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WINDHAUSEN'S COMPRESSOR
FOR TREATING THE GAS IN TW0 STages.
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COMMUNICATION RECEIVED AS A
DISCUSSION ON MR. TAKAKURA’S PAPER
ON REFRIGERATING MACHINERY.

FROM WMr, Y. WADAGAKI. MEMBER.

L~

The paper read by Mr. Takakura on the subject of refrigerating
machinery is indeed a very good one. .

Four or five types of refrigerating machines he has illustrated
may be grouped under the two following, heads:——

(a) Processes involving the evaporation of a liquid by heat,

radiation, liquelaction and a sudden reduction of pressure.

(b) Processes involving compression of a gaseous substance, ra-
diation (in some cases accompanied with liquefaction ), and a sudden
reduction of pressure.

The cold is produced by accelerated evaporation of some liquid

or by rapid expansion of some compressed gas.

When the air is the agent used, the expansion cylinder can not
be omitted, for the air is nearly a perfect gas and cools itself only by
doing outside mechanical work.

When the agent is a liquefiable gas, the expander may be omit-
ted, as is usually the practice, but then we have two causes of economic
loss ; namely, a higher initial temperature in refrigerator and the waste

of mechanical work that may have been saved by the use of the

expander.

With a goreat fall of temperature in refrigerator, the thermal
effect obtained per unit of mechanical work done is not so good as
in the case with a moderate range of temperature. In many cases
therefore it is more desirable to deal with a large quantity of mode-
rately cold air rather than a small quantity of very cold air. Simi-
larly, in the manufacture of ice, it is not necessary to make the tem-
perature of ice any colder than is absolutely required to keep its frozen
state. Hence, the coreat importance of regulating the freezing point

of the brine mixture so as to prevent the unnecessary expenditure of

power.
The

loss due to the fluctuation of temperature in the working

cylinder in any form of heat encines depends upon the rances of tem-
Y g g

perature between which the fluid works or is worked upon, and in th
case of refrigerating machinery, the smalier this range. the better the
efficiency. Therefore the compression or expansion required in the
operation of ice making should always be effected in stages.

The clearance spaces at both ends of stroke in the working cylinder.
whether for compression or expansion, always involve a certain amount
of loss, so that it should be made as small as practicable.

In consideration of the first cost of machinery, the condensing an.]
refrigerating surfaces are sometimes made rather small.  This pennywise
policy can not be recommended. as it is a sure cause of subsequent
losses on account of restricted transmission of heat from one agent to
another. ;

The cold produced by the machine may be transmitted to the

storage room in three different ways. They are : ——

RE i
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(a) Direct circulation of working fluid, (k) Simplicity of mechanism and least chance of break down
(b) Cold brine circulation. (1) No danger of influnation or explosion.

(c) Dry air circulation. (m) Not injurious to the metals containing the fluid; such as

Of these, (a) and (b) carry the fluid in pipes .and take it back cylinders, pipes &c.

to the refrigerating plant after it has been used in cold room. (n) Not poisonous or disagreeable to handle.
| Whatever cold left in the flnid is thus saved. In the system (o) Freedom from leakage.
J‘ &1 {c), any cold left in the current of dry air, after it has been discharged {(p) Stability or constancy ot cuality.
;, from the cold room is entirely wasted. In (b) and (c) the trans- Of course no substance can flfil all the conditions enumerated

mission of cold takes place at two steps, they are therefore less efficieny | above, and the eagineer who has to choose any substance as the work-
in this respect than the system (a). The system (b) is the heaviest g fluid for his refrigerating machines should consider all the®varying
of all the three. circumstances of the environs in which he has to worl.

With due precaution, the refrigerating system may be applied to In any comnoression maching, the compression should be effected

keep down the temperature of magazines on board war vessels. And | isothermzlly at low temperature by means of cold water cylinder jacket.

£ WM

the examples of its application are not wanting in foreign navies. and the initial temperature mide as low as possible. Where th= {luid

;r _'t'ﬁ"{ The principal requirements of the working fluid best adapted for | is compresssed in stages, the intarmo:diate coadenser should also be

the refricerating machinery are as follow ;—— provided- Any oil or moisture contained in the working fluid must

1 &% {a) Low freezing point. be extracted for the saks of safety and ecconomy. The expansion o}

: i (b) Low cvaporating temperature. air carried in stages gives us an incidental advantage of separatinz and

i (c) Rapid evaporation. . depositinz the moisture in the first cylinder and thus preventing the
3 = (d) Great latent heat. formation of ice in the cold pipe.

% (e) Easy liquefaction (if liquefiable at all). Of all the agents used for the refrtzeratiny machinzry, the air is the

(f) Moderate vapour tension. cheapest substance. It does not . attack the metals to any serious

(¢) Greater density. extent by itself. It has no poison in it. It has also the advan-

(h) Suitability for smaller and lighter plant for given output. | tage of being perfectly stable in quality. The principal troubles in

(i) Low first cost of the plant. the use of air are the formation of ice in the cold pipe and the danger

(i) Low working expanses. of explosion, due to the instantaneous inflamation of oil present in the
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pipe, under the combined influence of the dense oxygen and the heat
of compression. With dense air machine, therefore, it is imperatively
necessary to provide a good type of moisture trap and oil extractor.
The air supplied to the machine must also be free from any dust or
other inflamable matter. We have already seen that the low initia!
temperature in the.compressor, sufficient cooling of air during the co-
mpression and the carrying out of compression in stages with intermediate
cooling are the necessary conditions for economical compression.  These
conditions are also essential for the safe operation of air compressing
machinery.  ~In connection with cooling of air during the compression
it may here be stated that a long stroke compressor with a small
diameter of cylinder has an advantage over a short stroke compressor
with a large diameter of cylinder of presenting more cooling surface,
volume for volume.

For the sake of safety and economy, the valves of compressors
should have a steady and definite action and be free from shocks and
friction.

Oils ‘employed for - the ' internal
should be of very best quality, possessing high flashing and ignition
points. The valve chambers of the compressor should be such as
would admit an-easy inspection and cleaning, An approved type of
automatic' lubricator should be fitted to the air compressing cylinder to
regulate the supply ofvoil within "a safe bound. It is also very
desirable to make a special provision for the insertion of pyrometers or
thermometers for ascertaining. the temperature of the compressed air at

any stage of operation, in order to guard against the danger of ex-

lubrication of air compressors |

plosion. Greatest possible care should be exercised in laying out |
the pipes for compressed air to avoid the pocket wherein .a quantity
of oil may accumulate. When a large quantity of compressed air is |
introduced into a pipe whose other end is closed by a valve, the low !
pressure air originally present in the pip: is suddenly compressed as .

if forced by a pamp plunger and raises its own temperature to a con-
siderable extent; and an explosion may take place at any moment, if
conditions co-exist to expose a large quantity of inflamable oil to the
joint influeace of greit heat and pressure, in the presence of dense
oxygen.

In connection with the refrigerating machinery on dense air system, |
the advantage of a high initial pressure must not be lost sight of.

The hich initial pressure of air in the compressor will not only‘
improve the ezonomnicil performance of the plant to some extznt, it has
also the great merit of reduzing the size and weizht of the machinery
for a given output. A small loss of the compresse¢ air throuch
leakage has of course to be supplemented by a primer pump-

Water is just as cheap as air in the quantity used as refrigerating
agent, and it is said to be larg:ly used by the natives of India in the
manufacture of domestic ice. It is perfectly non-poisonous, does not
corrode the metals by itself. Its vapour tension at ordinary tem-
perature is very low. When pure it does not change its quality any

length of tim:. On evaporation it carries a great latent heat.

‘It “would appear thercfore to be the best agent for the refrigerating

agent, werz it not for the fact that its freezing and boiling temperatures

are rather high and that the evaporation under reduced pressure does
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not take place rapidly enough to make it a commercial success when

used as the refrigerating agent.

Ammonia assumes a gaseous state at ordinary temperature and
under atmospheric pressure. It has therefore to work at increased
pressure to be kept in a liquid state during a part of the cycle of op-
eration. Mr. Takakura is quite right in saying that its vapor tension
is very high. In compression machines using the ammonia as the
refrigerating agent, the working pressure is from 135 to 180 Ibs per
square inch. As Mr. Takakura says, the ammonia has a remarkable
property of dissolving itself in one—seven hundredth parts of its own
volume of water. The absorption machine is worked on this remarlk-
able property of ammonia. It is of necessity worked at much higher
pressure than the compression machine. It is said that in hot clim-
ates with the thermometer standing at 93° F. the pressure  would
reach 300 lbs per square inch and it is seldom less than 180 Ibs,
Other difficulties with ammonia, as mentioned in Mr. Takakura’s pa-
per, .are its corrosive action on metals, frequent and heavy leak, accom-
panied with a disagreeable odour, the impossibility to use the grease
as lubricant, and the danger due to the deposit that often forms at the
bottom of the boiler, in the absorption machine, if fitted with furnaces.

The advantages claimed for ammonia absorption machines are the

following :
(a)
(b)
(c)
(d)

No expander is necessary.
Boiler itself does duty of the compressor.
The absorbent itself does duty of vacuum pump.

The application of work is most direct, and therefore the

machine works very economically.

With these advantages, the ammonia absorption machine has a
serious source of loss, inherent in its system. Some ten per cent
of water carried with vaporized ammonia absorbs seven hundred times
of its own volume of ammonia before the latter reaches the absorption
vessel. This will not only rzduce the refrigerating effect of the am-
monia thus absorbed, but also by filling up a part of the space in the
refrigerating pipes would diminish their cooling efficiency. Merits
and demerits of several other substances used as the refrigerating azent
have been clearly stated by Mr, Takakura, and it is not necessary to

dwell any longer on this snhject, except to mention a few facts which

require a special emphasis. These are:

Sulphureons acid ( SO 2 )

(a) More easily liquefiable than ammonia.

(b) No chemical action on metals or fat.

(c) Not combustible.

(d) Its price cheap:

(e) Has a creat lubricating property in itself.

(f) It has however to work at an increased pressure like
ammonia.

Carbonic acid ( CO 2 )

(a) Has no affinity for copper, and attacks no metals nor any
other substances.

(b) Its vapor is much denser than ammonia; therefore, the

machine can be made much smaller for a given output and more

strong.
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{c) Inodorous and not poisonous in the quantity used.

Ether and alcohol.

(a) Work at diminished pressure and therefore comparatively

safe.

(b) More or less leakage of atmospheric air into the partial

vocuum.

(c) The air mixed with the substance tends to acidify it

(d) Ether which is superior to all other substances in most

respects has an awkward tendency under the influence of frequent
condensation and rarefaction to transform itself into less volatile
isomers.

Whatever method may be employed in the manufacture of ice, it is
always very desirable that it should be made from pure water, quite
free from any poisonous substance. This safeguard can be best
secured by the use of distilled water which can be obtained at a
small cost by taking advantage of the latent heat of exhaust steam

from the refrigerating engines.
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- HANDINESS OF A SCREW
STEAMER AND HER BEHAVIOUR
AT ANCHOR IN A STORM.

BY. Y. WaADAGAKI. MEMBER.

— b L L

The very interesting lecture of a thoroughly practical nature deli-
vered at our last general meeting by Captain Hirayama, I. J. N. has
civen to the mind of the present writer such a profound impression
that he has induced himself to take up the subject and spend some
time in its study.

The writer has found that nearly every thing that has been said
by the Captain is borne out by theory, and it is his intention to give
in the present paper his reasons for so confirming the Captain’ views.

Sir.

affecting the readiness of a ship to answer her helm.

William White mentions in his Manual four principal features

a

follow ;——

(1) The time occupied in putting the helm hard over.

(2) The radder pressure corresponding to the rudder angle and |

the speed of the ship, relatively to the surrounding water.
(3) The woment of inertia of the ship, about the vertical axis
passing through the centre of gravity.

(4) The moment of resistance to rotation, due to the change in

the lateral pressure of water.

A ship at anchor may also acquire the motion of rotation under
the influence ol wind and sea, and the readiness with which she ;wquirc;s
an angular velocity, also depends upon the moment of inertia about the
same axis and the moment of resistance to rotition, although in this
latter case the rudder has Ilittle or nothing to do. Hence it follows
that the ship that answers the helm with a great readiness when under
way would also acquire the motion of rotation when at anchor with a
like readiness,

Whatever may be the unature of the outside agent that causes the
ship to swing about her anchorage, its general tendency is to bring her

o or
o o

to her final position of equilibriumn, so long as the magnitude and di-

rection of the resultant force of the agent remains unaltered.

Canchorage at the point 1G

They are as |

In fig (1) let AB represent the longitudinal centre line of the
The line HIK

will then be the horizontal projection of the cable, fastened to the

ship. Let H be the position of the hawse-hole.
At this position of equilibrium, the re-
sultant of all the forces acting on the ship is of course coincident with

the line IIK, and the resultant moment of forces acting on one side

of the line HK must be equal and opposite to the similar moment of

forces acting on the other side.

To simplify the matter, let us first suppose that there is no tidal
current and that the ship is under the influence of the wind pressure
alone. It is not difficult to sce then that the angle @ intercepted
between the line HK and the longitudinal centre line ot the ship de-

pends upon the location of the hawse-hole H.

"

)
_j___
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The farther this point is removed from the bow, the greater will
be the angle 6. The ship will then expose more of its broad-side

so the wind, The increment of the total wind pressure on the broad
side combined with the heavier rolling to which the ship is nacessarily
jubjected will bring all the more stress upon the cable The stress
brouzht upon the cable consists of two different kinds; nam:ly direst
stress and  indirect onc. The direct stress is duz to the statical
pressare exerted upon the ship by the force of wind or tidal current,
Tl

chorage.

le indirect stress is caused by the ship’s own motions at her an-
The latter may be resolved into frur principl components
as follow ;——

(1) Transverse oscillations or rolling

(2) Longitudinal oszillations or pitchinz,

(3) Motion of rotation about the vertical axis through the centre

of gravity.

(4) To and fro motion of translation.

The writer has no intention at present to enter into the questions
of stability. Suffice it to say here that a ship that rolls or pitches
heavily at anchor will bring an immense amount of stress on her cable
by tightening it each time the hawse-hole has to rise absve its normal
height, This incrcased tension on the cable in turn imparts to the
ship an oblique motion of translation in the horizontal pline, directed
toward the point of anchoraze. How soon this increased tension
on the cable could be relieved depends on the resistance offered by

the wind and sea to ler motion of translation just mentioned. For

a given angle of rolling the rise and fall of the hawse-hol: from its

normal height is proportional to its distance from the Iongitudiu;zi mid-
dle line plane of the ship. IFrom this point of view also, it is undes-
irable to place the hawse-hole tao far away from the bow.

The ship referred to by Captain Hirayama in his lecture has =2
great difference of trim between the bow and stern. Iig (2) represents
approximately her general profile. It will be scen that in this ship
the centre of fre:-board area is considerably afore the centre of im-
mersed middl: line plane. The result is that if a sudden squall comes
over her weather-board bow, no appreciable resistance to rotation co-
uld be offered by the water on the lee Low, and the tendency of the

ship to turn round by the bow about an instantancous axis of rotation

situated somewhere in the middle body has largely to be resisted by

the stress on the cable. The deeper draught of water at the stern
only serves to increase the tension on the cuble by bindering the free
rotation of the ship by the stern with the bow as the centre of rotation.
This state of things can be remsdicd by altering the distribution of the
internal weight of the ship, so as to make her float more nearly on
an even keezl, provided of course that the size of the screws would
admit of the change being made without losing their original ef-
ficiency. The benefits that can be derived from this alteration are

six-folds :

(1) It will increase the resistance to rotation at the bow on ac-
count of the increascd draught of water at the bow.

(2) It will increase the resistance to rotation at the bow on
account of the incrcased moment of inertia of the forc-body.

(3) It will diminish the resistance to rotation at the stern on
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account of diminished draught of water at the stern.

(4) It will diminish the resistance to rotation at the stern on
account of the diminished moment of inertia of the after body.

(5) It will diminish the influence of the wind pressure to turn
the ship by the bow, on account of the diminished area of the free-
board of fore-body.

(6) It will increase the influence of the wind pressure’to turn
the ship by the stern, on account of the increased area of the free—
board of after body.

All of tlese six conditicns are productive of result tending to
relieve the stress on the anchor cable under our consideration. If
he proposed change of trim can not conveniently be effz:tzd, thz oa'y
other alternative method is to fit a deep vertical keel under the bow.
This latter method may involve a loss of certain amount of readiness
on the part of the ship to answer her helm, but it will certainly im-
prove her steering quality by giving her a greater steadiness in steam-
iny along a straight course. A deep vertical plate under the bow
has also the advantage of reducing the exent of rolling which by the
way would also diminish the stress on the cable.

Captain llirayama has referred at some lepgth to the distanca
required by a screw steamer to bring herself to rest from full spzad
by the reversal of her screws. There are no less than seven con-
ditions that affect. the handiness of ships in this respect, as enumer-
ated below :—— .

(1) The time required in stopping and reversing the engines.

(z) The resistance of water to the forward motion of the ship

at the declining speed.

(3) Imertia of the ship, due to her weight and her initial velocity

(4) Resistance offered by the frictions of her engines and screws,
after they have been stopped.

() The backward thrust of the screws after the engines have

been reversed.

(6) The action of screws, throwing a mass of water against the

ship’s stern in working backward.

(7) The effect of wake current.

Of these, the first is a question depending on the handiness of the

engines, and it-is hardly proper to discuss it in a paper like the present.

the theory of naval architecture has a richer literature ;

s

so that it will

be a mere waste of time to dwell upon that subject here. The usual

| ratios that exist between the indicated thrust and the ship’s actual rc-

sistance are generally known with a cluse degree of approximation,
Some examples showing the cffiziency of mechanism of modern marine
engines will be given in the appendix. The real thrust that can be
obtained by the engines working astern can not be estimated with any

degree of accuracy, as the conditions are very much complicated on

account of the disturbances created at the stern by the action of the

screws throwing the water against the ship, especially when the form

| of the stern is rather full and when the screws arc placed close to the
|

skin of the ship.

i About 1890, thorough experiments were made on a steel ferry
i boat named *“ The Bergen” plying between the cities of New York

As for the resistance of water to the progress of a ship, no branch of

|

# 2

TH

o



B O £ & W M &

L A i

e B

and Jersey City, by Mr. Isherwood, formerly the Engineer-in-chicf of
the United Statzs Navy. The boat had the pzculiarity of being fitted
with duplicate screws, one screw at each end, and both upan the same
shaft, which was of course operated by the same engine. From his
report we learn that *the after screw when employed alone had the
slip of 16 per centum, while the forward screw when employad alone
had the slip of 24.5 per centum or about one-half more. ~ Now, as
exactly the same screw was cmployed in both cases, this great difference
of slip could be the result either of insufficient water reaching the for_
ward screw or of increased resistance of the vessel due to the action
of the forward screw. With the after screw propelling alone the
vessel made the speed of 10. 49 miles per hour, thrust of screw being
8258 lIbs. With the forward screw propelling alone, the vessel made
the speed of o .6 miles per hour, the thrust of screw being 8548 lbs,
The action of the forward screw, therefore, has increased the resistance
of the vessel 23.6 per centum.” .

No doubt about the same state of things should exist even in the
case of ordinary screw steamers when working astern. The result
in the lattsr case may be worse; for, then the working side of the
screw-blades does not conform to a true helical surface.

To start with a simple case, let us suppose that a ship procesding
at full spzed V, suddenly has her engines stoppzd. It is required
to find the distance traversed and the time required before her speed
is reduced to V,.

Let

D=Displacement of the ship.

W=Weight of the ship corresponding to the displacement D
M=Mass due to the weight W.
V=_5peed of ship at any moment.
X =Distance traversed by the ship in the length of time T.
R=Resistance of water to the progress of ship at any speed V-
IHP=1Indicated horse power of the engines.
EHP=E(ective horse power delivered to the screw.
a, b, b, b”, b, k, etc=some constants,
We have then, neglecting the friction of unloaded engines.
Resistance of water=force of retardation
of the ship’s speed.
dv
Pl
Bt Dot Ll i consaon s ompmmsnseammmensmessosly § 9
Now dx=V.dT. i (2)

R.=M.

Ldx=M.dV.

= <|=

dx =M. 9V

2} ;

By integration, we have
« Ve

fl_\ sk, =M. v R e Bt (20
V2 V. '
"\f

u
1

[F%)}

Now if the resis:ance of water to the proress of the ship be pro-
portional to the squire of spred and the area of weotted skin of the

ship, we have

R, =g Div2

for any similar vessals.
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Equation ( 3) then becomes,

o A ¥
aD3 f dx—M f v
: .

a. D.%X-:M - (log,V,—log,V,)
Since the mass of the vessel is proportional to its weight or dis-
placement, we get.

X=b. D¥ (ogVy—10g,V...on.......

Equation (1) may be written in the form,

SRPTRSU (7. )|

@.D.3VdT.=M.dV.

Or, a.D.3dT=Mm..9V .
'V2

By integration, we have,
Vs
dT=M. f dv
VE!
Vi

i
a. D3

a. D3 T=M (b\;_ __I.._)

\Z

T=b1)1*(_\ii%) (5)

In this equation, if we make the final speed
V,=o,
the time occupied becomes infinite. Theoretically speaking, therefore,

in a perfectly calm weather, under no disturbing influence other than

the ordinary resistance of water to the head way, the ship would
never entirely lose her forward speed, though it may become infinitely
slow with the lapse of time. Practically, however, the ship may be
supposed to have stopped, when its speed is reduced to a certain

small fraction of the original speed. With this supposition, let

t V, I
| A
Then, equation (5 ) becomnes
1]\'
L €t (6)
Vi

Strictly speaking, the resistance is not proportional to the square of
speed ; so that the coefficients (a) and (b) in above equations can not
remain constant for all speeds.

In cases where the resistances for the varying speeds of the vessel
are known from the data of progressive speed trials or from model

experiments, it is more expedient to resort to a graphical method for

the solution of the present problem.

for varying values of log, V,

T
e

| Fig (3) represents a curve of
| , EHP . e o
| as derived from the curve of S obtained from the data of progressive
! aa

speed trials. Now if by means of a planimeter we find an average
| R between the initial aud final speeds, that will give us a
1 Ve

| correct measure of the coefficents in above equations.

L Since the kinetic energy of the ship due to its weight and speed
‘is proportional to the square of the speed and since the energy
\

Ke iE

E =y

—-—_;
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s
expended by the ship in giving up a part of its speed must be equal M dv B h.EHP _
WL e = N ———benene taresssessiesassaenataann
to the amount of work done in overcoming the resistance, we have dT . Vv

2 2

Ve
9 9
M.V _ M.V -_-fR.dx P ceveenes (7)
Vi

Fig (4) represents a curve of resistances for varying values ot
log, V. Now if by means of a planimeter we obtain the average

resistance between the initial and final speeds and denote it by Ra, we

oet
9 R
Ra’;-X:M-Vj —M V2
2 2
QL
21k,
-
X =‘_’],_I?_(Vf_v;)......... e (8)
\l'l

The equations (4) and (8) would of course give the same results, if
the laws of resistance assumed in the first method were correct. It

nced hardly be remarked here that the values of {b) in above equa-

Now the screws working astern, while the ship still retains its forward
velocity, have to work against a stream line whose speed is nearly as
high as the speed ot the ship. Hence the real slip and the actual
backward thrust of the screws must be very high in comparison with
their revolutions. On the other hand the reduction of the net
thrust by the action of the screws throwing a heavy mass of wa'er
against the ship’s stern is not a little.

Neglecting for a moment the effect of these disturbing elements.
let us suppose that the effective horse power of the engines remains
undiminished during the decline of the forward speed. With the
same assumption as before, we have

h. 111£

M. 2V _ vy
dT

M. ¥ AV a.l).%V". I (10)
EIp = EHE’__—*_ e T 0

- . . ao i }';;;. T-3
tions are higher for finer and longer vessels than for shorter and T we ke al‘li{;; 55 u consiRt quantity and denofe T by %
fuller vessels. .
. we get
Next, let us suppose that the engines have been reversed at the )
3 T
speed Vi is required to find the distance traversed and the time M. r
speed V, It is req o {ind D V.dV=(k+ ]I)J o . 5
required before the speed is rediced to Vi, ) y
- s - b P 'y o ] 5 "

Here the force required for the retardation of the ship’s speed ‘ 1\[-('\"21—\]'3“}__ il
must b equal to the sum of the resistance of water and the baclkward o 2. LHP
thrust of the screws. it M. (Vi=V23) Frer)

That is, z{k+4h)« EHF.

e i U S Y




SR
EI=A

B OE O oW % & W W

L Uil

Ceraaranes sl T
ELD. (13)
This cquation can be put in the form
T.EHP .=b". D (V= V) ottt ereeeieeieeieneennnrans (14)

which shows that the work done by the engines during the decline of
the ship’s speed from V, to 'V is proportional to the diminution of the
kinetic energy of the ship due to 'the speed.

‘When V, is made equal to nought, the equation (14) may be

put in the form

2/ T.EHP.

V= T D e (15)
Now, since = dx=V.dT:
we have
f ;?‘P f'rde (16)
EH?
X.—__ o RN R SRR (17)

Substituting the value of T in this equation in terms of V, we get

x_2 b.D.V 2, 3 (D?f.v“.
3 EHP EHP.
X zb”D%x Admiralty Coefficient. ..........(18)

This result is in a close agreement with the conclusions arrived at
many years ago by a Committee of the British Association after numer-
ous experiments on this subject. “It appears, both from the ex-

periments made by the committee, and from other cvidences, that the

distances required by a screw steamer to bring herself to rest from

full speed by the reversal of her screws, is independent or nearly so,

of the power of her engines, but depends upon the size and build of

the ship, and generally, lies between four and six times the

ship’s
length.”

17 B

H+R



IR

2R

53
)

£ g W M

b+

. == — o———
=04A.V
APPENDIX. e
Mass of water acied upon by the screw per second,
Lep V,=5peed of screw,
i ) = 04 - A.V,=2AV, nearly-
V,=S5peed of ship. 32.2
S=35lip ratio of screw. Sternward accelera.i>n imparted to the water per second,

IHP==Indicated horse power of the engines.
EHP=Effective horse power delivered to the screw shaft
D=Diame:er of the-screw,

A=Effective area of the screw.

-y

P=Pitch of the screw.

r="Diich ratio of the screw,
@ =Piich angle of the screw.
N=Number of revolutions per minute.
a=Area of low-pressure piston.
- I=stroke of the engines.
Jf=Engine friction reduced to an equivalent pressure on
low-pressure area.

B, C, K. etc, =Some constants.

We: have then,
P

Power absorbed by engine friction,
Bl N,

=B.N.
33000
Therefore, EHP., sIHPS =B N 5 weoesssin i s (1)
Cubic feet of water acted upon by the screw, per second,
=i Vg

Pounds of sea water acted upon by the screw per second,

=V,-V,
=2AV,(V,—V,) in Ibs.
=2AV,(V,=V) V,

Thrust of screw,

Useful work of screw

I AN T T =5 vuiesibitnonnnnsesampunsnns Gdj
Amount of work wasted in slip, =AV,(V,=V,}
S ANVISE ..o (3)
Total work of screw =2AVIS(1—-5) + AV S
= AV =S, (4)

If the total work of the screw is to be equal to the effective horse
power delivered by the engine, then from equations (1 )and (4) we get,
‘ c_ IHP—B.N.

T OAVES2—5) =k
And for any given ship and engines,
Koe PP W 6
NL S 2=
where
3
K=C-A(=)
60

To test the accuracy of the above deductions, the actual values of K
have been calculated from the data of progressive speed trials of three
different ships belonging to the Imperial Japaness Navy,

If the equation (6) can be accepted on the strength of the evi-
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| pitch angle.

[
dences afforded by the results of practical test trials of actual marine |
engines, then it follows that when the slip ratios of screws of any ship |
at any two speeds are known, the engine friction reduced to an equiva-|

1

lent pressure on low-pressure area can at once be estimated as!

follows :—— l
IHP,—BN, _ IHP,—BN, 0 |
NES, oS — Raagosy e {7 ;
e - 3 ,
= IHP\quz—“) THP,NS, (2—S,) e

N, N3, (2 = S — N NS, (z=S) T~ |

The value of B once known, we can easily find out the probable

i
slip ratio for any given horse power and revolutions; thus, :
. IHP—BN |
Ko .. |
N3S (2 --5) ‘
P -3. N |
._I-/\/ ( ) BRSO |15 TN
Ko.oN®

On the mspectmn of the tabulated results of calculations based on
actual figures obtained from the official speed trials of the three dif['erent!
ships it would apprar that the engine friction reduced to the equivalents
pressure on low-pressurc piston area is pretty nearly 2 lbs per square
inch at all spceds. |

|

In this calculation we have taken no account of the prendxture

| of power required for the creation of rotary motion of water in t-he‘

screw race. Strictly speaking, the water yields to the motion of the!

| screw blades in directions normal to the surfaces of the blades, and its !

| linear acceleration is cqual to the slip multiplied by the co-sine of the.!

And since the expanded area of any clementary. surface.
|

of the blades is cqual to its projected area, divided by the co-sine of
the pitch angle, an approximate correction may be made by mulliply-
ing the richt hand side of the equation (4) by the cubes of the co-
sines of the pitch angles at the centre of the pressure, presumably

talken on a circle of which the diameter is cqual to two-thirds the out-

' side diameter.

Thus we have

Co IHP. -B.N.
ST DL P N3 S.(2—5) cos®@
| T
| where COS@:W’

7 being the pitch ratio at the diameter
defined above.

Nor have we taken any account of errors that may arise from the
effect of the wake current. But the result could not be far wrong,
as all the vessels here considered are very fine ones. Any influence
that may have been exercised by the wake current would have affected
these vessels to nearly the same extent, and the reasoning by which
we have arrived at the conclusions would not be weakened on that
score by any means.

From what we have seen above it is clear that the mechanical
efficiency of a modern marine steam engine is a function depending on
The late Dr,

W. Froude had given us 77 per centum as a good average of obtai-

the mean effective pressure of steam in the cylinders.

nable efficiency of mechanism of marine engines. In his days, when

the working pressure of steam in boilers used to be about 70 Ibs per




=)
E=]

"

BOE O OB £ f B

¥ @

Gkl

square inch, the mean effective pressure of steam in the cylinders reduced
to low pressure area seldom exceeded 20 Ibs per square inch ; and most
of the engines for war vessels were then horizontal. In our own
time, particularly after the introduction of water tube boilers, the
working pressure of stcam at the engines has become as high as 200
Ibs per square inch and the mean effective pressure of steam in the
cylinders reduced to low-pressure area well above 40 lbs per square
inch, the engines being invariably vertical and designed with a view to
get a perfect balance, so far as the influences due to the friction and
inertia of the moving parts are concerned. Thus we can confidently
expect the mechanical efficiency of a well built marie engine of the
present day to be much in excess of 80 per centum.

Of course, the number of auxiliary engines on board has enorm-
ously increased of late years; but then we have had a considerable
improvement in the details -of construction and in the quality of anti-

friction materials.

H.LJ.M. S, «CHITOSE”

Engines, two sets,

Diameter of screws,
Pitch of screws, eatering edae,
Ditto, following edwe,

Pressure, equivalent to friction,

V, N S96

=0
5 Wo. | 132
6 106, 12.0
Ip | 1z, 1275
18 118. 12.68
19 | I24.7 ' 1268
! \
20 | 1322 | 1276
2T 1397 1304
5 ‘ 147.7 14.1
23 I57.2 15.65
Average value of K

Maximum error is here not quite 2';.

Ca IHp-B.N
DR PR NB. S (2= S), cos’d

IHP

3500.
4020.
4550,
5250.
6150.
7250,
8700.

10620.

13000

40” X 67 x two 66"

3.'_0/.'
Isf___oﬂ
17/ -0
18’ —o"
2.1 lbg

IHP~5.2N
N3S . (2.—5)

0,0122
0,022
0.0I20
0,6IIg
0,0120
0,0119
00119
00118
00120

=0.01199

——=0,000000022

where @ is the pitch angle at the centre of pressure,

taken on two - thirds the outside diameter.
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H.LJ.M.S. “AKASHIL

Engines, two sets,

820"/, x 1,240"/,, % 1,500" /.,

750" [
Diameter of screws, 3.800™/,,
Pitch of screws, uniform, 4,600™(
Pressure in Ibs per square inch of
L, P. area, equivalent to friction. 2.1
| |
V., N sy i P IHI; [22755
__ | ",
13 ‘ 97.5 l 1o. i 1700. | 0.00813
Iq 106. | 107 | 2200. 0.00797
I3 114. | I.g ! 2850. | 0.00795
16 123. i 12.3 | 3700. | 0.00790
17 131. | 128 : 4630. ‘ 0.00795
18 140. | 131 | 5670. | 0.00795
19 148. 134 | 6300. , 000795
I
Average value of K

Maximum error is here just about 2Y%

IHT—-B. N.

=0.00797

= =0,000000023

D2 P% N3, 5(2--5).Cos®8.

where @ is the pitch angle at the centre of pressure, taken

on two—thirds the outside diameter.

Engines, two sets,

H.LJ M.S.

Diameter of screws,

Pitch of screws, mean

Pressure in lbs per square inch of

L. P. area, equivalent to fiiction,

Ve
Is
16
17
18
19
20

145.
155
165.
I75.
136.
198.

Avera(rc value of K

“CHIHAYA."
685"/ X 1.030" [, X 1.525"/,,
685"/,
2‘750m/”’
3:650"/,,
2.1
| \ (’7 - H}
I2.5 1560, 0,00186
12.45 13g0. 0.00188
12.6 2280. 0,00189
120 2740. 0,00190
13.5 3370. 0,00180
14.6 4200. 0,00183
=0,0018733
Maximum error is here not quite zYy
IHP—B. N
=0,000000022

a=

D P2 NS, S .(2=5). Cos®8

where @ is the pitch angle at the centre of pressure, taken on

two-thirds the outside diameter.

i (2

B o]
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¢ A SN ED NEE RS .%A;Imm 1R P N RS 0 | Class B,
ERE N RN A N A EEE - O N ERSREEN $ERS _ m
_ 6 6100 30.78 | ° 14.30 * 48.5
FNRN R BEERE NN SERES ~ 5 EKERE - M| v
= i 4 (e & o _ W @A.HO &.H.WD Hm.uow Av@.m
EMAREN S KOS SIE B En s | |
,‘ y Toen! [ =1 1S Lol RIS Red _ m @wmo WW L..H.@O Hw.mm m
MBI IR E N GnEER N QREEHS T K nRAE AR m |
£2) Ty |
o ¥ =3 , 2 Lung x| , ,
KEN@NECEER R n =02 N3 <) TN )= 2a -y ) FEE . Mean . 6300 | 41.03 15.50 _
I P | | i
VY B~ | gir 2 E |
| -~ -
A A - i A e I | NB. Original length of test piece between Gauge marks=I30mm.
sl RgEERSHHE- KSR HEET BRENGE 1 BikEELSH | 3 ;
5 e - - s = B, Originalemean diameter. ... covseinsis san e ssnenesios =15 M0
& EREEREER K HHBAREFLEREELE AN R s i
= 2 4 e —t fora g e o “ s}t \m.thm_. ._\"...m.._w. Sty ﬂ,.nl..“,,m.u_hL_Lw-h-ﬂ.T i =~ W\,.MA ....u.mwkﬂ
REEELES EHERS RS ECEREIENBERE e gamaiade Vs Shaaaici
& | SRR REEETE RS
m - . Class A, _ | Bk HERNIE iy =
m O IESE REM -0 s RN+ FEBEEE
= No.of [est piece | Breaking strength |  Elongation  |[Reduction of area 5 g
< . : aking g wHEs ’ _ 2 L LT R ER
1 y ) Original length | Original arca _ (RPEERGHERTHIEERES)
I . (eitm Ty R S . IEEER IHRErE = EH
S e RN g MR o 1E o <KEEiRN BV
£ 2 5330 | 38.00 | 18.23 335
3| 5690 3710/ 20.10 m
4| 640 3680 | 15.05 | : _
g _
Mean | 5720 33 17.79 |
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