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© for uertain types of imn&llers.f~

GAVTTETION AND SURTAGE TEUSlGN

L Genamlmies and. Present Str..'te oL the Pr'o'blem oi‘ Gavitation.. B

A study of the centrirugal pumps at the stations for unwater—
ing of the Wieringemeexr basin whlch is & part or the Auiderzae ‘Teclame
ation ‘has’ prOVOkad several series of model tasts with the aim not only
“of obtalning an. increased cupacity of the ‘pumps, ‘bub. also 'to. eliminate
thelr rapid detarioraticn.hy cavitetion. ~These. axyarimunts ‘HE Ve result—,v

. ed in the elimination of sevarsl types oi‘ impellers. . emong them: . those '

with three vanss, whish alfhough their capacity was excellent they wera
‘Bubfect to:the beginning of eavitation: {accqmpaniad by e sliﬂht n@ise)
depending on the suction height imposed by tha balin T

Ve have studiad tha cauae of ths phenomsnon of cavitation

SN ‘471;.

- Great vmas the. disappointmsnt whan an intense cavitation\fﬁwpf

| wag dibélosed at the pumping stations, Lely anﬂ Leamnns This’

occurred not. only whi]a 4he basin was being drained but alao, dﬂ*,
-edrcumstance more grave, when the pumpe operated under n no:mal
suction height and haaa‘"ﬂm;ﬁ”w”f J,.s;m_ i B o B

The profilea of the vanea of pump imp&lltrs are often

anaiogous in shape 1o thoaa of aarofoils‘ which have alraaay been
thoruughly Btudiad.‘- : ‘ ‘ - . ‘ o

‘Il‘c

We now proceed to a study of tha causes or cavitation.,_.'_u

: The cancapt generally aﬂopted 15 that cavitation 1n a hydrau¢1c’
machine takes place.at any point- whsra the absolute\pressure of- ‘the g
water Tdlls’ below the vapor Pprespure,. ror example, below)rj_ 7;;‘ '
atmasphara for the msan winte: tcmpaxature - fo

abaolu$a praaaure, and
tha pressnre approachas

'!




. The sciantific worﬂd should admire the manner in which ’ :
y these aavan s have eccomplished this task. This wor% will remain A
... one. of the lmportant contributions to hvd*odyn&mics.+L¢ .,&_ ‘ S

1Berukehing van het verloop van- de. stroomsnelheid van’ den druk 1angs ;5
‘?j ‘®en doorsneda van ®en’ schoep van een vasler met 5 scnnenen van aaﬁ X
" der centrifugaalpumpen te Nedemblik, .-

_{Caleulation of, the Loss of Velocity and’ Iresaura alonn ar Irofile °
One of +the Vanes of 'the Flve-vaned Impellers of tha Gantrifunal G
Pumps at Medemblik, by I.TM “Burders &nd B. G. “Van der: Hs;ga Zijnen' ’
Two volumas, 195ﬁ (in tha technical lihrary 1n Holland}"*-_’__, _

o fﬁh - We reproduce tvo figurns from this naper Figure 4. shcws

. 'several stTeam lines (in Telative movement) “figure’5 gives ‘the™ . - i .
- ealculated theoretical distribution of the relative velocity and the o
f'prassure around 8 profile of e single vane.¢, e .

L ‘ This thao*etlcal calculation indicates that tha maximum
3 yauimn is equivelent to a column of water 9.34 meters (30.64 faet) :
"“high; conseguently et this point on tha" profile the absolnte R
"-pressure is less than one-tenth atmosphere.. N G
‘ But a slight modiflcation of the angle of incidance
resultlnu. for example, in a slight change in tha gmooth entrance
conditions or farther along ‘the vane, amall: imperfections in .ita:

. fabrication” causing rouyhnesl, should ereate TOcal velocitiaaf
'greater than the calculated values-\* : - o :
. . It is therefora cexﬁain that a aufficient margin of larety

against cavitation reaulting from>water vapor bubbles does net. exiat ?_[

‘ ;in tbis pump o . R R T PP RN SECa

Tha le*erant Kinds of Cavitation and their Conseq;;ncaa

2

R wa can aeparate tha Imenamenon ‘of. eavitation 1nto tha
-:ﬁrollowing eategories /some of which over;ap S e

L +1.” Buperficial cavatatlon'” Small globul s or air or vapor:
gﬂappear on the- walls._wn . -
PR "Thev are held by . the: metallic surraces and disappear aa 1f
‘,‘absorbed by them.; _ i
"0 This type of cav1tatio “results in a8 slight deerease 1n therr
o pump ‘sapacity and an ineresse in the suction; this increase 1n
-fg;the suction has been duplicate& dn venturi tubes.n :

v

O w0 Tmig type. of cavitation erodes the naterials of construction
et that place where the globulea of air dieappa&r ?~~-. :

o 2. Hbre anéentuated cavitation~ The braqt~ofsthﬁ'!ater vapor
: )consists of & foam formed by the amall globules that are detached- . |
. from the walls, ‘These move freely in the. water. and’ ‘exeept for sqme"
- are reabsorﬂud 1n the water current downstraam rrum the plage er




| thelr rormmtion. Thle type of cav1tation affects the oa:oacity‘i
con51da“ably and modlrles the characteristics of ths machine,:

5. Oavitation with localized corrosion of the Vanes': Phcketsn.
of air and water vapor oscillate but' are unstable on the metallic, -~

_ surface, although they acconpany the vanes ‘in their rotatio ‘~?mhﬂ $j;>. .
‘ flow characterisulcs are therefore strcngly affected : LT

4. Véry accentuated cav1tation with intense boiling alone the :
walls and between them: .- The largest globules of” vapor are; entrained
by end. condense in the: liquid with & characteristic noise and o
violant vib“a+ion which can become danberous._ En '

= . In that whlch follows we shall study only cavitation at
E the rirst cntego*y. ‘ RN , , i

"If an 1ncrease in the capacity of hydraulic machinas
of. high specific ‘speed is linked to .the choice of profiles Lo
the vanes or,. in other words. to seetions: cumparnble to. aerof01ls
such as have been tested. in:the 1abora+ory. this gain is acquired
- at the expense.cf the destruction of inportan% parts of . the: machine.7ﬁ,
‘ Thls dustructlan may ba 1ikened to & contagious disease.;— : SN DU

J unglnaers and physicists having baeniséarchinp foﬂ-sums‘.;
means to combat At S W o !

daboratorles for the invsstigation ar cav1tation}

Wieringenneer have been performgd in tha Hydranllc Labora
at Dalrt (in a closad circu:tt vrhlch ‘can’ ba put;, under pmsaura)u

 lfis1ectric plants- A i
“_rapairtng metal_parts 81X




’; o Worse stlll are the difficultias emperience by marchant_

ships and ‘chips of war in. consaqnence of the cavitation of:the =
screvs. Tne vibration of - StP&muhiPS io oftcn due to thls scourge.

 The S.5. "Nopmandia” surfered so acutely from the' effecta '
of c&vitation that the eroded ‘serews had to be rapalred nfter’twam
- three voyages- This.involved a sericus econom*c 1oss.‘z[

ks

- Papid destruction of the pronellers iaithe rulg fo ‘steam- .
ships holdln the blue ribbon. For cruisers:and torpado;bcats many
examples ecan be cited in,whieh screWS aave baen destroyed in houx

: In the present stata or the art of naval construction_the
dlffiaulties oceasioned. by the" cavitation of. propellars ‘has renﬂered
an 1ncrease in the power of ships imposslble.‘@ :

Ezperimsntal Contribution +o0 the Study or Davztation"w
Inrluance of -the Quality of the Water on -the. Separation

"

of the Air Disaolvad in the Liquid i ‘n" 5

B Ehysicists and engzneers hava been searching ror a batter
explanaticn of this hydrbdynamic phenomsnon in ordar to axplain’ he
‘erbsion which it nrovokes. COT

‘ ”ﬁf The author now presents hia small oontribution t  the
explenauion of the effect of cav1tation of the first- ' '
el 1%, G. Drzessen chief of the mechanlcal research serv}l
of the Dutch State Mines, hag’ performed aome experiments which«
'soma light om the phenomenon. RS

. . The pumplng station of Haarlemmermeer has experienoe a:
,,”1urge numner of difficultios due to cavitaticnuwhich arﬂ‘accentua s
< im autumn WL ST Tt

S ‘ Anmng the reasone whieh can be tha £ause - of the disagrae
_"ment between the regulis’ obtained by experiments’ on’ emal} models and

‘the’ experience w1th industrial pumps in’ service at xierinzezmeer R
‘ dlfferanea in the qnality ot the water h ‘ ‘

vt ; Our axuerimenta were perrormcd at Delft Naing” the pure
..water previded by tha distribution syatam.of- tha city”"

I,\ s In contrast tc thia” the'matar at uieringermser*waa
*agitata& ‘and muddied. during .the azcavaﬁion oflxhe camal. .-
first quaeﬂion to- be ¥ 'he 4 ’ '

_LL Figura B sbcws one
tha experimsntv _




4 : Cavitation 1n nure Water saturated alth glr at atmoqpharic
: pressura begins at a Vacuum equ;valent %o rive maters (16.4 feet)- of
" water, that is" to say,.at an absoluts pressure of 0 5 atmosphere. :
"{hinus 50%); S SRE RN ‘
o Tor water:to which 0. gram of. nowdera ‘coal per liter
(1/2 ounce per qiart) hag been’hdded,: cavitation comnsntes at a
vaguum ‘of one. meter {3.28 feet) of water, that 1s.t
'absolute pressure of O Qfatmosphera. (Minus 10%)
- 5 ”he vapor tenaion of watar at dlfferent temperatures ta
‘ also shown in figurc 7.1t 13 seer: 4o be well below this absclute
: pressure slven above Por all ordlnary'temperatures.

‘ Thersfore it 1s not the bo&llng cf tha" wats '
‘cavztatinn of the f;rst category, but as Dijxhoorn ramarhs in,rererring

T our e:periments.‘"The separ&tion of the-air dissolved in the watar
fwhsn tha pressura is decreased is the’ primar? cauca of thls phenomsnon"

R For winter tsmperatures whan cavifation 1s often: most
’jmarked the yapor tenaion of the. watar can be neglecued and uha
fseparatien of the air considered alone. L

o mhe beginning anﬂ endlng of cavitation are uisclosed oy s
fan ineresse.and 2 'sudden decreese,. respeetivery, "4n the suction, and.

~ better still by the oharacteriatic noise of. cavitation of the first
eHLEZOTYy _This resembles the’ aound produced when air is- being" £
W‘libarated during the heating of watar.ﬁu‘_ : =

o E:perimants Cuncerneﬂ with Explnining,the urosion of Solidﬁ
> walls hv Cavitationl Influenca of “urface Lension

ja fbrce genarally neglected in hydrodynamics becausé?of its amall
" velue '72;&ynss ‘per centimeter, or 0,075 gram“per cantlmet o=
c;namsly, “th Burf‘ca tension ef theﬂ ir bubble

fit;mill either‘he qui“kiy’absbrbed'by the water or air fill saparate
: ¥ ! "fccording toithe -

: "in eqniliﬁriuﬁ with th  pre-sure ot aaturation.,' ‘ail
gen with. largekgldbules of vapor, at the precise insuant ”f
‘pee, they; ecsesarily contain ‘BOMS’ residual air'at 8 i




1o gropag e eaulibriun exists batwoen the. interior pressurs of
thef,globigl'e', “the "ex‘t’ério:':.ﬁ;‘e‘sm;.;*e “in the liquid and '.'thc"-*"‘sq'ri“ageﬁ -
Benslon wosheve:D ity Lo T TR 0 R0 TTRGe.

< Brue enuation of equilibrimg of & hemigphere zives us:'

Wherea‘a s_‘i;‘x"iiffac_:;é-f"t'e;;sié{ﬁ” ingrams por centimeter ‘ap
_ rence in pregsure between the'alr in‘the globule {and -
prossure in the liguid, and r'= gmdtug, &+ o S o oot

i . Gortainly this mathomatical Tosult 1s not mhysteally s
~-The surface. tension, Zr ' sannot be: considere d-eonstant _for ‘globules

Wi%h & redius amaller then,10-6 sentimstera... It commences t6 diminish.
at Iirst slowly, then more rapidly % oxder fo approach.zerc when tha -
Tedlus, . r, spprosches: zeros < o 0 SPPTORC

The ;Sdriq_lu}si_dhs; howsver, aTe not ,‘lini‘_iuendqd_‘; _y._'ti}e 7

of ‘& for very samall’ globules.

.. Pure water can neither boil nor cavitate. Afrin’ olutfon

“oatinot’ bo 1ibe rated by loweTing the: pres sure below that at which it
‘hae been dissolved. R e i N

- 8lrin a clean conig
Muller-Poutllsts, Lebrbuch dor Fysix Textbook of Miysica): 7a.II,

1926, vol. B, firet half of The k, p. 301, labile Zustand
nogntive presoure). <. IemodvAntE, 5.

1a% of KiroiorsS, the negative pressure ia
henik (Leotures'on Mechanics) 1876; p;




w&.lls,
- liquid.
pramote chemical reactions .

"nollector" 'i.n the technj:qua of treating mnerals b;, lotation-, n
gemeral this tourth J.‘actor can be any substanco containing sixteen

RR , It‘ seems aeaaonable to us: that the air 'bubbles"am.- fo:med
_nwherever the three determinate ractore, solid wall collautor ami B
lz.qui& exiats-together R S e ,

An inltructive axperiment consists in boiling distilled
water'in & vessel whose. bottom has heen graased 2 littls, then
artemrds in anothar —vary clea:n mssel to, vhich hds baen added a .
little camd;io soda in order to dissolve all traces of«sraasa round

mgularly at 1000 . while i.n\jtha othar the water ean ba superhaated
aml boils_ only with explosive violanc;a.:__, [ : R

P.'. =./ﬁ7‘¢=r‘na/ Przssur‘c L
Pe =9Xf8rna/ L

2. o aoo.acm'-'

. Therorore globules of & diametesr smaller-than six mi'cropa
eannot exmt in’ pure - water. Thsy grow® rapid]y a5 the. 1;agative A
proasurs incroaaes absorbing alr, bus in q_avitati.on ‘of the" first i
category they " :ramain Emalls According to a law in: physics 1argo A
bubbles ought to grow et the expanse of. the @zall ones; when bubbles . -
appx'oach and ccrme in ccmtact with each othar thay ougnt to combine.

But uh@n mater 13 imwra that 13 contaminated by particlea
of oil or orgenic umatter, there ia a tendency %o fom a" foam conta.in-
1ng nmnercms mrall globulas. e R e TR T

r




bma fIsma nisms'x aa.[udo.E;g \:ﬂsm ;fsda‘ woﬂa a:fnsm.t'zeqn{ : e
L ‘-.sasqa beaolo 3 m‘. 818, 'ged# ‘.‘cl \z.t':eiuo.tnsq bedsloat

' -_-.tasn'p 8 ‘ot fms .[s:!'am eﬂi 111 ae‘mq edd arzeta.tom '.ts:rs?'
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. SR --f’_-o‘:es B, .[.Béem ar:{:f_
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o pgatar wﬁ_ich dimlni‘sh‘ then,_jgmw‘
'téiffusad thrOQghOut nhe water

- « Ly &s- int ng &8 the furmation o; ‘thé-globulel
whiéh dominates,tha‘dastruetioni ’

Lo We now calculate tha spﬁedeof contrac
and the time required for:.its: &1a£ppearance'from
1ts aquilibrium 15 unset.,‘

LT ve anadl neglect the initial paea ot Gonbraction wnich
7j ia then very smallri S

: ~;,'fThis hypothesis appears;‘dmiasiple beeauseia the last
S mamentjof 1tsexmistence ‘when the: ‘pressure is almost inrinite ,the‘; : _
Tﬂmaining Tresidue of t ‘?globule should be absorbed 1nstantaneouely.t'
] Chai ' of water’ sarrounding’ “the’ glohule is-vevyT ‘
glebule 1tself, o

' :‘»gVIf S i‘ the unitgweight of the,liquiﬁ & the acceleratjcnfﬂ“
of gravity, and considerlng the notation oft fzgure 11, the Kinetic
un_rgy or‘the whole maas of water contracting around'the )




ER R

o - Iﬁt * be the radius of the globula at the 1nstant when
f«the sudden contraetion eommiences: and- suppose that. the acceleration
'1is entirely due to the contractlon resul 1ng from th e surface R
' VSnsion e SR A = :

. In fact there 1a a superposed phanamenon'which acts in

the ‘seme . sense end: which will be: discussed later.! However. it is

¢ of "amall rmyortance xrom the point of vieW'of ‘the differnnce of
. pressure. o ; PSR E S ey

b -x

We ‘can thsn write that tha,chanbs‘ln kznetic enarg" 19

:'eqnal ub the ehange_in potential anefgy liberated by the contractlon i
“ or the surrace {chang ~in -

e 'thetsneed of contracti_n{bacames infinitelyf“j
. 4large whan uhe radlua_of’ hefglobule approaches zero because'-7~' Y

o In order to detezmlne'+he time requirad'for the.globule ‘?
. o conmract rrom tha raﬂzne, I; tn the radiﬂa, = 0 we have'

The. potential., nsrgy nberated*‘-'zf

3

:,; energy and rinally absor%ed in impagt 15;

. Por the folloWing Tedid of the: globules:' T = 0,005 % = 0. 001
r = 0 0005 T = 0 0005 em.;‘the timas’requizﬁd for tha contraction ‘|re:




e glohula‘whioh; at the. critieql mo
“Ant. 8/10?_ sedonds.
ons

ML Rewently,. h“&i*fﬁ Yowi ng- Hro lem'
Four 1arge ‘hrong" cantﬂﬁ:ga&*m e tﬁstﬁ‘@ in.Hell
nighierpighency . At Gn:ma 9. WheTs. th ““ pTe

a..ea.d. to the aamer,.i'esults becauae f.hey
or air bubblsad‘o:: 30116, aur:‘aces a.s opgossd o wate_r

e ; ; gL 1t and’ chstein ‘the

anglo or capilluit-k,“betwean oil and ‘brass (in the presence ‘of wel 7)
- degrase; this iz smell but'it is gufticient’
'Slﬂhulaa ‘of gir ‘t0 the wal‘le ot the canatriqﬁa&

‘It:1s possible that a.amp me'l:ala which are abeolutaly pure
do not ‘have' a hmge snough’ angle- of, eayillarity with air bubhlea e
foxr the la‘t"ter %o attach themselvee. : '




o Figure 12* shoWs a photosmicrognanh of ‘an. air buhble"gff7"flf
»one-half millimeter 1n diameter adhering to o pollshed stesl surface :

"fcleaneﬂ with alcohol. The angle of capillarity is 2@*1/2 degreea.;;..

: This ;menomenon should bc different when the meﬂal 187/
'awgreaseu. “ater discharged from hyﬁraulic turblnee and pumps* and
rwaterin tha wake:of -ships is always contaminate& by traces of- oil
“for which mgtallic: walla ‘have &’ large’ afrinity and to which the :
ﬁglobulaa of air aﬁhera tanaciously Figure 18% 45 2 photogruph of
a globule of air.1/2 millimeter in diamatar adhering to & polit.ed.
‘steel surface greased with a little vaseline. The angle of Tl
capillmrity is now 90 degrees and- the globule ia a hamisphere. ‘

' ‘:ﬁfThe slobules in the constricted ragion can“be"so'qonéeivad-“

o . It i necessary o add fur the. sake " of*baing cumplete
i that the angle ar caplllarity is larger whsn the globu]es are

. cantracting than when they are. ezpanding. The globules LT
A repraaanteﬂ in: thu figures are expanding-' Tl ey

. La:;gg Losal Prossuses Subseguent $0"the’ Suﬁden.Contmcti R
' of Air Bubbles. Thelr Effeat on the Erosion ‘of the Walla.-;%_

Ve All of the globulea are’ created within the constrictad
region, hany of them are carried: along by the . current 1n which they
collapse. Cthers which remnin fized to the walla ﬁeatroy material "+<
_as will Tow be shoWn ~ SRR, , ‘

What3are these rcrces whlch destroy materzal? Hi

Lol In the llmiting caae when the angle or contact is zero SEPAY.
degreas,lthat is to ‘say,. when tha globule" iz in contact with thej,
surface at apcint, the forcs of the- imnact ie directed against the

.wall and the. eapillary energy fq 477" 2‘ ia expended at the '
‘point or contact.;‘,a L Sy )
i Lat us assumﬁ that in reality the glohules are hemi-
: upherical 4in shape ag represented in rigure 13 and let us, atudy
- further the distrioution of preasure at’ the moment of collapse of -
8 globule- ".r_ S ST ﬁ_ : s

‘ ,Firet imagins that the globu’es do not contract to a
po1nt but ‘that the’ aurfaeg posseases hamispherical cavities which
‘eontain: weightleaa, elastic, 1ncompr9331ble spheres auch es shﬁwn
‘-1n flgura 15. Lo wﬁ R e : : ( . w
i L Because of symmstry &nd equillbrium the distribution of
o pressuza ought to. bs that 1ndioated in the figuro.‘,__;;;;

34?3$o:jphntqgraphs,lQBg the original paper. .




: however, in this study :Lt is no‘c B questlon ui‘ 8 static R
force bu‘t ‘of:the impeet of water. on: me‘tal in otl-ner wordb oi‘ a
y colliqion betwaen two elﬁ.stlc bodies. i : ‘ ‘ D

; “ Y oonnnenee by calculating the ﬂressure o*‘ contact ﬁ'e*&w&en
two bars: oi‘ inrinite leng‘bh and of unit CTOSE sec‘bion ‘whose ends’ !
_eollide with a ‘raletive welocity v. Let: M gnd T be the unit weight
and- the" mndulua of elastis.i'by, raspectively of uhe ‘bars and BN
“the veloc:lty:or“ ound in; +hHe" bar. - Gonsider ‘the instant ‘when: thﬂ_[
pressur-a,‘;:- roaches a mazimmz, -and let: w be the’ velocity of
sepamtion mat this nstant. Ccms:u.der on,e of the bara and the i':cont
sol the ‘sound wave at z-est tb,e bar movins in t;ha opposite direction
to the veloclty of the sound. ‘

o It 13’ knmm, that. due. to‘the erfact of the colli.uiom
par't of "ha ‘bar: 15 compressed at & unii‘orm presaura, Py tha rron’c
of the sound wave (in the region betwean the compreséed pnrt and’ AR ELR
+4he ‘part which is not inﬂuenced by the oo_liaion) moving with the o
veJ.oc:Lty of soundw Coe T ‘ L P A

"‘_:IEIt is aas:.ly shown that'

Thererara Do LT
' P U /“r uz /“z
S é(:-/,t i" 6‘{.2 4(,[2 o :

S 'rhef's'ame "forxmlas are 'o'n' ained Loz the ‘rorce tranamitted
by an mcomnmaslble bod'y v:ithout masa, interpesed between the: i:wo
bars; end theae ronnule.s are. also wlﬂ.g for 'the case preaen:bed

figure 15.. ihe last two fomulaaﬁ g:\.Ve, themfora. ‘the. unlt pxessure 3
for tha eass - when the glohule is montract 1ng s'bmkea the 1ncumpreasible

the ::ormulﬂ on page" 10. el e

When no sach aph.ere is intarposed, he:
globule can eontract to a, point. ¥ beomen inrinite ,and the twn
‘ duge ~to P QD '

e : Ino 'mterial ca.n réeista collapse_whieh cme'!;e
1nfinttely lerse prasum. SRR . : _




e v S
Phencmanon cf the Beginning of Contractlon of the Bubbles
: and the Zone of Erosion. - B

| A How do the bubbles bagin to contract°i Létiué‘returﬁ'fb}{
';the case of the venturi tube.;,f- e S e

hsure 17 il’ustmtes a cage of cavitation of the first T

eatagory potont enough to destroy'materia%s by. erosion.: At some
" place on'the wells-the globules collapse. " ... R

?Ackeret 7. Exper;mentale und Lheoretlsche Unnersuchung»n uber
‘ Hohlramrblldung im Wasser, p. 32. " °tossvorgang in aeinen .:ianal._; P
(Ekperimental ‘and Thaoxetical Investigation of. Cav1tation in hater;‘”
ImpECt in a Zube): win e R o ﬁ_. '

o ‘ Because of the space occupisd by the globules up to the ;
boundary where they: diaappear. -cortainly the velocity of the watar ;,*
1n this reeion iu consxaerablf augmented '%.-, e I SR

_ nhen this limif~has been passed *he efrective cross
sectlon of the weten bécomes. nonmal agaln and the liquld undergoes e
a sudden retardetion. e e :

: The average 1ncrease of the abrupt change of nressure :
due to this retardation from vl to vz-can be calcu]ated froﬂ the:w!rz
follow1n. equatlon's : ‘ ~

P"- = v 5(

8 Andre Tenot:: See footnote 2.

v

“1n whlch a = the unit uelght of the liauid.

mhls nhenomenon (BordevﬁeIJanber] wnich is- °imilar to R
that produced ‘Qu the ‘surface of the blades of turbznas Dumps jend .
propellers is. eccoripanied. by a: disslnution of enerﬁy i-Va)t o

. per unit y veigat of water' that is one of the causes ﬂf thesaecrease‘ ;"

in the capaci*v \hen the c&vitation s presept but, it does not::
explain the 10ca112Ld Liffererce of presuuve capable of eroding

"lthe wa]ls., ;

‘ ;his ‘sudden retardation or the 11qu1d a veritable earth— ‘
‘quake, comnresses the ‘zlobules until the state of equilibrium

-between the interior apd exterior presoure,dif;erential and_the G

'surrace tension is deqtroyed. B R A O B T




5 The inc"aase cf prassure due to the reterdationig so

jﬁlarfe th&t it facilitates the: raabsorptinn ‘of the alr.. thus: the -
‘hypothesis’ whick we have made in-our analysis of: neglecting ‘the
resistance tﬂ the zeabsorpt1on of the air is jusulfled “

FE We should state again why the zone of cavitatlon is
g *not bounded by a well def*nod front* : Ny ’

- The flcw inJhydranlic machinas i ordinarily unstable
: because of ‘the “lerge ‘emount of turbulance always azlsting in.th
- flow end also beeceuse, 2% fhe variation in “the' ‘pregsure inm turbinea
‘and- pumps. The frontiar Ofethﬂ globules maves tack’ and forth . il
‘becguse. of the turbulenca: praﬁucad in the-conatricted reg glon: |
which has- been studied by aurwers ‘ang k'S Ehzman”"'hdaa?glbbuieeu
}'do not axist 1ndiV1duallv A B

: 'W- As to why destructiva'cavitation»manxfesta 1tself it

: ;15 nesassery. to imegine a region in the’ cnnst:ncticn thxbugh

~ which the foam moves end which contains’ encugh snéergy, due to: ‘tue
" surface tension thet ths nﬁdan relaaaa of this”potential“anqrgy

becomes dangerous. 2 :

' “Then crevicesnnommenceatourorm and the;dostruetiop of
.‘1the wall fbll@qi rapidly ;‘Thg foam enters ‘the . fissures.'tﬁ 32X
" yeault of thiafb - and - forth: movement the 11ne a-a’ passes over.

" these fissumea;—%ha Air bubbles there .are conpressed because; of;

. the -sudden’ rétardation of'the water ana then their capillary -
8 enargy is relaasede ‘f,

Lo :£‘We havu ramarkadfmhat tha baginning”of'cavitation isu
C characterize& by aﬂ'lncreaaa in the can?ciiv“of;hydraulic machines.

s WltﬁAthE developmgnt,of‘1aborator1e “and the,general
adontian of model testing;"ﬁhere_la a tendency to ragard‘sligh
l-cav1tation with‘mnsufficient knowledge

For high Reynold "numbera thathia to” aa'rﬂin th T
execution of large seals: pro;eeta the‘grcwth ‘of:the ‘eongtricted

" reglon is proportionai “tothe. linear dlmansion'm‘f the mechaniealwﬁ

partsi’ The dinensions ef:tha globules, the tima .of thelr dip~

appearance. and- the path traversed efter tha gritical instant are:tiffi“

- fndependent of theiacale, . It fblluus that for & wnit of aurfacs.
- .of the mechanieal” parts,(the e;cass energy: liberated increasee with
; the lineer dimensions” and, for large bydraulic, mechines” as. well as
for the propellers of. shipe the' effacts or'cavitation ‘can be
1wpox¢ant while they are imperteptible'in small model




_ TABLES FOR CONVERTING UNITS USED IN FIGURE 7 .
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