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The flrst SCrew pro eIIer was probabl om lete lielix, but it
Was o f) f i Px W&SXIS&(?V&H ageous an(P

d smgllll PQF'[I n ofcjm\ﬁas aI|I1 L { WﬁS T]ECGSSEi[P/ee blaa/\e/r TOIEIq]a(s

Hﬂ erived from a dou le nelix, at a
redle helix, and so on.

Th ortant artlculaso the screw ro eIIer are aII
state§ |[Howsp— Jlame p ﬁ

the distance which, wouIJR raveL ?1/ the SEYEW HhPu
slip 1n one revolytion, or t (i of the generatin

and the ratio projected area of alf the blades to the disc are
IS very important and is usually written The ratio of

P to D, the pitch ratio, has an important %earmg upon effi-
C|ency

ose for the ent that the screw i wo km a long wa
ahsterﬁp fsﬁw shi % |st es eeqd of t es % WtOgdrI X
the ship forward t eprope ler mus drlveacolumn of water aft.
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192 THE SCREW PROPELLER.

et the S(Peed of water in the F %eller race he V, then (V d)
esPee Imparte hot e waler rythe SCrew, or IS these
Youmust ave5| In order to movet e vessel, how |s
II that e INEers |nd that iometlmes th e et negattve
3|g tqat IS tI Oﬁose to ex h [ may, ever
e that rea a(w % et undﬁr the condtto
aorementtone savery ferent t n from t eagpﬁrents
which Is what t %en |nee|regets on tria

P or at sea : because Fn
ctual ractlget e proge r is fitted fairly close to the stern of
the vessel and then other conditions arise.

A vessel moving througl] the water ex enences re5| tance

due in part to the frictional resistance of (\{vater g

mer[sied surface, whic ﬂcausestewatert ra % l or

tN necktlon, and hence at tne stern t ere 1s Usually a fol-
win e In, other words, the wa er 15 not ovmeq owards
the s ?tN with the ﬁpee V, bu Qsome smaller spéed.
akee ect. IS not, owever soeell ue, to nctlona e5|stn
ut. th ere is, at arwt % erY low spee s t

mot, egarttf S O Water due Io wave- ma Ing, an

Is also the efféct of stream line motion.

Stlhet v be the s&eed ofdthe following w ke with reference to

| al
there

water, then {he spee Ladvance oft ?screw throug this
isnot v but (v-vj). Now the usual way of stating slip-ratio Is

—y —where Y is equal to P x R, P being the pitch and R the

revquttons er minute.  But the spe d of t]er rovwng to-
ar s the screw IS now (v—\/ mstea f v, an ence e real
|glrea]ter tnan th arent 5|p of a screw wor mg near
a sl statn tf]esp(fotfesce
IS as e tte tto the driying face of the
scre |st e rea pltc |s IS not necessarily So, In fact |t
IS seldom so.

Pu mpenmental t nkwas opened in 1883, At flrsf we dealt

only wit Shvb) Htode hut as soon ﬁsrposts)tbl’e we also be aIn

ex enments model sorewP ellers behind models

an with oub models |n front of them. We observe %unﬂus
ferencs el een regl an ap areH £ slip, and we thou

some | t mlg 5) e thrown 0 anents W|t
enﬁso screws an aoorrespondlng senso

of the same diameters.

IscS and sectors
Early in 1898 we tackled the work seriously and_dia-
gram Y) shows one set of screw propeller results.  These
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SCTews were all of the same drameter number of blades
gro ecte | rea thrckfness t the oot r%;eneral
utfine, utw ete pitch of the driving aceo eac screw
Was unrform the prt%hes of the differen screws varied

of foot t se were étrrven along th e tan wrt or”
any model m ront o them—driven In t eda as we
It=an weredrrven at dj ferent rates of sp vance(an
pro ressrverﬁm revo utron%germrnute or each spee
diagram (1) the speed alon tank was 500 feet per mrnute
Tlre drag am is pI?tted n a hase of sgp ratio, (assumin thg
PIC of the proP]eIer to be the pitch of ‘the driving Tace] an
hrust, revolutions and efficiency are the ordinates.

i

case or a screw wrt ? grtch thrust instedd of
erq% 2610, ]J 8 Ibs. an th ficien ff n ar% nlaxrmum
the ‘e crencx curve 06s not srh ase line untr(l
tt}e slip ra roh ear n}mus 0t to say, Instea
g the ‘real pitch being” -5 eet it.1s - 88 eet at z6ro thrust
mIarH thescre Wi Sne oot itch adathrust atzerosp
ratio nearIy an crency e]rg/ consr era
IF H5 0ﬁt schew 0 feot er hand, the real r{trtc |s
S %t ner t itch of the driving face, also In the case
of The 2 feet pitch screw.

[ .do not know whether this was eneraII known m rrne
en |neers at that trrn)e at. any rater did not seem to Maye
8 %centp 8 fign; te hscre ancy hetween the rea
Prtch an Eat of the rrvrng 3 as Deen rec?gnrsed and rg
erred to, but it is there assumed that the real “pitch exceeds
that of the ﬂrrvrnn1 ace b onstﬁnt ptercentage We h ve
ound tha It IS IS ot 50, r] at the difference varres It
n#trH ro actors. eneray owever, It may 3tate tat
hte ese tions be Ymm trrca a coarse- |tc e P
asas P |Her rea tﬁht an the pitc of ,edrrv neg ace
and af rtc Pro er has a %onsr era y greatr eﬂ
Prtr: e drrvrng ace W %
atlo. 0 te rrvrnﬁ gce IS about A pltc 1t
riving face Is the entrcal wrth t r]eal 8
rscre anc between te ra grc an rrv
cev rresh Yvever gv speed la vance, %h the width
E?e of the blade an wrth Its thrc ness, an hthe ?ectron
of the blade be not symmetrical about its centre, the real pitc
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RESULTS OF MODEL SCREW PROPELLER EXPERIMENTS IN OPEN
F\QA,IAAD.IFLIJESR-SPEED 500 PER MIN. TIPS IMMERSED HALF THE

S EFFICIENCY.

300 30

SLIP RATIO-

Diagram 1.

Do o e

iitcli. | am alsp o opiniog, i%
advance as being that pitch at\R/

tch at any particular speed o
Ich you etpno thrust. P
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The clwesh?n therefore becomes exceedin Iy contplrcated ang
the res ts Of OUr experiments Wrth1 screw propellers. su %Tste
a series of experiments to ascertarnt eef ectofrevo utron one.
|t was thougnt that rg nt might be thrown on_the kind o y%rra-
tion of rtc ue fot shtb ex eriments on fIat sec orswrt out
Itch IS0 tr]at suc Rerrments mfg ht help the stud 0
e effect of revolutions on the amount o water acted UPO L}/
screw pro eller b ade % of certarn widths an vargr evolu-
onsa mgar wit tecom lete disc; that Ist It was
to til the effect o revourons %er 8non te

Ie |cre We therefore trd n 1898 and 1 8
ete scso erent diameters, an sect 1S 0 tesante |§cs

AN varyrng proportronate areas, a sixth, a fifth, a fourtn, an
ir

Draﬁram No. 2 shows tt\ ? sult of a series of tests of such1
disc and of such sectors, a t e same diameter a one of the
grevroas sets of screws, made s thin as possible, a? ad vancol %
t 500 feet per minute. In or ertoeIrmrnate the e ﬁctofed Ie
roun t rl)errphery of the 1SCS n sec 0rs whic ght be
caused ﬁ two %rhuarﬁ es 0 Eate the e P were
rqunde as shown, but the s&ctors o course had still no rea

pitch.

This dja shows the resistance of the complete disc and
sectors wh grt[% v ncrng at 500 t[eet hut driven a‘t grfferent re-
volutions. owe serres 0 e turnrn

wves show_ t

'cP oments,. the uQPer series of curves show. the resistances Ht
agram is of extreme interest, an rt will _be observed that or
th ecom lete disc the resrstance increases with increase of rP
When t ?sectorﬁ re not revo ve the resrstances In propo tron

to that. of the w rsc trca Y. rnﬁa partion to their
respective a[eaP S owrn iﬁ -maKi erther the same
proportional effect, orp ctrca ynoe

gen the WPOle ISC Was revolved the re |stance mcreaaed
nd doubtless the effect wa? |f the drsch been Increased In
|ameer due o the centrdu 0a ﬁctro throwing the water out

H the e the disc, while the turnrn moment waé
ro g y.In pro ortron t0 tlhe square 0 the spee, as one
expect, b?c use 1t can only be due fo surface |ct|on urte
another effect, however, Is aotwrth the sectors.  The resis ance
oat first increases very rarﬁlda¥tel¥lt |i1crea\se of sEee of rotation,

"tHatrnttheatuorP hegc@r%@leete disc, faﬂls off, Xssneso rt rorng z'QFJea&‘nSS
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becomes negatjve ov er a considerable ran%e of revolutions per
minute, and tlie smaller the sector the greater is this range.

urves of Resi | n Turnm Moment in, f of 2 Disc
gectorss f teren?ssafn eevSIp gspe?n?m atac nst%ntespeed otfapd?/an e'in T‘?es[?] waer

lg |sc and Sectors = ﬁ?{
eedoAdvance " ft."per min.

The Sectors have no pitch on either face, and the edges are sharpened. m

REVOLUTIONS PER MNUTE

Diagram 11.

| do not propose to.study this diagram exhaustively, but it
seems to shoBv Pmat whlle the/sectors ﬁgd no apﬂarent |Yh they
had a very rea) PIIC wh en r%tatln The s %) P the ‘resis-
tance curve is in eresém H IS regard, as It wou otherW|§

%ro ably not have had e dip down as shown hetween 400 an
|n tlle different sectors alteration In shage heqins
w ere P moment curve crosses zero, and the curve |s
re-estab re the turnln? oment curve Je frosses the
zero line. e genera shape of this curve would also seem to
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show that a flat sec or driven at an infinite number of revrflu
tdons would probab g have the same resisfance as the comrﬁ) efe
Isc, and t t revolltions per sc are an important element In
screwprope ers
Htakrnﬁ these axpernﬂents we_found that if the sector
starte on the run down t Ftank free, but no revoIv t at
It then re{narned non-revo vrr] we srmp ott e res -
tance of tlje sector at 1o revo rons But | starte
sector ou ItS run with an mrtra ﬁprn but free om the cor
w Ich qﬁve the turnrn moment, t ent erevolutron%rncrease
during the run, until tgy arrived at th ePorntwfe t eturnrn
mome t curve re- cr?sse the zero line of tyrning force : th% IS t
sagl the se tor rea ecame %abcrew With a certain |tc H
S rotate eénrt\ Dee eing draﬂﬁ th ou ht
wate It was oun tt IS Was trug in atever rectron
the %sec%or as sta”e to revolve.  This IS ﬁer a%s the best
roof t att [pé £ss seetorhasarea pitch.  This experi-
ent can be repeate thasrmrarsector In"an air current, pro-
uced, sar bya lowing
tée effect of revoIvthJ an; of the ectors in water was to

apr Increase th Krvr rea, an the same virtua mcrea?e
t

are no doubt takes place Pan o Inary screw |n‘opel %r
IS Tor this reason that exce ent er |crencjes are éot Wit fow

turnrnq arge o ers \g ecte reat disc |?]
say inthe r rnéJ an ﬁuparns
e e at oarv 8
Ev?tatrorThese facts, | thrnrp s‘h tﬂ rh prul In the study of
An ex lanation of why the turning moment curves, of the

sec ore ra |d| at frrst than t]hat of the wh L e disc,
esect rs rln progortron of the area

edrsc—rs that esctor 1as a re Igrtc ver chh

esst a t at required A egrve nrft rust rreshta ce, da dt ug
rrvest ter orwa[ rélatively more than the disc ﬁes, an
ence |ncre ses the. relative resis ancg I real pitch varies
rrves water forward at a

as the revolutions Increase, 1pntr| It
reduce rate with increase thus the Increase r.p.m
OVer a Ccertain range re(ﬂurres reduced turnrng oment, and

causes a correﬁpon Ing reduction of, resrstaH the %ec or.
That 1s why | have given It as my rfprnron that reaI Ft)tlttrcustsorer?

ot remarln t e same throughout“all revolutions and

the actual propeller
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Another WaP/ of statln this is as follows:—It wi Lbe seen
from the di an}] n IhRG turnln mom nt of egt
thereon deatW| and which has an ar equa one-third of

Eulg%g of dfmce, 500 ft. per min.
Iscand Sector of § disc area, having no pftch.

Diagram 111.

?t of the ch has a neqga %lve tH qmoment over a consider-
ble rang eo m., an educt th turnmg moment du
to H ace friction (Whic % eassmime fo be a ?uto e-thir
of the turning moment for the complete disc) we find that the
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turnrn rHoment due to th gdrod namic ePressure on the
sec ge IS verg/ considera Xne atlve between, say, 300

m,, as hwnb the Curve> On the same diadram a
curve of pitch for not rust or resistance is given (pitch n feet

equals “*m )+ Now the apparent pitch of the sector is a con-

stant; in fact, it has noprtch Whatever the r.p.m. may be, but
the real Hrtch varres with r.p.m., and therefﬁre It differs. in
varyrng ggree rom the ewé)arent zero Prtc with varying
an ar%) %rs from the curve of resistance of the sector
that the qrffere e between the real pitch of th sectﬁ nd that
red or.no thrust or_resistance 1s avarra e at low
frons IS a very ra id variable.. ~ The ditterence becomes

ess as the r.p ncrease ut the chfan eofcurvatu[]
eresrstance anﬂ ¥ ng momﬁnt curves rthe sector, shows
at the rea prtc ectorc anr_ifs at prohahly an nregular
Y]vr em] fit Eea h aine aconsat or
f ar] tt(es merateast tch for no thrust, then we
oud a ﬂ resistance of sector In reaarng with' increase:

of r.p.m., stea of sometimes being reduce

The remarks I have made as to. the foIIowrncIJ wake mrqht he
takeg to mfean that for anﬁ/ gartrc¥ ar shi articular
h* 0 owerng w1ae as a ernrte spe or ar arran

ents o ﬁ |s | ot 50, the case of a srn%?
screw Ves e the wake IS P Z mmetrrcal on each side”o
as following wake

e §temﬂ]ethteran Wg% ngleqetrevo ved 8hthan ed or Ie?t
ed, but In t(]te case o tvhrn SCrews tﬁe wake ﬂercenta F
Pon which wa %ve

erent “ Prope ers rev
Bro ellers of twin-screw ships revolve either both In-
wars ot outwards at the top, butrfthewake IS tﬁken rom
the mﬁ e with inward r voIvrnH screws, and.then taken agarn
wrtht esarpescrewsrevo ving oltwar s ‘that |sto sa rever r]g
B %crews rom sta o r ort, a ent ta e wou
? tained. this re sg dtt} tdr eren |f ciencies,
dif ent gross e |c|encres an erent sFee or the same
wer y ovrng Lre SCIEWS 0 twards or nwardso the same
are 0 tarne his IS rarely tried on a ship, but In our
ex errence we had one notab cse larg e)CVacht hrc
|ne |es were S0 arranged t the screws el er

revo ards or inwards,” wh en steamrn
owner’s re rnce as for inward revolving cre s test
this in the tank, and our preconceived |deat at it would not
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Ogo%d as revolving the sameds % ws outwards was confirmed,
the qwner cons ntgd {0 a le trial, Wlﬁh t?he screws re-
.Vn”ée i fo W g predicted from gur e tals, te dfference
Hg Bﬁae wit tﬁ da ard revoﬁvrn yscrews was 11 per cent, of
e, ship’s speed, and with the outward revolving screws, IT per

The hull efficiency with the outwayds screws showed 1-03
1 1 mwars 1 1 95

In the ordinary type of cargo carrying vessels, the wake pe
centagie IS ?arrv alrp hut ?n cer arngotﬁer tyges of v s%ef
usually of hig speed§ we have found aver)( mall waeor

one af all, and in sevéral cases we have acttéa %un a nega-
tive wake, with twin screws turning outwards on the top.

It will thus be seen what zﬂr eeremeI comﬁ ﬁted questlor]
thrs rnterfere ce betw enja SCIewi s, a ({ ?]w essentra
rrve a eac be surted to the hu rchr LIS o

cre}N lh
act which rv s the screw rnventor rs
ortunrtz ers occasr a]ay rtun tein oucrn%tﬁy
atentsre etter res t.than that o ano Inary put ad
ropor one screw whic rmprove?rent could een pro-
uced yaterrng the proportions of the screw o or Inary de-

f Id like to study the variation in the factors
that gﬂgctortreul\?mltf(rjcre:n% 0 W Xd reﬁfer tﬁem to M i Luke’s
greater Pa erho March, 1910, wheret e matter is dealt with at

Referring now to “ cavitation” in scr ellers:—a com-
garatrve[ g rsedase wh rctr ? ot a?tN P (ttpe o?d sea-going
grneer an indeed does not affect t emaéggt ofmﬁrr e %
negrs even. H ears in ana ravated form in nigh-s
vessels Wrt sma e(w {rce drrectdrrvn tur rne
?tea ers. are more like to suffer from e
htte with recr rocatrnnq OPgrnes ea[{ tur rne%
t it was rrt reco rs% as a s ecial dis ase capa [e o
curative treat meﬂ g rna y In the arrng
F ured rt In that a?e bty rncr asing the area of his™s re
cavitat ror? Ve rﬁn to oc0 er prr?ssertmes Co%ndrlels%rr]r unOIeerrswula(’re
HCh ot ro ected bIa ear a 1r]j IIbs asa attero ?p %

Ince
Ith srews of modern desjgn an rev(tJtrons as
agarnst speed, and also turtlrne dlgven he ﬁas foung that this
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frgurg ay be |Hcreased to 13 Ibs. We m our experience, have

H at we have 8ot no serrous ca ‘on In acertamvsse
wit Pressures up ¢t earg see Mr. Barnaby'’s
ﬁsp%rapeeard at the 1.N.A. m JuIy 1911 and to my remar S upon
r

. In-an experimental tank such a ours, we do not reproduce
cavitation™ at correspon ng spee s, but'the great valug of such
exoerrments IS, thitt when the resultjs are com ared with thﬁse
obiained from . trras on the easure mile, wec n see.at what
ornt avrtatb dbe\’sms nous and at what point there
san absolute reak owWn 0 thes J)ro eIIers o paredwrth
those oL e model. avrtatron 0es not b ea%m su< N/
althougn Its é)rst effect (a complete breakdown) does take place
somewnhat su

When a screw is w rkmpedrn water it produces |rr]front of it
reduced pressure. ?e nressure ¢ useﬂ e water to
ow towards the screw. B low s caused fy gressure of

teatmoso ire an water? ove the screw. riours [ am no

[N ot rearward oW ofwater towards t)ie screw cause
esee of advance 0 tBe ship, |.am referring to the extra
ee imparted to the water by the action of the screw.

Now as tpe atmospheric Fressure IS rou?hly egurvalent t0 33 ft
of water_this Is a more mportan t Mersio %
crew, T |s |ss ecial X 50 rn s allow dr esses t0 w ic
tere as ng rge apﬁ lication of turhi EproBuson
n suc asha ow rftvsse etotal head may q Ivalent
to 36 1t. fwater tﬂ the centre of th %rew then. th %st
elocity at wr tewater can reac the Screw. is ro t
ormua er secon or ermr ute. T ere-
ore one wouI sa thatuntr ea s sequa to 2 ft
g Inute, the Water sh u ow u escrew and t ere
houitbe no ca itatin. urex erjme san ex erence With
aciua screws s owt |s IS nat n ar the tru that some
thing beIow fthis T %ure IS qurte anPeroF not pre-
tend"that | can gve ac mpete ex anaton or éhrs ut wate
1S notaEerfect Ihd nd sea wa aturate rf darr a
other uas es, Whic ten {0 come 0 orma as-fl avrtg
lw eslure in front of the screws Is reduced somewhat
elow that the atmosphere.

Those who desire to study more. fully this question of screw
effrcrency—reaq pitch anH %avrtatron yI wou? refer them to
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ftie excellent published papers of Mr. R. E. Froude, and Sir
Inarles Parsons, ang Phép%ooks and papers publtrjs ed%y Mr.
Barnaby.

now want to refer to so eerr neous nri ns on SCrew pro-
eller action. In the case of the c It wi eremembered
erre%tot e water thrown o tto eperrpherrk/ ce trif u
action utrn the ﬁaseq an or nar screw un ero
:11r|y %n rtrcns there IS no ﬁuc action, and all t e mventrons
ch have for their ot?]Jectt rev ntro centrr u al a tron
are qurte useless X r]e who, t tfe troub
odel 8crew revolve In 4 glass- S\d tank lle wrt water an
charged with flocculent ntateria can easry rov twe truth o
this 3t teme t. Further, X rtté a%pr er'h the screw, to
whic t reads are attached, as these foI ow th streahms of
water, |t g SEen t ﬁt they twrst and \ at they show a
contracted area benind the screw dus as_illustrated by Mr,
Froude In his I.N.A. papers of 1889 and 1911

gn rrfugal actrnn however, can be pr ducedb an ab or l
con ition. Pate Is brought up nearthouch tIr
the screw the sC e\év change ﬂ rom aP [ﬁ Lsrvgrns ru ent to a
centrifugal Rump rawin ater ro rr\{]rn\}] Eceo ttlg
crew an rown It qu h e periphe ave been to
ait in abno cassrnw |c a Screw ftas been very near to
a nt -ende a e, that whent g Pghnewasstarteda ead, the
Vesse

actually went astern instea
Just one frnaI ord of war |n9 we havte heen obljge 3
eaeneamarrt])ac scr(e)wes %tr |In\(3ennStr%nce Orsfrleeaq o (to see
el ? rJert thi M t this

50 mu aste ene hut |t I1s still sad F
ﬁste wil go on (?ed Iore | cannot rememper a SIHT case

ead

wnere We UCCE %OHVIHCIH an |nventor that "ne was

% 8 t that ewere reu |ce that Wg
wer ot co uctrnlg eex eHment or that ﬁr
somesr ht error whic ecou ut rr
wou arna roach us with some new? orton terg/ears
o ta Xperiments an pro ressrv% trra}s on actual ve
t0 exp r mh/ pnion t até e ordrnary Fnr orme
BFC ed ro eLero te sua P afn sectrog ade made
surta %eter and rato 0 nrorecte to disc, canng
Penera eaten yanav %yprope er Ee thaﬁfrren S
n_futur |b neither waste their time, nor ouy ringing
Influence to bear upon us o try still-born inventions.
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| am reatlrx indebted to M Mumford the chrﬁf of our ex-
errmen a tank o was reaey res onsible for nception
car Ing outo e experiments |I ustrated on the |aH arﬂs
an o h?s alsq prepar ex err ents s owrn L
sector revo vrn rn arr aso t e groi)e er wor rég In
ater de onst |n the shape of t epr peller race, and"the
ahsence 0 centrr udal action.*

n con 'y Qn [ shou like to s? this t? en meera that the
trra rch IS rea ? r the Tuture Stty Pro-
ers IS th epro ressrve rial with clean bottom surface.
car red ouJ oi a series of rur(}s on a rorrrer meﬁsure ile wi
suf Icient fth of water 3 If they are in c arge of the con-
I

T
valuable data aCe

SIVes. Tﬂe trﬁmenfitu ! z1
Fe ack of these |Pa£rortaq rals Is }qery

ever ear, tnrou
it means slow progress towards the comprene

tﬂgt most mterestrngt of the screw ropelier
A cordial vote of thanks w s accor ed wrtF Eclamatron é%rtie

SIOﬂ 0

Presi e f, on he ﬁwtlg” veene FMem

Ice-Presi
secon e er of Councl
Thanks we?/e also cordralIY thendered to Mr. Mumfor§ for Lis
assistanc ntrng ou the i es on e draerams |lr<t tg
Course 0 te ress and rnF §S tan B
ccessorre to illustrate some of the s ecra pornt aItwrth

the President.

oNote.—The address was illustrated by the experrments referred to, the glass tank, with
roBeIIe working ﬁ/ means of a motor r% shown, while the action of the sector
n the air was also shown by means of a fan si |Iar|y drrven



