OPTIMIZED TRAWLER FORMS
By D. J. DOUST, M.Sc., Member
Tth December, 1962

SYNOPSIS.—THis paper describes the development of trawler hull forms based
on statistical methods of analysis of the National Physical Laboratory resistance
and propulsion dara.  The resistance qualities of these Jorms have been expressed
in equational terms, dependent on certain non-dimensional parameters of their
hull shape and dimensions. By minimizing this equation, new combinations of
parameters, and hence new hull shapes have been derived which give superior
performance relative to all previous results.

{t is now possible for Ship Division, N.P.L. to predict the resistance and pro-
pulsive qualities of trawlers from the lines plan, propeller and stern arrangement
drawings to an accuracy comparable with that which Jollows from the usual
model experiments in most cases, using computer rogrammes developed for
ihis purpés.s A design wiecedure is also suggested, by which means an Yy hew
trawler form covering the range of prismatic coefficient Jrom 0-60 to 065 can be
derived, having the favourable performance characieristics which have been
obtained. -

In cases where other design requirements impose restrictions on the h ydrodynamic
performance, the penalties incurred can be estimated in the earl y design stages.

1, Introduction

£ VINCE early 1959, further experience of the design of trawler forms
“@and the estimation of their resistance-speed characteristics has been
"~ gained, using the statistical methods developed at the National
Physical Laboratory and described in Refs. 1 and 2. &

1t 1s now standard practice to calculate the effective horse-power of
all commercial trawler forms prior to tank-testing, using the appropriate
regression equation developed for this purpose. Where significant
improvements to these original designs are suggested by this method,
they can in most cases be incorporated in the final design of the ship.
several trawlers now in service and influenced by the statistical approach
to ship design are showing good performance relative to vessels designed
by conventional methods. - |

As part of the Ship Division’s research programme for trawlers, it was decided
to minimize the regression equation and design new forms having the parameters
indicated, since preliminary calculations given in Ref. 3 had shown the possibility
of quite important reductions in resistance relative to best design practice at the
time. These new forms have therefore been designed and tested in No. 1 Tank,
Ship Division, and their results are included here. ¥4 _

A design procedure is also suggested by which means any new trawler form
covering the range of prismatic coefficient from 0-60 to 0-650 can be derived,
having the favourable performance characteristics which have been obtained.

The optimized trawler forms derived from the statistical method have also
been tested for propulsion in calm water, to determine their propulsive efficiency

|
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relative to existing designs.  To assist in the evaluation of propulsive elliciency
for these vessels, the results of a statistical analysis of propulsion data are

included.

2. The Regression Equation for Conventional Trawler Forms

The original regression equation for trawlers given in Ref. 1 is an overall
presentation of resistance data for all trawler forms tested in No. 1 Tank, Ship
Division, N.P.L. up to 1958, and includes several results for unuonventloml
forms such as those having bulbous bows and transom sterns. Although these
data for the unconventional forms have the merit of increasing the ranges of the
form parameters In some cases, it can be seen that the Spemﬁc effects of these
features cannot be fully explamed by the existing regression cquation, apart
from perhaps the modzfymu* influence of the bulbous bow by the haif-angle of
entrance. It was therefore decided to re-calculate the regression equation
solely for the conventional forms, with a view to a further analysis at a later
stage witen more data for the unconventional trawlers become available. Oppor-

tunity was also taken to include in this re-analysis several new results for con-

ventional forms tested since 1938,

The basic resistance data for the conventional forms at four speed-length

ratios given by V/+v/L =0-80,0:90, 1-0and 1-10 are shown in Figs. 1-4. At
the top speed (F,, = 0-329) it can be seen that variations in Cruge, and hence in
resistance per ton of displacement, of up to 60 per cent or more have occurred at
fixed values of displacement. {(A.g,).

The scatter of the e‘{pcrm,.;.nt data decreases as the Froude number decreases,
althcugh the variation from minimum to maximum even at a Froude number
of 0-239 is still large and is as much as 50 per cent in a few cases.

The best relationship in 1958 between Cr,q0 2nd the dlsplacement of a vessel
200ft. BP is indicated by the line shown in each diagram. s

These large increases in resistance above the 1958 line for discrete values of
displacement, largely refiect the random association of form parameters chosen
for these vessels which have obviously not led to the best performance in many
cases. These non-optimum conditions arise because of design limitations im-
posed by other consideraticns, and/or lack of evidence at the time of the

experiments that worthwhile chang s in performance were possible by modifying
the form parameters and hence the shape of the lines plan.

The statistical analysis of these data was therefore performed as previously
described in Ref. 1, the regression equation, dependent on the six form para-
meters [L B B/d C,,,, C’p, L*” B“/{,, %:::E] being as follows: ——(see discussion

P, olL2L).>
Crago = dp+ay (B/d) “5‘533(3/502_'?‘(33(5(73)+ﬂ4(LCB)E+Hs(C:a)"l‘aﬂ(cp)z

+a;(L[B)+a(L]B) +ay(Cr) +ayo(32.7) +ay,(32.°)2 +a1:(C,) (LCB)
+a13(Cp) (LCB)?* +a14(Cp)? (LCB) +a,5(C,) (LCB)? +ay, (Co)(Gx,)
“i"ﬂl?(cp) ($ ﬂ)ﬁTﬂm(Cp * (32:") a15(Cp)? (32.°)2 +-asq (Cp) (L/B)
+901(Cp) (L[ B2+ a3 Cp) (L [ B) +a535( Co)*(L] B)'""f'ﬁ-:u(l‘ [Bj{3%:°)
+ays(L/B) (foe”) +ase(L[B)? (32,°) +as{L[B)* (32.°) «3»

+a:s(BId) (Cp)+an(Bld)(Cp)+an(BIAY Gl +au (BIONC?
........ ..equation(l

In this equation, C, has been cross-coupled with all the remaining parameter:
except C ,.;.* whu.,h S ot small importance, whilst in addition the cross-coupling o
L/B and i=x,” aliows their respactive optirmum values to vary with each other ir
a similar manner, to that dﬁsv ibpd in Ref. 1. Two additional terms, (8/d)C,

T
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and (A C R have Been addad ta tnctude further cromsvonpiiong bhebwesn (hose
important pacametors,  The teansformations from the basto form paraiiete
to the standardized variables which range from 1 to |1 are as follows:
100 ; g
Il %ﬁL;’JB Ll S'D .I.'-_:l %'6‘4"" (B/d - 2'5) x:; % IO(C;H — 0'87:})

I; %IG(CF "'" {]'6‘4) xs %“i(LCB ™ 2'0) xﬁ %11‘—;% (%‘ﬁeu L 20'0)

and y = I%(CRW, o 16:0) v e s e cEQuation (2)

The regression coefficients a, a, a, a; . . . @3 in equation (1) were derived
using the method of least squares, by differentiating the sums of squares of
discrepancies between the observed and calculated values of Cg with respect to
each coeflicient, equating to zero, and solving the series of simultaneous ¢equa-
tions generatea.  With the inclusion of additional data for these vesseis swhich
are continually being obtained at N.P.L., it is desirable that the regression
coefficients be re-calculated periodically to include these hitherto unexplored
regions. VYalues of these coefficients will be published when it is considered
that the complete range of varighions of all the relevant parameters has been
fUlIy explored. r.‘;_.-i'r . y i v W T S

The residual error in Crygo at each speed-length ratio for the current analysis,
is rather better than previously obtained and the expectation of ship speed
according to the regression equation, relative to that which would be obtained
from the model experiments, is within = 1/10 knot for 95 per cent of the data
at all speeds.

To assist in the evaluation of Cgrsg, fOr specific combinations of the six form
parameters and the assessment of independent effects of each parameter on
resistance, Cr.qo has been sub-divided into the component functions F; ¥, F/,
and F; as before: | .

namely:—F; = f; (C,, B/d) + K (K = constant)

F, =f2 (Cpi LCB)
F'y = f3(Cp, 32.°, L[B)

and Fs = fs (C i
we have therefore } | _
- .CREHO — F]_ jee Fg "l."‘ F‘Fa Fﬁ .................. ﬁquatlt}ﬂ (3)
The linear function F; is given by:—
Fo = 100 g (0= 8T8 v = %2 uduiin s T T O equation (4)
in which @4 has the following values at each speed-length ratio.
TABLE 1 '
3
; ‘ rd G-20 0-90 1:00 1-10
| s -
| I @ | —0-045| —0-05%| —0-031'| —0-035

Values of the resistance functions F, F, and F*; are given in Tables 2.5 at the four
speed-length ratios 0-80, 0-90, 1-0O and 1-10.

3. Minimizaiion Process

A detailed calculation showing the derivation of form parameters by minimiz-
ing equation (1) has already been given in Ref. 3, but for completeness the
outline of the method is now described.
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Eauation (1) s Orst expressed in general terms, 1.6,

| K. L, .
Cp = == [L:’B Bld, Chn, (_p, L(, B, }m | T TR o e equation (5)

AV?
- If the expressions for Cp, am:i C' are 1r1tmduc:ed in terms of the maximum
section area Ay, we naver— |

7 _ "m!. 35A B s S N
CR == fﬁ = ok [u;B E}a, ‘;&, B LCEB’ }:f. :I '. ..‘;.equatmn (6}

where qb is the known function having the caefﬁcmms given by the least squares
solution. It can be seen therefore that the efiects on resistance R of changes in
displacement, proportions, maximum area, LCB position and hali-angle of
entrance can all be directly estimated by substitution in equation (6). In
specific ¢ases it is usual for an owner or shipbuilder to require the best formi,
consistent with his other requirerents, having a fixed displacement and ship
speed. By considering several cases where LBP is constant, we can therefore
deduce the best form parameters as follows.

Suppose we consider the case where LBP = 200ft. for convenience, a design

speed of ¥/+/L = 1-10 and a fixed displacement A. (This method is equally

applicable to other ship lengths by applying the appropriate frzctwml correc-

tions).
We first consider specific combinations of [L/B, B/d, Cm, £

A 35A
35;1 | )
Cr = 555 C B i GG S TS i el i equation (7)

Now it is known from the regression equation for Cgrsgo that the effects on
resistance of changes in C,, are of the second order compared with the effects of
the remaining five parameters, so that we will take a representative design value of

CPJ"I =" Cm
35A

Hence €, R T PR R SRR, TN o e oy P equation (8)
HOOC’;H Bd

The combinations of [f /B, Bld, C,,, C,] therefore depend only on “B” and “ i”‘
and we can make mdt.,pendent changes in each, sublject to the conditions that -
Cn, L/B and B/d lie mthm the prac.,tical ranges covered by the basic data,
n&mely —

C, =0-60—0:68 }
L/B =44 —35-8

Bld =2- g

A typical diagram showing the mrmtmns in beam and draught for a vessel
200ft. B2 length which diS{} gives the practical area within which a designer can
make an t:h.}:‘iﬂfaﬁtﬁf}’ survey to yield the optimized form for a specified speed
and displacement, 1s given in Fig. 30. It will be seen that the shaded area
ABCDEFGHIYS 15 hounded by the limiting lices for C, = 0-60 and C, = 0-68
given by EF and Al respectively, the limiting line fcrr L/B = 4-40 tmfen by
KBCDF and the limiting line FGHIJ given by B = & O Within rhls shaded
area aill the required practical conditions are s.atz':ﬁuai and it i1s therefore
nossible to calculate the Craee values for any point in this region to determine
(he Optimuiﬂ form. For example, at the point A {L/8 = 4- 40, Bid = 230,
C, = 0-905, C, = 0-68], and by referring to Table 5 we can see that thf:
functmﬂ F, has -:i minimum value of —0'69Y th‘"‘!l the LCB position is 6 per cent
aft of amidships. Similarly for L/B = 4-40and C, = 0 68 the minimum vaiue
of F'y = —1-97 when $2,° = 23-5°. The minimum quw value for the pf"ﬂnt
A is therefore giwm by :—

Crogy 22 Fy A F, + Fy - Fe= 17-12 =0 69 — 1 97 —0-105 = 14-355 not-
g "that £y = 11 12 (f‘f‘Oﬂ.’l Table 5) and F; = 5 (G-903 — 0-873) from
equation (4).



The beat Mrm Enmmetm bf thlEolnl A e thm!’m [L{B v 4040, Bld =
2:30, €y = 0:908, €, = 0:68, LC = 6%, ke’ = 23851, This process is
then rupc..ltn.d for all points in Fig 30 such as B, C, D, E, ete., and the values

of Crago Obtained reveal the most favourable combination of parameters. Fre-
quently, it will be found that within the region of the survey there is a unique

sub-region which exhibits the same values of resistance per ton of displacement,
so that there is some latitude in fixing the proportions and form characteristics
to suit other special design requirements, without penalty. The N.P.L. computer
programme developed for this purpose can be used to yield the best combination
of all five parameters with little effort, and for a typical solution with A,y =
1900 tons the reader is referred to Ref. 3. It should be noted that due to the
exclusion of the bulbous bow forms the range of 3 ° of the basic data is now

from 10°-30°, the LCB p051t10n range remaining frc:m 0 6 per cent aft of amid-

ShipS

4, Opumzzed Trawler Forms

Using the process described in 3 above four forms were deswned and tested
in No. I Tank, Ship Division. The [ﬂOdﬂlS were made in wax in the usual

manner and studs in. diameter, 1/10in. projection and lin. spacing were fitted
near the bow profile to stimulate turbulent flow. The offsets of the lines are
given in Tables 6, 7, 8 and 9, whilst the body plans and waterline endings are
shown in Figs. 5, 6 7 and 8.

It will be noted that the LCB position has not been moved aft to the fullest

extent (6 per cent L) in every case, since in these hitherto unexplored regions it

was decided to keep some margin against possible after-body flow separation.
More recent work at N.P.L. suggests that this reasoning was rather over-
cautious, and if required further small but nevertheless significant improvements
suggested from the analysis by moving the LCB position to 6 per cent aft of
amidships appear to be quite feasible. Opportunity was also taken to make
small changes in some of the design parameters in this scarcely populated region
of the data and these ad “tional modifications were incorperated in the optimized
forms and tested as before. The results of these experiments have been added
to Figs. 1-4, from which the advantages relative to the best practice in 1958 can
be readily_ scen. It will be noted that apart from the improvements in per-
formance at the designed trial speed given by V4//L = 1-10, these improve-
ments are generally maintained over the full speed range down to V/4/L = 0-80.
The order of improvement varies with displacement, increasing from about
4 per cent at A,y = 1600 tons up to 25 per cent at A,,, = 3200 tons, for
ViA/L = 1-10. Comparisons of performance with the corresponding CRI{,@
values derived from equation (1) are shown in Figs. 9, 10, 11 and 12 which show
that the resistances of these optimized forris co nform very well with the statistical
expectations of resistance over the speed range given by F = (-239 to F, =

0329, . - | 3

5 .' Proposed Design Method

(a) Having minimized the regression equation for Cy in a particular case

according to the method described in 3 and Ref. 3, the best dimensions, maximum

area, LCB position and }«,” are known for a specified displacement. Some
method of transforming this information into a ship’s lines plan is thercfore
reqmrﬁd The method used at the present time at N.P.L. is first to derive from
vessels of known good full-scale performance a series of offsets defining the
transverse sections along the length. By referring to Figs. 1-4 it is p0551ble
to identify these best performers avaﬂable in 1958 and henf.:t, to plot their body
offsets as percentages of the moulded beam for a series of waterlines, expressed
as percentages of the mwoulded draught amidships. These non-dimensional
offsats for about ten of the best forms were ph}tiﬁd L0 a base of prismatic coeffi-
cient at ihe various stations, and faired lines drawn through the points obtained.
A type of axometric plotting was used. for fairing purposes, covering the range

of C, from 0-60 to 0-63.
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Corm withln (s varge of peisma e cosietsnt can theretire b aele, bl Hhe
non-dimensional offsets given In Bigs, 1Y, L 1Y and 16, An nnulunulnw
drawing showing the graphical derivition of llm form required at o txed value
of C, is given i Fig. 17,

(c) Since the optimization process yields the required value of C,, the
corresponding non-dimensional offsets can be derived according to (b) above.

(d) For the ship length in question we now evaluate the corresponding beam
and draught from the known values of L/B and B/d. The non-dimensional
offsets can now be converted to actual ship dimensions and the basic body
plan drawn to scale. At this stage it is usual to draw on the body plan the
various trimmed waterlines corresponding to the standard designed trim of
1,/30 LBP by the stern, and thus derive the basic curve of areas and the trimmed

waterline offsets.

(e} The maximum section area should now be campdred with the value
initzlly assumed in the optimizaiion process. Any small deviation from the
required value can usually be adjusted by siight mﬂdiﬁcatiﬂn of the “rise of
floor”, without materially affecting the transverse sections in the region of the
maximum section.

(f) Comparisons can also be made of the }e,° value of the trimmed waterh ne

and the LCB position derived from the curve of areas, with those required b, “re _ .

optimization process. The }«,” value will ﬂenerally be within +1° of fat
required so that only minor adjustment of the designed waterline is involved.
The LCB position of the basic form, however, will usually be further forward
from the best value of 6 per cent ait of amldsths BP and adjustment to the
curve of areas 1s necessary.

(g) Adjustments to the curve of areas of the derived basic form have been
made using similar methods to those described by Lackenby* In general,
since the vessels under consideration have no parallel middle body and the
same prismatic coefficient as the basic form, a longitudinal shift of sections dx
can be taken, defined as:—

M e ] o s ieeania i v Bes e 0E B s equation (9)
where “¢” and “‘»” are coefficients affecting the magnitude of the modification.

If we now differentiate equation (9) with respect to *“x’’ and equate to zero,

we find that the maximum shift of sections occurs at -
o | | - ;
X = I R R TR equatior.“{10)

where x = 0 at the maximum section and x = +1 at the ends of the vessel.
Variation in the choice of “#” therefore governs the position in both fore and
after-bodies where area 1s reduced or added to the maximum extent. Ifn =1
(as considered by Lackenby), the maximum shift of sections occurs approximately
at the 1 points along the length of the vessel in this case, as the maximum section
is not gencrally amidships. If, therefore, we consider a required shift of LCE
position aft, giving a consequent reduction o (Cp)r in thfu fore-body pr: matic
coefficient, we have in general; *

o qt 1
¢ (Cp)f = j 0xX.dy = J cx(l — x)dy

g - | o

. -i
f"

anc_l heace

" | i s X2 - X3 R ‘_ .
3(Cp}f*:=0£ x{-l — nx + 55 (n) (7 — i) —3—'(;;) (i ==1) (o =) 5"

U

. ks Yr_ll}'(__l)r—l (n) {1 P s (n —r ?-)]ff}’-

...... ......equation (1
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................ equation (12)

Depcnd_ng therefore on the required position of the LCB and the type of area
curve required in the optimized form, values of *“¢” and Ay can be determined from:
equations (11) and (12) In the case where # = 2 for ﬁmmplﬁ equation (11)
reduces to i

3(Cp)f = cr x(1 —2x + x*) dy
| R i _
s S(Cp)f
(Co) [V — dxp + 3kf]
and on substituting in equation (9) we have:—
3(Cp)r-x(1 — x)?

3x B e e et easenaseeens equation (13
f LGl — 4xf+ 3kf’] 4 U2

whilst equation (12) reduces to—

and .°

3(C)f k.,
h, 8(Cr)p = £ = j (I —x)*dy
PRI Gy TL = A 4 3 i
MCp)¥r | Sl |
ki 3 2 .\ x2 (1= 0 d
e [ — 4% + 3ig)° S bg

0

which when 8(Cp) is small in relation to (C,)r gives:—

LN I .3
hf=[2xf 6_kf '+_4W] see v eeesseessnesendcoquation 14)
I — dxp + 3kf°

where:—xs is the lever of the first moment of the basic fore-body area curve
about the maximum section.

' ks is the lever of the second moment of the basic fore-body area curve
about the maximum section.

rris the lever of the third moment of the basic fore-body area curve
about the maximum section.

Similar expressions also apply to determine “¢” and “h,” in the after-body.

For trawlers a value of “n” = 2 is usually found to give the best type of
modification to the basic area. curve since the maximum shift of transverse
sections then occurs at x = } (see equation (10)) which involves more easing
of the forward shoulder than for, say, # = 1 where a more general fining of the
fore-body occurs. Values of ° ‘n > 2 are not generaliy preferred except In
special cases, since the after-body sectional area curve is then often made too
steep Jmmedlately aft of the maximum section, with possibie harmiful mﬂu&nces
on the after-body flow. -

(h) Having thus calculated the required shift of sections in both fore- and
after-bodies to give the desired LCB position, the new lines plan can be derived.
An example of the method for a trawler of 0-619 prismatic cocefficient is shown
in Appendix 1. -
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APPENDIX I

1. We have considered the case when C, = 0-619, and derived the non-
dimensional offsets for the basic form using Figs. 13-16. In this instance
[.BP = 200ft. and the appropriate hbeam and draught are given by B = 39-25it.
and ¢ = 17-833ft. The offsets can therefore be determined to scale.

7 TFor the standard design trim of 1/30 LBP, the designed waterline can
now be drawn and the curve of sectional areas determined by planimeter.

3. Table 1 (Appendix I) shows the fractional areas expressed in terms of the
maximum area at 44 station for appropriate sections along the length of both
fore-and after-bodies. x = 0 is the maximum section, and x = +1 are the FP
and AP respectively.

4. We now calculate the functions of volume, first, second and third moments
about the maximum section, using Simpson’s rule for both fore-and af ter-bodies.
{See Table 1, Appendix I).

S.  The levers /ir and f, (equation 14) are therefore calculable as follows:—
o 2%, — 6k + 42 ] 2(0-3358) — 6(0-1632) + 4(0-0946)
U ey -awic VTR 1 — 4(0-3358) + 3(0-1632)
= + 04836

Similarly

e i 2(0-3776) — 6(0-2042) + 4(0-1304)
= 1 — 4(0-3776) + 3(0-2042)

6. The LCB position of the basic form is given by:—

- (Cp}f (Le)ﬂ {.*;f} = _(nCp a {Lr)ﬂ {*{:d)

= - 0-5049

4

(Es) ~ 6
where L, = length of entrance = 0-575L
and [, = length of run = (-425L
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Since the maximum section is 7% per cent aft of amidships, the LCB is 4295 7, L
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aft of amidships (excluding cruiser stern).

7. We now require to move the LCB position of the basic form to 5-6 per
cent aft of amidships (excluding cruiser stern), giving the optimum value of
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6-0 per cent aft of amidships for the complete ship. The shift of LCE is there-
fore 5:6 - 4-295 = 1-305 %L aft which we wiil denote by + dz.

Now it can be shown that

(Cp (L) (32) = 8(Cp)r (L)*hy + 3(C)a (L)

~ Hence in this case

MGy = HCpla = G375) (0-4836) + (0-4- 7 (O-

J(Cp}f e E(Cp}ﬂ o

8. The required shifts of sections to give the correct LCB position are there-

0-619 x 0-01305_

0-008078
0:2511

= 0-03217

fore given by equation (13), namely:—

3..‘{'f

| and dx,

| _.:.Q_,_,._

e

b

S8(Cpir x (1—x)*

(Cp) [l — 4x; -+ 3k

&(C’Flﬁ,.x.(l — x)*

——n

(Cp)a[-l e 4‘?":::: “]" 3E¢12]

as follows:— (see also Figs. 18, 19).

_0-03217x (1 — x)°
= 705860 1463)

_0-03217.x.(1—x)?

0-663(0-1022)
and the shifts at x = 0,02, 0:4, 0-6, 0-80 and 1-0 in the respective bodies are

'q’_: E

e

=0-375x (1 —x)*

— 0-4748x (1 — x)?

; - 1 o
X Fore-body After-body ! Fore-body | After-body
| |

0 0-0L, 0-0L, | 0-0L 0-0L
-2 | (0-048L, 0-0608L, 0:-0276L 0-0238L
0-4 0-054L, 00634 L, 0-0311L 0-0291L
0-6 0-036L, 0-0456L, 0-0207L 001944
0-8 0-G12L, 0-0152L, 0-0069L = 0-0065L
1-0 Q-1 0-0L, 0-0L: = ,Q 0-0OL

9. We can now modify the curve of areas of the basic form and lift off the
new area ordinates at the correct stations.
pian and the amended body plan having the required LCB position.

Fig. 20 shows the original body

137,12}
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Fig, A1 showa tha averall simunary of propadsion data Bar modern rawlers
tontedd af NP L The g pa villiies Rave Been evalunted at o loading glven by
Froude o hp, plus 10 per cent, and are shown plotted (o a base of advince
coellicient, J « V/Dn, based on the ship speed, *

[t can be scen that there is a general increase in the level of quasi-propulsive
coctlicient (q.p.c.) with increase in advance coeflicient and that for constant
values of advance coefficient there is quite a marked variation in propulsive
efiiciency of the various forms. As there is little or no information available
to explain these variations in propulsive efficiency, it was decided to attempt a

statistical analysis of these data.

~ In the first instance the regression equation used to interpret the results was
-expressed in linear form and dependent on the following parameters known or

constdered to be of importance in determining the propulsive efficiency of these
vessels, namely:— ' e

- b.a.r. = Blade area ratio of propeller
J = V/Dn = Advance coefficient 7t

Vo . T :

—5‘ = Mean face pitch ratio of propeller

t/D = Thickness ratio of propeller at 0-2 radius section
¢ : 3 :

7 = Maximum rudder thickness ratio per cent

a/D%,= Clearance between trailing edge of propeller and fin or rudder
nose, as percentage of diameter | |

b/D 7= Clearance from top of aperture to screw tips, as percentage
of diameter | [ g |

c/D 7, = Clearance of propeller at tips to forward side of aperture, at
top, as percentage of diameter ' _ |

§o®g = Maximum angle of run at § station of the underwater form

«”g, = Maximum slope of buttock line at quarter beam, of the under-
water form. . ' | '

Since it is considered that the accuracy of repeatability of propulsive efficiency
in No. 1 Tank, Ship Division is generally within +2 per cent, these limits were
kept In mind when assessing the results derived from the analysis. The coeffi-
cients of the linear regression equation were derived as follows (using a DEUCE
‘computer programme developed for this purpose):—

q.p.c. = 0:645 —0-147 (b.a.r.) + 0-023(P,,/D) — 2-623 (¢/D) + 0-2327(V/Dn)
+ 0-00274 (¢ /1) + 0-0016 (a/D) % — 0-00145 (b/D) % + 0-00044(c /D)%,
— 00155 (Ba"p) — 000079 (2°8s). oo cniin i i equation (15)

Using equation (15) and comparing the calculated results with those measured
- in the model experiments we obtain a standard error of +1-45 per cent in ¢.p.c.,
which appears to satisfy the expected accuracy of measurement. In view of
this reasonably close agreement with the measured data, it was decided to aban-

don any further refinements of the regression equation which might otherwise

be made, and to use this equation as a standard measure of attainment until
further results become available. |

dome piteresting conclusions immediately become apparent by considering
equation (135). In the first place by paving due regard to the signs prefixed to
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el peacticnl ranges, namely
o ) (VD ) 1) 4 albV, ) ¢/DY
The following parameters should be reduced wherever POssIble: —
1) b.a.r. 2) t|D 3) b/DY 4) 1o 3) & n;,

The magnitudes of the maximum changes in q.p.c. over the full practical ranges
of each of the ten parameters are shown in Table 10. |

From Table 10 the three most important parameters are seen to be the thickness
ratio of the propeller, the advance coefficient and the rudder thickness ratio,
since within the practical ranges these produce the maximum changes in pro-
pulsive efficiency. Three typical examples showing their calculated and
measured g.p.c. values, and the anticipated effects of changes in individual
parameters are given in Appendix 1 | :

1. Propulsion Data for Optimized Traiu!er Forms

The optimized trawler forms of0-606, 0-625 and 0-649 prismatic coefficient
were tested for propulsion in No. ~ Tank to determine their propulsive efficiency
refative to good modern practice &s represented by the data given in Fig. 21.
As these forms are also to be subsequently compared for rough water perform-
ance with existing -vessels, the model sizes were chosen to accommodate the
respective propellers of three vessels of 180ft., 134- 1ft. and 112ft. BP. Table 11
shows the model scales and corresponding diameters of the ship propellers used,
together with the main ship dimensions of the forms tested. The sterns arrange-
ments and corresponding propeller drawings are given in Figs. 22-27. It can
be seen by referring back to Fig. 21 that the q.p-c. values of the optimized forms
are above average and therefore there is no adverse etfect on q.p.c. offsetting
the favourable resistance performances obtained, The hull efficiency elements
at the various speeds covered by these experiments for each of the three models

tested are given in Figs. 28-29 and are self explanatory.

Coneclusions

. , it i . ki ) ;
1. Using the regression equation derived for conventional trawler forms it
-1t 1s possible to obtain estimates ' ' resistance performance to within practical
requirements of accuracy.

2. Minimization of the regression equation indicates regions of the data
where new combinations of form parameters give expectation of favourable
resistance characteristics. |

- 3. Models designed having these optimized form parameters show significant
advantages in resistance per ton of displacement compared with contemporary
vessels. | |

- 4. The advantages in resistarn
loss of propulsive etficiency. i

0. Estimates of propulsive efficiency using a regression equation based on
existing propulsion data for trawler forms, give comparable accuracy with the
model experiment results. & | |

6. The S_tatisﬂcal analysis of propulsion data suggests that the main factors
governing the q.p.c. are the thickness ratio of the propeiler, the advance coefhi- .
cient and the rudder thickness ratio. . . |

g

}?,perf@rmaﬂce have been obtained without
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APPENDIX I

1. We have considered the case when C' = 0-619, and. derwed the non-
dimensional offsets for the basic form usmg Figs. 315, In this instance
LBP = 200ft. and the appropriate beam and draught are given by B = 39250,
and d = 17-833ft. The offsets can therefore be determined to scale.

2. For the standard design trim of 1/30 LBP, the dealgneci waterline can

now be drawn and the curve of sectional areas determined by planimeter.
3. Table 1 (Appendix I) shows the fractional areas expressed in terms of the

“maximum area at 4} station for appropriate sections along the length of both

fore-and after-bodies. x = 0 is the maximum section, and x = +1 are the FP

.and AP respectively.

4. We now calculate the functions of volume, first, second and third moments
about the maximum section, using Simpson’s rule for both fore-and after-bodies.
(See Table 1, Appendix I)

5. - The levers /iy and £, (equation 14) are therefore calculable as follows:—

ke 2xr — 6k 4+ 4 1 2(0-3358) — 6(0-1632) + 4(0-0946)
£ 1 — dxp + 3k 1 — 4{0- 3358) + 3((} 1632)

Similarly
ik T . 40377 6) — (0 ”04") ~+- 4{0 1304)

| 1 — 4¢0-3776) + 3(0-2042) + 05049
6. The LCB position of the basic form is given by:—
3 = Gy () — (Ga (L) (%)
' 3.4

wherg " L. length of entrance
and g 29 length of run

0-575L
0-425L

Il
Il

= +0-4836



&
=
E
. 1
s -
1=

Hiehes 2 (harward of st sectiomn)

wo [0 SHOO5T5)Y (00 3I58) — 0663 (0425 (0-3776)] 0610
- 0-01984L
e = . « 9 0/ ! . N
Z 3 619 0-03205L (3-205%.L) » o ) dn

Since the maximum section is 7% per cent aft of amidships, the LCB is 4-295% L
aft of amidships (excluding cruiser stern). ¥

7. We now reQuiré to move thé LCB position of the basic form to 5-6 pfer
cent aft of amidships (excluding cruiser stern), giving the optimum value of
6-0 per cent aft of amidships for the complete ship. The shift of LCB is there-

fore 56 - 4-295 = 1-305%L aft which we wiil denote by 4+ éz.
Now it can be shown txat, = | o '
(G BD) = HCH LYy + 5(C)a (L)ha
 Hence in this case . Lok |
> . . 0-619 X 0-01305_
Gk = HCpla = 575)* (0-4836) + (0-4..7 (0-3049)—

| | 0-008078
I Cplr = 3(Cpla = 02511

= 003217

8. The required shifts of sections to give the correct LCB pt}sitif}n are there-
fore given by equation (13), namely:— ot Ei .

0(Cp)r x (1—x)° i~ = 0;-375)? - x:?'ﬂl

OXf == e s = _ .
9 (Co)r [1 — 4+ 345 0-586(0-1464)
o S(Cp)ﬂ.x*(l — Xx)2 0*032;13’.x.(1 _x)f;* Fet i
and 8x, = 0-663(0-1022) — O 4748x(l —x)

s G e, 3 __
and the shifts at x = 0, 0-2, 0-4, 0-6; 0-80 and 1-0 in the respective bodies are

)

as follows:— (see also Figs. 18, 19).

k&

| e [ e W
X Fore-body After-body | Fore-body After-body

{ \ I :
0 0-0L, 0-0L, © | 0-0L 0-0f
0-2 0-043L, 0-0608L," | ~ 0-0276L | 0-0258L
0-4 0-054L. 0-0684L, | 0-0311L | 0-0291F
0-6 | 0-036L, 0-0456L, | 0-0207L - 0-0194L
0-8 | 0-Gl12L, 0-Q152L, | 0-0069L *» 0:0065L
10 | 0-0L 0-0L, | 0-0L . 0-OL

9. We can now modify the curve of areas of the basic form and lift off the ¥

new area ordinates at the correct stations. Fig. 20 shows the original body
- plan and the amended body plan having the required LCB position. 3
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ViDL 0460 {00701 . 0-80" 1 ¢ 100
s e i ﬁ_
q.p.C. 0-615 0-638 | 0-661 0-708
i _ : s
NOMENCLATURE
[ . = Length between perpendicular (ft.) = distance between the inter-

sections of the trimmed waterline with the stem profile and the after
side of the stern post. |

g — Amidships = section 50%/L from after perpendigular.
B = Breadth moulded (ft.), measured on the waterﬁr;;}?’“at 0.
- d = Mean moulded draught at 13. e
C, = Maximum area coefficient evaluated to the trimmed waterline.
G — Prismatic coefficient based on the maximum scction area and the
moulded displacement including stern (35 {t?/ton),
LCB = Position of the longitudinal centre of buoyancy of the underwater
- form, including stern, measured from J§ and expressed as a per-
centage of L (+ ve aft). . A i
ixe® = The half angle of entrance measured on the t. .imed waterline for-
- ward.
R = Ship resistance in pounds.
"V = Ship speed in knots. __ | |
A — Extreme displacement, evaluated to the trimmed waterline, including
stern. (35 {t*/ton). g, i |
& e 5.’5‘__ gy . |
& Al
Crogo = Cg for vessel 200ft. BP length.
Length-breadth ratio.
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0-750
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I

33-3%

I
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| Ejffect of changes in blade area ratio

() GAS
0-017
0-176
0-046

0029
0-015

0-928

LI

| Ve Hering

Vet FETErEY

0081
O-118
0-026

0-032
o0l -

' 'q.'p,.c.l. = 0660

measured g.p.c. = 0-656

Ib.a.r.

3
H

0-45

0-65

0-70

g .

0-675 | 0-645

0-638

! ; i -
B

Case 2 | q.p.C.
“bax, = 0600 a8, = 139, +ye terms  —ve terms
L Lo 0645 (-088
P,/D = 0-391 LIPS, = 32-9%, - 0-014 0-096
2t £t 0-126 0-048
(D == 0-0366 elD%, == 41-97, 0-032 0-044
i 0-022 0-018
ViDn = 0-541 YoP,. == 2807 0-018 -
: ' 0-294
t'jl - = 11-874 T T 0-857
g.p.c. = 0:563
measured q.p.c. = 0-554
| _f’j}?'écf of dz@mgesﬂ in t/D
| ' ) _ B
t|D 9-030 | 0-040 | 0-050 | 0-060
opo. | 0580 | 0-554 | 0-528 | 0502
i 3 : .

0:268
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APPENDIEX |

TABLE |—Calculation of Shift of Sections of Basic Form to give required LCB Position

F-I-J-l.-_.

" ' , i - — i mp——
Af'ter- b S Hlir fractional 18t - angd. ird Fore= . ., ol v fractional 1st 2nd ol M
M‘: : £ 1 gt H a f‘ 11 1t ] :
- bady - altdpis S f(area) f(voluae) leysr moment  moment  moment body Si's  f{area) (voluze) lever mezent moment | moment
r—_——‘-—."—__.—__——_———-“— Ee it e , . e e . | 5 | . -—m_——--m-——-—--———-—u-—-—-_—-i
. N W 1.000  1.000 Q 0,000  0.000  0.000 00 - - f. 1,000  1.000 {0 0,000 0,000 0,000
: 0.20 L. 0,958 3.832 0.20 0.766 0153 0.031 0,20 L 0.956 | 5.800 50-20 Q760 et52 0.031
0.40 1% 0.826 1,239 0.40 0.4,96  0G.198 0,073 G40 43 . 0,780 1,170 ST, 0.,l68 04187 - 0.075
050 2 C.730 1460 0.50 0.73¢  0.365 0,183 0,50 2° 0.6l6" - ~ 1292 0,50 0.646  0.323  0.162
. ' 7} | _ h r
0.60 1 “ O Bth o G.B1k 0.60 0,368 0,221  0.133 0.60 1 0,496 0496 1 0.60 Gedpa. o Vgl {0410 )
Ce 70 2 0490 0,980 Q.70 0.686 0.480 0.336 0.70 2 00335 0.670 iﬂ.?ﬁ 0.469 0.328 0.230 -
0.80 3 04355 0,266 0.80 - 0.213 . 0,170 0,136 0.80 2 0,195 Oet U6 '10.80 0317 0409k - 0075
0.85 1 0,285 0.285 0.85 Ca242 . '0.206 0,175 0.85 1 0,135 = 0.135 .50.85 0.115  0.098 0.083
0.90 % 0,210 0.105 090 - 0.095 0,085 0.077 0.30 3 0.085 0o 045 0,90 0. 039 0,055 0.032
G35 1 Q0140 0.140 - 0.95 Q.133 0,126 0120 0.95 1 0s 043 0,043 50-95 0. 04 0.039 0,037 |
1 .00 X 0.109 0, 027 100 0. 027 0.027 0,027 1.00 % 0 0 51.00 g o 0 H
Afterbody prismatic coefficient (GF') = 2:?;;_% = 0,663 - . Porebody prismatic. coefficient (31) = gf.;fﬁ?. = 0,586 g
& | f: .
- ] 3'756 g ¢ By g 4-4 e 2*922 . s e
Lever of 41st moment about maximum section = 3518 = 0,3776 = x, . Lever of 1st moment aboub maximum section = ~S5E = 0.3358 = X |
Afterbody ' Forebody
Lever of 2nd moment abcu.f ma;ﬁmum section L D 2042 = k z Lever of 2nd moment about maximum aen‘iciﬂn' — 11&25— = 0,1632 = X - .
. _ T 908 T T a 2 <
Lever of Jrd moment about maximum section = jesll o 0,130k = ¢ 2 Lever of 3rd moment about maxizum Eﬁﬂiiﬂﬂ = i = 0.0946 =T s
e ! ot 4
CX=:L, | | Tk
_ . : & ; 4 |
*u 0T = 3z (42,53L) "o O = £ (57.5%L)

2o B = 8,50 s CT = 11. 4L
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Length of entrance.
Length of run.

Lever about maximum section of pertlen under area curve repre-'
sented by (C,)r. |

Lever about maximum sectton of portion under area curve represented
by 6(Cp)a-

Lever of the first mement of the basic fore-body area curve about
maximum section. -

ever of the first moment of the basic after-body area curve about
maximum section.

I ever of the second moment of the basic fore-body area curve about
maximum section. .

Lever of the second moment of the basic after-body area curve about
maximum section.

Lever of the third moment of the basic fore-body area curve about
maximum section.

Lever of the third moment of the basm efter-bedy area curve about
maximum section. -

Required shift of LCB position (-ve aft) expressed as percentage
of L.

Propeller diameter.

Mean face pitch ratio of propeller.

Thickness of propeller at 0-2 radius section.

Thickness of rudder at maximum section.

Mean length of rudder.

Clearance between trailing edge of propeller and fin or rudder nose.
Clearance from top aperture to propeller tips.

Clearance from propeller at tips to forward side of aperture at top.
Maximum angle of run at % station of the underwater form.
Maximum slope of buttock at (B/4) of the underwater form.

= Propeller revolutions per second.
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| TABLE 8—Non-dimensional Ofsets of Optimized Trawler Form. Cp = 0625
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TABLE 10
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Parameter Maximum Variation | Maximum corresponding
' in Parameler Change in q.p.c.
b.a.r. 0-45 - 070 --0-037
P..ID 0-70 —1-10 +0-009
D 0-030-—0-070 ~0- 105
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1V LBP{ft) | B(ft) d (ft.) Trim/Stern Displacement Propeller - Scale of - Model
mld (ton) Diameter ( fi.) Model BP length(ft.)
dodelNo.1 | 180-0 | 3462 | 1574 | 1/30LBP 1486-2 | 8400 1/12 150
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