. i »

RELEN+-PHFERER (% # oF)

215 52 S (E (B f5 -+



2L P e > o

SRR GIE SRR RS FE PG EmEE

L’.

i . LA © DEREE RN W0 > | AEREREE ] ER
BRACH 1 B K A BN A

3|
.m @E A1
iR WG

R * K EFRDBRETK
iy nw B gy HoEoH gk
i B a0 11 52 o o =

_Em .H.w.,‘ w_“m R )t BT S 1 4 CURE 1
_ ; e TRt P S R S B0 B o b IR R AT 1 A

A plea for a floating dry dock. RN R S _ B 1] &k

HENRE= £ E i o
P X : a J

R R 2 RS T 1 = e

%m f ”m;.n»f Wﬂ&%%ﬁ%ﬁ“ﬁmﬁm} mmu__»m+ % = ._m _,uu"_..mwﬂ Bl 5 ik H g

The reaction and efficiency of ;

the screw propeller. : & 2 B X #W

Significant figures in numerical & = = g

caleulations.




=

o |

H

M2y

H

|

M

i3

B

'-'i-.!r'.i‘
gt

=
(=i
T

Bk

5

Uit et el




e
1=

2 X & 8 & & 6 M®

r o e
o~ ) |

dn) £e nee i r K7 e _
..Lmn%@@%%ﬁ% fEE RENFEWR L B OE B
X & BB B om # 8 8 | W HE® I B K
_ EEENSHN X #® e
OB R)nss #EEREW 2w B
| £ SEX HEU]BEW EEEHKE K
B+ &+ | ROk e L s HRE K S & 1 g8 ® KB NK = -
| IR B 48 oo 4 % W B W
SR BT B 3 W oK Mol o &
ORI EBER JEW" i n ~EEKN ¢ &~ SHRKERG 7 1] & % ¥ B W kR o= oE W
H RESEEEAEECAVERRAAREE NI IR &z 2 W H BW om o N R W
AHBARNEER AT +RIERA =R tEvr xRN @ o dE £ I B RO MEENEW
RE N R r K e ZNE 5 ZEEKE W
B1&~ 2 AEE BESRED ¥ K~ S8 4% ¥ K g K E g KK &t od <H
EMERREO=RE I HES D Y D AEERAEF Y P A a7 BEN L MR ZTEHKE W
N DREKE SRR B A= e D A RN S ELR— IR T - = oM OB W
e NP NS EN SN RYEXKE W R R bW
ER DRI ~ KEBZ BRI R & % B® 2B R KW
LHRPRPE % B ] B M OE B W BHE B K
| BRI P 3 a7 KNy RNEE RESEET  NEK S BE B 2 R WK ® 828 LW

¢ @ B &

e




O s B & & W M B

¥ & B W

I

€ 8 H W

R B CORTH K £ B H W . B ¥ EW
C REENIHK e - HE XN E W K @ R =W
EESKBN NI KKER £ o XK B EsmXBW
RABRKER IFEKAW LIWNBER R R R IR
WOE &R R BERKEBR BRFERER € R KGR
XEBREKE W mw..m..nnwﬁﬁ %&Ea%ﬁgﬁsﬁt?v?va/ﬁ
TRERE W ZHHKEW B R H &W £ K #H 11K
g - a 8w ] B R 2 < _ _
KERKEW Lo = R FEEREXEW
37 K #W 2 # &K o REOONDY P Y&~ 3
B B EENE K N B 1w MK @ & & K8 MK HE KW
2 & #H &R R K £ BRW $E #SNEELKEW o 30 BE BB 4n RQ
LER I I o XKE R NERIR AR P K S RE AR P K
B OE #R 0 % Y EK RN EE AR P KA 2 o R~ 3 4
E £ I ] i HEEHEEW MEEIK 1 ]-EE TR 080
'R E KR H O f dv oo HOm o [-E SEEK  4{+=4E
< B 8 B R B R g ® jo<4A0E
£ % B RN B E BN GEEmI I+ R TR KT BN BES =0 AR
HE LK BWR R I £ 1K Rit=tx
R OB % ;R R E 5 &W FWRI ] AES "B P XN 17 REIRKE R EERES A
)
e . »




BN B

& #7 W M &

Exr vt AN KEEM 1A AHB A BEHEN P D aER I~ P K7
WA ERENES 28 BEoKaw [ PREEN Rgdrr > &
R REELFRNEX~NEHRN TP AN L@ wK 15
TERRAS P IRN o fBKE 1 RFERERKERER
ERAIFAAITER BB NBERBEAES N ERN S 14
NN RGN R T A RBEEN PN 87 KR o
EHEM P K AEE 1 nERE+Bor &7 81388 ARER b
PARTBEITREN 1 -RPRABINKRANS Y X7 0 4B
AEEK Y A RKBNNETP X
KARNEERETREEG AN P D a0« s FquH s »

MEHE oELREn s HHE+E

M  ERERBZHMn ~&yH+E

EE  REN+EWEr= HHTE

HRE  SEiEEie - S+
RELEHIEE 1 & n R ARA P > A &

EEE@LEMEr =~ &l |+E

REEEREER = HHETE

EREHER SR TE

LREHRER - HH+=
RARTP X7 ®RAIRNEEN 1« 8= N REBREN » <

RENFHE+R | @ o ~BEIHKERRIFo 2 | AEEN |
=S p e TN

| &t-HioiH+[E4+9% R L €
o :
&haR+E ¥ E &
&k s+ EE X & &
&+ D=+ & e
&hmi+ | E+9E WK Syt
HHER+& # XL

| &1 P4~ HEE | 4 ™ H HE
z
EHEEHEHE Z W0 R
&1 o+ RERE | T E &
LG eR T ok B B &
S+ <EH g€ a =
o<+ R=E Sty dn
SHEE i oo
SR+ VEE+ | HHE & =
SAmE I R HE et ettt

W =

¥ @ B #




L

£ & © B

g

SR+ T=+ HE T

& 4
| 1 -l FE B ¥ R E
daieds ! [ f-Rim - RE+ DD =S

RER DR Y r K7 BN XEEN & SBEgRanER(aE+NEY
FHE~IKN AR TEY P X" Wi EREYA PN A KNI KRE
v A SEREEXHPRR I EX AUER N PSR HAEEN 1
~hESNERN~ S EREIn «RERY P DR RN PR

REASTREEN sBER R~ KRN FREENE Y KR

{20 40> v > R 118 1 K- EREE R 0 ¢ <7 Bl

ERNTETPAAIERrEsdaanh b K7 EBEL hE TP
PR EHEBRENIERRE A AR PR
RURER [ HNE E>" RETR ] zraRE[/RN+2Z ¥R

| ARENEEHE AR N ER B BN TP KR

| Nz

| 1TBEJHI A2 «hEXRrErac~Rhe~xr x7 BRER 1H
SPOKANLT BB IEHY AR E N KD P K

| N R KO EE R O 07 o T

S LI G |

EPAATSRTET P KRN EE N SE ~ 851 Y&

it et 7
OREh HSIGEN HnEBEH > nigs v > nB-PEEI R K

BB SEEXREK” BN AN EFm o 2son b A
hDNERE + 5 s RN REEBHRITE K- NN P X B
HEIBIREr N AR AERIT Ao r

(k=)

EE K~ JRER A R > ¢ X7 REEN]FK
H+1kk 4 &K £ 1 ®
TRk HO#E R BX
+ 1]k fe E B X # %o

BNNHRNE BRI A=t A’ BEUEAEBor K
NIRBEAR= 1+ 3 x” dYn ~FEEE 1T R= 1+ x
_ e Sl
OfE@ HE& KRN EBEN=x~
A plea for a floating dry dock. § N
C I RN e N & B0 K & &
BE KA A DEREKEER N ) R K &
Of{E + | RYTHEEEE ~ SRKEFLHETRER 15~
SHE s B FTHERE N8N

il ok A4

&
=

TERE I BR

Bo# W AW
B E IIW ve H B % 5 i

B R &N B K R R H W

)




L

3

e X B B & @ W oM &
O
' A
ﬁ
B OA S ,
FEY I K
E?g%ﬁjjﬁ AOZE % BENR LA B
NoM s owow mgﬁﬁﬁlﬁ%ﬁﬁmm
AKR B L EW LN XT HER
#ow R i _ *
'R R RN R R
' am 2sffassssns
O
;4;;“%?5‘ oA e % R B OB BB
A w&ﬁzﬁﬁgag
X % B — B OE W _ F 4
R koM o— B o M 1R
A B EREBREEEE B




B OB 7 & W B

:\8

Bk

& e

A PLEA YOR A FLOATING DRY DOCEK.
By Professor F.P. Purvis.
(Read at the general meeting of the Association
of Naval Architects, November 7, 1903].

i

My object in this short paper is to lay stress on some of the reasons
why I think a little more attention should be paid to the rclative advant-
age of a floating dry dock as compared with a graving dock. I am quite
alive to the fact that the best test of the advantage to be obtained is a
practical one, and that within a comparatively short period from now
that test will be applicable on a pretty large scale in this country; but
having myself some practical knowledge of the construction of a fairly
large floating dry dock, and of the design construction and working of a
slipway, I may suggest some matters abont the general requirements, and
the best way of providing for them, )

The use of steel material for foating structures seems to be remarkab-
ly on the inecrease. During the present year we have heard of a float-
ing workshop as a companion to the new dry dock built for Durban;
this structure is not only portable but self-propelling, and can move from
place to place at a speed of some 7 knots, We have heard too of a coal haul-
about at Portsmouth for the purpose of carrying coal to the ships and of
bunkering them by the help of appliances of the most approved type;
the haul-about at present finished carrying a comparatively small quant-
ity, but to be followed by a larger carrying some 13,000 ‘tons,

In connection with the new Hunan ( Konan ) service we hear of float-

ing barges intended to be used in the triple service of pier, warehouse
and waiting rooms, Shortly before coming out to Japan I had the design-
ing for the Mersey Dock Board, Liverpool, of the crane-barge Hercules
to nm:.w.%. a floating crane; the vessel is self-propelling at the speed of 8
knots, and can handle a boiler or other weight of 50 tons at a distance
of 38 feet clear of the belting on the vessel’s side,
1 propose at present to deal with the following matters: —
1st. The general effect of modern improvements in reducing the
relation of weight of dock to lifting power, and-as a consequence~
reducing the relation of cost to lifting power,
ond. The question of preservation ; and examination of objections
to the use of a steel structure.
3rd. Some points in the design of the new dock for the Cavite
Naval Station, Philippine Islands,
4th, Some advantages of the I, dock as against the | | doek,
with suggestions as to its practicability.
Under the first of the foregoing heads I may cite the case of the dock
I myself had to do with (the Koninginne Drydock of Amsterdam}, a
dock of the Rennie type, see Fig. 1, 400 feet long, having 8 pontoons
with a space of 10 inches between ; the side girders bound them all to-
gether and kept them at the distance mentioned, The weight of material
employed was 3,160 tons, the lifting power with 6 inches frecboard was
4,000 tons, or with pontoon deck awash 4,500 tons; the weight of mat-
erial per 100 tons of lifting capacity, taking the extreme of 4,500, was
thus 70 tons.
Maryland Steel Co., U.8.A., the similar figure is

In the Cavite dock, now under construction at the
7200 % 100 i
20,000
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tons per 100 of lifting capacity. Several modern docks have approximate-
ly the same ratio, some quoted by Mr. Clark giving a somewhat less
ratio. In the matter of cost the figures I shall give require some ex-
planation before they confirm the reduction I have mentioned. The Am-
sterdam Dock cost £52,000=4£11.55 per ton of lifting power; the Cavite
Dock Contract price is £231,000 (delivered in America) = £11.55 per
ton of lifting power. It has to be explained that the accepted tender
of the Amsterdam Dock was the lowest (but one) of 18, ranging from
a little below £52,000 to £95,000; how much the contractors lost over
the building I never heard, but it must have been a pretty considerable sum.
The Cavite Dock, on the other hand, being built in America, is necessarily
deaver than if built in Europe. So that :.E apparent Ec;&ﬁw of cost,
£A11.55, of the two docks, per ton of lifting power, would in a fair com-
parison be destroyed, partly by adding to the cost of the carlier, partly
Instead of the Cavite
Dock it might have seemed better to take the new Bermuda Dock, with
lifting power 15,500 tons and contract cost £195,000 = £12.6 per ton ;
suffic

by taking from the cost of the later structure,

but T have not been able to g it particulars of this dock to ex—
plain this high figure,

What is the length of life of a floating dock?  1his can be answer-
ed exactly in the case of the old Bermuda Dock which was sent out to
The

exact nature of her decrepitude I have not seen stated ; there is some

her destination in 1868 and replaced by the new dock in 1902.

suggestion of want of care in upkeep during her earlier years; also of
ditficulty of access to some essential parts. :

The Koninginne Dock was finished in 1878, and has thercfore en-

joyed (in fresh water) the long life of 24 years. The Company which
owns her, has recently (in 1899 ) added a larger dock, the Wilhelmina, to
its plant, capable of lifting 7,500 tons; but this I take it is to accom-
modate the newer steamers of the Nederland Stoomvaart Maatschapij, now
so much larger than they were 24 years agr; the reason for the new
dock is not that the old one is past service.

The remark just made points to probably the chief reason for substitut-
ing new docks for old, whether the docks arc of the dug out type or
the floating type. Growth of size of ship or change of shape, puts the
existing dock out of date and makes the new dock a necessity; it is
certain however that this cawse (for reasons frequently pointed out) must
be much less effective in the case of a floating dock than the other ;
increase of length for instance absolutely disqualifies the one dock,
but not its rival. It is true that the dry docks of to-day—whether stone
structures ( such as the large new Liverpool graving docks)or steel such
as the Cavite design, seem to anticipate all possibilities of future growth,
so as to make it difficult to eonceive of a date-however remote-when
their dimensions will be antiquated ; possibly however some change in
the method of working docks, or in the locality most suited for strenuous
activity, will detract from the utility of some of them and render them
old long before their time,

One objection to the floating dock that I have heard somewhat
frequently raised in Japan is the prevalence of bad weather, ,omwmomm:%
mﬁlsmm typhoon periods. I may meet this ovwmo.ﬁmos in some measure by
stating the effect of a storm, in which the wind pressure is assumed at

54 1bs. per square foot on the Cavite design; such a storm if blowing
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on the broadside of the dock fully exposed, would give a moment of
12,200 foot tons; this would be sufficient to heel the dock only about
% a degree; in this caleulation I take the dock alome in her worst
position as regards stability and allow for effect of loose water in every
compartment.

In this connecction it seems almost too trivial to point ‘out that in
boisterous weather, or even in weather threatening to be dangerously
boisterous, no one who was responsible would attempt to dock a ship
cither in FEurope or Japan. Whether the number of days lost on this
account would be more in the cast than in the west I leave to your
Judgement, or to a critical examination and comparison of meteorological
returns.

Another objection sometimes raised to the floating dock is the pos-
sible damage to the ships taken on it through longitudinal bending. The
necessity for caution is so serious in this respect that one would not wish
to say a word involving a doubt of it. In all modern designs the permis-
sible stress on structure both of dock and ship is carefully attended to,
One practical matter, tending to show that the approach of danger is
more readily seen than might be expected, I may quote from the Kon-
inginne Dock, During her construction I made a large number of cal-
culations to ascertain how much water should be allowed to remain in
the end pontoons, when the ship was short and heavy ; the object of the

water was to place weight in the ends and so distribute the load and

avoid undue stress on dock or ship (as I have mentioned the side girders

bound the pontoons together, and gave whatever longitudinal strength
the dock possessed) When the dock came to be used, the dockmaster

found he had a better guide than the results of my calculations, in the
tendency to buckle shown by the top plating of the side girders; by
judiciously observing the behaviour of that plating, he was able to get
good m.imm:rd as to the safety or otherwise of reducing the water in the
dock’s end compartments.

In the design for the Cavite Dock, see Fig. 2, the advantages ap-
pear to be derived chiefly from the following:—

(1) The absence of any bolted joint over the main portion of the
dock, 320 feet in length; within the range of the principal weights of a
ship lifted-at least of a warship~there is thus no weakening of the dock
structure caused by a joint.

(2)

joint, over practically the whole Iength of dock.

The extension of the side girders, unweakened by any bolted

(3) The design and method of attachment of the two end pon-
toons ; these pontoons, while taking their full shore in the lifting power
of the dock, arc easily detached ; they can then be docked themselves, or
used for docking the main portion, The maximum height to which every
portion can be lifted clear of water, is 5 feet; this seems quite an im-
portant feature-although not a new one in self docking,

I thing there can be no doubt as to the advantages to be obtained
from these modifications introduced into a dock design; they seem admirab-
ly adapted to add strength to the structure in ordinary working and
facility in the matter of self docking.

In view of these merits it seems almost captious to ask for further
improvements.
be made,

Nevertheless I think one very simple improvement might

This would be in avoiding reducing the depth of side wall,

i3 e
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as is done in the Cavite design outside the maii portion, by the depth
of the pontoon ; some reduction or practical reduction, is doubtless neces-
sary, to get proper bearing for the end pontoon, but this' may be limit-
ed to 6 feet or even less, in place of the 18 feet 6 inches—which is the
pontoon depth. The sketch (Fig. 3) shows in general form what my
proposal amounts to. For connection of end pontoon to side wall the
ou.H.%. security needed in addition to the forked guides of the sketch, would
be a few short heavy bolts; these would take any unbalanced weight
of the pontoon and contained water; in practice the buoyancy of the
pontoon should. always be adjusted to exceed the weight ; no bolts would
then be necessary ; should the weight of pontoon and contained water,
by inadvertence, excced the weight, some other attachment becomes neces-
sary and hence the bolts,

In the event of the determination to construct some sort of floating
dock; the question would still be an open one as to whether the double
wall form should be adopted, or the L dock preferred. My own pref-
erence would certainly be the latter. From the point of view of poss-
ible emergencies, the one sided dock has so much to commend it; emer-
gencies 1 mean both such as might arise from some pecaliarity in the trim
of the ship due to damage, and such as might be due to abnormal form of
ship-departing largely from present adopted types. But the advantage I
have more particularly before my mind in advocating the L. form is the
extra facility in working a dock when it becomes immaterial whether a
ship is drawn on or off along the dock axis or at right angles thereto;
it might easily make all the difference of gaining or losing a tide, and

in any case it simplifies the arrangements of those in charge and in pro-

| portion reduces the number of hands to be employed. No doubt ‘the I

dock standing alone is wanting in stability ; but in his off shore arrange-
ment Mr. Clark has shown very fully how to compensate for this, and in
practice has done so in several instances; I see nothing to prevent the off
shore arrangement being adopted in most cases; should it not be available

there is still the arrangement of a float described by the present Mr.

Clark’s father to the I. N. A. in 1876; if this float were used it would

no doubt be medified to meet some modern growth of ‘ideas; possibly it

~would be made to carry a workshop or a store of material of such

nature as the close proximity to the dock scemed to indicate as of

paramount importance,
For the docking of warships it may well be said that the one sided

dock does not offer so good facilities for shoring as the two sided ; this

I must readily admit but T would ask *are side shores so necessary,

£3)

even in a warship?” in this matter I have looked carefully through
Captain Asaoka’s paper of two years ago; the stresses he men—
tions - therein are only those in the vertical dircetion, and for these pro-
vision can be made in a one sided just as well as in a two sided dock. For
other stresses, in a horizontal direction, may not the ship’s beams be
considered to amply provide for what is necessary; certainly just
before a launch the beams alone resist any sideways stress, with the
weights then on board; and surely when the ship comes to he dry
docked the beams again may be considered sufficient,

Fixing“then on an L dock, I should take advantage of the Cavite
design to divide the dock into three portions Kig, 4; the centre por-

tion would have the side girder projecting at ecach end to the extent

0
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of the full length of the dock; the box at the other side would also
project to the full length of the dock ; the two end portions would have
~cach one side wall, and the arrangements for attaching these ends to the
projecting side wall and projecting box of the centre portion would be
' as already indicated. There being but one side wall the necessity for
breadth between the walls, or breadth over all becomes considerably
modified. Suppose the problem before a designer to be such a modifica-
tion of the Cavite design as should obtain the same lifting effects with an I
form. In the Cavite design much econsideration scems to have been
given towards determining the most suitable length; it may be well
to take thiz, viz. 500 feet, as a fixed quantity; the two possible
variables are then breadth and depth; the Cavite dock has 134 feet total
breadth and 18 fect 5 inches depth of pontoon ; instead of these a total
breadth of 94 feet and depth of 26 feet 4 inches will be found to give
the same lifting power with the pontoon deck awash and assuming
the same weight of dock; but weight of dock might be reduced ; this

is on account of the increased depth and the smaller scantlings hence

ired obtaining the same strength. The less weight would imply

fE_Lﬁ_rocxucnﬁ_:#ﬁcﬂ,rmcrZSH.cm:a&_ﬁEmmrncccﬁ._.moa.
would depend on two considerations; lst, on the allowable depth of
pontoon in view of local conditions of the site of the dock; 2nd, on
fhe minimum _x_.o;;_z_ that might be @:ﬁ..?ﬁ& &o_wr.mEo. m;._éon_nmwm
H.v: w.‘f.vO_nu.ml. :
For self-docking, when taking the main portion of the L dock on
the two end portions, it would be necessary to make two sets of discon-

nections ; the end portions would have to be removed clear of the main

| country would probably have in view the requirements of merchant

. ships rather than of warships; warships docked thereon would be the

portion ; and the outer ends of the parallel booms of the off shore arrange-
ment would have.to be detached from their usual attachment to the side
wall of the main portion; the end portions would then be brought
into position opposite the parallel booms ; and the outer ends of the latter
would be temporarily secured to attachments on the side walls of the
end portions of the dock ; the stability obtained by means of these parall-
el booms would thus be available as at other times, the only difference
being that the stability is brought to bear on the end portions of the
dock in place of the main portion.

Such a dock as I have indicated would appear to be capable of dealing

with ships of which the possible limits are somewhat difficult to define;
the limit in length direction is that of the unsupported ends that may
be allowed ; the limit in breadth direction is considerably more than the
breadth of dock less side wall (viz. 80 feet); the limit of draught is as
in the Cavite design, amounting as an extreme to some 40 feet. The
limit of lifting power is, as in the Cavite design, 20,000 tons; bnt cven
this can scarcely be said to be the extreme; should it be necessary after
many years, to exceed it, some addition to the length or breadth or
draught of the end pontoons might be made that would do what was
needed ; the cost of such addition per ton of extra lifting. power being
probably not much more than the initial cost per ton.

In the foregoing I have started with the Cavite dimensions as a good

instance of estreme requirements; a, floating dock designed for this

exception rather than the rule; much _mEm.Fz. dimensions than the above
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would therefore suffice; but my remarks as to the absolute limits of

such smaller dock would still apply. Should the extreme lifting power,
for instance, be fixed at 6,000 or 10,000 tons, the length, breadth and "

draught of the ship that might be lifted would be practically unlimited
(unlimited that is, within the range of the lifting power); the 6,000 or

10,000 tons would indeed limit aa weight, but this also might at any

future time be econsiderably increased by some alterations to the end

pontoons,

POSTSCRIPT.

Drydock Co, reccived since the above paper was read, gives

A letter from the Engineer to the Amsterdam

some interesting particulars connected with the Koninginne

Dock (aged 24 years) and the Wilhelmina Dock (aged 4 years)

“I have much pleasure in informing you that our old dock

113

is still doing remarkably well. We never had any

pontoon out of the water; we only canted the dock now
“and again to paint the water-edge ; but farther, the
The inside, of

This we have cleaned and

(4

dock in the water is almost mew yet.

i 3

course, 13 not so m.OO-H.

(13

cement washed say every 3 years, and although there is
“a reduction of thickness, it is still quite strong
“enough to earry the 4000 ton load, which we have often
“had on her. As you know this is an iron dock,

“Qur new dock, of 7500 ton lifling power, is of stecl,
“and I am sorry to say, vequires morc care and looking
“after against rusting than our iron dock does.

“8till I believe 40 years for the life of a floating

“dock is quite safe, even if of steel.”
: “W. Fenenge.”
The following publications are those which I have chiefly
consulted for the purpose of my paper :—
“On the Nicolaieff floating and depositing dock,” by
Latimer Clark. Trans. I. N. A, 1876.
“On the double power floating dock and the hydraulic
: “grid ” by Latimer Clark, Trans, I. N. A, 1879.
“ Recent improvements in docks and docking appliances,”
by Lyonel Clark, Trans. I N. A. 1897. {Vol XXX VIII)
“The floating dock as an adjunct to a War Navy,” by
Lyonel Clark,
Exyposition, Paris. 1900.

International Congress of N. A, Paris

“ Floating drydocks-their military possibilities and value *
by Rear-Admiral John D. Ford, U. 8. Navy (Journal of
the Am: Soc: of Naval Engineers, February 1903 ).
“The Cavite steel floating drydock,  Its strategic

“value in defending the Philippines” by Civil Engincer
A. C. Cunningham, U. 8. Navy (Journal of the Am: Soc:
of Naval Enginecers, May 1903 ).




FIG. 1.
KONINGINNE DRYDOCK
AMSTERDAM.
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CAVITE  DESIGN.
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FIG. 3.
CAVITE  DESIGN.
ENDS ALTERED




¥14a. 4.
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THE REACTION AND EFFICIENCY OF
THE SCREW PROPELLER.

by
Y. Wadagaki, Esq., Member,

Fig. (1). Pig, 1 is a diagram showng the geome-
D try of an element of the screw propeller,
A OA represents the centre line of the
N shaft, I the cross section of one of the
blades, when in its vertical position,

OB is the developed circumference of the

0 circle deseribed by the elment EL in

m\w B
through water, so that their difference corresponding to the distance CD

The angles BOD and COD are respect-
ively called the pitch and the slip angles.

one revolution of the screw,

BD stands for the pitch of the serew while

BC represents the actual advance made

by the screw in one complete revolution
will be the amount of slip,

To consider the system of forces acting on an &oEo:ﬂ..:.% area such
as EL, let 3

R=Radial distance of the clement from the shaft centre in feet.

D=Diameter of the circle described by the element in the rotation

of the serew in feet, so that D=9R,

C=Pitch of the serew in feet,

- - O
r=Pitch ratio= 55

n W ()

S = Slip ratio== BD

0 ="Pitch angle.

¢="8lip angle,

A=Area of the element in square feet.

N=Number of revolutions of screw per minute,

V=Speed of net axial advance of the element in feet per minute,

P=Normal pressure on the eclementary area in lhs, per sq. ft,

Q="Tangential resistance in 1bs,

T=Axial thrust in 1bs.

F=Transverse component of the normal and tangential resistances

in lbs.

Now without making any assumption as to the exact laws according
to which the blades will be resisted in its motion through water, the
fundamental principles of the science of forces lead us directly to the
equations

T=P, cos 06— Q.

=P, sin 8+ Q. cos 8

Useful work=V. T=C. N, (1—8)(P. cos §—Q. sin ¢)

Total work =92, 7. R. N, (P, sin 0+ Q. cos 0)

The cfficiency is then

sin @

Useful Work r 5 A P.cos 0—Q. sin 0
L Total Work P (1=8) P, sin 0+ Q. cos @
But, since, tan 4= M

-

i1

#e &

1+H




it B

1t

® N B &7 @

1+

we get
I
- Tln W|
E— ﬁu_.lmu_ J.. @ o e e ..AHV
1+7 P 3

From this equation it is easy to see that for a screw of given ratio of
pitch to diameter, working with a given rate of slip per cent, the efficien-
cy solely depends on the ratio existing betwen the normal pressure P and
the tangential resistance Q. The importance of using serews of thin blades
with fine edges and smooth surfaces is here apparent without any comment.
It remains for us now to inquire about the laws of nature controlling
the values of P and Q in this equation.  With our present knowledge
of the science of hydro-dynamics, we may take it for granted that the
equations expressing the normal pressure and the tangential resistance
experienced by a plane moving through the water with any speed V,on
a path forming the angle g with it, are of the forms

B A V. sl gwvniaanimonmsing i e

TR L

where p and f are respeetively the pressure and friction per unit of sur-

face, and A the area of the plane,
We got then,
Q fons 4%]! f
P p.A.Vising p V& .sing
Reverting to fig. 1, we also see that
OC, ¢in ¢=CD, cos b,

Theretfore,

i 7, T. 8,

E:.”v.lh ﬂ.h..._ H.m... : Ha‘_uh.uﬁ“_..lm..._n
Henee

Q_f 7+ YT+ (1-S)

If the two exponents of the spead, x and z, were equal to each other,
then, the efficiency of the screw with a given ratio of pitch to diameter
and working with a given rate of slip would remain constant at all speeds,
not quite equal, A generally

On the authority of the late Dr.
exponent z as a quantity varying
If that is

As a matter of fact, however, they are
aceepted value of the exponent x is 2,
Froude, we may take the value of the
from 1.85 to 1.9 according to the nature of the surface,
the case, then, the ratio betwen the normal pressure P and the tangential
not remain constant for

resistance Q, as given in equation (4 ), an

varying speeds, other things being equal. The efficiency of the serew must
therefore be affected to some extent by the variation of the working speed,
the general tendency being a slight increase in efficiency with inecrease in
speed, always supposing the serew to be worked at the same slip ratio.

Thus far, we have confined our attention to the action of one small
of the wvarying radial distances

unit of the serew surface. In view

and obliguities of the eclementary surfaces at different points, the
particles of water can not be supposed to move all in parallel directions,
This peculiarity of the serew surface giving rise to mutual inter-ference of
water particles acted upon ot different points, conpled with the possible
inter-ference of the action of one blade with another, not to mention
the influence due to the complicated phenomena of wake current, leaves

us almost no hope to get at the true aggregate effect of the whole

: ).
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where a, and a, are

screw, by means of mathematical integration.

Equation (1 ) has been dedueed on the hyphothesis that the motion of the
elementary surface of the screw through the water can take place without
causing any disturbance on the surface of the latter which will necessit-
ate the expenditure of a certain amount of energy., But this condition

can hardly be fulfilled in the actual work ing condition of real serew propellers®

Fig. (23

=

T
Lk 1_\

B

In fig. (2), let AB be an indefinitely thin plane board of unit
area, completely immersed in water at a mean depth of H feet below the
When the

0 it is of course equal and opposite to that acting on the other side.

surface, board is at rest, the pressure acting on one side
Its amount my be expressed by the equation,

P=Po+H W, :
Where Po is the pressure of atmosphere in Ibs, and W the weight of
unit volume of water in Ibs, Now suppose this board to be moved in
any direction at a moderate speed of V feet per second. The pressure

on the front face and the back of the board will then respectively become,

a, b, V*
( Y :
P,=P,+H. ﬁxlflm.mfi. LD

sertain  coefficients depending on the viscosity of

avater in which the board is immersed, and b; and b, some functions of

the angle made bhetween the plane of the board and its line of motion.

The resultant cffective pressure on the board would therefore be

{a, b +a,b,)V*®
2g

We thus see that the head resistance to the motion of plane area,

Py=P,—P,= S, RN, 1o

deeply immersed in water and moving in any direction, relatively
This

statement, however, must be received with a certain qualification, for it

to its own surface, is independent of the depth of immersion.

can hold good only within the limit of speed which does not produce

any disturhance on the surface of water, With the increase of speed,
the pressure on the back of the supposed plane is being diminished until,

at last, its amount is reduced to nothing, when

P,+H. s (8)

Beyond the limiting speed defined by this equation, the back side of the plane
can make no further contribution to the increase of cffective pressure
on the plane. That is to say, after this limit has been reached, the
demand for any inecrease of the cffective pressure can only be responded

To

the ocecurrence of this peculiar phenomenon in the operation of screw

ty by a further accumulation of pressure in front of the plane.

propellers, the name of the  Cavitation ” has been given,

After this incidence has taken place, the equation (7 ) must be eonverted
into the form .
a, by v?

28
At this stage of our investigation, it becomes necessary ‘to examine

P,=P,+H. W+

& 3

Hellee
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what is the precise nature of the coefficient b, in above equations,
Beliable informations in this respeet are much wanted ; for, although

numerous experimonts had been made by Colonel Beaufoy, M. Joéssel, and

others, the results obtained by them are limited to low speeds. But
whatever may be the absolute values of b, at moderate speeds, one thing
is certain that it can not remain unchanged at very high speeds,  When

a certain speed is reached the pressure due to the velocity of the moving
board becomes so high as to exceed the sum of the pressure of atmosphere
and the pressure due to the depth of immersion. At this point the
upper surface of water commences to feel the influence of the accumulated
If the speed of .the

moving board be inereased still further, the water will have simply to

pressure on the front face of the moving plane.

be heaped up in masses above its original level and then pass away in
I 1 g I

the shape of waves, only to be succeeded by others. This means, of

course, the expenditure of a certain amount of' power and can only be acco-

mplished at the expense of pressare in front of the moving board.  In other

words, the value of the coefficient b, in

above equations has to be

deereased beyond a eritical speed defined by the equation
a, bV*

g

P,+H W= ,, SRR R SRORTN | DNE T

From what we have seen already, it will be evident that serew propellers
with a given ratio of pitch to diameter and working with a given
slip ratio, ean not maintain a constant efficienny for all speeds; for,
when - the speed exceeds the limit indicated above, the depth of im-
mersion  becomes a factor that must not be neglected.  Although,

from the nature of equation (1), it has often been inferred that for every

different ratio of pitch to diameter, in any type of screw, there ix a particular
slip ratio at which, and at which only, maximum efficiency can be obtained,
this particular slip ratio, it may be asserted, is a quantity depending
on the type of screw as well as the speed at which it has to be worked.
An important point that must be borne in mind in this respect is the infl-
uence of surface ratio on slip ratio, which has a general tendeney of modify-
ing the effective pressure wﬁ. unit area of blade surfaces, Take for example
two screws of an equal diameter and pitch, designated A and B respeet-
ively, and working at the same slip ratio. Suppose A serew to have
Then the blades of A serew will be
operating in contact with the same particles of water for a longer period

than those of B serew,

wider blades than B screw.

Consequently, the water on leaving the follow-
ing edge of A screw will have more velocity imparted on it than the
water that has been discharged from B serew, although to all appearances,
these two serews are working at the same slip ratio. Conversely, if the water
upon being discharged from these two serews get the same amount of

acceleration, the wider blades would ne

ily show a less amount of

slip ratio than the narrower blades. In other words, the amount of
sternward acceleration imparted to the water is proportional not merely
to the simple slip ratio in the usual sense of the term employed, but,
in the case of serews of widely different proportions, to a compound ratio,

expressed by

- ) mean length of serew \”
&/ =8lip ratio x ﬂ.i-il. S e v
pitch

where x is an exponent to be determined by experiments,
Let S=8lip ratio,

. )
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L =Mean axial length of screw,
¢ =Piteh of serew,
r =TVitch ratio,
a = Surface ratio.
# = Pitch angle at periphery of screw.
n=Number of blades on each screw.
Neglecting the existence of the central boss, we have, for an indefinitely

short length of screw,

Hﬁﬁ:&x.& arca of blades | +sin &

Projected arca of blades cos 0
Therefore, for screws with blade area similarl y distributed radially, we
have
Expanded area of blades
a= s
Dise area
n, Li(l4sin @) :
i . approximately,
Hence
L . a cmwd
¢ n(l+sing)
o, oow% 1E o, T &
:._H *. g ..H . T ||I||T AN iy
HER n(l 4sind) | =Sinirs SO e AN

This is then the true measure of effective slip, if all the aceeleration of
water were to take place, only during the period actually required by
it in passing through the serew, As Mr. Barnaby says in one of
his papers, however, *the water is influenced by a screw before it is

actually in contact with it, and will run toward the serew in virtue

of a defect of pressure, or suetion produced forward of it. The action
of the propeller on the water is principally to accumulate pressure, vwhich
has the effect of increasing the velocity of race after contact with the

My, Barnaby further says that * the

blade surfaces has ceased.”

length of the blades may be supposed to be so small that no apprecia-
ble change of velocity can fake place in the stream while actually pussing
through them; but on leaving them the speed of the stream is further
accelerated up to the final speed. ”

That there is a certain amount of truth in this statement i3 unques-
tioned ; but, surely, it can not be pushed so far forward as to ignore
the influence of the surface ratio on the final efficiency of the serew,
especially for very high speeds, We have as yet no authentic infor-
mation based upon experiments as to the relative amounts of acceleration
imparted on the water at the different points of its passage, At all
events, however, it is certoin that there will be some acceleration, while
the water is actually passing through the serew, and that its amount will
vary with the area of the blades as well as the speed at which the serew
is being worked. That being the case, equation (11) may be found
useful, when judiciously employed in the study of mutual relations be-
tween the surface ratio and the efficiency of the serew. The bearing
of this equation on the performanee of the serew may be interpreted as

follows ;:—

(a) Tor any given efficiency, an increase of pitch ratio is attended
with an increase in slip ratio, the surface ratio being supposed
to remain the same,

(b) To maintain a constant efficiency with different slip ratios, the

¥ g
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surface ratio must be modified to suit the slip ratios, supposing
the pitch ratio to remain unaltered.

With an inerease in pitech ratio, the surface ratio may be so
y 2 .

Gd
increased as to maintain the slip ratio unchanged,
(d) For any given design of the screw, the slip ratio is proportional
to the total amount of acceleration which the water has finally
réceived on leaving the limit of action of screw blades,

It is possible to change the piteh, slip, and surface ratios altoge -

’
ther, and yet maintain the same efficiency, when these changes
are made in sach a way as to keep the total amount of

power expended in the acceleration and friction of water,

unaltered, for eny given amount of useful work performed.

There is no material difference in the maximum obtainable

—
B
—

efficiency between serews of different pitch ratios, when their

surface ratios and slip ratios are such as would secure the

best possible combination in each ¢

e have arrived at these conclusions by the consideration of the
manner in which the power is expended to overcome the head resig-

tance and the surface friction of the serew blades.

Enough has been said as to the. mode “of fluctuation which takes
place in the coefficient of direct pressure for varying speeds,

Now it ean not be doubted that there will alsy be a similar fluetu-
for difforent

ation in the eoefficient of friction of the serew blades

rates of speeds, But, as to how much, experimental data have

not as yet been obtained.

That the frictional resistance experienced by a plane board moving

obliquely through water depends upon the angle of obliquity is well
known. The flow of water is found to separate into two branches at
some point on the front face of the moving blade to go round its opposite
edges.
separation toward the centre of the blade; and the position of this point

The greater the angle of obliquity, the nearer the point of

of separation is a factor which determines the net amount of {riction.

In the case of the propeller blades the virtnal angle of obliquity depends

not only on the pitch angle of the screw, but also on the amount of

slip; for they have to work in the very

It follows

can not remain unaltered when working

midst of water which they

have alroady set in motion, therefore that the coefficient

of friction for propeller blades
at different rates of slip.

‘When the working speed of the serew

kecomes se

high as to produce a partial © Cavitation ”’ behind the blades
the usunally accepted law of frictional resistance can not be supposed to

hold good any longer.

Abtruse arguments which are not supported some undis-

by
putable evidence of facts are mnot acceptable to the inquisitive minds
what follo
of

The simplest way to

It is

of the present day, therefore proposed in

to werity the truth of our contention by a number actnal ex-

amples ascertained on  practical experiences,

sce whether the law of squares of speeds for the direct pressure

and surface resistances of propeller blades can be maintained for a

whole range of working speeds is to constrnet a diagram with the

logarithms of the number of revolutions per minute and those of

the mean effective pressure of steam per sguare inch of the piston area
_ 1 ’

» the co-ordinates of the curve for successive speeds. For this purpose,

i)
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tables, (1) to (9), have been compiled from the data of progressive speed
trials of the vessels, well known to the members of this Association ;
and fig, (3) is a diagram prepared from the informations contained in
these tables. It will be observed that in mno case the curve thus
constructed remains perfectly straight, The main part of this irregu-
larity is of course due to the irregular variation of the wave-making
resistance on the part of the ship’s hull, and the gradual change of the
mechanical efficiency on the part of the engines, although there may also
be more or less influence due to the fluctuation of the so called wake
coefficients and thrust deduetion, But whatever may be the change
that takes place in the resistance of the ship with the variation in speeds,
it will always canse a corresponding change in the pressure acting on
the face of the propeller blades; and when the speed of the ship gets so
high that its resistance for any further increase of speed inercascs by
more than the squares of speeds, it is quite natural that the propeller

blades would also feel the effect of the change of conditions and mect

with the resistance more or le

different from that indicated by the law
of squares of revolutions per minute,  The apparent disparity of results
which we often meet with in practice in the performance of serew
propellers is no doubt due to the adoption of usual rule based upon
the law of squares of revolutions for all speeds, whereas, in truth, this
law ean not be extended beyond the limit which is associated with the occu-
rrence of the phenomena of the “Cavitation ¥ and surface disturbances.
That being the case, it would appear to be well-nigh impossible to
cstablish a general formula which can really express the true efficiency

of any given screw for a very wide range of working speeds.

If, however, we confine our attention within a narrow range of working
speeds, the curves in fig. (3) may, without any serious error, be taken
as being practically straight; and equation (1) may then be used to
express the efficiency of the screw for those speeds, provided, of course,
that we know the correct values of the cofficients of direct pressure and

Herein

frictional resistance of the blades, appropriate to those speed
lies the great benefit that can be derived from a caveful study of exper-

imental results for

ws of similar type and proportions, working under

similar conditions,  Thus, for serews of any given type working within
a limit of speeds, sufficiently below the eritical point which is associated
with the occurrence of the phenomena of *Cavitation” and surface
disturbances, it is not a very difficult matter to estimate a definite

amount of real slip which would give the maximum efficiency for any

fixed ratio of pitch to diameter, or having fixed upon a tain  value
of pitch ratio to correctly locate the standings of the serew with regard to
its efficiency for different values of slip ratios, One of the most
remarkable instances in the similarity of actions of similar screws is
furnished by the comparison of the curves in fig, (3} for screws of the
Japanese Cruiser ““Suma” and the British Cruiser *“ Good Hope ™.

As will be secen in the diagram, these two curves are almost entirely
parallel up to a certain point beyond which the “ Good Hope” shows
a marked tendency to deviate from its general course which it has follow-
ed up to this point. This is a striking evidence that some change
has taken place in the condition in which the Good Hope's serews have
been working and may naturally be attributed to the occurrence of the

“ Cavitation ” and surface disturbances, That this is so has amply

¥e oS
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been proved by a greatly improved performance of her sister ship, the
“ Drake,” where the blade area has been much increased to diminish the
real slip ratio. This and many other examples generally point to the
conclucion that the accepted theory of serew propulsion can remain true
only within the limitation of speeds as has already been explained and
when we confine ourselves to one particular ratio of blade surface to dise
area.

In other words, any formula for the efficiency of the screw

propeller to be applicable generally under all circumstances, must contain

Where r and s9% respectively denote the pitch ratio and the correspond-
ing slip, per cent, which would give the best results in combination,

The above table may approximately be represented by the empirical

formula

0.8312
I: = &

T

which, when worked out, would give the following values:—

some fanctions of surfice ratio and the speed at which it has to be worked. 1 == = me T
With these qualifications, however, the teachings of Froudes are as ¥ S % | r S %
good to-day as when they were first taught, and it would prove both |- o S . o il e L =l
interesting and instructive to investigate what use we can make of 0.8 15. 02 1.7 21.2
these old-established doetrines of screw  propulsion in their actual | 0.9 16. 00 1.8 21.7
application to our present practice. According to Mr. Barnaby, the 1.0 16. 88 1.9 22.1
relation between the pitch ratios and corresponding slip ratios which 1.1 18. 06 _, 2.0 22.5
would give the best results for a standard type of the screw is as 1.2 18.41 m 2.1 23.8
follows :— 1.3 19. 00 , 2.2 23. 35
S NSl PO IO =N AL - 1.4 19 63 2.3 23.5
¢ _ s 9% r | % s __ il 8 9 1.5 20.3 2.4 24.9
Lo Ak e ] 1.6 20. 69 | 25 24.18
0.8 15. 55 La- | 19.5 2.0 | 9229 T Jr— _ . e —
0.9 16. 22 T:h 20.1 2.1 | 235 —— =2
1.0 16. 88 16 20.7 it 240 Let Ca and Cr denote the disec area constant and the revolution
1,1 17. 55 1.9 21.8 __ 2.3 24. 5 constant, then,
1.2 18.2 1.8 aL8 | 24| 2.0 AV
i T i = m_ B 5 i = %A 1)
) e )
Y o . @ o
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o DR (14) That is to say, for any given efficiency of the serew, the revolution
¥ constant is inversely prportional to nine-tenth power of the pich ratio,
i Where D = Diameter of screw in feet. other things being equal.

A = Disc area ef screw in square feel, Eliminating the values of v from equations (15) and (17 ), we get for
V = B8peed of the ship in knots per hour, any givn efficiency of the serew, the foillowing velations :—

o Revslition: et winits Lo
R = Revolutions per minute. Ca¥ CrV = Constant -w-ceeoeeese oo s

* IHP = Indicated horse power.
- Mr.

made by Mr, R. E. Froude, showing the relation between the values

Barnaby has compiled a table from a complete sets of experiments

‘of Ca and Cr which in various combinations would give varying effici-
encies in the performance of the serew. On examination of this table,
it becomes at once apparent that the dise area constant for any given

efficiency varies as four-fifth power of the piteh ratio, other things being

.mmu.ﬂ.f In fact, this has been definitely stated in Mr, Froude' s
wm_@ﬁ. of 1886. We have then
" Ca = constant x ™8 ...:.......:..:...................:-...A 15 v
= DR
Now £ = & o
CR.(1 —-8)

.*. |f..1 —_— e e
e 101. 33
where C is the piteh of serew in feet.
. Thétefore & eonstant 3
! e WA 16)

|
1

| Eliminating the values of S between the equations (12) and (16),

we have constant

=17

—FF

m

»

Working ount this formula with numerieal values of Ca and Cr given

Barnaby's Table we get for any ratio of pitch to diameter the following

results —

Ffficieney

Abselsea vy 9 |

o

B 63 3. 66
7 67 5. 49
: 9 69 3. 36
11 69 3,24
15 68 3. 15
15 66 | 3. 06
17 63 | 2. 98
Fig. (4) is at once a simple and convenient diagram giving the

5 . - ; A s 3
efficiency of the serew for successive. values of Ca® Cr¥, which is
licable 7 ratio of pitch to diameter Equati )
applicable to any ratio of pitch to diameter. ~quation (18)
enables us to locate in the curve of efficiency the position occupied by
The

positions in the curve of ofidency of serew propellers of some of the

any given serew when its trial results are known, standing

=1
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vessels belonging to  the Imperial
plotted on fig. {4

it is easy to find the necessary working condition required in order to

Japanese Navy have thus been

From equation (18) and the diagram fig. ﬂmu
secure the maximum cfficiency, = According to the indication of the
diagram, we may take the following cquations as the essential conditions
to be fulfilled in order to get the best result :—

Ca
"0;'v= any ralue between 184 and 251 e e (19)
Cr x v = any value between 115 anl 109 (20 )

1 .
Ca? Q.w any value between 3. 94 and 3.36 - (21

The curve of efficiency in fig. (4) is a slightly distorted parabola

within the range of efficiency there mentioned. Taking the point of

maximum efficiency as the apex.of a parabola, we may represent this
means of an equation of the form
(69 — 1)

50

is the efficiency of the serew per cent,

curve by

=" 1
(Ca® (1% — 3. =

31}

where E We have then,

5 ¥k oh 1
E =69 — 50(Ca® Ct¥ — 3.31) (22)
Working out this formula with the figures given in Parnaby’s Table,

we get for any ratio of pitch to dameter the foliowing result :—

[t
Abscissa value, | Efficiency % Ca¥ O
5 62. 88 3. 66
T 67. 38 3. 49
9 68. 88 3.36
11 68.76 3. 24
13 67.72 3.15
15 65- 58 3.06
17 63. 60 2.98
Which gives the numerical values of the efficiencies per cent little

different from those mentioned in Barnaby’ s Table,
The equation (18) is an equation for a curve of hyperbola, so
that the relations between the dise arvea constant Ca and the revolution

constant Cr for any given efficiency can be represented graphically on a

system of co-ordinates with Ca® and CH¥ g5 axes of X and Y, which
is applicable to any ratio of the pitch to diameter of the screw.
Froud’s experiments from which these important results have been
deduced were made at a moderate speed of about 2 knots per hour and
fixed the blade

Therefore in the application of these formulae

with small models of serews having a ratio  between
surface and disc area.
to the design of high speed screws, some diseretion must be exercised
in order to make a sufficient provision for the prevention of the loss

due to the oecurrence of the © Cavitation ” and surface disturbances,

il . “I 3 * *
‘The values of constants Ca® Cr¥ caleulated from the data of progressive

D
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speed trials and mentioned in annexed tables. (10) to (19), plainly

show the influence of the surface ratio on the efficiency of the screw.
== i 3

Picking up the values of the constants Ca® Cr¥% for maximum speeds

(A) and the specds (B) corresponding to maximum efflciency, we find

the following rclations i—

Names of ships. Surface ratio, Value of Ca¥ Grb at
s S il _(A) speed | (B) speed
Drake 0. 370 3.316 3. 416
Good Hope 0. 267 3.294 3. 359
Shikizhima 0. 396 3. 250 3. 318
Agahi 0. 340 3. 211
Mikasa 0. 880 3. 235
Tzamo . 0. 396 3. 345
Yoshino 0. 370 3.281 3. 491
Chitose 0. 415 3.279 3. 335
Naniwa 0. 364 3. 345
Akitsushima ! 0. 398 3. 367
Suma 0. 345 3. 2068 3. 406
Akashi 0. 870 3 305 3.420
Yayeyama 0. 415 3.315
Chihaya 0. 458 3. 228 3. 326
Harusame 0. 483 3. 432
Murasame 0. 452 3. 380
Asagir i 0. 540 3. 451 3. 529

Now, ‘the two British cruisers, the Drake and the Good Hope, are
ships of identical lines and displacements; and they have the serews of
the same diameter and of approximately equal pitches, Our own
battleships the Shikishima and the Mikasa, have serews of exactly the
same pitch and diameter, The principal dimensions of the serews for
the third cruisers, the Suma and the Akashi, are approximately equal
except in the matter of surface ratios.  So are also those of the serews
of T. B. destroyers, the Murasame and the Harusame, In cach case,
one of the pair which iz working with a greater blade surface, infallibly
gets, a higher value in the constant Omm. Om.,.w. for any given speed,

As this constant rapidly falls with the increase of slip, it becomes a
matter of paramount importance to provide an ample blade surface in
the case of screws intended for high speed.

Sometimes, serew propellers which plot pretty high in the curve of
efficieney do not actually give a very satisfactory result as in the cases.
of T, B. destroyer Murasame and the British cruiser Good Hope.

This apparent anomaly is no doubt due in some measare too the influ-
ence of the wake current, following along the ship’s stern. Jut it
is equally, probable that the speed of the screws is getting too high for
the amonnt of the blade surfaces provided, to cnable them to work
without producing the ¢ Cavitation . The writer would therefore
propose to use the following formula in the design of screw propellers

intended to run at very high speeds

;Pw.w Aum.w OH..W = 3. 15 e R €1 D)

where A is the ratio of the total helicoidal surface to dise area of the screw

==t8




¥ & 1<

i
3

& W

o\

B O B

Table .l 1) (T, B. Destroyr, Asagiri) __ Tabie (2) ( Torpedo Gun boat. Chihaya )
Beoslotion - THD, SE _ iog. B | log 25X || Revolution | ~IHP. JHE 1 peom, 7 e, B
| R. “ R. R, “ _ R
145 313 2.16 2.1614 0. 83445 98 480 4.9 1.9912 0. 6902
154 375 2. 43 2. 1875 0. 38561 107 €00 5.61 2.0294 0. 7490
165 459 2.78 2.92175 0. 44404 117 800 6.85 2. 0682 0. 8857
175 550 3.14 2. 2436 0. 49693 126 990 7.85 2. 1004 0. 8949
190 663 3.49 2. 9787 0.54283 || 136 1260 9.95 2.1335 0. 9661
203 820 4.02 2. 3075 0. 60423 145 1560 10.7 2. 1614 1.0294
217 580 4. 50 2. 3365 0. 65821 155 1890 12.2 2. 1903 1. 0864
236 1240 5. 25 9. 8729 0. 72016 165 2980 13.8 2. 2175 1.1899
255 1625 6. 87 2. 4065 0. 80414 175 2740 15.6 2. 2430 1.1931
279 0125 7.80 9. 4846 0. 89209 186 8870 | 18.1 9. 2695 1, 2577
987 2600 9. 05 9. 4579 0. 95665 198 49200 21. 1 9. 2967 1. 3243
301 3010 | 10.00 2. 4786 1. 00000 918 | 5300 24. 8 2. 3284 1. 8945
314 | 3360 10. 65 2. 4970 EEE UL o L e i
326 | 3675 11.95 9.5182 | 1.05065
337 | 3960 11. 75 2.5976 |  1.07004
348 | 4250 12. 2 9.5416 |  1.06636
358 4543 12. 65 2. 5539 1.10208
267 4890 13. 3 2. 5647 1.12385
376 5375 14.3 2. 5752 1. 15534
385 6250 16. 25 9. 5855 1. 21086




Table (3) ( Cruiser, Akashi) Table (4) ( Cruiser, SBuma )

L |
L] %
; Revointion 1HZ,

Revolution _ Ior, L log. R. log. - B LHP log. R. _ log, IHp
“ ; R. ot L | R. Sl

81 960 11.8 1. 9085 1.07188 l 45 200 4. 45 16532 | 0.6484
89 1300 14.6 1. 9494 1. 16435 50 230 4.6 1.6990 | 0.6628
97. 5 1700 17.4 1. 9890 1. 24055 55 320 5.8 | L7dod | 07649
106 2200 i 20,9 2. 0253 1. 51597 | 60 895 6.6 7 1. 77892 0. 8195
114 2850 w 25. 0 2. 0569 1.89794 | 65 480 7.839 | 1.8129 |  0.8686
122 | 8100 | 300 2. 0899 1.47712 | 0 | 604 8.65 | 1845l |  0.9370
131 4630 35.4 2. 1178 1. 54900 78 | 7o 9.61 | 18751 | 09897
140 5670 40. 6 92,1461 1. 60853 80 870 1. 9031 7 1. 0354
148 6800 46.0 2.1703 1. 66276 85 1030 1.9294 | 1. 0898
151. 5 400 49.0 2. 1804 1. 69020 90 | 1250 19542 | 1.1430
ST % T 95 | 1450 1.9777 |  1.1847
100 1700 2.0000 | 1.2304
105 1978 2. 0212 1. 9742
110 | 2860 2. 0414 1. 8824
115 | 2776 2. 0607 1. 3820
120 | 3200 2. 0792 1. 4265
125 3610 2. 0969 1. 4624
130 4075 2. 1139 1. 4969
135 4655 2.1303 1: 5378
140 5160 2. 1461 1. 5658
_ 142 5735 9.1598 | | 1.6064

Fia.
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Table (5)

( Cruiser, Yoshino )

Table (6

( Cruiser Chitose )

Revolution IHP, L | log 1N, log. AEE Revolution IHP. HP log. R. log. LR
R. R. _ R. K.
82.5 | 1440 17. 4 1. 9165 1. 24955 | 94 3120 33.3 1.9731 1. 5294
88 1750 19.8 1. 9445 1. 29667 100 3500 35.0 2. 0000 . 5441
93.8 2063 21.9 1. 9722 1. 3.044 106. 5 4000 37.5 9. 0273 1. 5740
99. 3 2500 25. 2 1. 9969 1. 40140 112 4550 40. 6 2. 0512 1. 6085
105 3100 29. 6 2. 0212 1. 471929 118 5250 44.5 2. 0719 1. 6484
111 3750 38.7 2. 0453 1. 52763 124.7 6150 49.2 2. 0959 1. 6920
117. 5 4595 39.1 2. 0700 1. 59218 188, 9 7250 55.0 2.1212 1. 7404
123.8 5575 45.1 | 2. 0927 1, 65418 i 182.7 8700 €2. 1 9. 1452 1.7931
130.5 | 6780 51.9 | 2.1156 1. 71517 _ 147.7 10600 71.5 2.1€05 1. 8543
138. 5 8100 585 | 9.1414 176716 | 157. 2 13000 83. 0 2.1965 | 1.9191
148. 2 11630 78.8 | 2.1708 1, 89653 T e R i
163. 2 15815 97.0 _ 2. 2197 1. 98945
. )
o o
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Table (7) ( Battle ship shikishima ) Table (8) ( British Cruiser Good Hope)
Revolution 1map. 2 log. R. log. S Revolution n IHP, | IHP | log. R. log npP.
| B R. | R | 3
m &5 | _npE _ 18. 4 1. 6532 196482 | 51 2689 5.8 1. 7076 _ 1. 79926
5L5 | 1900 | 923.2 1. 7118 1.36549 | 65.8 5096 7.4 1.8182 | 18887
o 57. 5 7 1565 | 0. 97.2 1. 7579 1. 43457 7.6 | 7958 103 1.8893 | 20128
ﬁ.m. 64.4 | 2060 32 1. 8089 1. 50515 90.0 12108 134. 2 1.9542 | 2.19271
ﬁ 71 | pese | anB 1. 8513 L5749 | 99.8 16960 170 1.9991 | 2.9305
] 79 3650 16.1 1. 8976 1. 6637 109. 1 20478 206 2.0374 | ©.8139
® .85 4690 55.2 1. 9294 1. 7419 126.92 31088 246 9.1011 | 2. 8909
b o | e 66.1 1. 9590 1.8202 [ S o == SRR e e
" gy 5 |- 750 79. 4 1. 9890 1. 89982
&, 99 | 8188 | 825 L9956 |  1.91645 Table (9) ( Betiish Cruiser Drake)
103.5 | 9s00 | 92 2.0149 |  1.96379 : L ML TSR gl = 2
#l 109 11875 104. 1 2.0374 |  2.017 Rovolution | IHP. - S R PO N (R L
i 114.4 | 1320 | 115.3 9. 0584 9. 061 BN RO W (N Lo
E 18 | 15188 199 2.0719 |  2.11059 41 1685 35.9 | 167210 & 155509
42 _ 64 4014 62. 9 1.80618  1.79865
75.1 6520 87.0 1. 87564 1. 93952
= 87.6 9872 112.1 1. 94250 2. 04961
4 98. 5 14801 146. 0 1.99344  9,16435
111.5 29534 202 0 9. 04798 2. 30535
192.4 31409 957.0 0.08778  2.40993
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Table (10) (T. B Destroyer Asagiri) Table (11) ( Torpedo Gun boat Chihaya)
i — — : et
n 1.1 ] o ) o
Speed .mcﬂoE.moz a IHp wH|HFMW| .ﬁ% coog Speed Revolution IHP WMHV __ Ww._,u CE Cp?
.12 145 315 424 85 3. 490 9 83 375 246 88 3.272
eL 1 154 375 450 83 8. 507 10 98 480 265 88 3. 303
RS 165 459 460 82.5 3.514 11 {07 i o e e
2 15 175 550 471 81.5 3. 519 i i e o o 5 5
li 16 189 663 476 82. 5 3. 529 - i i v wri
= 17 203 820 462 84 | 8.593 13 126 990 281 87.5 3. 326
J 18- 217 980 | 456 84.5 3. 519 14 136 1260 276 87.5 | 3.318
=k 19 236 1240 425 | 86. 5 3. 498 15 145 1560 276 87 | 3.810
o 2 . s quce | B0 16 155 1890 276 | 87 3.316
a 91 279 21925 35 | 91 | 8.414 I, ol el L e B
29 o987 | 2600 | 816 | 91 | 3.390 : 1o S o
& 23 301 . 3010 L | 98 | 8.387 18 175 2740 aqo. | 87 _ 3. 207
" 924 314 3360 | 316 _ 92 3.394 19 186 3870 959 7 88 7 3.994
Sl Y 326 3675 7 526 | o1 3. 403 20 198 4900 212 | 89 3. 970
mf % it AOB0 sp O G01 8. 422 21 01 5300 | 222 | o1 3. 243
£ 27 348 4250 | 856 | 90.5 3.438 L = o g ik
o 98 | 358 4543 | %0 3. 454 s e | JGHEREEER LR T L &
" 29 367 | 4890 | 89 3. 463
g 20 376 _ 5375 | 88 3. 461 _ Twin serews, 9 —9" dimmeter,
= 31 385 6250 | 1187 3. 451 ; Pitel of setew = 198—0"

iy : Pitch ratio = 183
Twin serews, 7'—0" diameter. A £ thse blad P

- » Area o 15¢ blades = 929 sgquare i,
Piteh of serew = 9/ —(" i 29 xq i

iy e Y Surface ratio = 45. 8%  nearly
Pitch ratio = 129 ] )

Area of three blades = 20.8 square ft. -
Surface ratio = 54Y%
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Barnaby’s Table.

Disc-area=C x -(—-—'—*““‘—'—“'g '

Speed in Knots)

Reovolntine == s PEr s oo i)
5 Diameter in feet

CURVE OF EFFICIENCY
T ——— ]
//I’f B
3
3
do
=
=
-3 O
:
w
= ]
6307 670 6997 690, 689 667 639
Pich- i o ]
I‘:,:i:i0| ox | Or | | e | ea| eg ‘ o] GRS f| %% | | % %
0.80 | 468| 122 | 804| 128] 215| 184 | 157| 142 115| 150(| 86| 160| 65| 171
0.90 | 506| 109 | 829| 114 | 234 120| 170| 127| 125| 135| 93| 144, 71| 154
1.00 | 546| 99| 855 104| 251| 109| 184 115| 185 123| 100| 181 76/ 140
110 | 585 91| 380| 95| 270| 100| 196 105| 144| 113 107| 120| 82| 128
| 1.20 | 6:5| 83| 405 87| 288| 92| 210 97| 154| 104| 115| 111| 87| 119
1.80 | 665| 77| 481| 81[ 806| 85| 224 91| 163 97| 122| 108| 93] 111
1.40! 704| 72| 456| 76| 825| 80| 236 85| 178 90| 129| 97| 98| 104
1.50 | 742| 67| 482| 71| 842| 75| 250 79| 183 85| 136 91| 104| 98
| I | | | {
1.60 | 780| 63| 507| 67| 360| 71| 263 75| 193 SOi 44| 87| 109| 93
1.70 | | 533| 63 378| 67| 276 71| 202| 76| 151 82| 115| 88
180 558| 60| 396| 64| 290| e8| 212 73| 159| 78| 120| 84
1.90 | 584| 57| 415 61| 304 65| 222| 69| 166| 75| 125| 8L
2.00 | | 609| 55| 482| 58| 815 62| 281| 67| 178| 72| 1s1| 77
9.10 | 635 595450 56| 329 59| 241| 64| 180| 69| 136 75
220 | - | (660| 50| 469 54 342 57| 250| 62| 18T| 67| 142 72
2.30 | | 685| 48| 486| 52| 355 55| 260| 59| 194| 64| 148| 69
2.40 | 710| 47| 505| 50 869 58 270| 57| 202| 62| 158 67
2.50 | h 86| 45| 523| 48| 881 52 2805 56| 209| 60| 159| 65
5 7 9 11 13 15 17,
Scale of Ahseisa value,
LH P Speed in Knots

s
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Table (12) (Cruiser Akashi) Table (13) ( Cruiser Suma )
Speed | Revolution | IHP, | 2AV: | R. D | chod Speed | Revolution |  THP 24V BB olas
* TP v | THE | ¥ .

11 81 960 356 99 3. 490 8 64 | 470 A 960 08.5 | 3.387
12 89 1300 324 | 925 3.414 9 70 600 | 290 96 3. 373
13 97. 5 1700 314 93. 5 3. 897 10 77 80 | 305 95 3. 891
14 106 99200 302 94. 5 3. 384 11 84 1000 | 816 94 3. 402
15 | 114 2850 987 94. 5 3. 363 12 91 | 1280 391 93. 5 3. 406
16 123 3700 268 96 3. 340 13 99 | 1640 390 04 3. 407
17 131 4630 256 96 3. 321 14 107 2100 | 810 94 3. 394
18 140 5670 249 97 8.313 15 | 115 2770 290 94. 5 _ 3. 367
19 148 6300 245 97 3. 307 16 125 | 3600 971 96. 5 3. 347
194 151 5 7400 243 97 3.303 17 185 | 4600 254 98 | 3392
_ . ; I 17.33 1492 _ 5785 215 101 3. 9268

Twin screws, 12.41 ft diameter,  —

Fitch of serew = 15.1 ft. Twin screws, 12.3 ft diameter,

Piteh ratio = 1.91 Pitch of serew = 15'—0"

Avea of three blades = 45 squure ft, Pitoh ratio = .92

Surface ratio = 379 nearly, Area of three blades = 41 square ft.
Surface ratio = 3419

¥ E =G o
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Table (14) ' (Cruiser Yoshino) Table (15) ( Cruiser Chitose )
Speed Revolution | IHP %WWI“ HMMHW C m O_m, Speed Revolution IHP _ % “ -_...a_,Hw C m Ox.w
12 82. 5 1440 3856 | 94.5 3. 455 14 u 94 3120 _ 234 87 3. 252
13 88 1750 373 | 93 3. 469 15 M 100 3500 256 87 3. 985
14 m 93.8 2063 895 | 92 3. 489 16 106 4000 2792 36 3.230
15 | 99. 3 2500 400 91 3. 491 17 112 4550 285 85 3. 321
16 105 3100 | 398 90 3.479 18 118 5250 295 85 3. 335
17 111 3750 389 90 3.474 19 . 124.7 6150 295 85 3385
18 117. 5 4595 376 90 3. 460 20 132. 2 7250 292 86 3. 335
19 123.8 5575 365 89.5 3. 445 21 _ 139. 7 8700 282 86. 5 3. 223
20 130.5 6780 350 89.5 3. 427 29 “ 147.7 10600 | 266 | 37 3. 301
21 138. 5 8100 340 90. 5 3. 427 23 | 157.2 1300 248 89 3. 2581
29 148.2 11630 271 | 92.5 3. 331 _ ik
23 163. 2 15815 229 | 97.5 3. 281 Twin screws, 13 ft diameter.
r Pitch of serew = 17/—¢"” (mean)
Twin serews, 13'—9" diameter, Mean pitch ratio = 1. 85
Mean pitch of screw = 16’—8" Area of three blades = 55 square ft.
Mean pitch ratio = 1.21 Surface ratio = 4119 nearly.
Avea of three blades = 55 square ft
Surface ratio = 37%
¢ )
. & @
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Surface ratio = 39. 6% ncarly

T L & &
Table (16) ( Battle ship shiki shima) Table (17) ( British Cruiser Good Hope)
Speed _ Revolution 7 1HP DAV | WHW O.w OHMW. m_goc&. Revolution . THP _ 2A.V° | -”@5| OPW O_w,.
| _ |~ SIEP v | _ IHP v
6 38.75 680 145 110 3. 140 10. 6 51 _ 2689 w 251 | 91. 5 3. 295
7l 45 875 178 109 3. 219 13.63 35. 8 _ 5096 | 282 92 3.270
8 51.5 1200 194 109 3. 254 15.91 7.5 | 7953 7 286 93 | 3.356
9 57.5 1565 211 108 3, 284 18. 1 90 _ 12108 | 279 94. 5 " 3. 351
10 64.4 | 2060 221 110 3. 310 20. 58 99.8 * 16960 | 290 92. 5 3. 859
11 71 2680 225 110 3. 318 22. 09 { 109. 1 29467 | 271 94 3. 837
12 T1-5 3590 220 110 3. 308 £3. 05 126. 2 — 31088 7 223 | 104 2 3. 294
13 80. 44 4690 213 105 3. 278 . .
14 91 6020 208 110 3. 289 Twin serews, 19 ft _::Eomwﬁ,
15 97.5 | 7750 198 111 3. 268 Pitch of screw = 29/—9L”
16 103. 5 9500 196 110 3.261 | Pitch ratio = 1.2
17 109 11375 196 109 3. 258 Total blade area of one screw = 76 square tt.
18 114. 4 13220 200 108 3. 263 Surface ratio = 96,7% nearly
19 119 15190 205 106 3. 266
Twin serews, 17'—0 diameter,
Pitch of serew = 18" —0"
Pitch ratio = 1.06
Total blade area of one ecrew = 90 sq. tt.

-+
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Table (18)

( British Cruiser

Drake )

| ; 24.v | R.D ¥ i
Speed mm Revolution IHP .H.E@ oL ..A.H..i CECyY
9. 52 47 1685 290 94 3. 365
13. 06 64 4014 314 93 3. 895
15. 41 V5.1 6520 318 92. 5 3. 398
17.93 87. 6 9872 330 93 3. 416
20. 03 98. 5 14801 306 93. 5 3. 386
292.16 i B 29534 270 _ a5 3. 339
24.11 | 122.4 | 31409 252 96. 5 3. 816
Twin serews, 19 1t diametor.
Pitch of serew == 93/=0".
Pitch ratio = 1.21
Total Llade area of one serew = 105 square ft.
Surface ratio = 379
£y i)
o L4
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Table {19)
Performance of Screw propellers in some of the vessels of Imperial Japanese Navy
at  full m.oﬂo_.
§ - Seiilllls L1 L3 = e Og -l A ol
Names of : HVRB c* muowmzmw@w
; . | I i N T
S ) . Blade Piteh m:i&\r LB | Horse QAV® mw D A
H | Ships Diameter Pitch i atia sabio Revolution _ Speed | power ‘ i % CE 02
Shikishima Hﬂ_ oz 18’ —0" 905 # 1. 06 0. 896 * 118.8 ‘ nuﬁ _ 15145 | 193 108. 5 _ 3. 950
Asahi 17/ —9" 20" —o" 84 7 3 2 0. 34 108 4 _ 18. 24 _ 16335 182 104. _ 3. 911
Mikasa 16" | 18'—07 | 86 1. 06 0. 38 124. 4 _ 18.5 | 16348 174 114. 5 3. 935
Izumo 15" —0" 15'—6" 70 1:03 0. 896 161. _ 29 7 15700 240 110. 3. 845
Yoshino 18'—g"” 16/ —8" 55, 1.21 0.37 | 163.2 | 23 15815 | 299 97.5 3. 981
Chitose 13/ —0" 17/ —6" 55 1. 385 0. 415 _ 154. 4 0.7 | 12500 | 248 88.5 3.279
Naniwa 14 —0" 18— 0" 56 1. 928 0364 | 124.2 18.72 7233 | 279 93. 3.345
Akitsusu 13'—6" 17/—6" 57 1.8 0.398 | 103. 16.7 49257 312 87. 3. 367
Suma 12'.3 15" —0" 41 1. 22 0. 345 142. 17. 33 5735 __ 215 101. 3. 268
Akashi 12/, 41 151 45 1.21 0. 87 151. 5 19. 5 7390 | 243 97. 3. 303
§ | Yayeyama | 10'—6" | 16’—0" 36 1. 52 0.416 152 20.75 5630 | 275 87. 3. 315
Chihaya 9" Q" 19 —0" 29 1.38 0. 458 929, 21.48 6016 210 93, 3.998
| | Harusame g 9'—0" 18.6 1.29 0. 433 370. 28. 95 5250 356 89. 3. 439
Murasame 7' —0" 8'—6" 17. 4 181 0.452 377. 4 | 27.4 5373 295 96. | 3. 380

* This is the speed actually oblained by Shikishima, whereas the fignres

have bzen taken from the curve of progressive spoeds, drawn throungh the

average

given in table ( 16 )
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SIGNI¥ICANT FIGURES IN NUMERICAL CALCULATIONS.
By S. Yokota, Esq., Member,

There is nothing more important for an engineer than to make his
design successful, and this end is always attained at by the aid of accurate
and reliable numerical calculations, This is why so many engineers
pay special attentions to them and contrive several methods of mini-
mizing their errors and mistakes.

But it that tre-

significant

is sometimes noticed in numerical ealeulations
mendous number of figures is worked out, notwithstanding the
figures of the same must be only the first few. Thus, for example,
in the process of finding a metacentric height often ten or even more
figures are caleulated for the moment of inertia of a water-plane about an
axis, in spite of the fact that only the first few figures are significant
even if we negleet the errors due to Simpson’s rules.

Now, the superfluous calculations of this kind are not only mean-
ingless and waste of time but also increase chances of mistakes due to
mental confusion. Nevertheless, on the other hand, it is absolutely
not good to cut away significant figures too boldly for the simple reason
In this case it is better to start with less

figures from the beginning to obtain a required degree of aceuracy

of simplifying caleulations.

in
the result.

The usual rule followed by physicists and engineers is to caleulate
up to about one-tenth of the corresponding error,

It is for this reason that somtimes even a length of several hundred

miles is neglected as small while even a fraction of a microm is retained
ag large in another case.

The following is one article in my lecture in

on ship-calculation
the College, and is here reproduced in order partly to show how
errors stand in numerical calculations for those who perchance neg-
lected to pay attentions to this subject and partly to fill my part as a
member of this society,

Let @ and @' be two numbers, and ¢ and ¢’ the corresponding errors.
For example, if we measure an ordinate from a quarter inch scale sheer
of

somewhat 0°05 of a foot, so that the number is 10’8 and the correspgnding

draught and its length is 10°8 feet, there is a maximum error
error is (0 05,

We will see how error stands after each arithmetical operation.

] (1) Addition,
(axc) + (o &) =(a+a)x(c+ ).
Example :
(108 £005) + (11'0 = 005) =21"8 = 0" 1.
10" 8 + 11°0-=21" 8.

(2) Subtraction,

(a+e)—(ad =¢)=(a—a')x (z+ &), since both ¢ and ¢
may have positive as
well as negative values,

Example :

(182 +005)—(10'1 =0°'05) =81
1882 - 1001 <=8 1.

-+

0 1.

¥
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(8) Multiplication.

(@ +¢)x(a'+¢)=aa + (@' + ¢a) + ¢, since the probable
error is larger
when ¢ and ¢ have
the same sign than
otherwise,

Example ; : ! .
(105 £ 005) x (182 = 005) = 191" 10 = 1" 435 + 0°0025.
. 30 5% 1822+ 191

{4) Division,
a+e e ga
ool AR T M T v+
' o a " a?

Example :

94 + 005 9. LI oY 4 05 X )+
824+ 005_ 324 (005 +c8_i.um|m|$+.... ........
267 =005 267 \26'7 26" 7

=1"21848 == (0°00187-++ 0100227 ) +wwweeeeeees

= 1"21348 =k ('0041 4+ oovseerseee,

I
I

22t e
26° T
(5) Bquaring.

(@& =+ ¢ = a® + % + <
Example :
(45'2 2 0°05) = 204304 = 2 x 0°05 X 45°2 + 0° 0025
= 2043 04 = 4" 52 + 0" 0025.
452 —= 2043. _ .. _

(6) Cubing.
(@ + ) = d =+ 3¢a” + 3% = &,
Example :
(452 &= 0°05 )*= 92345 408 &= 3 x 005 x 2043 04
+ 3 X 00025 % 452 %= 0°000125

= 99345" 408 == 806° 4560  --rr ereeeenns

45" 29235 % 10.
(7) Extracting square root.
.“—.. HJ c
Hm....___ -+ mvw = n«_wHIH|. (u e
2 q

Example :

N E e o 005
= 5700003 <resvve b 00LQ <oessese
/38" T == 67 221.
(8) Extracting cube root.
(a =+ m%_*. = am HW. n it
£ a?
Example :
(39" 920'05)F = 3°41709-wm e L. 008 _
3 11°67 :
= §: 41709+ - <= 000 Ldrses-- —
¥ 39" 9 == 3 417.

Hence, iof we start with a certain number of sigmficant figures

we obtain adout the same number of significant figures afier every

s




arithmetical operation.

This, of course, is a very very rough rule, but may serve as a
general guide,

Another remark will suffice to conclude this article; namely :—
if we caleulate the displacement of a ship whose length and mean
draught are respectively 850 feet and 20 feet from a sheer draught and
if we allow the error of (' 05 foot in reading the lengths of ordinates,
there may be the maximum error of 90 tons, although the most probable
error will be under this amount, If we use Simpson’s rule in
caleulating the displacement, there is another source of crror besides
that above mentioned, :

If my veader feel any interest by this very rough remark, I am
very much gratified, and will recommend him to read over the very
worthy and concise book :  * Vorlesungen iiber Numerisches Rechnen,”
von Dr, .J. Luroth,

End,




REN+ VIR R EmEE

EEN4+VE K

it
ﬁ
Ji

A
L334
3
i
1T
¥

Fil
i)
A

Fll
Il
i

]

m 3R &

BRREREEIBRET+HRES
H & & £

WO & &

K 2 & I &
BREREECRE b | ES

nm =$® & §m & E
BB KD D TS



