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INTRODUCTION

Under contract with the Society of Naval Architects and
Marine FEngineers and the Maritime Administration, the Ship Hy-
drodynamics Laboratory of the Department of Naval Architecture
and Marine Englneering of The University of Michigan has developed
the lines of a series of systematic hull forms using Series 60 as
a parent series. The transverse sections of the new series are
of a pronounced "V" shape as opposed to the "U" shape of the
parents., Models were bullt and tested for both EHP and SHP. The
results of the tests as well as the geometric properties of the

forms are reported herein,

Under the same contracts, but previously reported, (1,2) the

University of Michigan built and tested three of the parent Series
60 hulls with apparent good success. A fourth model, that of the
Maritime Administration's high speed cargo liner, PD-108, was also
built and tested but with notable discrepancies in results as
compared with those obtained on a larger model at David Taylor

Model Basin,

At the outset careful consideration was given to the selection
of model size. It was thought that in order to avoid appreciable
propeller scale effect that model propeller diameters should be six
inches or greater. Because of the physical size of the towlng tank
presently available, ship models of greater than 14 feet LBP were
not feasible if the blockage effect was to be small., Therefore, all

of the above mentioned models were built 14 feet IBP long and the



resulting model propeller diameters were between six and seven

inches,

Further analysis of previous results along with analysis of the
results reported herein shows evidence of scale effects(3). As
part of the long-range research program of the Maritime Administra-
tion The University of Michigan will test a 17 foot LBP model of
the Cp = .60 Series 60 parent as well as the "V" form, The results,
which will include a blockage correction, will be analyzed for
scale effects by comparison with results of tests of the two 14 foot
models and the 20 foot model, the latter tested at DTMB. Until the Scale
effect study is complete, the results in this report should not be

considered final,



LINES DEVELOPMENT

The purpose of the current investigation has been set by the
Society of Naval Architects and Marine Engineers, H-2 Panel, Task
Group VITI, as the exploration of the effects of "U" and "V" forms
on resistance, propulsion, and stability within and beyond the
limits of design currently in practice in the United States. The
sectional area curves of the Series 60 parent forms were to be
retained (4), and also the parent profiles within practical limits.
The criteria were chosen after consideration of the two principal

factors in the following. (5)

1. Desirability of reducing the number of variables
so as to accentuate the effect of variation in
shape of transverse sections, and

2. The paucity of good hull form data in the extreme
"r" range.

Inasmuch as the hull forms to be tested fell beyond the category
of normal design, the usual method of developing lines from a known
ship of good performance could not be adopted, and the development
of lines of the "V" forms was carried to the practical extremity
of fairing lines drawings. The first proposal by the Maritime
Administration included extreme "V", moderate "V" or "U" lines for
each of the two hull forms initially chosen for the investigation,

1. e., hulls of C, = .60 and .75, Figs. 1 and 2 show the extreme

B
"U" and "V" sections as originally advanced for the above. How-

ever, upon further discussion, 1t was declded to exclude the extreme

"U" lines from the present investigation as the parent series is



already quite "U" in section shape.

Thus for the Cp = .60 and .75 hulls, extreme "V" and moderate
"T" lines were developed the body plans of which are shown in Figs.
3 and 6.

In developing extreme "V" lines for the remaining hulls, mathe-
matical means were discarded and the following geometric method was
adopted. PFig. 8 shows a nondimensional plot of load waterlines of
all Series 60 parents and two extreme "V'" models and is typical of
many such curves prepared for the cross-fairing. By connecting
offsets at various stations, a surface representing the waterlines
of the parent model is generated. This is a three-dimensional
surface and it is faired. A similar surface representing the water-
lines of the extreme "V" forms follows the parent surface but should
include the two hulls already developed and the surface must likewise
be a faired one, The second surface is sketched in and offsets are
read off. ILines drawings for the other block models are drawn up
using the offset obtained above., If the obtained offsets are
unsatisfactory for fairing lines, the surface 1s modified and the
procedure is repeated. All such surfaces actually used in the
development are included in the Appendix in Figs. A-1 through A-5S,

It is to be noted that these plots can be used to obtain nondimensio-
nal offsets for a hull of any block coefficient, Nondimensional
offsets are given in the Appendix in Tables A-XI through A-XV,

Figs. 4, 5, and 7 show the body plans of the remaining hull forms

as developed by the method just explained.

The sectional area curves of the original series have been well



preserved, although at the stem and stern a small portion of the
lines had to be faired irrespective of the sectional area curve,
The resulting discrepancy is very small and need not be of concern

from a practical standpoint.

In developing the stern lines the extent of the "V" shape near
the load waterline was not made as pronounced as originally proposed.
Although the load waterlines may st1ll be considered as conforming
to the general extreme "V" class of "V" hull shape, reduction of
the half-breadths made possible development of moderately deep "U"
shaped sections immediately forward of the propeller aperture, a
design consideration which is desirable in that a more uniform
wake field and less vibration may result., Moderate "V" forms
diminished, 1. e., with load waterlines about midway between those
of the series developed and the parent series, and as developed for
the Cg = .60 and .75 models in Figs. 3 and 6, have not been included

in the present testing program.

An effort has been made to retain the waterline length of the
parents. Occasionally, however, a slight change in the profille is
introduced in fairing, but since it is small, changes in waterline

length may be assumed nonexistent.

Above the load waterlines each hull was developed so as to form
a deck with nearly the same area as that of the corresponding parent
because the deck area of either a "U" or "V" form depends largely
upon the intended‘service which is not known. Therefore, it seemed
best to conform to the parent deck areas. Had a knuckle been intro-

duced immediately above the load waterline, even more extreme "V"



sections could have been developed. Adoption of such a procedure

would have resulted in a higher vertical prismatic coefficient,

Most foreign ships of "V" form have a rather pronounced cut-
away at the forefoot, sometimes extending as far aft as Station
2 (1/10 LBP). Modern American practice is to have a plumb bow for
deep "U" forms. The parent models have an arbitrary bow profile
which is the same for all Series 60 hulls. The effect of cutting
away the forefoot is not well understood, although it is easy to
understand that partial removal of the forefoot might improve
maneuverability and course stability. Changes in resistance were
expected to be small (6)° The Cq = .60 and .75 models were tested
for resistance with both the parent profile and the forefoot cut away.
The results confirmed that changes in resistance were negligible so
that, consequently, the remaining lines were developed retaining

the parent profiles,

To follow the trend of half angle of entrance of the parent
would have made the angle of entrance for the extreme "V" series
quite excessive on the large block models, Fig. 9 shows the half
angles of entrance at the lcad waterlines for various well known
series. After some discussion the H-2 panel adopted the angles as
indicated in the same figure for the present series. It should be
noted that the parent series is increasingly "V" shaped for fuller
forms. Hence, the trend of the curve of half angle of entrance
versus block coefficient, Fig. 9, of the present series is quite

natural 1f one compares with the other hull form series.



Curves of form for Series 60 parent and the U of M "V" series
are included in the Appendix, Tables A-I through A-X. In general,
these calculations check closely to those of DTMB. The main dis-
crepancy was in vertical prismatic coefficient and is indicated in
Fig. 10, Also, a small difference in block coefficient of the
Cg = .65 hull was noted. Bonjean's curves are tabulated at the

end of each curves of form.

Fig. 10 has been constructed from the curves of form to show
the variations in transverse waterplane inertia. The three dimen-
sional surface indicates a smooth variation in vertical prismatic
and the transverse waterplane inertia. Similar curves for other
variables may be plotted as Fig. 11 shows the wetted surface

variations which, due to change in hull form, are not appreciable.



TEST RESULTS

Table I lists the geometric properties of the UM propeller
models and compares them with those of the parent propeller models,
There were slight discrepancies in pitch owing to model construction
inaccuracies which would affect full scale RPM predictions and also

the open water characteristics.
Table II lists the particulars of the ship models.

The results of the resistance and self-propulsion tests are
given in Figs. 12 through 21 for a 600 foot LBP ( A.= 42,857) ship.
Open water propeller characteristics are given in Filgs., 23 through
27. In addition, propeller efficiency versus ship speed is plotted
in Fig. 22. In all the above mentioned figures results obtained
at DTMB from the parent Series 60 and propeller models are also

plotted.

In general, predicted EHP was higher for the "V" forms than for
the parents throughout the speed range except that at high speeds

the Cg = .60, .65, and .80 "V" forms had decreased resistance over

that of the parents. The increases were the greatest for the hulls
of medium fullness, being less for the finest and fullest block

models,

The differences in EHP are reflected in SHP, but additionally
the shaft horsepower increased owing to decreased propeller

efficiency or decreased hull efficiency which gave a lower value



of overall propulsion efficiency. Again, the greatest difference

ocecurred for the CB = .70 form,

Since the largest differences between the parent and "V" hull

form were observed for the Cg = .70 hull, those results warrant

detailed discussion. Similar analyses could be made for the other
block models, At 18 knots, or a speed-length ratio of about .75,

the effective horsepower increased by 13 percent and the shaft
horsepower by 45 percent whereby the propulsive coefficient decreased
from .76 to .60, or 21 percent. See Fig. 16. 1In Fig, 22 the
propeller efficiency dropped from 67 to 61 percent, orAa decrease

of 9 percent. Therefore, had the propeller used been as efficient
behind the "V'" form model as it was behind the parent, the P. C. would
have decreased about 12 percent instead of 21, That 1s, the parent
propeller design was not as nearly optimum in combination with the
"W" hull, or had another propeller been designed from wake survey
information, or otherwise, lower shaft horsepower results would have
been obtained. In addition, referring to Fig. 25, the U of M
Propeller No. 10 had slightly lower efficiency than the parent DTMB
Propeller No. 3376 in the operating range of advance coefficient

so that not quite all of the decrease in propeller efficiency shown
in Fig. 22 is the result of having less than an optimum propeller

design for the "V'" hull,.

There remains approximately 11 percent in propulsive coefficient
as yet unaccounted for. Fig. 17 shows an abnormally high thrust
deduction which, when combined with an only slightly higher wake
fraction than that obtained on the parent model, yields a substan-

tially lower hull efficiency. However, 1t should be noted that the



relative rotative efficiency at a speed corresponding to 18 knots
was 1.01 which indicates that serious propeller scale effects in

the self-propulsion test were lacking, and therefore, should not

be conslidered as a possible cause of the large differences just

discussed.

The differences in SHP and other propulsion components between
the "U" form and the "V" form for the finer hulls seems excessive
and it is believed reflects some scale effects not understcod. This
being the case this report is not considered to be a final statement
of accurate results for at least the finer hulls. Further investi-
gation of this problem is being made and will be reported at a later

date under a different task number,

10
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MODEL NO.

Ship Cp

Model

LBP (ft)
LWL(£ft)
B(ft)
H(ft)
A(tons)
WS (sq ft)

A=42.857
LBP(ft)
LWL(£t)
B(in)
H(in)
WV(cu ft)
WS (sq ft)
A (sq ft)
LE/LBP
LX/LBP
LR/LBP
Cx
Cp
gPF

PA
CpFr

Cpr

Cpy

c
%£?E(deg)
LCB (%LBP)

TABLE IT

SHIP MODEL PARTICULARS

924
.60
600
610.048
40.0
31.996
26,331
62,166

14.000
14.235
22.399
8.959
11.708
33.846
1.361
0.50
0
0.50
.977
.614
.581
.646
.581
.646
.774
.741
.586
12.0
-1.500
7.500
2.500
6.156
6.564
.229

959
.65
600
610.048
41.379
33.104
30,433
66, 449

14.000
14.235
23.171
9.269
13.532
36.178
1.465
.472
.035
.493
.982
.661
.651
.672
.630
.667
.803
.807
.678
17 .0
- .500
7.230
2.500
5.869
6.350
.205

958
.70
600
610.048
42.859
34.290
35,275
71,799

14.000
14.235
23.999
9.601
15.684
39.091
1.578
.410
.119
.471
.986
.710
.721
.698
.660
.680
.831
.843
.732
25.0
.490
.000
.500
.593
.240
.181

o+

952
.75
600
610.048
44.446
35.551
40,658
77,317

14.000
14.235
24.89
9.954
18.078
42.095
1.533
.350
.210
.440
.989
.759
.792
.721
.704
.686
.851
.882
.793
36.0
+1.490
6.750
2.500
5.335
6.080
.153

966
.80
600
610.048
46.155
36.931
46,711
84,313

14.000
14.235
25.848
10.344
20.769
45.904

1.857
.290
.300
.410
.994
.805
.861
.750
.761
.695
.871
.918
.844

575
.540
.500
.500
.092
.040
.118

[« )OI S I V)
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Parent) \
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