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The speed-length rolios of displacement-type surface ships in the past were limited to
under 2.0. In order fo perform projected tactical missions, however, the Novy needs ships
of much higher speeds resulting in speed-length ratios of 2,0 or above. To gain informa-
tion in this respect, 27 models of conventional hull forms designated "Series 4™ were

designed, constructed, and tested at the David Taylor Model Basin.
the resulls of the bore hull resistance tests of Series 64 models,

In the process of determining the horzepower neces-
sary to fulfill speed requirements, the naval architect
will at some time bave Lo refer to the datn publizhed in
the various technical publieations for guidance. Ex-
tremcly uscful are those data which contain the resulis of
experimenis on methodical series of model tests, in
which the design paramelers are varied systematically
one ut a time. These serics also serve as a yardstick
in judging the petformance characteristies of new de-
signs. Dor instance, at the David Taylor Model Basin,
we customarily compare the resistance characteristios of
all new models with those of the Taylor Standard
Serics [1}? or Series 60 [2] models. If the resistance
characteristies are inferior to those of the comparable
series, unless restricted by the other requirements, such
s slability, and =0 ou, it is anticipated that improve-
ment of the hull form ean be nchieved,

The speed-length ratios of dixplacemeni-iype surface
ship series data published in the past were limited to
under 2.0. Power requirements inerense rapidly above
the speed-lengtlh ratio of 1.5 and, il a ship were designed
to operate ahoul that speedlength ratio, the conven-
tional marine machinery weight would be more than the
payload. Since the need of speed-length ratios higher
than 1.5 was not acule, it was thought impractieal to
consider ships which operated al specd-length ratios
over 1.5. In order {o_perform projecied tactical mis-

sions,_however, the Navy needs ships_of nuch higher

speeds resulting in speed-length ratios of 2.0 or above,
Fn =&

! David Tayler Model Basin, Washinglon, . C,

* Numbers in brackets designate Referenves al end of paper,
Presented at the December 4, 3964 Meeting of the Chesapenke
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This paper reporis

Wave resistance was belicved 1o be the main cause for
this surge in resistance which inspired a number of nove!
designs [3,4} to reduce wave resistance, such as Shark
Ship, Escort Research Ship, und others.

The lack of a standard makes the task of judging the
performance of these new designs very difficult. To
remedy (his defiviency, the Doavid Taylor Model Basin,
in 1959, under its Fundamental Hydromechanies Re-
search Program, initinted a series of experiments on a
high-speed, low-wave drag form, Sinee no data were
avnilable on conventional displacement-type surfnce
ships at high speed, it was decided that exploratory
studies should start with conventional hull forms before
going into any novel type of ship forms.

After the preliminary investigation, 27 models of con-~
venlional hull forms (designated “Series 64") were de-
signed, econstrueted, and lesied.  This paper reports the
results from the bure-hull resistance tests of this series
of models.

Choice of Hull Form for Paren! Model

In order to develop n good high-speed displacement-
type surface ship hull form lor the parent model, it would
be highly desirable to draw guidance from existing test
data on ships which have comparable characteristies.
As mentioned previously, there is little information
availnble on ships which operate at the speeds for which
we were aiming.  Fortunately, at the David Taylor
Model Basin, we do have considerable test duta available

on_moderaiely high-speed” displacement-lype surface

ships (speed-Tength ralios ns high as 3.6).  These data

were collected and compured in, the stleetion of hull
forms. ‘To cnsure fair comparison, all test dala ob-
tnined with specd-length vatios higher than 1.0 were

- = { 70 7
Nomenclature
A: = maximum seelional aren Cr = total resistance cocifivient = V' = speed, knots
B = beam at maximvm scetinnal area RifkpSvt v = speed, fps . .
Cr = frictional resistance cocflicient = H: = draft at maximum seetionn! ares = d"‘l’lﬁcc.'“('“_" llt,n t._mi\s °§1 2240 1b
RefipSut L = length at designed walerline, ft ‘\‘\':I rhllflcle.';:‘ﬂih'\::::rszw ul:l-:lli?lgg tg
ACr = correlation allowance Ny = frictional resistance, Ib " {-.L;lmnc of 54.977 (;llf fL/ton
Cr = residinary resistance coclflicient = Ity = rcsidunr‘}' resistance, Ib p = huws density of water, Ib reed/fUd
It/ L pSet R = total resistancee, b v = kinemutic  viscosity  of  water,
Ce' = /oAt 8 = wetled surincee, 3 Mt M /see
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caleulated using current caleulating procedures [5]
In seleeting the eriterion for comparizon, consideration
15 given to the following parameters: @, C,, and &£,/4.
/A was finally sclected on ihe basis that it gives a
aarer picture of the relationship between residuary
sistance and displacement. Primary consideration
compuring hull forms was given to high-speed per-
rmance with a probable penalty at lower speed.
Thi$ comparison resulled in the sclection of two

SHIP AND MODEL DATA
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models, TMB Models 3474 and 3548, both of which
exliibited exceplionally good performance at high speeds.

Two new models, TAMB Models 4783 and 4783-1,
were constructed using Models 3474 and 3578 as guides
in developing the lines. These new models differed
only in the afterbody chine line; that is, Model 4783
had a hard chine or knuckle and Model 4783-1 had a
solt or round chine.

When bare-hull resistance tests were coniducted for
these two new nodels, the results indicated that Model
37831 hied the hetier overall performance; above the
hlj('('(l-ll‘.“j."i]l rolin of 2, hothe prafoanned concidornily
betier than vither Model 3474 or NModel 3548, There-
fore, Model 4783-1 was chosen as the parent for the series
and data for this model are given in I'ig. 1.

Selection of Parameters

Because Series 64 is an exploratory scries, it was de-
cided that in the initial stages, a minimum number of
models would be used; iherefore, only a limited number
of parameters could be studied. If the results of this
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Fig. 3 Changes of bow and stern levels with speed for David Taylor Model Basin Series 64 models, Block coeflicients
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Fig. 4 Changes of bow and stern levels with speed for Davi
) model

study indicate that this is the correct approanch, the
series can be expanded by adding other parameters.
Three parameters, B/I, A/(0.01L)3, and Cj were
selected. Three models for each parameter may not
adequately describe the cffect of change of the parameter,
but they should be enough to indicate the trend of the
effect of the change. With ihis in view, the minimum
_ number of 27 models was decided upon. _
To include all basic dimensions with only three
parameters, the choice naturally centered at block
coeflicient, ¢, longitudinal coefficient, Cp, maximum
sectional area coefficient, C'y, beam-draft ratio, B/H,
length-beam ratio-L/B, and displacement-length ratio,
A/(0.01L)%, Owing to the relationship of Cx = Cp/C5,
only two of these three parameters needed to be con-
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d Taylor Model Basin Series 64 models. Block coefficients of
s are 0,45

sidered. Similarly, any ratio among A/(0.01L)% B/H,
and L/B could be expressed in terms of the other two
ratios by the relationship of

A/(O01L)* = Co/K(L/B)Y(B/H)
“where K = 34.977 X 10—,

Taylor's ‘Speed and Power of Ships” [1] indicates
that the higher the speed-length ratio, ihe smaller the
effect upon resistance of varying the longitudinal coeffi-
cient. Consequently, after careful examination of the
conlours of residuary resistance, in pounds per ton of
displacement, the block cocfficient (', was selected as one
of the parameters in preference to the longitudinal
coefficient Cp. This selection, however, does not
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L MODEL B o ' c ¢ cpya la
o we. O Gy R (0.01L)° L/B B H Ay s s/NAL BV PVF PPVA 5 Ll
' ' IN. IN. SQ.IN. SQ.FT. DEG
oY% 4787 0,55 0.873 2 55 11.956 10.037 5,018 43,96. 11,388 15.355 0.723 0.744 0.639 5.5
4,83 4788 0.55 0.873 2 40"  14.020 8.559 4,280 31,98 9,711 15,355 0.723 0.744 0.639 4.7
04S 4789 0.55 0,873 2 25 17.736  6.767 3,384 19.99 7.678 15.355 0.723 0.744 0.639 3.7
40% 4790- 0,55 0,873 3 55 9.762 12,292 4,097 43.96 11,503 15,510 0.723 0.744 0,639 6.7
#99 4791 0.55 0.873 3 40 11,447 10.483 3,494 31.98 9.809 15,510 0,723 0.744 0.639 5.8
7%%S 4792 0,55 0,873 3 25 14,479 8.288 2,763 19.99 7.755 15.510 0.723 0.744 0.639 . 4.5
&0v4793  0.55 0.873 4 55 8.4546 14,194 3,548 43,96 11,903 16,050 0.723 0.744 0.63% 7.8
&5 479 0,55 0,873 4 40 9.914 12.104 3.026 31.98 10.151 16.050 0.723 0.744 0.639 6.6
70, wg 4795 0,55 0,873 4 25 12,540 9.569 2,392 19.99 8.025 16.050 0.723 0.744 0.639 5.2
€59 4796 0.45 0,714 2 45 11,956 10,037 5.018 35.97° 10.411 15,520 0.591 0.609 0.522 5.5
(JaS¢ 4797 0.45 0,714 2 32,5 14.069 8,529 4.265 25.98 8,848 15,520 0.591 0.609 0.522 4.7
. 2726 4798 0,45 0.714 2 20 17.934  6.691 3,346 15,99 6,941 15,520 0.591 0.609 0.522 3.7
Ty s 4799 0,45 0.714 3 45 9.762 12,292 4,097 35.97 10,616 15,825 0,591 0.609 0.522 6.7
%5 4800 0.45 0,714 3 32,5 11.487 10,446 3,482 25.98 9,022 15,825 0.591 0.609 0.522 5.8
7226 4801 0,45 0.714 3 20 14,643 8,195 2,732 15.99 7,077 15.825 0.591 0.60% 0.522 4.5
§834802 0.45 0.714 4 45 8.454 14,194 3,548 35,97 11.109 16,561 0.591 0.60% 0.522 7.8
L4803 0,45 0,714 4 32,5 9,948 12,062 3,016 25.98  9.441 16.561 0.591 0.609 0.522 6.6
7226 4804 0,45 0,714 & 20 12,682 9,462 2,366 15.99 7,406 16.561 0.591 0.609 0.522 5.2
934 4805 0,35 0.556 2 35 11.956 10.037 5.018 27.98 9.907 16,746 0.460 0.475 0,407 5.5
7o, % 4806 0.35 0.556 2 25 14,146 18,483 4,242 19,99 8.373 16.746 0.460 0.475 0.407 4.7
72,33 4807 0.35 0.556 2 15 18,264 6.570 3.285 11.99 6.486 16,746 0.460 0.475 0.407 3.7
3% 4808 0,35 0,556 3 35 9.762 12,292 4.097 :7.98 10,089 17,053 0.460 0.475 0.407 6.7
70,% 4809 0.35 0.556 3 25 11,551 10.389 3,463 19.99 8,526 17.053 0.460 0.475 0.407 5.8
2234 4810 0.35 0.556 3 15 14.913  8.047 2.682 .1.99 6.604 17,053 0.460 0.475 0.407 4.5
g.2% 4811 0.35 0.556 4 35 8.454 14,194 3.548 27.98 10.644 17.992 0.460 0.475 0.407 7.8
7l 4812 0.35 0.556 4 25 10.004 11.996 2,999 '9.99 8,996 17.992 0.460 0.475 0.407 6.6
22,59 4813 0,35 0.556 4 15 12,915 9.292 2,323 .1.99 6.968 17,992 0.460 0.475 0.407 5,2
y L=10"0" Ly /L=0.60 L, /L=0.40 LCF/LVL = 0,601 AFT F,P, LCB/LWL = 0.5656 AFT F.P.

Cp=0.63 Coo=0.518 €, =0.815 Cpo=0.568 Cpp = 0.710

= = 0.541 = 0. = =
C, = 0.761 €= 0.5 Cyp = 0981 f 0 t 1.227

preclude the use of the longitudinal -coefficient as a
variable in future investigations.

From the same contours, the minimum residuary
resistance tends to move toward the higher longitudinal
coefficienis as the specd increases. Since the parent
model has a longitudinal cocflicient of 0.63, and it ap-
pears to be in good agreement with that indicated by the
Taylor contours, the value of 0.63 was used throughout
the series.  This, of course, does not mean this value of
0.63 was an optimum value of longitudinal cocflicient
for this type of hull form. With constant Cp and
selected Cp, Cx will be fixed automatically.

Sinee displacement is an excellent indicator of pay-
load, A/(0.01L)* was chosen as one parameler. Also,

252

because naval architects were accustomed to seeing
B/H in all previous contours, the natural selection was
B/H in preference to L/ 5.

Range of Paramelers

In the data of existing models, which were compiled in
the search for the hull form to be used as the parent
model for high-speed, displacement surface ships, the
block coeflicients varied considerably. The values of
0.35 to 0.55, however, covered most of tho ships; there-
fore, block coefficients of 0.33, 0.45 and (.55 were se-
lected. Based on the same compilation, the beam-draft
ratios of 2, 3 and 4 also were established.

In the development of a reasonably good hull form

MARINE TECHNOLOGY
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Fig. 5 Changes of bow and stern levels with speed for David Taylor Model Basin Series 64 models.

Block coefficients of

models are 0,55

i

with high-speed performance characieristies, it was not
possible to obtain a set of displacement-length ratios
applicable to all three block-coeflicient models. How-
ever, it was possible to select values for each hlock-
coefficient model so that the effects of changing displace-

ment-length ratio overlapped as the bloek coefficients -

varied. The total range of displacement-length ratios
is from 15.0 to 55.0 with the smallest values applicable
o the Jowest black-cocfficient models.

The maximum section—al ca coefficients for each block-
coefficient model were determined by the following
relationship:

Cx = Ca/Ch
Since Cp = 0.63, Cx hecame 0.873, 0.714 and 0.556 for

JULY 1965

block-coefficient models of 0.33, 0.45 and 0.35, respec-
tively.

The grid in Fig. 2 shows the relationship of each
model to other models in the series.

Characleristics of Series 64 Models

The Series G4 models have fine enfrance angles; half-
angles of entrance (Ma,) amount to 3.7 to 7.8 deg.
There is no sharp curvature at the shoulder, and the
maximum beam does not occur until Station 14 and then
it reduces gradually {o Station 20.

The stems are sloped downward and aft, the angle
between FP and stem is in the order of 25 to 30 deg, with
forefoot cut away.

Owing to the wide range of Cy, the shape of the sec-
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tions varies from extreme U to extreme V, with no sharp

bilge radius in either case. None of the models has

parallel middlebedies, but they all have maximum see-
tion located at Station 12.

* The stern is wide and flut below the design waterline,

the buttocks are straight lines at the afterbody, and the

transom is immersed with sharp cutoff at the end.

The sectional area (4 /4 1), dimensionless beam (B/By),
and centerline profile contours (H/H ) are kept the same
for all modcls and, therefore, the locations of longitudinal
center of buoyancy, LCB, and longiludinal center of
flotation, I.CF, arc the same for all models.

Data for all models are given in Tuble 1; all ecoeffi-
cients used are defined as in reference [G].

Resistance Tests of Series 64 Models

All models were made of wood and were 10 ft long at
{he design waterline.  Tesls weve condueted by towing
the mardels at (he center of Aotation in the YTMB deep-

waler Do, whieh b o vionn seclionss 5000 TL winhe el

22.0 ft deep. - Models were free to pitels, heave, and roll,

but were restricted in yaw. When tests were con-
ducted in ealm water, resislance was measured by using
towing dynamometers as described in [7]);, with model
speeds ranging from 1.0 10 16.0 knots.

As a result of past expericnces with models of this type
of hull form, experiments were conducted without
turbulence simulation.
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Change of level at forward and aft perpendiculars was
measured during the tests and resulls are given as
percentages of length in Figs. 3 to 5. It should be noted
that all modcls, both bow and stern, settled at low
speeds, 17/+/L below 1.2, the bow moye so_than_the
stern. Aftcr the Spccd length ratio of 1.2 was reached,

PP

posmon f(n the remainder of the «peeds tested
Wave profiles at model speeds of 3, 6, 9 and 12 knots,
corresponding to speed-length ratios of 0.95, 1.90, 2.85

and 3.80, were recorded and traced on body plans,

Figs. 6 through 14. Notice that at a corresponding
speed the wave height reduces as the A/(0.015)% reduces.

Resistance test results were reduced to residuary re-
sislanee in pounds per ton of displacement R./4, using
the Schocenherr formulation.

Only the data obtained from speed-length ratios of
FAY foe SO0 o givens on o roalows of A8 npaital i
placement-length ratio at (.20 speed-length ratio in-
tervals in Figs. 15 through 23; those vulues of V/+/L
between 0.20 and 0.80 are included in Tables 2 through 4.

The test results are also shown in Figs. 24 through 26
as (1 to a bhase of speed-length ratio; those values of
V/+/L between 0.20 and 0.80 are included in Tables 5
through 7. Above a speed-length ratio of 3.0, they were
also plotted as C,° against a speed-length ratio, where
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twice as large as the form drag.

R ) L i e B ek

Table 7 Nesidunry Reslstancy Coutliclents, € X 105 fur 0.35 Mok Cuvllicient

Muodels
35 Fi| 1%
B
‘ RN 2 3 4 2 3 4 2 3 4
JL
.20 1.832 | 1,799 | 1.702 | 2,168 | 2.129 | 2,017 [l 1.399 | 1.374 [1.302
L40 1.145 | i.126 | 1.063 || 1.084 | 1.064 | 1.008 | 1,049 | 1.030 [ .577
.60 1.628 | 1.499 | 1.323 | 1.206 | 1,300 }1.345 §1.088 | 1,221 | 1.013
LY 12 ] 1.4R4 1.774 Va6 1.219 1.1 1.201 1.049 1.702 1.058
1.00 1668 | 1.726 | 1531 § 1,300 | 1.192 .29 | 1.003 [ 1,099 3 907
1.20 1.790 | 1.788 | 1.560 | 1.324 | 1.212 | 1.289 | 1,010 | 1.030 | .BGB
§.40 1.77% 1.835 1.597 1.282 1,194 1.25% U470 .953 L3797
, 1.60 1.788 | 1.812 | 1.582 1 1.219 | 1347 | 1297 874 | .858 | .773
1.80 1.766 | 1.710 | 1.575 | 1.150 | 1.077 | 1.1a45 56 | .780 | .739
2.00 1.630 | 1.546 | 1.550 | 1.083 | 1,000 | 1.059 g1 | W71s | L7209
, 2,20 1.698 | 1.397 | 1.655 171021 | .eas | 983 || 717 706 | .732
2.40 1.261 | 1.260 1371 L933 850 | 924 680 | .687 | .723
2,60 1.9241 | 1149 | 1,274 ) .ms9 { @00 | .8B3 646 | L6283 .70t
’ 2.50 1,151 § 1.06% | 1.18) JB07 | L76% LJBAY L3y b7 | s
3.00 1.050 | 1.011 | 1.104 770 | L7522 | .829 622 | .696 | .631
3.20 987 | .969 b r.050 | .736 ) .140 | .BI5 L617 692 626
3.40 947 vohg | 10270 L72r | .mes | 813 ) 624 694 | .631
3.60 916 | .938 | 1.013 132 755 | .815 626 | .704 | .639
3.80 893 .932 | 1.008 L4l 766 .B18 635 715 646
4.00 879 | .o28 | .ees | .58y .v7s | .89 647 | L721 654
.20 874 | .30 | .esel .76 | .788 | .B19 | .56 | .729 | .667
4.40 870 | .93 | .97 .71 | 796 .817 .665 138 | .672
4.60 8711 L9377 | 971 789 | .805 | .6l4 612 | .7a3 | 679
4.80 873 | .935 963 .796 | .809 | .s12 680 | .746 | .€83
5.00 K72 932 954 W TYY JH12 JROR N5 749 +GBR7

7Y isdefined as R,/)4pA w7, in Ifigs. 27 through 29.
"1t should 'be understood that in no way is it claimed
that these models possess an optimum hull form.  Yet

~ he results indicate that this series does fulfill its mission. '

The dropping off of residuary-resistance coefficients
and the close spacings of R,/A contours between the
speed-length ratio of 2.0 and 3.0 mean that a small in-
crease in horsepower will bring a higher return in speed
in this speed range than in any other speed range, except
at’ihe very low speeds.

The leveling off of the residuary-resistance coefficients
and their magnitudes after the speed-length ratio of 3.0
indicates that the wave resislance is no longer an im-
portant factor., The frictional resistance, however, re-
mains the dominant factor, and its magnitude is about
In some cases, the
residuary coefficients have only the values of the correla-
tion allowalices. Therefore, for ships designed to operate
at speed-length ratios over 3.0, it is highly desirable to
keep the wetted surface to the minimum,

JULY 1965

K\I

Applicotion of Resulls

The bare-hull resistance of a comparable Series 64
hull form can be estimated by using one of the following
methods:

1 EHP = Rp/550

Rc = Rr + K,
&y = 16S(Cr + ACH) + 2 A
2 BHP = Ru/550

(uloo)Sva(CF + AC, + C,)

It is recommended that the comparable. Series 64
wetted surface, which can be estimated from Fig. 30,
using either the curves or the empirical formula, be used
in the caleulations. The American Towing Tank Con-
ference 1947 {riction line (Schoenherr line) is recom-
mended To7 calculating fMclional resistance. I this line’

is not used, allowance should be made to account for the

-
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Fig. 30 Woetted-surface coefficients of Series G4 models

difference in the model frictional resistance which was
used in deriving the C, and 2,/A-values,

The correlation allowances, ACr, recommended by
reference (8] for destroyer-type hull forms are from

0.0004 to 0.0008, depending on the type of paint used.

To obtain R,/A or C,-values, a three-wiy interpolation
is involved, first between A/(0.017)° values at each block
coefficient within each B/H, then at constant A7(0.01L)?
across the B/H, and finally at each A/(0.01L)* and B/H

across_the Dblock coefficient.” This process is_repeated

for every V/+/L-value required. This inlerpolationisa

tedious process and results thus obtained may or may not
be consistent. Therefore, these data were programmed
on the Burroughs [£101 desk-size electronic digital com-

puter using A/(0.01L)% B/H, and C, as variables at

every 0.20 V/+/ZI~valus from (.20 {0 5.0.

JULY 1965
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Comment

The series as a whole fulfills its mission in calny waler;
however, its scakecping quality has been questioned.
To ascertain their behavior in waves, a limited number of
Serics 64 models have been tested. The results of these
tests have not yet been analyzed. If the results of these
scakeeping tests prove to be acceptable, the extension
of the series is highly recommended.
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Sulfur and Sea Salt Attack of Turbine Blades
{Continued from page 247)

removal of salt by evaporation and the lower is prob-
ably because of the temperature being too low for
reaction.

In all the laboratory work it was observed that sal
vapors had litile or no eflcet and for attack to take place
it wus necessary for solid or molten snlt 1o be present.

The aluminized coatings used on all specimens and
blades were deposited by a pack aluminizing treatment
and afterwards heat treated in an inert atmosphere to
diffuse the layer. "The final layer is 0.002 o 0.003 in.
thick.  Similar coatings c¢an be produced by dip
aluminizing followed by heat treatment bul the pack
method has been found more easily controllable. In
cither case heat treatment is essential as the coating
formed is both hard and brittle. If used as aluminized,
cracking and spalling are liable to occur.
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