
H Y - 0 8 9 0
H Y - 0 9 0 0
H Y - 0 9 1 0
fly-0 9 2 0
H Y - 0 9 3 0
H Y - 0 9 4 0
H Y - 0 9 5 0
H Y - 0 9 6 0
H Y - 0 9 7 0
H Y - 0 9 8 0
H Y - 0 9 9 0
H Y - 0 1 0 0 0
HY-01010
H Y - 0 1 0 2 0
HY-01030
H Y - 0 1040
H Y - 0 1 0 5 0
H Y - 0 1 0 6 0
H Y - 0 1 0 7 0
H Y - 0 1 0 8 0

A-2



-

C

C
C

9 0

C
95

c
100

C
105

c
110

C
c

C

c

C
C

C
111
112

C
1 1 3

C
C

1 1 5
1 2 0

125

z
130

C
C

E Q U A T I O N  3 . 9 , A F T  V E N T R A L  FIN(S)  D R A G .
DGlVA=~2.0*~QClDFR~8~+DLlCF2~+ClDVPA~*ALPVA~P2K~XN2SNA

COMPUTE NACELLE DRAGS.
AlWSN=ClWSN*OPI*XLlN**2*RlDLN
AlWSNA=ClWSNA*OPI*XLlNA**2*RlDLNA
OClDFR(3)=ClDSF(XNlRN)
IF (ClDNP)  95,95,100
E Q U A T I O N  3 . 8 ,  F W D  NACELLE(S)  P R O F I L E  D R A G  C O E F F I C I E N T .
ClONP=QClDFR~3)*11.5*RlDLN**l.5+7.O*RlDLN**3~
ECKJATIDN  3 . 7 , F W D  NACELLEL  S) D R A G .
DGlN=(ClONP+QClDFRI  3l+DLlCFZ)*P2K*AlWSN*XN2SN
QClDFR(7)=ClOSF(XNlRNA)
IF (ClDNPA)  105,105,110
E Q U A T I O N  3 . 8 ,  A F T  N A C E L L E ( S )  P R O F I L E  D R A G  C O E F F I C I E N T .
C1DNPA=OClDFR(7~*(1.5sRlDLNA**l.5+7.O*RlDLNA**3~
EOUAT ION 3.7, A F T  NACELLEI  S) D R A G .
DGlNA=(ClDNPA+OClDFR(7)+DLlCF2)+P2K~AlWSNA*XN2SNA

C O M P U T E  S T R U T  P R O F I L E  D R A G  C O E F F I C I E N T S .
QClDFR(2)=ClDSF(XNlRS)
QClDFR(6)=ClDSF(XNlRSA)
E O U A T  ION 3 . 5 , F W D  STRUTIS) P R O F I L E  D R A G  C O E F F I C I E N T .
ClDS =2.0*QClDFR~2)*(1.0  + lO.O*RlTCS**Z)
EDUATION  3 . 5 ,  A F T  STRUT(S)  P R O F I L E  D R A G  C O E F F I C I E N T .
ClDSA=2.0*ClClDFRL6)*11.0  + lO.O*RlTCSA**Z)

C O M P U T E  F O I L  P R O F I L E  D R A G  C O E F F I C I E N T S .
QClDFR(l)=ClDSF(XNlRl
IFLClDFP) 111,  111, 112
E Q U A T I O N  3 . 2 ,  F W D  FOIL(S)  P R O F I L E  D R A G  C O E F F I C I E N T .
ClDFP=2.0*  QClDFR(l)*(l.2*RlTCM+6O.*RlTCM**4)
QClDFRlS)=ClDSF(XNlRA)
IFtClDFPA)  113r113r115
EDUAT  ION 3 . 2 , A F T  FOIL(S)  P R O F I L E  D R A G  C O E F F I C I E N T .
ClDFPA=2.0*  ~ClDFR15)*l1.2*RlTCMA+6O.*RlTCMA**4)

I F  T H E  S H I P  IS P A R T I A L L Y  H U L L - B O R N E  C A L L  T H E  H U L L  D R A G
I F  (PClH)  120,120,125
DGlPH = 0 . 0 0
DGlFRH = 0.00
DGlSPH  =  0 . 0 0
XLlKW =  0 . 0 0
XLlCW =  0 . 0 0
XM2 = 0.00
DlKT = CGlLT*SINT + CGlVB+COST - D
GO  TO 130
C A L L  P H U L L  (J120.255)

S E T  O R  R E S E T  I N D I C A T O R S .
IND4=1
INDS=l

C O M P U T E  F O I L  D E P T H  A N D  T H E N  T H E  D E P T H  T O  C H O R D  R A T I O .
HlF=(CGlVB+DZF l*COST-D-I  XLlLT-CGlLT)*SINT
HlFA=(CGlVB+D2FAl*COST+(GGLLT-XLlLTA)*SINT
RlHC=HlF/XLlCH
RlHCA=HlFA/XLlCMA

HY-010~0.
HY-01100
HY-01110
H Y - 0 1 1 2 0
H Y - 0 1 1 3 0
H Y - 0 1 1 4 0
H Y - 0 1 1 5 0
H Y - 0 1 1 6 0
H Y - 0 1 1 7 0
H Y - 0 1 1 8 0
HY-01190
HY-01200
H Y - 0 1 2 1 0
H Y - 0 1 2 2 0
H Y - 0 1 2 3 0
H Y - 0 1 2 4 0
H Y - 0 1 2 5 0
H Y - 0 1 2 6 0
H Y - 0 1 2 7 0
H Y - 0 1 2 8 0
H Y - 0 1 2 9 0
H Y - 0 1 3 0 0
H Y - 0 1 3 1 0
HY-01320
H Y - 0 1 3 3 0
H Y - 0 1 3 4 0
H Y - 0 1 3 5 0
HY-01360
H Y - 0 1 3 7 0
HY-01380
H Y - 0 1 3 9 0
H Y - 0 1 4 0 0
H Y - 0 1 4 1 0
H Y - 0 1 4 2 0
H Y - 0 1 4 3 0
H Y - 0 1 4 4 0
H Y - 0 1 4 5 0

AND HOMENT.HY-01460
HY-01470
HY-01480
HY-01490
HY-01500
H Y - 0 1 5 1 0
H Y - 0 1 5 2 0
H Y - 0 1 5 3 0
HY-01540
HY-01550
HY-01560
HY-01570
HY-01580
H Y - 0 1 5 9 0
H Y - 0 1 6 0 0
H Y - 0 1 6 1 0
H Y - 0 1 6 2 0
H Y - 0 1 6 3 0
HY-01640
H Y - 0 1 6 5 0
H Y - 0 1 6 6 0
H Y - 0 1 6 7 0

---



c C O M P U T E  S T R U T  PLANFORM  A R E A  AN,D L E V E R  A R M S  A B O U T  T H E  C . G . .
AIPS=~H1F-R1DLN*XL1N/2.O~*XLlCS
Al.FSA=  (HlFA-RlDLNA*XLlNA/2.O)*XLlCSA
ZCGlS  =  D  +  AlPS/IZ.O*XLlCS)
ZCGlSA  =  D  +  AlPSA/(Z.O*XLlCSA)

C
C C O M P L E T E  S T R U T  D R A G  C A L C U L A T I O N  F O R  T H I S  D E P T H .

DGlS=(2.0r(QClDFR(2)+DLlCF2)+ClDS)~AlPS~P2K~XN2SN
DGlSA=~2.0*~QClDFR~6~+DLlCF2~+ClDSA~~AlPSA*P2K~XN2SNA

C
C C O M P U T E  F O I L  L I F T  C O E F F I C I E N T S .

135  A3DR=A3DD/57.29578

C

C

C
C

C
C

C

C

C

C
C

C

C

C

C
C

C
C

A3DRA=A3DDA/57.29578
C A L L  INTERP(RlHC,9,RlHCT,RlCLT,RlClL)
C A L L  INTERP(RlHCA,9,RlHCTA,RlCLTA,RlClLA)
E Q U A T I O N  2 . 1 , F W D  FOIL(S)  L I F T  C O E F F I C I E N T .
ClL=(ClLD  + A3TAReDRlPT  +A3DR*DRlPD)*RlClL
E Q U A T I O N  2 . 1 , A F T  FOIL(S)  L I F T  C O E F F I C I E N T .
ClLA=(ClLDA + A3TAReDRlPTA  +A3DRA*DRlPDA)*RlClLA

C O M P U T E  F O I L  L I F T .
X L F l K = C  lL*AlP*PZK*XNZSN
XLFlKA=ClLA*AlPA*P2KsXN2SNA

C O M P L E T E  F O R W A R D  F O I L  D R A G  C A L C U L A T I O N  F O R  T H I S  D E P T H .
QK 1C =4.0*RlAS  *(  l.O/SQRT(RlAS  +*2+16.O*RlHC  **2+1.0)  +l.O)/

1 (RlAS  **2 +16.O+RlHC **2)
;;t:;H  =V6**2/(Gl*HlF  1

=l.O/QE**(2.0/XNlFH  1
E Q U A T I O N  3 . 4 , F W D  FOIL(S)  W A V E  D R A G  C O E F F I C I E N T .
ClDW =ClL **:Z+(QPSI  *Gl*XLlCM  /(4.0*V6**2))
E Q U A T I O N  3 . 3 ,  F W D  FOIL(S)  I N D U C E D  D R A G  C O E F F I C I E N T .
ClDI =ClL **2+(  l.O/(QPI*RlAS  1 +QKlC  /(8.O+QPI) 1
C A L L  I N T E R P  (ClL,9,ClLE;ClDIC,ClDIP)
E Q U A T I O N  3 . 1 , F W D  FOIL(S)  T O T A L  D R A G  C O E F F I C I E N T . .
C1D=2.0+(QC1DFR(1)+DLlCF2~+ClDFP+ClDIP+ClDI+ClDW
DGl=ClD*P2K*AlP*XN2SN

C O M P L E T E  A F T  F O I L  D R A G  C A L C U L A T I O N  F O R  T H I S  D E P T H .
QKlCA  =4.0*RlASA+(  1.O/SQRT~R1ASA*~2+16.O*RlHCA**2+l.O~  +l.CI)/

1 (RlASA**2  +lb.O*RlHCA+*2)
XNlFHA=V6*+2/(Gl*HlFA)
Q P S I A  =l.O/QE**(2.0/XNlFHA)
E Q U A T I O N  3 . 4 , A F T  FOIL(S)  W A V E  D R A G  C O E F F I C I E N T .
ClDWA  =C1LA*+2*lQPSIA*G1*XLlCMA/~4.O*V6**2l)
E Q U A T I O N  3 . 3 , A F T  FOILIS) I N D U C E D  D R A G  C O E F F I C I E N T .
ClDIA =ClLA**2*(l.O/(QPI*RlASAl  +QKlCA/(B.O*QPI))
C A L L  INTERP(ClLA,9,C1LEA,ClDICA,ClDIPA)
E Q U A T I O N  3 . 1 , A F T  FOIL(S)  T O T A L  D R A G  C O E F F I C I E N T .
ClDA=2.0~~QC1DFR~5~+DLlCF2~+ClDFPA+ClOIPA+ClDIA+ClDWA
DGlA=AlPA*ClDA*PZK*XN2SNA

C O M P U T E  T O T A L  S H I P  D R A G .
DG1T=DG1AIR+DG1SP+DGlSPA+DGlV+DGlVA+DGlN+DGlNA+DG

1 +DGlPH+DGlFRH+DGlSPH
T=DGlT/COS(A3THR)

C O M P U T E  L I F T  E R R O R .

lAHY-02210
H Y - 0 2 2 2 0
H Y - 0 2 2 3 0
H Y - 0 2 2 4 0
H Y - 0 2 2 5 0

lS+DGlSA+DGl+DG

H Y - 0 1 6 8 0
H Y - 0 1 6 9 0
H Y - 0 1 7 0 0
H Y - 0 1 7 1 0
H Y - 0 1 7 2 0
H Y - 0 1 7 3 0
H Y - 0 1 7 4 0
H Y - 0 1 7 5 0
H Y - 0 1 7 6 0
H Y - 0 1 7 7 0
H Y - 0 1 7 8 0
H Y - 0 1 7 9 0
H Y - 0 1 8 0 0
H Y - 0 1 8 1 0
H Y - 0 1 8 2 0
H Y - 0 1 8 3 0
H Y - 0 1 8 4 0
H Y - 0 1 8 5 0
H Y - 0 1 8 6 0
H Y - 0 1 8 7 0
H Y - 0 1 8 8 0
H Y - 0 1 8 9 0
H Y - 0 1 9 0 0
H Y - 0 1 9 1 0
H Y - 0 1 9 2 0
H Y - 0 1 9 3 0
H Y - 0 1 9 4 0
H Y - 0 1 9 5 0
H Y - 0 1 9 6 0
H Y - 0 1 9 7 0
H Y - 0 1 9 8 0
H Y - 0 1 9 9 0
H Y - 0 2 0 0 0
H Y - 0 2 0 1 0
H Y - 0 2 0 2 0
H Y - 0 2 0 3 0
H Y - 0 2 0 4 0
H Y - 0 2 0 5 0
H Y - 0 2 0 6 0
H Y - 0 2 0 7 0
H Y - 0 2 0 8 0
H Y - 0 2 0 9 0
H Y - 0 2 1 0 0
H Y - 0 2 1 1 0
H Y - 0 2 1 2 0
H Y - 0 2 1 3 0
H Y - 0 2 1 4 0
H Y - 0 2 1 5 0
H Y - 0 2 1 6 0
H Y - 0 2 1 7 0
H Y - 0 2 1 8 0
H Y - 0 2 1 9 0
H Y - 0 2 2 0 0

-

.
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ERRL=XLFlK+XLFlKA-DPlP+T*SIN(A3THR)+DPlPH HY-02260
C H Y - 0 2 2 7 0
C C O M P U T E  M O M E N T  E R R O R . H Y - 0 2 2 8 0

138 CGM=-DGlSP~D-DG1V~~CGlVB+D2V~-DGlN~~CG1VB+D2N~-DGlNA~~~~GlVB+D2NA~  HY-02290
H Y - 0 2 3 0 0
H Y - 0 2 3 1 0
H Y - 0 2 3 2 0
H Y - 0 2 3 3 0
H Y - 0 2 3 4 0
H Y - 0 2 3 5 0
H Y - 0 2 3 6 0
H Y - 0 2 3 7 0
H Y - 0 2 3 8 0
H Y - 0 2 3 9 0
H Y - 0 2 4 0 0
H Y - 0 2 4 1 0
H Y - 0 2 4 2 0
H Y - 0 2 4 3 0
H Y - 0 2 4 4 0
H Y - 0 2 4 5 0
H Y - 0 2 4 6 0
H Y - 0 2 4 7 0
H Y - 0 2 4 8 0
H Y - 0 2 4 9 0
H Y - 0 2  5 0 0
H Y - 0 2 5 1 0
H Y - 0 2 5 2 0
H Y - 0 2 5 3 0
H Y - 0 2  5 4 0
H Y - 0 2 5 5 0
H Y - 0 2 5 6 0
H Y - 0 2 5 7 0
H Y - 0 2 5 8 0
H Y - 0 2 5 9 0
H Y - 0 2 6 0 0
H Y - 0 2 6 1 0
H Y - 0 2 6 2 0
H Y - 0 2 6 3 0
H Y - 0 2 6 4 0
H Y - 0 2 6 5 0
H Y - 0 2 6 6 0
H Y - 0 2 6 7 0
H Y - 0 2 6 8 0
H Y - 0 2 6 9 0
H Y - 0 2 7 0 0
H Y - 0 2 7 1 0
H Y - 0 2 7 2 0
H Y - 0 2 7 3 0
H Y - 0 2 7 4 0
H Y - 0 2 7 5 0
H Y - 0 2 7 6 0
H Y - 0 2 7 7 0
H Y - 0 2 7 8 0
H Y - 0 2 7 9 0
H Y - 0 2 8 0 0
H Y - 0 2 8 1 0
H Y - 0 2 8 2 0
H Y - 0 2 8 3 0
H Y - 0 2 8 4 0

CGM=CGM-DGlWZCGlS  - DGlSA*ZCGlSA  - DGl*(D+HlF) - DGlA*(D+
,lHlFA)-DGlSPA*D-DGlVA*tCGlVB+D2VA)+T*ZCGlT

CGM=CGM+XLFlK~~XLlLT-CGlLT+~CGlVB+D2F~*TANT~~COST
CGM=CGM-XLFlKA~fCGlLT-XLlLTA-(CGlVB+D2FA~~TANT~~COST  ‘+ X M 2
I F  (IND5-NTRYS) 140,14Ov210

140 GO TO (145,160,165),IND4
1 4 5 I F  LABStERRL)  - ZL)  1 5 0 ,  1509  1 5 5
1 5 0 I F  (ABSLCGMI  - ZM)  2109  2109  1 5 5
1 5 5 TNFO=A3DD

TNRO=A3DDA
ERRO=ERRL
CGMO=CGM
IND4=2
A3DD=A3DD+DELTNF
G O  T O  1 3 5

1 6 0 A3DDA=A3DDA+DE  LTNR
DLT=ERRL-ERR0
DMT =CGM-CGMO
A3DD=TNFO
I ND4=3
G O  T O  1 3 5

165 DMD=CGM-CGMO
OLD=ERRL-ERR0
DEN=DMD*DLT-DLD*DMT

c” C O M P U T E  F O I L  C O N T R O L  S U R F A C E  A N G L E  C O R R E C T  I O N S .
TNRCOR=DELTNR*(DMT*ERRO-DLT+CGHO  I  / D E N
TNFCOR=DELTNF*(  DLD*CGMO-DHD*ERRO)  / D E N
A3DD=TNFO+TNFCOR
I F  (ABS(TNFCOR)-1.0)  175,175~.170

1 7 0 A3DD=TNFO+TNFCOR/ABS(TNFCOR)
1 7 5 A3DDA=TNRO+TNRCOR

I F  LABS(TNRCOR)-1.0)  185,185,lBO
180 A3DDA=TNRO+TNRCOR/ABSO
1.85 IND4=1

I F  (DELTNR-ABSLTNRCDR))  1 9 5 ,  1 9 5 ,  1 9 0
1 9 0  D E L T N R  =  ABS(TNRCOR)
1 9 5 I F  (DELTNF  - ABStTNFCORI)  2051  2 0 5 ,  2 0 0
2 0 0  D E L T N F  =  ABStTNFCOR)
2 0 5 IND5=IND5+1

G O  T O  1 3 5
C
C C H E C K  I F  F O I L  I N C I D E N C E  A N G L E  L I M I T S  A R E  E X C E E D E D .

2 1 0 I F  (A3DD+lO.)  230,215,215
2 1 5 I F  LA3DDA+lO.) 230,220,220
2 2 0 I F  L  A3DD-10.1  225,225,245
2 2 5 I F  (A3DDA-10.1  2651265,245

C
C D E C R E A S E  F O I L  D E P T H .

2 3 0  I F  (PClH)  235,235*240
2 3 5 D=D+O.  1

GO T O  2 6 0
2 4 0 DPlPH=DPlPH*0.9

G O  T O  2 6 0
C



C I N C R E A S E  F O I L  D E P T H . H Y - 0 2 8 5 0
2 4 5  I F  (PClH)  2501250,255 H Y - 0 2 8 6 0
2 5 0  D = D - 0 . 1 ‘ H Y - 0 2 8 7 0

G O  T O  2 6 0 ‘ H Y - 0 2 8 8 0
2 5 5  DPlPH=DPlPH*l.  1 H Y - 0 2 8 9 0

C H Y - 0 2 9 0 0
C R E S T O R E  F O I L  I N C I D E N C E  A N G L E  I N C R E M E N T S  T O  T H E I R  O R I G I N A L  V A L U E S .  H Y - 0 2 9 1 0

2 6 0  D E L T N F - 0 . 5 H Y - 0 2 9 2 0
DELTNR=0.5 H Y - 0 2 9 3 0
G O  T O  1 1 5 H Y - 0 2 9 4 0

C H Y - 0 2 9 5 0
C W R I T E  H U L L  D E S C R I P T I O N  O U T P U T . H Y - 0 2 9 6 0

2 6 5  W R I T E  ( 6 , 2 7 7 )  N P A G E H Y - 0 2 9 7 0
W R I T E  (6.10)  DATAID H Y - 0 2 9 8 0
W R I T E  ( 6 , 2 9 5 )  UlSK,PZK H Y - 0 2 9 9 0
W R I T E  ( 6 , 2 7 5 )  CGlLT,A38D,D2T,CGlV8,A3SHD,XLlT,D,A3TAD,HlF H Y - 0 3 0 0 0
W R I T E  ( 6 , 2 7 6 )  81A,A3DD,HlFA,XLlKW,A3DDA,DlKT,XLlCW H Y - 0 3 0 1 0
W R I T E  (6.3001 H Y - 0 3 0 2 0
W R I T E  (6,280)  D2F,02N,D2V,D2FA,D2NA,D2VA,XLlLT,XLlLTA,RlTCM,RlTCS,HY-O3O3O
1 RlLDN,RlTCV,RlTCHA,RlTCSA,RlLDNA,RlTCVA,XLlCM,XLlCS,XLlN,XLlV, H Y - 0 3 0 4 0
2 XLlCHA,XLlCSA,XLlNA,XLlVA H Y - 0 3 0 5 0

W R I T E  1 6 , 3 0 1 ) H Y - 0 3 0 6 0
W R I T E  ~6,305~ClDFP,C1DSrC1DNP,ClDVP,ClOFPA,ClDSA,ClDNPA,ClDVPA, HY-63070

1 OC1DFR,DLlCF2,DL1CF2,DLlCF2,DLlCF2,DLlCF2,DLlCF2,DLlCF2,DLlCF2 H Y - 0 3 0 8 0
W R I T E  ( 6 , 3 1 5 ) Cl01  ,ClDIA,ClDIP,ClDIPA H Y - 0 3 0 9 0
W R I T E  (6.3251 ClDW,ClDSP,ClDWA,ClDSPA,ClD,ClDA HY-03100
W R I T E  ( 6 , 3 3 0 ) A1P,AlPS,A1WSN,AlPV,AlPA,AlPSA,AlWSNA,AlPVA,AlWSS, HY-03110

1 AlWSSA HY-03120
W R I T E  (6,335) DG1,DG1S,DG1N,DG1V,DG1A,DGlSA,DGlNA~DGlVA,DGlSP, HY-03130

1 DGlSPA HY-03140
W R I T E  (69340) DG1AIR,XLF1K,DG1SPH,XLFlKA,OGlFRH,DPlPH~DGlPH,OGlT,  H Y - 0 3 1 5 0

1 DPlP H Y - 0 3 1 6 0
NPAGE = N P A G E + 1 H Y - 0 3 1 7 0
X J O B * XJO8  +  1 . 0 H Y - 0 3 1 8 0
IFtXJOBS - XJOB)  1 ,  209  2 0 H Y - 0 3 1 9 0

C H Y - 0 3 2 0 0
C A L L  O F  T H E  O U T P U T  F O R M A T  S T A T E M E N T S . H Y - 0 3 2 1 0

275.FORMAT(/2XlSHLCG F R O M  TRANS=FS.l,3H  FT3X14HDEADRISE  ANG.=F5.1,4H  D H Y - 0 3 2 2 0
lEG4X12HT  B E L O W  K E E L  F5.1,3H  FT/ZX15HVCG  F R O M  K E E L  =F5.1,3H  FT3X14HHY-03230
ZSHAFT  A N G L E =F5.1*4H  DEG4XlZHT FWD TRANS.F5.1,3H  FT/2X15HCG  ABOVEHY-03240
3  F W L =F5.1,3H  FT3X14HTRIM  A N G L E =F5.1,4H  DEG4XlZHF  D R A F T  F W D . H Y - 0 3 2 5 0
4 F5.1,3H FT ) H Y - 0 3 2 6 0

2 7 6  F O R M A T  (2XlSHMEAN  B E A M =F5.1,3H FT3X14HCONT  DEFL FWD=F5.1,4H  DEHY-03270
lG4X12HF D R A F T  AFT.F5.1,3H  FT/2X15HWETTED  K E E L 1F5.1,  3H FT3X H Y - 0 3 2 8 0
214HCONT  D E F L  AFT=F5.1,4H  DEG4XlZHK  D R A F T  AFT.FS.l,3H FT/2XlSHWETTEHY-03290
30  C H I N E =F5.1*3H F T  1 H Y - 0 3 3 0 0

2 7 7  FORMAT1  lH1//20X38HHYDRODYNAHIC  D E S I G N  O F  H Y D R O F O I L  S H I P S  1 5 X H Y - 0 3 3 1 0
1  4 H P A G E  12,  /14X52HNAVSEC  P R O G R A M  WDB-0619 R E F .  N A V S H I P S  0900-006-HY-03320
2 5 3 9 0  //I H Y - 0 3 3 3 0

2 8 0  FORMAT(13H  L  B E L O W  K E E L  2LF8.1,8X2F8.1)/13H  L  F W D  T R A N S F8.2,24XHY-03340
1 F 8 . 2  / 1 3 H  T / C  O R  L / O  8 F 8 . 2 ,  /13H  L  - R E Y N .  N O  8 F 8 . 2  //I H Y - 0 3 3 5 0

2 9 5  FORHAT(//17X14HRESULTS  F O R  V=F5.1,5H  KTS,4X2HD=F7.0g4H  P S F  ) H Y - 0 3 3 6 0
3 0 0  F O R M A T  ( //25X14HFORWARO ARRAYZOXlOHAFT ARRAY/13X2  (4X4HFOIL3XSHSTRHY-03370

lUT4X3HPOD4X5HV-F  IN) 1 H Y - 0 3 3 8 0
3 0 1  FORMATT  1 3 H  T Y P E  O F  D R A G 8(3X5HCOEFF)/) H Y - 0 3 3 9 0
3 0 5  FORHATLBH  PROFILE5X8F8.5/13H  F R I C T I O N  (2)8F8.5/13H  ROUGHNESS(Z) H Y - 0 3 4 0 0

1 8F8.5 1 H Y - 0 3 4 1 0
3 1 5  FORMAT(8H  INDUCED5XF8.5,24XF8.5/lOH  D  PROFILE3XF8.5r24XF8.5  ) H Y - 0 3 4 2 0

c-4



3 2 5  FORMAT(14H  W A V E  O R  SPRAYF~.S,F~,~,~~X~F~.S/~;I~  T O T A L  C O E E F F 8 . 5 ,  HY-03431J
l- 24X Fe.5  1 H Y - 0 3 4 4 0

3 3 0  FORMATL/13H  ‘ A R E A - P R O F I L E  8F8.2/  11H  AREA-SPRAYlOXF8.2,24XF8.2  1 H Y - 0 3 4 5 0
3 3 5  FORHAT(/13H  D R A G - E L E M E N T  8FB.l/17H  D R A G - S T R U T  SPRAY4XF8.1,24XF8.1)HY-03460
3 4 0  FORHAT1//14H  H U L L  A I R  DRAG7XFB.l.lbX14HF~D  FOIL L I F T  F10.11 H Y - 0 3 4 7 0

1  1 6 H  H U L L  S P R A Y .  D R A G  5 X  F8.1,16X14HAFT  F O I L  L I F T  FlO.l/ZOH H U L L  F R H Y - 0 3 4 8 0
ZICTION D R A G  F9.1,20X9HHULL  L I F T  Fll.l/20H H U L L  P R E S S U R E  D R A G H Y - 0 3 4 9 0
3  F9.1//2OH  T O T A L S  *  DRAGI  L B S F9.1,9(2H  +)ZXSHLIFT,  LBS F1l.l) HY-0350D

1000  STOP’ H Y - 0 3 5 1 0
END H Y - 0 3 5 2 0

R-7
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SIBFTC  HY-02B HY-0 0

2
C
C
C
C
C

c
c

C
C

C

C

C

C
C

C
c

:

C
C

C

S U B R O U T I N E  PHULL(*)

H Y D R O D Y N A M I C  A S P E C T S  O f  P R I S M A T I C  P L A N I N G  H U L L S  CALCULAT  IDN

H Y - 0  1 0

H Y - 0  3 0
H Y - D  2 0

H Y D R O F O I L  S H I P  LONGITUDINAL,STATIC, T R I M  L O A D  P R O G R A M
C A S D A C  231dll-HCSA N A V S H I P S  D O C  N O  0 9 0 0 - 0 0 6 - 5 3 9 0  J U L Y  1 . 9 6 8
W  B B A U M A N  N A V S E C  6 1 1 4 C

H Y - 0 4 0
C O M M O N  VS2,DE1W,DLlCFl,DP1PH,CGlLT,CGlVB,BlA,A3BD,V6,RlLBW~ClLOB,  H Y - 0  5 0

1 Gl,QE,A3TAD,DGlFRH,DGlSPH,XM2,D,QPI,P2K,A3TAR,XLlKWr:KLlCW,  H Y - 0 6 0
2 DGlPH,DlKT,SINT,COST,TANT  HY-0 70

H Y - 0 8 0
T R I M  A N G L E  M U S T  B E  G R E A T E R  T H A N  Z E R O  T O  E N T E R  S U B R O U T I N E . H Y - 0  9 0
IFLA3TAD)  1, 1, 4 HY-0 1 0 0

1 RETURN 1 HY-0 110
H Y - 0 1 2 0

C A L C U L A T E  IN1 T I A L  C O N S T A N T S . H Y - 0  1 3 0
4 A3BR=A3BD/57.29578  HY-0 1 4 0

SINB=SIN(A3BR) HY-0 1 5 0
COSB=COSfA3BR)  HY-0 1 6 0
TANB=TAN L  A3BR  1  HY-0 170
C lV6 = V6/SQRTLGl*BlA) H Y - 0  1 8 0
QK=.  5*QPI*L 1. -(3.*TANB~+2*COSB~/~l.7~QPI**2)-TANB~SINB~~2/~3.3~QPIHY-O 1 9 0

1 1)
E Q U A T I O N  5 . 3 ,  H U L L  L I F T  C O E F F I C I E N T .
ClLB=DPlPH/LP2K*BlA**2)
E Q U A T I O N  6 . 6 , S P R A Y  F R I C T I O N  D R A G  L E V E R  A R M .
ZCGLSP  = CGlVB-BlA*TANB/3.0
E Q U A T I O N  6 . 4 ,  H U L L  F R I C T I O N  D R A G  L E V E R  A R M .
ZCGlD=CGlVB-(81A/4.  )*TANB

7
E Q U A T I O N  5 . 4 , I T E R A T I O N  T O  F I N D  ClLOB.
QS PDT = ClLOB**0.4
QClLOB  =  fClLB*QSPOT +  O.O026*A3BD*ClLOB)/(QSPOT - O.O039*A3BD)
QCHECK=QClLOB-ClLOB
clLoB=QClLO8
I F  (ABSLQC.HECK)-.OOOl)  10,10,7

E Q U A T I O N  5.51 I T E R A T I O N  T O  F I N D  M E A N  W E T T E D  L E N G T H - B E A M  R A T I O .
1 0  QRlLBW=(  .6*RlLBW**3-. 4363*ClV6**2*RlLBW+72.7272*ClV6**2*tClLOB

l/A3TAD **l.l)*(ABS(RlLBW))**  .S)/(RlLBW**2+ .4363  *ClV6**2)
QCHECK=QRlLBW-RlLBW
RlLBW=QRlLBW
I F  LABStQCHECK,-.OOGl, ll,ll,lO

- I F  W E T T E D  C H I N E  I S  N E G A T I V E , R E T U R N  T O  M A I N  P R O G R A M  ( N O .  2 5 5 ) .
1 1  XLlCW=RlLBW*BlA-BlA*TANB/L2.*QPI*TANT)

I F  (XLlCW)  12,15,15
1 2  W R I T E  (6,35)  XLlCW

R E T U R N  2

E Q U A T I O N  6 . 3 ,  C A L C U L A T I O N  O F  M E A N  S P E E D  O V E R  W E T T E D  H U L L .
1 5  CONST=.Ol2*LABS(RlLBW) )**.5*A3TAD  **l.l

UlPBM=V64L  1 . -LCONST-:0065*A3BD+CONST**.6)/(R1LBW*COST~~**.5

H Y - 0 2 0 0
H Y - 0 2 1 0
H Y - 0 2 2 0
H Y - 0 2 3 0
H Y - 0 2 4 0
H Y - 0 2 5 0
H Y - 0 2 6 0
H Y - 0 2 7 0
H Y - 0 2 8 0
H Y - 0 2 9 0
H Y - 0 3 0 0
H Y - 0 3 1 0
H Y - 0 3 2 0
H Y - 0 3 3 0
H Y - 0 3 4 0
H Y - 0 3 5 0
H Y - 0 3 6 0
H Y - 0 3 7 0
H Y - 0 3 8 0
H Y - 0 3 9 0
H Y - 0 . 4 0 0
H Y - 0 4 1 0
H Y - 0 4 2 0
H Y - 0 4 3 0
H Y - 0 4 4 0
H Y - 0 4 5 0
H Y - 0 4 6 0
H Y - 0 4 7 0
H Y - 0 4 8 0
H Y - 0 4 9 0
H Y - 0 5 0 0
H Y - 0 5 1 0

.



.

C R E Y N O L D S  N U M B E R  F O R  H U L L  F R I C T I O N  D R A G .
XNlRE=UlPBM*(ABS(RlLBW))*BlA/VSZ

r

-

L
c E Q U A T I O N  6 . 2 ,  H U L L  F R I C T I O N  DRAG  C A L C U L A T I O N S .

DG1FRH=U1PBM*~2~R1LBW~BlA~~2~~ClDSF~XN1RE~+DLlCFl~~
1 DElW*.S/COSB

C
C S P R A Y  D R A G  C A L C U L A T I O N .
C I F  W E T T E D  C H I N E  I S  N E G A T I V E  S E T  S P R A Y  D R A G  =  Z E R O .

IF(XL1C.W)  169  179  1 7
1 6  DGlSPH  =  0 . 0 0 0

G O  T O  1 9
C I F  R U N N I N G  T R I M  A N G L E  O F  K E E L  IS L E S S  T H A N  4  D E G R E E S ?  S E T  S P R A Y
C D R A G  =  Z E R O .

1 7  IF(A3TAD - 4.0)  16, 18, 18

H Y - 0  5~0
H Y - 0  5 3 6 ’
H Y - 0 5 4 0
H Y - 0 5 5 0
H Y - 0 5 6 0
H Y - 0 5 7 0
H Y - 0 580
H Y - 0 5 9 0
H Y - 0 6 0 0
H Y - 0 6 1 0
H Y - 0 6 2 0
H Y - 0 6 3 0
H Y - 0 6 4 0
H Y - 0 6 5 0
H Y - 0 6 6 0

18 QK l=QK*TANT/S INB H Y - 0 6 7 0
QA = (SINT**2*(  l.-2.*QK) +QK**2*TANT**Z*(  (l./SINB**2) -SINT**HY-0  680

1 2))**0.5/(COST  +QK*TANT*SINT) H Y - 0 6 9 0
TANP=TQA+QKl)/(l.-QA*QKll H Y - 0 7 0 0

H Y - 0  7 1 0
H Y - 0  7 2 0
H Y - 0  7 3 0
H Y - 0  7 4 0
H Y - 0  7 5 0
H Y - 0  7 6 0
H Y - 0  7 7 0
H Y - 0  7 8 0
H Y - 0  7 9 0
H Y - 0  8 0 0
H Y - 0  8 1 0
H Y - 0  8 2 0
H Y - 0  8 3 0
H Y - 0  8 4 0
H Y - 0  8 5 0
H Y - 0  8 6 0
H Y - 0  8 7 0
H Y - 0  8 8 0
H Y - 0  8 9 0
H Y - 0  9 0 0
H Y - 0  9 1 0
H Y - 0  9 2 0
H Y - 0  9 3 0
H Y - 0  9 4 0
H Y - 0  9 5 0
H Y - 0  9 6 0
H Y - 0  97’0
H Y - 0  9 8 0
H Y - 0  9 9 0
H Y - 0  1 0 0 0

C

C

C

C
C

19
C
C

C
C

C
C

2 0

2 5
3 0

3 5

EQUATiDN  4 . 4 ,  H U L L  S P R A Y  A R E A  M E A N  W E T T E D  L E N G T H .
D L l L S P = . S*(TANB/IQPI*TANT)-1./(2,*TANP*COSB)T*BlA
R E Y N O L D S  N U M B E R  FOR  S P R A Y  F R I C T I O N .
XNlRE=V6*DLlLSP/VSZ
E Q U A T I O N  6 . 5 ,  H U L L  S P R A Y  D R A G  C A L C U L A T I O N .
DG1SPH=P2K*~C1DSF~XNlRE)+DLlCFl~*BlA*DL1LSP/COSB

E Q U A T I O N  8.1, H U L L  C E N T E R  O F  P R E S S U R E  L E V E R  A R M .
ZCGlN=CGlLT-(.75-1./(5.2l*~ClV6/RlLBW1**2  +2.39))*RlLBW*BlA

E Q U A T I O N  6 . 1 ,  H U L L  P R E S S U R E  D R A G  C A L C U L A T I O N .
DGlPH = DPlPH*TANT

H U L L  P I T C H I N G  M O M E N T  C A L C U L A T I O N .
XM2=-DPlPH*ZCGlN-DGlFRH*ZCGlD-OGlSPH*ZCGlSP

C A L C U L A T E  R E M A I N I N G  C O N S T A N T S .
XLlKW=RlLBW*BlA+BlA*TANB/(2.*QPI*TANT)
DlKT=XLlKW*SINT
CONST=CGlLT-XLlKW
CONST=ABS(CONST)  /CGlVB
CONST=90./57.29578-ATANTCONST)
I F  (CGlLT-XLlKW)  25,25,20
CONST=CONST+A3TAR
G O  T O  3 0
CONST=CONST-A3TAR
D=((CGlLT-XLlKW)**2+CGlVB**2T**.5*SIN(tONST~
RETURN
FDRHATTlX,7HXLlCW  = E14.7,6H  - - - 2 4 H R E T U R N E D  T O  M A I N  P R O G R A M  1
END

R-Q
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JIBFTC  HY-02C
F U N C T I O N  ClOSF  LXNlRE)

C
C N E W T O N S  M E T H O D  T O  C A L C U L A T E  S C H O E N H E R R  D R A G  C O E F F I C I E N T .
r

H Y D R O F O I L  S H I P  LONGITUDINAL,STATIC, T R I M  L O A D  P R O G R A M
C A S D A C  231011-MCSA  N A V S H I P S  D O C  N O  0 9 0 0 - 0 0 6 - 5 3 9 0  J U L Y  1 9 6 8
N B  B A U M A N  N A V S E C  6 1 1 4 C

ClDSFR = 1.0/(1.5*ALOG(XNlRE)  - 5.6)**2
1 QCDFZ = ClDSFR-(.4342944B~ALOG(XNlRE~ClDSFR)-.242/ClDSFR~~.5~/
1 (.4342944B/ClDSFR  + .121/ClDSFR**1.5)

QCHECK =  Q C D F Z - C l D S F R
ClDSFR = QCDFZ
IF(ABS(OCHECK)  - 0.00001) 2, 2, 1

2 ClDSF = ClDSFR
RETURN

E N D

HY-0 0
HY-0 10

H Y - 0  2 0

H Y - 0  C30
H Y - 0 4 0
H Y - 0 5 0
H Y - 0 6 0
H Y - 0 70
H Y - 0 80
H Y - 0 9 0
H Y - 0 1 0 0
H Y - 0 110
H Y - 0 1 2 0

.



_-

S I B F T C  H Y - 0 2 0
S U B R O U T I N E  I N T E R P  (X,NO,Z,Y,VALUE)

: L I N E A R  G R A P H I C A L  I N T E R P O L A T I O N .
C
C H Y D R O F O I L  S H I P  L O N G I T U O I N A L  S T A T I C ,  T R I M  LOAD  P R O G R A M
C C A S D A C  231011-HCSA  N A V S H I P S  D O C  N O  0 9 0 0 - 0 0 6 - 5 3 9 0 J U L Y  1 9 6 8
C W  B  B A U M A N  N A V S E C  6114C

D I M E N S I O N  Y(1611  Z(161
N L - N O - 1
D O  2  I=lpNL
IFtX-ZtI+ll)  19192

1 DX=(X-Z(I))/(Z(I+l)-Z(I))
VALUE=Y(II+(Y(I+l)-Y(II)*DX
RETURN

2  C O N T I N U E
VALUE=YLNO)  + LX-Z(NO))*TY(NO)-YLNL))/(Z(NO)-Z(NL)l

3  R E T U R N
END

R -11

HY-0 0
H Y - 0  1 0
H Y - 0  2 0
H Y - 0  3 0

H Y - 0  C30
H Y - 0 4 0
H Y - 0 5 0
H Y - 0 6 0
H Y - 0 7 0
HYlD 80
H Y - 0 9 0
H Y - 0 1 0 0
H Y - 0 110
H Y - 0 1 2 0
H Y - D 1 3 0
H Y - 0 1 4 0
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ELiUAT  I O N 51 14acLs FJKTKAih

S Y M B O L CEFINITIc;N SYMtiLJL

4.REA  3 I N  GENER4L  ~~ Ai

A 4REA, PI.ANFDRxv  F W D  FOIL AlP
-- _.-_ -._ARE_A?  P!.ANFORMr  AFT  F-LILA I AlPA__~--____ - - -  --___ __-
A A R E A , PI.ANFUi’.:II,  FbiD  S T R U T

- - - -
HlPb

A AREA*  PI.ANFORhl,  A F T  S T R U T /ilP>A

A AREA9 PI.ANFOR;I  3 F ‘ti  3 v t I\:  T R A L F I N HIPV’

A ARtti,  PLANFOi?l~iv  AiT  VthiTliAi  FIh hLl”iA

5 A R E A , V;ETTED  S U R F A C E ,  FhD  iuAC5LLE AilrSi\l

s ~~ AREA, WETTtD  S,CRt Act,  Ar  T hACcLLt tiir,SNA.___-__  -_
5 ARtA, WtTTLD  SURFACC  3 F.<D  S T R U T  SrPiiAY  ARtA Ala55

S A R E A , WE7Tt.D  SURFACt,  A F T  STRJT  5t’RAY  AliE4 -A IWSSA

P.NGLE  I N  G E N E R A L

A N G L E  O F  DiADRISt,  3CGRttS--__
A N G L E  O F  @IADRISEI  RCDIANb

A N G L E  O F  DEFLtCTIUf%,  D’tbdEES,  FkD  F O I

A N G L E  O F  DtFLtCTIOh,  DEbRET- A F T  F O I
A N G L E  OF  DtFLtCTIJN,  dAi)IkihS,  Fku  FJi

Al\ruLt Uk OLFL~CTIC,I\~  i<Au~AhSv  A F T  l-d

I.  CONTFtOL  SuRFACt
I_  CCMTROL  S U R F  Act

ANGLt  O F  S H A F T  OK  THRUST  LiEI_.  T O  8.L.r OEtiiltES ++JSHV- __-- ___-
ANGLt  O F  S H A F T  Ul’i  TntiUsT  IRtL.  Tb  b.~.r li4DIAAs k22Hl-?

A N G L E  O F  Ti3’Iirl  tiF  K E E L ,  DEGKEE~ AJTAD

AYGLE  O F  TRIG-  O F  KtEL,  FlAtiIdti5 n3TAR

A N G L E  O F  T H R U S T  T3  riORIZOtiTAL,  RAAUIAdS A-ITHR

Ar\lGiE  OF  T H R U S T  TD  I-.C  ;G. FRO;‘1  T H R U S T  A X  I S -745-x  I

- ____- __-----__-- --__.

COEFFICIENTI  I N  G E N E R A L C l

C C3EFFICIENTy  DRPb,  I N  GtNERAL ClD

c COtFFlCItNTt  2RAG,  TOTAL, FdD  F O I L CID

C COtFFiCILNT,  MAby  TcTAL,  tiFT  FOIL  j ClbA

C C O E F F I C I E N T ,  DR4Gv  4IR ClDAIR-___ _ _
C COtFFICItNT, DRAG,  1NIJUCt.O  UY  LIFT,  FAD F O I L

___~_
ClDl

C COtFFICILNT,  DRAG9  INDUctd  OY  LINT, t\FT  FOiL :lDIA

C COEFFICI’NTI  DRAG;, 1 UljUCt11  DU; T’J CUlliT KoL  b?;r+vAcc,  FwD  F3IL ClDIC

C COEFFICIENTr  DRAG, INDJCt3  DUc  T O  C~NTRJL  SURFACt,  A F T  tOIL LlDICA~---~---~  ~-.-~~- ~~ .._~~~
C COEFFICItNT,  D R A G ,  INI?Uct.l)  bY C O N T .  SURfACt S P E C I F I C  Y’tFi,  Fd0 ClDIP

C COEFFIClE,NT,  uRAGI INDUCt tiY  C O N T .  SURFACt  SPECIFIC  >ih-L,  AFT iiDiPA

C CCltrFICIE  N T , DRAb,  SCHOtNdLRK  S K I N  FRICTION ClDSF-

c.  ~~CCEFFICIENT,  DRAG*  PRESSURtr  Fiv’D  FOIL C 1DFP__---. .--..-- ~.-_~~-
C COEFFICIENTv  DRAG, ~‘IIE-S~JKEY  AFT  F O I L ClDFPA

C C O E F F I C I E N T - ,  D,liAGt  PRC5SURE,  F.&D  STlibT CID2

C CUtFFICItNT, Uti/l~,,r  P:itb3uiitz,  A F T  h11xJT Cl&A

C CUtFFICIti%T, tldAb,  P,<CSS’U,~L  3 F!~dD hAit1.it i:  r31‘1P

p~~~FICItNT,  DRPcl,  PRt55J?L,  A F T  NACcl.Gp-p--C c  1r;iFa

C C O E F F I C I E N T ,  DiiAG,  ?htSbUiRt,  Ft i ”D VCix.Tii4L ci  DVP
C9EFFIC~IEhir VKtlG,  t’RiS;Si:dt,  A F T  Vtl\iTRAL

- -  --._~--..-~~ ___._  _._~
C

--L-i-a  VP  A

C ~~_,  C O E F F I C I E N T , DR4G,  S P R A Y ,  F<.D  STKLT c  BDSP

C COEFFICIEAT, .r\t<P:,,  S P R A Y ,  A F T  S T R U T C ID~PA

5. __-CCtFFICItNTv  Di-?AGv  ‘dAVt9 FAD F O I L CiDrr.___-
C COEFFICIENTI  DRAh,  ‘b!4Vt~  AFT  Fi?IL C l@WA



.

c
C
C

5 C O E F F I C I E N T , dtTTED  SURFACt,  FnD  NACtl.Lt
C COcFkICItNT, ztTltD StiKkACt, AFT  NACLI.LL
C C O E F F I C I E N T ,  S P E E D

CiL
CAL
ClLA
iLLtl
ClLIjB
ClLD
ClLD4
CiLt
ClLtA

3L
DLF
DZFA

D E P T H  dtLL;vd BASELIi‘it,  II\; GciLtRAL
DEPTti  B E L O W  GAStLINt,  FtiD  FOIL-. -___
DEPTi-i  B E L O W  BASELI;\;E1 AFT F O I L
D E P T H  RELOih;mmBASELIhE,  FwD-  hAC’_LLE
D E P T H  B E L O W  B A S E L I N E ,  AFT KACiLLE
D E P T H  B E L O W  BASELIBE, SiiAFT  -OR  THRU5Tm~  VE.CTOK ..~
D E P T H  B E L O W  B A S E L I N E ,  FwD  V E N T R A L  F I N
D E P T H  BtLOW  BASELI~%EY  ArT  VkkTRAL  F I N DLVA

DZN
DZNA
DiT
OLV

D R A G  9 I N  G.ENikAL DGl
D DRAG* FkiD F O I L DGl
D DRPG-,- A F T  F O I L DGlA
D D R A G , I N  A I R DGIAIH

CRAGI H U L L ,  F R I C T I O N A L VbIFKhD
D
D
n
D
n
D
D
0
D
D
D

-D~RAG,~ H U L L ,  S P K A Y
D R A G , NACELLt  9 FvJD
D R A G ,  NACELLE9  A F T DGlNA
DRAGI P R E S S U R E ,  H U L L DGiPH
D R A G  9 STRUT*  F’.vD DGlb~. . . --~~-.-.-.~-.-__- .- --.-... -_.-.__--- - .-. --.
D R A G  9 STRtiTr  A F T L)blSA
DKAG 9 STKUT  SPKAY Y  FI\D  STKuT
D R A G ,  S T R U T  -SPKAY,  A F T  STKbT
D R A G  9 T O T A L  FCIK  VEHlCLf
DRAG, V E N T R A L  FIN,  FwD

.-.

DRAGI V E N T R A L  FIh,  A F T DblVA

DERIVATIVEvPARTIAL,  I N  GENERAL DKlP
DERIVATIVErPARTIAL.v.-C.~  DC’; ;Tmm  mpm~FyD  FCJIL,  INFIMTE~DEPTH DHlPT
DERIVATIVE,PARTIAL*  C ,  A F T  FOI, IhFINITt  ULPTH 3RlPTA
DERIVATIVE,PARTIALv  C D U E  T O , FHO F;;I, I;\FI&ITt DEPTri DiilPD--._. ._-D-E-;ii-vx-T-~v  E-; c“-Az  TlnL,  -c--.-bu T -T-o----; .-: Ff  -iu.lT.  i iu F-i.T;  f T  t v t c)  ~~ --.- ---- ~..~~-~?.~.~~-

DRAFT* I N  GENtRAL rll
D R A F T  3 F W D  F O I L rllF
D R A F T , A F T  F O I L tilFA
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c /c RATIO, -Foii C AT Sc,ECIi-Itp~C:tPih  Tti  L AT IiuFi-~~~T~~-Ut~~Tli,  AFT

- - - -
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T / C RATIUI ThICKhtSS  T O  CH(JtID, A F T  STRui
T / C k’AT~i01 THI CKNI;SS  TD  ChOKD,  Fkv3  VkNTK41.  F I N

ti iTCSA
K 1TCv

------ ~- - -----  __.-----.
L E N G T H  9 I N  G E N E R A L XL1

C L E N G T H  9 CHORD*  MEAi\;r F&D F O I L XLlCM
C L E N G T H ,  CHORD, v’E4Nq A F T  F O I L XLlCrlA
C LEI\!GTH,  C H O R D ,  Fw2  S T R U T XLlCS
C
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L E N G T H  9 Ti) C E N T E R  ;IF LItT,  FRtiM  A.P., A F T  FtiIL
LENGTH9 FWC!  N A C E L L E
LENGTH* A F T  N A C E L L E
L E N G T H  9 THRUST  LEVF.R 4RM
LEN>TH  9 CHORD, Fd9  V E N T R A L  F I N
LEKGTH  9 CHCRD, A F T  VENTRAL  F I N

xLiLr
XLiLTA
XL?N
XLlj\A
XLli
XLlV
XLlVA

L
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L
L
L
c
C

L
i

K
R
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K
R
4
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REYI‘dCiLDS  i\iu,‘ltiEK,  VEk\;T24L  FI;<v PF-T iitqi&VA

o-3

.-.



a
.4

D I S T A N C E  HULL,~m~  -IL=VER  -ARMS  I N  G E N E R A L LCGl
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LONGITUDINAL STATIC TRIM- LOAD PROGRAM

1  JOB CONSTANTS

OVERALL CONTROL CARD

END OF JOBS CHECK

I READ NEXT CARD I TITLE CARD

+

READ FOIL  OATA J

1 READ HULL OATA J

SET OR RESET

RUN CONSTANTS 4
I

COMPUTE THRUST

LEVER *ARMS

I *
COMPUTE HULL

AIR DRAG

I
COMPUTE STRUT

SPRAY DRAG

EQUATION 6.2

EQUATION 7. I

EOUATION  3. II

PAGE l/S
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Qa

o-115

I COMPUTE VENTRAL 1
1 FIN(S) DRAG

I I
t

COMPUTE NACELLE 1
1 DRAGS

I I

t
COMPUTE STRUT PROFIL

1 DRAG COEFFICIENT
I
t

1 COMPUTE FOIL PROFILE 1

11 D R A G  COE~ICIENT

SET HULL FORCES 8

MOMENTS TO ZERO

1
CALCULATE KEEL

IMMERSION AT TRANSOM
h *.

I
SET OR RESET

I

CALL PHULL

llNDlcAToRg  ONE  . . . J..

, , . i

EQUATIONS 3.9 8 3.10

( I F  APPLICABLEi

EQUATIONS 3.7 8 3.8

EQUATION 3.5

EQUATION 3.2

IF SHlP IS PARTIALLY HULLBORNE,

CALL HULL FORCES 8 MOMENTS

_. -

‘.
. ‘ - ‘PAGE 2/S
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I
1  COMPUTE HYDROFOIL I

DEPTH/CHORD RATIO .I
I
+

1 COMPUTE STRUT I
WETTED AREAS I

I
t

1  COMPLETE STRUT I
DRAG CALCULATIONS I

COMPUTE HYDROFOIL

LIFT COEFFICIENT

I
COMPLETE HY DROFFIL
LIFT CALCULATIONS

I
t

1  COMPLETE HYDROFOIL 1

DRAG CALCULATIONS I
I

EQUATION 2.1

EQUATIONS 3.1, 3.3 8 3.4

t

COMPUTE LIFT 8

MOMENT ERROR

NO So
HAVE “NTRYS” ITERATIONS

. BEEN PERFORMED

c - 3
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COMPUTE AFT

LIFT 8 MOM.

CORR. FACTORS

=2

E-E?;.-1

1 INDICATOR 4 = I I

STORE  LIFT  a M O M .

&ERRORS  a ANGLES

+
INDICATOR 4 = 2

I

I

I N C R E M E N T  F W D  F O I L

CONTROL SURFACE

P A G E  4/5
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CHECK IF UPPER LIMITS FOR

CONTROL SURFACE DEFLECTIONS

HAVE BEEN EXCEEDED.

DEPTH OR
HULL LOAD

CHECK IF LOWER LIMITS FOR
CONTROL SURFACE DEFLECTIONS

HAVE BEEN EXCEEDED
INCREASE FOIL
DEPTH OR
HIILL  LOAD

IS THIS JOB DONE

c-5



SUBROUTINE PHULL

HYDRODYNAMIC ASPECTS OF PRISMATIC PLANING HULLS

RETURN TO MAIN PROGRAM

IF PITCH ANGLE 5 0’

INITIAL
CONSTANTS I

.EQUATION 5 . 3

EQUATION 6 .6  0 6 . 4

EQUATION 5.4

ITERATE TO FIND EQUATION 5.5

IF WETTED CHINE IS NEGATIVE,
RETURN TO MAIN PROGRAM
S I N C R E A S E  PCIH

PAGE l/2
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C A L C U L A T E  Urn

I
C A L C U L A T E  Dht

I

I
EQUATION 6.3

I
EQUATION 6.2

I F  W E T T E D  C H I N E  L E N G T H  I S
NEGATIVE, SET SPRAY DRAG
EQUAL TO ZERO

I F  P I T C H  A N G L E  I S  L E S S
T H A N  4*, SET SPRAY DRAG
EQUAL TO ZERO

EQUATION 4..4-  8 6.5

EQUATION 8 . 1

EQUATION 6.1

QS P R A Y  !1 ;~~~ULATE~HULL

.

PAGE 212
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FUNCTION CIDSF

SCHOENHERR SKIN FRICTION DRAG COEFFICIENT CDf.

1 IN IT IAL ESTIMATE t&I

I
RE-ESTIMATE CD,  FROM
PRECERING VALUE

I

L

1 CALCULATE  E R R O R1

LO

7
S E T  CD,= CD

f n
I

RETURN

HOERNER’S APPROXIMATION.

NEWTON-RAPHSON ITERATION
METHOD

ERROR = CD
f ”

- CD
t n-l

PAGE l/l -
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SUBROUTINE INTERP

LINEAR GRAPHICAL INTERPOLATION

( STPRT )

t

VALUE = $0 +tyN6’NL1
x -&O

f NdZNL

c

RETURN
yNC-  - - -

P A G E  l/l
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SHIP DESIGN
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