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FOREWORD 

This report is a revision of a iormer report, be, ring the same 

title and number, published by the David Taylor Model Basin in October I^H. 

The original report was compiled by the Stevens Institute 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, consisted principally in the addition 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 also been modified 

slightly to include suitable references to the new data. 
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INTHüDUCTION 

Tnis. i .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 designers. Tabulations of the 

complete test data are on file for reference at the Exne^imental Tov/lng 

Tank, Stevens Institute of Technology, Hoboken, New Jersey, and at the David 

W. Taylor Model Basin, Carderock, Maryland. 

Tests were made of a series of twenty models derived from a sin- 

gle parent form. The models were designed 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 inchesj in length and nad 

//_L *3 
0 00, displacement-length ratios, ^/(TQQ)     ^0, 80, 120, l60 

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

Page 8 gives the dimensions and particulars of the twenty models 

together with the multipliers used to obtain the offsets of the series mod- 

els from the parent model. The lines and offsets of the parent design, 

r/vTÖö) = ",'1^' "^ = 5'3 > ar"e shown on page 9. A photograph of the 

twenty models is included, page 11. 

The tow point for all models was l/2 inch above the designed 

L.W.L. and at the midlength. 

The investigation was made for the David VI. Taylor Model Basin,' 

Carderock, Maryland, under United States Navy Contracts Nos. N171s-5012^ 

and N1713-54701 . 
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cnart H'-t-iitnsive overall view of trie re- 

sistances. Tnis cnart briur,, .jut cit^rly: 

1 ) ehe major iiriportaace of static trim, 

2) tne pronounced irni.ortance of äisplacement-length ratio, 

3) the relatively leaser importance of both beam-draft ratio 

and excess displacement. 

The contour charts on pages 13~^5; incl., define the resistances in 

detail. These charts provide a broad system of resistance data for V-bottom 

forms, comparable in general to that provided for steamship forms by the con- 

tour charts for Taylor's Standard Series in THE SPEED AND POWER OF SHIPS. 

There are three sets of contour charts: 

for normal displacement, N pages 13-23 

for '}0%  excess displacement, N + lO/o      pages 24-34 

for 20%  excess displacement, N + 20$  pages 35-45 

The tnree charts on each page are for three values of static trim by the stern, 

r, at constant speed-length ratio, V/VL. 

It will be seen that, in laying out the Series 50 models, the proce- 

dure for systematically varying the model proportions followed the precedent 

established by Taylor's Standard Series of steamship forms in that variations 

were made in displacement-length ratio and beam-drafc ratio, 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 given angular changes of stat- 

ic trim, fixed the form of presentation, for the resistance contour 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, 

c) Longitudinal Center of Gravity     L.C.G., 

d) Beam B; 

a) and b) emerging first, followed by c) when a preliminary weight distribution 

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

V(TOO) ' L-c-G-/L? and B/L; 
but they do not fix: 

B/H or r 

both of which necessarily appear as 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 usually be necessary, first, to transform 



into the nnuivalent values of ana lOi given values of B/L and L.U.G. 
the Series 50 form. 

The same problem may uften arise in selecting the Series 50 form which 
corresponds to a given finished design, for the purpose of comparing the power 
requirements. For V-bottom form;; in general, neither S/H nor r  has the simple, 
straightforward significance either has for steamship forms; H depends upon 
the amount and longitudinal variation of the deadrise, and r upon the transom 
beam and the up-sweep of the buttocks aft. it will usually be desirable, then, 
to define correspondence between the two forms in terms of the same basic fac- 
tors, a), b), c), 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 r,  for Series 50 forms. 

B/L to B/H 
Writing Volume sKjXBxHxL, where Kl  is the block coefficient 

for the Series 50 i'orm =  0.J4()7 
and H * ^ 

,B: then Volume - 1{X -^n\j L 

dividing the righthand side by L'VL3 

or B/H = K: 

Volume fU 

L > (BZy.!..t wilere K2 - 1.16 x.  104. 
OO) 

This fonnula contains the necessary factors for the tran&foraiatiön. 
L.C.G./L to T 
The static trim can be obtained by interpolation from tfie contouz» 
charts of L.C.G, described In the next section, Although an equa- 
tion could be worked out for this relationship, it would be much 
less simple to use than the contour charts. 

Example of E.H.P. Estimate. Suppose It is 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 

A    (sea water)        / 23'75 tons/designed 
I 26.13 tons, actual (10$ excess) 

L.C.G. 64$ of L from P.P. 

B 13-^5 feet 

'raaKwjspBsweiiwnsiBiiBniwBBBsara 



V(TOö 

(2 

(3 

D/i; 
V2:    lJ •'. 

v/^ = "Äö" 
I1!)    Prom the formula,  ij/ii --   --— ü x U/ -■ - -1 - •(r 

ÜI - S.3 

15) From the L.C.G. contour chart on page 82, 

when r = 0° (level trim), L.C.G. - 56.^ 

when r = 2°  (by the stern),  L.C.G.  - 65.3$ 

»0      -,   -,o 
7r~r~   *■ 2 .nterpolating, a.-0-=4|A x 2U = 1.7" (for L.C.G. = 64^) b 

(6) Enterinc the resiatance contour charts on pa.^e 30 (for V/VL- = 4.5) 

with the above values of ^/("YoÖ") » an^ J/^' 

"when T = 0", R/A    = Ü.185 pounds per pound of displacement, 
when r - J0, R/A    =  0.'U-8  "    "   :;  ,! 

Interpolating foi -,u 

0.185 -■ -—k (O.185 - 0. 168) - 0.185 - 0.014 = 0,171  lbs./lb. 2.0 

(7)    Then, 

E.H.P 0.003071  v.    TMbsT   ^IbS'  XV 

E.H.P, « 0.003071 x (0,171 x 2t.l3 x 2240) x 35 - IO76 

Shaft Angle end Position, The necessary data for taking into consid- 

eration the effect of any prescribed shaft line are available in the test re- 

sults. The contours of running trim angle on pages 47-79 arc necessary for 

this purpose. 

L.C.G«, R/A3  v/ill be known, and the trim angle «,* can be obtained 
by adding the static trim to the running trim obtained from the contours. Let 

ß be the shaft angle. The vector diagram shown below will then illustrate the 

disposition jf the forces, where Fv is the vertical component of the thrust, 

which was not present in the model tests. From inspection, it is seen that 
Tcm Point for 

Tests 

Line of shaft 
centers 

■Designed L.W.L« 
 HprjsQntal 

# a = T + &i    ',8•!■.'>.tie tria + running tr's). 



to a per (:■:: 
•: :''-' -.--.,-. ::'u ;.  '.._.'.;.■_;. ; ' ,* '"Jcnv^n trie new displacement 

j-r "-••- -'-'in:-'.. '.:.L ;:-j.-:i; -acfiL [?')-V) toiiz  In the exaiaple ^Iven In 
f'0 pre v.'o;;:' rr;..v^i^ruph). ]^:\,^'r>iih--:,  by Interpolat Jon from tiio L.C.G. contoni' 

charto, j :;e>.; senile Lr'hi; anM.ie ''*'coüTeiiporidlng to the new (L.C.Ü.)1 at the 

new percentage ol normal alspluco.-ncnt. A new value of resistance, correspond- 

ing to tne changed conditLoru;, can now be found by the procedure In (6) on 

page 5- i-  second approximation can be inade if necessary. 

Contours of Running Trim 

The contour charts on pages !!7~7Q give running trims for the whole 

series. Running trim is defined as the change of trim, (AT),  due to the for- 

ward motion of the model. 

Again» ;;here are three sets of contour charts; 

for normal displacement, N pages 47-57 

for Unv exco;,L< d.^piace-nent, N j- ] fy prig8S 58-68 

for ,.:C^ excoo,- el'-p.Iacemenv, N + 20^     pages 69-79 

As for tne resistance contours, there are three charts on each page for three 

values of statte vrim-r-'i -the stern. 

Longitudinal. Ccniiers of gravity 

Th.e contour charts on peges 81-85 define the relationship between the 

static trim by ''.he-stern, r f  and the position of the longitudinal center of 
gravity^ L.CG,. for all of the models of the series. The purpose of these 

charts is explained in the preceding section, page 4. 

There are three sets of contour charts: 

for normal displacement, K 

for "iC$ excess displacement, N -i- '!0$ 

for 2(yp  exesas displacement „  N 

page 81 

page 8? 

page 83 

Wetted_J^faces 

The contour charts on pages 85"9i' define the wetted surfaces. These 
charts are hooluded to DSFrnit makine exoansions to full size bv treatin0- the 

friction and residual components independently (as is usual for displacement- 

type vessels), if this is desired. They are necessary, in the case of V-bottom 

forms, because of the large variation of the wetted surface with speed. 

There are two sets of contour charts; 

i, L. C, G.} ! i ■?.  t h 

ror normä-L o.ispiacenienc.   ^ 

for 20^ excess displacement,  N r ?^ C '.j 

pages 85-89 

pages 90-9)4 

r1^.r.-T^^w-^'viM--rr.w^.7.v,.-^a'TO-%"v.--i-'iT--^.--?w3.n,-'~r.y^n.:!V-^^^ 



Once ehe wetted üü'i'acc is O'jUr.Y.i.'icu, tau expari^ion to full size can 

be carried out by the UBIUU Lrocwdurc-.-; employed lor large ships, except that a 

friction formulation which pi'jviuc-j satisfactory turbulent friction data for 

'lO-inch models, such as the ücneenherr, must necessarily be adopted. 

Porpoising. 

It was found in the 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 connection with seaplanes as por- 

poising. Damped out for the resistance tests, this condition was subsequently 

studied more carefully In a separate series of tests on seven, selected models 

of the series. 

The results of these tests are summarized in the charts on page 96, 

which indicate limiting speed-length ratios for longitudinal stability. They 

are shown In detail In the graphical records of the porpoising motion of each 

model tested, on pages 97~'103* 

There is no evidence that these porpoising tests for Series 50 forms 

necessarily describe the porpoising characteristics of other forms of different 

shapes.. It Is believed, however, that they are reasonably Indicative for most 

forms. 
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2735 
n. 160 

1.014 

2740 
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1,24-2 
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O.869 

2741 
15.960 

1 .064 
 I 
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Model 

2727 
2728 
212Q 
2730 
2731 

2732 
2733 
2734 
2735 
2736 

flnia^u1;*- nl 

0.','44 
0,^4; 

, 6 80 
O.7365 
0,8600 

I    Oreft 

0.628 
0.76< 
O.6887 
l ,04-20 
(»21// 

öd 
c 
J 

7 

0   4f(^ 
O.-IO?'') 

0.3475 
0.2976 

0,8160 
0.6655 
0.5770 
0 M\ 0 
0.4213 

Model     f»  

2737 
2730 
rnq 
2746 
2741 

2742. 
2743 
2744 
2745 
2746 

Enlargement 

_Beam__ 
0,7694 
0.9431 
1.0880 
1.2760 
1,4900 

0.8884 
1.0884 
1.2570 
1.4740 
1.7220 

Draft 

O.9989 
O.8160 
0,7063 
0^022 
0,5158 

1.1535 
o.q420 
o.8i5§ 
0.6958 
0.5958 



BASE LINE 

NOTE: DESIGNED L.W.L. CORRESPONDS TO STATIC TRIM BY THE STERN, r* 0€ 
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> H I F PARENT     LINES 

THE   STERN,   T* 0 

TABLE   Of 

STATION 

HALF-BREADTHS DIAGO 

KEEL 
WATER-LINES 

CHINE DECK 
1 2 3 

I 

1/2 0.15 0.24 0.63 1.55 1.285 1.72 0.595 

1 0.175 0.57 1.36 2.77 2.34 2.99 1.015 

2 0.195 1.23 3.22 4.44 3.915 4.64 1 54 

3 0-22 1.77 4.83 5.28 4.80 5.415 1.80 

4 0.23 2.21 5.225 5.59 5.175 5.685 1.93 

5 0.235 

0.24 

2.54 

2.61 

5.345 5.71 5.28 5.78 1.98 

<*» 5.5 ( o.cA o.r o i.yo 

7 

3 

9 

0.24 

0.24 

0.24 

2.32 

1.68 

0.24 

5.54 

5.34 

5.08 

5.13 

4.995 

5.57 

5.35 

1.81 

1.61 
i 

4.82 5.075 1.325  | 

10 0.24 4.81 4.63 4.81 
i. ,..  

0.985   j 



TABLE   OF   OFFSETS 

l-BREADTHS DIAGONALS HEIGHTS 

STATION (LINES 
CHINE DECK 1 2 KEEL 

BUTTOCKS 
CHINE DECK 1 3 A B C 

1 1.55 1.285 1.72 0.595 

1.015 

1.01 

1.73 

0.89 

0.71 

2.99 

1.98 

3.46 

3.14 

6.65 

6.58 

1/2 

i 2.77 2.34 2.99 

4.44 3.915 4.64 1.54 2.70 0.53 1.23 2.12 2.57 2.58 6.43 2 

5.28 4.80 5.415 1.80 3.235 0.46 0.985 1.705 2.095 2.22 6.29 3 

5 5.59 5.175 5.685 1.93 3.575 0.485 0.92 1.50 1.835 1.99 6.14 4 

5 5.71 5.28 5.78 1.98 3.77 0.57 0.90 1.405 1.70 1,83 6.00 5 

r 5.67 5.24 5.73 !.95       3.84 0.73 0.975 S.39 1.645 1.765 c as. 6 

1 5.54 5.13 5.57 1.81        3,785 0.94 1.125 1.46 1.665 1.745 5.71 7 

■ 5.34 4.995 5.35 1.61      J3.70 1.17 1.310 1.55 1.705 1.765 5.57 8 

I 5.08 4.82 5.075 i.325    3.525 1.44 1.535 1.68 1.775 1.81 5.4 2^ 9 

i- 4.81 4.63 4.81 0.985     3.28 1.73 1.775      1.835 1.865 1.865 5.28 10 
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CONTOURS 

OF 

RESISTANCE 
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13 to 23 
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35 to 45 
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