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transmission from cylinders to propeller,
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SHEET 1.

DIAGRAM SHOWING THE TOTAL GROSS TONNAGE, AVERAG
VESSELS OF N.Y.K. FLEET, ARRANGED ACCORDING
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SHEET 2.

DIAGRAM SHOWING THE PERCENTAGE OF NUMBER OF STEAM VESSELS AND TOTAI, CQROSS
TONNAGE OF N.V.K. FLEET, BUILT IN JAPAN AND FOREIGN COUNTRIES RESCTIVELY
ARRANGED ACCORDING TO CO’S FISCAL YEARS.
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FULL LINE SHOWS THE NUMBER OF VESSELS.
DOTTED LINE SHOWS THE TOTAL GROSS TONNAGE.




SHEET 3.

DIAGRAM SHOWING THE PERCENTAGE OF NUMDER OF WOOD, IRON AND STEEL VESSELS OF

N.Y.K. FLEET, ARRANGED ACCORDING TO THE CO'S FISCAL VEARS.
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SHEET 4.

DIAGRAM SHOWING TIE PERCENTAGE OF NUMBER OF SINGLE AND DO!}PI.E-BE)TTOMED VESSELS
OF N.V.K. FLEET, ARRANGED ACCORDING TO THE CO'S FISCAL YEARS.
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SHEET 5.

DIAGRAM SHOWING NOILER

PRESSURE OF N.V.K. FLEET, ARRANGED ACCORDING TO THE Co's

FISCAL YEARS.
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SHEET 6

DIAGRAM SHOWING BOILER PRESSURE OF N.Y.K. FLEET, ARRANGED ACCORDING TO DATES OF
BUILDING OF VESSELS.
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SHEET 7.
DIAGRAM SHOWING THE PERCENTAGE OF NUMBER OF VESSELS OF N.V.K. FLEET FITTED WITH

SINGLE, COMPOUND AND TRIILE EXPANSION ENGINES RESPECTIVELY ARRANGED
ACCORDING TO THE CO'S FISCAL YEARS,
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POWER LOST IN THE MARINE ENGINE, IN
THE TRANSMISSION FROM CYLINDERS
TO PROPELLER.

By

Pror. F, P. Purvis, MEMBER.

My paper is but a short one and is intended to be supplementary to
previous papers given by me to our Society in former years and dealing
with the work of the experimental tank.

It has often been pointed out that tank work on the model of a pro-
posed vessel does not necessarily ensure correct prognostication of the
speed that the vessel will ultimately attain, This one readily admits as a
fact, but the justification of tank work in view of this fact is at the same
time perfectly easy. It is this :—that tank work deals, 1st. with the ship
model pure and simple ; 2nd, with the propeller ; of the 3rd very important
item, viz., efficiency of engine, it takes, and can take, little cognizance.
In speed prediction from tank experiments, a standard efficiency of engines
has therefore to be assumed. This admission does not, I hold, in the
slightest degree vitiate the value of the tank ; beégause engine efficiency is
a thing apart from form of hull; any advantage obtained by varying form
of hull—through tank experiments—is a realised asset, masked it may be
by inefficiency of engines, but actually present; if in any case it is possible
to make an improvement in both hull and machinery a double gain is
secured, but if machinery cannot be dealt with, the single gain, in connec-
tion with the hull, is still there.

efficiency of the engine per se.

"not much better.

As an instance of the inconvenience that is caused by the want of
exact knowledge of engine efficiency, I may mention an extreme case in
A small and slow cargo boat was
to be built, and as circumstances'connected with it gave special interest to

my ownp e€Xperience many years ago.

the case, a model was made and experimented on. Taking the power
expected by the engineers, and assuming a propulsive efficiency Aﬂﬂu[mw.
E.H.P. being resistance of ship as deduced from the model :E_.n_@:ma by
speed, and converted into H.P. units) of 509, a speed of 9 knots was
predicted. Later, on completion of the steamer, the usual trial gave a
speed of nearly 10 knots; the large increase being explained, partly by a
larger power developed than expected, and partly by the fact that the
propulsive coefficient worked out at 609 instead of 509.

Of course one very important portion of the routine work of a Tank
is to obtain for ships completed the value of this coefficient in every in-
stance that is available. These values include the efficiency of the pro-
peller; but this can be dealt with, and separated, so as to leave the
Between this efficiency and the type of
machinery ewmployed a rough relation can then be traced, which forms a
rough guide for prediction. Oune of the main objects of my present paper,
however, is to point out that this relation is too rough for practical pur-
poses, and that something more nearly comparable with the accuracy and
delicacy that is bestowed upon the experiments in the Tank with the
model, is both necessary and possible.

In the late Wm. Froude’s paper on the trials of H.M.S. Greyhound, he
showed propulsive coefficients as small as 339%. This was for very low
speed, and varied up to 429 for the highest speed available, viz., the
highest speed at which the Grephonnd herself was towed (in this case the
relation was obtained direct from the ship herself, and not by means of
her model). Small as this efficiency appears, modern ships give results
Thus taking figures with which I was favoured last
year, an important class of '3rd class cruisers not long completed, showed
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show a propulsive coefficient as low as 3294, even at the highest speed of |
mu m w A W. Mu

propuisive coefficient varying from 399 at low speed to 479 at high
(the relation in this case, as in most others, being obtained by means of
the model). Again in a class of Ist class cruisers, in which some trouble
was caused by cavitation, the propulsive coefficient was in some cases
only 419% even at high speeds, although when cavitation was avoided it |
ran up to over 519. In remarkable contrast with these low efficiencies
stand the results obtained in certain types of very special quick-running
machinery ; some of the torpedo boat destroyers for instance giving values
at least as high as 629. This experience with warship results is entirely
borne out by similar experience of merchant ships; I have results which

an ordinary cargo boat, and others showing a variation of propulsive |
coefficient up to 659 ; this high value being perhaps the maximum for a
speed specially selected, and in the case of machinery specially efficient
In quite a large number of ships, of which perhaps the Campania may be
taken as a sample, the propulsive coefficient works out at 509, sometimes
a little more, and sometimes a little less.

The classic and oft-quoted analysis of the loss of power, from LILP.
to E.H.P. given by the late Wm. Froude, in his I.N.A. paper in 1876, is
too familiar to need reproduction here. There may, however, be some
interest in quoting from Sennett and Oram’s book, “The Marine Stéam
Engine,” because the figures given are more up to date, and have evident-
ly been determined with great care.

For a good modern example of naval twin-screw vessel with fast ranning high-pressure
engines, the distribution of power may be taken to be as follows, approximately :—

Per cent.
DRI THEIONL o | s oo mon st b e s sy ass (O
Working-load friction ... ... ... . o eeo e e e T
Avppumpiworkingi) Gu Gl Bn b ohe W Geiigar win ) gE
Loss at propeller, by slip, blade friction, and augnientation of
resistance, allowing for gain due to mvummoﬂémmﬁ o s
Bilante, o ETELR, v oy ek e aen e ks Sobie s L
100

E4+-5

The dead-loa? friction has in many engines been ascertained by actual test.  With the
horizontal engines of H.M.S. 75 it was shown to represent 82z of the full power. It is
generally from 5 to 1024, depending on the type of machinery, but in small quick-running
engines it is sometimes m_sm:nw_. even than the lower figure. In the AMinerve and Hyacinth

both recently tried with propeller blades removed it amounted to about 52,

This analysis illustrates for a special ship what I advocate should be
carried out experimentally on a variety of ships. The propulsive
E.H.P.
LHP,
what is obtained in the T.B.D, type of engines. In my view the work
should be undertaken for many types of engines, and the analysis should

be made in more experimental detail than here exemplified. Possibly in

coefficient A vamﬁ: a good m_,nﬁ.?z.Emdna but much inferior to

the first instance, a Committee of engineer experts could be got together,
who would divile the detailed investigation among them, in a manner
similar to that done on scveral occasions by Committees chosen by the
Institution of Mechanical Engineers, in England. Whatever Institution
established such a Committee would certainly have to furnish it with some
power of the purse, as not only time but expense would be required by
the work.

Of the nature of the experiments that should be undertaken, it is
with some hesitation that I descend to particulars, as I appreciate the
extent to which any suggestions I may make lay me open to criticism, on
the ground of practicability, suitability and cost. .

In the quotation from Sennett and Oram, reference is nade to experi-
ments with Minerva. and Hyacintle with propeller blades removed (1) in
order to measure the power required to overcome the dead-load friction.
Further analysis in this direction could obviously be obtained by discon-
necting the shaft at various couplings, e.g. (2) the coupling nearest to the
stuffing box, and again (3) the coupling nearest to the crank shaft. The
difference of (1) and (2) would give the power absorbed in overcoming
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the friction in the stern tube; difference of (2) and (3) that of overcoming
the friction in the line shafting—the only assumption involved being that
the shaft was from end to end so absolutely in line that the friction re-
mained the same whether the coupling bolts were hove up or not.

Coming next to the working-load, the apparatus of Denny and
Johnson that has been so frequently described during tie past 12 months
(for instance in Brassey’s Annuazl, 1906, page 85-89) seems to promise

. exceedingly well for obtaining torsion of shaft ; there is no need to do more

than refer to it.  Some further apparatus, however, seems to be necessary
for the purpose of obtaining the forward thrust at the thrust block.
member to have seen described, in some connection, a hydraulic cylinder
interposed between the thrust block and its fastenings. the pressure in
which opposed and measured the thrust; and it appears to me that some
development of this idea might, with some trouble it is true, be worked
out. Assuming the ordinary arrangement of horse shoe collars, modify
the two ends of the two bars to which the collars are attached, so as to
carry pistons working in hydraulic cylinders; there might be one such
piston and cylinder at each end of each bar.

I re-

These cylinders would not need to be large. Suppose the vessel
under experiment to be a T.B.D., the total maximum thrust would be
perhaps 34 tons, or 17 tons on each of the two shafts; then if there were
4 cylinders for each shaft the pressure in each would not be more than
4% tons. Then again the hydraulic pressure allowable might well be as
high as 4000 Ibs. per square inch, in view of the compactness of the whole
arrangement ; the area of piston needed would therefore be less than 23
Even in the Lusitania, where the total thrust must be some 260
tons, or 65 tons on every one of the 4 shafts, the diameter of each cylinder
would, on the same basis of calculation, be only about 9 square inches.

inches.

In the design of such an arrangement, or of any other arrangement,
care would of course have to be taken that no more play is allowed to

the shaft, for the purpose of the experiment, than is given in ordinary
practice for the purpose of wear and tear,

To avoid some of the grave difficulties that the foregoing arrange-
ment would involve, I would suggest an alternative of the following des-
cription :—Lengthen the heavy bars to which the collars of the thrust
block are attached by screwing into their after ends much lighter rods of
steel; these light rods might have a length of rather more than 6o inches
(enough indeed to give a base of 60 inches for measurements). The nuts
usually securing the heavy bars to the frame of the thrust block would
not be hove up tight on the after ends, but would allow of a movement of
say 50

1000
rods would be securely anchored to an extended portion of the thrust
block. The diameter of the light rods would be such as to keep the

inch ; on the other hand the nuts on the after end of the light

maximum stress expected just within elastic limits; thus in the case of the
T.B.D., just taken as an example, diameter might be 14 inch; the stress
coming on each rod would thus be, for full load,

17

— —=0.6 tons per square inch,
2 x area for

&' dia.
The extension in length of the rod would be approximately

II

TR * @O:".MA...MW
12500 (Young’s modulus)

1000

Should the load of 9.6 tons be somewhat exceeded and the rods ex-
5o
1000
light rods relieved from further stress. All the necessary conditions woild
thus be very simply complied with ; viz., (heavy) thrust rod bars of the usuval
size, fully capable of carrying all the chance variations of stress; an amount
of movement not beyond what has to be provided for, at various work-

tended to

the nuts on the heavy bars would come into bearing and the
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ing parts, in all ordinary practice ; and further an elastic steel rod extended
by working stresses just enough to give a measurable reading. How this

‘reading should be made would be a matter of much consideration; whetherby

a feeler worked by a micrometer screw, or by sonie telephone arrangement;
7
I

in either case I imagine that would not be difficult to mmnma‘ so that

1000
the strain measured would have a possible error of less than 1 part in 46

|

or say 2 per cent. The interpretation of this strain in force units would |

be determined either theoretically, or by tests made on the actual light
rod used, in a tensile testing machine in which elongations arc simultane-
ously read.

I am well aware that difficuities would be encountered due to varia-
tions of piston pressures and of speed during even a single revolution of
the shaft. Many investigations have been made in connection with the
pressure variation, and Mr. Heck's last year's IL.N.A, paper (in London)
gives interesting observations of the variation of speed. The difficulties
are analogous to those existing in the application of Denny and Johnson’s

~apparatus for the purpose of obtaining the turning moment. I can only

say here that T found my [riends in Scotland sanguine of solving the
difficulties in the latter case, and in the former they should be equally
amenable to mechanical treatment,

To test the effect of coupling up the shaft upon the. friction within

.the stern tube, I world suggest that the bolts holding this tube to the

stuffing box bulkhead should pass'through oval holes in the castings; an
arm of moderate length rigidly connected to the tube and _vxm.:m in a plane
parallel to the bulkhead would. give the means of ascertaining the turning
moment exerted by the friction of the revolving shaft. In this instance,
as in all others, some special design would be needed for all the various
fastenings, so that (in this case) the tube should be as free as possible to
turn, except for the moment introduced by means of the arm above
mentioned.

In this paper my object is not to exhaust the various steps in an
analysis which I think should be undertaken, having experiment and
practice as its basis ; it is rather to direct, to the subject, the attention of
those who have the opportunity of entering into the experiments upon
actual ships of various types, or the power to direct such experiments to
be undertaken.
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ON MECHANICAL QUADRATURE.

K. Sueniro, Member.

Not only in ship calculations, but also in pure mathematical work,
there are various rules of mechanical quadrature, the principal ones being
the Trapezoidal, Simpson’s, (these two being covered by Cotes’ rule),
Tchebycheff’s and Gauss’. In addition, some practical rules such as
Thomson’s are used more or less frequently, but as they are either
deduced from the above mentioned rules by mere combinations, or
obtained by a slight modification, there scarcely require investigation

Many papers have already been written about the present subject and
it almost seems that there is no field for further investigation. But as far
as I know, all writers have tested different rules in different ways and
treated them as if they were quite independent of each other, So that it
naturally follows that, in spite of the investigation on the relative
accuracies of several rules being made both theoretically and also by
actually applying them to known figures such as circles, ellipses, ctc., yet
clear and distinct ideas have not resulted.

The present paper is to show that different rules are by no means
independent, the different multipliers characterizing the rules bing obtainable
by simple equations, and in addition, that an infinite number of similar

rules may be obtained. By the present method, as all rules are worked |

out in the same manner, the relative accuracies may be seen at once.

In this paper I shall aomm.os_w with case of using three ordinates, the |

number may be extended without much difficulty.

To find the areca of the mwcqn ABCDE approximately by using |

three ordinates.
Let the origin O be m&mnﬁ& at the middle of the base (2/%), and the

equation of the curve EDC referring
to the co-ordinate axes be

y=f (%)
Then the area will be
47

7@y = T ?\L F (/) —F(—/)

Where 4F ) =/ (x).
dx

%

Ko om e i G e e iy
A o B

wa Maclaurin’s theorem,

F(8)=F(0)+ IF" (o) + 2 F'™{0) + 2 5(0) 4 L1 ()4 LB (o) 4 ...

m_ .HH._ m_
SRR & mm;x,@? L o)+ -.I\:H@Tiﬁ S (0) + vavvens
and . ¥
F(—1)=F0) =1/ (O + " /' 0)- .P O+ =T 0
Whence ° J : :

Vi

Area ABCDE =241 (o) + -~ %.3? D siaremisyanssrilE)

Now take ordinates ‘ﬁ: 7, and y_,, nmnw of the latter two being at a
distance / from the middle ordinate y,. :
To express the area in terms of these three ordinates, we have

Area=uqly LBVt naiudes o tmiinesniiveaiialt2)
in virtue of their positions being symmetrical.

Again by Maclaurin’s theorem,

=S O =1+ " @ + L /"0) +0)

+.|_\, AQV Pl ssemn
41
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Pa=S(-0) =S ()~If () + _,m_ /") - m AN

+.H.\z€|.........

Therefore, by (2)

€ 4
>§_unw$+5\€+ﬁ\=@+.m i €+......M....:............@
12 :
By (1) and (3), the following equality must hold,

2k f (o) + wx @TMW%,.@+............

n.ﬂ_ﬁa,tv)a 1 (o) + _sz@ +w eerrenes (4)

i This equality does not hold generally except when the curve is one
of the family of parabolas in which the derivatives higher than a certain
order vanish according to the order of the parabola.

2k
=1

h

far
1

a

But when the length of base is not large, the equality may hold
approximately though not strictly, neglecting the terms of high order.

mml (1) The case when all terms other than the first are neglected,
£ Then 2k f (o) =c (£+2) f (0).
or 2 S BR T RE sy ggeiei L)

Here we have only one equation for the determination of three
unknown quantities /, £, and ¢. Therefore, we may apply arbitrary .quan-
tities to any two of them, .

A

(a) Take /=/ and £=o, then the equation (5) gives k=¢
Whence ;
Area=/(y_1+ ).

(b) Take /=/ and £=2; then c= %
2

¥

b.m.ﬂm == H ﬁb‘_‘l 1 + .N.U—w__ +\‘_...__HU

The former is the Trapezoidal rule for two ordinates and the latter
that for three ordinates.

(c) As before stated, the selection of two quantities is arbitrary.
Therefore, an infinite number of similar rules may be obtained.

For example, if we put £=1, nHW\r
2/
»f.mm“rw (Patyet)

etc.
ete,

(2) The case when the first two terms are taken.
Then the equation (4) becomes

21f(0) + M S (o) =l +2) £ (o) +cI%™ (o).

or

B R AR vaswassisassiensssssvistssiissassssioslB)

tm_I“ﬁNm

3
Here one condition is added, still there is perfect freedom of assuming
one of the unknown quantities at random.
(a) If we make yp; and p, coincident with the end ordinates or
/=1, the second equation of (0) gives
V/:

C=—.

3 ;
Substituting this in the first equation, we have

k=4
Therefore

)
?Suw (=1t 420+2)

°
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which is Simpson’s first rule.

(b) For the sake of simplifying the calculation, put £=1,
Then, by the first equation of (6),

A
3
Whence
;Pﬂmm.”ws@ mu._lw..m..kéon_: h‘_:v
While the second equation gives
/.
=l
V2

This is Tchebycheff’s rule for three ordinates.

(I will take the opportunity of referring Tchebycheff’s rule in a few
The one drawnback to this rule is base upon the consideration
This objection

words.
that the division of base involves somewhat tedious work.
may be removed by use of lazy tongs devised by the author.)

(c) Similar combinations of unknown quantities may give an
infinite number of integrating rules.

For example, put £=0, then c¢=4
Whence
Area=% (g1 +31)
and | =) LA
3

This is Gauss’ rule for two ordinates.

ete.

etc.

(3) Lastly, ifthree terms are taken, the equation (4) becomes

21 f(0) + wM S (o) + %x Y (o)=clk+2)f (o) +el2f " () + m\ MO

Whence it follows that
2h=c(k+2)
)
3
el

60 12

In this case, three equations which involve three unknown quantities

are given. Hence each quantity can have but one value and the

mechanical quadrature of this sort can exist in only one way.
Solving the simultaneous equations, we have

c=2}

Area= .ﬁm.;m (pat Wu\é +\e;

9 5
NH)\m Je.
5

This is Gauss’ rule for three ordinates.

Hence

and

Thus all approximate integration rules, the obtaining of which wants
several pages for each, may be found easily by solving simple simul-
taneous equations using neither the operation of integration nor differ-
entiation.

The probable relative accuracy can be readily inferred by simply
considering the number of higher terms omitted and the positions of
ordinates taken.

[THE END].
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