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NOTATION

A Sectional area

AX Maximum sectional area

B Breadth on waterline

BX Breadth on waterline at maximum sectional area

CB Block coefficient

C Prismatic coefficient

C f Coefficient of frictional resistance

4C f Correlation allowance

Cr Coefficient of residual resistance, R/p/2 Sv2

g Acceleration due to gravity

Nx jr-aft at maximum sectional area

L Length on waterline

LCB Longitudinal location of 7-- of buoyancy

LCF Longitudinal location of center of flotation

R Total resistance

Rf Frictional resistance

R Residual resistance (R - Rf)

S eAra of wetted surface

V Speed in knots

v Speed

W Gross weight in pounds

Crose weight in tons

v Volume of displacement

P Mass density of water

Subscripts:

m Model

IV



ABSTRACT

Va~lies of residuary resistaLnce from model tests were pre-

viously presented for a methodical series of slender displacement

huUl forma which had been tested up to bhigh speeds. The present

report gives values of total resistance for the hull forms of

the series so that their relative merits can readily be seen.

The vLlues of total resistance were calculated for boats of 200-

ton displacement to facilitate comparison with resistance data

for U. S. Navy hydrofoil boats. The form of the data presenta-

tion is such as to provide guidance for the design of high-speed

displacement and catamaran hull forms.

INTRODUCTION

Reference 1* presented the results of model resistance tests of a

methodica.l series of slender displacement hull forms designed for operatiocn

at high speed. Twenty-seven models were tested in the series, which waE

designated II• Series 64. The purpose of the work was to provide informa-

tion for guidance in designing efficient high-speed displacement hulls

and also to provide data for evaluating the performanc- of other designS

of fast craft.

The results of the tests of the Series 64 hull forms are presented

in Reference 1 as values of residuary resistance coefficient and values of

residuary resistance per ton of displacement. Values of wetted surface

and wetted-surface coefficient are also given so that the resistance of a

ship of &ay size can readily be calculated from the results of any one of

the model tests. However, values of total resistance for the hull forms

tested are not given in Reference 1, and therefore the relative merits of

the different designs of the series are not readily apparent.

* References are listed on page 7



In the preseni. report comparisons of the total resistances of the

hull forms of Series 64 are presented so th&i. the relative efficiencies of

the different hulls can be readily seen. It was necessary, to calculate

values of total resistance, to make a selection of the size of the full-

scale cr&ft to which the model resistance values were to be converýed.

For this report, the resistance values from the tests of the models of

Series 64 were corrected to correspond to a boat having a gross weight

of 200 tons. This was done so that the rcsulting reslstance values could

conveniently be compared with resistance values for the Navy's hydrofoil

boats. [The average of the displacements of the first two large-scale

Navy hydrofoil boats, PC (H.) and AG(FEH), is approxtma.- - 200 t C!,] Also

the data are presented in such a form as to provide guid&nce for designing

displacement and catamaran-type hull forms for lcw drag.

THE HULL FORMS OF SERIES 64

As expliiixed in Reference I, the hull forms of -ne series were

derived by first developing an efficient parent form, and -hen making

systematic variations of the most significant hull form parameters. 'The

lines and hull form coefficients for the parent form are shown I.n Fig-ur,

The parameters selected for variation in derivirg The hull fcrms cf he

series were block coefficient, bear!-draf& ra' io, an,! di -•i• - .g .u

ratio [ 6/(O.OlL)3]. Three values of each of these parameters were

selected ad all possible combinations were tested; aciordingly hert

were 27 models in the series.

The values of block coefficien! selected for testing were 0.35,

0.45, and 0.55; the values cf beam-draft ratio were 2, ,, e-id 4. The ranage

of values of displacement-length ra& io varied wi-h block coeff:-ien-. '-he

values are given in Table I. The curves of sectioral ai -a anA of ratio of

local waterline breadth -o breadth at the maxamum section are show-.

Figure 2. These curves apply to all the models of The series.

The waterline 2ength of each of the models was 10 feet. - hfr model

dimensions are given in Table 1L The f7rm parameter hav-rng hF- mos-



pronounced effect on model shape was the block coefficient, Body p.a:-:

for three representative models (one for each value of block cseff:c>•c.-

are shown in Figure 3. Body •lans for all the models, and also va!,-f-

additional coefficients of fo....., can be found in Reference I

METHOD OF RESISTANCE C-. JUTATION AND F.`O OF DATA PRESENTA:2c¢';

Values of speed and resistance from the tests of the 2'1",i :e f

series 64 are given in Table III. The air drag of the towing gear ha:

beer. subiracted from the measured resistance values.

For this report the model values of speed and resistance were

corrected to full scale for a boat weight of 230 tons. The 19L.7 1"'

friction coefficients and the standard correlation allowance ( Acj cf

O.O00a were used in correcting the values of model resistance to lull

scale. The full-scale values of resistance and speed were then ccnvr-:

to the dimensionless form of R/W and F,7 (equals v/ V gVl73). (Figzt

show's the relationship of F, 7 to speed and displacement.) The values c'

R/W and F,7  were next plotted for each model and curves were faired rr; _

the spots. Examples of these plots for three of the hull forms of -he

series are shown in Figure 5. Values of R/1 for evenly spaced vaL4._--

Fv were then rei off the curves. These values are plotted agai.°-

slenderness ratio in Figure 6, (The relationship between sleneer'e

rawic and displacement-length ratio is shown in Figure 7.) Each se-- "c--. Cf

Figure 6 presents values of R/W for the 27 models of the series, a- a

particular value of F7 . This method of presentation is such -ha he

relative resistances of the different hull forms are compared c,. 'he ba.

of equal speed, equal gross weight, and equal length. The relat 4c-S hit i*

L/ •7 to length and displacement is shown -r Figure 8. AE ar. exampl-

cf the use of Figures 4, 6, and 8, consider the problem of ddsjg-irg a

320-tar. boa' which is to have a speed of 45 knots. Figu•re 4 4'.-a-!:

Iha: the value of F 7  ccrresponding to this displacemei!" a-,d Epeec- iF-

approximately 5.0. Accordingly: the upper part cf Figure 6b c&a: b• us-



to determine values of resistance/weight ratio for a range of values or

block coeffilent, beam-draft ratio, and hull length. A hull lengt-h of

180 feet gives, from Figure 8, a value of L/7 13 equal to 9.4, and +hE 'op

par' of Figure 6b then indicates that with this value of slendernezs ratVo,

a block coeffliclEnt of 0.45, and a beam-draft ratio of 2, the resis w-,2e

will be approximately 10 percent of the iross iieight. With the same

slenderness ratio and block coefficient, and a beam-draft ratio of 4

the resistance "will be 11 percent of the gross weight if thelegth 1E

SItcreased to 210 feet, then from Figure 8 L/V / equals 11.0. In ý;

case the upper part of Figure 6b indicates that a block coefficient of 0.45

and a beam-draft ratio of either 2 or 3 will result in a value of ies;-sance

equal to about 9.5 per'o of the gross weight. The same graph shows ha- a

block coefficient of 0.35, together with a beam-ratio of 4, woula r~sI

in a value of resisttnct equal to 12 percent, of the gross weigh', wiii-:h I E

I percent higher than the resistance value Just mentioned.

* It should be evident that although it was necessary to selec' a

specific displacement in order to calculate the values of total resis'n-,

the graphs presented here are neve--theless applicable for desjgn s4ud Cs

of boats of a fairly wide range of displacenent both above and below 20C

tons. To illustrate this point, Figure 9 compares data from a repreE*.- a-

tive model of the series (Model 4797) as corrected to a boat, weigh-_ c:'

200 tonc, =nd as corrected t) a boat weight of 50 tons- In thIF y -'al

inst.ance the difference in resistance/weight ra-io for most of 'he spýec

ran,-- is about 5 percent. Figure 10 presents values of the ratio of 5

for various displacements to R/W for 200 tons displacement (again from

,he test of Model 4797). Figure 10 indicates that if -he values of

resistance/weight ratio in this report (which have been calcula'ed f-• a

boat weighi of 200 tons) are used +o determine the resis&ance ct a Oca

having a gross weight of 100 tons, the value will be too lo,; by aboru

2 1/2 percent. This results from the fact that the fric Ioonal res-a_:-

coefficients increase with a decrease in size and a corresponditg dt-raý-

in Reynolds numbers. However, the graphs in this report are ir.'eýi- -c

be useful chiefly rs an aid to selecting coefficients of form -.hat will'



result in efficient designs. It will be evident that their usefulness for

this purpose will cover a wide range of displacements above and below 2,-J ...

Assume, for example, that we wish to design an efficient hull form for a boa

having a gross weight of 100 tons. If we consider the result of adjusting ý.he

values of resistance/weight ratio corresponding to 200 tons so that they

correspond to a gross weight of 100 tons, it is evident that all the values

will be increased by about 2 1/2 percent. Accordingly, the relative resistn&ce

valý2b w-11 evidently not be significantly chLnged. Thereýfore, we are led to

the conclusion that it is not necessary to convert the data for 200 *ons to eaech

particular design displacement in order to use the Series 64 results as pre-

sented here for designing efficient hull fDrms of a variety of displacemen` c.

DISCUSSION OF THE RELATIVE RESISTANCES OF TEE IPJLL FC-4MS OF SEPT1E 64

The graphs for F 7 equals 1.0 and 1.5, in Figure 6a, indicate that al>

these low speeds the resistance is affected chiefly by variation in slender-

ness ratio (and therefore, displacenent-length ratio also). The other para-

meters of the series generally have considerably less effect on resistar.ne.

The fact that at these speeds the resists.ce of round-bilge boats Is determ: td

mainly by the value of slenderness ratio has been remarked on before (in

Reference 2, for example). At higher val ?s of speed (or F7  ), therF i a

considerable spread of the resistance values, and a clear indication as -c he

relative merits of the different values of block coefficient end of beam-

draft ratio. The poor performance (i.e., high resistance) of the models w*.-h

block coefficient equal to 0.35, is readily apparent. Also apparent is -he

consistent superiority of the models with block coefficient equals C.45. bhe

resistance values for block coefficient equals 0.55 lie between those for -Ic

block coefficients of 0.35 and 0.45 - which suggests that the optimu bm._k

coefficient lies somewhere between 0.45 and 0.55. The graphs of Fivare 6

ý.ndicate a consistent decrease in resistance with decrease In beam-draft

rat.io. The extent to which beam-draft ratio can be decreased, however, ds

limited by stability considerations.

5



Figure 11 presents values of wetted-surface coefficient for the models

of the aeriee. This graph shows relative ma Ltu4e of wetted surface for

boats of equal gross weight. It indicates clearly that for a given value

of slenderness ratio (i.c., given length of boat), the hull forms of the

series havix.g a block coefficient equal to 0.35 have considerably larger

magnitudes of wetted surface than the hull forms having block coefficients

of 0.45 or 0.55. This difference in magnitude of wetted surface presumably

is the chief explanation for the high resistance values of the 0.35 block

hull forms.

The graphb of Figure 6 have indicated that the hull forms which are of

particular interest, because of their low values of resistance, are the ones

--having a block coefficient of 0.45, and beam-draft ratio of either 2 or 3.

According4, a further anal' 3is of these is offered by the graphs of Figure

12. In these graphs, the values of resistance-weight ratio are presented

only for the more efficient models of the series (the values and the form

of presentation are the same as in Figure 6). Also presented in each graph,

however, are values of the ratio of frictional resistance to weight for the

same efficient models of the series. The difference between the open symbols

(R/W) and the filled symbols (R f/W) is obviously Rr/W, which is the ratio

of residual resistanc' gross weight.

Figure 12 indicates roughly how far it is practical to g in reducing

resistance by increasing slenderness ratio. The extrapolation lines drawn

on the graph for F7 equals 3.5 indicate that slenderness ratio for minimum

resistance will be about 13.5, and the corresponding minimum attainable

resistance-weight ratio will be about 0.12. At this point the resistaance

is almost entirely frictional, and the wavema•ing resistance is negligible,

so that there is no possibility of additional improvement by farther

increase in -'enderness ratio. A similar conclusion can be drawn from

the graph for FV equals 4. At this speed the optimum value of slenderness

is again about 13.5, corresponding to a minim= attainable value c'

resistance-weight ratio of about 0.15.

Figure 12 is also of interest as a guide to the design of the individual

hulls for high-speed displacement-type catamarans. Assume, for example, tha'

6



a 200-ton catamaran is to be designed for a speed of 40 knots. The dis-

placement of each hull will be 50 tons; Figure 4 then shows that the corres-

ponding value of F17  is approximately 3.5. The lower part of Figure 12b

can accordingly be used to determine an appropriate length for the hulls.

(It is assumed that the hullk are to be spaced far enough apart so that

interaction effects are avoided.) As discussed previously, the resistance/

weight ratio can be expected to be a minimum at a value of L/,71/3 of

approximately 13.5. Accordingly, from Figure 8 the optimum lengtn for each

of the catamaran hulls is about 160 feet. The lower graph of Figure 12b

also indicates that the value of R/W for this length is about 0.12. However,

Figure 10 indicates that this value should be increased by 5 percent for a

hull having a gross weight of 50 tons. Accordingly, the resistance of each

cf the hulls of the catamaran can be expected to be:

0.12 x 1.05 x 50 x 2240 = 14,10C lb

and the total resistance of the craft will be double this amount.
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TABLE I

Form Coefficients for the Hulls of Series 64

LCF/L equals o.601 aft of FP. and LCB/L equals 0,586 aft
of F,P. for all models,

Cp equals 0.63 and Cw equals 0,761 for all models,

No. CB Cx (O.OiL)3X 2

4787 0.55 0.873 2 55 11.956 5,5
4788 0.55 0.873 2 40 14,020 4,7
4789 0.55 0.8'3 2 25 17.73,4 3.7

4790 0.55 0.873 3 55 9,762 6,7
4791 0.55 0.873 3 40 11.447 5.8
4792 0.53 0.873 3 25 14.479 ,5

4793 0.55 0.873 4 55 8.454 7 .8

4794 0.55 0.873 4 40 9.914 6 .6
4795 0.55 0.873 4 25 12.540 5.2

4796 0.45 0.714 2 45 11.956 5.5
4797 0.45 0. 7 i- 2 32,5 14.069 4.7
4798 0.45 0.714 2 20 17.934 3.7

"ý.79 0.45 0.7i1. 3 45 9.762 6.7
,800 0.45 0.71. 3 32.5 11,487 5 .8

-8CI 0.-5 0.'!- 3 20 14.643 -. 5

4802 0.45 O.'L. 4 45 8.454 -. 8
4803 0.45 0.714 4 32.5 9.948 6.6
4804 0.45 0.714 4 20 12,682 5.2

4805 0.35 0.556 2 35 11.956 5.5
4806 0.35 0.556 2 25 14.146 4.7
4807 0,35 0.556 2 15 18,264 3.7

4808 0.35 0.556 3 35 9,762 6.7
4809 0.35 0.556 3 25 11.551 5.8
4810 0.35 0.556 3 15 14.913 4.5

4811 0.35 0.556 4 35 8.454 7.6
4812 0.35 0.556 4 25 10.004 6.6
4813 0.35 0.556 4 15 12.915 5,2

24



TABLE ZZ

Dimen•ions of the Modhls of Series 64

Model SXAX S ter

No. n. In. in,2 rt 2 Temp. lb

4787 10.037 5.018 43.96 11,388 710 120.0
--4788 80559 4.280 31.98 9.711 71.50 87.2
4789 A,767 3.384 19.99 7.678 780 54.4

4790 12,292 4.097 43.98 11.503 78.50 120.0
4791 10.483 3.494 31.98 9.80a 69.50 87.2
4792 8.288 2.763 19.99 7.755 78' 54.4

4793 14.194 3.548 43.96 11.903 680 120.0

4794 12.104 3,026 31.98 10.151 760 87.2
4795 9.,5,9 2.3Z2 19.99 8.025 770 54.4

.. -4796 10.037 5.018 35.97 10.411 8es 98.0
4797 8.529 4.265 25.98 8.848 77.50 71.0

4798 6.691 3.346 15.99 6.941 750 43.6

4799 12.292 4,097 35.97 10.616 760 98.0

4800 10.446 3.482 25.98 9.022 760 71.0
4801 8.195 2.732 15.99 7.077 78.50 43.6

4802 14.194 3.548 35.97 11.109 770 98.0
1803 12,062 3.016 25.98 9.441 78.50 71.0
4804 9.462 2.368 15.99 7.406 78.50 43.6

4805 10.037 5.018 27.98 9.907 700 76.4
4806 8.483 4.242 19.99 8.373 76' 54.4

4807 6.570 3.285 11.99 6.486 760 32.P

4808 12.292 4.097 27.98 10.089 78.90 7 .4

4809 10.389 3.463 19.99 8.526 78" 04.4

4810 8.047 2.682 11.99 6.604 750 32.9

-Ill,' 14.194 3.548 27.98 10.644 73.50 76.4

4)19 11."G9 2.999 19.99 8.996 73.250 54.4

4.j3 9.292 2.323 11,99 6.968 72.50 32.9



Table Ser - ires 64 - Values of Model Speed and Model Resistance

Table X a - C = 0.55, "/(0.0lL) 3 = 55

Model 478? Mdl40 Moel 4793
BXIHX 2 BX/HX = 3 BX/HX = 4

V a R a v . Rm V m

.00 0.18 1. a 96 .63

1.99 0.62 3.99 3 01 U .00 0.72
3.00 1.55 6.02 6.9 0 3.01 1.72
4.00 3.00 8.00 9 .8 4.00 3.IC

5.02 5.20 10.00 13.62 5.00 5.3;

6.01 6.75 1' .52 14.67 b.00 7.29
7.04 8.23 1 1.03 15.67 7.04 8 .7
8.05 9.64 11-52 16.83 u .00 0.5e
9.02 11.22 12.01 18.60t ).00 12.29

10.01 13.06 12.52 19.41 10.O 14.3('

11.02 15.31 12.97 20.7u 11.00 16.60

12,00 17.54 1..51 22*53 1 1.99 19.2o

13.00 20.18 13.97 •4.3i 13.00 22.32

... 14.00 23.10 14.50 ?6.65 14.00 26*22

1.50 0.3• 3, 14.94 28.86 14.99 30.50

2.50 1.08 I L.i44 ý1*2e 8.51 1 .17
3.50 2.19 1'..i*92 33.71 9.51 13.21
4.50 4.16 10.03 13.62 11055 15.•0 4

t*50 5:9H- 11.02 15.8d 11.51 17.8')

6.50 7 45 1-.02 18.1- I1.53 10J.70

7.50 8 .eb 13.05 21.OC 13.4e 24.I J

8.5C 10.35 14. 01 14 54 640 10.42

9.50 12.03 14.99 24,54

10.50 14.05 It,95 *.03

11.50 16.30 lj.g)3 34.2e

12.50 18.87 7
13,50 21.64

14.50 24.55



Table - CB 0.55, /(O.O1L) 3  G O

Model 4788 Model 4791 Model 4794
BX/HX= 2 ,BX/HX a 3 I BX/HX 4

vm Rs I VA fRm

1.O O l O0 O.17 1*05 0. 15
2.00 0.5? 200 0.56 3.00 1.43
3.02 1.31 3.03 1.21 5*.03 3.9u
4.01 2.35 4.02 2.12 7.02 6.62
5.03 3.86 s.02 3.7.: 9.02 9.65
6.02 b.07 f.02 5.07 1 11.01 13.2b
7.03 6.2C 7.05 6, 1 12.98 1*.2e

7.03 7.4 8.03 7 7.cc 14.88 ,3.94

9.03 8.7' 9.03 9.10 1.98 0 .61
10.05 10.33 * 10.06 10.611 4.00 2.3t
11.05 12.21 ii.04 12.65 6.03 5.*2
12.04 14.2) 12.02 14.9U 8.10 7.92
1.50 0.30 C 1.4 0.28 a 10.04 11 .37
•.51 0.8') 2.52 0.84 12.04 15. 6
4 *52 3.14 J 3.5c 1.6t 13.71 29.3.2
b.57 45 4.52 2.9:- -1.86 d9.31
6.53 5.61 5.59 4.43 6.03 5.43
7.52 *.7 c 6.5 5 55 o 5.54 4.80
8.5t 8.02 7.54 6.eL 6.51 6.0-
V.5 9 :5! 8.53 fj.2u 7.50 7, 3o

Iu.52 1 .24 ,.55 g .8S 7.00 6.73
SI.0 13.15 t 10.54 11 .7o4: 7.48 7.94
13.04 17.5C 11.53 13.65.1 ti.03 8.21
14.00 20.22i 10.02 10.61) 8.54 8.9S
I1.,00 26.40 9.54 10.73

J 05 1 1 7U I U .5a 4 1 .9t

14.00 19.83

27



Table me - CB = 0.55, A/(O.O1L) 3 = So

Model 4789 Model 4792 Model 4795
BX/HX = 2 BX/HX 3 BX/HX 4

vm I R vm Rm vm ps%

1 , 0 10 -55 U I 00 8*7- ,0• T 00
eso00 0,.4 1j.00 12.01 J.01 0.g1

4. 4.01 1-56 14.00 14.0t 50 2,33
. 5.0t It.00 16.03 7.02 4.00

u02 3.30 1b.0t 18.44 9.00 6.30
'I.Oou 7.52 1.50 13.1 11.03 9.10
1J5.97 13.91 14.40 14.7? i ?.00 0 47
0.99 0.11 1 7.3 0 17.27 4.00 1,533
3,01 0.92 J3.00 0.9b b .0w 3.25
D C2 2s 3) .01 2.3, 6.01 4.7t
7,0L• A 0 7.02 4. 1I 10.00 7.70

"9o02 6s07 1 661C 100 so10
1 1,02 8072 4,.00 1:5 I,- II,98 1068")

11:02 0.24 .02 3.-23 19 1 2,.f

4, q 0.64 3.05 5-1C 13.95 14.36
3450 1 *It- IU.UI 7,a ! . 487 16. 4 t

4.52 1.92 10..0 10,4e 15.86 18.80
2 2.49 0.70

b.51 4.60 3.50 1.18
7,52 4.57 4.50 1.91

13.00 1. .8 9 2.75

0.02 3.7d
b.50 3,623

8.00 5,12
4 *f)1 1,93

5,00 2.34

7.00 4.10
7.51 4 5'

bloo 4.9';8.49 5.58
9.50 6,0a8•

10.00 7.51

10.50 8e37

11.50 go8L

-8



Table =M 4 - C = 0.45, L/(0.0lL) 3 c 45

Model 4798 Model 4799 9 Model 48 *0

BX/HX 2 BX/HX = 3 SX/HX 4

Vm R Vg ~ Vm RElm

S .- o0.54 I.9-a -- 0-.6 -99 "66
2.37 3.98 k.6C 3*9C 2.37

5.96 5. 3• b.a7 5.62- 5? 9 5.62
7.98 7.8& 7,96 8.09 8.OC 8.A0
).98 10.80 9.97 11.30 1o.(, 11.99

11196 14.7C 11.95 15.02 12.0i 16.20
14.00 l194 14.04 19.53 ,14 .0( 21.q4
Osqg 1 0.21 1t. O 08 25:2t Ito. 1 1 d9 .7t)

1..4 I 1a4 0.99 0.14 0.99 0. 1

!. O0 A.1J 1.00 1.47 2.. , 142

6 09Pe 606( 4 .98~ 4.a39o A.9 v 4.1 1
9.00 9.2'. 6.98 6.94 7.Otý 6.9t

11.00 12.60 8.99 9.53 8.9( 10.10
12.97 16.95 11.00 12-92 10.9 I l.II
I. I C 2 2.7U 12.80 16.9b 13.01 18.9Q
9.46 9.93 1!.0b 22.75 I 11.51 14.9,

10.57 11.7t 14.55 21.31 11.5 15.11
I1.491Y .1 16 ~2k2 13.51 i04 U

I2.5C 15.77 1.99 0.5,1 1t,.60 2e71

13.4f 17.9! 209) 1&47 15.0') 25.52

14.55 21.15 i .00 4.2t 2.5- 0.94

4.98 4.01 .00 5.0sc 3.51 1*81
k.95 9.1• b.98 9.53 11. 0!) 13.84

I 1.40 12..72 16.00 13.04 15.614 27. 9
1050 0.28 1i295 17.1b 1 0.50 12(9)
2.50 0.9? 1".5? 17.57

4.52 3.22 10.50 13e01

5.55 4 7t 1109 13.97
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Table Is - CB = 0.45, A/(0.01L) 3 = 32.5

Model 4797 Model 4800 Modol 4803
BXAix 2  I BX/HX3 BX/HX 4

Vm Rm V*V RM

1.99 0.4' 1.99 0.44 i.5
3s99 1.87 .3.97 1.83 4.00 1.79

5.98 3.99 5.97 3.9e b.00 4.,0
7.,9t 5.93 7.9t 6-18 7.97 6.34

II.00 8.4,-. 9.98 8a6g 10.00 9,14
11 97 1 1,5( 12:00 12:3C 12.02 12.68
S 14*07 15s82 14904 16 39 14.07 17.19
16. 11 20I 69 1. I11 21.6-j 16.09 22.10
o.98 0.Ou 0.99 0.09 0.98 0.14
3.00 1 .0 219b 1 .04 2.99 1.08
). 0o 3.01 4.98 2.91 4.98 2.94

.. 98 4 s93 b.98 4.95 609e 5.05
d.99 7.2,2 8.97 7.27 9.00 7957

11.02 10.12 11.00 10.4?7 110.0 14.84
13.00 13.61 13.02 14.24 12.97 1A.6e

7.51 5.40 15.10 19.17 15-08 19.68
0.48 7,70 1/ '62 17g9C 2.50 0.81

11.51 10.9d L.60 20.36 4.41 2,32
13.53 14.63 5.44 3.44 6,5c 4966
15,61 10.4:2 6.50 4 41 3.51 7.1G
1.07 0.06 7.48 5.52 10.51 9.9c

12.50 13.21 12.50 13.69
4.50 2.34 14.60 1*.40

3051 1 135 3.50 1.,37
13.50 15 .3 j ,.48 3o48
14.32 17*1( 7.4i 5.63
Ito32 19.42 q.4 4 8.20

11 .50 1 o66
13.52 15.8.3
15.63 20.94

16.07 el.94
1b.05 21.8u

it,. 10 22.06

30



Table = f - CB = 0.45, ,/(O.01L) 3 = 20

Model 4798 Model 4801 Model 4804
BXHX2X/ HX = 3 BX/X = 4

-2-06 o-6.41 1 . S9 -- 73 1 . 91 0 t)
a.99 1.2; 3.99 .114 4.00 1.21

.. 98 2.662 5.99 29.56 f>.00 2.63
7*98 4 .If 7.97 4.10 t0.00 4,.22

9.99 6.12 10.00 6.00 10.01 6. 3 #,

119e 8.4S 12.01 8.5t 11.97 80eu

14.0? I1 .3 1A.04 11 .5t 14.02 12.13

0.99 0.04 Ib.10 15.2'1 0.99 O.OL
j.00 0.74 u. 9 0.0( 2.98 0.77
"Q.L 1.87 2.99 0.6') .J.00 1.91

c.1 3.27 4.99 1.82 7.00 3.3JL

b.97 4.90 7.00 3.2: 80.99 5.Iv

1 .0. 9 l L. 7.14 j.99 4.9t I .I ,U 7.52- .... .... .

13.00 9.7t Ilu.97 7.2? 13.04 10.40

1'..07 1 1.37 13.00 9.9t f 1. IC 14.04

1b. 09 13.1 t 1P.62 14.34 .4P 4.6 6
9.42 5.42 7 . 4 4.54 9.46 5.60

Iu.50 6.54 9.49 5.5C 1..5O 5 I.83

11.50 7.72J I.5? 6.5t 11.50 u II

12.50 9.014 11.49 7.83 12.47 9.5t

13.50 10.52 12.50 9.09 13.49 1 .3t

1ob.9 12.3j 13.50 10.51 14.59 12 9!

1L-57 13.9', 1465 12.48 15.b0 14.9t

2.50 0.54 1.50 0. I 3t 9 9 1.22

J.bo 0.91, 3.99 1 .17 ,.)9 5.1.

4.46 1,52 10.00 6.04 v.99 6.3(L
.4(P 2.11 13.53 #1136

7.50 3.6u

L. 4 0 4o4?



Table ,=g- CB 0.35, 4(0.1L) 3 = 35

Model 4805 Model 4808 ]odel 4811
Bx/HX 2 BX/HX = 3 BX/X 4

vm R Vm u 'I vo I
1.00 0,I0 1.00 0.17 1.00 0,alI
2.00 0.55 2.99 1 .24 1.99 j.5(,
3.01 1.20 5.00 3.37 3.00 1.31

-4.01 2.1 7.01 5.7d 4.00 2.1t
t),02 3.52 9.00 8.64 5.00 3.80

t.03 4.7; 10-99 12.20 b.02 4.87
7.04 5.91 1.98 0.47 7.00 6.20
d+Ol '? 1' 1 3.98 2905 8.00 7,54
9.04 8.62 0.01 4.5e 8.90 9.19

10.04 10.30 7.98 7.2Ž 10.00 11.04
11.05 12.05 10.00 10.36 .I100 13.01
12.04 14,02 12.00 '4,28 12.00 15.21
13.07 16.19 4,50 2.7-' 12996 17.5e

- 14.02 18.5) 5.55 4o0e 13.9b 20012
--1.49 0.27 6.50 5,-u 14.92 22.8;

"2.50 0.84 13.02 16m54 1o.91 25.57
J*50 1.62 14 .00 19.0. .3.98 2.14
4,52 2,8C 14.98 21.7A 10.52 12.1s
5.59 4,2J 15.95 e4.56
6.53 5.2,) 14.00 1l. 1c
7.52 b63", 14.50 0.3
0 52 7.7, 4.00 2,0e
9.55 9.3! j.00 3.J,

10.56 1105 0 .01 C455
11.54 12.87
I2.57 14.94
13.55 17.17
14.51 19,7-
S1J.Ob 2 0.6b
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Table h - CB = 0.35, t,/(0.01L) 3 = 35

M~odl 4806 i M~odl 48%• M~odl 4812

B/HX = 2 Bx Aix = 3 BX/HX= 4

v= , vm Rm v=

S.0oO 0 . I• e i IOu 0.13 0.99 0.1I
3.00 0*9? 3.01 0.97 1.98 0.4 ?
5.02 2.43 5.02 2.49 ,303 1.03
7.01 -43' 7.02 4.14 J.98 1.67

9000 6.5• 9.05 6.87 b500 2.06!
8*96 6,6J 11.05 9.81 0,00 3.6f.

11.00 9,47 13.00 13.3t. 7.00 4.68.

13.01 13.24 I1.00 17.54 7.99 5.81

14,92 18.54 1.9q 0.47 8099 7.21
2.01 0,4u 4*00 1.55 9099 8987
3.98 1.5t 6.01 3.40 11.00 10.4,1
6.02 3a4 J 8.02 5.4L, 11.97 12.29
8.02 5.47 10.10 t3923 13.01 14.2t
Iuo B Ou 8004 11.99 11,48 -13.97 16.31

-12,02 11.33 13.95 15.41 14.94 18,5Lý

4.52 2.0t) 15.91 19.81 15,91 20.64
4. C 2,09v) 4 00 1,55 11.49g 11.,2

,9.ge 3.4t, 4.50 1.9 12.48 13 .17

cb51 308/ 4 .9b 2.48

7.52 4.8') b-50 2.97
5.00 2,51 b.00 3,38
5* 49 2.9s b.50 3.88

6.01 343J 6.99 4,37
0.50 3.8 7e49 4.9G
7.02 A ,3? 7.9y 5.42

12.9b 13931 10.00 8.20
14.00 15.07 10.50 8.97
1J11. I1t).1 10.97 9.7 c
14.94 17m4(: 11.50 10.63
14.49 16.,j I 1,9e I 1.38

13.05 13,30
14.96 17.55
8.49 6.08

-).00 6.72
).50 7.48d
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Table i - CB 0.35, ,i,/(0.01L)3 = 15

Model 4807 Model 4810 Model 4813
BX/Hx=2 BX /Hx=3 i B/Xx4

RIV~ R Rmm 01 1 = a vs %

1.00 0.10 1.00 0.1c 1.00 0.10
: 2.g9v .71 2.00 0.343 3.00 0.6e

S. 0 1179 3.00 0.68 F.t 00 1 .s
7.01 3.17 4.00 1.02 7.01 3.27
9.02 4.94 b. 00 1.74 9.00 5.2?

11.03 7.4t, 0,00 2.5o 11.02 7.6012099 9081 7602 3419 13*00 1 0 atý

15.02 12.91 8000 4s02 14e92 13.87

1,96 3-70 8,99 5*6'j 1098 0*31

4.97 tal. 10*02 7.13 3.98 1.13

,.02 2.40 11.00 8.32 0.00 2.4t

'3,01 3.96 11.99 8960 7,99 .4v12

y09,8 5.99 13.00 10.21 9.95 6e42
1 197 8.38 13.99 11.63 12.00 9.00
14.02 11.35 14.95 13.31 13.95 12.0C
15.94 14.55 1.50 0.19 15.90 15.81k
1.08 0-20 2.50 0.49 11.99 9.Ou
3.50 0.90 3.50 0.88 4.50 1 .4J
b.55 2.09 4.52 1.3b b.50 2.14
7.50 3.50 5.55 2.14 13.00 10.51
9.51 5.41 6.51 3.82 5.00 1.73
11.48 7.75 7.50 3.7C 7.00 3.27

13.44 10.41 6.50 4.43 15.92 15.81
15.41 13.6t 9.50 5.57

L.40 0.64 10.50 6.87
4.51 1.45 11.49 8.04

6.50 2.77 12.48 9.80
bo.50 4.37 13.48 10.8e

10.53 6.5o 14.40 12o4I
12,48 9.10 15.41 14.1C

I 11.43 1 1.97 11 .00 7.32
8.99 5.02
).99 66.1,

11.50 7.9!

13.95 15.1I
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