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ABSTRACT 

This report gives the resistance and propulsion characteristics 

of the TMB Series 63 parent form. The data cover the effects of 

displacement, initial trim, and appendages. An example of the pro¬ 

cedure to be followed in making a horsepower estimate using these 

data is included. 

AIMINISTRATIVE INFORMATION 

This model test program was authorized by Bureau of Ships letters, 

Code 452, Serial 1+52-M18 of l8 June I956 and S82(44o) Serial 449-48 of 18 

November I956 under Project S-F014 02 02, Task 2062. 

INTRODUCTION 

Resistance and propulsion data are meager for round-bottom hull forms 

operating in displacement and semi-planlng speed ranges. To provide infor¬ 

mation in this area, a series of tests of related hull forms was conducted 

to determine the effects of variation in hull proportions. The U.S. Navy 

50-Ft Utility Boat was chosen as the parent form since it is typical of 

round-bottom navy craft and is considered to be very seaworthy. Four other 

hulls were systematically developed from the parent form, and the five 

related hull forms were designated 1MB Series 63. 

To expedite this test program, the resistance tests of Series 63 were 

made with l/16-scale models by the Davidson Laboratory of Stevens Institute 

of Technology (as a Task Order under Contract Nobs 78349); these tests were 

reported in Reference 1.* The present report contains propulsion character¬ 

istics and associated resistance data for the parent form, measured with a 

model of larger ¿ize. 

* Beys, P.M., "Series 63 Round Bottom Boats," Davidson Laboratory Report 949 
(Apr 1963). 



DESCRIPTION OF MODEL 

The parent form, designated Model UTTT, vas made of vood to a linear 

ratio of 5.702 in accordance with BuShips Drawing 3-8228(4)50-H-lU28879# 

Rev. A. This model was not fitted with rub or spray rails. For the.pro¬ 

pulsion tests, TMB Propeller 320 was selected to represent a 26-in.-diameter 

right-hand propeller. Since the supply of small-diameter stock propellers 

is limited, a propeller of appropriate P/D was not available. However, both 

the full-scale and the model propellers have constant pitch distributions 

and similar blade outlines, which should allow reliable dimensionless pro¬ 

pulsion data to be obtained from these tests. 

Figure 1 is a design data sheet showing model lines, particulars, and 

resistance characteristics of Model 4777 representing the round-bottom 50-ft 

utility boat. Figues 2 and 3 show a scale drawing of the appendages and 

photographs of the model, respectively. A detailed drawing of Propeller 320 

is shown in Figure 4, and its characteristics are presented in Figure 5. 

TEST PROCEDURE 

Table 1 gives the conditions for which the tests were made. In this 

test program, the model was towed in the shaftline for resistance tests, and 

thrust, torque, and revolutions were measured at the propeller for propulsion 

tests. These forces and torques were recorded at the full-scale propulsion 

point and were expanded according to the usual Model Basin practice. The 

speed range was varied from about F^ = 0.7 until solid water came up to 

the deck sheer line. No turbulence stimulation device was utilized for 

these tests. 

RESULTS AND DISCUSSION 

Resistance 

The five smaller models, which were towed at the Davidson Laboratory, 

were each tested at five different displacements. Accordingly, the range 

2 



of that test protrair, was broad enough to make it possible to ira*' a* 

conclusi- ns about the effects of variation of hull proportions and loading. 

A comparison of the results of a bare-hull test of a small model, 

designated as Model 4777A, at the Davidson laboratory with the results of a 

test of Model U777 at the Taylor Model Basin is shown in Figure 6. The 

slenderness ratios were nearly the same, and Davidson Laboratory Report 9k9 

indicates that the existing slight difference will not appreciably affect 

the values of resistance-weight ratio. The trim data for the two models 

agree very well, but the rise coefficients and resistance-weight ratios 

differ somewhat. Model 4777A runs relatively deeper at intermediate speeds 

than does Model U777. This is believed to result from the small model (Model 

U777A) being influenced more than the larger model by the adhesion of water 

to the hull sides (surface tension effects). Since the two models did not 

rise in the same manner, the resistance data obtained from the two sii.es of 

models show some differences • 

Figure 7 shews the trim angle of Model 1+777 as a function of model 

speed for several appendaged conditions. This figure indicates that the 

presence of the appendages had no measurable effect on the trim of the model. 

Figure 8 shows the change in trim versus speed for three different initial 

trims (i.e., three LCG locations). It can be seen that the change in trim 

at a given speed increases as the center of gravity is moved aft. 

Resistance tests were made first with the model fully appendaged, then 

equipped with the skeg only, and finally, in the bare-hull condition. The 

results of the resistance measurements are presented in Figures 9 through 12 

(details of the test conditions are given in Table l). The data are given 

as full-scale ehp versus speed and also in the form of a resistance-weight 

ratio for a 100,000-lb boat weight versus volume Froude number. The latter 

form shows the effects of slenderness ratio and of static trim. 

Figure 13 presents ratios of appendaged model resistance to bare-hull 

model resistance versus model speed. The fully appendaged model ha: abc.t 

8 percent more resistance than the bare-hull model, and the presence of the 

skeg caused about a 6-percent increase. 

3 



Propulsion 

Propulsion tests were also made for various conditions (see Table l). 

The data from Test 2 were very erratic; therefore these data are not reported. 

In Figure 14, the results of the other propulsion tests are presented as 

functions of Fy • Examination of this figure shows that the dimensionless 

propulsion data do not vary a great deal for the different test conditions. 

With these data and with e of tue proper propeller, the propulsive 
P 

coefficient for this and similar designs con be determined. A sample cal¬ 

culation is presented in the Appendix. 
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David Taylor Model Basin Small Craft Data Sheet 

Round-bottom boat, L/By =383 

DTMB Model No 4777 

Model Scot* M Inc hot 
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MODEL PARTICULARS,TEST CONDITIONS, AND RESULTS 

sc mat» boqi 

Sr* ¢3 

Laboratory 
Batin -Htf* :■%»*, 

DATM06AS 

4777 Botin Sita 2696'■ 21'. (10 ¾ 16') 

Modal Lonqth —aMMt- 

Ton >3 Doto ,4J“gy«,..|g?1.. 

Wotor Tim par Blurt 

Spocific Wtight — 

Modal Motoriol - 

il Fioltli - 

7S Otgfttt 

62 222 It3 

Wood 

Turbultnct Slimul. Non# 

Ttfirfntfi Modal oat loood in tho tliofl lino tttown in I ho grotllo drotiiiio 
Dfoft mtoturtmtm tidudtt opptndoqtt 

Planing Bottom Dimontiont 

and Coofficiontt 
LWL Dimontiont and 

Coofficiontt 

to 

kp — 

kp/1** 

Lp/fW 

L - 

»« — 
M - 

L/B* 
L/V*» 

Co - 

C# — 

C« - 

8541 tt 
2 24 H 

0448 tt 

3,81 

3.18 

0524 

0679 

0 782 

A,IB 2796 

Modal Toot Condition 

_2_ 

Modal Toot ftooalto 

V, knott Rt.’B 

Wattod 
longtti 

Of kooi, 
ft 

Wottod 
longtti 

of china, 
ft 

IlttICf* S.ft* 10* C» 

Chongt 
Of 

trim, 
*0 

CO 
riot, 
in. 

% 

0 0 — 17672 0 
100 036 1458 7 390 -003 -007-r _2132_ 
1.52 080 2 216 7109 -003 -0107 0353 
200 144 2 916 7 390 -003 -0107 0464 

2 5! 261 3661 8 505 -003 -0.288 0,383 
300 426 4375 9 717 0 -P330. ¢696 
331 667 3119 Il 114 010 -0569 0815 
399 10 36 5819 13 359 060 -0268 0926 
449 1705 6.540 17 285 ■83 -0938 1-042 
500 2313 7293 18 994 305 -0993 1160 
549 2668 8006 18.176 3.80 -0737 1.274 
398 2878 8772 16 522 410 -0478 1.388 
648 2993 9.451 14 633 415 -0247 1504 

699 3076 1019 12 924 407 -00897 "¡662 
749 3184 1092 II 651 407 -00897 1738 

798 3264 II 64 10.536 405 00717 1852 
098 3522 12 37 '0 349 395 Ô1902 1968 
896 3706 1307 9 489 395 02402 2079 
946 4061 1380 9 3!| 403 JU7I7 -1,.!93.. 
998 42 31 1455 17672 8 720 433 06795 2 361 

Figur# 1 a 
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FORM CHARACTERISTICS 

-Notation - 

As far as po—ibts ths notation usad is consistant «itti Om Society's ‘Espionotory Notai far Wooiatonca and 

Propulsion Data Snoots* ( Tacitnical and Rasaoren Buliatin No. 1-13). Escoptiono and additions ara listad balow. 

Tho subacnpt ß daai«natas tha pianino bottom which N lho portion of Om bottom bounded by the chinea and transom. 

kp Protected pianino bottom area, asciudmo oroa of astamol spray afripe 

Bp Boom or breadth over chtnoo. asciudmo os torno! spray stripe 

Bp« Mean breadth over chinee, Ap/Lp 

BpK Mo si mum breadth over chinee, escludino asternal epray etripe 

Lp Projected chine lenoth 

S Area of wetted surface ( This is the actual wottod surface underway mcludmo the area of the 
sidas vdiich is wetted at low speeds and the wetted bottom area of estornai epray stripe ; 
however, the area wetted by spray is esc hided). 

oi Anpis of attack of stern portion of pianino bottom in depress 

4 Dead rise onple of pianino bottom in deproee. This anpie « obtained by apprasimatinp each 
body pion section by a stroipht line. 

A Oieplocement at rest, weipht of 

r Trim anpie of hull with respect to attitude os drawn in degrees 

V Displacement at rest, volume of 

Subscript o indicates value when hull is at rest in water. 

F'Sur* ID 
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Figure 3 - Model 4777
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PERFORMANCE CHARACTERISTICS 

VvVfl*** 

Figure 6 - Comparison of TMfc Data elth Davidson Laboratory Data 
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Figure 8 - Effects of static Trim on Change of Trim 
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rlgure 10 - Effects of Static Trim on EHP 



Figure lia - All Appendages 

Figure 11 - Effects of Slenderness Ratio on Resistance-Weight Ratio. 
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Figure lie - Bare Hull 
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APPENDIX 

Horsepower Estimate 

As previously mentioned in this report, the propeller used for the 

tests reported herein was not ideally suited for the hull at its design 

condition. To make a horsepower estimate for a more suitable propeller, 

only the characteristics of the propeller to be used and the resistance and 

propulsion data in this report are needed. Since 

EHP/SHP = e e. e ; 
p h rr 

ep need8 be determined to obtain shp. Plotting e as a function of 

I^/J2 eliminates propeller rpm from the characteristics, and e can be 

uniquely defined for a given hull velocity. 

*T T 

JT2 pD2v2(l-WT)2 

and 

so that 

T _R 

V ?1)2 * U-wT)2 (lit) 

An example of a horsepower estimate is included to demonstrate the 

procedure to be followed. For this example, the displacement will be 

100,000 lb and T0 = 0 de« (Test 8) wtth A Cf = 0. Propeller 306 was 

selected from Gawn’s work; its open-water characteristics *re given in 

Figure 15. The propulsive data for this estimate were obtained from Test 3, 
shown in Figure Ik, The resulting computations are given in Table 2 and the 

power curve and associated data are presented in Figure 16. The following 

procedure was used to make these calculations: 

21 



CALCULATION PROCEDURE 

Column 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

O 

P 

Q 

R 

S 

Designation 

Fv 
R/A 

Formulation 

V 

V 

t 

W„ 

rr 

1-t 

1-W„ 

VJT 

e 
P 

EHP/SHP 

EHP 

SHP 

RFM 

W_ 

(R/A)A 

Fv /gV1^ 
v/1.6878 

1-t 

1-W„ 

R/pD2v2(l-WT)¿(l-t) 

e e. 
p i*r h 

Rv/550 

EHP 

EHP/SHP 

v(l-VT) 

nD 

v(i-wt)6o 

Procedure 

Selected to cover desired 

speed range 

Obtained fhan model test 

data for desired dis¬ 

placement 

(Col. B) A 

(Col. A) /gVl/3 

(Col. 0)/1.6878 

From test data 

From test data 

From test data 

From test data 

1-(Col. F) 

1-(Col. G) 

_Col. C_ 

PD2(Co1. D)2 (Col. K)2 (Col. J) 

From curve of ep versus l^/J2 

(Col. M) (Col. I) (Col. H) 

(Col. C) (Col. D)/550 

(C^l. 0) 
(Col. N) 

From curve of e versus J 
P 

(Col. D) (Col. K) 60 
(Col. Qj D 

From test data 
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TABLE 2 

Horsepower Estimate 

Col. A 

1.0 

1.4 

1.8 

2*2 

Col. I 

e ** 
rr 

0.945 

O.945 

O.945 

O.945 

Col. B 

R/A* 

0.0463 

0.1028 

0.1127 

0.1347 

Col. J 

0.937 

O.927 

0.920 

O.913 

Col. C 

R 

4,630 

10,280 

11,270 

13,470 

Col. K 

1-Wm 
T 

1.102 

I.O87 

1.040 

1.013 

Col. D 

V 

I9.32 

27.04 

34.77 

42.49 

Col. L 

yj2 

0.775 

0.912 

0.666 

0.566 

Col. E 

V 

11.45 

16.02 

20.60 

25.I7 

Col. M 

e *** 
P 

0.539 

O.526 

O.549 

0.557 

Col. F 

t** 

O.O63 

O.O73 

O.O8O 

O.O87 

Col. N 

EHP/SHP 

O.432 

0.422 

0.459 

0.475 

Col. 0 

wT** 

-0.102 

-O.O87 

-0.040 

-O.OI3 

Col. 0 

EHP 

163 

505 

712 

1040 

Col, ft 

J *** 
T 

O.39O 

O.572 

0.406 

0.418 

Col. R 

RFM 

I232 

1783 

2010 

2324 

Col. S 

W ** 
Q 

0 

0.001 

0.021 

0.045 

* From Figure 12 

** From Figure 14 

*** From Figure I5 

Col. H 

eh** 

0.849 

0.850 

0.885 

O.903 

Col. P 

SHP 

377 

1197 

1551 

2189 
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V Figure 15a - Kw, Krt, and e^versus J 

— 

-^ 1 
.. 

No. of Blad 
Exp. Area F 
fcTF. 

es. 3 
atlo .. 0.51 
. 0.045 

P/Ü (Constant).... 0.60 
Rotation.R.H. 

L- 

J . 

" 

/ 
/ 

1 

0.8 

0.6 

0.4 

0.2 

0.2 0.4 1.0 1.2 0.6 0.8 

kt/j* 

Figure 15b - ep versus hT/J* 

1.4 

Figure 15 - Open-Water Characteristics 
for Gain’s Propeller 30fi 
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Horsepower Estimate 
for 

Utility Boat 

Hull Dimension«! 

Length(LWL).59.7 ft 
BeM.  ft 
»***'.  ft 
Displacement.loo,000 lb 
T.0 deg 
Wetted Surface..973 ft* 
Appendages: 
Shaft, Struts, Rudders, 
and Skeg 

FWCTIOM CALCULATIONS 
wr 

Propeller Dimensions 

Single Screw 
Diameter.31.9 In 
Pitch.19.1 in 
No. of Blades.3 
Exp. Area Ratio...0.51 
B*T*P.0.046 
Rotation .R.H. 

2000 

1000 

2000 

1000 

Figure 16 - Horsepower Estimate 
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