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FOREWORD

This report is a revislon of a {ormer report, be ving the szmne

title and number, published by the David Taylor Model Basir in October 1941,
Tﬁg original report was complled by the Stevens Instltute of Technology and
dealt with a series of tests conducted in the Stevens Experimental Towing
Tank at the request of Taylor Model Basin. The revision, based on subse-
quent work done at Stevens, congisted principally in the additlion of charts
showing running trim and a drawing of the parent form, together with conver-
sion factors for the other models. The original text has alsc been modified
8lightly to include sultable references to the new data.
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LHWTRODUCTION

Tnis 1 .port presents tne principal results of an investigation of
the effects on tne performance of V-bottom boats of variations in propor-
tions and loading, in a form for ready use by deslgners. Tabulations of the
complete test data are on 'ile for reference at the Exnerimental Towing
Tank, Stevens Institute of Technology, Hoboken, New Jersey, and at the David
W. Taylor Model Basin, Carderock, Maryland.

Tests were made of a serles of twenty models derived from a sin-
gle parent form. The models were desligned at the United States Experimen-
tal Model Basin, Washington, D. C., and are designated U.S.E.M.B. Series 50.

The models were 40 inches in length and nad:

_ N . /t L \*
displacement-length ratios, A/(Ta6) 40, 80, 120, 160

beam-draft ratios, B/H 4, 6, 8, 11, 15

Page 8 gives the dimensions and particulars -of the twenty models
together with the mulfipliers used to obtain the offsets of the series mod-
els from the parent model. The lines and offsets of the parent design,

3
[A/«T%a) = 110; B/H = 5.3}, are shown on page 9. A photograph of the

twenty models 1s included, page 11.

The tow point for all models was 1/2 inch above the designed
L.W.L. and at the midlength.

o R T e e OB A v Gh eY AN A e S R A S W W R4 FY Sm e S e T m M e W4 WG S e AW e UF WL O G ND S ke O e e e 4 6 T SA e T W) G T ST e Gn s W e e W o e

The investigation was made for the David W. Taylor Model Basin,
Carderock, Maryland, under United States Navy Contracts Nos. N171s-50126
and N171s-54701.
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nesistances

Cualt Oh Page o LrUvarss o cumprenensive overall view of tne re-

sletances. Tl cenart bring. oul elecrly:
1) che major importance of static trim,

2) tne pronounced imporfance of displacement-length ratlo,
3) the relatively lesser lmportance of both beam-draft ratio
and excess displacement.

The contour charts on pages 13-45, Incl., define the resistar-es in
detail. These charts provide a broad system of resistance data for V-bottom
forms, comparable in general to that provided {or steamship forms by the con-
tour charts for Taylor's Standard Serles in THi SPEED AND PCWER OF SHIPS,

There are threc sets of contour charts:

for normal dlsplacement, N pages 13-23

for 10% cxcess displacement, N + 10%  pages 2U-34

for 20% excess displacement, N + 20%  pages 35-45
The tnree charts on each page are for three values of static ftrim by the stern,
T, at constant speed-length ratic, V/VL.

It will be seen that, in laying out the Series 50 models, the proce-
dure for systematically vapging the model proportions followed the precedent
established by Taylor's Standard Series of steamship forms in that variations
were made in displacement-length ratlo and beam~drafc ratic, both factors being
based upon the designed L.W.L. of the parent form. This procedure, with the
logical extension of the test program to include glven angular changes of stat-
ic trim, fixed the form of presentation for the reslstance conbtour charts.

In the actual design of a V-bottom boat, however, the factors most
readily fixed in the early stages will usually be;

a) Length L

| b) Displacement A,
¢) Longltudinal Center of Gravity L.C.G.,
d) Beanm B;

a) and b) emerging first, followed by ¢) when a preliminary weight distributlion

has been worked out, and then by &¢). These factors fix:

L \? and B/L: » |
A/(wo) , L.C.G./L, and B/L; | :
but they do not fix:

B/H or T
both of which necessarily appear 25 parameters on the resistance contour charts.
Hence, to make a preliminary estimate of power required, on the basis of the Se-
ries 50 resistance contours, it will usuvally be necessary, filrst, to transform




ziven values of B/L and L.C.G. . inte the cauivalent values of B/H and + for
the Series 50 fornm,

The same problem may often arlse in selecting the Serles 90 form which
corresponds to a given {inlished design, for the purpose of comparing the power
requirements. For V-bottom forms in general, nelther B/H nor T has the simple,
stralghtforwerd signlficance either nas for steamship forms; H depends upon
the amount and longltudinal variation of the deadrise, and 7 upon the transom
beam and the up-sweep of the buttocks aft. It will usually be desirable, then,
to define correspondence between the twe forms in terms of the same basle face
tors, a), b), ¢), d), listed in the previous paragraph.

The following notes relate to the transformation of B/L to B/H, and
of L.C.G./L to 7, for Series 50 forms.

B/L tc B/H

Writing Volume = K; x B x H x L, where K, ic the block coefficient
for the Series 50 form = 0,407
and H = ﬁ>§
. B*
then Volume = K, BAT L

X _KBL
or B/H = Volume

dividing the righthand side by L°%/1°

n i W_Q_Bjﬁ;}m
B/H = K, Volume/ /L7 -

or B/H = K, %/—%)\3 woere K, = 1.16 x 10°.
/{c0)
This formule contains the rnecessary factors for the transformatien.

L.C.G./L to T

The statlc trim can be obtained hy interpolation from the contour
charts of L.C.G. described in the next section, Although an equa-
tlon could he worked out for this relatlonship, 1t would be much
less simple to use than the contour charts.

Example of E.H.P. Estimate. Suppose 1t 1s desired co find the E.H.P.
of a Series 50 form having the following particulars {or of the Series 50 form
corresponding to a given form having the same particulars), at the indicated
speed:

V = 35 knots
L 60.00 feet
23.75 tons, designed
[ 26.13 tons, actual (109 excess)
L.C.G. 64% of L from ¥.P.
B 13.45 feet

A [sea water)




7
7

L0 x 0T (0] .
110 =0

(5} From the L.C.G. contour chart on puse 32,

9

() From the Tormula, B/l =

when = 0° (level trim), L.C.G. = 56.5%
when T = 2% (by the stern), L.C.G. = 65.3%

Interpolating, -+ m'ﬁ;mgwf*ié*g- x 2° = 1.70 (for L.C.G. = 6u4%)

(6) Entering tne resistance contour charts on page 30 {for VWL = 4.5)

2

\
with the above values of A/%T%57 . and /M,

O O~
whenn 7 = 07, R/A = 0.185 pounds per pound of dleplacement,
when = 2%, R/a o= 01530 " ! R "
. . - . 50
Interpolatving for 7 = 1.7

*
1.7

185 - ;46-(0,?§5 - 0.168) = 0.185 - 0,014

i

0.171 lbs./lb.

EH.P. = Q005071 v e % Aihs., XV

E.H.P. = 0.00%071 x (0,171 x 20,73 x 22H0) » 35 = 1076
Shaft Angle and Positlon. The necessary data for taking into consid-
eration the effeat ol any prescrloved snaft line are avallable in the test re-
sults.

g

The contours of running trim angle on pages 47-79 are necessary for
this purpose.

T.C.Q., R/A, will be mown, and the trim engle «,* can be cbtained
by adding the sfatic ftrim fto the running tria obtained from the contours. Let
p be the shaft angle. The veccor élagram shown below willl then 1llustrate the
disposition uf the forcea, whers F ig the vertical component of the thrust,
which was not rresent in the model tests,
Tow Point for

LY Q. Ry | e JEP A G qe
moael Resistsnce 4 RS |

. i . Designed L.W.L.
o e —"'M.jf,"
P “ig;mséﬁ’” a Horizontal

From Inspection, 1t 1s seen that

Tests

=R y
Lil‘ie of Shaft\‘ ,r'/"(-‘-—'acub‘u) % Stagi 5
4 o
centers \ g —— o
‘_.,_,/—M—“”"‘ i

e = T+ A7 Catatic trie + running Goim).
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Lo a por et o o mermt L alorinooment (830N tons n the e e glven lIn

cuermlies s by dnberpolation from the L.CLGL. contour

Lo Lridwmoangie v corresponding to the new (L.C.4U.)' at the

e

new percentage off noemal displuccment. A new value of resistance, correspond-

contitiong, can now be found by the procadure in {6) on
page 9. L osccond wpproximablion can be made 1f necessary.

Contours of Running Trim

The contour chavts on papgen 17-79 give running trims for the whole
serles. Running trim s defi:

z

he change of trim, (47 ), due to the fore

ward motion of the wmodel.
Agaln, tnere are Lhve

AN
SO I

neges 69-79
tg on cach page for three

- . N
Vo iues ol

Long ritud

the relatlonship between the

stablc trim by

" the longitudinal center of
rovity, L.C.G., for all of the nodels of

geries. The purpose of these

charts is in the preceding section, page W,

three sets of contour charts:

for nopmal displacement, W page O1

ot N
for Hip agxng

displacement, o + 104 page 82

7
D yp 20T 15 anlacament Now 20 page 8%
L0 Cu & Aangs AoLMmenG PR I Wl »)rl@,e oy
.
Welted Suriaces
FE e e or e S P i o I T PEN L7 IV S N oy e e o ey e o
The contour charts on pages 05-04 define the wetted surfaces. These
charts are Ilnciuded Lo g expansions to full slze by treating the

i
type vessels), Lf thiz iz desired. They are necessary, In the case of V-bottom

forms, because of fhe variatlon of the wetted surface with speed

There are charts:

W, N pages 85-89

pages 90-Gk




(nee the wetled our ston to full size can

it

Yy ooty i
LNe ubuil

be carried out by procedures employed for darge silps, except tnat a

friction formulatlon wnich proviaes sutvlafectory turbulent friction data for

v

40-inch models, such as the Schoenierr, must necessarily be adopted.

Porpoising.

It was found In tie course of the resistance tests that, in many in-
stances, a longitudinal instability developed with increase of speed, similar
in character to that ordinarily described in connectlon with seaplanes as por-
polsing. Damped out for the resistance tests, thls condition was subsequently
studied more carefully in a separate serles of tests on seven selected models
of the seriles,

The results of thesc tests are summarized in the charts on page 96,
which indicate limiting speed-length ratlos for longltudinal stability. They
are shown 1n detail in the gravilcal records of the porpolsing motlon of each
model tested, on pages 97-103.

There 1s no evidence that these porpolsing tests for Seriles 50 forms
necessarily describe the porpolsing characterlstics cf other forms of different
shapes. It 15 belleved, however, that they are reasonably indicative for most
forms.
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