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NOTATION

Sectional area
Maximum sectional area

Bregdth on waterline

Breadth on weterline at maximum sectional area
Block coefficient

Prismatic coefficient

Coefficient of frictional resistance

Correlation mllowance

' Coefficient of residual resistance, R_/p/2 sv2

Acceleration due to gravity
craft at maximum secticnal area

Length on waterline
Longitudinal location of ce-* = of buoyancy
Longitudinal location of center of flotation

Total resistance

vFrictional resistance

Residual resistance (R - R_)

Area of wetted surface
Speed In knots

Speed

Gross weight in pounds
Crose weight in tons
Volume of displacement

Mass density of waler

Mcdel




ABSTRACT

Values of residuary resistance from model tests were pre-
viously presented for a methodical series of slender displacement
hull forme which had been tected up to high speeds. The present
report gives values of total resistance for the hull forms of
the series 80 that their relative merit8 can readily be seen.
The values of total resistance were calculated for boats of 200-
ton displacement to faclilitate 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
digplaceggnt uqd ;Etgmg;ag hull forus.

INTRCDUCTICON

[

Reference 1* presented the results of model resistance tests of a
methodical series of slender displacement hull forms designed for operation
at nignh speed. Twenty-ceven models were tested in the series, which was
designated DIMB Series 64. The purpose of the work was to provide informa-
tion for guidance in designing efficient high-speed displacement hulls

RIUEN

and aleo to provide data for evaluating the performancr of other desigrs
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 recsistance per ton of displacement. Values of wetted surface
and wvetted-surface coefficient are also given so that the resistance of a
ship of any size can readily be calculated from the resulte of any one of
thne 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 serles are noct readlly apparent.

* References are listed on page 7 .




In the presem. repor: compariscons of the total resisiances of the
. hull forms of Series OuL are presented so that the relative efficiencies of
+the different hulls can be readily seen. It was necessAary, *o calculate
values of total resistance, to make a selection of the size of the fulil-
scale craft to which the model resistance values were 1o be converted,
For this report, the resisiance values from the tests of Lhe models of
Series 64 were corrected to correspond o & boat having a grose weight
of 200 tons. This was done sc that the rosulting resistance values could
convenliently be compared with resistance values for the Navy's hydrofolil
boats. [The average of the displacements of the first two large-scale

Navy hydrofoil boats, PC(H) and AG(EH), is approximavely 200 *c-s.] Alsc

i

~the data are presented in such & form as to provide guldarce for designing

displacement and catamaran-type hull forms for lcw drag.

THE HULL FORMS OF SERIES 64

As explaired in Reference 1, the hull formms of the series were
derived by first developing an efficient parent form, and Then maxing
N "~ 7 systemavic variations of the most gignificant hull form parameters. The
lines and hull form coefficients for the parent form are shown in Figurs
The parameters selected for variation in derivirg the hull fcrms cf *he
series were vlock coefficienl, peam-draft ra'io, ard dispiacemen’ -1¢7
ratic [ &/(0.01L)°]. Three values of each of these parame*ers were
gselected and all possible combirations were tested; accordingly here
were 27 models in the seriles.

The values of block coefficient selected for testing were 3,
0.45, and 0.55; the values cf team-draft ratio were 2, 3, end 4. The rarge
of values of displacemen=-length ratic varied wi-h tlock coeffizient. 'Th
values are given in Table I. The curves of secviora! szr-a ard of ra“io of
local waterline breadth =0 breadth a- the maximum section are shown 1o

Figure 2. These curves apply *c all *he models of the series.

The waterline length of each of +he modeles was 1C Teer., [ her model

dimencions are given in Table Il The form parameter having *he mogs
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pronounced effect on model shape wac the block coefficient, Boly paiar:
for three representative mcdels (one for each value of block cceffigic: )
are shown in Figure 3. Body rlans for all the models, and aico values 7

< o £
additicnal ccefficients ¢f form, can be found in Reference 1.

METHOD OF RESISTANCE CO..°UTATION AND FORM OF DATA PRESENTADZICY

Values of speed and resistance from the tests of the 27 modiels of
Series 54 are given in Table III. The air drag of “he towing gear ha:
beer. subtracted from the measured resistance values,

For this report the model values of speed ané resisiance were
corrected to full scale for a boat weight of 200 <ons. The 13L7 4.7 1.
friction coefficients and “‘he stancard correlaticn allowarce ( AC.) ¢f
0.000L were used in correcting the values of mocdel resistance to ;ull
scale. The full-scale values of resistance and speed were thern cowver- 22

tc the dimensionless form of R/W and Fo (equals v/ gvl: ). (Figare

x

shows the relationship of Fg to speed and displacement.) The values ¢

R/W and Fo were next plotted for each model and curves were faired “nr-Lgh

the spots. Examples of these plots for three of the hull forms cof -he
series are shown in Figure 5. Values of R/W for everly spaced valus:c

Fy were then rea off the curves. These values are plotied agairs
slenderness ratio in Figure 6. {The relationship be“ween slender-ec:
racic ard displacement-length ra%io is shown in Figure 7.) Each se--:c. cf
Figure 6 presents values of R/W for the 27 models of the series, & a
rarticular value of Fg - This method of presentation is such -ha he
relative resistances of the different hull forms are compared ¢~ *he ba:s.:
of egual speed, equal gross weight, and equal leng-h. The relatic-ship <7
L/ ¥V /3 to length and cdisplacement is showr ir Figure 8. Ac ar exampl=

of +he use of Figures 4, 6, and 8, consider the problem of desigrirg a
z350-tor bca- which is to have a speed of 45 kno's. Figure 4 ir3:cae--s
that the value o7 Fg; cecrresponding to this displacemen® and speed 1s

apprexirately 3.0. Accordingly, <he upper part cf Figure ©b <ar te us-:

{a)

It
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10 determine values of reeietance/weight ratio for a range of values ¢f
block cceffi.lent, bteam-draft ratio, and hull length. A hull length of

18C feet gives, from Figure 8, a value of L/¥ /3 equal to 9.4, and *the “op
part of Figure £b then indicates that with this value of slerndernezs ra‘.o,
a block coefficient of 0.45, and a beam-draft ratio of 2, the resis ance
will be mpproximately 10O percent of the jross weight. With the same
slenderness ratio and tlock coefficient, and a beam-draft ratio of &

the resistance will be 1l percent of the gross welght . 1f the lengih »¢

ircreased to 210 feet, then from Figure 8 L/E’l/J equals 11.0. in 'L

m

case the upper part of Figure 6% indicates that a block coefficient of 0.uS
and a beam-draft ratio of either 2 or 3 will resul* in a value of resic-ance
equal to about 9.5 pervett of the gross weight. The same graph shows ha' a
block coefficient of 0.35, together with a beam-ratic of L, woula resul

in a value of resistance equal tc 12 percent of the gross welght, which

b
m
~

W percent higher than the resistance value Jjust mentioned.
, It should be evident that although it was necessary to selec* a
specific displacement in order to calculate the values of total resic'ance,
the grapns presented here are never-theless applicable for design s'udies
“of boats of a fairly wide range of displacernent both above and below 20C
tons. To illustrate thi:z point, Figure & compares data from a reprece~ a-
tive model of the series (Model 4797) as corrected tc a boa' weigh: ¢
200 *cne, and ac ccrrected to a boat welght of S0 tons. In this ~vpi-al
instance the difference in resistance/weight ra-ic for most of 'hs speed
ran~- is about 5 percent. Figure 10 presents values of the raic of K/«
for various displacements tc R/W for 200 tons displacement (again from
“he test of Model 4797). Figure 10 indicates that if ~he values cf
resistance/weight ratio in this report (which have been calcula'ed fcr a
boat weight of 200 tons) are used to determine the resis-anze c¢f a cca
having a gross welght of 100 tons, the value will be 100 low by abcu-
2 1/2 percent. This results from the fact that *he fric'.ionml recis-a..:c
coefficients increase with a decrease in size and a correcponding de-regs-
ir Reyrnolds numbers. However, the graphs in this repcri are inteniri -o

be useful chiefly rs an ald to selecting coefficients of form -~ha* w:ili

L




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

this purpose will cover a wide range of displacements above and low 20U %orns.
Assume, for example, that we wish to design an efficient hull form for a boat
having a groes weight of 100 tons. If we conelder the result of adjus*ing ‘he
values of resistance/weight ratio corresponding to 200 tone so +ha‘ they
correspond to & gross welght of 1C0 tone, it 1s evident that all the values
vill be increased by about 2 1/2 percent. Accordingly, the relative resis-ance
valuee w.ll evidently not be significantly changed. Therefore, we are led o
*he conclusion that it is not necessary to convert the data for 20C +gns to each
particular design displacement in order to use the Series 64 results as pre-
sented here for designing efficient hull forms of a variety of displacemen’cs.

DISCUSSION OF THE RELATIVE RESISTANCES OF THE HULL FORMS OF SERTES 64

The graphs for Fo equale 1.0 and 1.5, in Figure Ga, indicate that at
these low epeeds the resistance is affected chiefly by variation in slerder-
ness ratio (and therefore, displacenent-length ratioc aleo). The cther para-
meters of the serles generally have considerably less effect on resistan:e.

The fact that at these speeds the resists .ce of round-bilge boats is de‘erm:: =

(S8

mainly by the value of glendernsss ratio has been remarked on before (in
Reference 2, for example). At highsr val 5 of speed (or Fo ), there .c a
considerable spread of the resistance values, and & clear indication as ¢ "he
relative merits of the differemt values of block coefficient and of beam-
draft ratio. The poor performance (1.e., high resistance) of *le models wi‘™
tlock ccefficient equal to C.35, ls readily sapparemt. Also apparent is “Le
consistent superiority of the models with block coefficient equals C.45. ‘' he
resistance values for block coefficient eguals 0.55 lie between those for “he
block coefficients of 0.35 and 0.45 - which suggests that the coptimum bloox
coefficient lies somewhere between O,45 and 0.55. The graphs of Fisure 6
indicate a consistent decrease in resistance with decrease in beam-draf-

ratio. The extent to which beam-draft ratic can be decreased, however, is

limited by stability considerations.




Figure 1l presents values of wetted-surface coefficlent for the models
of the seriea., This graph shows relative magnitude of wetted surface for
boats of equal gross weight. It indicates clearly that for a given value
of slenderness ratio (i.e., given length of boat), the hull forms of the
geries having a block coefficient equal to 0.35 have considerably larger
magnitudes of wetted surface than the hull forms having block coefficlents
of 0.45 or 0.55. This diffrrence in magnitude of wetted surface presumably
is the chief explanation for the high resistance values of the 0.35 block
hull torms.

The .graphs: of Figure 6 have indicated that the hull forms which are of
particular interest, because of their low values of resistance, are the ones

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

Accordingly, a further anal:sis of these 1s 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 ratic of frictional recsistance to weight for *he
same efficient models of the series. The difference between the open symbols
(R/W) and the filled symbols (Rf/w) is obviously Rr/w, which is the ratio '
of residual resistanc- - gross weight,

Figure 1- indicates roughly how far il is practical to ¢ 1in reducing
resistance by increasing slenderness ratio. The extrapolation lines drawn
on the graph for F; equals 3.5 indicate that slenderness ratio for minimum
resistance will he apout 13.5, and the correspending minimum attainable
resistance-weight ratio will be about 0.12. At tiLls polnt the resistarnce
is almost entirely frictional, and the wavemaking resistance is negligible,
56 that there is no possibility of additional improvement by further '
increase in -"enderness ratio. A similar conclusion can be drawn from
the graph for Fg ecuals 4. At this speed the optimum value of slenderness
is again about 13.5, corregponding to & minimam attainable value ¢?
resistance-weight ratic of about 0.15.

Figure 12 18 also of interest as a gulide to the design of the individual

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

.
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a 100-ton catamaran is to be designed for a speed of L0 knots. The dis-
placement of each hull will be 50 tons; Figure 4 then showe that *the corree-
ponding value of F 1s approximately 3.5. The lower part of Figure 12b
carn accordingly ve used to determine an appropriate length for the hulls.

(It is assumed that the hulls 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 I../Vl/3 of
approximately 1%.5. Accordingly, from Figure 8 the optimum lengln for each
of the cetamaran hulls is about 160 feet. The lcwer graph cf Figure 12b
alec indicates that the value of R/W for this length 1s about 0.12. However,

Figure 10 indicates that this velue should be increased by 5 percent fcor a

“hull having a groses weight of 5C *ons. Accordingly, the resistance of each =

¢f <he hulis of the catararan can be expected to be:
.12 x 1.05 x 50 x 2240 = 14,100 1bv

ard the total resistance of the craft will be doutle this amount.
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TABLE 1
Form Coefficients for the Hulls of Series 64

LCF/L squals 0,801 aft of F,P, and LCB/L equals ©,566 aft
of F,P, for all models.

Cp equals 0,83 and Cy equals 0,761 for all models,

B
- Model A L Py
T T T T e, O & E?( (0.01L)3 By 2 %

- ' _ 74787 0,55 0.873 2 55 11.956 5.5

, 4788 0.55 0.873 2 40 164,020 6.7

4789 0.55 0.8%3 2 25 17,734 37

4790 0,55 0.873 3 55 3,762 6.7

- 4791 0.55 0,873 3 40 11,447 5.8

- : - 4792 0,55 0.873 3 25 14,478 “.5
4793 0.55 0.873 ¢ 55 8,454 7.8 -

- T 4794 0.55 0.873 & 40 9.914 6.6

= - e CoeT 4795 0,55 0,873 4 25 12,540 5.2

4796 0,45 0.71a 2 45 11.956 5.5

4797 0,45 0.7i- 2 32.5 14,069 .7

- - 4798 0,45 0,714 2 20 17.93 3.7

793 0,45 0.7i4 3 45 9,762 6.7

4800 0,45 0.71s 3 32,5 11,487 .8

4801 0.s3 0,71- 3 20 14.643 “.5

4802 0,45 0.71- & 45 8.454 T8

4803 0,45 0,714 & 2.5 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 18 18,254 3,:

4808 0,35 0,55¢ 3 35 9,762 6.7

4809 0.35 0,556 3 25 11.551 5.

4810 0,35 0.556 3 15 14,913 4.5

4811 0,35 0.556 4 s 8.454 7.8

4812 0,35 0.556 & 25 10.004 6.6

4813 0,35 0.556 & 15 12.915 5,2
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TABLE IX

Dimensions of the Models of Series 64

Nodel BX Hx Ax 8 Water L/
No. in, in. in,2 4 I Temp, 1b
4787 10,037 8,018 43,908 11,388 710 120.0 e
R T 4788 3,589 4,280 31,08 9.711 71.8° 87.2 :
4789 A, 767 3,384 19,99 7.878 7¢¢ 54.4

- 4790 12,282 4,087 43,66 11,503 78.8° 120.0 ' )
4781 10,483 3,484 31,98 9.809 €9,8° 87.2 - ;

4792 8,288 2,763 9,99 7.758 76° 84,4
4793 14,194 3,548 43,96 11,903 e8° 120.0 :
4794 12,104 3,026 31,88 10,151 78° 87,2
4795 9,808 2,332 19,99 8,025 770 54,4
4796 10,037 5,018 35,97 10,411 ese 98.0 Tttt
4797 8,520 4,265 25,98 8.848 77.59 71.0 i
4798 €.691 3,346 15,99 6.941 750 43.6
4799 12,202 4,007 35,97 10,616 78° ©8.0
4800 10,446 3,482 25,98 9,022 76° 71,0
4801 8,105 2,732 15,99 7.077 78,8° 43,6
4802 14,194 3.548 38,97 11,109 770 ©8.0
4803 12,062 3,016 25,98 9.441 78.8° 71,0
4804 9.462 2,366 15,99 7.408 78.5° 43.6
4805 10,037 65.018 27,98 8,007 700 76.4
4806 8.483 4.242 19,99 8,373 76° 54,4
4807 6,570 3,285 11,89 6.486 76° 32,0
4808 12,202 4.007 27.98 10,089 78,9° 7€,4
4809 10,380 3.463 19,99 8,526 780 54,
4810 8.047 2,682 11,99 6,604 780 32.0
a3 14,194 3.348 27.98 10.644 73,80 76,4

42 11,998 2,999 19.09 8,096 73,259 54,4
48,3 9,282 2,323 11,89 6.968 72,%° 32.9




Table IIT - Series €4 - Values of Model Speed and Model Resistance

o e - o am 3 .. T
3 Table TIL a - Cp = 0,88, ./(0,01L)% = 88 |
| Model 4787 H Model 4760 |  Model 4793 |
! Bx/Hyx = 2 | Bx/Hx =3 ! Bx/Hy = 4 !
! ! i ! i
Va - Ry I‘L Va | Rg | Va ] Ry |
; 1,00  o0.18 | 1:98] 5733} 1,02 | Dae
: 1.99 0e62 | 3.99{ 3,01 2400 ° 072
: TEmems T 3.00 1.55 | #.02 6.9¢ 3.01 1.72
: ‘ 4,00 3.00 | 8:00, 9.8% 4,00 ! 3.1¢C
‘ 5402 §,20 ! 10«00 13,462 5400 S.39
: 6401 o.?s‘ 10252 186,67 | 6400 , 7429
7.0a B.23 | 1103 15,67 7.04 | 8.7%
84,05 9.64 1 11.52 16,823 Ua00 ' 1045¢
9e02 11.22 | 12401 18,0% 2400 | 12429
10,01 13,06 | 12+32 19441 | 1000 18430
11,02 15.31 { 1297 20470 11400 1646C
12.00 17.54 : 1351 22e53 | 11.99 1920

- - - T T T . 13.00 20.18 : 13.97 Zao33 ‘I 13.00 2232
x S Z o ol 18400 23410 0 18.50 26465 7 14400 26.2¢
| © 1.50 0438 | 14498 28,86 1 14.99 30,50

: 2.50 1.08 1 loe44 31,20 L Be51 1Lel?

3.50 2.19 ; 12692 33,71 Y 9e51 13421
| 10403 13.62 1 10.55 15.82 |
Le50 $5.98 ‘-. 11.02 15.88 . 1151 17.89

l

12402 18419 ! l¢eS3 20679

| 13405 21,0C . 13448 ' 24413
8.5C 10.3% 16401 28458 - 3,02 1042
YeH0 12,03 1699 24,54

100505 14.,0% 1495 1§ 403 )

11450 16430 ; 1598  3a,2¢ : |

<€




Table IIT & - Cp = 0,55, £A/€0,011)3 = ¢0

Model 4788 Model 4791 Model 4794
Bx/Hx = 2 By/Hy = 3 Byx/Hx = 4
; 5 W 1
Vm | R | Va | Ra | Vg | Pm
—~—— : I : ! — .
! te01 o.naq 1e00 [ 0417 | 1405 0.5 |
2.00 ' 00575 JeCO i Oo5(1! 3.00 1a62 . 7
I 3402 | 1431 3.03, "Z’F 5.03 3.90 | =
. “.01 1 2435 4402 2412 7.02 662 B
5403 ' 3486, .02 ' 3.707 9e02 e b5
6.02 . 5.07] 6e02 | 5.07 | 11.01} 13.25 -
7003 1 64201 7,05 6.19 12.98 ' 10.2c
8403 Tkt 8403 | 7:06C 14.88 <3494 .
9.03 Be74 ., 9403 ' 9410  le98 0e61
10405 ' 10433| 10406 10.69 ° 4400 2434 -
11405 ¢ 12421 11.08 12.65: 6403 5420 | =
12.04 14.2) | 124002 ] la-QU‘ 8.10 7«92 ,
1450 0e30]i 1448 0428 ° 10604 11«37
) 2e51 0.89] 2.52 0.841 12,06 15,82 ° ) =
i o 4,52 3018 3.56; 1.6t 15471  29.3¢
5.57 4450, 4452 ' 2495 15.86 . 29.31
6453 Se€l| .59 4,43 0.03 5.43
7.52 6e7¢ |, 5454 SS9  5e56 | 480 '
8.56 EeOc2| 7.5a 688 LeS1l ' 6,03 ;
9451 9eSS|  Be53  #e20!| 7450 7.3¢
10e52 1[02°| DeSH 908‘.). 7.00 6e73
11450 13.1‘:| 10454 11e74¢ . 7.48 7 etV
13,06  17.5C| 11.53 13.65! ws.03 8.21
14000  20422| 10402  10.69; 8458 8495
15,00 ZCQ“U:i ’ ' Qe54 1073
3451 o7yl 1056 ° 1149
i 14400 19,83




Table ITX @ - Cy = 0,38, A/(0,011)3 = 28

! Model 4789 ' Model 4792 ; Model 4795
‘ Bx/Hx = 2 ' By/Hx = 3 | By/Mx = 4
|
Va | PRnm Va Rm | VYm = Ra
—— v e e = ———— mn - L ———— —— — - - i i

TT1ci00 104587 11,00 | B.77 0 1.0c | oeta |

; €+00 0,81 13.00 . 12,01 ]  3.01 0.1
B e e e 4401 1 1456 164400 18405 5,00 2.33
, ; Je02 © Se05° 15400 16.03 7.02 4,00

| G2 3430 16408 18,44 V.00 | 6430

' 1000 7e52 13450 ' 13412, 11.03 9410

L1297 13491 164440 ' 16477 1 2,00 0.47

i U9 O.11 15630 : 17-273 44,00 ) 133

‘ 3e01 092 3.00° 0.95! (.02 3.29

! Sel 2 203); 2.01 1 2.3 | de01 4.70

l 7402 4,08 7.02 44121 10,00 @ 7.70

I 2402 607 g.11 641C ~ 8.00 ! Se10

) 11.02 BeT2 ! 4400 1450 11.98 ; 10.82
e ’ 1ea R 0.24 1 .02 3.23?! 12496 ' 12446
i 2489 0«64 | 3.05 Se.10 1 13.95 164436
1
|

i
. |
3450 ‘ol("! 1001 7.43;

14.87 16.4Y

G652 1492 12400 10.4¢: 15.86 18.80

 5e52 2.87 | j | 2.49  0.70

He51 debUL : 2.50 1.18

} 7452 a.S?i I 4.50 i 1.91

‘ 13.00 11.84 } " Se49 I 2¢75

i . i Le02 3.78

! ; . 6eS0 3.63

| i . 8.00 Sa12

; i | 4en1 ] 1,93

| | i S.00 2434
! : 7,00 . 4410
‘ i 7.51 | 445% :
. 5+00 4 ,3¢% !

| ; I B8.49 | S5.52

| . } | | 9450 | 6.8¢

{ | = 10,00 7.51

\ “ ' 10,50  B.37
! l ’ 11,50  9.8¢ .

<8




Table XL ¢4 - Cp = 0,45, A/(0,01L)F = 45
Model 4766 .  Model 4765 |  MWodel 4802

By/Mx = 2 | ByMx =3 | By/Ay =4
- T = b ‘ 1
! ‘ ! 3
Vva - Ra  Vm . Ry | Va  Ra
TT.YE 0 0458t THL9B T T0W66 ! U099 T Gl.ee
3.99 2.37  3.98 2.6C 3.9¢ 2.37 i
5.96 Se3r 5497 562 ° 45,99 Se62 B
7.98 7.8¢ 7.96 8.09 | g,0¢ 8.a¢
7.98 10.80 9497 11430 | 1040C 11499

1196 | 18.7C 11495 15.02 ! 12,00 i 16420
14,00 19.4¢ 14,08 19.53 14,00 21494

0499 Ne21 16408 25¢2€ | luell 29476
Z2+48 1.41 0.95 0.14 0e9Y Oelt :
5400 4412 3400 1487 2495 lea2 !
6e98 6460 4.98 8439 | a,9¢ ' 4411
 9.00 942" teSH 694 | 7,06 6.9%
11400 1246¢ 8499 9453 B8.9¢ ' 10410
1297 16,95 11400 12482 | 104,90 i1e.17

156106 22470 1280 16496 | 135,01 @ 1B.9C
.86 YDe93 1508 22.7¢ 11451 ' 186496
10«57 11e7% 14,35 21431 11.5! 15416
11.49 13,61  19s60 <4421 | 13.5( . L0440
1245C 15,77 1.99 0e59 | 19460 ¢7.81
13.48 17.9¢ 2099 12847 | 15,09 ; 25452
16455 21415 3400 4420 . 2.5 0De94
4.98 4,01 5.00 SeSc 3.51 1481
, 8495 Yetlb be98 9¢5S3 © 11.0H 13.84
. 11.0C 12.72 16400 134048 : 15,64 27,49
: 1.50 0.28 12498 17416 14450 12.95
2459 092 12457 17.57
J«nC le79 14 .5¢ 23459
4,52 3.22 1050 1301
Ce5H 4a70 " 11409 13497




Table IIT e - Cg = 0,45, A/€0,01L)Y = 32,5

Model 4787 | Model 4800 Model 4803
Bx/Hx = 2 . By/Hx = 3 i By/Hy = 4
-4‘ __rfﬁ—o.--TT T- .

Va ; Rnm Va R  Vm Ry

{ 1.99i T 0.49 " 1,96 ’b.aa“ 1«99 0.51
3.99 1.87; 3.97 1.83 4.00 1.79
5698 3.99 5497 3.98 3 He OO0 a4 .08

e e e 7.90 5,93 7.96 618 7.97 634 o e

10.0C 8.495 9.98 8.86 10.00 Q.14

11.97 11.5C - 12,00 12.3¢C 12.02 12.68
- - : K 14.07 15.8¢2 14,04 16.396 14,07 1719
1611 20.63 1ol 21.62 16409 224106

V.98 0.0Y 0.99 0.096 0e98 Ol

3«00 1.1C 2498 le04 Ze99 1,08

Se00 3.01 4,98 2691 4,98 294

w98 a.93 be38 4,94 6498 5005

de99 7Te25 H.97 Te27 2600 T e57

1l1.02 10etl2 11.00 1047 1100 14.84 B

13.00 13.61 13.02 14,24 12.97 16 .68 L

751 S840 1910 19417 1508 19.6&

1e 48 770 17«62 17.9C 250 0.81

11.51 10.9C 1960 20436 b ol 9 2.32

13.53 14 663 Hed 4 3ed 4 6450 4.6¢

15461 19.42 £eS0 4,.41 Se51 7e1C

leQ7 0.06 7.48 Se52 1051 9.9

12.50 13.21 12.50 13.69

4450 2e34 14.60 1840

351 135 3450 1.37

13450 1933 .48 3,46

14432 17410 748 S5e62

1 e32 19,42 Q.44 8.2C

' 1150 ll1e66

13.52 15.83

15463 20,94
' 16407 Sl e94
i 16405 21+B0C
16e10 22.0¢

30
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Table IIL ¢ - Cp = 0,458, A/€0,01L)3 = 20

" Model 4768 . Model 4801 Model 4804
Bx/Hx = 3 Bx/ Bx = 3 By/Mx = ¢
,,,,, AR T . 47, — - RCA
Vm Ry Vm R‘m ‘; Va R‘I
TZ200  T0e81 T 1499 T T 033 1T 1.99 7 0.36"
.99 lelc¢ 3.99 1el4 4,00 1.:21 B
B TN T - | 2.62 5299 2.56 6600 2.63 e
7498 4.1¢ 7.97 4410 300 4,22
9499 612 10400 6.0 10401 6¢30C
11.58 8445 12401 Be55 11497 8.80 -
14402 11e3¢ 14.064 1145¢ 14,02 12413 -
15610 16486 135.06 ' 13.6¢ 10209 15.81
0e99 0«05 16610 15424 0e99 0.0C
400 Oe74 Ue99 0«0t 2498 Qe?77
“.98 1.87 2.99 0.69 5«00 1.91 .
Ce S 3.27 4«99 1.82 700 3.3
- - - S e Q7 4 95 7.00 3.2 [AJPSIe Re ] Saly - S -

e 10«08 Telu Ge99 4 .94 tleiv 752 : — -
13,00 YTt 10e97? 7.2 13.v4 1040 -
14407 11437 13400 9494 19«16 14.04
10,609 1312 19562 14434 SeGE 4.0

9442 5S4l deby 4.54 Yl 5460 .
1050 6458 e b3 5e5C 15450 6e83 B
11.50 7e72 1CeS2 &St 11.45¢C 3,18
12+50 9404 11649 7.83 12.47 9.5
13¢50 10452 12450 9.0% 13.49 1143
1459  12¢32 13450 10451 14459 12490
1557 13495 14465 1248 15460 14,929
2450 0e50 150 O.1¢ 3499 1e22 i
3450 0e9¢ 399 1el7 99 Seld -
4,48 1.2 10400 604 Ye99 630
Gebf 2.1 1353 11.43¢
Lottt 2.8

7-50 3.6U
Lol L o4 ?
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Table IXL g - Cy = 0,35, A/€0,1L)3 = 38

o —— s p—

N Model 4808 Model 4808  Model 4811
: By/By = 2 L By/Hy = 3 o By/Hy = ¢

Va Rn ' Va ! Ra | Va Ra
= 1.00 0.10 1.00 ' 0417 1.00 0«1t
- 200 0.5% 2e 939 | le24 1l e99 VS0
] 3.01 1.20 5.00 | 3437 3.00 131
;__ ~ ke me Eamee o m A o0} 2.10 7.01 l Se78 4,00 2.1¢
£ ' 5402 352 9400 | B.64 5,00 3.80
) .03 4,72 1099 ° 12.20 6402 4.87
: : : 7.08  5.91 1.96 | 0.47 . 7.00 6420
- de01 719 3.98 | 2,058 8,00 7.54
- 9.08 8.6z  6.01 | a.se 8.98 9.19
' 1004 10430 7.98 7.2z 1000 11.04

1105 12405 10600 ? 1036 11.00 13.01
- 12.04 14402 12.00 ' 4628 . 12400 15.21

13,07 16419 4450 | 2470 ' 12.96 17.5%
o ) A 14,02 18,59 5655 ¢ 440t . 13.96 2012

S, . —.l1e49 Q.27 LeS50 Selu | 14,92 22.8¢

2¢50 0«84 13.02 16.54 191 2557

3¢50 1462 1400 19.0". 3.98 214

4,52 2+8C 14,98 2174 lUGeS¢ 12619
= : - o 5.5%9 4,21 15.95 24450
: He53 S a2 1400 | 13410

7.52 bedu 14450 20.3¢

Be52 7e?4 4400 2.0¢

9.55 9.3% 5400 3.3

1UeS6 1105 C.01 4.5%

11.54 12.87
12.57 14.94 ,
13455 17417 :
14451 19a.7¢ _
1405 20465 | ,
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Table TII h - Cp = 0,35, A/(0,01L)3 = 28

!
Lo

33

Model 4808 1 Model 4809 Model 4812
! : |
Vm : Ry Vi R Va Rm
1400 ° Oele ' 1.00 0s13 D.99 " Q.l¢
J.00 0«92 Jea01 0.97 1.98 OCa47/
5.02 2.8 5.02 2.49 3.03 1.0
7.0 A e3’ 702 Qa,l4 3498 167
79.00 6e5H Q.09 6.87 5400 E+064
8.96 6.6 11.0% 9.81 ©.00 J.6¢
11,00 Q.47 13.00 13.3¢6 7.00 446"
13.0! 13.24 1900 17.54 7099 5.87
14.92 18454 1.99 Deta7 8499 721
201 Qebd 0 4,00 1459 9499 8.87
3.98 1.5 6401 3,40 11.00 10e4y
La.02 Y Y] 8.02 S.44 1197 12.29
8.02 5447 10410 .22 13.01 14.2¢
11U« 0U 8404 11499 11,48 13.97 16431
-12.02 1133 1495 1S.61 16,94 18+5¢
Q.52 200 154691 19.81 1591 20.64
SeQC 2e94 4,00 1595 11.49 1le2Y
“Le38 Jeby 4.50 1.99 12.48 1317
CeS1 3.87¢ 4,94 2.48 ' '
7.5 4,89 5.50 2.97
5400 2451 65.00 3,38
Sed Y 299 be50 3.88
€.01 34483 6.929 44,37
050 3.8c Te0Y 44.9¢
7.02 4,37 7.99 S.42
1298 13.31 10.00 8.2¢C
16400 1507 10450 8.97
135.9¢ 15416 1097 .70
1494 17e4¢ 11.50 10.63
14449 16415 lie98 11,38
13.05 13.3C
14696 17455 :
B8e49 6.08
4400 GCe7¢
1450 7Tty

]
|

o

i




; Table IIX 4 - Cg = 0,38, A/(0,01L)3 = 15
. Model 4807 ,  Model 4810 |  Model 4813
_ _ PxMx=2 | BMx =3 | Bxfg e
; | | | |
. Vg . Rp Va Rm +  Va Rey
' 1.00 0«10 ' 1400 0.1C 1.00 0410
- e : i 2.9¢ 0471 ! 2400 0.33 3.00 De6E
= Ye0L 1479 3.00 0.68 500 1.83
! 7.01 3.17 4,00 1402 7.01 3.27
- j Je02 4.94 5«00 174 9.00 Se27
I 11.03 7.86 600 250 11.02 7¢60
] 12.99 9,81 702 3.19 13.00 10.82
15.02 12.91 8400 4,02 14492 13.87
: ; 196 J70 8.99 Se64 198 Oe3l
- : i o 3.97 1«16 1002 713 4498 1e14
602 2.4C 11.00 8.32 ©+00 246
_ , S - 9401 3.96 11499 8.60 7499 4,12
- L 9¢98 5.99 13.00 10.21 9495 6eb2
B 11.97 8.38 13.99 1163 12.00 9.06
14,02 11435 14.95 1331 1335 1200
i 15.94 16 .55 1.50 0.19 1590 15.8¢
l.48 0.20G 2.50 0.49 1199 9.00
3450 0490 3450 0.88 4450 1ea4
5e5% 2.09 NeS2 135 S¢S0 2414
7.50 3450 5e55 2.14 13.00 10451
9e51 Sed} ©e51 3.82 5400 1472
l1led8 775 750 3.7C 7.00 3.27
13.44 10.41 5eS0 4.43 1592 15.81
1541 13.6% 9.50 557
e84 Qe 1050 6.87
4451 1.45 11.49 Be04
6+50 2477 12.a48 9e80
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