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ABSTRACT

An analytical procedure is presented for predicting the resistance
of transom-stern hulls in the non-planing range -~ specifically for volume
Froude numbers less than 2.0. The predictive technique s established by
a regression analvsis of the smooth-water resistance data of seven transom-

stern hull series vhich included 118 separate hull forms.

The statisticaﬂy-i?ased correlation equation is a function of slen-
derness ratio, beam loading, entrance angle, ratio of rransom area to
maximum section area and volume Froude nuwber. This equation can be used
to estimate the low Froude number resistance r{ glaning huil forms in the

early stages cf design.
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, NOMENCLATURE o
i ; Ri i coefficient of resistance-estimating Equation (5} or (6) i;
{ éT fransverse section area at transom, ft° f ;
S Ay maximun transverse section area, ft° _5 ;
. i B beam, in general, f: , |
ST waterline beam at transcm, ft 3
g i 8x maximum waterline peas, ft ;
£ i Cy correiation {roughness, etc.} allawance on specific resistance g
: *;8 block coefficient i )
H
:_§ % €F specific frictional resistance (e.g., Schoenherr formulation) § 1
-8 _ Cy midship section coefficient %
# i L, longitudinal prismatic coefficient %
§ th Telfer's resistance coefficien, 2;!&‘!3 1
= ;‘:‘; speed coefficient {used for planing huil analyses, espzcisily}l, i i
¥/4?5‘ R
i i.s;; waterplane coefficient
i s static beam-loading coefficient, .stf?,; = %‘!8; A
) Far leng*h Froude Humber, %":ﬂfg—!—f
; Fag  volume Froude Number, vided”
; g accelaration of gravity, 32.2 “t/sec®
i half-angle of entrance of walterline 2t bow, deg
g L lengeh, ia gerersl
L. wetted length of keel {see Fig. 1}, ft
é% 3.3§ length between perpendiculars {at dgsign waterline endings), ft
via
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length of waterilins,

distance of center-of-buoyancy from §.

ey

distance of center of gravity from &, ft |, positive aft
resistance, in general, ib
total resistance for craft, ib

residuary resistance, ib

draft {maximm}, ft

J/Zi_  {parameter in resistance-estimating Equation {£))

speed, ft/sec

ﬁTIAX {parameter in resistance-estimatiang Egvation (8})

specific weight of water, n/Ft

v‘lS'Lii {parameter in resistance-estimating Egquation (6))

£, {paramster in resistance-estimating Equaticn (6))

ient in equaticn for estimating effect of verization of LCG
stance {£q.R-1, Appendix B)

=
cosfficient.in equation for estimating effect of variation of LCE
on resistance {£qs.3-1,B-2, Appendix B8)

[

Coefficiant in sguaticon for estimating effect of variation of LCE

on resistance {Eqs.B~1,8-3, Appendix B}

=ean wetied length-~beam ratio {s=ze Fi

chine watted length-bess rotic {see Tig. i)

sijz watied-length-beas rotio, where flow which s2psrated from chine
) £ .

trach to side of prismatic huli {see Fig. 1}

trim angle of pianing area, <¢c3
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Harinz craft designed as planing hulls are intendzd to be small,

high-speed boats operating at volume Froude nu=bers greater than 2pproxi-

mately 2.0. When properiy configu :d, planing craft are characterized

by a transo= stern and hard chines to provide for early flow separstion

.

3 from the transca and chines; by straicht buttock lines aft to deveiop

;% positive dynamic préssures; and by 2 cosbination of losding and center- 7 1
i% § cf-gravity location to sssure some positive hull trim and compleols

f emergence of the bow when "planing. For such »r2ting conditions,

z "

?ig § prediction procedures, as given by Say%tsky! and %aé%arz for prissatic

§ " hull forms, provide guidance in making smooth-witer perfonmance sstimates. }

In fact, these procedures can be used to identify planing inception to

occur at that speed at which the computed wetted keel length is F2ss than

the 1¥t of the hull so that the bow is 1ifted clear of the water.

e

Fvery planing hull =ust, of course, pazs through the non-planing

speed range when the bow is ismersed. Further, 2ithouch 3n coriginal de-

siga may have bean a3 successful planing hull, in time its payiocad =ay
increasa so that it is no longer capable of &itaining planing soeads. ]
Also, in certain military applications the constraints impused upon maxi- :
mum draft, beas or lengih of the crafi, generally resvit is & bost which

- ru

is too smal: for the specified paylead so that the bow Is i=mersed through-

A REHE, ERCSSRSHMRN A oy

out the speed range. For these “non-plianing® esnditions, there s no

analytical procedure for estimating the smooth-water perforsance nor for

providing design guidanre in selecting optizmu= huli dismensions and pro-

portions. It is necessary o resort to moce! tests, or to planing hull

5O A A "0 B NI I 84

§ The purpose of the present report is to present an snalyrical gre-
cedure capabie of predicting the hydrodynomic resistance of iransos stern
hulls in the mog-pianing rangs -~ specifically for wwivme Froude mmhers
% egual o or less than approxisately 2.0. For higher speeds, It is ex- )
peciad that the planing foroulations of Reference 1 wiil be applicsdie, =
§ =
3 2
=
=4
=
=
=
=
=
_—_—
==
_ _ — 3 - e _ =
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3
The non-pianing predictive technigue is estabiished by @ regression .
analysis of the soooth-water resistance dsta of saven Transgm-stern hull < -
series which inciuded i18 separate bull forms. The anzlvsis derives 2 §
stsristicaily based correlalion eguation which is 2 functicn of sler ~r- N :
ness ratis, beaa loading, waterline entrance angle, and ratic of transe= ;;i e
arez to =axizum seclion asrea. TRis eguatics can be used to estimate the -
resistance of other forms in the earlv ziages of design. Separate equa- E 3

ticns 2re Sovelopsd for ezch volise Trouds awder,

e

A cumplete description of the characteristics of the !i8 =odels of i
: ‘ the seven transte-stern huil series, imcluding body olans, bow and stern -
3 profiles, desion waterline endings, and the resistance characisristice, 3
- £
L are contained herein. A brief analyzis of the effect of LI6 oo resisz- =
. ance is 2iso presenied. 1iiustrztive exa=ples are included demnsirstiog 3
o the application of the predictive technique o several ad hoc hull forss. i
The effect of changes in form parsseters on resistance is desonzirated -
; amd, T nally, the statisticsl accuracy of ihe mredictive procedure is ii%
ficcusses.
This study was sponsored by the Kava! Ship Systess fommend and iji
zéninistersd by the Office af %sval Ressarch umder { airac: E5001L.867-3-
‘ gz02-00%k

I

b v o OISR R, 18 iy i)

0 B 0 o e B i

el

WTWW mwmmmwmrm’»?

T N L

v

Ay e




b A A S N e s U A e =0 TNETNN
T —— TR T e — i TN

R-1667

HYDRODYNAMIC PHENOMENA
RELATED TC PLANING HULLS IN SMOOTH WATER

=

In order to provide a proper perspective for the results of the

present study, a description is given of the hydrodynamic phenomena

associated with transom-stern hulls when running in smooth water over 2

Ay

ST
g DN ol WS

(g

wide speed range.

a} At zero and low speed, planing boats are dispiacement hulls,

obtaining their entire 1ift by buoyant forcses.

b) As speed increases, to speed coefficient (based on transom
beam) C, = V//gBt = 8.50 , there appears the first visual evidence of
the influence of dynamic effects upon the flow patterns., Complete venti-

TS Bt

t

e R T e

jation of the transom occurs and appears to be independent of deadrise,
trim, or hull length for typical values of these parameters. Also, as

shown in Reference 1, there is a loss in resultant hydrodynamic lift

(DIt R AW o i Sl bt woamthe o A L o i, g o o L L

wher compared with the purely static 1ift corresponding te the draft and

s

trim of the craft. The bow is, of course, immersed at this speed and adds

£
z
E

b4

g
F-3

E3

E3

Ed

:
z
=
iF
3
=
f
2
3

to the totai hydrodynamic drag.

c) At speed coefficients betwean G.5 and 1.5, the dynamic effects
produce a positive contribution to iift although, in most cases, not

sufficient to result in 2 significant rise of the zenter of gravity or

emargence cf the bow. Genesally, the flow has only slightly separated

frow the furward length of the chine s» thut there s significant side

i

wetting. in this spesd range, the craft Is essentially a h'zh-specd
displacement hull. 1t is within this speed ranqge, where there is bow
inmersion and large side wetting. that 3 suitsble ena!ytical;péocedure
for resistance estimates does;nct <cist. This Is essentially the speed

area covered by the present study.

d} At speed coefficients larger than approximately 1.5, a weill-
designed planing boat should davelop sufficiently large dvnamic 1ift
forces to result in a significant rise of the center of yravity. some -
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ﬂ,«nw‘é

e
[——

positive trim. emergence of the bow, and separation of the flow from the

hard chines. The hydrodynamic resistance is due to the horizontal com-

oo A ynand

ponents of the bottom pressure force and the friction component of flow

cver the bottom. There is no bow contributicen to drag. . ‘

W

It has been found that the flow which separated trom the chins may

reattach to the side of the prismatic hull at some distance forward of

«
LYy .

the transom for certain combinations of CV,S,T and mean wetted length-
beam ratic X . An empirical formulation and confirming test data for

defining the extent of side wetting are given in Figure 1. The slope of :
the line through the data is: :

= 2 i < :5
kcl - ACg €, sint () s

To define the operating conditions for the chines dry case, kc should i
2

A
[ P R T

be equal to zero., From the wetted arca relations given in Reference !, it

J

can be shown that:

W g

o

sy -l tanB
Acl =X o tent (2)

s i m.i

Thus, for chines-dry planing of a prismatic formm, it is necessary that

1

Y R Sy

g

L——

¢%= A - 0.16 tanB/tant
v 3 sinT (3)

)

Ly

Lr—t—

This formulation is conservative for typical planing hull forms

whera the transom beam is smaller than the maximum beam and where the

d

o s
—

sides are not vertical as for the prismatic models, buf have tumblehome.

The trim of 2 planing craft usually attains its maximum valuz, re-

2w

ol

4

W
i

ferred to as hump trim, at speed cnefficients of approximately 1.5 to 2.0.

{

As the speed increases, the trim decreases again and the wetted keel

Yy

length increases. Depending upon the lcad and LCG position, the bow may

I
W

aqain become immersed when the speed coefficieat is sufficiently high.

I

Py

The planing equations of Reference ] cen be used to determine the velocity

O g ¢
!

~and load conditions when bow iomersion will recccur. In these high-speed

cases, the bow drag increment is relatively small since the large rise of

ey

the boat's center of jrovity assures only smail Iomersions of the bow.
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1t has been observed that the planing performance predictive technigues

of Reference | provide reasonably realistic results at these hiah speeds.

e) Summary: Figure Z illustrates quantitatively some of the plan-
ing and non-pianing features described above. The smooth water resistance
and trim are plotted versus volume Froude number (F _ = yWgel73 ) for
the L/B = 2 huli {Model h665) of Series 62 planing forms {Reference 3j.
an is used as the absicca since it is the speed coefficient used by
Ciement ond Blount in Reference 3. For this case, an ~ 1.5 ¢, -

The unshaded areas on these plots indicate the speed range where
the wetted keel length, as measured in the model tests, is less than the
LWL. The circles represent the trim and resistance as computed by the
nianing formulations of Reference 1., in the spsed range where LK < WL,
the bow is essentially ciear of the water and there is good agreement
between computed and measured results. For an iass than approximately
2.9 where LK > LWL , so that the bhow is immersad, the measured resist-
ance is considerably larger than that predicted by the planing formuiations,
thus illustrating the iarge influence of bow immersion. This effect is
particularly evident at the forward position of the LCG which exaggerates

bow immersion.

At an larger than approximately b, when LK is again larger
than LHL ; the computed and measurad resistance are reasonal'y I3 3grec-
ment, thus demenstrating the less cerious effect of some bow immersion

this speed range. it is also to be noted that there is agreement be-

in
tween measured ond computed trim angies in planing range when F{‘v 22.0,

1t appears then that the development of a resistance predictive
procecdure for transom-stern planing hulls for an < 2.6 is reguired if
analytical presictions o7 performance are to be made over the entire
spe2d regime. i Is recognized, of course, that the installied horsepover
for craft desianed for waximm sseed in tha truly piaainé range wiil be
considerably larger than for an < 2.6 . However, tie usual cruise speed
of smail military craft is In the range of Env < 2,0 . This is the speed
range wherein tha craft sperates for most 6% its life 3nd, hence, requires

%
some raticnal design guidance in order to achieve low resistance for
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maximum fuei economy or Tor the seiecticn of cruise engines separate

from the main high-speed drive engines,

The subsequent sections of this paper are concerned with the de-
velopment of an analytical procedure for resistance prediction in the

aon~planing speed range.
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The development of the resistance-prediction eguatiions has been

based on published results of resistance tests carried cut for several
methcdical series of traznsom-stern craft. These methodical series
results afford the considerable advantage of being reiatively well or-
ganized and documented and, hence, the iwn.formation required such as “wll
form cheracteristics cza be more readily cbtained than is the case for
most ad hoc model test results. Since applications are intended espe-
cially for relatively small high-speed craft, without skegs, certsin
series data which ara felt to regT™sent larue moderate speed ships are

- net considered.

The chief characteristics of the model series are exhibited in
Tables la-g. The descriptive information contalnied in these tables in-
cludes statement of authorship of the publication contzining performance

resuits for the series (complete information on the scurce publication

is given in the list of references); & tabu.ation of the range of values
of geometric characteristics of the models of the series; a brief des-
cription of the number, constiruction and size of models used, together
with informatior concerning turbuience stimulation, if used, and the
ranye of speeds used for the tests; location and size of test facility;
the figure number in this report which cuntains the body pian, bow and
stern prefiles and design waterline endings for the parent form of the
series: remarks concerning the characteristics of the hull forms and the
expectad operational regimes of the craft; a brief descrip:ion of the
manner in which results are presented; the friction correction method

is noted, and, & listing of other related investigations hesides re-

sistance testing,

The tabulations of ranges of geometric characteristics of the seven
series cover=d are conbined in a sepsrate Table 1] for convenience in mak-
ing comparisons. CLomplete listings of the geometric charzcreristics of

each of the 118 models of the several series used in deriving the

DESCRIPTIONS OF AVAILABLE METHODICAL SERIES -

Tk ey

PN

T

b W
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resistance-preciction equalions are given in Tekies iiia-g. Homenciatluie
is in accord with the {7TC standard listing.

Complete listings of the resistance characteristics derived for
each « f the 118 models used are presented in Table 1Va-g for total re-
sistance, in terms of Ib/lb-displacement for a 100,000-1b craft in
59°F S.W., with CA = 0.0, and in Table Va-g for residuary resistance,
Ib/ib-displacement. Values are given for eleven values of volume Froude
number, Fn? , 1.6,1.1,1.2,...,2.0, which are considred to cover the in-
teresting non-planing speed range for virtuvally all of the vessel forms
concerred. The 1947 ATTC (Scheoenherr) friction coefficients were used
for extrapolation from mode! to full size with cne exception {noted in
Table t): for the SSPA series, the residuary resistance coefficients
presented by Lindgren and Hilliamsg were determined using the 1957 I7T1C
friction coefficients. OQver the range of speeds considered, the residu-
ary resistance derived using the ITIC coeffiLients is lower than those
derived with AYTC coefficients by - s than about 2.5%. The difference
in total resistance is less.
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DERIVATION OF RESISTANCE EQUATIONS

The resistance results for the 118 models of the seven different
series of transom stern hull forms have been analyzed to derive a statis-
tically-based correlating equation which can be used to estimate the

resistance of other forms in the early stages of design.

PREVIQUS ANALYSES

{}taust:}2 first applied the method of statistical analysis of resist-
ance data t¢ trawler hull forms, using data for all trawler models tested
in Tank Ho.l, Naticna! Physical Laboratory, Teddington, England. The
residuary resistance coefficients were curve-fitted at four speed-length
ratios, V//L = 0.8¢, 5.90, 1.0, and 1.0, deriving equations by the method
of least-squares which express the resistance as a function of six form
parameters [i/g€, B/T, Cy> Coo LCB/LQQ(%) and ie}. The equations derived
contain 30 coefficients for each speed parameter. The resulting equation
produces predictions of good accuracy compared with model tests: ''the
differences between measured and calculated resistance coefficients
{E?L = R?Llévz, for Z00-ft Lpp vessels) were 1-ss than 3% for 95% of the
cases except for VAL = 1.00, where the rate of change of CTL with VAL
is quite high, and the differences here were v ithin 5% for 85% cf the cases.

boust has alsc applied the method of jeast squares tc aralyze pro-

12,13

puision data for trawlers and resistance and propulsion data for

random high-speed merchant vessel fsrms.ik This type of analysis has also

-

been applied by Sabit to data of related fomms including Series 63,13 and

16

the British Ship Research Association’ methodical series of merchant ship

forms.

A very interesting analysis has been undertaken by van §9rtmerssen1?
of the Ketherlands Ship Model Basin in which the speed dependence of the
resistance is incorporated according to some concepts given by &avelec&.ia
in this way a singie equation can be derived which is valid over a range of

speeds, coupared with the method of Doust in which a separate equation Is
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i

feguired Tur each spesd. An additichal advantage is that it may be ex-

pected that some extrapolation beyond the speed range of the input data may

10

il

be permissible since the speed dependence of this equation is theoretically-

based. Application of this method to random data for small shios such as

- -

trawlers and tugs resulted in an equation which gives predictions of lesser §§ .
accuracy than those reported by §<>u'51:.}2"3 The differences between meas- = é
ured and calculated resistance are less than 129 for Q0% of the cases. - H
Fcr the present analysis, Doust's type of analysis, i.e., 3 separate ?

ecguation for separate values of the speed parameter, is applied rather than

d( o
o A
"

van Jortmerssen’s. The reason for this is that theoretical analyses do not

provide comparabie guidance for the speed-dependence of the wave-making re-

(-

sistance of transom-stern craft, as they do for conventional stern vessels.

ol

W
ot

The present analysis is intended to cover the hump drag regime which

genzraily corresponds with the last and largest hums in the curve of wave

resistance versus Froude nuwmber which exhibits significant oscillations - é
(humps and hellows) over the lower speed range. At higher speeds the craft i %
will either achieve & planing attitude or drive through the water in a dis- _ %
placement mode with an spproximately constant wave-resistance coefficient ; §
substantialiy less than the maximum hump value. \: %
Particulerly usefu! cuidance to the znalysis of resistence of small, %dsg
transom-stern craft in this speed range has been given by ksrdstrom? whose §
observatiuns were reviewed and extended by t!eaent.}g Mordstrom found g; ‘
that for tiis speed range, the resistance per 1b displacement for 2 given -
value of volume Froude number Fn? = V//gv¥® | is most strongly dependent g%
on the slendernsss ratio, L/9¥/2 is, indeed, 2 highly important parameter = ,EE
in regard to the huwep resistance. The dependence on other parameters in gg %i
addition to a more complete exposition of dependunce on /3P 1s determined (3] % §
by this study. - §f§
DATA AND EQUATIONS USED IN PRESENT ANALYSIS - %i
The total resistance, 1b per 1b displacement, for eleven Froude 2 =

numbers, Fog = 1.8, 1.1, ..., 2.0, given in Table 1Va-g for the 118 models
of seven series were used to derive equations relating the résistance to

some of the hull form parameters listed in Tables lils-q.

10

i
g%
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o

tor the shorter, fuiler forms used {e.g., Series 62,53}, the -

14
residuary part of the resistance dominates the tots! resistence -- in some

cases accounting for over 95% of the total, while for the longar, fine

i)

forms {e.g., Series 64), the frictional resistance predominates -- in some
cases accounting for 75% of the total. Since RRIA is especially small for
these slender forms, it was found to be diftficult 10 curve-fit equations
which produced good approximations of the RR!é values for the slender
forms. |t was decided to curve-fit RTIC since equations could e obtained
which give reasonably good approxiimations of the measurements for this case.
Since the RT!A values corressond tc ships with displacements of 100,065-1b
S.¥W. at 59°F with CA = 0.0, corrections ought to be applied for other con-
ditions of dispiacements, CA’ etc., which depend on the hull’s wetted sur-
face. HMethods will be shown later for estimating the wetted surface and

for making these corrections, which are usually not very important except

i)

for rather slender craft.

A

e

Four parameters were selected for inclusion in the resistance es- :

H

timating eauation: .
!- L.\glvl;3

2. <, =af%3§ =§/8§ -~ since planing performance {particularly roush-

water performance) is strongly affected by this parameter am

-~ since Nordstrom has demonstrated its imperiance. H

——

it

may be expected to have significance for high sub-planing speeg

3. §e -- waterline half entrance angle. since preliminary graphical

W vy 1

iy W@wswwmm

correlations suggested this parameter to be preferable o L/B.

L, Ayfﬁx-—- ratio of Transom area to maximum seclion ares since

i
!

wwrj%w i il mwwm%mww } B i -
Gl O DS WONE W S R SR e i TR N DN TR S

%

aydrostatic and hydrodynamic considerations indicate the sepa-
in

ration of flow at the transua may produce an increment of re-

-

sistance {cavity drag), this psrameter is inciuded. 3

Iy
#

\dditional parameters which are known 1o have substantial effects on

resistance in seme speed ranges are coaitted in the present case for partiz-
ular reasons. The LLG locations are geaérz?}y not varied for the :  hodical
serias whose results are being ysed for this analysis., However, sc.  al of
the models of the different series have been tested with varying LCG loca-

tions and results suggest that the reported data (re-presented here in

gi




-

B ) — . : . =
= The waterline nalf-entrence-angle. I_ . enters the ecuationz as e,
é & form suggested by the greliminary graphical analysis. The symbols used ;i
] in the curve-fitted eyuations are denoted:
1 173 .3
2 =977 i3
% X=9v L\%i.
§: 3 L 3
i o (&
= U = /2
Z Y2ie
= H
,§ %5 - !ﬁ H
% Arfhx e
. $ 7}
All dimensicns used in forming thsse ceefficients should correspond }}
to waterline measurementis from the lines plan 2t the stillwater {¥ = 0} ‘
: raft and trim. By and §X are the moxlmum wateriine breadth and section £
) e 23
= area, raspectively, which, in genersal, do not occur directiy amidships. ==
& . &3
Least-squares curve~{itting was appiied, starting vi - a genera: ii

S

RO

Py

= -
k-
R-1667 I
3
H
Tabies iV and V) correspond to optimum or near-opiimum LCE conditions. H
An approximate method for correcting resistance predictions to other LLG .
}
positions is presented in Appendix B, based on results cf tests on Series |
62 hard-chine models (Reference 3} and Series 63 round-bilge forms (Ap- :
- - } -
pend A). Other parameters, such as deadrise angle and hard-chine or I -
Y
round-chine shape, which are i riant for planing speeds, are f=lt 1o be 3
e egs - . . "y -
of lesser significance for this lower spesd range. A complete presenta- {
i

tion of the relationships amongst hull form parameters for the 118 hull

forms will be given with a8 discussion of the range of applicability of

‘awm‘

the darived equaticn in the nextf section.

Pctuaily, v}Z%LH; was used in the analysis because the resulting

%WJ

#quaticons, especialiy with reduced numbers of terms, gave slightly more

-

‘svorable fits to the data. Inspection of NHordstrom's resistance cor-

ot

s

relations sugegests that Refd -~ censtanti{ig.!?§!3),very approximately.
| .

27-term equation, viz.,
RL/B = A+, Xitha THA A WHRG X Ztiy XIHAGKMER, TURA, o 2430y Cieh, oK HA T

i
- =& [N~y AF A - 52 . A s’we

ﬂg;bzﬁ&siaég‘iﬁxfiﬁé’:{&g*& 3?:%’:-?5‘2326 Frr . f AL ~Frgy &% Inggiw
+ipa T2 4 fo B + RogWX® + AggWZ™ + Aoq¥il; (5)
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b

i
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valuz of the per cent 4i

iy

a8s iudged by 3} the average of the sbsc
ference between the measured and calculated rezistance, and b} by the
squcre root o?ﬁigélzam of the squares of the differences. Figure 10

shows the variations of these parameters 35 a function of the number of
terms retained in the course of arriving at equations for Fﬁ? = i.5 .

Two calculating schemes were used: in the first, the least-squares
method was used to minimize the magnitude of the differences betwesn the
measured and calculated resistances, while in the second, the iethod was
used to minimize the percentage differences. in both cases the elimina-
tion of terms results in the same terms remaining in the reduced equations
but the ccefficients are slightiy different. For an = 1.5, the goodness
of fit is only slightly affected by reduction in number of terms un:ess

fewer than about 10 terms are used.

FINAL PREDICTION EQUATION (& = 1G0.000 LB)

A reducticn of number of terms retained for the equations is de-
sirable for two reasons: a) with more terms, the equa:‘ons may ""fit"
the data better yet give & poorer interpolziion formula for use in ad hoc
cases, since the dependence on the parameters will in genera’ be less
V'smooth” with more terms, and b} the equations adopted, while not rrivial,

may be calculaced without excessive difficulty with the help of s modern

i

electronic desk calculator (having mesory registers, preferably) in lieu
of 2 programmed computer — if only 2 few casss are required. The equa-

tions selectsd for the eleven Fﬁ?’s invalve i terms:

Ry/B = A+ AX+ BBt AN ApXZe A XUs Agiis AZU+ A W+ A M
2 = 2 » T A%
+ Aplr A TXH Ry W+ Ay HU° )

Velues for the coefficients are given in Table Vi for a Jisplacement of

109,000 Ibs. Some of the 14 terms are omitted in each instance znd in no

case are more ihan i3 lerms requifed. ThSsE cgustions ond coefficents
are bosed on zhe scheme of minirizing the parceniage difference botween

measured and caicelated resistances.
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te derive the equation. Attespts to estimate resistance of craft which
i

do not have such characteristics must considered speculative o a :

X
o

oot

5e
greater or lesser extent., This waraing, ich is given by all authors

it P W

who have developed empirical resistance-estimating equations, is perhaps
especially relevant for small-craft applications whecse designers often
adopt "'unorthodox! hull lines, either by choice or because of exigencies

of design.

i e A 106l e Y

_ Hull_Proportions_and Loading_

The range of characieristics of the models used in the development

ond

*nn‘wmmwu

ot the present resistence-estimating equations are exhibited in the com-

piete tabulations of hull geometric characteristics given in Tables lila-g.

eterzining wshether a given hull forz comes within the range

O s s s I
-l
(]
7]
"
"
~y
)
[ d
-
=]
[N
"

of paramsters represented by the models whi:h were used to derive £q.(E)},

plots of the various paraseters are given in Figures 11-15, .
:; kK 5 ’ 3
Relation Between i  and !?”3

Figure 11 shows the relationship between these two important paras-

i

E

%;

. . ' s < e sas . 3

eters for the series mcdels used. The boid enclosing line indicates the . i

- Fs

recommended limits of applicability of £g.{6). |n general, for slendzr -

c i . st £ . H

forms (Lgif%'_ 3 5 8) entrance angles should be low while for fuller ¥orms, F

=% X

=z = _z » . - - - - :§ X

entrance angles may be rather high o=ing to the inclusion of the Series 62 il

data. i

S 4

i iF %

Reiation Setween A_JA, and fs;-;"iz i

H - T X i i?ii h §

; H £ Fa . . 5 ‘f'i - - P . . . £ %

The pist of é.?.ffa,:{ ¥ersus {_ﬂ_ﬁ' given in Figure 12 shows that in {3
. 173, L, s =

the =idais ronge of ;*1;':; 1"’5, i.‘.:é.x cannot be teg low and for larger §

- LV S PU N s B s - . - —~ i

: Ly /% s, A, =ust be nezr 9.82. Aguin, Series 52 accounts For ex- 3%

= . L, 173 1%

s vzlues A = H for 1 : fo 7z

tre=== vaiues of “‘{ﬁ‘x , &5 well as i for lower range of Ligi., . i
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dependent on i{{§ position.

Apperdix B conteins a brief and appreximate analysis of the influ-
ence of variations in LIG position on resistance as 2 function of Fn ,

LVLI.V!IB'

models which hawe Tull bow waterline endings and hard chines together

v
and I . Eguations are derived based oa duta for Series 62°

with sure new dats for Scries 63 models {included in Appendix R viich

have somewhat firer bow waterline endings and round bilges. These equa~
Ziony arzs zesad on less data than Eq.(6) and, hence, are con-idered 1o be
ravner less reliable for predictiuns but car still be expetted O provice

useful desian guidan.c.

Feocuracy of Prediction Eguation

The total number of recistance data points in the '"nose planing'
range was 1285 for 118 models at }1 values of Fog {some model tests did
el extend to the highest speeds). The distribution of the error in
prediction of the fow speéd resistance is given i Figure I8, The dis-
tribution appears to e approximately normal. The differences between
measured end calculaiad resistance are less than 10% for 90% of the
cases.

Corrections for Other Displacements

Results are given by the Eq.{6) which applies to craft with 106,005
Ib displacemesnit in sea water at 59°F, based on Schoesherr's friction coef-
ficients with correlation al!~wance C.=0.0 . For other values of dis~

A
placement, water conditions, CA,‘or friction coefficients, the resulis

can be corrected uccording to the relation

S + [ {er + ¢ )¢ TS5 2 ¢y
Va/leorr 84100,006 L F A 00,0007 2 ¢2/3 v ?

where ) :
Ry

‘pgjccrr = correcied value of R./a - o
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S HE = value of i for A = 100,000-1b SW, from Eq.(6)

= Schoenherr friction cceflicient corresponding to

¢
Fi00,000

WEW  Gred e SRS

100,000

'0 L \‘
an\;ﬁ’?}ﬂbz‘z x =g

1.2817 x10™°

P
&)

B
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A o B0 e by o b . Sy

=

€ = friction coefficient for corrected displacement,
F ..
water conditions, etc.
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wegted surface

The indicated correction will be small (perhaps insignificant} for many

L L LY M

po wn»lwvlmt

L
b

- 3
casec, especially for low values of L/?‘f3 , where the residuary re-

sistance dominates the frictional component, which is common in the

hump-drag speed range. Tabulated information in Tables 1V and V gives

- guidance on the preporiion of residuary to frictional resistance for-

the models used. The correction may be significant for slender fomms

having Jow values of residuary resistance and relatively high wetted

"y

" surface. The wetted surfaces for the models used; having transom sterns,

y
L1

may be estimatad ‘rom the following equation which was derived from an

G AR AAR TR M ANEACH O Sh WANDA lh WRANGE

analysis of the stillwater values for the models of the series

- B, 2
2/3 _ il"!«. . e X 3 SN
S/V7 = 2,262 Si73 Lz r 0.046 e o,aazayk.r} J (10)

wmw”'w

AN ;
i

LEL

i
)

0t

f‘"‘"""f'f""”‘h
Grtpmwmenak

z

g

3

which predicts § within 9% for 95% of the cases used. §% £
. 05

An alternative formula for estimating wetied surface presented by %
Marwecod and Si!verieafzo is . 3
&

>

: \2 B B B
5!92/3=£_’,~L%-; (T P x g e Pty (133 i &

e " A S 03

Z

which exhibits a deperdence on biock coefficient.
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PLALIING T

For the speed range where
the fiow hes separated frow thz

iength is less than Ly so that

rional methods are availabie for prediction ¢f hull

1.2.2
and rough water. ' I Al though

‘SISTANCE

A-1667

EQUATIONS

the craft is truly planing, i.e., when

chines and transom and the wetted hull

there is emergence of the bow, computa-
2

performance in smooth

these predictive techniques are concerned

with prismatic hull forms {constsnt beam, constant deadrise, buttocks

parailel to the hulil),

forms by proper selection of an

they have been success

This work

fully applied to actual hull

Bzffpctive’ cons.ant deadrise and Deam.
r predicting the smooth-water equilibrium

kas been programmed for high-

3
speed computers and is gemerslly available to the smali boat naval
2

srchitect. Hadler

and the direct and induced flow

computer program for this extended configuration

vailable to the small bost naval architez:.

suits of 5 systematic

extends this work to include £

he effects of appendages
effects of propellers. Unfortunately, a
is not yet gencrally e-

Fr?dsmaz; presents the re-

study of the effects of deadrise, trim, loading,

length-beam ratie, speed, and sea state on the performance of a series of

prismatic planing hulls operating in irregular weves,

-

The results of

those pajametric studies are cummocrized in Jesign charts which enabie pre-

4i
ti

ions of pianing

cticns to be iwisde of the motions, added resistance and impact accelera-

hults n a seaway,

These planing hul! computational proceedinas are not reproduced in

this repert sincz they

in other publications

The application of

are readily availatle to the small boat designer

these technigues to the hydro-

dynamic deveiopment of a planing hull designed for rough-wster operation

-

s demonstrated by Savitsky,

When these planing prediction technigues are combined with non-

planing resistance egusticns of

‘Roper,

. 22
and Senzo.

et}

the presant study, the small boat desiguer

Las avaiiable a procedure for predicting piening hull resistsncs for 3
p g Ay

ed range. The app

lication of this combine

=

d procedure o ssries

E
=
:
=

il 00§ R, Y% I %y




. i D o v brarn " e g > "
f | RREET SRR 3 ) ¥ by

AP YAR Ao o E )

.q____:._;__gr. m ”_: Ao o o o | " TSI !
rnp b pywimpig | L] AN A i o Ta—— I i i I Y Ay U oo " -
. pivirt SR o R vt B ouer et BT ORI IDID CID ETDOinh o ommmm e e
3 ﬂ,,
i
b .
.:,
.W i
_ i
!
]
_ b
| !
‘w ﬁ_,
" |
; '
\ ]
y i
f :
' 1l
1 7 3
! Y
-l
|
h, !
_w |
] H
b
) i
!
! ™~
\ 0
i O
-
. &
o L,

Vi
[
24
4
o
(%}
Q
W
St
[~
Q
=
o
LY
v
£
=
w
o
o«
e
[~
0
]
At
n
|
At
v
m
Q
3
v
n
P
-
=
£
Pl
e
o
o
-t
£
b
LY
o
c
©
[1a]
s
o
b ]
£

of this report.

oSt

.; i

isiEgéﬁggiigﬁegﬁé=§,§$ﬁ~*Er&,_.,._%&ﬁ;ﬁ%ﬁxﬁ?gwn?&sé@?i:i% o




R-16h7

APPLICATION
RESULTS FOR SERIES MODELS

Comparisons of the calcuiated resistances with the measured values
for the HPL series at three values of Fn? s Viz., 1.1, 1.5 and 1.3, io
Figures 19s,b and ¢, respectively, illustrate the dependence of resistc ice
or: the geometric charascteristics varied in the series as well as showip,
the extent to which the results agree. The 'carpet” plot is used sc that
curves of iso--?_m_/?”3 against U = JE?; can be shown as well as the iso-U
curves against‘L“Lfv}13, which are similar to the cerrzlations originally
presented by Nordstrom' for small craft, While the correlation between
measured and calculated resistance is generally satisfactory, the undula-
tions exhibited in the original mocdel data are not reflected in the
caiculated results. However, the depzndence of resistance on U {(which

V3

depends, for the NPL secries, on L/B) as well as L%le is apparent.

desistance results for two Series £2 models at the nomiral standard
LCG condition are compared i Figures 20a snd b with calculaticns accord-
ing to the non-planing cquation. Alsoc shown are results according to
the pianing equatien,g which is applicable over the high-speed range of
operation. 1t is gratifying to note the relatively good continuity of
the two calculation methods for conditions where they overiap, or nearly

overlap, in speed range around Fr"
¥

= 2.0 {see especiaily Figure 20a).

The effect of variztion in LLG position on the resistance of the
shortest, heaviest model of Series 52 are given in Figure 21. <{alculated
results from the resistance-estimatiag equation, corrected according to
tie recommended approximste method (Appendix 8), are shown as well as re-

sults from the planing equation.

RESULTS FOR ARBITRARY CRAFY

Predictisns of the resistances for several craft which were not

used in developing the resistance-astimating £q.(6) are compared with test

5
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results in Figures 22a to f. Fredictions according to Eg.(R) have been

corrected to correspond to the conditions for which these ad hoc test

results were expanded, Hull form characteristics and displacement of

these craft are given in the fellowing Table ViI.,

2
=
=
=
=
=
=
=
=
=
£
=
z
=
=
:

TABLE Vii =
£
AD HOC HULL FORMS FOR WHICH COMPARISOHS HAVE BEER MADE #
BETWEEN MEASUREMENTS AND CALCULATIONS OF RESISTANCE
T
i i 1/3 i 173 - = =
Designation LHL‘IV Ca fo AT/AX 4.1b S/v Figure %
Mordstrom,30-1117' 585  0.972 13.93 0.516 47,460  6.45  22a L
Nordstrom.bi-f""'  7.33  o.g1  7.36 0.33 60,300 6.00  22b i
oL-1888"2 5.16 0.228 26.8¢ 0.612 lo,00c 6,87  22¢ 43
pTHs 4315™3 5.50 0.291 18.50 0.65 0,000 7.4  #2d B 2
Series SOh’l* 7.10 0.208 17.70 0.47 100,000 - 22e - z
series s0M% 6.3  0.171 21.40 ©.47 100,000 - 22e i3
pL-A" 6.63 0.436 17.30 0.60 380,800 7.46  22f _ £
Footrotes: r  round bilge = %
b hard-chine nog
1 From Ref. 7 i
2 From SKAME Small Craft Data Sheet Mo. b .
3 From SNAME Small Craft Data Sheet No. 10 3] i
4 From DL Files and Ref. 23 . 5
2
The degree of agreement between the measurements and calculated
resistances is similar to what might be expected on the basiz of the re- 2?; »
sults for the series models used to derive the equations. Calculaticns - 3
according to Egqs.(6) for Model 4315 exhibit very large discrepancies; ?'t ?2
however, the LCG for this model is significantly aft of the nominal e ¥
"normal’ value. A correction for this effect based on the analysis for

the influence of LCG described by Appendix B8, assuming standard
. %ﬁ = 0.045 aft of $ compared to 0.105 aft of § for Kodel 4315 yields
pp :

22
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improved correlation.
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The effects of variations in ship size on predicted (extrapolateu)
RTZA, associated with skin-friction coefficient variations, are exhibited
in Figures 23-3 to ¢, for the KPL Series Parent Model 100-A as well as o
short, full Series 62 Model and a very long and slender Series 64 Model.
it is seen that firer ships, having relatively large wetted surface and

tow residuary resistance, show substantial effects of varistions of ship

i
displacement. The percentage change in Rrﬂﬁ for increase in displacement
by & factor of 10 at F__ = {.§ iIs: -5% before NPL Mcdei 10G-A (i.m./vwj =
iy
6.585), -1.5% for Series 62 Hodel LE62-111 (Lwtlv 173 _ 3.60), and ~-12% for
Series 64 model 4813 (Lgilv = 12.40}. The influence of correlation

173 _
allewance, C,, on predicted RTAE is evidently rather mcre impertant than

ry

0 Ao L DR -

variations in displacement, amounting tS zbout 10% increase for Cy = G¢#x10-3

{a commonly used value} for NPL modei 1G0-A, but this correction can be made

A A0

quite <imply {see Eq.3) when a value for is selected.
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INFLUENCE OF FORM PARAMETERS ON RESISTANCE
Equations (&) can be used to investigate the effects on resistance
z . . 1/3 .
of variations of the hull form parameters LHLIV 5 95 s dg and AT/Ax .

B first approximation of the effects of variations could be obtained from

the linear term of a Tavior's expansion, i.e.,

-} RTAQ
N = -
8 Rp/p = 5o 6y (13)
eR./Aa
where y is 2 huil furm parameter and 3 can be derived for any

parsmeter vy(= LSL/§¥/3

. for instance} from Eq.{6) as relatively simple
algebraic equations {one for each Froude number). The usefulness of this
approach is limited, however, especiaily because of significant non~
linearities in most of the equations, and it is recommended that the com-
plete Eqs.(6) be used for the study of probable effects of modidications
of design parameters. A design oprimization procedure could, of course,
be developed based on these equations but it is not clear whether this
would be generally useful, especislly since the pre-planing drag may be
only one element of the overall performanéé capability of a craft., The

development of such an optimization procedure is not pursusd here.

The resistance-estimating equations have been exercised to evalueste
the influence of variations of form parameters for a particular parent
craft, corresponding to the parent form of the NPL series having charac-

teristics given in Table VI, -
TABLE Vliil
CHARACTERISTICS OF NPL MOGDEL 100A

{Parent Form For Example Calculation of Influence
of Variations in Hull Form Paramsters on £T£é)

. 173 PR
k4 = H 5ol
iiﬁ_; e 55;
€y =  0.855
Ee = i3 degrees

§.52
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Results are presented in Figures 24a to d showing the effects of varia- :
tions over a wide range of the several parameters. The limits of applic-
ability of the predictions, obtained by usinag the charactaristics of NPL
Mode! 10CA given in Table Vill in conjunction with Figures i1-16, sre .
7 shown in Figures 23a to d. 4
The foliowing comments apply to the pre-planing speed range where -
an lies between 1.0 and 2.0. . ;
1} An increase of L:’v}'IB results in 2 significant reduction in = '
"~ smooth water resistance. This effect is similar te chat -
shown by Hordstrc{n-,. - ‘
2) CA has little influence on resistance for these huli form : ,
chzracteristics. The dependence of R},/A on C:B as ] - :
approximated by Eqs.(2)} is iinear (but dependent on Li‘?‘IB s f
;e and AT/%(% is never very great and may show either an -
increase or decrease of RT&‘; for increase of gé » depend- §
ing on values of the other form parameters.
3) Increasing %e results in an appreciable increase of resist- :
ance. For example, at Fm? = 1.5 a four degree increase in ie _
to 15 deg (which is not by any means s large waterline entrance i
angle) produces an B percent increase in RT;A . This calcu- -
lated increase in resistance is corroborated by the data for 9
this series shown in Figure IS-b. Since nc data are available :
for forms with still iower i_, for this value of A /A, , the n
equation ought not to be applied for i_ < 11 degrees. tr 8 7
4} The use of Eq.(5) appears to indicate that the ratio of transom a
i area to maximes section Zrea is such as to produce & maximum b
resistance for the values of other huil form parameters selected. =
However, the range of applicability of tha equation, Fimited by §; :i
the fine waterline extrance {see Fig. 14) is not wide and the - f
extreme variations of ?:.!/A obtained from the eguation for ss :‘;
values of ir/Ax outside of the range O.41 to 0.52 must not be - jj
considered significant. 1t must be pointed ouvt that the depend- i i
ence of erﬁ on QTMX depends on Fa? as wall 2¢ on the sther )

26
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hull form parameters and more conclusive generalizations
are not presently possible. Consequently, it is suggested
that the dependence of R‘.la on ;iL’!ﬁ.X be investigated for

each hull form evaluation to be carried out.
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CONCLUSIONS

i. Based on the s5ooth water resistance data of seven transom-stern
kull series, which included 118 separate’huﬁ forms; a statisticaily-
based corraiaticon equation is deveiopad for predicting the resistance
af these hull forms in the non-planing range

1 V4

-

Z. The uvguation is 2 function of slendernasss ratic LWL/7

ioading { = ?fﬁ,‘,s}; waterline

ar=a to ::éxzm section arca (AT/&,}; and
A

3): beam
entrance angle (Se ; ratio of transom
volum: Froude number (F

g.{fg\,lﬁ}_

“hs equations are appiicable within the following fé’igc of

commbinations of hull and Froude number,
fa} 1.0<F _<2.8
133

{8} Hull form parameters and proportions delimited by the
range of values for the 1i8 hull forms whose data were
used 1o derive the equation, as illustrated in Figures

Hi-16.

fc) =< ?_Cag’i_,? < 7% aft of midship. Some asdditionail guidance
Fd

is given for wider variations in LLE position.

3. wWithin the sbove constraints, the influence of form and loading

perameters is as follows:

.
{a) 7‘-;;_"7‘;} iz the most important form parameter; resulting

in significant redections in smooth water resistancs
13 .
as v increased.
L /9
(b} ié khas little influence on resistance and may show either
an increase or decreasz of RTJ& for increase of £

sfé.,

epending on vajues of other form parameters.

£

{c} As i is decreased, R.?fé is decreased.
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R-1667 ;

(d} An iIncrease of Ar/%x may produce either an incrzass :
or & reduction in a.i./a. depending upon F __ and other
hull form paremeters. The form of the equations suggests i
that an extresdn. in mosSt cases 3 maxisum, of R',fa axists s

for a certain value of "'T"’AX . The infiuence mcy be important !

and should be investigated for each case. .

{e} With the range of EES-,/L?? between. 8,2 and 0.7 aft of migshig, i
the resistance is nearly constant, with the exception of soo=
cases of short, ful! forms. 5

k. For F__ > 2.0, published planinu eguations eppear adeguste to

: av
provide resistsnce estimates for planing hulis wherein the flow separates
- from the transom and chines and there is emergence of the bow.
5. Formulations arz given for the pianing conditions which jead to
i 9 P S
' coaplere flow separation from the chines and transom,
Nr. Tom McKay and the staff of the Cosputing Section assisted
. grez ly with data processing procedures and programaing for developing
the cu ve-fitting equstions. Mr. Tom Doll carried out the tests of the
i Series 63 models recorted in Appendix A.
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TABLE la

SERIES: NPL (Round 8ilge)
AUTHORS: Marwood and Bailey {Ref.l)

GEOMETRIT PARTICULARS OF MODELS

bt , . P L S :

my N by /By BT AOB T T :
4.5,5.9 0.13L 11 0.397 0.693 0.753 3.33 1.6 0.52 ©.815 0.513 0,06k :
5.5,6,0 to 12.5 4.85  to aft of E
6.5,2.0 1.468 16.1 5.41 9.8 51
7.5,8.0 and and :
and 8.5 20.5 6.25

Model Characteristics

19 wood models, zll with L\JL = 8,33 ft. Turbulence stimuiation with ztuds
1/8% diam x 1/10" heiqnt, spaced ¥ apart, Speed Rarge, AL = 1,0 to 4.0

Test Facility

gt L B s e

No.3 Tank, National Physical Laboratory, Feltham, England; 1J80-ft long x

,g L8-ft wide x 25-°t deep.
H

4

Bodz Pians: Figure 3

=

&ma rks

pyiniy i

This series deals solely with vessels intended to operate betwezn Fo = G.3-
. \ —_— . L
1.19 (VAL = i.0-L.0). These vessels, therefore, do not operate in the pure

planing region although they may overlap into it at the higher end of the speed

range. The foim has therefore been designed as a round-biilge huli. The charac-

e A T
e

li&%Wl_ff“m“m{a’l'.mmmw’»m RN RS P, M £ oty S oA 5 A 009yl 8,304 001

i terictics of such a hull are: -
b= . . .. B
<5 (a) fine straight iines forwerd §
23 =
3 g {b) transom sterp . %
{c} the afterbody incorporates & rounded bilge section %
i {d) the buttock lines in the sfterbody are ¢sns:2 | straight with %
E: a small steady rise aft =
i; g Presentation o= -
~ Res:sta 2, 1b/lb displacement, for models (corrected to standard water 3
£ o . - 173 .

4 g temperature of 15 ¢} ore plotted as functions of L/S, L/V 3 and Froude nunber.
i ] . - ) ) 7 © {(Cont'd)
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Cross-faired results were taken from curves for use in 2nalysis. Curves of

wetted surface underway, running trim and rise of CG are also given. Actuai z
model data have peun tabulated in a separate technical memorandum. !
Friction Correction §

1947 ATTC {Schoenherr), using wetted surface information from curves as .
fraction of Froude number, ¢, = 0.0. i

A

Related Work

e

1. Study of rol® stability zt certain speeds for some narrow-beamed

) models (Ref.3). . fié
.
2. Study of effects of transom flaps on resistance for two models ’:

{Ref.6).
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TABLE 1b

SERIES:
BUTHORS: F.u-dstrom {Ref.7}

Nordstrom {Round Bilge}

GEOMETRIC PARTICULARS OF MCDELS

L . T T T LCG
——— ¢ i < c c Lw /ax Bx-—’c — - — bl
‘_73!3 A e 8 P wp L Ax B,;,\ Ty Lpp
5.65 0.518 5.1 ©0.373 0.57 0.735 4.83 3.57 © 0 ) Y] 0.0179
o bl o o 0.350 6.589 to to  3.34 0.6 0,66 0.10 0.0249%
7.72 0.877 22.5 and and 0.761 6.94 and and and and 0.0288
0.4%10 0.593 .16 0.13 .72 U. 15 sft of

31

Mode! Characteristics

3 wood models, with lengths from 2m to 2.5m; no turbulence stimulation.
Speed Range, an =0.5 to 2.1 .
Test Facility

Reyal Institute of Technology. Stockholm; 60w long x 3m wide x 1.35m deep.
Body Pians: Figure &
Remarks

Three sodels with differing L!V}/3, each tested at three different displace~
ments with leve! trim {at V=0).

Presantation

petroot (Ref.8) has presented residuary resistance coefficients, €
function of VAL .

, 25

]

Friction Correctiop

Griginal publication (Ref.7) gave resistance for full size displacement
extrapolated by Froude coefficients,

acsording to 1947 ATIC with 59 = §,0.

Results given by DeGroot are re~analyzed
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" TABLE ¢

SERIES: Des - Round Biige}
AUTHOR: D "3 ¢ (Ref.8)

GEOMETRIC PART!CULARS OF MODELS

L& A B T ——
iL . . T T T LCG
—— c i r ¢ c /B B./T — —_— — ~

i o : ‘
g /3 il e B s wp l\L % Ax BX TX Lpp

5.23 0.559 13,5 0.4821 0.650 0.787 L,s5 3.57 0.17
to to to 92.437 0.561 to te 3.3 0 23 0©.78 ¢c.24  0.0215¢
7.75 1.036 22.% and and  0.796 7.39 and and and and 0.0264
0.457 0.677 3.3% 0.3¢ 0.79 0.23 aft of

b1

0.75 0.i18 0.0i6

Model Characterisvi.:s

b wood models, with lengths arsund & feet. No turbulence stimulation,
Speed Range, VA/L = 6.6 to 3.8 iFﬁv = 0.18 to 1.1},

Test Facility

Delft institute of Technology, Zelft; 318-ft long x 13.8-Fft wide x 8.27~ft
deep (iength has been extended to 466-ft since %ests}. Scme high-speed data
from NSMB, Wageningen; 830-ft Jong x 3%.5-ft wide x 18~ft deep.

Body Plens: Figure &

Rema2- ks

_ . ‘sz . 173 . . .
Four models with differing L/¥ 73 each tested st thioee different dispiace-
ments «#ith level trim (at ¥Y=0}. Some tasts st the lightest cispiacement with

trim by the bow {these results were not used JSur tie present anazlysis).

Presentarion

Farqanl

Residuary resistante coefficzients, Ly s 35 furetion of V/AJL .

Friction Correction

1957 ATTC (Schoerkerr) with g, = 3.8,
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SERIES:
AUTHORS :
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TABLE 1

SSPA  {(Round Bilge)
Lindgren ond Williams (Ref.g)

GEOMETRIC PARTICULARS OF MODELS

L, A B8 T —
L . - T T T LCG
— c i C c C. 4 /8, BJ/T +—  — -—
?513 4 e B P wp Lh_ X X AX 8)( T Lpp
6 C.£16 B.2& o0.4c 9.68 .73 L4.623 3 0.42 0.77 0.h1 0.0415
7 and to to - to 3.5 aft of
8 0.821 144 8.213 &4 i1
Model Characteristics
9 paraffin wax models, with lengths in the range 3.3 to b.4m. Turbulence

stimulation by lmm diam tripwsire 1/40 of length from F.P.

3peed Range, VA/L =

1.9 ta 4.3 (Fﬂv = 0.3 toc 1.3} .
Test Facility

Swedish State Shipbuilding Experimental Station. Goteborg; 240m long x

10m wide x Sm deep.

Body Plans:

Remarks

Figure §

ithe parent form is bassed on a series of fast torpedo boats built for the

Swedish Navy.

83{3}
{b}
{c}
{d)
(e}

Presantation

Straight V-Tormed transverse sections in forebady.

Round biiges aiong the whole hull with reduced bilge radius going aft.

Docking keei from Sta.i6 aft following the baseiine BL .

Relatively wide and deep transom stern,

Deadrise angle in transom stern is small but is succassively in-
creased going forward, "

- Residuary resistance coefficient, Cg , as function of Fni .

Friction Correction

{p derived from mode! tests with i857 ITTC was used, with 1947 ATTC
(Schoenherr} used for full size {100,000-1b &.splacement) with €A = 0.0.

{Ccn:'d]
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Table 1d{Cont’d)

it

Related Work

Additional tests in waves reported in Ref.(9). Also, some results

HPMHWTN

of resistance with spray strips and with change of LCG position are re-

portaed in Ref.(9) for high speeds only.
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TABLE ie

SERIES: Series 64 (Round Bilge)

3 gl e e

AUTHOR: Yeh (Reference 10)

GEOMETRIC PARTICULARS OF MODELS
P B L, Ao B T =
WL . T T 1 LCG
Ch i ¢ c ¢ /8. BT — — _ ==
g 173 A e B P wp i/ By A B T, Lop
: 8.0  0.7L0 3.7 0.35 0.63 0.76! 8.454 2.3 0.405 0.86 0.54 G.0656
F E- to to to 0.45 to and 0.37 afr of
K 12.5  4.877 7.8 and 18,265 4 and
L x=
Lo 0.55 0.29 1L

Model Characteristics

27 wood models, all with L%L = 10 feet; no turbulence stimulation,

Speed Range, VAL = 0.2 to 5.0 (an = 0.06 to 1.49)
A2
Test Facility

NSRDC deep-water basin, Washington, D.C.; 889-ft long x 51-ft wide x
22-tt deep.

MU i s mn s M e B

Body Plans: Figure?7

Remarks i
—_—t i

Quite slender huil forms developed based on informaticn available at NSROL

for moderately high-speed displacement-type surface ships.

i

b e

Presentation

Tabulations and curves of residuary resistance in ib/ton displiacement as
function of VAL and 8/{0.011)°. Curves of change of bow and stern level

R B A, A 0 RN SN I, 1A RN D S NS | RSP MBS 1 Mo ol ML g 1 #0118

versus VAA .

1547 ATTC (Scheenhers) with ¢ = 0.0,
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JABLE 1-f

SERIES: Series 63 (Round Bilge)
AUTHOR: Beys (Ref. 11)

GEOHZTRIC PARTICULARS OF MODEL

L A 8 T —
WL . . T T i LCG
——me c i g c ¢ /8, B/T +— =— =

373 A e B p wp  La/By By A, B T Ly
4.5 0.061 16,9 0.383 0.577 0.755 2.524 2.891 0.03 0.26 0.065 0.058
to to  to to to to to to to to to aft to
6.4 1.204 28.6 0.536 0.774 0.815 5.750 9.503 0.74 ©.91 0.770 0.003
fwd of

i1

Hodel Characteristics

5 wood models, all with Lpp = 3 ft. Turbulence stimulation by 0.0L-in diam

wire strut with depth equal to model draft towed 5-in shead of F.P. Speed Range,
(F,y = 0.05 to 2.75).

Test Facility

Ko.1 Tank, Davidson tLaboratory, Stevens Institute of Techaology; 100-ft
long x 9-ft wide x %,5-ft deep (semi-circular cross section); some tests have
been carried out in the lengthensd (130-ft long) tank.

Body Plans: Figure 8
Remarks

Five models of round bottom utility boats each tested at severai displace-
ments with level trim (3t V=0)}. Additional tests with varying LCG positior
are reported in the Appendix of the present report.

Presentation

Complete tabulations of model data, including resistance, wetted surfsce,

underway, running trim and rise of CG. Diagrams of various results.

Friction Correction

i947 ATTC (Schoenherr), using measured wetted surface information, with

¢, = 0.0.
A

Related Work

Tests with varied LCG reported in Appendix of this report.
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TABLE 1g

SERIES: Series 62 (Hard Chine)
AUTHGRS: Clement and Blount (Ref.3)
GEOMETRIC PARTICULARS OF MODELS

L, A B T —
L . T T T LCG
—35— C i c c C /8, B /T 7+ =
) -
v /3 A e B P wp LVL X ¥ Ax BX TX Lpp
3.07 0.09¢ 32.2 0.u4 0.80 0.795 1.e7 3.25 0.755 0.69 =1.0 0.G52
to to to to to to to to to to 6.058 ¢
8.53 0.869 65.6 0.505 0.81 0.825 5.72 B.00 0.985 0.87 0.065
aft of
#odel Characteristics Jﬁi

5 wood models, with Lpp of 3.912 ft for L/B=", 5.987 ft for L/B=3.06 and
8 ft for others. Turbulence stimulation by 0.035-in diam tripwire for some tests

with shortest model oniy, Speed Range, (qu = 0.2 tc 6.0).

Test Facility

NSROC nigh-speed tank, Washington, D.C.; 2968-ft long x20-ft deepx 16-ft deep.

Body Plers: Figurz 2

Remarks

Five models of hard chine pianing boats each tested at several displacements
and several LCG positions. Hull characteristics are:

¥ (a) The deadrise angle at the transom should be fairly high
(123-deg was selected}.

{(b) The after portion of the huli bottom should have a constant
deadrise angle so that the high-speed pianinc area would be
Jntwisted.

{c) The stern should be narrow, with the transom width equal to
asbout 65 percent of the maximum chine width,

(d) The bow sections should be convex.'

Presentation
Complete tabulations of model data, including resistance, wetted surface,

underway, runn'ng trim and rise of (G, Diagrams of various results,

Friction Lorrection

1347 ATTC (Schoenherr} using measured wetted surface information, with
g, = 0.0.
Related ¥ork

Results of some porpoising stability observations included in Ref.(3).
1
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TASLZ Y. TOTAL RESISTARCT AL FOR ALL MODELS USED iN DERIVINS RESISTANIE- ‘
= - = 5 ) 5 - 2§ Te% o = 1
{a-<? ESTIFATING ECUATIOH, TABULATED WUMBERS ARE 150 Ry7a{in/ib} FOR 00,200
15 CRAFT 14 59°F SEA MATER. 19547 ATTC (SCHOENHERR) FRICTION COEFFICIENTS ]
¥IiTH ";‘ = 0.6, USED FGR SHIP ?.R"é FADN TABLES V. )
‘ng E

&
"
o=
-t
.
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o
.
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H
[ ]

a3} HPL
$PLL  S-0Z .24 i0-55 11429 11042 i1-32 1134 11.55 13.51 1282 14.22
SPLE 460 755 8- 2-65 1808 iS-24 10448 1095 11-11 11-46 11-85
HPIS 393 5.B0 7-57 820 B.55 903 3-25 5.63 9.89 12-80 11.0 i
SPLD  Ze7C 526 S31 7-36 783 E-37 8-77 907 $-51 10-11 I0.59 )
SPLE  3-7C 2456 5+B3 859 To58 8-10 876 9416 H63 18-14 155 3
HFLT 545 S<0% 10:19 12-35 10«61 18.62 12-75 10.79 11-22 11.8i 11.98
SPIG 3o 622 842 $:15 F-63 3+86 10-08 1215 10.42 10-76 1572
BPLE  3-39 5.1 630 7:94 B5-53 B85 .15 5.33 9.65 §.77 5-22 5
EFLI e85 2442 5¢T5 6445 725 oI T-E3 B.32 8.5 G55 532 !
¥PLI 254 3037 4425 5-55 525 £+85 7-14 755 7.57 835 387
EPLL 2232 3065 2435 $°B2 54853 615 675 7-15 7.57 897 E.53 -
FPLL 400 529 787 8467 D18 G.65 101 1S-21 30.37 1051 12.58 ]
SEIX 333 5-11 535 7e87 B8+37 8.7¢4 G+31 D.38 G55 5-92 i2-15 i
SPIE 2087 265 S-88 5-62 7+27 7-51 7-85 B8.24 E£.58 537 $23 ]
EFIS 2.5 348 4+50 522 605 5043 5-T3 742 7471 1€ 8e47 3
FFLP 2245 o1l BT 440 513 S.75 6-24 666 7-13 7-55 7eBs i
SPI0 284 4e81 681 T35 7483 B-05 3.4L 8.35 .25 9.3 973 T
KFLE  Z-5% 4-90 S5+52 542 688 T-33 7-T5 5.5 BesS B?5 I13 -
EPLS 2033 JoT2 4455 523 SeEC £.35 £e81 To2 7-51 802 5«35 .
EPIS 2022 2-B7 JBD 448 44535 5-F0 501 6.23 690 7-34 7-61 3
EPLE 2.5 2.£5 3e37 £+02 £451 5.2 5453 638 &.55 658 T
EPLT  2e07 2-51 315 3T 2-35 485 543 S €31 575 723 32
EDLY  1-00 2440 3-CD 3427 £420 4<BT 5e35 HeES 852 5FF 7237 N
in) ZoensTEs -
I3 1:43 2elD ZTE 23 41T SeIT 535 635 6T 715 T5D :
432 1eE5 235 3-30 435 310 575 630 575 T-IS 7-80 808 .
£33 1B 2075 TT 4485 &4 £eOC 5250 S.85 T.35 7-5% 7% :
- €51 1.3 295 .28 510 582 £55 -85 752 7.35 8- &-55 g
- £ E32  ZeIf 3e20 LeI0 5SS SegT TOD  7+2S TES .13 535 B3
e Z 503 Ze4D BeE0 SeZT Se15 SBD TeES T80 2415 Fe£S 850 850
A §13 TES 3.0 55T £S5 T2 535 670 Be95 5e18 S-20 535
€22 LS 463 &40 48 51T S50 LD 520 8.3 525 X
- SI3  3.30 S-38 S8 ToSL 838 B.35 G255 Be3l 9-43 G- S .
= - Ei
{c} DmEeT i
31 1-33 2.6C 3-50 4445 4455 S50 535 530 S-82 F-25 775
22 Ze00 2078 TEC §e5D 4B BeZ5 578 63 6485 740 7-50 :
53 2018 3e0D ZTS 4050 50T S50 535 538 TeIT 7.7
E 3 51 2055 33 442 52 5T 643 695 73T .55 580 340
E s SZ 240 e85 518 525 &60 IT ToES 5405 B8.55 980 545
E 53 ZEL 4013 355 &3 5-85 755 B-L5 5.30 8.8
E ¢ €1 D5 $25 575 560 FTIS TS BeI5 5.5 B35 8.87 S.sd
oo £ D50 45 605 £E5 T-50 BeIS E:42T 855 8478 S0
E £ 304 5.20 £-55 7-35 8-3T 84S 8.75 885 S.&3
E > - S 630 PEE Be4D 8485 S.33 S-30 3
= TeES 885 S22 9.5 o 3275
- S35 Fe£D 12.12 18-85 13-42
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% TABLE 1V: [continued] :
% deg :
;! :
¥ Fav
%§ MODEL 1.0 i.1 1.2 b3 L4 15 1.6 1.7 1.8 1.9 2.0
- %g (d) ssea
: 1215 3425 4040 5435 621 6497 763 B-12 853 8490 Q.11 9432
£ 1212 3230 4:4C 5445 632 &-9C 7-53 B8e05 8.50 8.83 9.2 9+53
t & 12093 3428 4+4C 5445 6-39 715 773 8.20 3.66 9.0C 9.32 971
8 2164 2e3C Be13 3060 4060 5017 5468 6-11 6452 6490 74256 7463
7 12134 2.30 3.16 3+90 4053 5013 5468 6015 6958 7.00 7e40 7482
t g I2ICA 2415 3e10 5491 4463 5:24 5480 5429 6+75 715 7463 800
& 12174 1470 2:40 342 3¢60 4¢10 4056 §e00 5448 5.76 5e13 6-50
12144 2-77 2443 3408 3.60 4409 455 500 540 5-81 622 2462 :

ig 12114 1064 2:36 3.02 3¢60 4c11 4460 504 5.49 5.92 6+38 482

; {e) SERIES 64

& ©4784 1470 2423 2080 3040 3°87 4420 4055 4.9C 5020 555 595 ;

. 4788  1:60 2-00 Z:30 3.03 3e50 3485 4425 4.6 4.90 5.2 5450

% 4789 1040 1275 2005 2240 2075 2410 350 385 4030 4-€5 5.08

iE 4790 1e70 2+20 2465 315 5485 4410 4460 5.00 5.45 5-90 6425

4751  1:45 18D 2:30 280 3:25 3¢50 4407 4¢43 4.80 5el7 5455

i 4792 1540 1+85 1495 2:25 2465 3405 350 3e85 420 4460 4495

e 4793 180 2420 2.80 3445 4:05 4445 4495 50U §:65 €03 6-38

: 4794 1965 2000 2040 2.90 3460 400 435 490 530 570 €410

E e 4795  1:35 1:80 1.90 2025 2¢60 2095 335 3e7C 4-10 4045 4480

ig 4795 3445 1.90 240 2.U0 3¢35 3475 4+156 450 4077 518 5.40

‘ 2997 1445 1480 2:20 260 307 3445 3:85 4415 4rwo 4-80 5410
4798 1420 1:40 1.7 2490 2435 2.7 305 3-3C 3I+60 3.95 4436 _
479G 1480 2070 2.65 3.10 3455 3.95 4.35 4470 5.10 5445 575 r
$800 1435 1565 2.00 2042 2-85 3435 370 4000 430 4.60 4495 ;

4801 1410 135 1¢85 1490 225 2055 2.90 3425 3565 4+0C 4%

4802  1+50 1+G0 2635 3.00 3050 3495 4235 4.75 505 535 5470

4803 1035 1.70 2:05 2440 2485 325 3e70 4010 £.50 4.9C 5-20

4804 1430 1450 1.75 2405 235 2:70 3005 040 3.75 4010 4440

4805 1¢50 1090 2430 2¢80 3I+30 3¢8C 4020 4:60 2+95 5030 5060

4806 138 1.7 200 2:35 2+75 3e20 3.65 4205 445 4+85 515

28CT7 1048 1+78 205 2035 280 310 350 -85 4.2T 4-5C 500
4858  1+5% 1.80 2:2& 2+TC 3415 3465 4+05 445 4+BC BeZl 565
4809  1s50 175 2000 2630 2070 3420 3IeTC 405 440 4480 515
4310 1438 1480 1480 2480 2430 2470 3022 Be75 437 470 5.20
481%  1-8C 1.85 2430 270 Je20 3465 4415 47T 5410 555 6.00
4812 3180 1480 2¢1IT 280 280 3« J8F 43T 470 515 5.50
4813  1¢35 190 185 2015 2445 2:85 3430 M5 4420 4+8C 4435
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b TABLE §V: ([Centinued] E E
| F-g -
Foe o
“OEL 1.0 3.1 3.2 1.3 L 1.5 1.8 1.7 1.8 1.3 2.0 I
{f) SERIES &3 =
' 47811  Be4C 4e30 5e3u 6+20 685 7:4C 7e75 Be05 8430 855 B8.6E
, 47812 3+85 530 6285 600 8455 G590 9¢15 935 9¢55 9+80 500 - :;x,
47813 407 ©.90 Be50 @edd S.95 10437 10455 10+75 11400 11.25 11.6% ir 3
47201 3010 4400 5¢15 3518 £435 7040 7490 3L 465 IGO0 G448 I
! 47302 4020 5+80 To10 8425 8250 B8.85 9425 ¥.50 290 10425 10.80 i
] 47853 4460 6495 8047 G40 950 1222 10550 10475 11405 11448 11.85 ¥ -
47804 3020 Be1D 10615 10480 15536 1165 11295 1235 12450 1288 13+30 i 3
47771 3065 470 538 575 Te50 BeiC 8065 9415 Se45 ©e8C 10.20 3
ATrT2 4400 Ge8C 7425 D430 870 415 2455 995 10420 1055 1G«SC Yoz
47773 4480 68C 870 970 10-15 105U 10475 10495 11415 11440 23170 ki
47778 5¢30 8+50 10-20 10485 11420 1150 11,80 1210 12.40 12.70 13.15 3
47775 6040 10+00 11s72 1250 13400 13405 13420 1340 13.70 1400 1435 Ty R
4771 2e65 4480 6.35 Te45 B.30 Es8F Ge1Q 9055 10+05-10465 11.30 I
47792 4510 648 7085 8:70 Ge30 970 10410 10+50 11.00 1160 12.20 g
47793 4+ 750 9s00 9:90 10 20 1045 10.80 11030 11.85 12.40 12230 ¥
47794 650 920 10+60 11-05 131435 11585 1200 12440 12475 {3025 13485 iy
47705 730 10+40 11590 52020 12440 12680 13+20 33+65 3408 24045 15.00 3
4772 4025 6485 2440 930 Te8G 10:15 19445 18-70 118 13-50 11495 ~ 2
4A7B3 5430 VB0 9430 10420 10475 11430 11+45 11290 1230 12465 13-00 it 3
47784 §eZ2 9480 11430 11,95 12.30 12040 1270 12-95 13.20 1350 13.70 3
47TE 7040 UeedD 12052 12090 1310 13¢50 13.95 1445 11.58 14480 15:05 i E:
(g} SERIES &2 N o
46651 13+80 19+40 72+15 22.85 22-87 22055 22+05 R1+40 20-75 20-00 i9.25 E é .
46652 10«70 15 55 I8e25 18s05 17450 17-20 16995 16463 15025 1580 15e40 g
46853 B<90 12-20 15¢435 15+65 14480 1435 13¢3C 13450 1310 1275 12+43 o -
46558  B190 12440 1445 14075 14-20 13+65 13425 12480 12245 11.93 1135 % 3°
46661 10+00 13+45 16040 17:3C 17465 17455 18435 1887 15+20 18225 15068 - hlE i
46652 8405 18+85 12+9C 1365 1320 13490 32+00 14:10 14425 12445 14-63- .
46683 725 0440 1095 11480 iRe12 12425 1230 12.30 12025 1Z.05 1188 s - SR
46664 ©+25 BeUD 9¢45 10412 30020 10438 10475 1117 13.25 11420 11+00 il S
465672 6205 7090 9465 1u+5% 10495 11425 1138 11.59C 12418 12+40 1255 L2
46673 525 6:75 5e10 B840 0035 De70 0e95 16-20 13445 1075 11eCC HE S
45674 460 5¢8F GeBT 755 8.00 8435 8ol QLT YeBT Ga65 9485 BELL
46682 4455 585 TS0 8.00 B5TC 893 D00 Ge25 T4G5 1000 30440 § 5
46683  3IeBE 488 B4 6053 Tei5 TeCh SD0 Be4D 8475 Qe05 940 FEI
46688 350 4425 50D 5075 6:30 G2 TD0 7041 798 B.35 8.80 & o
46692 3s8C 4480 5495 6050 TeEH 810 BeE5 B-2F SeRG 9480 2488 5
465095  3+35 4110 4:80 BES B0 5+68 705 75 T80 8430 870 £ 5
45524 300 3470 4435 5.00 5-35 630 665 HIF 745 T8 5.z =2 §
f 43 Leanzte] ® 3
-
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TRSLF,_V: RESIDUARY RESISTANCE VALUES FOR ALL HODELS USED N DERIVINMG
a-c) RESISTANCE~ESTIMATING EQUATION, TABULATED KUMBERS ARE 100 Rp/8

(1b/1b) BASED OM 1547 ATTC {SCHOENHERR} FRICTIOM GOEFFICIENTS
EXCEPT FOR SSPA, WHICH ARE BASED GN 1957 ITTC LIKE.

Fog
MopEL 1.0 L1 .z 1.3 1A 15 1.6 1.7 1.8 1.9 2.0
{a) __nPL
APLA  Re20 £448 994 1022 13417 9«88 9447 G098 9.34 11-34 11.40
NPLE 389 G20 775 B8+46 B+¢T71 Be65 8466 8.88 8.74 8£.78 881
HPLC  3+13 £+83 5493 687 7+12 727 722 7T¢31 736 763 767
BEPLD 280 2£.18 5+02 586 6415 637 B6+5C E-51 6+63 6-83 5.98
NPLE  2¢38 3468 4041 5:23 567 593 631 641 6:57 674 679
HPLF 4488 7431 937 540 Ded0 D34 529 G412 934 9:48 950
HPLG 316 5453 7e51 Beld B+40 Be34 42 8+34 834 8+4C 8.9
HPLL Re51 4426 D092 579 Te20 V33 74T TeZ9 7+40 7425 64398
¥PLI 2013 3¢53 4e7l 5.25 583 5493 6452 6419 820 5§37 6-31
KPLJ 183 2+88 3JeE9 2421 483 4290 5+10 523 5436 5e44 He82
EPLX  1+51 2:34 288 3046 3«86 412 4444 4+¢33 464 4+79 3 £8
BPLL  3+38 5055 €99 764 8:00 5029 847 80485 Be4l 8«4l B8.51
BPIX 2058 432 6402 6578 TelT Te30 Ted6 753 7586 TeH7 753
APLE  2.17 3381 4489 545 591 608 6212 5+33 643 651 6440
HPLO 188 2354 3442 3496 4+60 4481 4-82 525 525 545 5edd
HPI?  1e63% 2¢15 2¢T5 316 360 3495 4925 4443 463 4475 474
NPLE 2024 48 5076 6:38 6«65 6475 699 T«IR D33 7.30 7+38
 BPLR 1483 3+21 4257 532 5471 588 6«10 G422 635 B¢41 H52
BPLS 1481 24458 (352 4304 2442 4478 502 523 537 5482 5-60
HPLT 1+48 1-58 2484 322 3+55 398 £+19 444 462 4.79 4+79
BPLY 1230 170 2425 272 3+12 350 370 IG5 4413 4425 4425
BPLY 120 147 1492 230 2+72 3011 331 3-50 367 381 3-84
RPLY 253 133 §+63 188 237 2:80 2:99 3+19 3.35 3.4 371
{&) HORDSTEOK
431 D070 135 2000 270 Je30 JeTL 4400 403D 450 4460 4470
437 CABB 1450 2+45 Fe15 3JeTC 4020 4e50 4480 500 520 5-35
4 1430 180 2:80 3+50 4 35 4445 4475 500 520 530 535
£33 D+8C 2610 3420 3¢90 462 5405 5+40 560 5B 5-9C 5-85
$92 1435 2¢65 3JE60 4+35 5elD Ded5 570 5480 595 60T 58T
T 1e588 385 4015 4495 5450 5490 65415 630 835 525 5485
6oL 1385 3¢50 4485 5475 G40 B85 710 715 718 TeDT 6453
602 235 4eCQ 5740 Be35 GBS 720 T+40 745 7430 TLB 5e85
633 248 4435 0-80 58T P25 VEC T8 Te60 748 7-C0 6450
{<) LEGROOT
41 330 185 2045 515 T80 3+75 4500 4-72 4.4R 2.70 4.35
42 17T 183 2200 Se28 DS 363 4203 430 4460 4.9C 520
£8 1045 2618 2.98 Zed4l InED Ir0T 4425 455 4490 530
B 4GB0 280 Ja4l 3295 4545 480 5s15 S¢35 5242 5450 575
52 Is8% 3+00 4010 4+TH 5025 5458 597 618 56+4% 660 685
S3  Z2e1h Jo40 2480 5020 5070 610 5:45 B85 $+80
1 220 365 4¢VS 545 5430 G628 6440 64T B4l BIC 6455
2745 3587 505 580 620 50858 6275 58 695 650
2+Th $285 D460 £+ 67T 705 Te45 <08 648D
Fi  Ze7D 3eBE 5010 GelD TFeiZ Tedd FeTI PeBI  TeiiG ToBS TeTO
TR 31D 535 6+75 7-58 BYID 8453 B8 895
V3 3+58 5-60 7420 B+30 B85 9.33 9.55 978 [cont?
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31z154
12124
12034
12164
12134
121CA
12374
12144
iZ1148

b pdnii T o i
S R AR Gt

L]

1.3

2:40
252
2:55
1sgb
152
140
G858
090
CeBC

1.1

1 ssp

Se45
Se45
348
218
2:2C
2413
8T
143
132

{e} SERIES 64

A4
4788
4789
479C
4732
£792
4792
4724
4735
4736
4797
4798
4799
£80C
4801
$R32
3852
48C4
4305
2806
2807
4808
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£3812

4811
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$+85
2082
$-62

1-35

1440
1405
275
1433
548D
0485
1435
135
265
G55
040

122
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1.2

430
4630
535
2D
2B
272
163
1+8C
30

-y
i
LY

Beg2
LG8
Bozft
&eJ0
358
SeZ8
-2y
2212
220

223
175
135
1495
185
QG5
22T
7%
Ce22
3:580
325
Gegs
150
1s12

D50
1-&C
1=52
QeBl
1443
UG5
D82
2435
n.an
Qeg
135
(o822

H_EA

T

Todi

Hel}
558
Be78
%0
365
Be9G
28
2436

2+82

250
2:05
1425
2040
188
315
2v55
2eLE
3<TH
39C
13583
023
2l
is3%

W
565
8
1-35
Sl
$+78
i:32
G895
150
3¢5
Ce55
15C
31315

G635

q-1467

1.5

Be59
GeD2
52312
£+3B
3:95
4008
282
2972
2¢%5

26732
220
140
Z2eEy
Bl
1:38
2+85
Re35
$28
€15
Le5G
Se9C
2635
it
D75
223
150
8275
158
1435
108
3133
1+2C
oV
182
135

T
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1.6

5:4Q
§e32
&80
428
423
435
3600
2e95
288

2:¢85
2148
1<6%
28
220
385
$21%
2o35
136
2030
1e93
150
235
p Tl 5+
SeRY
233
178
088
2+36
180
3+s2C
2:85
1440
b e
2L
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DOy

i

1.7

Sagly
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&e72
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2012
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Sezl
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2eds
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32
Se4D

308
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S48
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S5
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S50
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170
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335
Z=3
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i=2¢
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Se82
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TABLE V:

{f-g)

AODEL

1.0 L.i

{f) SERIES 83

47811
47312
47813
47aC1
47802

47803

£730%
47771
4777
L7773
47774
47775
47791
4792
47793
47794
47725
47782
47R3
47784
49785

5.3C 8.18
Z2+55 388
320 5GP
400 660
5+0C 8440
§+8C 8.7
3+6% B9
535 6.80
G20 8420

?:4% 10-0C

SERIES 62

{continued]

1.2

13585 18-85
18+85 14420
8+30 1125
8-1C 1570
Q.47 12-6C
7=35 1040
562 355
Ds25 588

530 6-88
4+50 580
SsT8 4:60
3,90 505
3250 36l
2265 335
33T 392
2«55 3-15

2+1C

2+55

2188
1710
14s00
12«75
1555
185
G55
848
8.35
7+C0
5868
6+1%
4+65

z,.Qn

382
4+8C
37
355

22.C5
17:45
14+55
1350
1682
12435
107
8.90
935
270
625
592
5.20
4:42
5070
4018

345

1.4

=

555
745
8.90
5435
720
8.8C
3028
590
T+ &0
&-9C
128

11.9%
855
775
8.85
1G.15
11.15
8-1C
930
iGe70
1165

¢

)]

2385
1690
13.6C
12.8C
1675
1260
.70
8.8C
9.65
8+35
625
733
S5«6C
488
63T
4+45
3+60

R-1567

I.5

5.9C
750
.05
585
7350
890
i2-38
6§45
772
3.05
1525
11+75
€-85
7.90
8.85
2.2
1le4D
8430
5.30
15+8C

11-75

21+85
18-35
12.85
11.85
1680
12.6C
12.85
825
g.80
810
532
750
588
3.83
B8+35
£+ 7D

Face
£+35C

FBV

1.6 1.7
8+15 6475
?-65 7.7
8¢15 9-18
6¢C5 €430
273 790
Ge0C 9415

12455 1070
G+8C
7+65 8.0
S.18
0«30 10435

1385 11
G685 6
Be{5 B8.20
Q38 9.2

~
1835 10.20

1165 11.9C
830 B.2B
9.40 355

1C.8% 15+95

2115 20440
1865 152G
1225 11-65
1133 1580
17+3% 1780
12.62 12455

1C.45 1C-32

8445 8.75
9.92 158

8402 7.95
6435 .40
7280 745
6.1 6-25
£.80 5.12
875 6-9C

Se1

240

4+95
4-25
51

1.8

6+3C
7+7C
9.25
645
a-ce
9.25
075
6-9¢
8-1C
3-25
.42
11.9C
7+05
850
950
1065
1218
B+25
g.78
45
12443

19+85
14.85
i11-15

.20
18-38
12.85
1815

B.8C

1C.20

7+95

1.9

5-35
P75
9.35
655
810
944G
18-85
Q.87
820
9425
18.5C
12.3C
740
8+75
975
$-9C

12430

885
G985
i2+43

2.0

€6+35
7?75
945
5+7C
B-15
G.70
11.05
6-9C
825
930
S+65
12-20
780
9.1
C+15
11.3¢C
1255
860
1535
1C.95
1240

17+8C
13-7C
.28
B+65
17.80
iz.8C
9.5C
8+15
1243
9+1C
662
8T
6-65
555
710
De€C
£+50

}

e

T T Y TR AR AT Y]

UMM ol R, b AWt B T ARt bl B 11 1 Pl ey

LT B A

S

LA RSB AL B A SRR3R

-

el
l

e |

{ vt

1)




)
f
f
T T T ;
) o R ; T O L T T T T o
oy " !

o ) f " ' f T N AR T W B oy g Ll o Ml i A IR PN, it " i

N i
LRt —i.._._ss_i_z

Ui el U * -
m. j n\.} 3 «c ety ﬁi, "y Py o i * e
RrpL— — b bbbl o ? —— [ — [ o .iffx L
"

ééé ;

a_.t.é.!... priswes - —— pr——— et - wb!.s!:.q ﬂ-sa()d

ovimud

640°0 g40°0 £40°0 L£0'0 $€0°0 1£0°0 820°0 [20°0 {20°0 €€0°0 §20'0 (4310)3
(5)'b3 2
| y/*y pesnswou
| uouMIeg 4510

] 0'h 9°¢ y'e 'S 5°¢ g €€ g'¢ 1'% Ly 0'9 % BBRJAAY
0'0 0'0 0°0 0°0 00 0'0  OHl00"0~ 50100°0- £0£00°G- 9S€00°0= 05100°0-  NA hy
R 0'0 0°0 0'0 0°0 0'0  £l14Z0°0 602Z0'C  @6150°0  £l8S0°0  11620°0 M ey
2p2gi°0  WI4GL'O  4HIE6°0 295101  61I8LL LEL6ITY  (SLL6°O  TEESN'L  T6EXOT soclno 916z Xz Ol
/2156 1~ mogE’ 1~ BLIZI'\- 62656°0- L[S0ZL'0- §680L°0- 9L266'0- £9976°0- 9SSSI'Zm 9699n°Z" 29600 1= GMX %Y
69.61°0 0GOGL'0 §ZEMI'O  [nIZI'D  99EL0°0  LIEGO°O 0'0 00 0'0 0'0 00 A Ty
enEn0s0 WZINO'O  I11h0°0  [BI%0°0  9EMMO'O  46Lq0'0  106£0°0  EL140°0  1B4EQTO  LOWIOO ggotocn mz Oy
£1200°0- WHZ00°0- GOE00°0- ZEE00°0- 09€00°0- ZLE00°0- §1200°0- 86100°0- 60E00°D- 6AE00TO aizooc0- 0z Oy
g2006°1  69S81°% 65976°0 SBLBL’0  6KCZS'0  O£Z8S'0  OZRISTO OISEN'O  ZL6SSTL  GOES’ o1e6'0  mx Sy .
Ghono'0  hhln0'0  66050°0  [gnS0'0 161900  £0090°0  21960°0  hEwOL'C  €089IT0  9BIBITO goi'o nx v
ySloz°0  §8781°0- £18L1°0- Z9081°0- ZHWEL'0= OHSOZT'0- 6SE61'0- 08BITTO= 9HOILIO® 0°0 00 o Py
9SL61°0- 19981°0- L[6SS1°0- 68ZE1°0~ 66G80°0~ €HSOIT0- o4ss0°0~ L6NS0°0- 0BSEL'O- HhmEL"O~ 0BN90"O- no Sy
00 0°0 0°0 00 0°0 0'0  %9900°0-~ 8L600°0- 0451070~ #€910°0- 0E0L0°0- A fy
0°0 50 0°0 0'0 0'0 0°0 00 0’0 oulfer0- lelggto- opgghom X OV
[9660°0  21950°0 9£0§0°0  EMEWO'O  %61£0°0  €91£0°0  £L0€0°0  §iwE0'0  €§060°0  9LLOLO £L490°0 by
Au so}d M
0'z 61 gl L1 91 51 Hl €1 2 1 0wy ~nnn gge0d } !
Xysly = M Xgsow Yo =z Cigrea Mg amy

(9) NOILWND3 ONILYWILSE JONVLSISIY Y04 SLIN3 13144300

1A 278YL :

« ot " iy ¢ [Ty T [ " o




bl

bt o

|

i

RN AR

Lt

i

EAR AL

itz

W

D

Tyl

R A

R P AR

APPENDIX A

INFLUENCE OF LCG POSITION ON RESISTANCE
OF SERIES 63 MODELS IN HUHP-DRAG REGION

Four models of the Series 63, round-bottom utility boat series, were
tested in calm water to determine the influence of LCG position on resis-
tance, change-of-trim and heave over the range of speeds whers large wave-

mzking resistance occurs.

The models tested in this program have nominal length-beam ratios of
3,4,5 and 6. A shorter, beamier model, having nominal L/B of 2.5 was not
included in the present program. Al1 of these models were built by the
David Taylor Hodel Basin and had previously been tested for level-keel
cenditions at Davidson Laboratory. Full results of these tests and des-
cripticns of the models have been given by Beys in Davidson Laboratery
Report No. 9%5.11 A iG-station body plan and wateriiae and profile endings

are shown in Figure 8 of the present report.

The models were tested at two displacement conditions corresponding
to nominal beam-draft ratios of 3.33 and 5.00. All tests were run in
Davidson Laboratory Tank #o. 1 (130'x9'x4.5'). Model resistance in the
horizontal direction was measured with a stiff-spring element balance in-
corporating a linear-variable differential transformer whose output was
recorded by integrating digital voltmeters at the tankside control station.
The models were towed through a pivot box whose axis was on the assumed
propeller shaft axis. A vertical force was applied through the pivot box
and adjusted in magnitude so that the resultant towing force acted along
the shaft line which had 2 7.2 deg. slope relative to the baseline, the
same as for the eariier tests reported in Refersnce ii. 7Vrim and heave
were measured with heave indicators at the FP and AP of the models. A
0.04-in. diameter wire strut, placed 5 inches ahead of the FP to a depth
equai to the model draft, was used to stimulate turbulence. Photegraphs

were taken of most of the test runs.

Hodel results are presented in Tables A-1 to A-VI, covering the

following conditions.
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R-1667
TABLE MODEL L/8 8/7
{Nominai) {Nominal)
A~} k785 6 3.33
A-11 4780 5 3.33
A-111 b4777 b 3.32
A-1V 5780 S 5.00
A-y 4777 4 5.00
A-Vi §779 3 5.00
¥odel results of:
speed VM ft/sec
resistance RH Ibs
Reynolds HMo. REM VM x L__ /v
Resistance Coefficient cTH  RH/ 5 WA(VM)®
Trim TRIM deg
Heave of Sta.S5({amidship) HVE in

are included, where v = kinematic viscosity of water, ¢ = mass density of
water, and WA = wetted area of mudel. These resuits are also presented

as dimensionless parameters:

Length Froude Number FHL VH/y gL |
Volume Froude Number FRD VR '9-3475
Residuary Resistance Coefficient RROD Rp/&
Total {Ship) Resistance Coeff, RSOD RT!é
where ¢/3 = (displaced voiﬁae)3/3 . Residuary and total {ship) resist-

ance were calculated based on Schoznherr's (1547 ATVC) Friction formulation
for model and hull, sShip predictions are for 100,000 lbs S.W. at 53°F with
CA = 0, comparable to the tabulations for Seriss 62 given by Ciement and
elount.3 The Reynclds number is based on LPS’ rather than measured mean
wetted length, and the wetted area is assumeé to be egual to the stillwater,
level trim value, independent of speed and initial or running trim, For
the speed range under consideration, these are reasonable approximations,
and cince the residuary resistance is such a dominant fraction of the totai,
the influence is considared unimportant. )
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Hodel characteristics: L =3 ft ; A = 5.21 Ibs F.¥. at 77%F

Scale Ratio = 16.75 for 100,006-1b ship in 59%Fs.W.;

VM
ft/sec

TesT i:

358
574
753
Ge32
£«65
5-40
359

433
4-85

JEST 2¢

RM
tb

Leg =

G343
T2
1.3C8
1.202
$-5385
Ce 747
0256
o463
069

Model 4781

REK

x107®

CTH
x1P

R-1667

TABLE A-l

TRIM
deg

L/8 = & {Nominal)

HEAVE

in

B/T = 3.33 {Nominal)

FHL

2.27-in aft amidships (lovel trim)

1.251
176G
2348
2907
1.4850
1684
1320
1.35%
1587

12.85
1428
C+55
8421
i6+36
15.20
11.99
1=:65
16-14

<65
312
3+5C
320
224
3+07
Ze62
i-50
254

LC6 = L.07-in aft amidships

4-55 Sn3

3-97

;3
6445
£33
Te53

3336
G668
£.992
$-520
1610

1450 1973

1.238
1-684
2015
1350
2348

14.91
17-66
14-11
1g6+45
11.52

3+83
2042
4657
489
3.4
£.32

LC6 = C.47-in aft am dships

£63 o522
3.98 o317
£ o-%8
499  G-s21
647  Ce£8R

54

TEST 4:

$+5594

ie454
1.241
1-654
1586
22318
2351

i4.45

11.88
14.41
14.8C
12.32
15.38

.25
-1.15
.94
2.8¢
1
2.31

LCG = 5.87-in aft azidships

3+58 Se320

254
8.42
432

532

o586
1-216
£+783
1-149

1241
1447
1.584%
1247
i8558

19.48

27-18
2475
23-95

ey Ly-r4

4+53
631
7+11
5«88
6-65

=015
~L«05
C-1C
Te21
=018
=12
=509
=Sl

=02

~Ce11
-2-338
=533
T+C8
009
Te25

a3
=525
=035
~Le31
-Ze21
=GCe18

0435
C-084
Ce7E6
T.848
Ced?3
TS558
365
C-441
L5

D473
Sedl4
380
Ce657
Te441
o768

+405
Se472
045850
440

L8509

Ca

=0 f

FKD

L-856
1393
1.827
24262
1-128
1.31C
{871
1.051
1.204

1.128
C+S63
1312
1+838
1.351
1.827

1-124
$+385
1310
1.211
1570

1-83C

0618
20308
05729
30781
c‘!\‘z}
$0805

G+0855
Ce0221
T+0888
$-T469
Se0B46
C-0888

- e T
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R-1667

TABLE A-1t
Mode! 4789 1/8=5 (Nominal) 8/7=3.33 (Nominal)
#ode! Characteristics: Lpp = 3.00 ft ; 2 = 13.2z& tbs F.W. at 76°F : WA, = 2.08 f¢?
Scale Katioc = 19,43 for 100,000-1b ship in 59°F S.‘a‘.;ﬂffﬂ for prediction of Rs' .

nip
VH RM REM CTH TRIX HEAVE FRL FND RROD RSOD

wmmmz

]
Ly—

B

[T —

ft/cec 1b xi0® «xio® deg in °y
TEST 1: LCG = 2.27-in aft amidship {level trim) i
7+53 1685 2-313 1475 4-45  0s0& D766 14728 C.0845  Cslil4 “
Be7S5  1+40%7 1.765 2i-27 4+158 =0-16 D583 1309 00863 00984 1
11+11  2-382 3.422 9.83 5e23 0483  1.131 24537  $-1136 Oeid84 -3

3425 Ca264  1-0C1 12441 CeZB  ~3e07  0o331 Ce742 00128 Ce0164

Q.32 14885 2.871 11-3% 437 .30 0048 2.128 £+1518 51258 3
4-55 0e921  1.445 2279 2410 ~De32 0-477 1072 0.0557 D067 2
8.32 1.858 2.846 12:.7C 4.19 Cel15  Cs8374 1552 C-1511  C.1226

357 0458
645 1355
8+25 1.887

1158 2:840

1C-02

1225
1990
2+757
3542
3-088

1443
1854
11.68
1C.56

S+65

e84 =De14
435 <009
435  £:25
7508 D463
£:92  £e31

C2404
0857
C.911
1190
1.32%

0307
1475

3.0244
S.0929  $.1036 S
2.044  0.0978  Cel218
2.626  C.3438 01810
2288 1577

[¢]
&
8
(42
WOy,
begpr #

s

€
L]
g
o ity
Kb

-
1

,};

T 2:
£+

£C6 = L.07-in aft amidship
i.e6C 2754 6+5%

Se33 0+549 1232 C.31356

3«25
458
&e45
S8
6.1
753
S5+74

1+C04

3345
3-93C
1+226
1878
26319

272
E-25
Z+30
S22
P33
7:409

=3+
S+06
&-3B8
-Gel4
L35

sl
w

Tel?

T2
0477
0857
$a405
Je621
G768
CeS32

TeTL5
1071
1-475
$-9C3
1383
1?25
1.311

T G172
0720
S.1153
C«0319
Ce1le2 501256
£+117C

$-3100  S$-1223

S

A g

£-32 S=B48 o=1i 35440  C.857

0621 L0581 £

AR T A T AR, SN RN 110 KOMIATT1 i s DA 1 RN £ AT A4 AT

PRICA Y ity it

TEST 3: tZ6 = §.87-in sft amidship
432
325

S

T+4453
T332

CeG37

Q-745

J5666
GeU227

et LR il

[N

: $eF3  2:215  1-765 3355 0483 Ce4l  CeS83  1.3F C.MTS  C14 '
£ 645  2-283 1.987 2731 1235 078 0.C56  1.473 S-14B¢  $»1607 :
= 5439 21T 1850 653 $a71  Te3E 0545 1231 C-1435 01

5-02
£+89 1+483
35

C.511
B39 Cea77
5-34 Gex? 258

1148 $31223
2073 Ho3982 L1020

G853 Ga0423 $.0475 3

=
=
z
=
z
z
E
1
=
E
=
=
Z
3
=
=
=
g
£
=
=
=

v (i &t

W

aft a=idshkip

~%=53 S-35382
=22315 *0eRS  5.-332  3-F4E Ce0122 D015
1:8 {43 S553 139 B.08=3

15-85
11-88
£ieil

1752 2e00 <027 CeG5T 1.4 BlTFh O35
15-55 1583 ~De22 T3 1s34l G382  S.1072

;.:"v?v’é -
QD353 De0F
0933 $-i138

22-45 D51 ~2.46 0511 1-345
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TABLE A~-ii1
L/3=4 (Nominal)

Model Characteristics: LPQ‘:

Model 4777

{Nominal)
. at 76%F : w.A. =

Scale Ratio = 16.75 for 160,000-1b ship in 59 S.¥.;CA=9 for p-ediction of B, .

ship

u

L

A R A A S A T L) RSO PN

SR NN W S

RC4  CTM
xi0"% X108

TRIHX
deg

HEAVE

FyL

= Z.27-in aft amidship {ievei trim)

1.223
1-765
24322
2.871
1435
1.980
1.657
1-548

1228
2+765
2322
1930
1-657
1543

‘2:{}?"39

17.14
3388
2056
15.54
25-22
2671
3258
29.86

D24
521
575
628
2+25
577
4+89
375

LCG = 5.87-in aft amidship

1-248

4-11C
4283
352
2875
2225

1223
1785
1.884
32657
1+543
1e441

1226
1:755
2-322
1543
1-65¢
1-84

26431
2352
4100
51-83
45+33
4Ce19

T30
11897
2.7
11.51

Le5C

986

= 3.47-1n aft a=midship

0583
Se767
2.549

C-477
C-557
Te548
C-511

C240
Ce583
C-757
Ce857
£548

T+518

C-4304
Te583
C+685
Ce548
T=518

$e476

T+435
S50
C-75
$512
Se547

ce655

FND

C-842
1.215
i-599
1-976

994

1.37¢C
i-1431-
1062

TeB44
i-215
1-599
i-37¢
1343
1.082

C.822
1215
1-388
Iejaz
1362

oGy

n
C=B4

1228
1599
1.2

1-138
1365

RROD

Cel248
Ce1163
$-1164
C»1272
T«0586
C-1166
C-31023
Te0793

440301
Te1345
2+ 1485
Cr1369
S.1259
.0964

Celi2s
T+1824
$-1877
0+1688
L1263
S-2863

S-2251
£+1118
T-1194
S-CTHS
S-0956
1159

RSO

CeT230
1247
Ce1304
$el477
c.0824
C.1271
Lol
Ce{838

T+1429
C+1545
C-1474
S+1334
01525

So0254
Trl232
01332
C-0845
Teil72
C-1263
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TABLE A-1V
L/8=5 {Nominal) B/T=5.50 {Nominal}

’9..
F.W. a2t 75°F

Kok
T

Hodet 4780

Ly

L

3ft ;8= 7.35 1o P WAL= 1T 6

U]

Hodel Characteristics: LW

23.65 for 100,000-1b ship in

N T e R o R D gy, o

RN

:‘\rs-i

1.758

FaTs .t
W

P32

S.332
8+584

n

1=246

L0181
Ces382

;5»43 figf 1990 1335 6-92 045 TeE7  1<628  0.0B35  Cet03
2*ES TS 1990 13046 6492 GedS  Ded7  1eg0H  0e0900 541081 =
TP TS 2208 11067 208 £:58 0730 1837 0481 01150 i
H . o~ I e - §
593 o 1-549 8.2 €-37  TeIB Ue312 14267 Cer39  0.0933 ’
$EF DI 1223 1525 4420 085 w428 10X Ge0mg 225463 =
TEST 8: 1C6 = 0.18-in aft zpidshi; -
: 4°32 033 1e331 1130 De7T0  ~De35 D440 1.085 0:0291
£ TER D-330 24T 9.2 3481 ~3eA2 CoBU3 1.SEB Celirdl
5278 D53t 1eWB 11062 1624 -030  0-586  1.246  0.05c2
5 5e32  CeEC8 1e5$5 12037 0eB3  ~0e35  D.5I1 3255 D040
£ 3+Z5  Tel26 15001 F-08 ~1448 <0423 2.251 0.818 30054
i 3:97  Ce2I6 14223 SeDt ALeIT 90e3X Jeilé 14308 0.0170
z ?e17 o826 228 9o 14B3  ~0e20 CaTID 1607 0.0653

Scaie Ratio = 59%F S_u,;c.ff:- for prediction of gship ;::
A B REM TTH TRIMN HE&VE FHL FRG RRGD pSan '§ :
ft/sec b %10 x1p° deg in %
TEST 5: LCE = 1.98-in aft smidship {lovel trim) _§ ;
. £ =
432 D365 14331 1i.8% 113 +0e24 T340 1089 T-CITL De043E %
1 325 0147 1001 B4 Cell  =Uei3 De331  TeBIF o005 0001sS ¥
5.7 Ce8T1 10768 12:30  Z.BE  ~Lel4 04584 14446 0e0518 00763 Z =
2 5203 0e562 10849 12041 227 ~0o21  $e512  1.267 040533 De0645 =
A B+45  2.756  1-53C  I0eB4 320 005 £:657 1628  5-0664 L.0844 .
7017 0806 2208 947 332 0.09 0.7 1-807  0.0656  Se0MS 3
L Be28 T30 2533 7+9i 323 Del2 Ze BT ZsCTH Ge 0643 50307 =
T S:32 1L 2,871 Teé% 316 Cs19 T.549  2-3gh S0245 061303 -
TEST 6: 106G = 3.78-in aft amidship :
i 4‘32 3;%35 1331 1343 (2eTF  «Deii L4342 1.080 $e0389 2.0472 ?iff
. 3636 ::‘1§ 1.204 60 1462 ~Ge(7 T332 [e8: 74 s=C124 L0375 =
§ 574 Ce 713 1785 i3-27 A48 Lel2 5+E84 1546 Sed o,
: 503 C=870 1549 135; 2203 a0 e 1257 Ce0S 008557 :;“;;
% 6+45 O« 787 i-9G2 i1+32 273 Delz Cou® 1.628 c.omg 2.0859 £
; icl? 338&5\ 20%8 S0 5+03 Cela 3??:5'; j.607 $+37i0  peDowo
; % ' 25 c:gav 2'4& ?‘83 3’% 202? ) §aGend R :;,?13 2“@;5 %
;E : 397 C»335 1223 11.30 Ee3& 20,12 G404 1.0200 DeZPED £u0% ;Er‘
ER TEST 7: LC6 = 5.58-in aft emidship
= i ZE
T3 e o . . iz
332 FTR I>33I3 1844 SelZ L, Y'Y Ded40  1e289 S.0500

st
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JABLE A-V

-

¥odai 4777 1/8=f (Nominai) B/T = 5.00 {durinal)
podel Characteristics: gpp =3 ft; &4 = 11.48 ibs F.H. at ;é“’; s WA, = 2006

-y

Scale Ratio = 20.32 fo- 100 000-1b ship in 59°F S.W.; €,=0 for prediction of P

VH 4 RENX LTH TRIA HEAYZ FKL FHD R2ROD RSO
tissc o x107% xi¢® deg n

Ay

R RS MR e

126 = 1,98-in aft axidship {level trim)

e
o L
m
v
-4
it
"

392 S.382  1.226  11+64 Ced3 =025 04485 0.831 0e021% 00272
72 i+321  1=762 15-53 3e7C  =0e36  $e582  1-338  De0742 0.0861
2322 1128 418 D06 767 1764 C.0783 C-0961

8.4 1213 1.590  14.22 4412 ~5.03  Le657 1511 0764  S+0513
469 D772 1445 16493 2440  ~TeZ3  Ce47T 1097 0.0509 2.0591
1-546 1704 304 S22 0.511  1.174 DeD5GT 2.D883

A
3
A8
K
§

£e1f 13680 1.882 14.99 4+1C <037 Ce622 1.£29 Te0785 00580
233 T«E51 1338 14-18 1642 =De22 Ce££1  1.T13 Te0338 0.02%39

i
iy
§
$
3

Tl T RN mn‘-w VJ""

)

TEST 6: 66 = 3.78-in aft amidchip

o
gt
8
o
7

1.226 12-76 2«50 ~Le1T $e305 Ce831 Ce0258  De03

DTS 1219 1765 1751 571 -T2 T35 1340 $08256 C-0346
Tob4 1421 2-322 12-36 G423 G40 La78F 1s768 $385G C-1HD
1-583 157 521 o2 513 1-172 C-Trii O-0804
1.3 C-£33 1545 1i9.58 4¢81 ~Ce02 C477 109 S-0B14 De0835
432 S.624 1331 16-13 S+38 =505 C-442  1-012 T0403 T-0£73

1

TEST 7: 176 = 5.58-in =ft ==idshig

g ﬂ[um ki ,!y' '

A SRR s A S SR A e S, AU 1 BV 1S3 s 0 b MM Py nine S4BT 0 A ¥ ATEIRRF A
I

(‘h
o
pua
[
»

[ 2]

397 0587 1-223 1797 5-16  $316  Te408 -9 0.C3B 0.045%

AN A

] S 1+492 1-768 2185 BeZ5 Ted7 CelBe 1313 £ 1583 3*1":
754 1787 2322 15.25 9.2 £-89 Te767 1.764 T+1178  $e1T

£.97 1+278 1851 23+96 T53 T3 T+508 1155 S+CU31 C-IT3

467 1135 1438  Z5-11 7-G2 Se2h Ce475 1392 T8z T-0E08
333 T84T  1.334 Zi.g2 5+C5 Se21 Ce£31 1013 S-3E8C Te0Esk

TEST 8: 128 = 8.18-in =¥t a=idship

~57 Se3¥E 1-223 1181 ~1-85 =0e43 Ce=4£22 2528 $e207 Q02857

S+72  1e148 1-752 1652 1072 2043 DeEB2 13383 0-076% De0583
753 1s45.8 &+ 31205 1e88 =0eI2 DT85 1e7E2  Se0847 $.1045
£.55 0585 1537 16-75 Cofiz  ~De21 o508 1-167  S-05S S.ss52
538 14020 1.857 17.50 1635 -Ces2 O848  1.255 D-CER S-07E3
4457  2eWIS  1=432 15.84 S0 ~D=EC D.475  3e002 3.T251 00543
5+25 1270  1+98%  14.88 125 =223 T-887 1511 30812 2.0983
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APPENDIX B

@t WL

INFLUENCE OF LCG YARTATIONS
ON PRE-PLANING RESISTANCE

Wt

O

bl wrwh !
A, I

Eeel Gl N WRE O RE MR o

=

Small craft operations frequently entail substanti>! variations
of longitudinal weight idistribut.ons which, depending upon speed, are :
known to produge important variations of resistance. Test results for

nine models, in some cases with more than one dispiacemeni, with scveral :

different LU positions have been analyzed to derive approximate equations

for estimating the ciange in R_/A for a given change in LCS position from
T

FRUC Lo
PPV I My

By

a nominal standard. These results can be used, together with Egs. {6) to

estimate resistance of a proposed desiyn for its "stande~d" L.CE conaition

and for variations from this condition. 1t should be noted that the

PRy

equations are intended for use in predicting influence of variaticrs

in LCG position for 3 given hull form and probab , are not sultable for

Y

4
X

predicting the optimum LCG positior in the course of hull lines develop-

ment for s new design.

The. resistance data for Series 62 models (hard chiies and fuil

waterline endings) which were used as nart of tha data for deriving Eq. (6)

correspond to the LCG position b percent ot Lpp aft »f the centroid of

b

AR Bt N A e S A A RS A AT

T MRS MR AN W el e

the projected horizontsl area below the chines. This "standard condition,
which was serected somewhat srbizrarii is cluse to the optimum for

¥
minimum RTXA, but the exsct wptimum LG varies, depending on va, dis-

pilacement, LHL/Ex’ and other factors. For Series 43 models (round bilae

and somewhat finer bow waterline endings) the data used in the develop-
ment of Eq. (6) were taken from §Beys’g report all of which correspond

to level keeil conditions. Test results reportied in Appendix & indicate

that this condlition is & fairly good spproximation of the optimum LCS
position fo- the speeds, .xxdels and displacements covered. Figure 17
shews the range of variation of LCG/LP; {measured from J§) for Series 62

and Series 63 models, as well as 11l of the other Series models.

in appiying the following approaimations for the variatior of re-
sistance with variation of LCG, it is necessary to er ..3te the specific

LEG position for which Ea. (6) is assumed to apply, and then use the ap-

proximating equations given below for variations from that ''sv  zrd" LCG.

g
g

vy
.

e et iy i, sn s vas s s e
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For most ad hoc hull forms, this may be simply assumed to lie at the
middle of the range of vaiues exhibited in Figure 17, nameiy Efﬁytpp

= 4.5 percent aft of 0§, and this may be assumed tc correspond to the
optimum pusition. If, however, the designer, by virtue of his expar-
ience and knowledge of test results for 2 hutl form sufficiently similar
to the ad hoc form, considers that the “standard" LLG pesition corresponds
to some other value and is not exactly optimum, he may davelop alternative
procedures for apylying the corrections for variations in LLG position.
For instance, if the ad hoc form is similar to & Series 62 model, with

L/B ~ 3, it may be better to assume Eq. (§) applies for the ''standard'

LCG position about 5-3/4 percent aft of % and that it is not exactly
optimum, and use the results described bzlow to estimete the variations

in R/4 for variations in iEE?Lpp from -.0575,

Pata {R;/ for 100,000-15. ship in 55% s.u., €, = 0.0) for models
of Series 62 (Ref. 3) and Series 63 {Appendix A of this report} have bzen
tabulated f om faired curves for the conditions of displacements and i3I
position availabie from these tests for valuss of an = 1.1, 1.3, 1.5,
1.7 and 1.9. There are at least 4, and sometimes 5, LCE positions far
each of 20 model-displacement conditions. Least-squares curve fits of

these data according to the equation

Ry Ry

—_— (D = a 2 -

A A )standard @+ B8+ y8 (8-1)
where

(ﬁI} is the vaiue of (=) corresponding to thz ‘'standard"

A ‘standard - A b

LCS position
and — —
(L°G}standard*tcs (& s positive if the LCG iz aft

& = 100 x

L of the standard LCG)
Pp

for each of the 14 or more model and displacenent conditions at each
an (scme model variations did not extend to the highest Fn?‘s, due to
danger o swamping the moda1 during start or stop of test, or for other

reasonsy .

b
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The application of the form of Eq. (B-1) was suggested by carpet-
plotting of resistance data, as illustrated in Figure B-1, for Series 62
Hodel 4666, with L/v'/3

bolic for this case and others as well. 1t may be noted that the optimum

= 5.082. The iso-Fnv curves are raughly para-

v
A

LCG position for this case is about 8% aft of the centroid cf Ap {the

area of the chine projection on 2 horizontal plane), and not at the 4%

eliig g o,

value used as the nominal standard LCG position. This is true over most
of the speed range except at the extremes, an = 1.0 and an = 2.0. The
optimum LCG depends, in general, on the displacement and other hull form

coefficients in addition to the speed.

The a, 8 and v coefficients have been analyzed to determine their

1/3 The

dependence on hull form ccefficients L/V and ;e for each F

n?’
mean value of a is negligibly small for ail an which gives RT/5=R,ié

for LCG = LCG | stendard

standard”

The B and v coefficients dependence upon hull form characteristics

have been approximated by the Ffollmwing equations:

= ; 2 2 2, 2 - H
B=8, +BX+ 833 + B XU + 8Y° + 56U + BUX® + B XU {3-2} ;

- 2 . 2 4w UX2 & o YUZ (B2} z

Y=y, yzx + T3U + kau + ygX + YSU + }7UX + 78Xd {B-3) :

where X = V}[3/LHL and U = ¢2§e, as for Eq. {6). Values for the 85’5 %
and ?i's for five Froude numbers, an =131.1, 1.3, 1.5, 1.7 and 1,9, are §

given in Tables B8-1 and 8-il. The B, coefficients have been derived
using the data for Series 62 models only. For Series 63, the valuas

of B are rather small and may be neglected.

For appliication to ad hoc forms, it is suggested that the ceoeffi- ?

cient 8 be omitted; inat is, assume that the ''standard" LCG position

corresponds to the optimum. This approximation is expected 1o be ac-

S, Wil tyw H
W gt s i R e

ceptable for most cases for Fr? betweer *.0 and 2.0, but does nov hold
3

for Series 62 models, especially for the shortest model of that series.

il o

Changes in resistance due to changes in LLG position should be

ronsidered to be influences on residuary resistance and, hence, not de:

pendent on crat size (Reynolds number).
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Bg
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Bg
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TABLE B-~1
COEFFICIENTS FOR ESTIMATING VARIATION IN RESISTANCE
FOR VARIATION IN LCG
RTT— -{-8-2 = 86 +y42
8 a tandard
8 Coefficients (for Series 62 oniy)
x =93 U =w2i,
Fpg= 1.1 1.3 1.5 1.7 1.9
0.06266  0.11387  0.26617 -0.03665 -0.17794
~1.45723  -2.89942  -2,14275 - ~0.22876
-0.C.717  -0.01237 -0.06276 - 0.05139
0.28849  0.57726  0.48763 0.22880 -

- - - -7.63330 -

- - 0.00412 - -0.00368
0.02596  0.09913  0.23579  0.73419 -
-0.01443  -0.03025 -0.03463 -0.02065  0.0037%

B85
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TJABLE B~11

COEFFICIERTS FOR ESTIMATIRG VARIATION 1 RESISTANCE
FOR VARIATION IN LCG

f/

RT RT = 8§ A2 -

5 \7, . = Bd+vys T

tandard ‘O

e Pmal Lt nl e = %

I WUTH fw PG i

x =93 U =2i, 1

Aultipiies Fpo= 1.1 1.3 1.5 1.7 t.9 ~ ?

1 -0.01147  -0.02147 - 0.02789  ©.05502 2 :

X - - -0.12525 -0.32487  -G.15222 T ¢

u 0.00548  0.0081k  0.00337 -0.C0308 -0.01430 =
XU -0.02295 -0.033%2 -0.01197  0.03516  0.0i318 ;
x* 0.56067  ©.98397  0.95193  0.9332! - .

e

g

T -0.00035 -0.00064 -0.00037 - 0.000396

A, s o o S A g b i 1 0 0

ux® -0.06164 -0.11365 -0.10312 -0.05722 0.01656 ;§
u

b 0.00250 0.00L43 0.00278 - -0.00347

-
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T £
i
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FIG.i. EXTENT OF CHINE WETTING FOR PRISMATIC DEADRISE HULLS
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