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| - | DENTI FI CATI ON
| 1 Title: Hdrofoil Ship Longitudinal, Static:, TrimLoad

Program (CASDAC 2310L1-iCSA HAVSIIPS 0900-006-5390)
| 2 Brief Description: This program conputes the foil control

surface deflection angles necessary to produce static equilib-
riumfor 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-of f can al so be determned. The program conputes and
tabul ates the individual forces acting on the ship and outputs
them for ready reference.
There are two subroutines and one non-standard function.
| 3 Author: E Price, Ceneral Dynam cs/Convair
W D. Baunman, NAVSEC Code 6114
F.  Wffinden, General Dynam cs/Convair
S. Mley, CGeneral Dynam cs/ Convai r
Date: July 1968
| 4 Language: FORTRAN 1V, [BSYS
| 5 Machine: | BM 7090
| 6Security O assification: UNCLASSI FI ED

| 7 Estimated Running Tinme: Execution time is approxinately

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

nunber of iterations required to converge to & solution.







|l - PURPCSE, METHOD AND THEQRY
Il 1 Purpose

During the past several years as hydrofoil ship design
has devel oped its own special working tools for the rational
prediction of ship performance, the area of synthesizing these
theoretical and experinental methods of the several arts into
tools, to be used in concept formulation or prelimnary design
studies of 'basic trade-offs, has generally been ignored. Ad-
mttedly, the primary concern of first generation ships is to
get them working smoothly. However, second generation ship
designs shoul d benefit from sone optimizations studies of the
working  designs.

The variations of forces and nonments acting on a hydrofoil
ship are strongly influenced by the conditions at which it is
oper at i ng. It would seem natural to study the combinations of
hull and foil-strut-nacelle arrays to mnimze the forces and
moments. In addition, at least the longitudinal node, stability
in the presence of small perturbations should be eval uated about
the equilibrium flight condition, which must be foreknown. |f
the hull can be represented by a prismatic planing hull, then
the effects of beam and deadrise angle can be included in the
optim zation study.

This programis specifically tailored to balance the ship
in static equilibriumand then list out the details. Itis
left to the designer's art to gain insight fromthe details

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

stability derivatives are firmly established.
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2 Met hod and Theory
2.1 Method

A nmoving body will be in static equilibrium if the sum

of its external forces and moments is zero. For the longi-
tudinal notion of a hydrofoil ship, an equilibriumcondition
can be obtained by trimmng the foil control surfaces so that
for a specified operating depth and velocity, the drag of the
ship is equal to the horizontal conponent of the thrust vector
and the sum of the vertical forces and pitching noments are
within specified tolerances. The hydrofoil configuraton
analyzed in the worked exanple is shown in Figure 1. The
particular developnent of the total lift and drag from the
contributions of their various conponents wll be detailed in
the followng 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 1ift and pitching
nonent are calculated. A control surface deflection increnent
is then applied to the forward foil (s) and the change in sum
mations of Iift and noment are determned. The forward foil
control surface is reset to Its fornmer position, a control
surface deflection increment is then applied to the aft foil(s),
and the summations of [lift and pitching nonent are recalcul ated.
As a result, the summations of 1ift and nonent 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 wll reduce the Iift and pitching nonent errors.

If at the end of the input nunber of iteration sequences, the
control surface deflection limts have been exceeded, the

flying height of the craft will be adjusted so as to bring

the control surface deflection angles wthin the input limts.

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

is adjusted, which In turn adjusts the foil subnergence. When
the |ift and pitching noment errors are less than the arbitrarily
established input limts, then the ship issaid to be in equilib-
rlum and the details are output.

2.2 Theory
2.2.1 Coordinate Systens

The three coordinate systens comonly wused In studying
hydrofoil ship dynamics are: the body axes, the earth axes and
the water or "wind" axes coordinate systens, each of which are -
"right-hand" orthogonal systems. The body axes coordinate
system generally wused In the study of ship notions has the origin
at the ship's center of gravity and is fixed relative to the ship.
Ilts X axis runs forward longitudinally through the craft and
the Z axis is dow through the kel The weight engineer will
locate the ship's center of gaiy either from the mid-ship
section or from the fore perpendicular and the baseline. -
the other hand the planing hull analyst will prefer the body
axes origin at the aft perpendicular and the baseline. Al three
can be called "body axes fixed relative to the ship". For the

purpose of this program the [lift, drag and pitching nonent
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equi libriumequations are witten with respect to the center of
gravity. However, the ship's center of gravity and foi
conponents are |ocated with respect to the origin at the
aft perpendicular and the baseline. The justification for
this is that the designer can change the |ocation of the
ship's center of gravity or relocate a foil-strut-nacelle
array or even consider water-jet propul sion rather that
water propellers, with mninum changes to the input data.
Let the conputer calculate |ever arms. The aft perpendicul ar
is preferred in consideration of the equations devel oped for
the prismatic planing hull.

The earth axes coordinate systen1fixed relative to the
earth's surface is typically used In a full dynamic anal ysis
of the ship's notion. This program assunes the quasi-dynam c
situation of the ship's notion being wthout accel eration and
t herefore independent of the flight history. Thus the earth
axes are always centered on the ship's center of gravity and
serves as a neasure of craft pitch attitude. The program user
may specify a ship pitch angle as part of the input.

The wat er axes coordinate system is the basis for lift
and drag force directions. Cearly lift and weight or thrust
and drag are opposing forces all nornmally thought of as positive.
Typi cal hydrodynam c nodel test data is taken and presented as
plots of non-dinmensional coefficients Intemsof the water
axes coordinate system The simultaneous equations this program

solves are witten in ternms of thrust, drag, lift, weight, center
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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 Systemd is a con-
gloneration of all three axes where past usage dictates a
particular preference. Hopefully, the naval architect wll
find the wvarious axes rational rather than whinsical
2.2.2 Lift of Hydrofoils

The lift characteristics of hydrofoils operating wel
subnerged are directly equivalent to the airfoil in an infinite
fluid, assumng all-wetted flow and allowng for the change in
fluid density. There are several theories currently available
for reliably estimating the all-wetted Iift curve slope as a
function of foil gemetry. However, the effects of the free
surface on the hydrodynamc characteristics of operating hydro-
foils, remains a prine 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 [ift
through a change in the pressure field as the flying draft is
reduced.

The total foil [ift is developedby contributions from
canber, craft pitch angle and control surface deflection. For

the present time, we assume the effects of the free surface are



felt on the total ||ift coefficient rather than on just one

conmponent :
dCL

C. _iC, + C. & + C, § A (2.1)
L‘[Ld b 1 -
where: C; total lift coefficient (L/qA)

cL, design lift coefficient, infinite depth

Cr, change in [lift coefficient wth pitch angle,
* infinite depth

cL. change in [lift coefficient wth control surface
deflection angle, infinite depth

o

dc; /dCp change in lift coefficient with submergence,
h wFigure 2

« craft pitch angle + bow up

§ control  surface deflection angle, +trailing
edge down

Note that the graphical function of dCLh/dCL" versus depth/
chord ration (h/E) as shown in Figure 2 is Input for subsequent
interpolation at the depth/chord ratio of Interest. There s
sone controversial evidence that the angle of zero [lift changes
with depth and that the @, change wth depth is not equal to
t he CLS change. However, these changes are, typically, quite
small and outside the programs intended wuse in concept formila-
tion and prelimnary design. The lift is presumed to act at
1/4 chord point of the nean hydrodynamc chord.

Il 2,2.3 Drag of Hydrofoils

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

assuned to be conposed of five parts: (a) foil drag,
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(b) strut drag, (c) nacelle drag, (d) ventral fin drag and (e)
strut spraydrag. The strut drag is based on only the wetted
area fromthe flying waterline to the top of the nacelle. Two
di mensi onal flowis assunmed based on t he nacel |l e and free-
surface acting as "end plates" to elimnate any spanwise fl ow.
The foil drag i s based on total planform area | ncluding the
area covered by the nacelle. |t has thus been assunmed t hat
the inclusion of this extra foil drag and the excl usi on of

the extra strut drag resultsinarealistic allowance for
anyconponent, nutual i nterferencedrag.

2.2.3.1 Foil Drag: The general expression for thetotal

drag coefficient of subcavitatingfoilsis (ref (1)):

Cp= 2(CDf+ACf) +Cy  + ACp + Cp + Cp (3.1)
pnin P ! W
wher e: Cp total drag coefficient (D/qA)
CDf Schoenherr skinfrictiondragcoefficient
ACyp roughness al | onance for foil s
Cp m ni numpr of i | e drag coeffi ci ent
Pmn
ACp change in profile drag coefficient dueto
P control surfacedefl ection
Cp I nduced drag coefficient, duetolift
1
Cph wave dr ag coef fi ci ent
w
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The Schoenherr skin friction drag coefficient is used through-
out the entire program A special library function is used
si nce CDf only depends on the Reynol ds nunber, Rn. The character-
istic length for calculating Rn for the hydrofoil is the nean
hydrodynam ¢ chord. A single roughness allowance is input for
all hydrofoil-strut-nacelle arrays.

The mnimum profile drag may be input or, if it is unkown
and the appropriate input field is left blank, the program
estimtes awlue based on Reference 2

Cme’n =20 (L2g+ 60.0% ) (3.2)

Qlct

Note that when the emperical fornulation is used, the rough-
ness al l owance is not included, but 60.0 (t/c)u i's included.
"The lift coeffident changes from the design vaiue 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 AC, due to control surface
defl ection nmust be determned from nodel test results as it
cannot be calculated theoretically. Figure 3is a typical plot
of graphical functions ready for inputing. Wen the foils
wi Il be operating well subnerged at a high pitch angle, as
during take-off, the corresponding, control surface deflection
i nduced profile drag coefficient taken about that high pitch

angl e shoul d be input as shown.
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The i nduced drag due to lift and the i nduced drag dueto

wave generationarebothlInternallygeneratedfromthe fornulas

(ref (1) & (3)):
] (3.3)

Cp =0Cf 2
(3.4)

CD = CL2 [ ]
where: g = foil aspect ratio (bz/A)
2
y = l/é 2gh/U

R4 TEH76)2 / &E+16 (0/c)Z+T

2.2.3.2 Strut Drag
The mnimumprofile drag of astrut istreatedinthe

same manner as for the hydrofoil. Since the programiswitten
for strai ght aheadflight only, theother drag conponents are
not appicable. The programestimates astrut m ni numprofile
drag coef fici ent based on Ref erence 4:

c [ 1+ 10(t/c)2] (3.5)

D
P strut

Thenthe total profiledrag coefficient of thestrut is found

as.

Cp = 2(Ch + AC.) + C
strut f f Ppst r ut (3.6)

2.2.3.3 Nacell e Drag

Nacel | e drag i s based on wetted surface, rather than a
proj ectedarea, inkeepingwththe presentations of the
popul ar DTMB Series58 bodi es of revol ution, (References 5
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and 6). Any nacelle applied to a hydrofoil ship design nust
be carefully evaluated for a high cavitation inception speed.
Model 4162 of the DIMB Series 58 has shown the nost prom se
for pure applications (Reference 7) with Mdel 4156 anot her
possibility where some parallel mddle-body nust be inserted

(Reference 8). Specifically, the nacelle drag is calcul ated by:
Phacel e = (CDP+ CDf+ aCe) a4 Spacelle (3.7)
where Sp,.e17e = Wetted surface of nacelle (C 1D )
The user nust input the nacelle length (1n), |ength/dianmeter
ratio (1n/Dn), and wetted surface coefficient (Cyg). Wienever
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 programw ||l nmake an estimte

92)3] (3.8)

In

based on Reference 2:

D 1.5
Cp =Cp [ 1.5 (_n_) + 7.0
p f ln

2.2.3.4 Ventral Fin Drag

Certain problems in the area of dynamic lateral stability

ari se when the steering hydrofoil-strut-nacelle array either

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

a result of sone rather dranmatic 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 assunes that if they are nounted,
-13-




It is one per array follow ng the cormon practice. The ventral

findragis cal cul ated as:

Dy,.fin = (2CDf+ 260 + CDP) 9Ay fin (3.9)

where A, p4n = projected area of ventral fin

The user nust input the ventral fin length, thickness/
chordratioandprojectedarea. |If noventral finlengthis
| nput, thenthe programrightly assumes no ventral finisto
bei ncl uded. \Whenever used, the ventral fin profile drag

coefficient is estimted fromReference 2 as:

(3.10)
[1.2(3) + 60 (%)

C - 2C
Dpv.fin D

f
fhere are sone indi cations that a negative, squared termshoul d
be i ncluded in Equation 3.10 for tip effects. However,
substatiating data woul d al so provide the correct profile drag
coef fici ent, whi ch shoul d be used rather than the estimated

val ue.

2.2.3.5 Strut Spray Drag

Wherever a strut pierces the surface, additional energy
Is carried away inthe formof spray. Thisdragis prinmarily
a function of the thickness and the sharpness of the | eadi ng
edge. At therelatively high speeds of hydrofoil ships, the
spray drag coefficient apparently does not vary appreci ably
wi t h ei ther Reynol ds nunber or Froude nunber. For the present,
t he conput er programecal cul ates spray drag from

2

spray
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For typical hydrofoil strut sections, Reference 2 suggests
using Cp = 0.24. Additional strut studies werereported
inref er%%%agg and an al ternate emperical relationship for the
spraydragpresented. Certainly nore effort inthis areais

desirabletosettle ona'best' fornul ation.
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2.2.4 Wetted Area of Prismatic Planing Hulls (ref 10)

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-
domnatly supported by dynam c pressure over the wetted
pressure area. The spray wetted area is typically smal
and is assumed to contribute only to the drag. Since the
present programis 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 cal culations. 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 nornal 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 (OB, see Figure %) which are ahead
of the line of calmwater intersection (O-C. Thus the nean
wetted length of a deadrise planing surface is defined as the
average of the wetted keel and the wetted chine |engths neasured

fromthe transomto the Intersection with the spray root |ine.

-16-



The mean wetted length to beam ratio, which defines the length

of the wetted pressure area, is then:

Ie + Lo T . tang | _ o (4.1)
2B sin? B 2N tan ¢y -
wher e B average wetted beam ft.

Ty draft of keel at transom ft.
8 deadrise angle, deg.
7 trim angle, deg.

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

on beam
Cy s e (4.2)
VeB
where U = velocity of ship, ft/sec.
g = acceleration due to gravity, ft/sec2

then the experinental evidence collected by Davidson Laboratory
i ndicates that equation (4.1) is applicable for all deadrise
angle and trim angle conbinations such that the speed coefficient,
Cys is greater than two. For |ower speed coefficients, the user
shoul d consult Reference 10 or nodel test results. The product
ABZ 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:

Sy, = B° tang R 1 (4.3)
Sp 2 cosg| rtan't 2 tan$ cosg

where ¢ = angle between the keel and the spray edge
measured in the plane of the bottom
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tang = (a + kl)/(l-Akl)

PO \/S-ine»r (1-24) + k2 tan" ¢ [(1/s1in°8 ) - sin2ﬂ
cosT+ K tan? sin?

>
T

K tan?’ / sinp

v [l -3 tanzé coss _ tans sin_'zp]
2 1.7w* 3.3%

An average wetted length for the Reynolds nunber and

~
i\

Schoenherr skin friction drag coeffident is:

1 _ B [tang _ 1.
spray 2 |4 tan? 2 tanp cospf l (4,4)

Recall the assunption of a hard chine, planing hull so
there is no side wetting! As this conputer program finds wider
acceptance and use in developing prelimnary hydrofoil ship
designs, then (in cooperation wth the wusers) perhaps a hter
revision wll allow for rounded chines or wetted sides.

h-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 tw separate effects; the dynamc 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:
_ . 1/2 ,1.0055»/2f (5.1)
C =Cp + C 1.1 0.012 IS FRL AL L
Lﬁ =0 Id Lb = T { CV2
wher e C, = total lift coefficient of a zero deadrise
p=0 planing surface
€y, = dynamc [lift coefficient of a zero deadrise

d planing sruface

buoyancy lift coefficient of a zero deadrise
Lo planing surface

(@]
]
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For a given trimand nean wetted length to beamratio,
the effect of Increasing the deadrise angle 1s to reduce the
planing lift due to the reduction in stagnation pressure at
the | eading edge of the wetted area. The lift coefficient
of a Vee surface was conpared with that of a flat plate at

the identical values of ,nand C, by the staff of Davidson

Laboratory. Based on that comparision, an emperical equation
for the planing lift of a deadrlse surface was found:
0.6
Cr = - 0.00654 C, (5.2)
B Qae0 £ Lae 0

wher e CL;total lift coefficient of a deadrise planingsurface.
The total lift coefficient required of a deadrise planing

surface is fixed by the hull design:

W
CL/, = 3 0 U282 (5.3)
where W = weight on hull, pounds
P = hess density of water, slugs/ft3
Recall that in Section Il 2.2.4, the cornerstone of these

calculations is determning the wetted pressure area »B which
provi des the hydrodynamc lift. Wth CLﬁknownby equation (5.3),
we find CL:,e=o fromequation (5.2) by iterating. The iteration
fornul a used, by applying the Newt on- Raphson method and

con.solidating terns, isS: o

C C + 0.,0026 g|C
[CL ] - Lﬂ[ - O] n /G[ Lﬂ:O] n (5.4)
A= 0In+1 0.4

C - 0,00
[Lxs:!. n B

where the iteration is repeated until [CL ] - [CL ]
A=0] n+ 1 A=0} n]
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£ 0.0001. Now with an assumed planing surface trim angle,
which 1is the ships pitch angle, the only unknown in equation
(5.1) is the desired mean wetted length to beam ratio. After

applying the Newton-Raphson iteration formula and consolidating

terms again, we have: 5
0.6 n3_ = 0.4363 C N+ 72.7272 (cLﬂ_ o/f 1.1) ¢,8/>n

)\n+l=

N2 4 0.4363 C,° (5.5)
n

where here again the iteration is repeated until /"n «1" hn/

¢ 0.0001. With the mean wetted length to beam ratio known,
then the drag of the planing surfac7e, the wetted keel and chine
lengths, the spray drag and thef_k_?_?g drag are all quickly
calculated.

It should be mentioned that the manipulations and c¢on-
solida tions leading to equations (5.4) and (5.,5) were accom-
plished to speed up the computations. With the IBM 1620,
FORTRAN Il 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
length to beam ratio will satisfy equation (5.5). In those
cases the output would show Lc‘ 0 which means that the inter-
section of the spray root line with the chine 1s aft of the
transom. This chines dry condition is quite possible for a
hydrofoil ship hull just prior to take-off but 1t ig outside
the range of applicability of these emperical planing equa-

tions. Such cases should be reyyn 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
hul | whenever L04 O, which is to say the program is self
correcting of this situation.

I+ 2.2.6Drag of Prismatic Planing Hulls

The total hydrodynamc drag of prismatic planing hulls

as evaluated by this program is conposed 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), Snce 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

hori zont al direction:

th = A tan? (6.1)

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

produces no nmoment.

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

conmputed by:
2
-1 .U (Ch.+ AC.) S 6.2

Dp, % 3 £m Dg ) Sp. (6.2)

wher e U, = nean or average hull bottom velocity
AC, = roughness allowance for hull
- 2
Shf— wetted pressure surface of hull, )\B_/cosp

The nean velocity over the bottom of the hull in the wetted
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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:

5.1.1. 0.6 (6.
v =u/l_0.012 x'571'1-o.oo65'ﬂ(0.012 sopiety 0.6 (6.3)

NcosT

Note that U, is used to calculate the Reynold 's 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 1/2 the chine height, measured from the keel. The

lever arm as shown in Figure 5 is then:

1. =VCG -8B tam 6.4
by 3 47° (6-4)
(c) The viscous drag of the spray is computed by:
1 2
D = =00  (Cp, + &Cp) S (6.5)
h'sp 2/0 Df £ hsp
where Sh = surface of hull wetted by spray (Equation 4,3),

Note thastp 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. The
lever arm as shown in Figure 5 is then:

1 = VCG - B tan 6.6
hg 3 /3 (6.6)

It should be polnted out that the spray does_n_ot 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 49, Since the spray
-20.




drag vector direction is debateable, so 1s the lever arm and
average wetted length. However, the justification for refin-
ing this portion of the prediction nmethod must rest in an
evaluation of the correlation wth full scale trials data
The wvalidity 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 Hull Air Drag

Hill air drag of  hydrofoil ships 1s nearly inpossible to
estimate from scratch what wth the wunknown Interference effects
of the superstrucutre and "appendages", such as antennas,
ordnance items, cowings, etc. In some cases, paranmetric
studies for exanple, the designer nmay justifiably ignore the
air drag. The alternate 41s to resort to wnd tunnel test
resul ts. Non-di nenslonal lzIng the wnd tunnel data leads to
defining a projected area, which continually and radically
changes with wind azmiuth angle. Certainly the "best"
reference area should Include the length of the ship. To-date,
the problem has no uniformy accepted solution. For the
purposes of this program the hull air drag side-steps the

issue by defining this drag:
’ 2

D, Zc \' 7.1
air Dyi (7.1)
1 2
wher e CDai s 5 7 air CyAny1l 1.6889
Aair = density of air
Ch = drag coefficient from nodel tests
Ahull » hull projected area wused on nodel tests
\Y = ship velocity, k_n203t_s




228 Center of Pressure and Thrust Monent

The center of pressure of planing surfaces can be
eval uated by considering the buoyant and dynam c forces
separately. Take the dynam c conponent at 33%%forward of
the transom Wth the two forces as given in equation (5.1
then Savitsky (Reference 10) found that the hull center of

nressure | ever arm woul d be:

= - B -
1c.p. LCG = A [.75

1
5.21(Cy/»)% + 2.39

Wth the advent of waterjets as candidate propul sion

| e

systens, 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 noved, the program cal cul ates the

thrust lever arm Referring to Figure 6,the thrust |ever

arm is:
1 = [(VCG D2T)2 (LCG - XLlT)2] L% in& 8.2
T = + s (8. )
where & = tan -1 (VCG + D2T) . ¢
(LCG - XL1T)
€ = "shaft" angle to keel

Y.




[I. 2.2.9 Static FEquilibrium Condition

Static equilibrium is satisfied by setting the thrust
equal to the drag and then adjusting the fore and aft Ilift
distribution such that the sumation of vertical foreces and
| ongi tudinal nonents are wthin the Input error limts. 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 inbalance.
No provisions are made for adjusting the ship's pitch angle nor
speed to haten the balancing. The user does exercse control
over the nunber of Iterations per depth as iwell as the overall
job time. Specifically, the static equilibrium equations are:

LFyy =T cos(7+£) =D, +

1 ¥ Dstrut (spray) +Dv. fins

Dhacelles* Dstruts (profile#friction)"'Dfoils+Dhu11 (pressure) +

Dhull (friction) + Dhu]_l spray (9.1)

— - i + L]
IF,, =L A+ T sin (r+§) L (9.2)

- D VCG+d
(vegsa ) nacelle' nacelle’

folls

EMyy=-Dst r ut (spray)dc.g.Dv fin

Dstruts (profiled friction) (dc.g,+ 35prue) - Dfoils(dc.gfdfoilg

T lgnpustt fot1s lrotls * Dhuli (pressure) l‘c.p.

“Phu1a (friction) "hull  (friction) ~ Phu11 (spray) lhull(spray)
(9.3)
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It should be nentioned that in equations 9.1 through
9,3 the separate contributions from the fore and aft foils have
been onitted for brevity. O course they appear in the
program along with an occasional |ever arm sign change to
reflect the physical location of the aft hydrofoil being aft
of the center of gravity. Wwen equations 9.2 and 9.3 are
satisfied within the input error limts, the hydrofoil ship

is said to be in equilibriumand the results are output.
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I, 3 General Renarks

This program was devel oped from the one reported in Ceneral
Dynam cs/ Convair Report GDC 66-075-2, Reference 12, which was
written under Navy contract NOBS-90430. The program and
docurment ati on have been throughly revised from the special needs
of that contract to the nmore general design requirenents
of the Naval hydrofoil ship design program  Sone effort
has been made to mnimze the proliferation of diverse math-
ematical models by incorporating much of the excellent material
reported in Reference 1, which was witten 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 node, becomes avail able.
Some expansion into the foilborne stability area could be
i ncorporated immediatly, however the hullborne stability

problem definition 'is immenient.
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[T = INPUT  QUTPUT  REQU REMENTS

1.  Ceneral Restrictions

The input data format is set up to facilitate running
mitiple trimload problens on each job. After the foil geonetry,
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 nurerical values are assumed:

g = 32.17 acceleration due to gravity

e

2.7182818 Naperian log. base

M= 3.1415927 pi
deg/rad. = 57.29578 change of angular unit
V/V, = 1.6889 conversion from kts. to fps
§ = *r10° maximum foil control  surface
e deflection angle, fwd and aft foils
log/1n = 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 colum 1. Each output
page is nunbered for conparison wth the input nunber of problens
per job.

Ten one-colum arrays are used wth the largest having
20 elements. Al four graphical Inputs nust utilize nonotone
Increasing nunerical values on the abscissa.

There are no special operating instructions, however, the
user and the nachine operator are not wthout responsibility.

During the development of this program several potential
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calculation flow funbles were spotted and suitable self-correction
features  provided. Typical OONFCRV paranetric studies range from
the absurd to the ludicrous as regards ship configurations.

Naturally at either extrene some inexplicable difficulty in ob-
taining a static trimload solution may be expected. The wuser 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 becones excessive.

2. lnput Data Preparations

2.1 Control Card
Program control 1s acconplished by the five nunbers:

Kinematic Viscosity of Water (vs2), No. of Problens/This Job
(XJBS), Lift Error Bound (ZL), Mnent Error Bound (ZV, and No.

of Iterations/Each Problem (XNTRYS). The kinematic viscosity of
water is checked nunerically to see if a job follows. XJOBS
Indicates how many problens are to be run wth the input foil
configuration; i.e., how many pairs of hull data cards are to be
read. Both the |ift and nonment error bounds influence the accuracy
of the final force and noment trim indirectly they influence the
conputation tinme. Finally, XNTRYS specifies the nunber of tines
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).
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The three initial cards in each set identify configuration
constants such as area, thickness to chord ratios, nunmber 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 nodel test results.

2.3 Hull Data Cards
Cards 17 and 18 describe the hull, how nuch of the total

load it carries and how fast the ship is noving. These latter
two cards are input XJOBS times, with the desired changes.

Input data specifications are presented wth sanple
nunerical values in Table 1.




TABLE 1 INPUT DATA LAYQUT FORM

%Ir ﬂrm Ilzggl#at gryor?i;glm Definition Jg,ohgal
Card Nunber 1

1-12 ~12. 4 VS2 Ki nematic viscosity 0.0000128
13-21 F9.0 DE1W Density of water 2.000
22-27 F6,0 DL1CF1  Roughness all owance, hul | .0004
28- 32 F5.0 XJOBS Nunber of probl ens 5.0
33-37 F5.0 DL1CF2 Roughness all owance, foils . 0001
38-42 F5.0 ZL Lift error bound 200.0
h3.47 F5.0 M Monent error bound 50.0
48-52 F5.0 XNTRYS  Nunber of control surface 13.0

angle iterations
Card Number 2

1-80 20p4 DATAID Title (centered)
Card Nunber 3 (fwd foil-nacelle-strut array)

1-10 F10.3 D2F Depth below B.L., foil 9.00
11- 20 F10. 3 D2N Depth below B.L., nacelle 9.00
21- 30 F10. 3 D2V Depth below B.L., ventral fin 0.00
31-40 F10,3 XL1LT Length to center of lift 88. 30
41-50 F10. 3 XL1CM Mean foil chord length 3.68
51-60 F10. 3 XL1CS Mean strut chord length 4,25
61-7(3 F10.3 XL1V Mean ventral fin chord length 0.00
71-80 F10. 3 XL1IN Nacel | e |ength 6.12
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Card | nput Program S
Col um  Format Synbol Definition

Card Number 3 (fwd foil-nacelle-strut array)
| -10 F10.3 AlP Planform area, foil
11-20 F10.3 AlPV Planform area, ventral fin

21- 30 F10. 3 R1TCM Thi ckness/ chord, foil

31-40 F10. 3 RITCS Thi ckness/ chord, strut
ki-50 F10.3 R1TCV Thi ckness/ chord, ventral fin
51-60 F10. 3 R1LDN Lengt h/ di amet er, nacelle

61-70 F10.3 A3DD Initial control surface
defl ection angle

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

Card Nunber 4 (fwd foil-nacelle-strut array)
|- 10 F10. 3 C1lLD Design lift coeff. o depth

11-20 F10. 3 DR1PT CL» @ dept h
T

21-30 F10.3 DR1PD C;a, o depth

31-40 F10. 3 C1DSP Strut spray drag coeff.

41-50 F10. 3 C1DFP Foi | pressure drag coeff.
51-60 F10. 3 CIDNP Nacel | e pressure drag coeff.
61-70 F10. 3 C1WSN Nacel |l e wetted surface coeff.
71-80 F10.3 RI1AS Pol | aspect ratio

Card Number 5 (fwd foil-nacelle-strut array)
1-8

9F8. 2 R1HCT Foi | depth/chord ratio
(from Figure 2)

65-72
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Ty 1caf

Val ue

65.
.00

.09
.12

.00
.00
.00

N N O © o o

o O o o o

63

.00

.22
. 302

. 109

.24
.00
.00
L1742
. 60



Card | nput Program o TyPicaI
Col umm For mat Synbol Definition Val ue

Card Nunmber 6 (fwd foil-nacelle-strut array)

1-8

9FU. 2 o h
) R1CLT — at each '~ of Card 5
Lew c
(from Figure 2)
65-72
Card Number 7 (fwd foil-nacelle-strut array)
1-9
9F8.2 C1LEA 3-D ¢_ by control surface deflection
[from Figure 3)
65-72
Card Number & (fwd foil-nacelle-strut array)
1-8
9FU. 2 CIDICA ¢, at each ¢, of Card 7
(from Figure 3)
65-72

Card Nunber 9-15 (aft foil-nacelle-strut array)

These cards duplicate the input data |ayout format of cards
3through u; the data is applicable to the aft array however.
Card Nunber 16 (first hull data card)

| -10 F10. 3 D Hei ght of C. G above y.L. 12. 96
11-20 F10. 3 C1DAIR  Hull Air drag coeff. 0,772
21-30 FIW 3 XL1T Length to thrust, fwd of 22.00
31-40 F10. 3 PC1H % of A carried by hulll 0.0
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Card

Col um

| nput
For mat

Program

Syntol

Typi cal
Definition V%/Pue

Card Nunber 17

1-12 F12. 4
13-21 F9.0
22-27 F6.0
28- 32 F5.0
33-37 F5.0
38-42 F5.0
43- 47 F5.0
48' 52 FS.O
53-57 F5.0
Card MNumber 18

1-12 ~12.4

(second hull data card)

DP1P
CGlLT

CG1vVB

BlA
A3BD
UlSK
D2T
A3SHD
A3TAD

Weight of ship, pounds 256,000.0

Long. C of Gavity, from
transom

Vert. C of Gavity, from
basel i ne

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

0.00

9999.0



3 Qutput Data Editing

Program output is presented as three tables of data.
The first table |Itemzes the equilibrium conditions. These
nunbers should be carefully reviewed, for Internally generated,
required changes to the Input Initial conditions. The enclosed
sanple data shows five problens wusing the "flying" data from
Figure 3 followed by ten problens using the "takeoff" data of

Figure 3.

Sanpling 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 -0,9° fwd and -0,6° aft are re-
qul red, reducing the pitch angle or slowng to approxinately

47.5 kts would elimnate the necessity for any flaps, and (h)

.the keel draft aft (on centerline at the transon) 1s a -4.6°',

which 1s Indicative of an anple keel clearance. Later on,
when the hull carries some of the load, the keel draft aft

goes positive In accordance wth expectations.

The second or mddle table presents the drag breakdown
into lever arns, characteristic lengths, drag coefficients of
the elenents, areas and finally the net drag of the various
elements. This niddle table 4is Invaluable for discerning the
causes for wde wvariations In total drag. Note, for exanple,

that in slowng 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, = 0.00502 to Ac¢, = 0,05948
P P

for the forward foil and the variation is even greater for the
aft foil. 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. Recall 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 within the

Input error bounds.

Some familiarization 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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' III &4 Val i dation

Program validation was certified by hand calculation of
the 30 knot hullborne case with 10% of the weight carried by
the hull at a 2.5° bow up attitude. Input data as |isted
was used and the results conpared with page 2 of the hullborne

output. No significant differences were found.

4.1 Sanpl e | nput

The sanple input shown is for the two situations of [ow
trim angle for full foilborne operations and noderate trim
angles for low foilborne and takeoff operations. The basic
difference is in the choice of data from Figure 3,which
nust be established from nodel or full scale test data. Refer

to Table 1 for the definition of the various data.
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'DATA

_0000001285 2eU0U0 «UCUTUL S5ev #0001 2C0. b\} W‘;_].Do_
HYDROFQOIL PATROGL CRAFT VALIDATIUN DATAs FOUILBURNE 4/30/606
9400 9.0C0 1 0L.0C 88, 3¢ 3.680 44250 0400 6.12
65. 63 0.05 009 3.12 3e0U0 7.C0 240U leug
Ne220C 44302 2109 ()024(} U'\'OL 0. cLu 7742 e bV -
_oeoe 5000 140000 145CG00  2.0000 3 0000 540000 7,5000 10,0000 RIHCT
« 5000 e 7680 8600 9020 5280 <9550 9810 9940 5980 RICLIRLAQL
« 0000 +"7 5 ¢ 1504 e 200UU 2500 CUn «BGUQ 4752 «5250 ClLE
«GD9G L0025 $UC02 YTV VY o VL IR Vis S X JUTHT  eu230 T L0508  CLDIE
11. 25 11.25 UalU, 220G 4475 4.25 Ve lg 12435
e 1500 4.914 1.352 Uelb&U UelU U QULOL «958b6 bebU
L0000 J5000  1e0UCCU 1a50ul 240000 3.0ud0 5. 0y 75000 10,00CG0 RIHCTA
«5CC0 «779¢C «8650 « 9080 «9310 « 93550 9810 ¢ 9540 «9980 KRICLTA
0003 WCT56  «1500 L2000 #2500 angt T TRGG6 - at1b. #5250 CLLEA
20063 L0022 .GC02  apluu WGuos 22019 10089 0220 L0420 CIDIEA
12.96 0.77; = 22.C0 0,0 - T
255 005. C 46400 8,00 22.1i; 8. ¢050. 11.25 b.0 0.5
17.96 Gelie 22400 Gl e
25600C.C L6400 800 2 240 Bol 45, 11023 GeC Ued
12.96 b. 772 22.00 TGV T T
256000.C 46400 8400 2240 BeU 44U, 1i.25 (el u.5
12.96  ii.772 22400 Gel
25600Vel 46400 BeilU 22. ; BeU 35. 11.23 <e0 (45
12.96 Ve 7T2 el Uev
7”256()()00_0 . 456 0LU &cUC ZZOb BQU 3‘\). 11.25 Vel b.5
JeOQ0G128C 2 .00 L0 0004 1Ce o081 2C0. 53 . 13,
HYDROFOIL PATROL CRAFT VALIDATION DATA, HULLBORNE 3/30/68
9 . ¢ , 2 v 0,00 88.30 34680 4. 250. U 00 6el2
65. 63 D00 3.09 g5.12 0. 0 0 3 TelU 2.03 1400
0. 220 4.302 24109 (o240 0 00u CeCUU 1142 6.6U
NC0N «5000 140000 165000 24,0000 3.0000 5.0000 7495000 1CeQCUG0  RIHCT
«5CU0 « 76850 « 8600 eGLLU 928U 0wl 09810 e 9940 «99BU  RICLT
-QQul (G75¢ #1500 L2000 « 306U S4UU0 45250 ] «6500 «8UU0  ClLE
004D W0014 L0002 W0 U0 U GLOU eULlU o U4 8 . u 135 . 03L0 Ciple
11.25 11. 25 UelU . 22e0GU 4. 75 4,25 3.03 12433
74.82 Ca0C U.09 Uell UeCU 4.82 £400 2000
« 15060 4916 14952 04240 Ue0U  0.00UUL <9588 6460
0000 «5200 145000 145000 240000 340000 54G000 745000 10e26G30 RIHCTA
5000 «TTI0 48690 _ «5G8U 931G 49550 <9830 «9940 L9980 RICLTA
« 0000 1000 L.2000 3600 4000 « 5000 60 7000 «8000 CLLEA
«0101 0053 0018 SUUU2 L LGLT S LitiZ2 T3 «J162 20305  CIDILA
12.96 Ce772 22.G0 e U
25600060 46400 BeUlU 2260 Bel 3Fie 1le25 (el cad
12. 96 u.772 2. GuY ge1i T B
256 GO0 .0 46406 Gauy 22s0 84U 3Us 11425 (o 245
124 96 UeT72 22400 Gl
256u0UeU 46.0() SOU\:' ZZCU BQG 30. 11. 25 Uel L‘ub
12.06 U.772 226UV 1.2
256UULs0 46. 00 BelUlL 2240 8B4l 3Us 1leZd U0 340
12. 96 b. 772 22.00C o2
25 bun0.y 46. U0 B.U0D 2240 B8.G. 27. il.25 0.0 2.5
1206 2.772 22e0L C.z
2560000 4600 8.00 22.0 80" 27, 11.25 0.0 3.
-~ 40- - \ v/



12.96 0.712 203 02
256000, v 466 UL Beul 2 2 .1 B8eU 27411le2> wveO 3.5
12.96 Ce772 22400 32 .
25600060 L6 e 00 54002240 Bal2 4 11.23 ve(l 2.5
12.96 UeT772 22400 _, . . w .
256000V 46600 eV 22 . " BeU 2 4 lle2bUe340
12.96 0.7172 2 e 00 02
256 GO e «08 .0 2 4 11.25 0.0 3.5
9999, 0 46 50 80 022 U
BEOQOF
~4)- e, _




4.2 Sample. Output

The sanpl e output enclosed is for the sanple Input and
my be used to validate proper operation on other machines.
Figure 71is a-graphical presentation of the salient data.

For design purposes, many nore data runs would be nade, vary-
ing speed, trimangle and percent |oad carried by the hull
Considering those three variables-as nost strongly Influencing
total resistance, and the net results being a four dinensiona
"saddle,” then this program finds application In defining the
path of mninum total resistance through takeoff to ful

flying speed.
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HYDRODYNAMICDESIGNO F
NAVSEC PROGRAM

HYDROFOT [ PATROLC R A F T

HDB-061, REF.

RESULTS FOR V= 50.D KTS, Q= 7131
LCG FROM TRANS=46.0 FT NEANDRISE ANG.= BR.,0 DEG
VCGFROM KEFL= 8.0 FT SHAFT  ANGLE = 0. DFG
CG ABOVE FWL = 13.0 FT TR IM ANGLE = 0.5 DFG
MEAN BEAM = 27.0 F7 CONT DEFL FWD= =0,9 DEG
WETTED KEEL = 0. FT CONTPEFLA F T = =-0.6DEG
WETTED CFINE = 0. FT

FORWARD ARRAY
FOIL STRUT POD V=-FIN FOIL

L BELGWKEEL. 9 .0 9.0 0. 11.2

L FWD TRANS 88 .30 72.00

T/COR LI/D 0.09 0.12 7.00 0. 0.09

L =mREYN. NO 3.68 4.25 6.1% 0. 4.75

TYPE OF DRAG COEFF COEFF COEFF COEFF CDEFF

PROFILE 0.00057 0.00571 0.00024-0.00000 0,00059

FRICTION (2}0.00255 ,(:0250 0.00236 0. 0.00245

ROUGHNESS(2)0.000100,000100.000100.00010 0,00n10

INDUCED 0.00257 0.00153

D PROFILE 0.,00002 0.00018

WAVE OR SPRAY0D.000150.24000 0.00012

TOTAL COEFF 0.00862 0.00749

AREA-PROFILE 65.63 13.74 13.01 0. 74.82

AREA-SPRAY 0.26

DRAG-ELEMENT  4032.7 1067 .9 250.7 0. 7Y93.R

DRAG-STRUT SPRAY 445.1

HULL AIR DRAG 1930 .0 FUDFOIL

HULL SPRAY DRAG 0. AFT FDIL

HULLFRICTIONDRAG 0. HULL

HUJLLPRESSURED R A G 0.

TUTALS * DRAG, LBS 2309844 % % % % %k % % % % |_JET,

43-

VALIDATICMNDATA,FOTLBORNE

HYDROFOILSHIPS
MAVSE TIPS 0900-006-5390

9/30/958

PSF
T BELOWKEEL11 .7 FT
T FWDTRANS,2 3 . 0 FT
F DRAFT FWwn, 3.7 FT
F DRAFT AFT. 6.5 FT
K DRAFT AFT. -4.6 FT
AFT  ARRAY
STRUT POD V-F IN
11.7 0.
0.12 4.82 0.
4.2'5 12.33 0.
COEFF COFFF COEFF
0.0057 1 0.00001=0.00000
0.00250 N,00213 0.
N.00010 0,00010 0,00010
0.24000
72.113 95.01 0.
0.726
3448.1 3039.8 0.
890.3
LIFT 90878.8
LIFT 164919.7
L1FT 0.
ILRS 256000.0




HYDRODYNAMIC DESIGN OF HYDROFOIL
NAVSEC PROGRAM WDB=061,

REF.

SHIPS
NAVSHIPS 0900-006-5390

HYDROFOIL PATROL CRAFT VALIDATJONDATA, FOILBORNE

RESULTS FGR V= 45.0 KTS,

LCG FROM TRANS=46.0
VCG FROM KEEL = 8.0
CG ABOVE FwL = 13.0
MEAN BEAM = 22.0
WETTED KEEL = 0.
WETTED CHINE = 0.
FOIL
L BELOW KEEL 9.0
L FWD TRANS 88. 30
T/IC OR L/D 0.009
L =REYN.NO 3. 68
TYPE OF DRAG COE FF
PROFILE 0. 00057
FRICTION (2) 0.00259
ROUGHNESS(2) 0.00010
INDUCED 0.00393
D PROFILE 0.00040
WAVE OR SPRAY0.00028
TOTALCOEFFO . 01057
AREA-PROFILE 65. 63
AREA-SPRAY
DRAG-ELEMENT  4008.8

DRAG-STRUT SPRAY

HULL AIR DRAG

HULL SPRAY DRAG
HULL FRICTION DRAG
HULL PRESSURE DRAG

TOTALS #*DRAG, LBS

FT DEADRISE ANG.= 8
FT SHAFT  ANGLE = 0
FT TRIM ANGLE =
FT CONTDEFL Fwp= O
FT CONT DEFLAFT= 0
FT
FORWARD  ARRAY
STRUT POD V-F IN
9.0 0.
0.12 7.00 0.
4.25 6.12 0.
COEFF COEFF COEFF
0.00580 0.00024-0.00000
0.00254 0.00240 0.
0.00010 0.00010 0.00010
0.24000
13.74 13.01 0.
0. 26
878.7 205.9 0.
360.6
1563.3
e
0.
0.
2027104 % % % X 4 % 4 3%

0.

Cl= 5776.
.0 DEG

« DEG

5 DEG
.6 DEG
.6 DEG

FOIL
11.2
22.00
0.09
4.75

COEFF
0. 00055
0. 00749

0.00010
0. 00233

0.00004
Q 00022
0. 00833

74.82

7197.5,

FWD FOIL.

AFT-FOIL
HULL

* LIFT,

9/30/68

2.0 FT
3.7 FT
6.5 FT

—4.6FT

V-FIN

0.
0.

COEFF

-0.00000
O

0.00010

n.

0.

PSF
T BELOWKEFL 11.2 FT
T FWD TRANS. 7
F DRAFT FWD.
F DRAFTAFT.
K DRAFT AFT.
AFT  ARRAY
STRUT POD
11.2
0.12 4.82
4.25 12.33
COEFF COEFF
0.00580 0.,00001
0. 00254 0.00117
0.00010 0,00010
0. 24000
22.18 95.01
0.26
2R37.4 2497.7
721.1
LIFT '91065.4
LIFT 164757.6
LIFT 0.
LBS 256000. 0



HYDRODYNAMIC DESIGNO F HYDROFOILSHIPS
‘NAVSEC PROGRAMWDR-061, REF. NAVSHIPS 0900-006-5390

HYUROFOIL PATROL CRAFT VALIDATION DATA, FOILEORNE 9/30/68

RESULTS FOR V= 40.0 KTS, 0= 4564. PSF
LCG FROMTRANS=46.0 FT DEADRISE ANGs= 8.0 DEG T BELOW KEEL 11.2 FT
VCG FROMKEEL = 8 . 0 F1 SHAFT ANGLE = 0. DEG T FWDTRANS. 22.0 FT
C G AROVEFWL= 13.0 FT TRIM ANGLE = (.5 DEG F DRAFT FiWDe 3.7 FT
MEAN BEAM =22.0FT CONT DEFL FWD= 7.6 DEG F DRAFTAFT. 6.5 FT
WETTED KEEL =  Oe FT CONT DEFL AFT= 2.2 DEG K DRAFTAFT. -4.6 FT
WETTED CHINE = 0. FT

FORWARD ARRAY AFT  ARRAY

FOIL STRUT POD V-F IN FOIL STRUT POD V-FIN
L BELOW KEEL 9.0 9.0 0 . 11.2 11.2 0.
L FWD TRANS 88.30 22.00
I[/C OR L/D 0.09 0.12 7.00 0. 0.09 0,12 4,82 0.
L =REYN. NO 3.68 4,25 6.12 0. 4.75 4.25 12.33 0.
TYPE OF CRAG COEFF COEFF COEFF COEFF COEFF COEFF COFFF COEFF
PROFILE 0.00057 0.00591 0.00024-0.00000 0.00055 0.00591 0.00001-0.00000
FRICTION(2)Y0.00264 0.00258 0.00244 0. 0.00254 0.00258 0.00220 (O,
ROUGHMESS(2)0.00010 0.00010 0.00010 0.00010 0.00010 0400010 0.00010 0.00010
INDUCED 0.00632 0.00373
D PROFILE 0.00223 0.00041.
WAVEO R SPRAY0.0005D.24000 0.00044 0.24000
TOTALCOEFF 0.01517 0.01041
AREA-PROFILE 65.63 13.74 13.01 0. 74.82 22418 95.01 0.
AREA-SPRAY 0.26 0.26
DRAG-ELEMENT 4543.1 706.8 165.2 0. 7108.4 2282.1 2005.5 0.
DRAG-STRUT SPRAY 264.9 569.8
HULL AIR DRAG 1235.2 FWD FOIL LIFI 91209.5
HULL SPRAY DRAG 0. AFT FOILLIFT 164625.5
HULL FRICTION DRAG 0. RULL LI FT 0.
HULL PRESSURE DRAG 0.

TOTALS % @RAG, LbS 18901.0 # % % % * % % % % L|IFT, LBS 256000.0

5=




HYDRODYNAMICDESIGN OF HYDROFOILSHIPS
NAVSHIPS 0900-006-5390

NAVSEC PRUGRAMWDB-061,

REF.

HYDROFOI L PATROL CRAFT VAL IDATTONDATA,FOULBORNE

RESULTS FUR V=35 .0 KTS, 0= 3494,
LCG FROMTRANS=46.0 FT DEADRI SE ANGe= 8.0 DEG
VCGFROMKEEL = 8.0 FT SHAFT  ANGLE = 0, DEG
CG ABOVE FuWL = 13.0 FT TRIMA NGLF = 0.5 DFG
MEAN BEAM = 22.0 T COMTDEFL FwN= 5.6 DEG
WETTED KEEL = 0. FT CONT DEFL AFT= 4.6 DEG
WETTED CHINE = 0. FT
FORWARD  ARRAY
FOIL STRUT POD V-FIN FOIL

L BELOW KEEL 9.0 9.0 0. 11.2
L FWD TRANS 88. 30 22.00
T/C OR L/D 0.09 0.17 7.00 V8 0.09
L =REYN. NO 3.68 4.25 6.12 0. 4.75
TYPE OF DRAG  COE FF COEFF COEFF COEFF COEFF
PROFILE 0. 00057 0.00603 0.00024-0.00000 0.00055
FRICTION (2) 0.00270 0.00264 0.00249 0. 0. 00259
ROUGHNESS(Z) 0.00010 0.00010 0.00010 0. 00010 0.00010
| MDUCED 0.01080 0. 00635
D PROFILE 0. 00896 0. 00297
HAVYE OR SPRAYO. 00125 0. 24000 0.,00096
TOTAL COEFF 0.02718 0.01617
AREA-PROFILE 65. 63 13. 74 13.01 0. 74 .82
AREA-SPRAY 0. 26

DRAG-ELEHENT 6232. 6 552.2 128.8 0. 8456. 7
DRAG-STRUT SPRAY 218.1

HULLAIR DRAG 945. 7 FWO FOIL
HULL SPRAY DRAG 0. AFT FOIL
HULL FRICTION DRAG 0. HULL
HULL PRESSURE DRAG 0.

TOTALS *DRAG, LBS 20317.4 * % 4 % % %k % % % L|FT

9/30/68
PSF
T BELOW KEFL 11.2 FT
T FWDTRANS. 22.0 FT
F DRAFT Fwd. 3.7 FT
F DRAFT AFT. 6.5 FT
K DRAFT AFT. -4.6 FT
AFT  ARRAY
STRUT PGD V-F IN
11.2 0.
0.12 4.82 0.
4. 25 12.33 0
COEFF COEFF COEFF
0. 00603 0.,00001-0.00000
0. 00264 0.00225 0.
0. 00010 0.00010 0.00010
0. 24000
2718 95.01 0.
0.26
1783.1 1564.0 0.
436. 2
LIFT 91285.A
LIFT 164536.9
LIFT 0.
LHS 255000.0




HYDRGDYNAMIC DESIGN

(JF HYDROFOIL SHIPS

NAVSEC PROGRAM WDB-061 y KEF. NAVSHIPS 090G-006-5390
HYDROFOTL PATROUOL CRAFTY VALIDATION DATA, FNTLBORNE a/A0/6R

RESULTS FUR V= 30.0 KTS, B= 25674 PSF
LCG FROMTRANS=46 .0 F - i DEADRISE ANG.= 8.0 DEG T BELOWKFFL1 1 .7 F7
VCG FROM KEEL = 8.0 FT SHAFT  ANGLE = (0, WLEG T FWOTRANS., 22 . 0FT
CG ABOVE FWL = 12.8 FT  TRIMANGLE = 0. 5DEG F DRAFT FWN. 3.9 FT
ME4AN BEAM =22.0FT CUNT DEFL FwWili= 10.0 DEG F DRAFT AFT. 6.7 FT
WETTED KEEL = 0. FT CONTDEFL &AFT= 8 .3 DEG K DRAFTAFT. -4.4 FT
WETTED CHINE = 0. FT

FORWARD  ARRAY AFT  ARRAY

FOIL STRUT PUD V-F IN FOTIL STKUT POD veFlY
L BELOWKEEL 9.0 9,0 0. 11.2 1.2 0.
L FWD TRANS 88.30 27400
T/IC OR L/D 0.09 0.12 1,00 0. 0.09 012 44,82 0.
L = KEYN. NO 3.68 4.25 6.1% 0. 4.75 4. 25 17.33% 0.
TYPE OF DRAG COEFF COEFF COEFF COEFF CLEFF COEFF COFFF CNEFF
PROFILE 0.00057 0L,00618 0.00024-0.,00000 0,00055 .006158 ).0nnnl=n n00N0O
FRICTION (2)0.00276 0.0072700.00255 0. 0.00265 0.,N0270 0.00230 0,
ROUGHNESS(2)0.00010 0.00010 0.000100.00010 0.00010 0.00010 0.00010 0.00010
INDUCED 0.01972 0.01172
D PROFILE 0.05932 0.01391
WAVE OR SPRAY0.00305 0.24000 0.00231 024000
TOTAL COEFF 0.08840 0.03400
AREA-PROFILE 65.63 14.59 13.01. 0. 74.82 23.03 95.01 0.
AREA-SPRAY 0.26 0.76
DRAG-FLEMENT 14893 .1 441.1 96.6 0. 13060.3 1392.8 1174,0 0.
DRAG-STRUT SPRAY 160.3 320 ,5
HULL AIR DRAG 694.8 FWO FOIL LIFY 91035.9
HULL SPRAY ORAG 0. AFT FOIL I IFT 164682,.8
HULL FRICTION DRAG 0. HULL LIFT 0.
HULL PRESSURE DRAG 0.
TOTALS ®* DRAG, L#&S 3722335 ¥ k %k % ok F ox % * LIFT, LBS 256000.0
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HYDRDDYNAWIC DESIGN OF HYDROFOIL SHIPS
NAVSEC PROGRAM WDB-061, RFF. MAVSHIPS 0900-006-5390

HYDROFOIL PATROL CRAFT VALIDATION DATA, HULLBIRNE S/30/68

RESULTS FOR V= 30.0 KTS, P=2567. PSF

BELOWKEEL1 1.2 FT
FWD TRANS. 22.0 FT

LCG FROM TRANS=46.0 FT DEADR| SF ANGe= RB.0 {JFG T
VCG FROM KEEL 8.0F T SHAFT ANGLE= 0. DEG T
. 5 DEG F DRAFT FWDe 2.2 FT
F
K

CG ABOVE FWL = 13.0 FT TRIM ANGLE = 2
MEAN BEAM = 22.0 FT CONTDEFL FWD= 7.1 DEG DRAFT AFT. 7.3 FT
WETTED KEEL = 0. FT CONTDEFLA F T = 3.3 DEG DRAFT AFT.-3.0 FT
WETTED CHINE = 0. FT
FORWARD  ARRAY AFT  ARRAY

FOIL STRUT POD V-F IN FOIL STRUT POD V-FIN
LBELOWKEEL 9.0 9.0 0. 11.2 11.2 0.
L FWD TRANS 88. 30 22 .00
T/IC OR L/D 0. 09 0.12 7.00 0. 0.09 0.12 4,82 Ge
L «REYN. NO 3.68 4.25 6.12 0. 4.75 4.25 12.33 0.

TYPE OF DRAG CDE FF COEFF COEFF COEFF COEFF COEFF COFFF COFFF
PROFILE O0.00062 0.00618 0.00026-0.00000 0.00059 0.00618 0.00001-0.00000

FRICTION (2) 0.00276 0.00270 0.00255 0. 0. 00765 0.00270 0.00230 O.
ROUGHNESS(z) 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010
INDUCED 0.02012 0. 01175

DPROFILE .0.00490 0. 00074

‘WAVE OR SPRAY0.00303 0.24000 0. 00233 0. 24000

TOTALCOEFF 0.03439 0.07091

-AREA-PROFILE 65. 63 7.40 13.01 0. 74. 82. 25. 67 95. 01 0.
AREA-SPRAY 0.26 0.26

DRAG-ELEMENT 5794. 1 223.8 97.2 0. 8033.9 1552.1 1174.0 0.
DRAG-STRUT SPRAY 160.3 320.5

HULL AIR DRAG 694. 8 FWD FOILLIFT 88694.8

HULL SPRAY DRAG 0. AFT FOIL LIFT 166517.1

HULL FRICTION DRAG 0. HULL LIFT 0.

HULL PRESSURE DRAG 0.

TOTALS * DRAG, LBS 18050.8 = * * * % % % % x | |FT, LBS 256000. 0




HYDRODYNAMIC DESIGN (OF HYDRGFOIL SHIPS

NAVSEC PROGRAM WDB—061y, REF. NAVSHIPS 0900-0056-539(0
HYDROFOILP A TR OL CRAFTVALIDATIONODATA s HULLBORNE ©9/30/68

RESIJLTS FOR V= 30.0 KTS, Q= 2567. PSF
LCG FROM TRANS=46.0 FT DEADRISE ANG.= 8 .0 LEG T BELOW KFEL 1 1.7 7
VCG FROMKEEL = 8.0F T SHAFT ANGLE = 0. DEG TFWD TRAMS. 22.0 FT
C G ARQOVEFWL= 8.5 FT TRIM ANGLE = 2.5 PEG F DRAFT Fwhs 6.2 FT
MEAN BEAM = 22.0FT CONT DEFL FHWD= 5.3 UEG F DRAFT AFT. 11.3 FT
WETTEDKEEL = 24.4FT CUNT DEFL AFT= 0 .4 DEG K DRAFTAFT. 1.1 FT
WETTED CHINE = 1.8 FT

FORWARDARRAY AFT  ARRAY

FOIL STRUT POD V-FIN FOIL STRUT POD V-FIN
L BELOWKEEL 9.0 9.0 0. 11.2 1142 0.
L FWO TRANMS 88.30 22.00
T/IC OR LI/D 0.09 0.12 7.00 0. 0.09 0.17 4.83 0.
L =REYN. NO 3.68 4.25 6412 0. 4.75 4.25 12.33 0.
TYPE OF @RAG CDEFF COEFF COEFF COEFF CDEFF COEFF COEFF CDEFF
PROFILE 0.00062 0.00618 0.00026-0.00000 0.00059 0.00618 0.00001-0.00000
FRICTION (2) 0.00276 0.00270 0.00255 0. 0.00265 0.00270 0.00230 0.
ROUGHNESS{2)0.00010 0.00010 0«00010G0.00010 0.00010 0.00010 0.00010 0.00010
INDUCED 0.01861 0.00717
D PROFILE 0.00662 0.00009
WAVE OR SPRKY0.00300 0.24000 0.00142 0.24000
TOTAL COE FF 0.03457 0.01478
AREA-PROFILE 65.63 24.50 13.01 0. 74.82 42.77 95.01 0.
AREA-SPRAY 0.26 0.26
DXAG-ELEMENT 5825.2 740.8 97.2 0. 5677.9 2586.2 1174.0 0.
DRAG-STRUT SPRAY 160.3 320.5
HULL AIR DRAG 694.8 FWD FOIL LIFT 92860.2
HULL SPRAY DRAG 0. AFT FOIL LIFT 136653.6
BULLFRICTICND RA G 1936.1 HULL LIFT 25600.0
HULL PRESSUREDRAG 1117.7
TOTALS ¥DRAG, LRSS 20%30.8 % % % % % % % % % | |FT, LBS 2560600.0

~h9-




HYDRODYNAMIC DESIGN OF HYDROFOIL SHIPS

NAVSEC PROGRAM WDH-061, REF. NAVSHIPS 0900-006-5390
HYDROFOIL PATROLCRAFTVALTDATION DATA HULLBORNE 9/30/68

RESULTSFOR V=30.0 KTS, 0= 2567. PSF
LCG FROMTRANS=46.0 FT DEADRISE ANG.= 6.0 DEG T BELOWKEEL1 1 .2 FT
VCGFROMK EEL = 8,0 FT SHAFT ANGLE = 0 DEG T FWOTRANS. 22.0 FT
€6 AROVE FWL = A1 FT TRIM  ANGLE = 2." UEG F DRAFT FWhe 7.0 FT
MEAN REAM = 22.0 F] CONT DEFL FWD= 4.4 (EG FORAFT AFT . 17 .7 Fi
WETTEDKEEL = 43.0 7T CONT DEFLAFT=- 1 4 DEG K DRAFT AFT. 1.9 FT
WETTED CHINE = 20.4 FT

FGRWARD  ARRAY AFT  ARRAY

FOI L STRUT PUD V-F IN FOIL STRUT pPan VmE N
L BELOWKEEL 9.0 9 . 0 O 11.2 11.2 0.
L FWD TRANS 88430 22. 00
T/IC ORL/D 0.09 0.12 T.00 0. 0.09 0.1.2 4,82 0.
L=REY 8.NQ 3.68 4. 25 6.12 0. 4.75 4. 25 12. 33 0.
TYPE JFDRAG COEFF COEFF COEFF CUEFF COEFF COEFF COEFF CGEFF
PROFILE 0. 00062 0.00618 0.00026-0.00000 0.00059 0.00618 0.00001-0.00000
FRICT I0M (2z) 0.00276 0.40270 0.00255 O. 0.00265 0.00270 0.00230 0.
ROUGHNES 5{2) 0.000 10 0.00010 0.00010 0.00010 0.00010 0.0G010 0.00010C 0,00010
| NDUCED 0.01638 0. 00505
D PROFILE 0. 00478 0. 00020
HAVE OR $PRAY0.00z66 0.24000 0.00099 0.24000
TOTAL COEFF 0.03016 0.01234
AREA-PROFILE 65. 63 27. 95 13.01 0. 74.82 46.72 95.01 0.
AREA-SPRAY 0. 26 0. 26
DRAG-EL EMENT 5082.1 845. 1 97.2 0. 4741.0 2794.8 1174.0 0.
DRAG-STRUT SPRAY 100. 3 320.5
HULL AIR DRAG 654. 8 FWDFOILLIFT $38346. 5
HULL SPRAYDRAG 0. AFT FOIL LIFT 115476. 3
HULLFRICTIONMDRAG 42 60. 4 HULL LIFT 151200.0
FULL PRE SSUREZ DRAG 273544
TOTALS #* DRAG, LBS 22405,6 % % % % x % % % % LIFT, LBS 256000.0
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HYDRODYNAMIC DESIGN OF HYDROFOIL
NAVSHIPS

NAVSEC PROGRAM WDB- 061

1

REF.

SHIPS

0900-006-5390

HYDROFOIL PATROL CRAFT VAL IDAT| ON DATA, HULLBORNE 9/30/68
RESULTS FOR V= 30.0 KTS, Q= 2567. PSF
LCG FROM TRANS=46.0 FT DEADRISEANG.= 8.0 DEG T BELOWKEEL 11.2 FT
VCG FROM KEEL = 8.0 FT SHAFT  ANGLE = 0. DEG T FWD TRANS. 22.0 FT
CG ABOVE FWL = 8.6 FT TRIM ANGLE =3.0 DEG F DRAFT FWD. 6.2 FT
MEAN BEAM = 22.0 FT CONT DEFL FWD= 4.0 DEG F DRAFT AFT. 1).9FT
WETTED KEEL = 34.4 FT CONT DEFL AFT= -2.8 DEG K DRAFT AFT. 1.8 FT
WETTEDCHINE = 15.6 FT
FORWARD ARRAY AFT ARRAY
FOIL STRUT POD V-F IN FOIL STRUT POD V-FIN
LBELOW KEEL 9.0 9.0 0. 11.2 11.2 0.
LFWD TRANS 88.30 22.00
T/IC OR LID 0.09 0.12 7.00 0. 0.09 0.12 4.82 0.
L =REYN. NO 3.68 4.25 6.12 0. 4.75 4.25 12.33 0.
TYPE OF DRAG COEFF COEFF CDEFF CDEFF COEFF COEFF CDEFF COEFF
P ROF I LE 0.000620.00618 0.00026-0.00000 0.00059 0.00618 0,00n01-0,00000
FRICTION (2) 0.00276 0.00770 0.00755 (0, 0.00265 0.00270 0.00230 0,
ROUGHNESS{2)0.00010 0.00010 0.00010 0.00010 o.00010 0.00010 0.00010 0.00010
INDUCED 0.01770 0.00485
PROFILE 0.00573 0.00030
WAVE OR SPRAYO0.00286 0.24000 0.00095 0.24000
TOTAL COEFF 0.03272 0.01220
AREA-PRUF ILE65.63 24.35 13.01 0. 74.82 45.05 95.01 0.
AKEA-SPRAY 0.26 0.26
DRAG-ELEMENT 5512.1 736.1 97.2 0. 4688.4 2725.1 1174.0 0.
DRAG-STRUT SPRAY 160.3 320.5
HULL AIR DRAG 694.8 FWD FOIL LIFT 90701.2
HULL SPRAY DRAG 0. AFT FOIL LIFT 112934.5
HULL FRICTION DRAG 3425.7 HULL LIFT 51200.0
HULL PRESSURE DRAG 2683.3
TOTALS * DRAG, LBS 222174 % % % % ¥ % % % % L|FT, LBS 256000.0
_51_




NAVSEC PROGRAM WDB-061,

RESULTS FOR V= 27.0 KTS, Q= 2079. PSF
LCG FROM TRANS=46.0 FT DEADRI SE ANG.= 8.0 DEG T BELOW KEEL 1.1.2 FT
VCG FROM KEEL = 8.0 FT SHAFT  ANGLE = 0. ODEG T FWD TRANS. 22.0 FT
CG ABOVE FWL = 7.9 FT TRIM ANGLE = 2.5 DEG F DRAFT FWD. 7.2 FT
WEAN BEAM = 22.0 FT CONT DEFL FWD= 7.6 DBEG F DRAFT AFT. 12.4 FT
WETTED KEEL = 47.8 FT CONT DEFL AFT= 1.0 DEG K DRAFT AFT. 2.1 FT
WETTED CHINE = 25.2 FT

FORWARD  ARRAY AFT  ARRAY

FOIL STRUT POD V-FI'N FOTL STRUT POD V-FIN
L BELOW KEEL 9.0 9.0 0. 11.7 11.2 0.
L FWD TRANS 88. 30 22.00
T/IC OR L/O 0.09 0.12 7.00 0. 0.09 0.12 4,82 0.
L«REYN.NO 3.68 4.25 6. 12 0. 4.75 4.25 12. 33 0.
TYPE OF DRAG COE FF COEFF COEFF COEFF COEFF COEFF COEFF COEFF
PROFILE 0. 00062 0.00628 0.00026-0.00000 0.00059 0.00628 ©.00001-0.00000
FRICTION (2)0.00281 0.00275 0.00259 O. 0.00270 0.00275 0.00233 O.
ROUGHNESS(z) 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 o.oo0clo0 0.00010
INDUCED 0. 02407 0. 00784
D PROFILE 0.01265 0. 00005
WAVE OR SPRAYO0.00463 0.24000° 0.00176 0.24000
TOTAL COEFF 0.04779 0. 01585
AREA-PROFILE 65. 63 28.84 13.01 0. 74.87 47.11 95. 01 0.
AREA-SPRAY 0. 26 0. 26
DRAG-ELEMENT 6521.6 718.0 79.9 0. . 4931.2 234545 965. 1 0.
DRAG-STRUT SPRAY 129. 8 259.6
HULL AIR DRAG 562. 8 FWD FOILLIFT '97037.7
HULL SPRAY DRAG 0. AFT FOIL LIFT 116770.9
HULL FRICTION DRAG 3963. 7 HULLLIFT ‘51200.0
HULL PRESSURE DRAG 2235.4
TOTALS *DRAG, LBS 22712.7 % % % % % % % % % LIFT, LBS 256000. 0

HYDRODYNAMIC DESIGN

REF.

OUOF HYDROFOIL SHIPS

HYDROFOIL PATR{OL CRAFT VAL IDAT JON DATA, HULLBORNE

NAVSHIPS 0900-006-5390

9/30/68




HYDRODYNAMIC DESIGN OF HYDROFOIL SHIPS

NAVSEC PROGRAMWDB-0614y REF. NAVSHIPS 0900-006-5390Q
HYDROFOIL PATROL CRAFT VALIDATION DATA, HULLBORNE 9/30/68
RESULTS FOR V= 27.0 KTS, o= 2079. PSF
LCG FROM TRANS=46.0 FT DEADRISEANG.= 8.0 DEG TBELOW KEEL 11.2FT
VCG FROMKEEL = B840FT  SHAFT ANGLE = 0. DEG TFWUDTRANS. 22.0 FT
CG ABOVE FWL = 6.3 FT TRIM ANGLE = 3.0 DEG F DRAFT FWh, 6.4 FT
MEANBEAM = 22.0 FT CONT DEFL FWD= 7.2 DEG F DRAFT AFT. 12.1FT
WETTED KEEL = 39.4 FT CONTDEFL AFT=-0.5 DEG K DRAFT AFT. 2.1 FT
WETTED CHINE = 20.6 FT
FORWARDARRAY AFT ARRAY
FOIL STRUT PUD V-F IN FOIL STRUT POD V-FIN
L BELOW KEEL 5.0 9.0 0. 11.2 11e2 0.
L FWD TRANS 88.30 22.00
TiC OR LD 0.09 0.12 7.00 0. 0.05 0.12 4,82 0.
L = REYNe NO 3.68 4,25 6.12 0. 4,75 4,25 12.33 0.
TYPE OF DRAG COEFF COEFF COEFF COEFF COEFF COEFF COEFF COEFF
‘“PROFILE 0. 00062 0.00628 0.00026-0.00000 0.00059 0.00628 0.0NNN1=0.00000
FRICTION {2) 0.00281 0,0(0275 0.00259 0. 0.00270 0.00275 0.00233 0.
ROUGHNESS(2)0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 (Q.00010 0.0001L0
INDUCED 0.02576 0.0076.0
DPROFILE 0.01376 0.00006
_WAVE BRSPRAY0.00495 0.24000 0. 00172 0. 24000
TOTAL COEFR0.050090 0. 01557
AREA-PROFILE 65.63 25,464 13.01 0. T4 .82 46.18 55.01 (e
AREA-SPRAY 0. 26 Ne26
-DRAG-ELEMENT 6946. 6 633.5 79.9 0. 4845.1 2299.2 965.1 n
DRAG-STRUT SPRAY 129.8 759.h
HULL AIR DRAG 562. 8 FWDFOIL LIFT Ht j h50. 9
HULL SPRAY DRAG 0. AFT FOIL LIFT 114759. 2
HULL FRICTION DRAG 3309. 2 HULL LIFT 51200.0
-HULL PRESSURE DRAG 2683.3
TUTALS * DRAG, LBS 22714,5 % 3 % % % & ok %k % LIFTy LBS 256000. 0




HYDRCGDYNAMIC DESIGN OF HYDROFOIL SHIPS
NAVSEC PROGRAM WDB-061y REF. MAVSHIPS 0900-006-5390
HYDROFO!I L PATROL CRAFT VAL IDATTON DATA, HULLBORNE $/30/68
RESULTS FOR V= 27.0 KTS, 0= 2079. PSF
LCG FROM TRANS=46.0 FT DEANR| SF ANGe= B8.( LFG TRELNWKEFIT1.2F T
VCG FROMKEEL = 8.0 FT SHAFT ANGLE =04 DFG T FWNDTRANS,22 .0 FT
CG ABOVE FWL = 8.8 FT TR I M ANGLE = 3.5 UEG F DRAFT FWD. 5.6 FT
HEAN BEA#M =22.0 FT COMT DEFLFWD=6 . 8 DEG F DRAFTAFT. 11.9 FT
WETTED KEEL = 32.8FT CONTDEFLAFT=- 1 . 9 [DFG K DRAFTAFT. 2.0 FT
WETTED CHINE = 16 .7 F}
FORWARD  ARRAY AFT  ARRAY
_ FOIL STRUT POD V-F IN FOIL STRUT POD V=FIN
L BELUOWKEEL 9.0 9.0 O 11.2 11.2 0.
L FWD TRANS 88.30 22.00
T/IC OR LID 0.09 0.12 7.00 0. 0.09 0.12 4.82 0.
L =REYN.N O 3.68 4.25 6412 O, 4.75 4.25 12.33 0.

TYPE {UF DRAG CUE FF COEFF COE FF COEFF COEFF COEFF COFFF COEFF

PROFILE 0.00062 0.006280,00026=0,000000.00059 0.006280,00001-0,00000
FRIGTION{2)0.002810 . 00 7 7 5 0.007590. 0.00270 0,00275% 0.00233 0.
ROUGHNESS{2) 0.00010 0.00010 0.00010 0,00010 0.00010 0,00010 0.00010 Q,00010
INDUCED 0.02751 0.00740

D PROFILE 0.01649 0.00007

WAVE OR SPRAY0.005250.24000 0.00168 0.,24000

TOTAL COEFF 0.05568 0.01534

AREA-PROFILE 65.63 21.93 13.01 0. 74.82 45.10 95.01 0.
AREA-SPRAY 0.26 0.26

DRAG-ELEMENT 7598.9 545.9 79.9 0. 4774.7 T7745.4 965.1 0.
DRAG-STRUT SPRAY 129.8 259.6

HULL AIR DRAG 562.8 FWD FOIL LIFT 90382.4

HULL SPRAY DRAG 0. AFT FOIL LLIFT 113007.4

HULL FRICTION DRAG 2772.4 HULL LIFT 51200.0

HULL PRESSURE DRAG 3131.5

TOTALS #DRAGyLBS 2 30 66 . (3 % % = 5 sk s % % % LIFT, LKS 25hnnn.0




HYDRODYNAMIC DESIGN OF HYDROFOIL SHIPS
NAVSEC PROGRAM WDE=0ALy REF. NAYSHIPS 0900~006-5390

HYDROFOIL PATROL CRAFT VAL JDAT I0ON DATA,

RESULTS FQOR V= 24.0 KTS,

0= 1643. PSF

HULLBORNE

9/30/68

LCG FRUMTRANS=46.0 FT NDEADRISE ANG.= 8,0 UEG T BELOWKEFL 11.2 FT
VCG FROM KEEL = 8.0 FT SHAFT  ANGLE = 0. DFG TFWOTRANS. 27.0 FT
CGABOVE FWL = 6.9 FT TRIM ANGLE = 2.5 DEG F DRAFT FWDe 8 .2 FJ
MEAN BEAM = 22.0 T CONT DEFL FWD= 9.7 DEG F DRAFTAFT.13.3 FT
WETTED KEEL = 70.0 FT CONT DFFL AFT= 0.3 DF6 K DRAFT AFT. 3.1. T
WETTED CHINE = 47.5 FT
FORWARD ARRAY AFT  ARRAY
FOIL STRUT PUD V-F IN FOTL STRUT PON V-F IN
L BELUWKEEL 9.0 9.0 0. 11.7 11.2 0.
L FWD TRANS 88.30 22400
T/C GRL/D 0.09 0.12 7. on Oa 0.09 0.17 4,82 0.
L =KEYN. NO 3.68 4.25 6.12 0. 4,75 4,25 12.33 0.
TYPE OFDRAG COEFF COEFF COEFF COEFF CUEFF COEFF CDEFF COEFF
PROFILE 0.00062 (.00640 (.00026=0.00000 0.00059 (,00640 0.00001-0.00000
FRICTION (2) 0.00286 0.00280 0.00264 0. 0.0027% 0,00280 0.00237 0
ROUGHNESS(2) 0.00010 0.00010 0.00010 0.00010 0.00010 0.,00010 0.00010 0.00010
| NDUCED 0. 02927 0. 00693
D PROFILE 0. 02888 0.00009
WAVE JRSPRAY0.006650.24000 0.00174 0.74000
TOTAL COEFF 0.07134 0.01505
AREA-PROFILE 65. 63 32.96 13.01 0. T4 482 51.23 95.01 0.
AREA-SPRAY 0. 26 0.26
DRAG-ELEMENT 7693. 0 660. 4 64.1 0. 3698.9 2052.7 775. 4 0.
DRAG-STRUT SPRAY 102.6 705.1
HULL AIR DRAG 444.7 FWDFOI L LIFT 76904. 5
HULL SPRAY DRAG Oa AFT FOIL LIFT 87372.3
HULL FRICTION DRAG 4857.0 HULL LIFT 90703. 9
HULL PRESSURE DRAG 3960.2
TOTALS * DRAG, LBS 24514¢3 * % % % % % % % % L|FT, LBS 256000.0

*55=




HYDRODYNAMIC DESIGN OF HYDROFGIL SHIPS

NAVSEC PROGRAM WDH-061, REF. MAVSHIPS 0900-006-5390
HYDROFOIL PATROL CRAFT VALIDATION DATA, HULLBORNE 9/30/68

RESULTS FDR V= 24.0 KTS, Q= 1643. PSF
LCGFROM TRANS=46.0 FT DEADRI SE ANG.= 8,0 DEG T BELOWKEEL1 1.7 FT
VCG FROM KEEL = 8.0 FT SHAFT ANGLE = 0. DEG T FWD TRANS. 72.0 ~T
C G ABOVCcFWL= 7.3 FT TRIM ANGLE = 3.0 DFG F DRAFT FiDoe 7.4 FT
MEAN BEAM = 22.0 FT CONT DEFI. FWD= 9.9 DEG F DRAFT AFT. 13.1FT
WETTED KEEL =58.2 FT CONT DEFL AFT= -0.5 DEG K DRAFT AFT. 3.0 FT
WETTED CHINE = 39.5 FT

FURWARD  ARRAY AFT  ARRAY

FOIL STRUT POD V-FIN FOIL STRUT POD V-FIN
LBELOWKEE L 9.0 9.0 0. 11.2 11.2 0.
L FWD TKANS 88.30 22.00
T/IC OR L/D 0.09 0.12 7.00 0. 0.09 0.12 4.82 0 .
L =~REYNeN O 3.68 4.25 6.12 0. 4.75 4.25 12.33 0.
TYPE OF DRAG CDE FF COEFF COEFF COEFF CDEFF COEFF COFFF COEFF
PROFILE 0.00062 0.00640 0.00026-0.00000 0.00059 0.00640 0.00001-0.00000
FRICTION (2) 0.00386 0.00280 0.00264 0. 0.00275 0.00280 0.00237 (s
ROUGHNESS(Z) 0.00010 0.00010 0.00010 0.00010 0.00010 0.001310 (,0NN10 0.00010
INDUCED 0.03326 0.G0756
D PROFILE 0.03828 0.00006
WAVE OR SPRAY0.00762 0.24000 0.00191 0.24000
TOTAL COEFF 0.08570 ‘0.01582
AREA-PROFILE 65.63 29.65 13.01 0. 74.82 50.37 95.01 0.
AKEA-SPRAY 0.26 0.26
DRAG-ELEMENT 9241.0 594.1 64.1 0. 3889.8 2018.3 775.4 0.
DRAG-STRUT SPRAY 102.6 205.1
HULL AIR DRAG 4447 FWD FOIL LIFT 81070.5
HULL SPRAY DRAG 0. AFT FOIL LIFT 91121.5
HULL FRICTION DRAG 4100.9 HULEL LIFT 82458.1
HULL PRESSURE DRAG 4321.4
TOTALS ¥ DRAG, LBS  25757.4 * % * % % % % % * LIFT, LRS 256000 o0




HYDRODYNAMICDESIGN OF HYDROFOILSHIPS’

NAVSEC PROGRAM KDB=061y REF. NAVSHI PS 0900-006-5390
HYDROFQIL PATROL CRAFT VALIDATICN DATAy HULLBORNE Q/30/68

RESULTS FOR V= 24.0KTS, = 1643. PSF
LCG FROMTRANS=46 .0 FT DEADRISE ANG,= 8 .0 DEG T BELOWKFEL1 1.2 FT
VCG FROMKEEL = 8.0 FT SHAFT ANGLE = 0. UDEG T FWODTRANS. 22,0FT
CG ABOVEFWL= 7.7 FT TRIMANGLE = 3.5 DEG F DRAFT FWN. 6.7 FT
MEAN BEAM = 22.0 FT CONT DEFL FWbD= 9 .6 [FG FDRAFT AFT. 13,0FT
WETTEDKEEL = 51.4FT CONT DEFL AFT= -2.0 DEG K DRAFTAFT. 3.1 FT
WETTEDCHINE = 35.3 FT

FORWARD  ARRAY AFT  ARRAY

FOIL STRUT POD V-F IN FOIL STRUT POD V-FIN
L BELOW KEEL 9.0 9.0 0. 11.2 11. 7 6.
L FWD TRANS 88.30 22.00
TIC OR L/D 0.09 0.12 7.00 0. 0.09 0.12 4. 87 0.
L - REYN. NO 368 4.25 6.12 0. 4.75 4.25 12.33 0
TYPE GF DRAG COEFF COEFF COEFF COEFF CCIEFF COEFF  “COFFF COEFF
PROFILE 0.00062 0.00640 0.00026-0.00000 0.00059 0.00640 0.00G01-0,00000
FRICTION(2)0.00286 0.00280 0.00264 0. 0.00275 0.00280 0.00237 (s
ROUGHNESS(2)0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.G0010
INDUCED 0.03541 0.00726
D PROFILE 0.04204 0.00007
WAVE ORSPRAY0.00N8150.24000 0.00184 0.24000
TOTAL CUEFF0.09214 0.01546
AREA-PROFILE 65.63 26.75 13.01 0. 74.82 49, 97 95.01 0.
AHFA-SPRAY 0.76 (.26
DRAG-ELEMENT 9935. 0 536.0 64 .1 0. 3800.3 2000.3 775. 4 0.
DRAG-STRUT SPRAY 102.6 705.1
HULL AIR DRAG 444. 7 FWD FOILLIFT X2735.5
HULL SPRAY DRAG 0o A F T FOILLIFY BQ1R4,.7
HULL FR ICT ION DRAG 3669. 6 HULL LIFT B245R, ]
HULL PRESSURE DRAG 5043. 4
TOTALS*D R A G, LBS 26576.4 * &% * % % & % % % L|FT, |LRS 256000.0
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FWD HYDROFOIL
AFT HYDROFOIL.
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FIGURE 2 THReEe bpiIMENsIONAL G RATIOS VS. FOIL DEPTH TO CHORD RATIO.
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HYDROFOIL SHIP LONGITUDINAL,STATICy TRIM LOAD PROGRAM
caspAC 2310 1 1-MCSA  NAVSHIPS DOC NO 0900-006-5390 JULY 1968

W B BAUMAN NAVSEC 6114C
LONGITUDINAL STATIC TRIM-LOAD CALCULATION (HY=02A)

SUBROUTINES AND FUNCTION SUBPROGRAMS REOUIRED

PHULL(®), FCT CLDSF(XNIRE)y INTERP(XsNO,Z,YsVALUE)

COMMON VS2,DE1W,DL1CF14DP1PH,CGILT,CG1VB,B1A,A3BD,V6,RILBW,C1LOB, HY-0 30

1 GlyQEA3TADyDG1FRHyDG1SPHyXM2,0,0PT+P2K,A3TAR ) XL1KW s XL1CW,

2 DG1PHyD1KT, SINT,COST, TANT

DIMENSION RIHCT(9)4R1CLT(9),C1IDIC{9),RIHCTA{9),RICLTA(9),CIDICAIG)IHY-070

1,DATAID(20),QCIDFR(8),C1LE(9),C1LEA(T}

SET OR RESET JOB CONSTANTS AT THEIR INITIAL VALUES.

xjoB = 1.
Gl 232.17
NPAGE = 1

ClLOB=0.085
R1LBW=3,300

QE=2,7182818
QP1=3.1415927

READ OVERALL CONTROL DATA CARD.

READ (5,5)VS2,DELWsDL1CF1yXJOBS,DLICF24ZL yZMsXNTRYS
FORMAT( F12¢4yF9.0,F6.0,6F5.0 )

IF{V$2-9999,}9 ., 1000,1 000

READ THE TITLE CARD.
READ {(5,10)DATAID

10 FORMAT { 20A4)

READ DATA FOR FORWARD FOIL-STRUT-NACELLE ARRAY.

1 5 FORMAT (8F10.3)

16

20

FORMAT(9F8.2)
EAD {5415} D2FD2NyD2VsXL1LT s XLLCMy XL1CS s XL1V 4 XLIN

{S»16)R1IHCT
[5916)RICLT
(5,16)C1LE

(5,16)C1DIC

T DVIVDUWDOVIDD
mmmm mm
>>>>r > >
oogooo o

READ DATA FOR AFT FOIL-STRUT-NACELLE ARRAY.

READ (5415) D2FA4D2NA,D2VAy XLILTAy XLICMA,XL1CSA4XL1IVA,XL1NA
READ (5415) A1PA;ALIPVA,R1TCMA,RLITCSAsRITCVA4R1LDNAyA3DDA,XN2SNA
READ {5515) C1LDAyDR1PTA,DR1PDA,C1DSPAyC1DFPA,C1DNPA,CIWSNA,RLASAH Y -

READ {(5416) R1HCTA
READ (5,16) R1CLTA
READ {5516) CLLEA
READ (5,16) C1DICA

READ HULL DATA CARDS.
READ (5415) DyCIDAIRXL1T,yPC1lH

READ (545):DP1PyCG1LTyCGLlVByB1A,A3BD,ULSK,D2T,A35SHD,A3TAD

A-1

(5y15)A1P,A1PVsR1ITCM,RITCSyR1ITCVyR1LDN,A3DD ¢y XN25SN
{5415)C1LDyDR1IPT,DR1PD,C1DSP,C1DFP+C1DNPCLWSN,R1AS

HY-0 20
HY-0 40
HY-0 50
HY-0 60
HY-0 80
HY-0 90
HY-0 100
HY-0 110
HY-0 120
HY-0 130
HY-0 140
HY-0 150
HY-0 160
HY-0 170
HY-0 180
HY-0 190
HY-0 200
HY-0 210
HY-0 220
HY-0 230
HY-0 240
HY-0 250
HY-0 260
HY-0 270
HY-0 280
HY-0 290
HY-0 300
HY-0 310
HY-0 320
HY-0 330
HY-0 340
HY-0 350
HY-0 360
HY-0 370
HY-0 380
HY-0 390
HY-0 400
HY-0 410

0 420
HY-0 430
HY-0 440
HY-0 450
HY-0 460
HY-0 470
HY-0 480
HY-0 490
HY-0 500
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SET OR RESET RUN CONSTANTS AT THEIR INITIAL VALUES.
DELTNF-0.5

DELTNR-0.5

NTRYS=XNTRYS

V6=1,6889%U1SK

DP1PH=DP 1P*PC1H

R1DLN=1.0/R1LDN

R1DLNA=1.0/R1LDNA

P2K=0.5%DEIW*V6%**2

A3TAR=A3TAD/57,29578
A3SHR=A3SHD/57.29578

SINT = SIN(A3TAR)
COST = COS({A3TAR)
TANT = TAN(A3TAR)
A3THR = A3TAR + A3SHR

EQUATION 8.2, COMPUTE THRUST LEVER ARM.
CONST=(CGLVB+D2T) /(CGLLT=XL1T)

A3XI =ATAN(CONST)=-A3SHR
"ZCGLT=SIN{A3XI)*SQRT((CGLIVB+D2T)*%2 4+ (CGLLT-XL1T)*%2)

EQUATION 7.1, COMPUTE HULL AIR DRAG.
DGLAIR=C1DAIR*U1SK**2

EQUATION 3.11, COMPUTE STRUT SPRAY DRAG.
ALWSS=(RITCS*XL1CS) *%x2
ALWSSA=(RLITCSA*XXL1ICSA)%%2
DGLSP=C1DSP*P2K*ALWSS*XN2SN
DGLSPA=CIDSPAXP2K*A1WSSA*XN2SNA

COMPUTE COMPONENT REYNOLDS NUMBERS.
XNIR=XL1CM*V6/VS2

XN IRN=XL IN*V6/VS2
XNIRS=XL1CS*V6/VS2
XNIRA=XL1CMA%V6/VS2
XNIRNA=XLINA*V&/VS2
XN1RSA=XL1CS5A*V6/VS2

COMPUTE VENTRAL FIN DRAG WHEN APPLICABLE.
I F  {XL1V)45,45,50
5 DG61V=0.000
QC1DFR(4)=0.00
GO TO 65
0 XNLRV=XL1V*V6/VS2
QC1DFR(4)=C1DSF{XNIRV)

EQUATION 3,10y FWD VENTRAL FIN(S) PROFILE DRAG COEFFICIENT.

ClDVP=2,0%QCLDFR(4)%(1.2%R1TCV+60,0%RITCV*%4)
EQUATION 3.9. FWD VENTRAL FIN(S) DRAG.
DG1V=(2.0%(QC1DFR(4)+DLICF2)+C1DVP)I*ALPV*P2K*XN2SN
I F (XLLVA)T0,70,75

DG1VA=0.000

QC1DFR(B)=0.000

GO TO 90

XNLIRVA=XLIVA%®V6/VS2

QC1DFR(8)=C1DSF(XNIRVA}

EQUATION 3.10, AFT VENTRAL FIN{S)PROFILE DRAG COEFFICIENT.

C1DVPA=2.%QCLDFR(8)* (1. 2%RITCVA+60,*¥R1TCVA**4)

A-2

HY-0 510
HY-0 520
HY-0 530
HY-0 540
HY-0 550
HY-0 560
HY-0 570
HY-0 580
HY-0 590
HY-0 600
HY-0 610
HY-0 620
HY-0 630
HY-0 640
HY-0 650
HY-0 660
HY-0 670
HY-0 680
HY-0 690
HY-0 700
HY-0 710
HY-0 720
HY-0 730
HY-0 740
HY-0 750
HY-0 760
HY-0 770
HY-0 780
HY-0 790
HY-0 800
HY-0 810
HY-0 820
HY-0 830
HY-0 840
HY-0 850
HY-0 860
HY-0 870
HY-0 880
HY-0 890
HY-0 900
HY-0 910
HY-0 920
HY-0 930
HY-0 940
HY-0 950
HY-0 960
HY-0 970
HY-0 980
HY-0 990
HY-01000
HY- 01010
HY-01020
HY-01030
HY-0 1040
HY-01050
HY-01060
HY-01070
HY-01080



laXal

EQUATION FT VENTRAL FIN (Sl RAG. HY=-010v%0.
DGlVA=(2. 0*(0(,1 FR({8) LlC 2)+C1DVPA)Y*XALPVAXP2K*XN2SNA HY- 01100
HY- 01110

COMPUTE NACELLE DRAGS. HY-01120

90 ALIWSN=C 1WSN*QP I*X{L IN*%2%R1DLN HY-01130
AIWSNA=C1WSNA*QP ] %XL1NA*%2%R]1DLNA HY-01140
QCIDFR(3)=C1DSF({XNLRN) HY-01150

IF (CIDNP) 95,95,100 HY-01160
EQUATION 3.8, FWD NACELLE(S)PROFILE DRAG COEFFICIENT. HY 01170

95 CLDNP=QCLIDFR(3)%(1.5%R1DLN*%]1,54+7,0%R1DLN%%*3) -01180
EQUATIONS3 . 7, FWD NACELLE(S)DRAG. HY 01190

100 DGIN=(C1DNP+QCLDFR(3)+DL1CF2)*P2K*A1WSN%XN2SN HY- 01200
QC1DFR(7})=CLDSF(XNLRNA} HY-01210

I F (CIDNPA) 105,105,110 HY-01220
EQUATION 3.8, AFT NACELLE(S) PROFILE DRAG COEFFICIENT. HY-01230
105 C1DNPA=QCIDFR(7)%(1.5%R1DLNA%*1,5+7.0%R1DLNA%**3) HY-01240
EOUAT TON 3.7, AFT NACELLE{S)DRAG. HY-01250
110 DGINA={C1DNPA+QCLDFR{7)+DL1CF2)*P2K*ALWSNA®XXN2SNA HY-01260
HY-01270

COMPUTE STRUT PROFILE DRAG COEFFICIENTS. HY-01280
QC1DFR(2)=C1DSF({XNI1RS) HY-01290
QC1DFR{6)=C1DSF (XNLRSA} HY-01300
EOUAT ION3.5, FWD STRUT(S)PROFILE DRAG COEFFICIENT. HY-01310
ClDS =2.0*QC1D0FR{2)*(1.0 + 10.,0%R1ITCS*%*2) HY- 01320
EQUATION 3.5, AFT STRUT(S) PROFILE DRAG COEFFICIENT. HY-01330
ClDSA=2.0*%QC1DFR(6)*(1.0 + 10,0%R1TCSA%%2) HY-01340
HY-01350

COMPUTE FOIL PROFILE DRAG COEFFICIENTS. HY- 01360
QCIDFR{1)=C1DSF(XNIR) HY-01370
IF(C1DFP)111, 111, 112 HY- 01380
EQUATION 3.2, FWD FOIL{S)PROFILE DRAG COEFFICIENT. HY-01390

111 C1DFP=2,0% QCLIDFR{1})*(1,2%R1ITCM+560.*R1TCM**4) HY-01400
112 QC1DFR(5)=CLDSF(XN1RA) HY-01410
IF{C1DFPA) 113,113,115 HY-01420
EQUATION3 . 2, AFT FOIL(S)PROFILE DRAG COEFFICIENT. HY-01430

113 CIDFPA=2.,0% QCIDFR(5)*{1.2%¥R1TCMA+60,%R1TCMA%*4) HY-01440
HY-01450

IF THE SHIP | S PARTIALLY HULL-BORNE CALL THE HULL DRAG ANDHOMENT. HY- 01460

115 | F (PClH)120,120,125 HY- 01470
120 DGIPH =0.00 HY- 01480
DG1FRH = 0.00 HY- 01490
DGLSPH= 0.00 HY- 01500
XL1KW =0.00 HY-01510
XLICW =10.00 HY-01520
XM2 = 0.00 HY-01530
D1KT = CGLLT*SINT + CGLVB*COST = D HY- 01540

GO TO 130 HY- 01550

125 CALL PHULL ($1204255) HY- 01560
HY- 01570

SET OR RESET INDICATORS. HY- 01580
130 IND4=1 HY-01590
INDS=1 HY-01600
HY-01610

COMPUTE FOIL DEPTH AND THEN THE DEPTH TO CHORD RATIO. HY-01620
H1F=(CGLlVB+D2F )%COST-D=( XLILT-CGILT ) %SINT HY-01630
H1FA=(CG1VB4D2FA)}*COST+(CGLLT-XL1LTA)XSINT HY- 01640
RIHC=H1F/XL1CM HY-01650
R1HCA=H1FA/XL1CMA HY-01660
HY-01670

R-3
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COMPUTE STRUT PLANFORMAREA ANDLEVER ARMS ABOUT THE C.G..
AIPS=(HLF~R1DLN*XLIN/2.,0)%XL1CS

ALPSA= (HIFA-RIODLNA*XLINA/2.0}%XL1CSA

1C61S= D + AlPS/(2.0%XL1CS)

ICG1SA= D + AlPSA/(2.0%XL1CSA)

COMPLETE STRUT DRAG CALCULATION FOR THIS DEPTH.
DG1S=(2.0%(QCIDFR(2)+DL1CF2) +C1DS)*A1PS*P2K*XN2SN
DG1SA=(2.0%(QCIDFR{6}+DLICF2)+CIDSA}*ALPSA%P2K*XN2SNA

COMPUTE FOIL LIFT COEFFICIENTS.
A3DR=A3DD/57.29578

A3DRA=A3DDA/57.29578

CALL INTERP{RIHC+9,RIHCT,R1CLT,R1CIL)

CALL INTERP(RIHCA,9,R1IHCTA,R1CLTA,RIC1LA)
EQUATION 2.1, FWD FOIL(S) LIFT COEFFICIENT.
ClL=(C1LD + A3TAR%DRIPT +A3DR*DR1PD)*RI1C1L
EQUATION 2.1, AFT FOIL{(S) LIFT COEFFICIENT.
ClLA=(C1tLDA + A3TAR*DRIPTA +A3DRA*DR1PDA)*RICILA

COMPUTE FOIL LIFT.
XLFIK=C 1L*AlP*P2K*XN2SN
XLFIKA=CLlLA®*ALPAXP2ZK*XNZ2SNA

COMPLETE FORWARD FOIL DRAG CALCULATION FOR THIS DEPTH
QK1C =4.0%R1AS *{ 1.0/SQRT(R1AS *%2+16.0%R1HC *%2+1.0) +1.0)/
1 (R1AS *%¥2 +16.,0%R1HC **2)

XN1FH =V6*x*2/(G1l*H1F )

QPSI  =1.0/QE**{2.,0/XN1FH )

EQUATION 3.4, FWD FOIL(S) WAVE DRAG COEFFICIENT.

CIDW =ClL #%2%(QPSI *G1*XL1CM /(4&,0%V6x%2))
EQUATION 3.3, FWD FOIL(S)INDUCED DRAG COEFFICIENT.
C1DI  =ClL *%2*{ 1,0/(QPI%R1AS ) +QK1C /(8.0%QPI) )
CALL INTERP (C1Ly9,C1LE,C1DIC,C1DIP)

EQUATION 3.1, FWD FOIL(S)TOTAL DRAG COEFFICIENT..
C10=2.0%(QCLIDFR(1)+DLICF2)+C1DFP+C1DIP+C1DI+C1DW
DG1=C1D*P2K*AL1P%XN2SN

COMPLETE AFT FOIL DRAG CALCULATION FOR THIS DEPTH.
QK1ICA =4.0%R1ASA*( 1, 0/SORT(RIASA*%2416,0%R1HCA**¥2+1,0) +1.0)/
1 (R1IASA*%2 +16,0%R1HCA*x2)

XN1FHA=V6%*%2/(G1l*H1FA)

QPSIA =1,0/QE**(2.0/XN1FHA)

EQUATION 3.4, AFT FOIL{S)WAVE DRAG COEFFICIENT.
CIDWA =ClLA%*2%(QPSTA*GLI*XLICMA/(4.0%V6x*x%2))
EQUATION 3.3, AFT FOIL(S)INDUCED DRAG COEFFICIENT.
CIDIA =ClLA%%2%(1.0/(QPI*R1ASA) +QK1CA/(B.0%QPI)}
CALL INTERP(C1LA49,CILEA,C1DICA,C1DIPA)

EQUATION 3.1, AFT FOIL(S)TOTAL DRAG COEFFICIENT.
C1DA=2,0*{QCLDFR(5)+DLICF2)+C1DFPA+CIDIPA+CIDIA+C1DWA
DGlA=A1PAXC1DA%P2K®XN2SNA

COMPUTE TOTAL SHIP DRAG

HY-01680
HY-01690
HY-01700
HY-01710
HY-01720
HY-01730
HY-01740
HY-01750
HY-01760
HY-01770
HY-01780
HY-01790
HY-01800
HY-01810
HY-01820
HY-01830
HY-01840
HY-01850
HY-01860
HY-01870
HY-01880
HY-01890
HY-01900
HY-01910
HY-01920
HY-01930
HY-01940
HY-01950
HY-01960
HY-01970
HY-01980
HY-01990
HY-02000
HY-02010
HY-02020
HY-02030
HY-02040
HY-02050
HY-02060
HY-02070
HY-02080
HY-02090
HY-02100
HY-02110
HY-02120
HY-02130
HY-02140
HY-02150
HY-02160
HY-02170
HY-02180
HY-02190
HY-02200

DG1T=DGLAIR+DG1SP+DGLSPA+DGLlV+DG1VA+DGIN+DGINA+DG1S+DG1SA+DG1+DGlAHY~02210

1 +DG1PH+DGLIFRH+DG1SPH
T=DG1T/COS(A3THR)

COMPUTE LIFT ERROR.

R-4

HY-02220
HY-02230
HY-02240
HY-02250




138 CGM=-DG1SP*D-DG1V*(CG1VB+D2V)-DGIN*(CG1VB+D2N)-DGINA*(CG1VB+D2NA)
CGM=CGM=-DG1S*ZCGLlS = DGLSA*ZCGLSA = DG1*(D+HLF) = DGlA*(D+

ERRL=XLFLK+XLF1KA=DP1P+T*SIN(A3THR)}+DP1PH

COMPUTE MOMENT ERROR.

IHIFA)~DGLSPA*D-DGLVA*(CGlVB+D2VA) +T*ICGLT

140
145
150
155

165

170
175

180
1.85

190
195
200
205

210
215

220
225

230

235

240

COM=CGM+XLF1K*(XL1LT-CGLILT+(CGLVB+D2F}*TANT)*COST

CGM =CGM~XLF1KA*(CGLLT-XL1LTA~(CG1VB+D2FA)}*TANT)*COST +X M 2

F (IND5-NTRYS5)140,140,210
GO TO (145,160,165),IND4
| F (ABS(ERRL)=ZL}150, 1504155
| F {ABS{CGM)-1ZIM}210,21041 5 5
TNFO=A3DD
TNRO=A3DDA
ERRO=ERRL
CGMO=CGM
IND4=2
A3DD=A3DD+DELTNF
GO TO 135
A30DA=A3DDA+DE LTNR
DLT=ERRL-ERRO
DMT =CGM-CGMO
A3DD=TNFO
IND&4=3
GO TO 135
DMD=CGM-CGMO
DLO=ERRL-ERRO
DEN=DMD*DLT-DLD*DMT

COMPUTE FOIL CONTROL SURFACE ANGLE CORRECT IONS.
TNRCOR=DELTNR*(DMT*ERRO-DLT*CGMO | /DEN
TNFCOR=DELTNF*(DLD*CGMO-DMD*ERRO)/DEN
A3DD=TNFO+TNFCOR

I F  (ABS{TNFCOR)=1.,0)175,175,170
A3DD=TNFO+TNFCOR/ABS(TNFCOR)

A3DDA=TNRO+TNRCOR

F (ABS(TNRCOR)-1.0)185,185,180
A3DDA=TNRO+TNRCOR/ABS (TNRCOR)
IND4=1

IF (DELTNR-ABS(TNRCOR)) 195, 195, 190
DELTNR = ABS{TNRCOR)

I F (DELTNF—~ABS(TNFCOR)) 205,205, 200
DELTNF = ABS{TNFCOR)

IND5=IND5+1

GO TO 135

CHECK IF FOIL INCIDENCE ANGLE LIMITS ARE EXCEEDED.

| F (A3DD+10.)230,215,215
| (A3DDA+10.)230,220,220

F
| F (A3DD=-10.)225,225,+245
| F (A3DDA-10.)26542654245

DECREASE FOIL DEPTH
I F {PC1H) 235,235,240

D=D+0.1

GOTO 260

DP1PH=DP1PH*0.9

GO TO 260
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INCREASE FOIL DEPTH. HY-02850
245 | F (PC1H) 250,250,255 HY-02860
250 D=D-0.1 ‘HY-02870

GO TO 260 “HY-02880
255 DP1PH=DP1PH*]1,1 HY-02890

HY-02900

RESTORE FOIL INCIDENCE ANGLE INCREMENTS TO THEIR ORIGINAL VALUES. HY-02910
260 DELTNF-0.5 HY-02920

DELTNR=0.5 HY-02930

GO TO 115 HY-02940

HY-02950

WRITE HULL DESCRIPTION OUTPUT. HY-02960
265 WRITE (6,277) NPAGE HY-02970

WRITE (6y1l0)DATAID HY-02980

WRITE (6,295) ULlSKsP2K HY-02990

WRITE (6,275) C61LT+A3BDsD2T9yCG1VByA3SHD»XL1T,DsA3TAD,H]LF HY-03000

WRITE (6,276) Bl1AyA3DDyH1FAy XL1KW,A3DDA,DIKT»XL1CW HY-03010

WRITE (64300) HY-03020

WRITE (64280)D2FyD2NyD2VyD2FAsD2NAsD2VA,XLILT o XL1LTASRITCM,R1ITCSyHY-03030
1 RILDN,RITCV,RITCMAJRITCSAyR1LDNAyRITCVA,XL1CM,XLICSyXLINyXLAIVy HY-03040
2 XLICMA,XLICSA,XL1NAyXL1VA HY-03050
WRITE 16,301) HY-03060
WRITE (69305)C1DFP,C1DSyC10ONP,C1DVP,C1DFPA,C1DSA,C1DNPA,C1DVPA, HY-03070
1 QC1DFR,4DL1ICF24DLICF2,DL1CF2,DL1CF2,DLICF2,DL1CF2,DL1CF2,DL1CF2 HY-03080

WRITE (6,315) Cl1DI4ClDIA,C1DIP,C1DIPA HY-03090
WRITE (69325) C1DW,C1DSP,C1DWA,C1DSPA,C1D,C1DA HY- 03100
WRITE (6,330) AlPyAlPS,AIWSN,AIPV,A1PA,AIPSA,AIWSNA,A1PVA,AIWSS, HY-03110
1 ALWSSA HY- 03120
WRITE €6+4335) DG14DG1S,DGIN,DG1V,DG1A,DG1SA,DGINA,DG1VA,DG1SP, HY- 03130
1 DGLSPA HY- 03140
WRITE (64340) DGIAIRyXLF1KsDG1SPHy XLF1IKAsDGIFRHDPIPHyDG1PHDGLTy HY-03150
1 DP1P HY-03160
NPAGE & NPAGE + 1 HY-03170
XJOB =XJOB+ 1 .0 HY-03180
1F{XJOBS - XJ0OB)1 , 20,2 0 HY-03190

HY-03200
ALL OF THE OUTPUT FORMAT STATEMENTS. HY-03210

275. FORMAT(/2X15HLCG FROM TRANS=FS5.19y3HFT3X14HDEADRISE ANGa=F54194HDHY-03220
1EG4X12HTBELOW KEEL FS5.193HFT/2X15HVCGFROM KEEL =F5.13,3HFT3X14HHY~-03230
2SHAFT ANGLE =F5.194H DEG4X12HT FWD TRANS.F5.193H FT/2X15HCG  ABOVEHY-03240
3 FWL =F5.1y3HFT3X14HTRIMANGLE =F5.1y4H DEG4X12HF DRAFT FWD. HY-03250
4 FS5.193H FT) HY-03260

276 FORMAT (2X15HMEAN BEAM =F5.153H FT3X14HCONT DEFL FWD=F5,1,4H DEHY- 03270
164X12HF DRAFT AFTeF5.193H FT/2X15HWETTED KEEL =F5.1y 3H FT3X HY-03280
214HCONT DEF L AFT=F5.194HDEG4X12HKD R AF T AFTWF5.1+3HFT/2X15HWETTEHY-03290

3D CHINE =F5.1,3H FT ) HY-03300
277 FORMAT(1H1//20%X38HHYDRODYNAMIC DESIGN OF HYDROFOIL SHIPS 15X HY-03310
1 4HPAGE 124+ /14X52HNAVSEC PROGRAM WDB-061ly REF. NAVSHIPS 0900-006-HY~-03320
25390 /7) HY-03330
280 FORMAT(13HL BELOW KEEL 2(F8s148X2F8.1)/13HL FWD TRANS F8.2424XHY-03340
1F8.2 /13H T/C OR L/O 8F8.2, /13HL = REYN. NO 8F8.2 //) HY-03350
295 FORMAT(//17X14HRESULTSF O R V=F5,1945HKTS»4X2HQ=FT7.044HP S F ) HY-03360
300 FORMAT {//25X14HFORWARD ARRAY20X10HAFT ARRAY/13X2 (4X4HFOIL3XSHSTRHY-03370
1UT4X3HPOD4XS5HV=FI N) ) HY-03380
301 FORMAT({13H TYPE OF DRAG 8(3X5HCOEFF)/) HY-03390
305 FORMAT(8HPROFILESX8FB8.5/13HFRICTION (2)8FB.5/13HROUGHNESS(2) HY-03400
1 8F8.5 ) HY-03410
3 1 5 FORMAT(8HINDUCEDS5XF8.5924XF8.5/10HD PROFILE3XF8.5924XF8.5) HY-03420

A-¢




325 FORMAT(14H WAVE OR SPRAYFT7459F845¢16X2F845/1aA TOTAL COEEF FB8.5, HY-03450
1" 24X F845 )

HY-03440
330 FORMAT{/13H ‘AREA-PROFILE 8F8.2/ 11H AREA-SPRAY1O0XFB.2,24XF8.2 ) HY-03450

335 FORMAT{/13HDRAG-ELEMENT 8F841/1THDRAG-STRUT SPRAY4XF841424XF8.1)HY-03460

340 FORMAT(//14HHULL AIR DRAGTXFB.ly16X14HFWD FOILLIFT F10.1/ HY-03470
1 16H HULL SPRAY. DRAG 5X FB8.1,16X14HAFT FOIL LIFT F1041/20H HULL FRHY-03480
2ICTIONDRAG F9419y20X9HHULL LIFT F11.1/20H HULL PRESSURE DRAG HY-03490
3 F9.1//20HTOTALS * DRAGyLBS F9.1,9(2H *)2X9HLIFT,LBs F1Il .1) HY-03500

1000 STOP HY-03510
END HY-03520




$IBFTC HY-028 HY-0 0

SUBROUTINE PHULL (%) HY-0 10
G
o HYDRODYNAMIC ASPECTS Of PRISMATIC PLANING HULLS CALCULAT IODN HY-0 30
c HY-D 20
c HYDROFOIL SHIP LONGITUDINAL,STATICy TRIM LOAD PROGRAM
C CASDAC 231011-MCSA NAVSHIPS DOC NO 0900-006-5390 JULY 1.968
c W B BAUMAN NAVSEC 6114C
c HY-0 40
COMMON VYS2,DE1W,DLICF14DP1PHyCG1LTCG1VByB1lAsA3BD4V6R1LBW,CILOBy HY-0 50
1 Gl,QF,A3TAD,DG1FRH,sDG1SPH,XM2,D,QPT,P2KsA3TAR XL1KWyXL1CWyH Y - 0 60
2 DG1PH,DLKT,SINT,COST, TANT HY-0 70
HY-0 80
c TRIM ANGLE MUST BE GREATER THAN ZERO TO ENTER SUBROUTINE. HY-0 90
IF(A3TAD) 1, 1, 4 HY-0 100
1 RETURN 1 HY-0 110
c HY-0 120
c CALCULATE INI TIAL CONSTANTS. HY-0 130
4 A3BR=A3BD/57.29578 HY-0 140
SINB=SIN{A3BR) HY-0 1590
COSB=COS(A3BR) HY-0 160
TANB=TAN ( A3BR ) HY-0 170
clvé = V6/SQRT{(G1%*B1lA) HY-0 180
QK=o S*QPI#*{ 1. ~( 3, ¥TANB**2%C0OSB) /(14 7*0PI#%*2)~TANB*SINB*%2/(3,3%QPIHY-0 190
1)) HY-0 200
c EQUATION 5.3, HULL LIFT COEFFICIENT. HY-0 210
ClLB=DP1PH/(P2K*BlA%*2) HY-0 220
Cc EQUATION 6.6, SPRAY FRICTION DRAG LEVER ARM. HY-0 230
ZCGlSP = CGlVB-B1lA*TANB/3.0 HY-0 240
Cc EQUATION 6.4, HULL FRICTION DRAG LEVER ARM. HY-0 250
1CG1D=CG1lVB-(BlA/4. )%*TANB HY-0 260
Cc HY-0 270
c EQUATION 5.4, ITERATION TO FIND C1LOB. HY-0 280
7 QSPDT = C1lLOB**0.4 HY-0 290
QC1lLOB = (C1LB*QSPOT + 0.,0026%A3BD%C1LOB}/(QSPOT=0.0039%A3B0HY-0 300
QCHECK=QC1L0B~C1LOB HY-0 310
C1LOB=QClLOB HY-0 320
I F (ABS({QCHECK)=-.0001)104510,7 HY-0 330
c HY-0 340
c EQUATION 5.5y ITERATION TO FIND MEAN WETTED LENGTH-BEAM RATIO. HY-0 350
10 QRILBW=(,6%R1LBW*%3~4363%CLVEo**x2%R1ILBW+T72.T7272%C1V6**2%(C1L0B HY-0 360
1/A3TAD #*%1,1)%(ABS{RLILBW)}** ,5)/{RILBW %2+ .4363 *C1V6**2) HY-0 370
QCHECK=QR1LBW=-R1LBW HY-0 380
RILBW=QRIIRW __.. . HY-0 390
1 F (ABS(QCHECK)~-.0001)11,11410 HY-0.400
c HY-0 410
o -IF WETTED CHINE IS NEGATIVE, RETURN TO MAIN PROGRAM (NO. 255). HY-0 420
11 XL1CW=R1LBW*B1A-BlA*XTANB/(2.%*QPI*TANT) HY-0 430
I F  (XLI1CW)12,15,415 HY-0 440
12 WRITE (6435)XL1CHW HY-0 450
RETURN 2 ' HY-0 460
c HY-0 470
c EQUATION 6.3, CALCULATION OF MEAN SPEED OVER WETTED HULL. HY-0 480
1 5 CONST=,012%(ABS{RLLBW))**,5%A3TAD**1.1 HY-0 490
ULPBM=VE*(1. ~( CONST=~,0065%A3BDXCONST*%,6) / (R1ILBW*COST) ) *%,5 HY-0 500
c HY-0 510

A-$
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REYNOLDS NUMBER FOR HULL FRICTION DRAG HY-0 5S¢0
XN1RE=U1PBM*( ABS({R1LBW))*B1A/VS2 HY-0 536°
HY-0 540

EQUATION 6.2, HULL FRICTION DRAGCALCULATIONS. HY-0 550
DGlFRH=U1PBM*%2%R1LBW*BlA*%2%(C1DSF(XNL1RE)+DL1CF1)}* HY-0 560
1 ODELIW*.5/C0SB HY-0 570
HY-0 580

SPRAY DRAG CALCULATION. HY-0 590
IF WETTED CHINE IS NEGATIVE SET SPRAY DRAG = ZERO. HY-0 600
IF(XLICWI1641741 7 HY-0 610
DGISPH = 0.000 HY-0 620
GO TO 19 HY-0 630
IF RUNNING TRIM ANGLE OF KEEL | S LESS THAN 4 DEGREES? SET SPRAY HY-0 640
DRAG = ZERO. HY-0 650
IF(A3TAD = 4,0) 16, 18, 18 HY-0 660
18 QK 1=QK%TANT/S INB HY-0 670
A = (SINT®%2%( ],=2,%0K) +QK¥%2%TANT*%2%( (1,/SINB*%2) ~SINT**HY-0 680
2))%%0,5/(COST +QK:*TANT*SINT) HY-0 690
TANP={0A+0K1)/(1.-QA%0K1) HY-0 700
EQUATION 4.4, HULL SPRAY AREA MEAN WETTED LENGTH,. HY-0 710
DLILSP=.5%(TANB/(QPI*TANT)=1./(2.*TANP*COSB))*B1lA HY-0 720
REYNOLDS NUMBER FQOR SPRAY FRICTION. HY-0 730
XNIRE=V&*DLILSP/VS2 HY-0 740
EQUATION 6.5, HULL SPRAY DRAG CALCULATION. HY-0 750
DG1SPH=P2K*(CLDSF(XNIRE)+DLICF1)*B1A*DL1LSP/COSB HY-0 760
HY-0 770

EQUATION 8. 1, HULL CENTER OF PRESSURE LEVER ARM. HY-0 780
ZCGIN=COLLT=( s 75=1/(5.21%(C1V6/RILBWI**2 42,39))%RILBW*B1A HY-0 790
HY-0 800

EQUATION 6.1, HULL PRESSURE DRAG CALCULATION. HY-0 810
DGLPH = DP1PH*TANT HY-0 820
HY-0 830

HULL PITCHING MOMENT CALCULATION. HY-0 840
XM2=-DP1PH*ZCG1IN~DG1FRH*ZCG1D-DG1SPH*ZCG1SP HY-0 850
HY-0 860

CALCULATE REMAINING CONSTANTS. HY-0 870
XL1IKW=R1LBW*BlA+BLlA%XTANB/ (2. %QPI*TANT) HY-0 880
D1KT=XL1KW*SINT HY-0 890
CONST=CGLILT-XL1IKW HY-0 900
CONST=ABS(CONST) /CG1VB HY-0 910
CONST=904/57.29578~-ATAN(CONST) HY-0 920
I F  (CGILT-XL1KW)25,25,20 HY-0 930
CONST=CONST+A3TAR HY-0 940
GO TO 30 HY-0 950
CONST=CONST-A3TAR HY-0 960
D=((CGILT-XL1KW)}*%2+CG1lVB*%2) *%*,5%xSIN(CONST) HY-0 970
RETURN HY-0 980
FORMAT{1X s 7THXL1CW = El4.7y6H = = = 24HRETURNED TO MAIN PROGRAM } HY-0 990
END HY-0 1000

A-4




$IBFTC HY-02C HY-0 0

FUNCTION CLDSF{XNLRE) HY-0 10
c
¢ NEWTONS METHOD TO CALCULATE SCHOENHERR DRAG COEFFICIENT.
C HY-0 20
c HYDROFOIL SHIP LONGITUDINAL,STATIC, TRIM LOAD PROGRAM
c CASDAC 231011-MCSA NAVSHIPS DOC NO 0900-006-5390 JULY 1968
c W B BAUMAN NAVSEC 6114C
C HY-0 C30
CIDSFR = 1.,0/(1.5%ALOG{XNIRE) =~ 5,6)%%2 HY-0 40
1 QCDF2 = C1DSFR-(+43429448*%ALOG(XNLRE*CIDSFR)=¢242/C1DSFR*%,5})/ HY-0 50
1 (443429448 /CIDSFR + +121/C1DSFR¥**1,5) HY-0 60
QCHECK = QCDFZ = CIDSFR HY-0 70
CIDSFR = QCDF2 HY-0 80
IF(ABS(QCHECK) = 0.00001) 2, 2, 1 HY-0 90
2 C1DSF = Cl DSFR HY-0 100
RETURN HY-o 110
END HY-0 120

q-10



SIBFTC HY-020

OO oMmO

SUBROUTINE INTERP {XyNOs2,Ys VALUE)
LINEAR GRAPHICAL INTERPOLATION.

HYDROFOIL SHIP LONGITUOINAL STATIC, TRIM LOAD PROGRAM

CASDAC 231011-MCSANAVSHIPS DOC NO 0900-006-5390 JULY 1968
WB BAUMAN NAVSEC 6114C

DIMENSION Y{16)yZ(16)
NL-NO-1
DO 2 I=]1,NL
IF(X=Z(I+1)) 141,42
1 DX=(X=Z(1)}/(2(I+1)=2(1))
VALUE=Y (I} +(Y(I+1)=-Y(I))*DX
RETURN
2 CONTINUE
VALUE=Y (NO) + (X=Z(NO))%(Y(NO)-Y(NL))/(Z(NO)=Z(NL)]}
3 RETURN
END

HY-0
HY-0
HY-0
HY-0
HY-0
HY=0
HY-0
HY-0
HY-0
HY-0
HY-D
HY-0






EQUATION SYMBCLS FORTRAN
SYMBOL CEFINITICN SYMBOL
AREAy | N GENERAL Al
A AREAs PIANFORMsF W D FOIL AL1P
A AREAs PILANFORMs AFT FUIL _ ALPA
A AREA, PI.ANFORMy FWDSTRUT ALPS
A AREAs PILANFORMs A F T STRUT ALPSA
A AREAs PIANFORM Y FW3 vtKTRAL FIN ALPV
A ARCAs PLANFCORMs AFT VENTRAL FIN ALPYVA
5 AREA, WETTED SURFACE, FwD NACSLLE AIWSN
) _ AREA,_ WETTED SURF ACEs Ar T NACeLLE A LW SNA
S AREAy WETTED SURFACE y FWDS TR UT SPRAYAREA AIwSS
S AREA, WETTED SURFACEsA F T STRUT 5PRAY AREA A 1WSSA
ANGLEIN GENERAL A
ANGLE OF DLADRISE$DEGREES A3BD
ANGLE OF DEADRISESRADIANS A2BKR
ANGLE OF DEFLECTIONs DEUREESs FWDF O 11. CONTROL SURFACE a30D
ANGLE OF DEFLECTIONs DEGREES» AFT FOII.CCNTROLS URF ACE " A3DDA
AN G L E OFDEFLECTIONsKADIANSsFWUFuUl CUNTRUL SURFACE A3DK
ANGLE OFDLFLoCTIONSKAVIANSsA F T Fu CONTrUL SURFACS T ALURA
ANGLEO F S H A F T ORTHRUSTRELCT O BelLes DEGREES A35HD
ANGLEO F S H A F T ORTHRUSTRELe TUBeLe s RADTANS A>OHR
ANGLE OF TRIMOFKEEL, DEGREES A>TAD
ANGLE O F TRIM O F KEELsRADIANS AZTAR
ANGLE OF THRUST TO HORIZONTAL,, RADIANS ~ A3THR
ANGLEOF THRUST TGLeCoUeFROMTHRUST AX IS A%
COEFFICIENTsIN GENERAL cl
COEFFICIENTsDRAGY | N GENERAL C1b
COEFFICIENTs ORAGs TOTALs FWDFOIL CiD
COFFICIENTs DRAGs TOTALs AFT FOIL C1DA
COEFFICIENT, DRAGy AIR CIDAIR
COcFFICIENTs DRAGs INDUCEOBYLIFTSTFWDTF —r - -~ C1DI
COEFFICIENTs DRAGs INDUCED Y LIFTs AFT FQIL CloIA
COEFFICIENTs DRAGs 1 NDUCED DUZ TU CONTROL SURFACcs FuD FOIL Clblc
COEFFICIENTs DRAGy INDUCLODUZT 0 CUNTRULSURFACESA F T FQIL CIDICA
COEFFICIENTs DRAG, INRUCED BY CONT. SURFACESPECIFTC DEFLsFAU  CIDIP

B-1

c

C

c

C

C

c

C

c

c

c COEFFICIENTs DRAGs [NDULEDBYC O N T . SURFACESPECIFICDOILFLyAFT C(1IDIPA
[ COEFFICIENT, DRAGs SCHOENHERRS K I N FRICTION C1DSF
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c CUEFFICIENT» URAG» PRESSURESA F T STRJT C1ldsA
C COEFFICIENTs DRAGs PRESOURL » Fwb NACEILE C1DnP
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c COEFFICIENT, DRAGsPRESSUREs FwD VINTRAL CiDvP
c COEFFICIENTs DRAGsPRLSSUREsA F T VENTRAL N s V=T
C . COEFFICIENT, DRAGy SPRAY, FuDSTRUT CHMSP
o] COEFFICIENTSs DKAUe SPRAY, AFT STRUT CiDSPA
C. COEFFICIENTs DRAGs WAVEs FWDFOIL CiDw

C COEFFICIENTs DRAGY WAVEs AFT FOTL C1lDWA




[cNeEaYaNaNaNalNalal

oM

O 0O OO0 0 S50 og Qo3 T

NN NN

I X

COCEFFICIENTs LIFTs IN GENERAL Cib
COLFFICIENTS LIFTs FudD FOIL Cab
COEFFICIENTs LIFTs AFT FOIL ] ] CiLA
COEFFICIENTs LIFTs DEADRISE SURFACE Clib
 COEFFICIENT, LIFT, ZERO DEADRISE SusFACE Cliu
CCEFFICIENTs LIFTs DESIONs FwD FOIL ClLD
COEFFICIENTs LIFTs DESIGNs AFT FOIL CliDA
COEFFICIENTs LIFTs FIWD FOILy cSXPERIMENTAL Citt
COEFFICIENTs LIFTy AFT FUILs EXPERIMENTAL 7 ClLea
COEFFICIENT, WETTED SURFACEs FwD NACLLLE CiwoN
COcFFICIENTs WETTED sSURFACEs AFT NACLLLE CiwdNA
COEFFICIENT, SPEED Cive
D EPTH BELOWBASELINE»INGCNERAL Ve
DEPTHB E L 0 W BASELINEs FWDFOIL D¢k
DEPTHBELOW BASELINEsAFTFOIL DZ2FA
DEPTH RELOW BASELINEsFWD NACELLE D2N
DEPTH BELOW BASELINE, AFT KACELLE DZNA
DEPTH BELOW BASELINEs SHAFT CR THRUST VECTOR DeT
DEPTH BELOW BASELINE, FWdD VENTRAL FIN Dey
DEPTH BELOWBASELINE s ArT VENTRALF I N DeVvA
DRAG 31N GENERAL DG1
DRAGy FWDFOIL DGl
DRAGs A F T F O I L DGLA
DRAG, IN AIR DGLAIR
DRAGs HULL, FRICTIONAL DGLFRH
DRAGs HULL, SPKAY DGLSPH
‘DRAG, NACELLE , FWD DG1nN
DRAG, NACELLEsSAFT DGINA
DRAGs PRESSURE, HULL DGLPH
DRAG y STRUTs FWD N DG1s
DRAG 3 STRUTsAF T DGIYA™
DRAGs STRUT SPRAY s FuD oTRyT DGLoP
DRAG, STRUT SPRAYs AFT STRUT DG15PA
DRAG sy TOTAL FORVERICLE DGIT
DRAGs VENTRAL FINsFwD DGlV
DRAGs VENTRAL FINsAFT Dolva
DERIVATIVEsPARTIAL ! N GENERAL DR1P
DERIVATIVESPARTIALs C DUE TO , FwD FOILy INFINITE DEPTH DRIPT
DERIVATIVESPARTIALs ¢ DUE TO , AFT FOIs|[NFINITE OEPTH DRIPTA
DERIVATIVESsPARTIALs C DUE TO , FWD FUls INFINITE DEPTH DR1PD
DERIVATIVESPARTIALs C DUE TO 5 AFT Ful,s INFINITEUEPIA TTTOKIPDAT
DRAFTs | N GENERAL Al
DRAFT sy FWD FOIL HiF
DRAFT, AFT FOIL H1FA




RATIO, IN GENERAL

li1

B-3
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LENGTH » IN GENERAL e XL1
c LENGTH ¢ CHORDsMEANsFWDF O | L XLICM
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c LENGTHs CHORDy AFT STRUT XL1ICSA
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DISTANCE HULLy FRICTIONAL DRAG LEVER ARM 2CG1D
DISTANCE HULL» SPRAY DRAG_LEVER ARM ZCG1sP
DISTPNCE HULLs THRUST VECTCRLEVER ARM 2CG1T
DISTANCE FWD STRUT DRAG LEVER ARM ZCG1S
DISTANCE AFT STRUT DRAG LEVER ARM LCGISA
MISCELLANEOUS sYMBGLS

B BEAMs AVERAGE - S1A
ERROR IN SUMMAT | CN OF MUMENTS CoM
ERRORIN SUMMATION OF MUMENTSs CRIGINALLY CGMO
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vCG CENTEROF GRAVITY, ABCVE SASELINE CG1ve
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COS (PITCH ANGLF 9 A3TAR) o COsT
HEIGHT OF C. G. A30OVE WATERLINE D
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TITLE.] NFORMAT | ON DATAID
| NCREMENTs CONTRuUL SURFACC DEFLECTIUiN ANGLLe FwD FUIL DeiTNF
INCREMENTs CONTROL SurFACE DEFLECTION ANGLEs AFT FOIL . VELTNR
DEN>ITYO F wWATER ) -7 Do liw
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c INCREMENT OF C (ROUGHNESS ALLCWANCE)s FOR RULL DLICFT

c INCREMENT OF C(ROUGHNESS ALLOWANCE Yy FOR FOILS OLiCF2
ERROR IN SUMMATION OF LIFTs THIRDTRY DLD
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IMAGEV 0 R T E X FACTCRsFWOFOILsINTERNALLY GENERATED @KiC
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THRUST T
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SPEEDs SH I P, KNOTS

V15K

VELOCITY OVER BOTTUM UF PLANING SURFACES n*lEAI\ JiPBM
VELUOCITY(QF SH I P Tii1 x DIRECTIUC INs FT/5EC. 2
KINEMATIC VISCCSITY ) Vo2
JCB COURTER» wHICH SEQUENTTAL CUNJITION [S I PROGRESS XJUD
JOB COUNTER » INPUT RUMBER O TRIM-LUAD CONDITIUNS TUSE RYNOBS
SUMMATION OF HULLPTITCHING uO‘AEnTS,‘FT -LBS X2
FROUDE NUMBERs RASEDG N FOI1.DEPTH, FwD XN1FH
FROUDE '\jur\ BERy BASED ON FOI i, TEPTH, AFT Tt T T T NIFHA
NUMBER OF HYDROFOIL-STRUT-NACELLE ARRAYSy FwD XNZSN
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LONGITUDINAL STATIC TRIM- LOAD PROGRAM

START
Ok

SET OR RESET
JOB CONSTANTS

| READ FIRST CARD | OVERALL CONTROL CARD

END OF JOBS CHECK

[READ NEXT CARD | TITLE CARD

|

| READ FOIL DATA |

| READ HULL DATA
i
SET OR RESET
RUN CONSTANTS
|
COMPUTE THRUST
LEVER ‘ARMS
|
COMPUTE HULL
AIR DRAG
COMPUTE STRUT
SPRAY DRAG

©®

EQUATION 6.2

EQUATION 7. |

EQUATION 3. I

PAGE /S




Q

COMPUTE COMPONENTS

REYNOLDS NUMBERS

|

COMPUTE VENTRAL 1
FIN(S) DRAG |

!

COMPUTE  NACELLE |
DRAGS |

4

COMPUTE STRUT PROFILE
l DRAG COEFFICIENT
¥
COMPUTE FOIL PROFILE I
DRAG GOEFFICIENT

CALL PHULLI

SET HULL FORCES 8
MOMENTS TO ZERO
CALCULATE KEEL
IMMERSION AT TRANSOM

SET OR RESET
INDICATORS TO ONE -

®

EQUATIONS 3.9 & 3.10
(1 F APPLICABLE)

EQUATIONS 3.7 & 3.8

EQUATION 3.5

EQUATION 3.2

IF SH{P IS PARTIALLY HULLBORNE,
CALL HULL FORCES & MOMENTS

““‘PAGE 2/5




?

COMPUTE HYDROFOIL
DEPTH/CHORD RATIO

\

COMPUTE STRUT
WETTED AREAS

COMPLETE STRUT
DRAG CALCULATIONS

NO

?

COMPUTE HYDROFOIL
LIFT COEFFICIENT

COMPLETE HY DROFOIL
LIFT CALCULATIONS

&

COMPLETE HYDROFOIL
DRAG CALCULATIONS

COMPUTE TOTAL
SHIP DRAG

1

COMPUTE LIFT 8
MOMENT ERROR

<0 >0

YES

EQUATION 2.1

EQUATIONS 3.1, 3.3 8 34

HAVE “NTRYS”
BEEN PERFORMED

ITERATIONS
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@

COMPUTE AFT
LIFT & MOM.
CORR. FACTORS

!

COMPUTE GONTROL
SURFACE DEFLECTION
ANGLE CORREGTIONS
& NEW ANGLES

GOMPUTE FWD LIFT
& MOM. CORR. FACTOR

[MOMENT ERROR

GOMPUTE LIFT &

!

!

INCGREMENT AFT FOIL,
RESET FWD FOIL

| INDICATOR 4 ¢ |

S
REAR FOIL

IINCREASE
INDIGATOR 5 BY |

GONTROL SURFACES

!

[INDIGATOR 4 = 3 ]

STORE LIFT a mMOM.

ERRORS a ANGLES

!

INDICATOR 4 = 2

!

INCREMENT FWD FOIL

J|CONTROL SURFACE

®
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DEGREASE FOIL
DEPTH OR
HULL LOAD

o

INCREASE FOIL

DEPTH OR
HULL LOAD

26

RESTORE CONTROL

SURFAGE DEFLEGTION [«
ANGLE INCREMENTS

o)

STOP

CHECK IF UPPER LIMITS FOR
CONTROL SURFACE DEFLECTIONS
HAVE BEEN EXCEEDED.

CHECK IF LOWER LIMITS FOR
CONTROL SURFACE DEFLECTIONS

HAVE BEEN EXCEEDED

IS THIS JOB DONE
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SUBROUTINE PHULL

HYDRODYNAMIC ASPECTS OF PRISMATIC PLANING HULLS

START

RETURN |

RETURN TO MAIN PROGRAM
IF PITCH ANGLE € 0°

CALCULATE INITIAL
CONSTANTS

!

CALCULATE CLE EQUATION 5 . 3

CALCULATE SPRAY &
HULL FRICTION DRAG EQUATION 6.6 & 6.4
LEVER ARMS

@

ITERATE TO FIND c'—j=0 EQUATION 5.4
®
I ITERATE TO FIND XA ] EQUATION 5.5

RETURN 2

IF WETTED CHINE IS NEGATIVE,
RETURN TO MAIN PROGRAM

8 INCREASE PGIH
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?

CALCULATE Upm

i

CALCULATE th

9 GALGULATE HULLA Y
DRAG

CALCULATE C.P. LEVER
ARM

CALGULATE th

[ CALCULATE MOMENT |

1

CALGULATE REMAINING
GONSTANTS

RETURN

EQUATION 6.3

EQUATION 6.2

IF WETTED CHINE LENGTH IS
NEGATIVE, SET SPRAY DRAG
EQUAL TO ZERO

IF PITCH ANGLE IS LESS
THAN 4° SET SPRAY DRAG
EQUAL TO ZERO

EQUATION 44 & 65

EQUATION 8 . 1

EQUATION 6.1
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FUNCTION GIDSF

SCHOENHERR SKIN FRICTION DRAG COEFFICIENT Cp,-

(Lsrart )

INITIAL ESTIMATE Go'l

HOERNER'S APPROXIMATION.

RE-ESTIMATE Gp, FROM NEWTON-RAPHSON [TERATION
PRECEBING  VALUE ] METHOD

|
CALGCULATE ERROR

ERROR = Gp, - Cp,
n n-1

PAGE i1




SUBROUTINE INTERP
LINEAR GRAPHICAL INTERPOLATION

[VALUE = Y+ (Y- Y) 8X |

i

RETURN
@1 CONTINUE —
VALUE = YN°+(YN5YNL)%23—_
r <
( RETWRN ) :"'; /\
\ 1
| |
Y | l
VALUE
Y | I
Y2
\f! l l
L ZnZno
PAGE I/




UMNCOLAST )
Securlty Classification O ke
DOCUMENTCONTROLDATA-R&D

(Security clasailication of title,body of abstract and indexing annotation must be entered when the overall report ia classilied)
ﬂlclNrTlN G ACTIVITY (Corporate author) 28. REPORT SECURITY c LASSIFICATION
val  Ship Engineering Center ‘ S
1 5 ! we b
Véshington D.C 20360 26 GROUP
NONE

3. REPORT TITLE

Hydrofoil  Ship Longitudinal, Satic, Trim Load Program

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

5. AUTHOR(S) (Laat name, first name, initial)

Price, E V. Gener al Dynam cs VWfflnden, F.  General Dynami
Bauman, W D NAVSEC Miley, S General  Dynamc¢
6. REPO RT DATE 7a. TORENO—CF PAGES 70.NU,  oF REFS
July 1968
22 CONTRACT ORamant NO. sa.origINATOR's REPURTnumeEReS)
NAVSHIPS 0900-006-5390
» PROJECT NO , 9 >3
c. 9b. 811.H::°Rt)EPOHT NO(S) (Any other numbers that may be aseigned
CASDAC 231011-M38A
Tﬁl YA BoCUmeNt 15 °SUbj'ect to special export controls and each transmitt
foreign governnents or foreign nationals my be nade only

Ea%or aEproval of t2e Commander, Naval Ship Eng| neering Center,

on I ¢
SORI MILITA ACTIVITY

1. SUPPLEMENTARY NOTES 13 SPO’1 stens Command

Departmsnt of the Navy
VWashington D c. 20360

13. ABSTRACT

This program conputes the foil control surface deflection angles
necessary to produce static equilibrium for a hydrofoil ShlP oper at -
y

ing at specified hull clearance, pitch angle, ™ and veloci Assum
ing the huII can be represented by a prlsnat|c planing hull,
conditions through a quasi-static (i.e., Hnormg accel erat|ons and
rates) take-off can also be determined. The program conputes and

tabulates the individual forces acting on the ship and outputs them
for ready reference.

There are two subroutines and one non-standard function.

TERY

DD 5. 1473 B TED

Security Classification




" ] Ry -LL;U
Security Classification

Cighgirdd R i)

KEY WORDS

LINK A LINK B LINK C

ROLE wT ROLE wT ROLE wT

HYDRCFOL  SHPS
SHP DESI(N

NAVAL ARCHITECTURE
QOWUTER  PROGRAM

QOWUTER-AIDED SH P DESI G\

INSTRUCTIONS

1, ORIGINATING ACTIVITY: Enter the “*me and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECURTY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
“Restricted Data” is included. Marking is to be in accord-
ance with appmpriate security regulations.

26. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200.10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Grodp 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all caseés should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES If appropriate, enter the type of
report, e.g., interim, progress, summary. annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last “*me, first name, middle initial,
If military, show rank and branch of service. The name of
the principal author is an ahsolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day.
month, year; or month, year. If more than one date appears
on the report. use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information —

76. NUMBER OF REFERENCES Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written

8b, &, & Bd. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, ‘task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.

9h, OTHER REF'ORT NUMBER(S): If the report has bee”
assigned any other repdrt numbers {e]ther by the originator

or by the sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

imposed by security classification. using standard statements
/such as:

(1) “Qualified requesters may obtain copies of this
report from DDC.'’

(2) “Foreign announcement and dissemination of this
report by DDC is not authorized.”

(3) ‘U S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

"

(4) **U, S. military agencies may obtain copies of this
report directly from DDC Other qualified users
shall request through

”

(5) “All distribution of this report is controlled Qual-
ified DDC users shall request through

”»
»

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if know”.

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12.  SPONSORING MILITARY ACTIVITY: Enter the “*me of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter aft abstract giving a brief and factual
summary of the document indicative of the report, even though

it may also appear elsewhere in the body of the technical re-

port. If additional space is required, 8 continuation sheet shal
be attached.

It is highly desirable that the abstract of classified report!
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS), (§). (C), or (U)

There is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 to 225 words.
b}

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize g report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade “*me, militai
project code name, geographic location. may be used as key
words but will be followed by a” indication of technical con-
text. The assignment of links, reles, and weights is optional.

UNCLASSUTED

Security Classification






