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The following is but a; po.rtiul tnnslo.tion ot Borgcron's ytpor. N
‘amd, for ‘this remson, &u- outnno of ‘the. ontiro pa.per was compiled by trani-' f"
lating- ‘division and . lubdhiuon hoadinga ‘and is ‘?1noludod to :lnd.i.uto tha 3
Aoontontn other than' tho partu vhinh_hnve been trmeldted. '

The only - mjor partn trtnall.tud wera oh;ptcr I ‘which: doal- with
general prino:l.plu and - chapter. & whioh doala with uppliutiom of these _
principles to !vdrn.uno problems. ' :

The last paruguph of ‘the ariginnl pl.por hn alao boon trmll‘.“i_.ted“'.4

because of the general nature of its: eontenta.-

Underscorsd words. in this trnnslation o.ro :ltaliaiud worda !.n the
original ertiocle.
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1. Goneral disousgion

In our Lmivorse all phanomna are proplgntod from plnoe to p].noo.
in the medium where they are produced, in the form of & wave whose - appsar-.
ance is femiliar to us ou & water surface or llong a oord: under llight ten-

sion, which has been agitated at one of :lts -ndu

Ina great number of caass whoro ‘the ‘wave is ‘not. subjaoted 'bn da- o
formtion during its prcpngation, it is onnod (pln.no).' It romina iden-‘ .
tioal to itself forever if the medium is honogonoous and limitlau; but tho
medium is always limited, and aloh 1imit imposoo pnrtlaula.r oonditiann whioh

refract, refleot, or transfiram the. wavn upon tho:lr nrriml. i

In othsr oases the waves undorgo a defcrntion ariaing fron the ‘
homogensous msdium itselfl in proportion to the advo.me of tha ware. . Thia
modifioation is then continuous; ‘but, une 0an nomt:lmu oonoeiva of 11: a8
being produced by sudden jumps at points in apaoe, ‘equidistent nnd suffis
oiently close, snd thus one. ocnutruutu an . npproximtion whiuh fulln on the R
preceding ocase where the limits would ‘be ‘the Ioontionu of tha sudclcn Junpa. 4 :

In prinoiple, a wave is then 'y hyalul ghonomnon in motian;

started from soms . point, it: reuins the - same for . ;a0 .obmerver who trmrolu
~ with its velocity, and this volooity is \oom'l:mt ‘bo'bnen tho 11nita o tho
homogsneous wedium where the. phenomnon hu oeourrod. R “

Every phenomenon .is oharacterized by the nriat-ion of twn phwiul AR
dimensicns or veriablea, thiah nhould deﬂna the astate of the bodioa eone: ..
sidorod at any instent, and not by any . singlo dimonaion. u mporﬁ.chl

- wiew of things often leads one to. bellovo, It u for thiu rouon t.h;t; 1.n 1.8

liquid, or, more gmortlly, in any. nndium of olutia mterial, ' -
always® 1ndi nolubly oonn-otod with a vol itz. 'rhua two dlmnaiona tro the
_pre ressure and ‘the dhehnrge in n water. oonduit; tho Etudiml force and

the nlcci ty. of long.tudiml dhplaoennt of ‘& trmveru ‘wave in:a mtal

bar; the tuncvoru forge - uud “the mlmity of trmsnue dilplnmmnt of &




section normal to the axis of a tight corrh the ' toraianél-mmnt an&'"tha

gngular velosity of a uotion normal to “the axis. of a ba.r in: rotl'cicm«, “The:

soms is trus along an elestrio condult whero ‘the “tension (volta) 15 r.mn-" S

Cylo
i

nected with the surrsnt; (amporeu)

In addition, these two dimnsionu are nlwa.ya the onou whluh entor e
into the equation of. equiubri.um of tho system being studied. Tl'vsrcroro,
ths dasire to oonsidor alone, for oxamplo. s. taneion wn.vo. an one rondlly
does, is a pure abstraction which warps judgmnt baaauso H: haa no oTe
reality than to wish to talk: only of. ordinn'bu .of ‘&, uu'rv'a amd ‘:.o lguora 1ts
absoissa. There 18 no phenomenon whieh is: a. almple propsgaticn ofa tanaioni L
wave, There sre only. phenonone. of tenoion-intonsity. pressm'vs-dilchnrgo
foroes=valoaity, ‘and 80 ferth. ‘and it is the’ rutum to th:l;s unmplete md ‘roal:
concept which is the philoaopmr af ‘the - mthod whioh we ara gcing 0 diﬂﬂ\lﬂﬂ.f

The writing of the equations of thn phynical phenomann prc'raked in °
s continuous medium is never dono \uthout connidering tha 110 dimnei.onai ej
wariables in. quesﬂ-on. and it is: only in the diaouaaimnn o!‘ the solution t'hlt
they are often dissoointed, 2

‘These equations are woll. lmown, s.nd, al’chough 1t is eg‘y and per- ‘
heps profarable, AK W& shall see, to naglaot tnem, we wlm reoall them ﬂut-:’j
.4n order to shor the conneetlon whieh links the gr:aphiaal mthod, which il
‘the objeot of this. atudy, to the former . algobraia mthoélu. | .

2. Geparal oquntions

If one considers. an inﬁnitoly thin alﬁeo dx of a wator conduit i
d writss the equation ut‘ the . i‘oroes ncting and the gqmﬂ.’{;iqu Qf ocantinuity,::'.
one sets up the follawing two differentinl aquationssl ‘

1;,,. L. Alliavi, Thecrie du ocup de belier (Donod)a L. Borgeron. Rem
‘General - d'Elootrioite, 14 mal 1332, Bulletin: des’ Ingenioura Civils.*

mal 1925 Congras do lllohn.niqaz de Llogrs, 1950.,5:-'--

4h 1 dv av g _dh

T .TW' -E-.uz ..a..t.- dicieanmsrstansnnny -0(1)

~-wherea h ':ijs:the{p:"easwe in meters of water amnd v the velocity.of -.,.fl_a'.:' -

2




Along an eloutrio nm. by oonaidcring tho nnear oapmity c md o
the 1inear induota.noe of the lim. ‘one, sote up the oqumtions
du a4 Al . 4w

dx ll. ‘ —& dx Dc dt v-utot:‘ooofu--:...‘....‘.:.-. .

vhers u is the voltage lnd 1 tha currentc T

Tt 4n apparent that thase two aystom are. ldontioo.l ‘and tho PR
is true for all the cases. Gited previoualy (whero wa willf ot ‘that the no-
dium doas nat undergo dofomtlon during the propagation Qf tho phenouanon).

-8

Tho aolution of thaao equationa 13:

u= uo + F(x- at) +f (n + at) .....'..(;'.‘:;;.'.n.i'."‘.'..."..-...‘.(3)

\ 1-10 ‘K f(xwd-at) - F (z " ‘t) ‘ -- -ooo------ . oo c.o‘a a.c . --\(*) N

: thore ‘u, -end 1 are the valuea of the two nrlables or chn.’ 'sctorictie ST

' dimnsionn (toltugo-aupenge. ror omple) during tha lniunl’_,permnt
state preooding the vnrintion whieh omati.tutu tho phononenon 'b‘_ be udi
o An thau equntiom F -.ud f n.ro functions whloh can ba absolutaly mythins;

“time %X, €, s}‘nll ,dlvmyu be grouped by tho rolntion x whe: ) 5
"the dimenaions of‘a velcoity. It- 8- eaay to sae that thia rala.tion ' Q:[y‘
"inplies the follalring phyaieal fa.utg : : ERRE

The function F(x -m.t) ‘has ;ia.,oonstant vﬂuo i’or»-m S
obsorver: who tra.velu at the velooity uinao ‘for ‘hin
x=at, ‘with the. result thm; x -8t 0 and thus -up--”
pressss any: -rariation of the funotlon F‘

Likuwi-u. the fmction t(x +: at) hna g con:tant
valus for ‘an. nbaomr who tranh nt tho «velooity (-a)
. because this nlkon x+ate 0.

B ?But it 13 those mm cqul.t.ionl whioh doﬁno ‘8 nvo boing proplg‘tad-
fron plaoe 0 plo.mwithout ohnngs.ag. with tha ruuu thnt oqutzm (s) land :
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(4) simply express the following double physioal fact:

(a) The 1noro-.se (u - a, ) ‘of tha tonlion cr voltngo
at any. plano M 1:. at A tim t, oqual to- - the sun of my ’ A
two waves (of tonuion) whiuh oross uoh othar at this plaeo-" : i
at this time. | o : LT
“(b) At the same tims, ~ the incrolle "(3.‘-’1\) of the -
intensity is K times the a1 fforence. between the ‘sams o
waves, where K dependa on the: proportlos of? tha plwuioal
mdium being comidored.

Thus the two dimansionn u ‘and i lra :lndiuo].ubly oonnooted dm'- _
ing the propagation of the same: phanomonan. SIn- the - innutigntlon 68" tl,n E
waves F and f of tension, ‘this is. only n ltap tonrd o oonpletu knot’leﬁgo
of v and i, but for- oompututi.on thie :top 1: nooelsnry und onp co.n mly
sontinue by alwaysiknowing: tho wavas F and’ t ‘in- tem oi‘ ti.m. : Bawmr, '
the reflections. u.nd nfrlotinns whieh take phca at: the limits. or chaagos
in the medium, rapidly ‘wmake: the- co.louhtions inextricthle and  the mors :86=
.rious rough errors ofn. ‘oagur- without the operl.tor's k:nawledge. One cen uy‘,‘A
.that thie difficulty ia- 1nva11dating and tha.t tho oaloul&tlon is: Ln:poauible’l
because ona has to deal with oonplex grcupings and vith oonditions nt o.ny
‘limits, T L

Hmover, a very lnrge aimpliﬁoation whi.eh l.o:da diuotly “to’ the
_grephioal .method is obtained by noting . thnt the doubla i‘net oxpreuod by
~equations (3) and (4) reaolvou 1tself into a very: single m.nd uni.quo lew
 from which the. waves F and f 8re elimimtod for -.n obumr who t.ruvels
with the velooi}y_ of the Waves.. sl L R LR

| ‘In effect, let . ¥ bo my ‘point in tha mnun xr. rz;uré
oould bs, for exampls, AD. elootric oonduit-), ,whare the: ohu-aoter‘utio 'di-n
mensions u -end i hnve the values n and 1, et n.ny tin t. '

R-"} ‘n

‘Equiona (8) md {4)- givo the. rslutiom

(ut - u ) - Ftu tu 'owooaaoo--~oon..a“.ont..--lo.ooooo.-o---o--n-f‘g)-..
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Let us cupposo, naw,

: 1ng the wave Ft . For him thic wmro wul mintnin ; ta nlue md

(5) end (4) w1l givc.
(ﬂ -a ) - F" P ,,“_.;"“”"‘"....."

B

T(l-i)'f-Ftu....':.

‘Subtracting (8): rrom (7). thcn (6) from (B), und eqmting tho e

finds;

CNET R S

-t

an. gquauon from which ¥ u:d ‘T are olimimtod and whioh 1.?
“law, rapruantad by ths line tn N with tho angular cooft‘ieiqn

.tan v= (tig.‘a)

L

v

' 'f;\'.(‘f‘f'j:, ~u)- "f" (1 - itl() .

";rtpruontad by tha u.ne tn l! (rig. 2) lrlth nngular. oootﬂaicnt

tan y - T’ tha.t is,. aymtrioal to tho prcching aneV

-sa:borimntal throug,h point tn

quntionl




. #‘.‘ .

For an observer who \trnvels at the' velooit,[ of ‘the waves,

tho incresasge in 5 and’’ the ‘inerense 1n .i are alwals in'a oon-

‘stant ratio, or, in- other’ words, .tha p}wsioal dimensior u oz- -
v esged a8 & ‘funotion: of ‘the phyaioal dimemlon i “lies on a

straight line which passes throug__ h the figurative point t __t_' N

the regimen u .$+ at time t -and - ey p_oaition l of tho
start ng poimt.” u ‘

The ooaffioiont of: proportionality, thut is. the alope o(‘ this line. is
s —%—-, the sign depending on ‘4+he sense of diaplaoomont of tho observor.

The term K is a oonatar:t ‘of the mediun in: 1rhioh 4the - phenomonon is produoed.

In nttomoting to omsolidato thie law ons must realin:o ’cha.t during
its propagation & wave F atnyl ‘eonstant , but, at the momant of itu pnssage
through'as place where it enoounteru another . phonomonon. y}mtewr 11: may ‘be,
the dimensions u and 1 at this place chango ‘because of the mating, mnot 4n
a heaphazard manner but chmge 1linearly with rospoot to ths magnitudoa whioh
have been established: provioualy ‘or whioh will be establinhed 1@3.6!‘ by thc '

wave under eonsiderati on.

if the phenomanon onoountored 18 another wa.ve I‘ ciroul&ting :I.n
an inverse sense, it imposes an: idontioal law and: tho diunaions . and 1

will be glven, at: ‘the mmnt and - plaoo of enoountar. hy tho point of int.er-

‘section of the two atraight 1inau, one. roferring to wave F and “the othor : ,:,;’

- to wave .{ because the two weves, being oooxiatont at the sams plmoo, mst

have thers the sams rogimn v, 1, ‘l'hen. ,tha two wavos soparato and oon- 3
‘tinue their. ooursos,‘ nlwaya remining oonatmt and always testii‘ying that
ths divnonuions u and ‘1 .are on’ their reapeotivo nnu but nt otha :
which depend on their now sdventures. “If,. for exa.mple, ‘the: wavo F ; oes 2
not encounter- anything more, the dimnsions u ané 1 at 4he: paaning pointl )
tals on again the- .values whioh oharuoberi.zod tho ntﬁrting point. whioh ah-:aro'g
olav.rly the: parpotui.ty of this wave, . subjoot w a11 tho mdiﬁoationu oif_
regimen provoked by . inoidonts along the route. =

If, tinally, the wave F encounters 8°limit, it will alwayu be .
defined by » fumction of two dimensioms u, 1. If it is an. o;plioit runo-

T




tion u = Y(i), the regimen u! ¢ Bt the instmt of’ the arrival of the
wave at the 1imit will be given by the intarsection of the: linos rerarring
to the wave F and the function Y. But ‘that is the ehd of the wave F, |
more properiy, it breaks. into one or’ more waves which pass through the S
limit, one of which rotums (partial refleotion) or- ewm mturns oompletély
{(total reflection). In any uaae it would be uueleaa to caleulato vrhat be-'f
comms of it hecause, the point u!, being lmmm. tha 1ines rei‘orring to .
new waves bafore all of. then paas ‘ny thia point wil ' e perfeotly deter- g

" mined since their mgular ooefficiant -—-]—'—- depqnda only on ‘the modium 01‘

.‘propagation and is not’ influenoed by the limi.ting condition '!.

- One ‘o8n now follow thoso wavee anow a.nd, without lcno'ving them but
moewing their: charaeterlstic line. gan” find direotly the regimn u. i 'o;i_:

svery plaoe whare thay pess, as in the preceding oaae.‘ '

This is the principle of the gra.phical method. The phenomnon
rtaken at 1ts Imomm. orirgin “o’ 1 “wiil) . be f’ollowud ‘oy ane or more obaervers
who travel through the ‘medium being considered in‘the: ‘9ame | tima as tha wnvoq
and see with their own eyes what haLppem to: the mgimn u, 4 4n tarma of .

" ¢ime end epacs without ever computing the mgnitude of tha waven that they
are following ‘because the line referring to thaae waves will always bo xnown' _
to them from tha regimen u.y, Y datermimd e.t the laat limit lei‘t hy the -‘

ohsemr. !

Alth@ugh 8. calculation permits him ta’ also find, yrith the sam
equations, the. rsgimn u, i- one can ses thnt the method whou prinoiples ‘
‘have just been: sketchad diffaru grently from a. oomputa.tion.‘ 'I‘his utiliza-

‘tion of a physioal 1aw, ! universal for 9.11 medium whare 'y phenomnon 1a

lﬁo ‘axcuse ourselves for perhnps nbuaing tha word phya.tcal. but i* 15 i
mainly the property of the mathod ‘being - progoued to avoid every abstraction
and to ‘follow the- uvents in: thuir reality a.nd not by the aid of mthomati- 3

o8l aymbola._ R

propugatod. u applioabla for & mbile observer who trnoln with" tho nlouity
of propagation ‘and ‘serves muoh better then a: mthod of oalaulation baolumo 1t
is & veribublo real experience that the obseyver .carriss out:and that : ho i.n- E

B




terprets by proportion with rule and aqunra. 'Thé opo;ation has & co'ncréte _
reality for him which exoludes every possibllity of orror ‘and ‘renders it |
practical for every engineer, aven ths nonspeciauﬂt., I il eminantly s
method for engineers and not for savents, ‘even though it is: a.bsolutely
rigorous and permits & resolution of problems of & oomplexity ‘uei‘ora vhioh‘

the greatest oaloulators would ‘be obliged to declare thamelvea i‘orfeit.

Let us o.dd that the trace of tho diugrm by tho rapontad nppli-
oetion of the seme law does in a way assist oxperionoe itaalf and mekes it
8o that no deteil of the phenomenon passes without notice. Thia develops

intultion so well that after having resolved severnl varied cauaa, tha (en- S

gineer can foresee with great sureness the: effects rosulting rrom such and
such modification to the system; his fa.oulty far resonroh or inv'entio:u 18
enriched by it. R o '

Ve will now develop thia mathod for aeveral ﬂelds oi‘ mechaniocs

by establishing it each time through e, simple damonatrntion, uuing only the

fundamental theorems and the elamants af . machanice. o




CHAPTER V

15. Pressure waves along & pipe full -o'I“ 1liquid, otherwi.ae ~oa]_.1"oc1_ water _
hammer . 1 _ T : '

1.t 1o in this field thet the grazhical method appesred. Loy, who geve:
1+ in his book, Drucksohwankung in ‘Druckrohrleitung (1928) ‘ettributed
1% to Kreitner; then O. Schmyder ‘developed it and applied it ‘to oen-:
trifugel pumps in an article ‘4n Yassarkraft und Wasserwirtschaft in
1931, and it is there that we knew it. Sinoce ‘then, O, Sohnyder has first
published his extension to conduita with multiple chardcteristics, thet -
{g, variable section, or with brenohes, and rendersd account of head -
losses in Wasser u. Wasserwat, Nos. B and 6 (1932) and No. 12 (1938).
However, we have discovered these extensicns on our own without lmowing
of the later works of Schnyder and we heve given demonstrations and @ - >
different presentation, more physioal than algebraic, ir one memoire to -
the Soclets Hydroteohnique de Franmoe, Rev. Gen, de ‘31 Byd, Nos, 1 and 2,
and these demonstrations have led us little by little to the generaliza=
tion for all the fivlds of mechsnice that we are presenting today under
a form which has arrived, we hope, at its definitive simplicity.

Let figure 26 be & section of"pipe' XY of oross-sectional aree |
S and of constant f:hiclmeua ° tfgll-di' 8 f_ipid_gndér, & prqssgr§ oi“i,hd
meters of water and flowing with'an inicial steady veloclty Cb.”_ ‘1f, due
o the
pressure will ohange from hj to h +°F end this disturbance will propa-.
gate iteell toward Y at the speed &. It is shown on the figure et AB

t . . .
over & length at and a seoond aftervards appears & meters ferther et

to any ceuse, the velosity at X is made ‘4o ohange from Co to C

A8, It is the ssz= case as pa.ra‘_gr'aLph 4, at each second & oylinder of.
length &, of'section‘. S, of mass -%" ""'_S-‘ -obﬁnges_.from the ?ﬂioo_it}": Co
to the veloclty Cl. The v_ar;ation per second in the _mmpn,tum_"of. the water
column is -%— as (c_ - C), and the _mgnifude ig 'e_qualfgo the sum of the

external forces acting on the column, viz.,

w(h + F)S«wh S = FS
Simplifying this, -'ﬁe get

a . ey -
—é— (CG - cl) - F .-.--ooll-o--o‘no..o-n.ot-n-nn.-nc---o.llcn-(‘g.)

10




In the most gonaral caae. nnother ouunu nt Y__ohlngn tht volouity
from C, to C and the pressure from h+F %o B, + e, ‘ "_
ohsnge is propagated towards X at the ve lnuity u. tho ohnngo 1n mnt\m
per second is T a8 (C:,1 - G),, and thinr is equﬂ tb : ha uuﬁ '61' tha oztor-‘

nal foroaes [m(h +F)S-m(h +F+1‘)

— (Cl - C) ‘- -ff " ene ave o‘\o‘--»‘r' ssosaee ."’.‘-,‘.j.:. ves .
Adding (48) and (49)

J_ ((Go - C) - ? - b o ._ er e u '_v—-“'a ‘.:'.“".'..' ‘ i ‘ c""--oooo -

3

and sinos the totsl 'prousu.x"é hois aqua}i.tp_" ho+F +f

h - ho L F + f 4-.---u.eooo--o‘-.“q;c;.":tl;-;tolc.;oQolool..lrciuoo-(sl)




(represented by tho point i
ragimn results from the passago ot‘
egeh other at M.

X

- Figure 25




By a.pplying oquationu (50) and (52) at this pluca at ti.u i
for an obaerver who: fonuwa tho wave F:I. ‘one- rinds . in operating as I’nr
aquatiuns (5) to (B), ' ‘ ) O

"'h-‘—"g"(qi-Q) -'-auocco.-co-cn-coooooe.qo"

‘one finds the law ‘

o

following the wave f:l

;_raproaen\bed by ‘the line e xi' with . alope - -g— pluing the 'ugh the"

" hori:ontal through point 11& ST Pl
1t will bc noted that d:ha senso of the wlocity c wa.u uhol .

travels in the oppoaita dirootion.‘ The poaitive’r"valuu‘ or h corrospond

xto a: proaaure rise.

1%, Calculntion of the ‘velooit: x a.




}\'S '."ﬂD-A“ a % S(co- c .;...;.;-'...I.‘-‘-7;.‘.‘.."..1..-.-.-o...-(ﬁﬁ)

From the lew .of eléhti.ci ty;- ' e: whora e 1s the ooefﬁo:lent .
of elasticity of the £lutd. o order to find A" let.wu mt the
stress in the metal of “the uonduit norrasponding 1;3 ;_, prusura ri'u o)-’i‘

- _L‘l:.'.)e.g- and tha.t thia estrars produoel m elongltinn of tho
“diuﬂ '%' equal, . aocording %o, tha hws of elutioity. t.o
where B 15 the ooei'fioient of elaatioity of tho mtul comprisin‘f.th. “11
of the p.tpe. Insorting those qmtitias :Ln (55) lmd takj_ng 1,,“’?“" y
(GB). one has. after uimplifioation S

‘ - E "»:Dvivtl‘.l..'...-..‘;.‘;:’;l‘.;':‘”ﬂ‘l“‘.‘..'
=1 D e IR
o (=g + g c,) _ L s Tl T

1E. Apphn&tionn

We ave alroady given 8 large number ot‘ exmples of 9.11 kinda

in the "Revue Genornl ar. Eleotrioite" of‘ lb.y 14 1932| 1n Hos. 1 ancl 2 of

the "hRevue Gamro.le de l'm'draulique." in the ’“Toohnique lloderne" of lo.r
"1, 1936, and in the "Toqhnique Modarne' of Janunry :nd Fobrunry 19864
‘Some .cases, such 8s oqualizing; stacks end air nocmla*tora. deaerved}:“‘_'_o"‘ ‘:
be “treated by the method that we have 1ndioated for a‘n'mss fllling onw
-ohord and for flywhoala on 29 rovolving oylindar. mthod that we- h&d not
oouplatad ul‘. the tim. It solven alno the problem of the acoumulntor with
wei ghts or: wlth s;rri.nga. ' e 55 K AR : '

In the pregent 'htudy we will confine ourselves to giving
new ‘examples, 1ntroduoing fi.rst the phenorenon of oavitation, which 4
ouliar to hyanulioa. and uoond, omrgy 1ou 'hiﬁh om he Appliod in anf

S the other fielde'

{a) Abrupt olouuro of an- orifico whioh uts _g nnvitation on tha
 gounterstroke. Shown in figure 27 18 & condwit u _of langth 4. whiuh
‘ disohn.r;o- mbo atmophare at A with a disoharge qo ﬁndor - conltant ;
v o 14 : L

T



We will take the case where the 1oas of hand due to I‘riotian on theu
pive AB is important. The affuot of tha 1083 of he&d 1: 8 drap; in» ress .
sure proportiopal to the squara of the dieoharge, taldng plaoe 11neé.r1f i
over the entire langth AB.- One oan conuain of it as duo to nn 1nf1nite
mmber of diuoontinuitios. aoatterud regularly along A B. : an h" one . of
which imposes & drop bh - kq from one aide to the other of ‘tha dianon- o
tinuity. Ome will. o'bta.in an approxination by substituting for :‘this 'in- o
finite nurber of dieoontinultioa a lim‘ltad nunhor which produ ‘, '
total losi. v

“The simplest schom would ‘be e single disoontinuity nreating‘the ‘to‘n
loas, for ‘exsmple., a unique diaphragm placed at B'--, In thi‘ . :
up ‘1s too .coarss o rastaro tho maﬂty of the phenomanon e.long ‘the
length A8, but 1t lrill a.llmr uu 'bo ﬁnd with aoourncy the offect;. 0!
loss on da.mping,. and’ thia will auffice for ‘the rlrst xa:

and :the Giv.phrugm nonetitutw a discontinuity whoae quation 1“_

h- n, T

{‘wharo h 15 the prossurq An ’che o-:mduit ngai.nst 'i:hegdiaphragm and rltho pooif- :
'tivo cign + refers to the aenue of - the f’.ldw I‘rom twardﬁwhile the

| nﬂsﬂ'ﬁ" ‘sign - rafers X0 flow from A tward B. 18
]Vprouented on the gruph (£igs aag) by tmo pnrnholas B H and' " o

T);e .ori.ﬂ.o_e A s e dinoontinuity wlth thu eq\mtion

h-xoz

mhere h e the pressure i.n the conduit at tbﬁ”l’a;st‘ ijbﬁtioh of dlemet rd i




in front of the orifice. It s repreaanted by tha parubola ! . The ini- ‘
~tiel permnent regimen is given by poin‘t 0 ths intoruaction of theu

“two Qurves,

For an observer "hco nrrins st A coxﬂ.ng i‘run B tha oharaouriutic
line will ba O,F which: plsses through 0, end which’ hu a nlope (] L

Es ;m K ‘\"
If this observer arrivos a.t just the momnnt of the alosure, ho will ue a

zero discharge, that is, the rogimon givan by point 0 ~on tha a.xis of ©
the ordinates, The ardinate of this point z‘ixaa the prusure riue from
sudden closure. For “the obmrver retuming o B the chnro.otariatic linu
passes through o and its ulope 18+ ':S‘ Upon nu nrrinl at B in
time ":'Z"' ehosan as unity, the ohuraotaristio ourve ‘of tha diaoontimlity

s H ¥ tha figurative poi.nt for the regimen will be, the intersection IB |

\of the line and the curvo.

Returning to 4, the cbaerver will have aa the ohn.raoterintic line o. ;
line paralle) to 0 P passing through 1 B aning arrived at 'y nt tims

2, he will find the orifice olosed ‘but “the abacissa of tho characteriutio o

line gorreaponds to an hmarae discharge whiah 1a not oppoaad by tha oloued
orifise. Thic inverse discharge !mving takan pluoe, the preaaure will do-
orease and will have as & limit zero nraaauro, Vd.‘ch tha ronult that tho |
charaoteristic curve .of the disuontlnuity at A h now the horizontal of
ordinate -h = -10m, 33 (33.9 ft. ) or rather tho ‘npor tamion ol‘ thu
fluid. The figurative point of the ragimen will be tho point 2 A Tha
intersection of these two. linas and: the value of the invoru di "Jhargo at '
A will be givon by the abaoiua of thia point. .&t thia diaohnrga a ouity
begins to form, &s indl eated in figuro 2?.- T e i

From this momant the -goings and suooessiva returninga or tho obaervor

[ it ]
corraspond to the trece of tha broken lino ZA 38' 4&‘ 63, GA' whoie :
peaks are altermately on H HH and on the hori:ontnl -h ¢ e

The cavity at A oontinuoa to inoreasa up to time 10 a.t which time _
 the dlsohn.rge ohanges suddenly from inverse diaoharge 10 to direot dis-‘
.charge '10,,_' The lpoatropha indioatoa that the rogimen u::ista at ti.m +

26




10 + &, the absence. of the npoatropha thn'b it exista at time lO - 8.
" Let us itrace on figure 29 thu eurve of disoharga as a i‘\motion of tim. :
The oavity at A will be: given by “the : aren of thia curve. _ It incroaaas .
from time O to tims ;3, then dimininhoa by tha appearanoe of the posi- -

tive portion oorresponding to diroet diaoharge. : In aomputing‘ gt by pro- R ‘

portion, whieh ‘is easy sinoe ths :Lntervals of tima are eq;m.l.; one finds :
that it is zero at ti_ma 19.3, that ia, ‘the omrity oloua up at this in-

stant.

At time 19.3-% .the i‘iguratiw point was 19,34 -on the hortzontal
-h and on tho raharaotoriutic lino 17 18 A‘ whioh is valid for t:lme
18. This latter is still’ the oharactor.tatic 1:Lns for an observar who ar- ’
rivas at A at time 19.5+°c, but at this instant, tho cavity baing oloaad, ol
the discharge is ‘zero and tha ragimon beoomaa suddenly that of point 19. 3
on the axis of the crdino.toa. ut this regiun will last only until t.‘mo
20. At time 20+°€, roturuing to. A, tha ﬁret obasrvar who loft A at _
time 18+¢, point 18 s arrived at B at time 1955, point 19", ena ‘

ﬁnding the discharge ‘to be :ero ‘at his ratum saes the regimn of pdint' ‘

20 There results from thie a tooth on the prassure curve (ﬁg. 29)

A°
‘The diagru\ oontinuas in figuro 28b by now having e second obsarver
who leaves A at tim 19.3, wheruas the .f.'irst ona loavea there at tim*‘“
20, and to sach one there cormnponds a. brokon lino (fig. 28 b). the
cavity recommsnces and closea up in this. case at tlmo 35, thioh gives
‘pressure rise of point 35 ‘and :requires the presonoe of: u third obsu_
‘to continue the diagram. A new ‘sycle . starta whioh I‘inishes et tim 48.5
(fig, 280) with the proaauro riso 48, 5 nnd roquiros a tourth obaervor .
Fisuro 284 gives tha fourth cyole. whioh ends a.t tine 60 6 and ono nould

continue it. Figure 29 represents the preasu'aa and diaoha.rges as a f‘nno-' B

tion of time, and it can be seen that the durations of tho preasure rises i
aro always -?;‘-—. but the duration of the prenure dropa decreaaos 1n goo-
metrio progruaion, and this is due to the 1on or hoad whioh oanosls, ‘uaoh
time, ‘the seme proportion of the kinetio ennrgy placed in aotlion by oon=
traction of the pi_pe. The nean ordinate of the - preasure rims doorouoa

17




: follmd.ng the same goomtrio progruaion, md for the samo reuon.. 'Hﬁaéier._;

during the duration: :of u praasure riso thnro npponrs aome motuhing which -

arises from: the. ‘fact tint the durntion of the oavity is not a nmltiple or
2 l

vthat of notc‘hes.

end this, in ea.oh oyole, 1noreasaa by unit.y the number of cbaervors o.nd | ’

This raoonatruotion, obtained »o simply, uf a phsnomanon uo oomplioated, * )

is very inatruutively confirmed din the oucillogrm pioked up, by u. A. e
* Langevin, with the ald- of pi.uoelectrio qunrtz.l Figura 50 raprosontn ons

lsee A, 'Langevj.n, Bulletin de 1' Union teohni que du Bntimn‘bﬁ (1928)

of these wamillqgrm. Tha mlogy is atriktng oven in ‘the notohoa of the _
gones of pressure riue, whioh indloates tha explnnation ‘of one of their e

oRUBEE,

(b) Sudden 1nflow and audden suppreuion ‘af: i‘ldlr i.n a. mma.l. Thia flow\

in this oease occurs ‘in :fres air, -uhioh implien vory diffarant basic condi- Y L

tions from thoao which’ -define flow in & pipe. Naverthelosl, one has the
same aquations, subjeot o ‘ths fol].mring raurva. .’mm, whioh oonuﬁtuto aiz T
_ npproximtiou whioh is. uufficiently cloao for problem gonors.lly mt in pru-,‘:-‘
tioe: (1) the “helght of the wave 48 smll oom;pnrod to the depth H ’of the o
oanel and (2) the ve),ocity of flow o© of the nter 1n tha oanal 13 sinll oom- Z';f-
"plred to the veloc.ity of the nvei. g R

A oemul of width b shown .on- figuro 31, 1n wh.i.ch tlrw velooity ehangu
‘tron C %o Cl in AB, the surfaoe rises by diutanoe F. A nooond later ‘:.
~ this ohange will ‘be reproduced nt A B at LS distance of a neterl.
'-_the valooity oi‘ tha wava.z o ' e T DA

"zBacauso one na;lnota Gl, oomparad o wa.va velooity.

_ The variatj.mx 1n nomntum por souond (T ab H)(C - ) wnl be in
\ 7qqu111br.iqn vd.t 1 the toroe (mF) (v H) duo to the rine in nter surl‘nno.s'

Thiuwalm 1e abtalnod by negleotlng the forue exertad on tho hoight F

~ of tha uva. .
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jthe wator surfmoo ri-ea by unount r md thiu vo.rriation‘ is raprodu od

-ainoe ﬁha'_foroo novr .1s ‘(.u' f‘) bH ’ one wil




, ]
R ““,'-f". : — " “ ieew se st P OB EED R R L T R R S a-.‘..v...(-ﬁﬁ-)
L

and adding (57) to (58)

L c, -C) ® F .t -
r ( ‘ _)  -1

; Q) - F - f .= -0 *» u-.o.l l.. .-‘vi [ ’l.ll
vhare S ‘is the oross-seotional area bHoftheeml, andfor the
height h, Fliteaa £ o
h-Hm=~ F+ saveenrs ve -'n-o Y ".. .cooooo
whioh are the same equationa as the preosding onan.

on the other hend, tha vo1um (c -_C)(bE} due o the _dittoranoe C

1;(llta*lmin.at:l by nagleoting F aonpared to H in naotion B. -

in dino]:nrgs at B a.nd at ‘B . having 5om in;to tho'.__‘_riso F LOver ‘& lensth

one has,
(c -Gl)bﬂ-a-b ?

and by nplacing 'F. by {87) e

ae \/g—ﬁ— """_""""f:;‘;:';‘.‘_"

Wo oan now npply 4n thia cue qxa.ot.ly" we :

for oonduits. Llst ue atudy now the caee uhom snhoutluliy 15__‘2 ‘ri'pu-‘»o"‘“&a.‘
At tho oxtromity 3 of £ 3 oannl ax ona suddmly r
whioh renaina aonatant for a - ourtain ti.m "1‘.3“:‘ her
{(hake ‘the - ltarting amd stopping of 8 !wdroaloutri ,
:one wishea to ﬁ.nd the pronh .of f;ho surfaoa r--the ounn 3 or ri
;.fvmotton of timss In ofdor ‘to ~nooount ror lois of, hﬁad wé will su poso 2
_ for each . length TN e oonatriotion equinlaut to ‘the £ri 10
i:.lcngth nnd r‘n smn obtain a ourve i.n ~|teps t‘or whioh ’cba P




‘tween two conetrictions..

The initial regimen 1: (Q » O) (h = H) for which tha figura.ti'm R
point is O and the oharncteristic 1ine’ ror a1l ohaervora lonving from
b, 0, d....m at the moment; : when thla regimn exiutn iu 0 OA"3-lg;th
slope *"T where ‘8 is the oross’ aootlon or ‘the ua.nal takon a8 Lrootangu-- -
lar end a -*\,EK 1f the obsarvers’ ‘leap mr the - diuphrngm u.t Whioh thoy
arrive, the height increases by qu. that . 1:, ha figurttive point 1- g

then on the parnbola P, drnm with: broken 1:Lno i‘rom tho ordinato

%o “ Q 2 for absoisss Q . For.:each ngimn at b,00, d e .'Iin, ‘one

will. ha\a i:wo points with tho sma sbsolissa; om on the ohnrecte‘ristic lino": '
which is valid up to the downstream side of the disphragn, ‘the other on the
parabola which is valid up to the upstream. sidc. ‘The firet’ will bo danoted
on the diagrm by the index o nnd “+the seoond by th 1ndex N

The readsr who is: fa.mnhr with the construction oﬁ‘ the dugrm i‘rom
the prooeding studies’ nill bo able to follow thia in the tuble Ho. 32._ |

We will find only the pointl 8t tim intorvals of 21 ' Tha diloharge"
Q, starts at (a) at time O and stops at tina 8. -

Ye will designate by ! the vorti.oa.l at abaolua Q whioh ia tha |
sharacteristic ourve at (o_) I‘rom 0 to time 8, inoluain. and hy !‘10.
ths vertical of abaci asa gero whioh u the ohuraotaristic eurve at (u.
from time 10+ € and beyond. The dttgran is follalrnd best in the order’
indicated by the table. It is st.opped &t tima 10 ut (a) but tho oon-
struotion repeats ltself in 1der_1tioa1 _fom and the reader oa.n oontlnue 1t
without any trouble, | B ” ‘

By taking all the points with the sams 1ndex, one an traoe {fi;. Szb)
the aurves of the height of the wave as & funotion of‘ tim at c,, b, L.

Ay o« o oM, whj.eh shows clenrly the affeot of the hel.d lomaoa on the fbrn :
of tho wave with respsoct to time and its danping et!‘ect with «respeut ‘.:e L
dintlnce.




CHAPTER VI (Last Paragraph Only)

19. Conelusion

For ‘the mjority ni‘ enginaere a greph ie mre eloquent than e.
somputation and this is- sufriclent to. erouee an’ intereet .’m the method whieh
has been demonstreted. If a pereon doea not have 'y terror of ermre 1n aign
and of the nervous tension which leede X0 theee errore. he haa never m.de‘ ol
computations. ‘A drawing avoids ell this 1n an ebeolute manner beeeuna .an ;
error - 1n loocation of the lines ie literally 1mpoasible without 1ntrodueinu,w G
into the drawing that whioh would be apparent to even leueer engineere. ‘

The examplee which have ‘been given are eufﬂuient to prove thﬂ. ,the
application:of -this mthod does not require e.ny apeeie.l knowledge of uthe-’
matios but only & knowledge: of the principlee of meohenice in order to cmr-' e
rectly establish oonditions at tho limits. -1t is- here “that the poeeibi.lity
of error exists, but the same is t.rue of any m*h:” " . It ia therefore wd.thin“ ke
the range of avery nunepeois).ized enginesr und not nonopoli:ed ‘by the mthe- ‘
maticians. This derives from the . faot that the law. releting the oo vari< . -
ables, which define the state: -of the medium, hae the eimple form of: e. etfaight
1line with a elope depending, only on the medium, for an obeerver novi.ng with "
the wave velocity, and the: repeeted npplioetion of *,ne method “leads to the o
construction of a drawing which 1e nothing more thnn the execution at . a:

slower pace ‘of the experienoe being etudied.

For these reasons. the grapmcel nwthod 18 ealled upon- to re'xder %0
all wave problems ‘the same -service: tx'nt grephicel etetioe rendern to prablene
in the- resietanee of materials. We will ‘be content if our- preaentation eon~-
stributes: toward prumotion of its use 1:1 research ofﬁ.cee where e munber or
.aengineera will be able to use it ko he.ndle problem which would otherwiee _'
Seonfeund them. It is fitting: to recognize “the . men vho have promted this :
rmthod for use in: hydraulice; the Austrien enginoer Lawy end the Swies en;i-
neer .0, Schnyder hom we hmre elready cited. ' :

riﬁwy makes refarencs in his book %o the previ‘oue work of un.tner whom- we

_have alrsady. recognized.
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