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THESIS



PRAFACL o

Tne object Of t.18 thnes1s 13 tO lavestlgute tneo luws
wnicn govera tne rilow of wuter tarougn orifices und in open
cnunnels. It was latended to investigute ulso tae flow of
water over weirs uud tarougn pipes of various kinds, but tue
time at our disrosal proved to be iusurficieant, NO Orlginal
oxporl_m;:zts wore Lude but iuasteud we used tue data of sucn
stuanaurd authorities w3, LDapgy and bazin, Kuttor, Ftoley uud
dtearns, Cunulnghui, kittingor, korfl, Legler, LaNicca, Levaille,
M., Polirpe, Humpareys und Avbott, uud tae ulasourl siver Couilssion
for chunnelds, und Hamiltun buith Jr., allis, Jwid uua aAlag, 1or
orifices. '

In oruer tv fuclilitate Luo wWork it wusd diviued 1uto tue
lnvestiguticu Of cuunnels und investigutici of orifices, ©ne
formepr part Of Lne wWork waa carried on by Mr. Urquoart wud tuae
dutter by sr. Powell, Tae probiem Of circulur Orifices wus 30
durgo taut time wusd aut found for tne conslaeraticu Oof squUulre auu
poctungulup Orifices uwid tuorefore tnoy do uclt uppeal in tuls
work, In tue Guse of boti Orifices uund chunnels tuo ldeu was
to deteruine, rirst tuo fuctors wulcn coutrolied tne discuarge,
und tuen to derive uu ewlrlo@l formula wulcn would glve tne
digcnurge «o & definito functivu Or functivns of tuose fuctors.
Ia tho case of cuu.nels, lonuwerable lormulus nuve beeu propesed
ud various $imes uud tuo problew wus Lo obtuin a betlor oue if
POssiblce. Te Cusd wud 8uuwlinui dlrterout 1 Lio wattor of or-

£ ey
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tenable seow tOo bOe 1n tus Lurin of tublos,
Tne cunpututivas 1in tils wors were fuclilituted by tLus

uge o Burkiuprdt?!s Aritiv.oweter,

BIloLiOuialnY

Title Autuor
Hydraullcs Huwllton oiltbi, dr.
Flow of Wuter 1u slvers uad
Otuss unannels Gunguwillet and Lutter
Hydruulics of creuvt wivers Jo Jo Ry
Plow of uater bchmeer
sxperinenta at Roorkee cuwaningnaia
Apj-110d lecnanics Goodiuan
Jew Hydraullos oulllvan
Mydraulic Tables, coefficlients
und rormulae nevilie
oast squares Morrinun
Treatise on Hyaruulics dorrinan
Hyaraulios povay
Placussion of Mutter's rori.ula sebdelekie, VOle 9, Po 526
Flow of suter 1u xivers AeBeCens, VOl, 8, Pe 173

Hydraulic sXperiments witn Luarge
Aportures AsideVelie, VOds H, Pe 1Y

Expoeriment cn Pl;lcuuulcaa Orifice kis, Nows, Vol,56, P. 526

Goetliclaonts of Llscnuprge Circulul
Orifices Ll o iiows, Vol 60. Pe “9

Contractiv.. of Jeta LOE1NOOL LI, «wule 11, 1704,

Thie works Just nouatichned nave beou cousulted und wucn
of tne duta 1uaoiuaed in vhcwu Hud boon used in t.ue WOrLK wniohn

follows.



LiVuorluallol Qi Unliiua ria0N OF Waluwi Ih
OPnit Oidsuunls

Tne 1uvestlgutlion of Liio ..0Vv0u0.L O wuter 1a opon
cnunnels nas beou bofore nyuruullcians Lor wtuy yeurs, Tae
Iirat 1nvostigutors sought v expressd buo iuws of £1low by
Bouns of mutneiuticuld principles bul were unsuccessiul in ob-
talning uccurute rosults. Galileo 18 sald Lo nuve beea Lo
Lirst 1avestigutor upcil tue £1lOW Of wuier in rivers, out
80Wd Of nis statowduls nuve beeu pPruved erroivous, such as
tne irrogulurnlee of rivers cuused n0 retardation of riow,
Torricelil dlscovered tiui, oxoept for rosistuncss, tno ve-
locity of Jjots of wuter 1ssulng frun suull orifices was equal
to thut of bodies fulllng tne suws dlstuuce ia 8,uce,

In o'rdnr' t‘o Ruke uu lvesgtigatiun of tné various for-
nuiu for tno flow Of wuter iu ope.. cua.ueds, it will ve nec-
es8ary 10 Cuus.der briefly .o Coualtionsd Wwwer #.i0n water
£iows, tue elemontls viucn a.ould enter .ulo taud CuapUtutlious ol
Deull Veloclitles, wiu Lhv clrcumstances w.lcu afiect tue rute of
1low, Tno lacliauticu or slope iy gouerully ceasidered to bvo
ond of tuo culef elewe.uls walCik afiect Lnd velocity wiud rate ol
Tlow, In a loung, 8trulgnt, ualfora caunnel, tno accolerutlng
force aue to tno 81l0pe sorves caly L0 wulntuln 4 Wnlform volocity.
tue neud 10 u glveu loeuglu belug expended 1a cverconlng Lo ro-
813tuncea. If tue BUvyly OF water 1B 1:uCreusod wid 8.10p6 ulmlulsned
tae velociiy 18 lncreased, but the area Of trne orcsd-sectiou will .o
wogroeused untild tis resistuices eyual tus 1orce dus to the neud

in ualt leagta., From thls we 800 tiwl L0 VOA001LY ulid dl8CLulue

depends WoA tno ureu 01 L0 Couwiel und Lho reslstances Lowdlucet



with tue incdliaation, 7Ta9re 18 & groul uncertalaty us to tno
Ranner 1in wuicu Lthe ureu wiw rosisllug rorces eater into tuo
Loruulne for cuipUllis MB&N VOLOCLILY. 1IN6 more Cuuion Wuy beolug
to use sowe function of tne hydruulic ruulus, or ureu of oroas-
section diviaed by tio wetied perimeter.

0o 1irst abtocpt Lo WISCOVOr LuS luw Dby Widuu Lue
velooity of Llow depenus W.ci 1.0 fudl Or 810p6 uid Cross-seciion
a8 wude by bralns, »i:0 ObSarvod (NAL tao water 1a sLre&nsd uo-
quires & constaut veiocity., 1o points to¢ tne rrigtion of tae
water against tno wetted poriueter as tus L0806 ..LlCu Opposes
the acgolerutlon und assuios tuul tno resistance 18 proporticaul
t0 tne hydraulic rudlus. oSPallns und Ohezy ure tu be regarded us
the autiors of tno furuula, Vv G} B  wnere

¥ & [OLA Volocity

C w & Coustant

K = Aydraullc rudius

8 2 i1nclluutlicu ver siope,

It becuws vory eviaent to tuv euriier i1avestigutors tuul
the laws mWit be derived frua eOx,orimontul duta, und ulter work
witn tnat principle involved, we Luve & for.ula by Proay;

RS » a vo bVe in w.icn Ya® uud "p* ure coerficients of Iriction
deduced from experimeala.

kytelwoin used tne s&ue form but fowlu differeunt vaiues
of *a® and 'O, Mony otaers derived furmulu but 1un every case
tue coefflicients woro goastant values,

The nuuy furiiudue wp to tuls tiwe did ROt recognlze tuLo
nfiveiice of rousnnoess of wetted perimoter, or degred® of 8lope

won the coerficlonts., A now understunding cf tiue gubJeoct was



oponed W by Lo 1lavestliguldoud Of Uubcy uua puzin, <They cul=-
struoted wi eaporimsutual caaal ovor 1800' lcet long, varyiag iu
Orosg=8ection, 840p63 wud dinlu. wutoriad, All IBUSUroONL8 WOre
pade with Lo croutool Curd uud Luve beeu LY bB8ls O wuLy Clu~
pututicns., Tuo princlpul fucts derived Irow Buzln's rosults ure

I. wne coeflricient *g® vurlos Witn Luv dcgree of
roughness oi wetted poriustor,

i1I. <ue coerficiont *o% Vurios Wit i,

Buzin's forulda nad tue followlng form v l)4£é§;. in
wolch A" wud "B" ure counstults varylag Wita tue surluces.

bazin diviued tane exporiusuils into five cutexorlies uud

10 fOollowiiy, 18 & tuble of rosulis,

BuZlA's COSLiicionta

oategory cnamnel A B
|
; genent
I ! Surefully Pluiisd poard '0.0000$6 0.000001 57
3 BmOOth Ashlar
1I Brick 0.000058 0.00000405
Unpluned sourd '
111 ! Kubble | 0.000075 0.UU00183
v karth ; 0.000085 0.000107
v i carrying gruvel Ju.ououz 0.00021%

This foruula 18 not wulversudly uppiicuble ultucugn 1t
gould be uwude 8C if the number of Culesoriea wero 1n0reused and
variutions considered Iop 4il posslble Cuses,

The tforuula n8xt in inpcertunce for pructiculd wse 18 tnatl
derived by Gungulllet and Xutter, bettcr xuown us huttep's For-

puwla, In tue developic.l of tuelr fouruwlu tney used Bazins us



basls uid eudeuvored tLu oubvuy 1u 1t 1.0 8ile0te Of Lue 8i0pe6 us

Wo4il ugd u poelutlicin betwoe. tue coeificlents of reu.uasas, Tne

cooerricioent ®c® 1in Lno Loria Vv = C V xd was put equal to y ,

L

whero "y* uud "X¥ uwre variubios dependiiyg Uscl Lo §10pe
aid PouLiLiess, Q.8 vuriution o1 Py* 13 expressed Uy "y' =

(a+ & + M) und variuticn or "x® by *a* & (a + g)n.
n 8

a+ e

Fornula | 2K QP + W - S
l+&(a+m
8

Tae deteriinutici of Lao various cunstuuts in this formula

will be cutiined, The formoc = _ ¥y Cun be eipressed use

14-%’
R

PRI ey SN L?" wilch 18 a stralgat line by pletting vuilues of*)
c y Yy & C
and %. A numbepr of experimounts were 80 plotted and ateaiuynt
iines drawu thrcousa poelnts, wilferent ilnes boing druwa 1or
differeunt 8ivpos, 1These exporiments 80 plotted were aouw of
Lhumpnreys uud AbbOL uuu scld® of bu2ln, ACCOrdl.g to Kutter,

Lo various '11nes dpruv. turcuei tae plotted poiats iatereect in

8 COu..ON pOlOt. TAL8 polal 18 Wnere Y =]l LOter = 1,811 feet.
This 18 tno conatunt *L* in tue gonerul foriula, We purpose to
8LOW LY Al&grui Of plotted vaiuea of "2* wud L that taeso ilues
have 40 Coumon interssctiv. wuud cur atgtomnt is vorne out by
110 stutowont of Herscnul 1n 118 buOKk ON FIOW Oi° wulor. ASswulug
taut tus polat of intersectic.a 187R ® 1,811 feel, Kutler makes tno
following statemeats,

I. Vuiues of "o 1ncroeuse witn docreuse of inciinatiou

when R 18 greutepr tnan 3,28 feel,



1I. Vuluss of *G® inoreuse wita lnorease of slope wuen L

is loas tnuu 5.28 feet. ¥Fron tno plotted resulls of .é. und *Q%

the values of *y* are uLouaured oi tue vert.icau. axlis, "
By plotting Lie values of Yy® us orainuteds uad *"A* as

abscissa a number Of polnts were obtalned wulcu were'asgumed to

lle won & stralgat ilas, krom wuere tnls iine 80 drawu intepr-

800804 1.0 uX18 Of ordinutes, tuo distauce L0 tue origou wus

measured s (o + L) and tuo ceustant %Y =z 0,00281 waus the tungs.t
n

®ade by tne line aud a horizontal tnroucn pointd of iutersection,
Tne vaisuwes of (& + 4) wud (L) bolng Kaow., tue vulue of *a' 1is
detormined = %1,6, n'mo Vtu.ﬁea of "n® were Obtulanod by & sruphical
metnod, &8s £0liowsa, plot Vaiues of *1% &8 absolssue und tnose of
*)l® as ordinutes, Assuus a serics o{i valuss of *a" und plot tuou

[
wpon the ordinate gfor *)* = 1l.811 feet, Plot derived values ol

(a ¢ L) won tue axis o:‘h_ordmuwu aad conneot tuo peints wita
t.uoeono: *n® py stralgat 1inea, kFOPr GHCR sURgliLg roud tho pro-
llid nupry value of *n®* inaicuted by tae position of tue poins
with relution 1o tuouo dinos, wnd tuking Xnowa vuiue of "u® 3zolve
for *y* - a + L+ R, Take reciprocud of *y* und p1ot on axis
of ordinates uﬁd a;uw & 11ne tarougn 1t dud gmuging. L8 poiat

wiore 1line 80 drawn iatersscts taue 8series of *n* plotted on orai-
aute h = le81l1 £1Ves Yulue of *n* to be used.

Tne conciuslionsd of Kuttor ure us £ollows concaruluyg tue
coefricieant "o,
Tno coefficlent iucreuses
1. Witn vho lacreuse of tie uyuruulic fudlus,
2.,Wltu dscroeuse of rousxunuds of wetted percriuster.

5e With decreuso Of 1uciinutlion wiuen i 18 .reuter tuuu 3.. E3A






b Wit 1nCrease of 1aCdinuallon wiudid Ik 18 1eod Luuu He2s 1u6t,

Tio fodlowiaug 1s & tuble of Vuiues ol *n® as assigued to
aifferent surfuces;

N ® 0,009 for velil pluned timver

N ® 0,010 for neut coueut

N ® 0,01 or comont 0ic=tulld 8und

N = 0,012 for 1upd.ned tikboer

N® 0,015 Ifor ugnlur wid brick

N® 0,01H for sewers wid Clidultas

N® Q0,017 for cunuls 1a firu gruvel

HNe® 0,025 ror cunuls wki rivers froe frou stunes
B ® 0,050 for canuls wiad rivers witi sone stones
N ® 0,035 for cunuls and rivers 1.: bad oraer,.

Tne values Of "aA% uwust LY uaswied by "guess und uilow®
metiuva, Wnich may be all prlgit for experienced wun but ia ppor
for @ novico, Texe fof exwple Lne [low of tne i1ssissippl river
using "u* = 0,05, wo obtala 4 volocity orF H.60 1ovt por secuad ror
& 8peCIf1C Cude wid Luvu udlig "a'= 0,010 WO (bluln 4 VOlooity of
11,55 feet per socund, Tulg gives more tuul double tine dlscamurge
for difforent surfucvs %.ion 1s very aurd to beiieve. Very few
prominent eng1neers velieve tuul 1f we savuld 11ne tne xulssissip;l
With COLOLb Luo AlBCLLPES WOUK LO AOUDAS LOPF i Suid urea .nd
slope wLiGu §008 tO 8.0W tu.l u sopaprute foruula 1a necessary I1or
urge rivers,

In all tLue foruulue 80 lul discu¥sed, wo liad tuul tue
velocity 18 usswméd Lu vury us tuo ayaraullc rudius or as tae
8qQuare root of Lio aydaraullc raulus and tno suwud Nolds trus re-

gurding tie varliation due to slope, Kutter's own ianveatigaticn



BLOWS thul & greal wud uucortuln error 18 iavelved iu assuning

tuat the veloclty varies us too /R.

THe Ioilowiul Qluglui. wid computution 18 now iubtroduced

LU substuntlate tne statewont previcusly nude ccncorulus the

interseciion Or i1iues araWn LuPougn plottea vulues of "i'und

[
*i% and to disprove tne statewsut of autter Luat 1t 18 at a

IR
point woen J

= 1.611,

Tho aata used belnyg tuken ircw that

used in derivution of Kutter's foraula.

Tue Loilowling daty Was usod 1a tue prepuration of Plate I

Allustraving tuoe eilect of cuange of siope wpon tne value of co-

efficient ¥cu,

Experiment sSiope

Neat Gement [0.0015 e 10282021 11,25 13,22 13,07 |1,08!1,02

Bazin gk A| 0071 0073|0072 | 00 . 0065 0067 | 68 L00KT | w6

Neat Cement [0,0049 254 (1099 [1476 [1.83] 2052 (2,55 1,39 [1.38 2,29

Bazin #2 L |+O08G |+008 |0079 | 0076 007 5|+ 0 4,007 |05 | 00 5
[+

Smooth Boar|0.0081 | S|5.24 3066 1402613086 3096 (3023

Bazin #30 1 |.@4 |27 o150 | 0176 § 0166 |0153

snooun Boars{ 0,052 | TH|5.77 1,82 lresi |4e05 | 3,68

_Bazin #29 8 lous SO |5400 01016 .00

Sm00th Boardsio,0047 - | P54z 1,38 3.8 15,65 3445 |3,32 |

Bazin #28 | % Q42 L0ied QU2 |OL0S |,Gi03 |06 |

Cement and

sana 0.0015 ° 1.62 (1037 1.2513,2913.23 11,09 |1,05 l1,0511,02

Bazin #25 % 0083 | 0062 LOUD | Q07 |Q0T |,00T5 Q72 10071






20.

EXxperinent pliope
e L P A D L L A
p——— & Lo R mmmrm_‘
vapluned P .
sourds . 0043 .&MMMM MMLMLMJ__
Bazin ¢l9 i |
10403101001 P90 1004 mmmw__

disalssip-~
Pl Kiver D, 0001 12

taﬂl&
Baone siver GUULOH R 1,007 0 528 aﬂ!&.pﬁl&.aﬁl&_m&__

&

TArup,L's ruruuda Lol o #40wW O auter,

Yl Loramulda fiwd bodu derivoed Lruia 8 wWide Puay0 Of oxXpor.-

mental duté uud 1t 13 suld (O bO Luo vesl £ L6 Kuowa luvirauwlue® Ly

LALY LYydAruaullc 6.LK1160r8.

It 18 u wodisrigatlion of Hugen's Icrwudu

Und was pubilsanod 1in u paper reud before Lu6 voclet, of wasinsers i

Luglana in

567 e

LOtulduile

V = velocliiy Of 1iov in leet por seciid.

R ® hydraulic radius,

L™ lengtii of chwuunod,

He* fall 1n d8ugta *L*

8 ® gogecuunt Of uupso Of 8400 (L)

a






1z,

X,0pli, ure® CLOILLCIOLLE UOPCLULLL WL L0 sl O La0 surducu,.

x

thea V . r: &
D‘ﬂa'.,

¥or swuld values ol "H' wOre accurute rosults ure cotuined

by BUDBLLIL.LING IPF Luo 1udOX "X® Luc Vuiue (X + LV, a=R) .
&

The Lollowiiy tuble 15 Wod in cumnectlion witn tals foriula,

Inpwepts Ferpuda,
Suriuce v A b ¢ 4
Wrouout iren p1pe 180 | U ULHTET| Va6)H Vl.Udo Ul 07
ilveted wvavet " Leced| ULLOLETH| VeOTT
Hew Cast iipe 1.65 (0.0l 47 tu.ul
2400 [(Osuu7o2({uets | o |
Leud ripe Le75 | OeUUL22H| u.02 VSt
Fure Cowout 1o74% [(Ueuun00 [0.07
195 Geuoo 2y Y3 SR
Briciwork(s.oota) 2eUU | Q.0UTTHO| Ol | UeldecH| Uy
Brickwork(rougn) 2400 | UoLUCOHD| 0.0625 | V. UIZ2H UeH0
Unpluined ucurds 2,00 | 0.00045L| Oebdd | G0 549 ULH0
Sumll gravel i
cewsnt 2400 | 0.01i6d | 0466 | 0.03958| 0.60
Lurge gravel in
censul 24,00 0.,014d5 0e705 | 0.07590| 41,00
Huldsarea wusonry <. V0 Ve0lady Veb0 0.070620| 4400
kaprtin (uc vecotutlon) 2.00 | 0.01556 Uei2
Lartn (8LLLBY, CUeil) | o0V | C.02144% | 0.76

Thrupp recognlzes tno iuch taut tne velocity varies us dil-

ferout powers of "nY w.a "S' ror difrore.l suffuces,

CX1lstiug vetween Tarup;-'s "o¥ wud tiul gouerally used 18

ihrupp's "% 1 @8 generalily used.
8

1ne reiuticn

Worklng witi tie suwie® 1ded tuut "W" varies diirercutiy Lfor vurious

surfaces, 4 nuuper oI coelficizata fur "o¥ aud "' auve been de-

rived a:d a coppuriscu 1s sub..lited,

Surfage

Pure Cewent

Unpluned bouras

goerri@lents ror hudius | Gverricients fordlg
nrwpp | Urquiaurt | TREWPP UTQualt
iu.w I B .
0.61 V.61 o5 i.72
Brickwork (snmootn) 0.61 0.612 2,00 2.00
Brickwork (rougi) 0.625 0.70 :.uu 4.:&21
$61; 2.00 1.6
0.615 i 28:&5& . .
0.66 i Qe73 2.00 2.60

Smail gravel ia cewont




22,

C00AI1GioNta Tur udls | 00, 18100k o
Surfuce Tarwp | Urquaart LLrupp urquiart
& yowell & koWedl
Lappe sruved 1. couent 0.705 Q.75 2.00 2450
Hamme red masonry (P14 Uelh 2400 2456
surtn( Lo wegetution) Ue72 0465 2400 2400
bartn (roucn, stony) Vel 0.75 2,00 a.00

DuldVATLIUN OF FUssUld
The derivaticn or & uew gonerul fOrLula Was now unuertaken

after & study of tie various foruula porelin outlilned uid disScussed,.
Tne rirst werk $0 be ungertusxen Was vo fiad 1L pOssiLie auv tue
velocity vuries witn i@ AydruullC rudius. Yue veliocitles aud
radll us duaitu taken wWitn Clustuni 810pe Were used iu Luo compu~-
taticn, ©Tne form O exprossiocn 4s aecided upon was

=&

V. Ky
that, Z2s 208V~ JOK V- o

108 R/= 10§ Ha
Vaiues of "Z" must be derived Lur Varicus surfuces uud

aud froa $a18 wWe nave

snupes of condult as wus found 1n Worklng tuls cut. Oa tae fol-
lowlng puge 18 given 4 Buupde Of Luo vWurs necessury. 7Tnls lo-
cludes, radius,logaritiuwm Of Padius, veioclily, logaribuus or
veloclt,, aud Cunmputed value of Yz* for neul CoLent Coadull of
conanuel, Compututlon for ®4% 1o ICrh 2 = A0 V, = LOK ¥ Lor

408 &= 108 K.
neut cei.euts

T

Kadius |L0b radius |Velocity log. veloolty z
04366 [9.565481 3.02 0.480007

0505 |9.704568 Se72 0.5705%3 0.655
0,605 (94781755 0.619093 04605
0,682 [9.855784% 0662758 0.730
0.750 [9.875064 04687529 04600
0,809  [|9.907449 0.709270 0.672
048667 94958019 04723456 0,465
0,915  |v.96l42l Q. 741152 0.75%




23,

Radlus A0 adlusg velocity 108, YVolo01ty Z
0. 94y Yey77266 5715 0.7596066
0,168 YeciH 309 e 5% Qe 92 HTHO
0.251 Ye o990 TH he sy 064465 0.660
0.528 96507656 ')Q“ 0.702431 0.45%
0575 YeH 14051 e 68 Q. 754 5% 0754
UeN 50 Yol 55468 6408 0.75590% 0. 498
O 474 96751778 633 Qe84 5581 0.702
0.518 GeTdH550 6.8 0.854421 04551
0.558 Y7466 5% 7.12 0.552450 0.560
0.595 e 774517 Te4d C.86%518 0.621
0.652 ¥,600717 Te65 Q.8525¢5 0.578
0.665 Ye82:522 A 7.86 0.8Y54R3 Ve555
Rag90 | S 5426Q% Ha07 -0y 003 15

Averuge ] 02640

Tno ,.pocedlii; wWticd 8 Uullliuod aud s40WaA WUd uged Lor
finding values Of tuw 0Xp0noit 8% 0o Vulriuud Cusos,

tne roesults o tils wWork 138 shown in Lo Iollowiis Labluktion:

vurfuco of cuunnels ’ Vaiu® o1 coofficient "3"
Nout ceisnt (sewicirculur) 0.610
Neat ceicut (rectungudur) 0.610
PlLuned bouras (suidclireuldar) 04750
Pluned suuras (rectungulug) 0,750
Uabduned souras 0675
Briok susounry (swooth) 0.012
Beick dugoury (rougn) 0.760
Smull gravol 1n ceuont ( sewmicirculur) 0.750
Smaldl » b ( rectunpulur) 0.600
large gravel m cuiudnt 0.750
Rubble iagcury (cloean) 0,750
Kubble aasoiry (dirsy) 0.750
aalbii, MugLury sidewullis 0.7V0
Smtid Rivers (roegulur) 0.650
. Irresudur idvers (rousnf) 0.750

MOre tuun 350 vulues of tuo coelticluat *z® wore cumputed

did tn®e meunl YAl uws folid wud 4% - 0,7512. FrCw 4 cuupullaon of



b, Wit ducrease o1 laCiinatlon wWiuen Ik 18 losd bLuuwa He.26 1vet,

Thuo £0410Wiag 13 & tubie Of Yuiuds of *n® uas assigucd to
airferent surfuces:

N ® 0,009 for well piuned timver

N ® 0,010 for nout coueut

N ® 0,014 or comeut 0nc=-tuild 8uud

N ® 0,012 for 1upd.ned tiwbor

N ® 0,013 for aghlulr und brick

NS 0,01y Lur sewers wud cliadults

N® 0,017 for cunuls 1a f£irn gruvel

N® 0,085 for cunuls uua rivers froe fruu stuncs
H® 0,050 or canuls wad rivers witn suine stones
N ® 0,035 for cunuls and rivers i.. bad oraer.

Tne vulues Of *AY wust Lo usswied by *guees and uilow®
métLava, Wiich may be 81l Prlgial for experienced wun but ia ppor
£or & noVico, Teke foF exawple Lue loW of tne uississippl river
usiug *"n" = 0,05, we obtala u velocity o1 5.60 reet por socund ror
& 8peCific cuse wid tiuon udlig *a's 0,040 we Cbtulin 4 veloolity of
11,55 feet per socund., Qulyd gives more tuul Aoublie tine dlECAuPEe
for dlf:orout surfuces wi.icn 15 very aurd 1o beiieve, Very lew
proninent englneers velieve tuul 1f we sauvuldd 11ne Lne xlssisslp;l
wWith COLBLL Lue Al8CLLPEO Wouki DO AOUDLS 10PF LAO Buud urea .nd
slope wniuu £008 1O 8.0W tu.l 4 sopapule foruula 1a necessury for
lurge rivers,

Ia all tLue foruuluse 80 ful dlycussed, we Liad Luul tue
Velocity 13 usswwod Lo vary us ta® ayaraulilc rudius or a3 tue
8QuaAre root of Lud Aydraullce rudiud anu tne swu® nolds true ro-

gurding tne variation due to slope, Kutter's own ianveatigaticn



BLOWS thul & greal wud uncortuln error 1s iavelved li tssumlng
tuat the veloclty varies us tuo /R

The IOLlOViLg diuglul. wud computution 18 now iutreduced
t0 substuntlate tie stalewent previcusly Lude ccncorulis the
inter-eciion Or Llues aruWon Lorougn plottea values of "il'und
*1Y und to disprove e stabeweul of autier Laat 1t 1s :t a
po“fm woen 4 = 4611,  Tiho aala used being tukeu Irci that
used in derivulion of Kutier's foraula,.

Q0o Lfodlowing daila Was usod 1 Lae prepuraticn of Flate I
Allustrating tio errect of cuange of 8i0pe upon tue value of co-

efficaient Yeor,

Experlmont slope

Reut COement (0.0015

1,65 (2,42 11,28 12,22 13,25 11,22 |3.07 li,0811,02

R

Bazin g24 «0077|+0073|+ 0072 | + 006 . 0068 L0067 | L0068 [OOCT | . WE;
NHeat Cement [0,004§ o4 |Leyy [1a76 (1463|1052 (14545 (1,39 (1434 1.29

B (N AN My S
Bazin #2 +0086 |4 008 |.0079.0076] OO75[. (074 [.007% | 005 | 40 &

Smooth Bourdsi0.0081 20L5 %066 14026 15:66) 5096 15043

Bazin #50 245 | ,0207 |00 | 176 § 0166 |0155

Smooin Board 0.0L52 De17 482 o34 |4,05] 5,68

-Bazin #29

L1184 010 o106 &QT,L-()W
Smooth Boards|o,0047 5087 %38 389 15,651 5485 13032 34

QL2 LGz [OI0G L0035 LOpE

el ferlpenller e

Cewent and
sand 0,0015 1,62 |1037 1225 1019 1,23 (1,09 1,06 11,051,01
Bazin #25 20085 |2 0062 3 | 0074 Q7L
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Exporinent plope
Uiplaned P
bourds P.006 | _J12409 3eb70 dasd lhals
Bazin 20 & :
20106 101031 ,04021,0J0’%
Vupluned P
oourds  Poovt3| El2ad6 lheiis Aa061aa96)
Bazin 19 Py
2040510100 | MR IS 100K
Klsslualp-
Pl Hiver Do 00UOL 12
P
»-1
.
Baons siver|GOUOLH R
&
G

& 1yt 0L | &

i
3

TacUpy 'S silLudu Iof b rlow Of auter.

Ludy forauda nug bodn derivod Iruvia U Wide Puuu0 Of eXporli-

montal datd und 1t 13 suld (0 b6 Luo pesl f Lue knowa lourawlue vy

Lany nydraullc oengineers.,. It 18 a wmodirfigation of Hagen's 1orauda

4id Was pubilsaod in a4 puper reud bverfore tnd uociety of sasliusers 1li

suglana in 1867

Lotubtlulle

V = veldocliy o1 140w 1la I'cet por seglud.

R *® hydraullc radlus,
L. longtis of Ciwunod,
H* full ia leugta "L

& ® gogecunl Ol wiupid Of 84050 (4)

a






2.
X,Uphi, ure CLOLLICIOLLE WOPCLULLL Wivih LY wulbllfe O Ln0 surduco.

x

tnea V - .
U'VJS?

For suull values ol "u" .ore accurute rosulls ure coltuliued
by 8UDBLIL.LLING LOF Lo 1udOX "X" tue Vuiuo (X + X‘V ‘g_-_n) .
o

The 10llowiiy tuble 15 Wsed i cuanectlon with tuls Lfopiula,

Inpwepts soerpuday

surrace N Y A ¥ 4
Weouonut iron plpe 180 | UsLUHTET| Veb)H | Ueude | 0.07
ilveted vacet " Let2d| ULUOLETH| VeOTT
Now Qast kipe 1.65 |{0.0un 87 to.ﬂ
2400 [(OsuuLT2|(0e0s | . |
Leud ripe 1e75 | Go0UHZ2MH| ve02 | |
Fure Cowout de74 |(UsLLHLO [u.u?
de¥5 Gaulo429| Webd |
Bricsiwork(s.ooth) 240U | Qu0UTTHO| QoGd | VeUde2H U0
Bricrwupk(rougn) 2400 | GoUUCOHS| V025 | 0.0Z2H UsH0
Unpluined ucurds 2,00 | QeU0GHDL| 0ebdd | Gal s4Y| ULH0
Bumll gravel iu
ceusnb 2400 | 0.01i5d | Vet 0.0,96] 0.60
Lurge sravel in
censil 2,00 | 0,01425 | 0,705 | 0.07590 1,00
HuLdmarea sasoury 4400 Ve0daay Ve 60 0.07020| 400
kaprtn (uc vecotatlon) 2.00 | 0.01536 | V.72
Lartn (sleuey,rCucii) | ce0U | 0.02i4% | Cu7c

Thrupp Pecogulzes tno iuct tiul 106 veloCclity vuries us dif-
ferout powers of "a' w.a "8' LIur difrore.l suffuces, e reluticn
eX1stlug between Tarwp,-'s "o¥ wid tiul gouerally used 18

ihrupp's "S> é a8 generully used.

Worklng with tue suwe 1ded tuut "W" vuries dilfercutiy for vurlous
surfuces, 4 auuper o coelficionts fur "o¥ aud " nuve been de-

rived a:d a coippuriscu 18 sub.dited.

goelri@lents for hudius ;\ﬂx'.lulagh‘zmxvrw

Tnrupp | UrQuiaurt nrWpp T rt
surface !

iU-&T 1 LTw :
Pure Cewent 0.64 V.61 95 i.72
Brickwork (snoota) 0,61 Os6l12 2,00 2.00
Brickwork (rougi) 0.625 0.76 l&.ou 2400
Unpluned sourds 0.0615 l 9.86; 2.00 l.62
.

Sgall gravel ia cewont 0.006 | Q.75 2.00 2460
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Burfuce tarwp urquiurt inrupp urquiurt
Fouoll & FOWQLL
Large gruved 1u couent 0.705 0.75 2400 2450
Hanwered mascnry (A1) Vel 2400 2406
surtn( Lo wegetutioi) ve72 0465 & 00 2400
kurtn (roucn, stony) Uelo 0?5 2,00 2,00

DEUIVATLIUN OF FuisUld

The qerivatlon Or & uew gonerul foruulu Wus nuw unuertaken
after 4 study Of Ui Vurious forwula norclin outlilned uid disScussod,
Tie Lirst werk 0 be unaertuxen Wus ve fiad 1L pOsSsiLlo auw btue
Velocity vuries wibth Lue AydraullC radius. 1ue veiocitles ana
radil us duiu takea witn Clustuul 810pe Were used ia Lo Compu~
taticn, Thne form Of exprossicn 4s aecided upon was

Y= i aud froa 1a18 We nave
Vo Ky
that, Z= Q0B V.= JOK V- o
108 R/ = 104 &,

Vaiu.s of "Z% must be aerived Lur Varicus surluces uud
snupes of condult a8 wus found 1n Worslng tuls cub. Oa tae fol-
lowing puge 18 glven 4 8u.pdo Of Luo WoPsn HOCCssurY. Tnls lo-
cludes, radius,logarituuwm O Pudlus, vVeloclily, 10garibaws or
velocit,, sud cuiputed value of "4* for nout coent Coaduli or
counuele Computatlicn for 4% 1u r'crim 2 = A0 Vo = Loy ¥ Lo

408 s = 10g K.
neat ce.eut.

Radius |ios radius |Velocity log. Velooiiy| %
04366 [9.565481 3402 0.480007

04505 |9.7045686 3e72 0.5705%3 0.655
0,605 |9.764755 4.16 0.619093 04605
0,662 Ye85578% 4,60 0.662758 0.730
0.750 |54875061 4,67 0.687529 0.600
04809 |9.90744y Hed2 0.709270 0.672
04667 |9.95801Y 5e29 0.723456 0. 465
0,915 |v.96i%2l 5454 0.744152 0.75%
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hadius d0g dwaulius velocity 108, Yeiocity Z
0, 4y Yey77266 5eT5 0.729668
0.168 Ye22530Y Je % Qo 25740
0.252 Ye 996 TH oSy 0,6%2465 0.650
0. 522 P¢507856 He04% Ve 702451 0. 45%
0375 Yo 14051 He b8 Q. 75448 Q. 754
Ue#50 Yol 55568 6408 0. 76590% 0,498
0. 474 94675778 6esd 0.515561 0.702
0.518 9eTd#550 6.85% 0.8 54421 0551
9.558 Yo TH66 54 1.2 0.852450 0,560
0.595 Y 774517 Tl C.86%618 0.621
0.652 Y,600717 Teb5 0.0825¢H 0.578
0.0665 Y8262 ) T+86 Q5543 De5%5
RabR6 1 J.5426Q% Ha07 La20648158

Averugoe ] D620

Tue , precediiy wtinvd wud vubiliuod aud su0¥a ¥usd used Loz
finding vuiues 0f tue 0Xp0noiit 8% £of Vuliuusd Cusod,

ne redults of tills wWork 18 showan 1 the 1011l0Wliw LULIURELOM:

vurfaco of cnannels ’ Vaiu® o1 coeflficieat *a"
Nout coisnt (semicirculayr) 0.610
Neat ceicut (rectunpulur) 0.610
Pluned bourds (suidclrculdar) 04750
Plunod svuras (rectunxulugr) 0,750
Upduuod souras 0.675
Briocx susunfy (swmooth) 0.012
Brick angoury (rougn) 0.760
8mull gravol xn ceuent (semicirculup) 0.750
Smadl » . ( roctangulur) 0.600
lurge gravel m cousnt 0.750
Rubble wuscury (cloan) 0+750
Kubble .asciry (uirsy) 0.750
Bartbi, Musuury sidowullis 0,700
Smuil Rivers (rogulur) 0.650
_ Irresudur alvers (rousng) 0.750

More tiun 350 values of tuo coelricloat *z2® wore cumputed

Qiud tne meun Yaiuws foWwid vwud ®4%" = 00,7512, #roeu u cuupurlson of
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tLo vVaduwss ol btue coelticiceant 8 1ina Luut Iorf s.ald C.uuilneis
1t varies aa tne degree of reugLiesy wad Kla80 lucreasos witn
incpeuso 1n rousuii®ss ol wetted poriietor,
Tiske CO&Es LOLnul ¥0% 1iv vusd V ® ¢7/ i
Tae 1oss Oof meud in & cauundl duwe L0 rosistaices sy be

expressed by tue toruuld, Hx £ u_‘_{wuem "% 16 loat uead
. H26{ *L* u Lrictica factor,

FProm talsd Cui be derived

rﬂ:.;in- W or v.@yﬁ.o/@—.

Tnis 18 usswuliy Ll L0 £o313%LnCos8 ure propoertioiud Lo tne
7R but 1t has deen iound Luul LN0y ure &OPe nearliy proportionsd
to ai and furuwla, Ve p K$)8 will be uved us & busis Lof furtaer

iaovestigation, Tnise cuu uldso be written, v e p aﬂn_a' waere tone
vaius of, "c* = p k¢ , T0e Liberty 18 tuxea Of iulroducin, into

Lo foruula ror *0% u oconstant "R walon wildld vary with uifferent
degreos of rougnnoss of wetted perimeter, and thne foriula ag 1t aow
stands 18, *c® w P7J/R(1i+A).

A triul vaiue of *p* 18 now ussuned u8 50 wid tuo £0LLlOWiie

data in netric measure usod 43 8 bRsls for furtier calculation,

R= 1,0 meters, & = 112+0; R ® 000208 weters, 0 s 04
now, 200 B 228 , NONCe (L« m) ™ L+ 1e24

2 .
Also, o, ® 4e21 , omce §l eRB)= L+ 5021

5 . S

If we divide ;;g}q 0+556 wilon equuls 740208 aund tuorefore 'a* Cuu
Se2
be expressed by tne foilowing *c® = 50/K(1 + ?_) £Or RALr10 LOusSure
®
Ll 48

*c® » 66/R(1 +§_) £OF blusllBii kBGIULO.,
R
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_ - 10
Frua Lold 60 Can daiam & Vadlo aur "u® wiaca 18, tiie
tunuoal wuen Vadws of__ 0 _ )" uad #su‘-m WFTI AL TE
, 6‘78
THO 350 Eulplogd Wod 14 Lo cLapututlen O Lo Vauriublion OF 4% wort

Wod 1o Lindiie Yusuos & "0 Jop L0 VUllows 3ulluces of LLd Cilile
VI8, A 83U, . PAO LU0 O 0..43 CliwUbullcu 15 14500004 uOPO BuLlWiiig
SRLEOU Vuludsd Cf "4", CGLpULod Vuluos ui "u* Lrun Ve UJRS8, tuo
*YH,* Lo recippucus OF YYR®, YUY diviued by (PYR) wus e Values
Of "u® wit: 0.0 Lliud uvolugo,

POLAOV i $ad8 Cu.opUbuiLid il 38 8 LublB siVviing udd VYuiuod i

"' ul derived L£or L0 Vadivuwd sulluves,

C
Gempututicn of Yu® » EZE;‘ - 10 1or (ncutl Cewdut)

——— —
Pl o© R | /R | %8 | 6fr| =™

66 15840 0.60)H Qe ded e 245006 decls
L4642 lt&b}r d¢470 0.')?‘ -‘.0,0 1.960
detey Oe 66 0.775 deils 20509 dedid
355ed | 1a0,% | 14005 | Ge¥yd | Ze530 | desid
$D%-D Uo ity Qe 90t de Ol < e 40 desd)
d:i00hH Ga iy Gl del¥5 24240 4005
116.5 (VPO VIY.) 06640 dedi 2e87(H de Ul
d4043 0.v65 Q997 d,002 e i do2dH
dode 0,767 Oy 4,000 2eddd de 004
Ag5e3 | 0e659 | Qa7 | 2049 | 20440 | 2,0%0
d4le7 1,02 1.005 Qe¥vd ded)d dodipV
1254 0.293 0.7UY de440 2670 dedodH
126.9 0.)4.& O, 7‘)4 lq"ﬁ.d 2o 2% dedH
Likdelt | Oui,0 0.610 deidH L% +ed
l)).b Oebds Q0690 l.*?? oMbl 1050)
157.2 0,652 Q.89¢ deldiiO e 0 deda?
d57e8 | 0ab0YH | Qevld | 1od0H | Geyd0 | dodsy
do8e2 | 0,096 | 0091y | LeUuM | 24265 | 24270
A47 Y <o %Y hed¥> Qed 0 deb s 44080
dhH5e6 deddd d.205 046,50 de o0 44240

AVOTug®  d.doe
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BOrived vaiuosd ol "w® [or add surilucesd used in t$.l1a work,

Neut Oewent (semicirculur) ded5H
heat Oeuent ( rectaungu.iur) 4.150
Pluned sourds (seidcircudar) Oe¥2)H
Pluned bourds (rectuugudur) 0.¥20
vnpluned Bourds 0.566
Brick sMusonry (swooth) 0.620
Brick uusonry (rousa) 0,500
Buull Gruvel 1a couent ( semicircular ) 0.375

" ( rectangulur) 0.290
Largo Gravex 1n ceuond 0.250
Rubble .ausunry (ciean 0.100
Kubble .ausonry (Jdirty -0.100
aupPti, uscary walls «0,220
8mll Rivers roguliup =-0,2%0
Icregulur rivers =0.%20

The eifect of wrong .electicu of the vaiue of *m*' does .ct
huve u vepy great effeot wo: tiue cuiputed verocity as derived Iroui

tndé finud forwula,

100 vauriution in veloclity dus to variation or Lo

slope Of canannel.,

After trylng several metnods 1t was founu thul 1f we dosly-
nuted (106 810p6 &8 8, Wita corresycadily velocity Vv, uud another
by 8. witnh velocity v. , we obtained for eucn pair of two cases
with eguial values of R und (o saiw surface material but differe:nt

s8lopes t.6 constant reldation

=
v
1i Otuor Words, 1in ull Cuiparabld ocuses waita equul usun
fadlil but wita dirferoat 8i0pes, Lho VeloClly Vuries us u certaiu
power of Lue u40p6, 4Abuvult 200 cuses were fuuund wiere Lwo gaugings

could be cowbined witn equual valiuesa of "R® and varying siopes aund
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£rol L0868 L0 povers L0 W..iCu bLiue 540p8 wust be rualsed wore
doduced., Tnd fur.. used Wud
A= &2&_!,___.}9&_!;.‘ - alld (116 Values

AP0 E1ve. lu u tudio L04l0Wiiige

Variutioa o1 &i0pe,

surfuce goeiiicient *"x%
Heat ce.cnt (asemicirculur) VeS8
Noul cexent (rectungulur) 0.58
Pluned bcards (sewicipcular) 0.57
Pluned Bourds (reotungulur) 0.57
Unpduned sourds 055
Brick uascuary {smooth) 0.50
Brick * ( rougn) 0.50
Suull Gravel (semicipculur) 0.585
8uull Graveld (rectuagulur) 0.385
Lurge Gruveld . Q.80
Rubble sasocnry (c.eun) 0.68
Hubb.ie . (uirty) 0.42
dAPLN, kusonry wulls 0.55
Smill kivers, regululr 0.50
Irregulur kivers 0.50

The greutest uncertuinty in any e 18 ian tue vuiue for
Rubble Lusoary 48 tncre wus very l1ittlie data obtuinuble,

Tae fori of tne gonerul foraula hus now cnanged L£rom
i, Y a O/RS s = O
= p R*?’E - %0

2. v

5 Va 667K + n)B/R, - to

4, vz 66(ky + w))R)6, ~nere y = (4 - §) - t0 -
Se v e 66(RY + n)R o%,

Now arter deteriining tue cuelricients to be u.iiled tu
R uud 8, 1% 13 vepry evideut tual tne value 66 18 no% a ccanstant,

80 tnut 1% now develves uyun us to rind out what sanould be put



18.

in 1ts pluce.

Tne formulu iusl LOW DO OXLr330u ud V m cmy L)y u*
where "0 is ei1t..or u coustaat for eucn kKiud or surfuce or &
variable, if & variable now docs it vary! Tue netnod used was
tO coupute Lue vaiud of "C' 1or eucu kind Of suPfuce usiag toe
values obtulned by forier work fortne coelrtivieats of 4% und "5*

und also vaiue of *n*,
0= m_umu{__ .
(&Y » n) Va8

Oover 300 vaiuss Of "U® were computed ang 1t wus round
tut 1n every cuse 0" wus u variablie, 'the problem now was to
f£ind aow *0° vuried und after severals trials tne furu dascided
Wwon vas, 0 = (& + bR). Tnis seousd 10 fit tae Cuse Quite well
and tne most prodbuble vulues for euch Cuse were cuuputed by
aeans of seest Lquurod,

The obaervatica equuticn 18

c = (a + D) &and tuoauaver of equaticns ror each set
Or surfuce 1s aesigunated by *n*,

The unormal ov.‘guutzuna are
I. ¢ « & ¢+ bi
II. RC » &k + ba®

but a3 tnore are "n" observation equaticns tney now auve
tne roru
1. ICenh + DILR
11, Ike S aTh + bIKR®
in order to 8olve tror tne cuustunts *a® uaud "b* we must wultiply

FL by IR glviug s JikZ0 gz nliku = DI Ik

g bY D glviug, RYKC @ O JSlu = 0ol &2



#3 tuerorlore,

#4 aad

Tnis ARA8 1t necessury tC Clapule vyaiues tcer 2R,

LY.

THYR, $0, TK® , TR @0d TR0 uid S0LVO OQuALIONS y3 L:d w4

for *4® unuy "¢,

A saple Pugd o1 tilis conputution 18 Blven, also work

fopr 80lV.ing equutiony for Y& and "b® fur Lus cuse of "Uaplaned

bourds,"

solving for c in V e o(R"”

Ug‘&-kbu).

Unplaiidd Boaras,

4+ B06) 6

5-77,5—:‘—

R ao. 178 R o,n:'e“ 8 8 ©.68 }T v o
21N | (76355 | 1.6295 | LOKH) UBYPH | 4626 | 2.85 | THeTd
2e99 | 8095 | 1,6755 v . HHOB | 3,87 | TH.EN
12 | L8565 | 1L.¥223 . . OHLE | H,58 ' Ec. 28
.“99 0655“ de 7514 bt . « 1064 5.12 6ce86
6148 | J¥2Y2 | LaT652 . . o 7861 | Hey2 8% 47
o700 | «959H | 148055 . . 8566 | 6,48 | 90,67
e 30N | J820% | oo | JOBNY | 405309 |eH35Y | Helt)s | 85627
Myl | 48852 | LeTHI2 b L] e 7056 | 545% 6557
o612 | JYAT6 | LT85 56 . » 07823 | 6.26 85462
o705 | « Y402 | LebUOR . . B50% | 6476 65021
W8UB | 09655 | de2Y3 | ® b 18958 | T2 | E4.d2
0500 .5855 107-1-')0 .006)3 00721& 07071 7057 5“0‘)
0621 | 4Y2U0 | 1,7860 | * . o708V | 8eT% | 85415
255 | o 7873 | Le6555 | «005Y 05942 | JHORY | 5498 8024
625 | «9205H | 1,7865 . » o 75935 | Te2¥ 86,85
o686 | 4 YH05 | 18065 | * v 8202 | TeTd | 86475
oI81 | 6284 | L .60VHM 00082“‘ 0071~1 obb}y 3033 8‘.52
W66 | JOBTHY |LeTHOY | © . 06626 | Ted7 | G4 %Y
.506 « 8876 107356 & . 0711) 70“ 0).52
0630 | 09223 | 1e7683 | ® . o 1951 | 8457 | 82ed5 [




soldving for *a® and *p*

in

D & p I - = ) o | SN
n__ag__.z.m_n TR ~ S iGA 10,4008 = 149

20,

12 RO

0.045796 16.2019%
@mzQ =-DbD3R __ w» L5122, 9 e 75,64 0Q.0554501 22.67616
20 20 O.10y744 53.88268
0.245001 81, 54714
0. 58192% 52,20246
0. %50000 63.%6900
ns 20 0.116251 28. 59507
0e 248004 $1,61756
TR ® 10,352 Q¢ 5TH544 5117544
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0.250000 %2.31500
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i 0.#70596 54, 89678
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‘ 0.217156 3y.57234%
TRIO B 17221,7908 0.256036 We.26412

23204450

TH® metnca Just outliined wus used to Iiud vtne followiug

conatants,

Burtace a b
“: .
Neat Oeuwsiit (semicircular) 130.0 20,0
Neat Qersnt (rectungulur) Y27 43,0
Pluned bLourds (senlcircular) 99.8 9.0
Pluned pcurds (rectungulur) 90,0 18,0
Unpluned Bourds 7156 14,9
Briox uunsviry (smooth) 525 15.%
Brick aasoury (rougan) 81,53 745
8mull Gravel ia cemeat (semicirculur) 3143 2.9
8mull * . e rectangular) 28+2 87
Large ¢ A . 29.5 4,1
Ribble Masonry (clean) 153.2 16.5
Rubble iuagoipy (dirty ) 2da0 14.6
kaptn asonry wWalls 79.% 2
Bill kivers (regulur) 71.5 de¥
Ivpogulny Rivers 71.5 le3
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<he final furi Of L4 [oruula 48 derived now 1s
VE(ae+bk) (R +n)yR8* 14 wuicn
V & L8ul VolOCALY
N @ hydraulic rudius
5 = slope |

Q,b,L,%,Y, are conatunts ror different clusscs ol surfuces
and are all found in tuble I on puge( ) OF tuld VOluie,

The mOuRVelocity Cun be computed by tnis furuula with use
of tables XII and IIX wits ouipurative easo and rapldity,

HO claim 18 mude for tne ucourady of this formula other
than 1s suown from tue compurdscn tnut £ollows but we find taut
it gives reaulls «as aocurate und s8ouOtines wore accurate thui
Kuttor's formwla, Luck Of time alone nus preveuted & wmore
taprough investigation of tne luws of tho fiow of water in chan-
nels.

CuNPARIbUN QF ¥ ORNULA .

In order tu sncw in now fupr the general furnula &s derived
ia thls werk accoras witn the resuits obtuined by the use of
tne formulas of bBazin uud nutter, tne ollowing Cuuparisons ure
nade., The vulues of "n* used in computatliui of velooity Ly Kutter’s
loruwula were tne neans ol valuss Of *n" as found by 801lViug autter's
formula rfor *n*, This gilves Kutter an undue udvuutage, because 1
appiying his foriula t0 an UNknown Cihuunel & gUess nKust be uade
for *n*, M Bazin's values for his four categories were uised 1in
compputing veloclity by nis roruula,

A series of columns Cl' Alffere:.ces 8.0W DOW wuch the
conputed vuaues differ frou tas ovserved uud tue error in per cent

is given 1in wnotner series of coliumnas, A DOun vulu® ol tne
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percentuyze ol eprror 18 tuscn 1la euci sSories. Jymbols ut nsad ol
columns ure; B, fur sazin; G « K, for Gaingulllet wund auitor;

una U & P, f'or Upquahart and roweldd,

Canpuridsca vl ¥ululudao,

bagln 24
velocity uifference kPPOr rercoul
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wipPlanutbicia of rdute 11,

The resulls O Lid Cuig-ullsdun i Lieuaty-five series
Of sUULLIES Ul B..v.. DY LOuLI Ol 4 uluglui. 140 wgu. percentage
of errur 18 fvund Lruw 6ul.. 86risy 18 plottou ug ubsclsuu, 1Tne
results us dorivod frow tine tnroe foriuula uro ,.lotted 1n tue
8uu® norlzuuatul 1l1in® 10r ouCn s0rLi068 uad Lus 390168 ure ult eyuuld
spuceg vocticully., ©ae vuricus poelats 80 plotted by cusnecteaq
by d1laes,

Derived foriulu, neuvy, 1ulld iiane

huiter's . s, wotled .

buzin's . s GOl aldduwsi.

1018 10 Gi0d L doscnstrutlea Was USed w8 1t vius tuougnt

00 Lk tuie resudts cleuror tiluil iy OLiLoP 1a0tiiCd.

DaiA.

THO Audiu USvd 1a thne werlivutlon und conpututicu of
foriulu Wus solected Lrun & kreui uss of experiueuts, Only
SUuCii dui u8 hud appurontly vee.. Lunt. wil.a Lne greutest cure
be.ng used. all luforimtion CuuCoriulng a6 cauructer ol tuc bed,
the nuuber O experinents wad i®b,0Uus Ol Ledsuremeul belny i~
voegtigauted wnenever pouslblo, wlOope neusureents wore also tuken
wWita greut care, 1ne varicus ootnuds of weusure.eilt were by
Leasurii, »reviouwsly e quuuatlty ol wuioer, PLLoiy tube, riouts,
wiid current weters. Tno autd 1nciuwdoes, uatiioclt,, w84 Aydruulic

faQlus, 84000 uid LOal VEOlOClly.
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Date used in tue derivation of formula,

Location Mean Mean goefficient
Autnority Hydrau- slope Veloc-
and lic xu- ity. c = Y
description diug . Ll raat
Test channel *Darcy and bazin 0.366 0.00150 3.02 128.9
Neat uement #F28 0.503 ” 3,72 135.6
semicirculur *Rechercnes Hy- _
drauliques® 0.605 . 4,16 158.0
0.682 . 4,60 143.7
0.750 v 4,87 145.1
0.809 » 5.12 14%7.1

0.867 . 5.29 186.7
0.915 ‘ 5.51 148.8
094y v 5.75 152.5
0.992 . 5.912 153.3
1.029 v 6.06 15%.2
1,034 . 6.11 155.1
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Mouii @tun
Locution Hydcrou-~ S40pe Velioc- soerricient
aud Autiiorivy 110 swdlus OFf Ly
Descriptioa - 1n feeot ouriuce (o@tL per O e _ Y
86C, ][Egj
Tegl Cuuinol  Luloy Vedbo Q. 004y Se 5% d16.5
Heat Goi.eiil wid CecHd . k.59 1zhel
HOC LUl wlkea buulin Ce 522 . 9o (44 lz6,Yy
2 0.575 . 500 152 .4
Oaliju . C.00 1354
0. 474 . 0e5i 15544
O.2l6 ® 6.0) 30D
0.058 . T.12 156.2
0.595 . T.41 1,7.2
0,632 v 16} 1,7.2
0.6065 ¢ Tecb 1570
0.696 . 8.07 1sc.2
Test viunnel Durcy 0.030 Q.4152 167 875
Culosuldy pluind ald C.043 . 2e50 90,0
Bourds Buzin 0.053 . 2408 PR TY
kegtungular 729 0,061 . 2¢00 Y05

0,074 v 5056 LUbLH
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saeun Mean
Locuticn Hydrae- slope Veloc- voerficient
aid Autiority 11Cc rudius or 1ty
Description in feet Suriuce feet yor O = _V
BOC... ZE&
Citto 225 0,0y 0. 0047 0.50 765
0.052 . 1,50 850
0,060 . lebo o9
0.075 . lo.7% 927
0.00% » 1.94% 7.6
0.091 . 2.11 102.1
0.093 L 2,16 05,2
sudbury Ftoley 1.863 0.0001606 2.529 146,.,2
2.0 0.0001596 2.672 47,9
Condult aud 2.111 0.0001580 2.505 155.6
Plaster of stearns
Pure Oenent
Test Cnunnel ®*purcy 0.590 0.0015 2,61 107 .6
Pluied sourds  aud Q537 . 5e2 115.8
gemlcirculurs Bazin® 0,632 o 3.7 120,.6
#26 Q. 717 . 4.04% 123.0
0.7v6 . 8,25 23,2
0.856 . 8.5 i2H.8
0.921 . N, 68 l24,.7
0.9564 . 4.87 12542
1,015 . 5400 128.2
. lb“ o 5. 18 l)Oog
i.096 ’ He2Y 130,
1.129 . S5 13243
1148 . HeHl 1355
Tos. Caawiliel vparcy 0.029 0.0047 0.9¢ 765
Pluued Boarus wid 0.052 0.0047 .30 8,540
(%9 , .
Keciic,udar sugige 20900 1.0¢ 89 %
e ST 04075 . .74 y2.7
e 0.084% L 1.94% ¥7.6
0.091 ’ .11 102,1
0.0v5 » 2.16 10342
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Locutlici MdOuil Mduii Goerlliicienul
uid Autucrlity jurauddlc olope Velouitly C=_V
Lescriyntion aual s VR
1838t thiui-neld “hurcy 0.235 Q. 004y 5357 ¥9.1
Un; i@ saldd uud 0, 5%a L] 4. 43 10843
aecltuniuaul LuLin® Ve 40 s 5005 140,2
O.%4y0 . 5.5 1lc .3
#dd VeHHo b Hek 1l5.7
Q.6d2 . 6.0 44,3
0,604 . 6DV Ld4e2
0.703 . 6.76 live3
Q741 . 7«00 116.4
Q777 o T.cO d46.7
(¢ P-4V » 7.42 d18.0
Va8 5Y . Teby lic<#
Test Ciusnel *ourcy 0.147 0.00c2% 5.5 101,.4
Vaplunod sbvurds and 0.2 54 ) 4,42 104.4%
necltunsudur Buzin* Ve26Y . Hed)S duy.b
Ved93 . Gel 1097
R I Uedsd L 6.(4 ddjed
v. %060 . 747 11548
Ve HUuo . o444 diH.2
0.54%1 . Te15 115,86
00972 . Oe 0} lLéo,
Ve 004 . 846 i117.1
0.650 . 857 d1Y,0
Test vuuuneld "purcy Ul 0.00ks 2,71 Ee¥5
uwl»‘.&lleﬂ Louruy ulid 002?2 v 50 70 IOLQZ
KOOV Wit ular Buzin® O. 342 " ko35 100642
O.402 . 4.8H 10Y.4
#’7 00 452 . 5029 11202
VeH0% . H.64 443.0
Ve HW7 o He¥3 1l4.5
Ue 587 . 6.23 116.1
U.628 » 6.45H 116.%
Ve 0062 » 6.71 d17.8
Ve 650 . 6.50 dl7.Y
0.727 ’ {edd dly.8
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LCC.viun Wl weun vovelrficlent
wiid Autaority Hydruullc wicpe  VoioClly (U = +__
begcelitlon sadils 1e0t. &
Toest il t LEI 7Y J 3 0.2%9 0. 00203 <4008 5.2
Uaplicadd ouardd a .l Ves03 . <eOY 918
I\'ectilhu«lh"' .')&Zlﬂ." 0.4")5 | )-*0 -Lw.d
O.5<8 » DeDJ dU6.5
46 O.6Ul . Jelo 100.Y
Ve Ulv . $.,13 112,5
U.70% L %o 5% 1l3%.9
Ve 7‘), " ‘f.bl ll)ob
Oeoud L $,72 idHed
Veo46 . 4,00 llbo}
VetcO . e Uy 11y.0
Qe Yec v H5e.cld dlo.9
OonRzilly Cuuuld roure, V.41 O.V06d D75 FRVIVIY)
ABLAOP wlds L1y taid Y § . e 411,06
LIWOOL LY Urescou bBuZ.n? 0.6 . o.ly 110,90
0.7? v 6' ?D luco
39
Bplliwuy Grosvols *hurcy 0O.52% 0,401 43,29 67.9
ASDiup ausciry aad Voo » 10,338 T%.5
8liny de,0os1t Busin® 0,530 " 15469 172
00662 L &.L.O‘J 61.6
#5e
Test Onunncl 0,192 0,004y el 697
Bricaiwora purcy Dol " 2e00 Y643
buocta und Ve 59D ® 4416 Y0.6
hectungulape Bazin (VI L . %,72 105.7
U.""ul d y.lO 10501
75 (1o HHO . Hes3 d05.7
e hel v Den 106,3
e 620 » 0.1 109.0
e bud . €l A07 .4
Qe OY7 bl O] 110.¢
Jal59 . PR 109.7
0.77y . 6.72 10847




socution aball ulull voelilcloul
i aulbilority iyuraulle wdi00 VudoCcltly
Jesciription fauLuB C = _1;,
e
B udbury Cconiuldd *rtedcy L.016 0.Cu001LY 0,445 1d7.5
&uocin Beici uud Ue0Ho O.Luulcdd  GoH20 FREPY.
WOll Lude giinls Ltoaras" 1,008 VsUVOU G5 Q.T8Y 126, Y
1550 0.¥57 0.0u207%6  1l.Yvé 125,9
0.77b U.UU.I'Jij L.Uv3 lab 6
0ecH0 0.0001115 1.241 1275
OebT7 V.£001lH%6 1.14Y 119.7
0.675 0.0uLlujy L.298 1&5.9
Vet ) Ve 0UULOHY 1,07y LdO.
0.60‘) 009001713 lob?? 140.0
0.702 0, VVLLT8E L4255 25,6
007‘)4 0.0“0-‘-60) lo‘ij l‘)ob
Grosbelis neucr-  YuApcy O.iel 0.057 Yol Y Y3
Velr asudur (FINIY Oebcv . 1l.40 1oe7
Wusialy, aoul.iy RNPARIL O.74%5 . L5e¢hHy 0de6
reClunsular Veb5He » el odey
WD
bolunisy rigunt ouwnnlng= .08 0.0uLVlHl —eiU di2.o
aqueduct s 2072 ‘).U‘-’Ul“” a-o)“ ld?o’
CeYYy O.Uu2ZH3 j.zu 416.%
jobﬁ O.UUU“'?j “‘.6) dlbe.2
4,20 Q0,0LL02H et 21,0
Tost Luunneld 'DuPC.‘y' Ve ¥H4 000015 dol? 76.0
Biadld 8 ulvcl eaided Oob% . 2.53 6:—.0
senlcircular Buzin® 0.619 Ld Ji.69 ol b
Ve751 . ,.09 o4e0
Ve7¢4% » ek 0He0
Oeocé - D3 ore U
V. %00 . 1.34 u).u
1.01-& . ).39 06.0
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Locutblivi weals NOoull goef1iclieant
Widvi Autiaulivy Hydraallo Li0p® Veoicclty C - !
bDescritica IRPO IR v RS
Test Ciuidiod "purcy Q250 0.0U0%Yy <10 6l.7
Lawll gpuved w0 Qe " <o 70.5
HACCLunLSULaD bazin® Ueln0 2 DettV 72.5
;,""'i‘ O.bd\) . 5004 ?bol
U.‘)oo‘ . 4.1* 77.2
Dbl » Y.45 78.8
Ve700 » 4004 793
Uo?“b " Be OUQ.I
Vefoh . Heds 8246
Ge832 bt He26 ot
00071 w bo“} Ojol
Qeyl0 " 557 E3.4
Te8% Cuw.Ji8ed *lapcy O.e9d 0.00%y dely LYEY )
LULEd gruvel Ui Oot4d7 » Paes ) D58
nOCLaugular Buzia® VendV . ce 90 9640
#9 Y-¥ 4 v ;.2'{ ti.l
O.bﬁb . 205)6 6c.8
V742 v 2:89 6h.2
0.772 . 4,05 6D.5
0.823 . 4.23 66,6
Veo7 . B.43 68.0
eyUY . ¥.60 6’.0
Ceyi6 . k.78 70.5
Ve¥s7 . 4.90 70.4
Tall kace at
btauuku: dw~  Ritvinger 0,289 0.G025 Lol 4648
sary 695 Veloy v Aot jd Ly 8
ary fuobic Obly " detlt) b0.8
gowicirculiar
Aqusuuct ut
Liveln dungury .AbW01neor Gecd) U LU%H 1,24 bl
ar, rubvlde l&jy “)ol‘f):/ " “e/i b).,
necht Lulup Ce06 . <o 52 H240
lioud iwuce ut 0.21 0. 00 56 1.306Y9 4o od
M,Jﬂlﬂbun}’ a U.j‘*i » 2 L.gﬁ’ 50.6
dungury Klttingar
dr, runble
Trapezoiaal
———
Tull Raco Kittinger 0Q.,27Y 0.0036 1.50 47.5
bitto Vel o deyee %.2
Uo““)) " CedOW bb.Z




Locatica Haun soun oesrricient
and Aubtuurity  Hydraudlc Ls0pPO  VOlocily O = ‘_é%,_
voscristion Kualus +8
Cunduit as 0.212 0.021 joﬁUb 4945
Hegyou Hmngury wldbttiagor 0. 350 b ©.450 70.9
Dry wusunrcy 0eb55 . 7560 Ti.3
Groabois Cunul *Durcy 0.806 0.,0000640 dei7 62.
Mugcnry 1u oud und de.233 0.0006TLA 2,02 - 79.
order, bBuz.in® Lo 0 0.00066} "0)“ 760
f“ 1e50 0000085 AeTR 67.
bane sans 1.07 0.00050 1.13 62.
m de 8 0.0V035 de.6Yy 17
157 0600033 l.92 84,
1071 U.OUU}O 2418 96,
Bplllway Grosbols *Darcy 0.86 0.01%6 %,19 3745
cunal uud 1,09 0.,0186 H5e75 45,7
Hanmered uascnry  Bazin® 1.58 * 7 20 5047
tilme and nud ¥3% 1.59 . 8487 5485
1,69 . 8.99 57.2
erlicvacn schule 0.36 0.08285 11,80s 6846
Moriigen Kutter 0,38 0.09927 d5¢383 08.4
Dry subble 1876 0.5y 04006775 15.7%6 67.3
0458 0.06285 154557 70.6
0.61 0.,09927 18.283 T72.8
0.65 0.306775 1Y.d606 T<e8
11l kuce at Rittingor 042335 0.002 0. %68 2.7
11inte nw.gury *0ival 0.296 . 0.85% "55,d
rubble wulls, laugouleus® 0,369 . dedibh $l.2

eurtn bottou.

Mill Race at

Pricbram, iuply slittingosr 0,516 0.0022 0. 589 i4.8

rubble wulils 0556 ' 04508 cle6

eaptn bottom O.%472 ® 0.¥53 2Y.6
0.5%0 ¢ 1.135 3267
04560 » 1.1%0 559

0,560 . d.20Y ~ 36.0
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ocution asun Moun goefriclent
anda AUbLaurity  dyaruullc Liope Veiogity 0 = 7&,
beacri, tion Rudius
M1ll huce Oszh VeUH 0Oo782 22eH
Bezbunya,ilungary Q.284 b l.19d 237
Aagcuby waulld mlivtliger 0.807 * d.956 $5e%
snd aund gruvel 0483 . 2.134 8.8
bod ' 0.562 . 3875 €546
8olanl hmbank- de6Y 0.000090 O.4%% 5507
ent ounningiun 2026 0.000148 0.87 859
Y1des of wusonry 1580 586 0, 000068 .35 T3.2
Bed of clay 4,07 0,00021y A4.79 60.5
5.39 0420015> 2480 8540
6.8 0,000171 5.05 ¥5e8
6.78 0.,00022) 3.59 87.5
T+26 0.0Vl 35,28 81.7
T.84% 0.00U215 3S.8%% 83.6
.42 0,000217 3.58 83.6
8.96 0.,000227 5072 8243
9.3%  0,000227 %,02 875
Hoockenbach, Bac, 0.866 0.0U0775 1. 440 552
oresk Grebonald  0.879 0.000797 1.463 9540
¢rosbois Cannl 0.96 0,00025 0,89 57
aach "parcy de 32 0.000275 1,54 70.
ang 1.b7 Q.000246 1036 6y,
Bazin® de /8 0.000LTYyY 1,47 66,
x49
baulucn, suv, HOLL e ABHH d.5% 0. V00875 2.073 5645
Kiver, dotritus Greboni., de5d 0,00140 2.240 Do e8
1oyl 0.,001242 3,077 63,0
do¥8 0.,0012% 50585 68.2
2.46 0.00360 S5.474% 6%.5
Sunal du Jurd 1.68 0,0000562 0,449 576
¥rance Dubuat d.94 0,00003562 Q.%7Y 57.0
»upril, 2405  0,00LLH55 04,607 62,6
.58 0.0000651 1,069 8249
Bomnl. . Cuanlaghug 4,50 0.,0002%1 282 78.8
Barth 4,57 0.000297 279 77.%
4,18 0.0003504% 2,74 78¢5

“‘007 00000)'06 &e 71 76.8
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Locution Moui Msan coelricient
and autaority  dydreuulle owlope Velooity U = 'f¥ﬁi'
Lesoriition LKicius
Linth Canul Legler 9. 1% 0.00029  j.414 884
at Grynau He95 0.,00050 3,650 $0.8
paprtn Ol OQUUO)* ‘0.1)3 ¥4 .6
112 0.00052 8 418 Y2.6
Ted2 0.00053% %755 Yoo 4
8,09 0.0005% %,¥20 95.86
Sel8 0.0005% 5058 955
8462 0000035 5.‘25 9’01
8.87 0,036  5Hes¥d ¥9e5
Y18 0.00037 Y4550 98,9
MO8 1n 180X L4 Licoa 0,99 0.,011875 3.867 iz’.v
course astritus 1,20 0,011875 5540 o3
1e53 . T587 56.1
Grosdbols Cuuuld *Durcy .09 0,00046% 0.82 56
stony eartn amd de38 0000450 1,52 55
Buzin® de65 0.00047Y 1.43 5.
47 de71 0.000%Y5 4,68 56
meto F4Hd 1,04 0,000845 Q.96 %5,
1438 0, 000%5 d.27 b,
157 0.,000%55 1,80 5.
deTd 0.0U0%%L 1,51 55,
Plesssur nu chuwr La hicca 1.25 0.00965 6,002 24,7
Qourse gruvel 2035 b Y985 6L
%8 . d0.19% 66.4%
J458 o lj0579 7.8
099 e 1i.9%5 4.8
58 . 15 TH6 65.%
kivep 8alzach Kutter 5,68 0.000662 3.5%5 73.7
Bavaria and 555 0.0009% 3,440 0045
Detritus Grobunsn 4,20 0.0LVLYH  #,03% 659
, Te59 0.001123 5.726 654
3051 0.00155 4,100 55.%
4,64 0.V0155 %.674 67+5
«87 0,001796 4,448 5504
5036 0.,V01796 5H.150 588
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Location Mean <Aean goefricient
and Autiiority Hyaraullo oiope Velocity O = _ Y _
Deacription Huda Us <R8
Aap, at nems Xut ter .22 0.000461 2,821 63.7
Irroculur bed 707 0. 00Qd 54150 68.6
Te78 0.000993 T.54 853
Veser 5. 96 0, 000.1.3)» i.410 82, 7
xarth gonwars 8.70 0.0001517 3.%70 8%.7
6o 5d 0.0005986 &#.087 8l.3
Bel5 0.0004107 4,950 95.6
6.%49 0.0004110 5.182 02,0
PR 0.000200  %,06% 93,2
9.98 0.,000200 &.389 97.9
10.52 - 060002167 %.756 99.2
11,06 0.0002167 54188 105,5
12,61 0.0005316 T.92% 965
15455 9.000550% 7.90a 93,9
saone at Lévei1ld 3088 0.0000% o568 45,3
Raconunay o177 . «81% 58.9
T1.06 . 0.988 587
8.92 ¥ 1,601 8448
10.87 L 1.35% 88.9
11.61 L d.910 88.6
1i.,83 o l.9%3 8943
ﬁ.i? . 2.25% 978
1 . 2.36Y $8.0
1583 . 2.379 985
Seine &t Villevert 5.66 0,000127 2.09 78.1
Puris R.Polrée 7,08 0.000153 2,26 137
Belt3 0.0001355 2,418 7.7
P.48 0.000140 3,370 92.5
10,92 0.000140 4,740 ¥5.6
12,19 0.000140 3,816 g2.4
14,50 0.,0001%0 8,232 94,0
15,02 0.00014%0 ¥,511 983
15.93 0.000172 4,682 §9.5
16.85 0.0001350 4,800 102.1
18459 0.,000103 &,689 107.6







Loocation doan Hydrau MNean coesfricient
und AUtLOrity 110 iwdius £lope Veloolty 0 = _71__
bssorigtion RB
Seine at AnRery 740 0.0000Y 24330 9"3
Polosy 768 0.,000087 L2345 89.5
1l.2% 0.000057 2,563 9}oi
12,43 0, 000060 24,559 86,
12457 0+000050 2:574 Pl.d
14,20 0. 00005% 2,595 93.6
15.86 - 0000062 2.910 92.7
16.85 0.000067 3,101 y2.%
17 .87 0.000075 3330 9d.d
Bayou Larourcne Humpha- 12,80 0.000035655 2,807 129,7
r£ine gravel reys and 15,04 0.000037351 2.8%3 12548
AbDOLt 12,47 0.,0000438% 2,789 19,
15,71 0.00004468 3.076 116,
Missouri River Missouri 5,65 0,0001137 3.0 11l5.8
vana kiver can- 6,80 0.0001109 2,97 i08.2
mission  B,.¥0 0.0001132 2.83 ¥1.8
8.15  0.,0001150 3,39 110,7
8.07 0.0001165% 5.25 106.0
§.05 0.0001170 3440 101,0
11,50  0,0001170 3,76 105.1
8e35 0.0001296 3.02 5.5
8 .05 0.0001210 2,96 95.0
d2.60 0.,0001371 B, 46 107.3
12.10 0.0001518 397 92,6
11.60 0.,0001% 3490 Y25
11,60 0.,00UlYy S48 12 0% §
Te72 0.0001558 {.u 69, 7
18,10 = 0.000161H o7 98,9
15.80 0.0001627 5024 02,7
13,0 0.0001672 #.22 90,5
iA%.7 0.0001673 B.88 7.6




Taubles For Practicul Use.
Tne following Tablcs will facllitutle tio use Of tue
Poraula for ta. uniforn flow ol water 1a rivers aud enaller
caunnels as derived ia %.18 Wurk vis,

Y= (a ¢+ bR) (KWW +« ) 8%VR,
in wnioch

YV = meun velocity
R » RoAN uydraullc raaiuvg
8 & 8lope

A a & cosflicieant of reugnness of porineter,
a, una b, ure numberiocal ccoudtaats depending upon GO

diticn and waterial of wettior vevimeter
¥ = variable power of R

X = vuriavie ¢ S

Table I, cuntulns & i1st of neterials and cuustants to
be used, Knowing tae uaterial und shape Of ocnuaueld all valuss of
taf, *pe, "ye, "me, und *X% cun be selected fram tuls table and
velocity camputed vy 5‘,165’;)9 ,muéipncuuon.

7able II consists of values of .Y  Tno ioft hand column
coniulns vulusa of R and all otuer Colunns valuds of RY , toe vule

ue Of *y* appeuring at tue top oF tne colwai, Vaiues of RY ure
given for every 0,05 and otace Valiues mAy b rfound by interpola-

tion,

Table IXI consists of vaiues of 8% ., Tne Jefy hand colunn
cuntaing values of 8 from 0,00001 Wp tO0 0,01, 7The other GOLUANS

contain vaiues of 8% , tue value of "x* appeuring ut the top af
tne column, Values not appearing in tue table can be found by

interpolation &8 in cuse of values of B’ .
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TABLs I
Material o b Y ~moX
Neat Oenmeut (semiciroular) 103,00 20,0 0,120 1,155 0.58
Heat Ceumsnt (recta.gulur) 92.7 13.0 0,110 1.J50 0.58
Planed Boards (senigcirculur) 99.8 Y0 0.250 0. 925 ?.57
Planed boards (reotansulur) 90.0 15.0 0,250 0,920 0.57
Unpluned Buards 4546 4.9 0.175 0.866 0.55
Brick Masonry (smooth) 525 15.% 0,112 0,820 0,50
Briok iasoary (rough) 41,3 7.5 0,260 0.800 0,50
8wall Gravel(seislciroular) sd.3 2.9 0.230 0.375 0,485
Bmall gravel (rectangular) 2&.2 8e7 0.100 0.290 0,385
Laprge uravel in coient 295 4.1 0.250 0250 0.%0
Rubble uasonry (clean) 153.2 16,5 0.250 0,200 0,68
Kubble iasonry ( dirty) 21,0 14,6 0,250 =0.,100 0,42
Bapti, Masuiary walls 79:4% 2.9 0.200 ~0.220 0.58
8iall Rivers, (rectungulur) 71.5 1.4 0,150 =0.240 0.50
Irregulur Rivers 715 1.3 04,250 =0.420 0.50




R = Hyaraulic Radius
Y = & variable powep

JLapde XX
R »

Y = 0.100 0.110

0.122

0.150

0.175

0.20 0.23

0,26

0.50

§515'0.79$ 0.776

0.15
0.20
0.25
i
[ ]
0.5
0.85
0.50
0.55
0,60
0.65
0470
0.75
0.80
0.85
0.%0
0.95
1,00
1,05
1,10
1.15
1,20
1.85
i
1.5
.45
1,50
d1e55
d1.60
1,65
1.70
1.75
d.80
1.85
.90
155
2,00
2,10
2420
2¢30
2.%0
2450

0.827
0.851
0.871
0.887
0.900
0.912
0.%23
0.935
0.942
0,950
0.558
0.965
0.972
0.978
0.96%
0.990
0.595
1.000
1,005
1,009
1,014
1.018
1,022
1,026
4032
1.03%
3e0358
1.041
1,045
1,048
1.051
1.055
1.058
1,060
1,065
1.066
1,069
d.072
1.077
1,080
1,087
X,092
1.096

0.812
0.858
0.859
0.876
0.891
0.90%
0.916
0.937
0.936
0. 954
0.954
0.962
0.969
0.¥76
0.%62
0.989
0.954%
4,000
1.006
1.010
1.015
1,020
1.025
1.02¥
<033

1,048
1.0ke
1.046
1.049
1.053
1.057
1.060
1.06%
1.067
1.070
1.075
1.076
1.079
1.085
1.091
d. OV
1.101
1,206

Ce773
0,807
0.8635
0.856
0.87%
0.869
0.902
0.91%
0.925
0.935
0.954
0.95

0.96

0.968
0.975
0.981
0.958
0.993%
1,000
1.006
1.011
1.0206
1.021
1,027
1,050
14055
1.0ﬁ9
1.0%3
1,047
1.050
1,054
1,058
1,061
1,065
1.068
1,071
1.074%
1.077
1.080
1,086
1.092
1.097
1.103
1.108

0.708
0.752
0.786
0.812
0.855
0.85%
0.672
0.8487
0.901
0.91%
0.926
0.937
0, yhd
0.¥58
0.%67
0.976
0e964
Oe oy
1.G00
3.007
1.01%
1.021
1,028
1.03%
1.040
1.04%0
1.052
1.057
1.063
1.068
1.073
1.078
1.083
1.087
1,092
1.0%6
1.101
1.205
1.109
1.118
1.126
1.135
14340
led¥7

0.665
0.717
0.75%
0.785
0.810
0.832
0.852
0.870
0,886
0.%0:

C.91

0.927
0.939
0.951
0.962
0.972
0.9862
Q590
1.000
1.009
1.047
1.025
1.0352
1,040
1,087
1.05%
1.061
1.007
1.073
1.060
1,066
1,08y
1.0%7
1,103
1.d08
1.11%
1,119
1.42%
1.129
1.139
1,143
4157
d.166
1.17%

0.631
0.684
0.725
0.758
0.756
0.812
0.853
0.852
0.871
0.837
0.903
0.917
0.951
0,944
0.956
0.968
0.97%
0.989
1.000
1.010
1.0y
1.028
1,057
1.045
1,05%
1.062
1.070
1,077
1.06%
1.092
1,099
1.105
1,112
1,118
1.125
1.131
1,137
lel¥3
1,149
1.160
1.171
1.181
1.1y2
1.201

0.559
0.646
0.691
0.727
0.758
0.786
0.610
0.832
0,853
0.872
0,889
0.905
Oe¥22
0.936
0.950
0.963
0.977
U568
1,000
1.011
i.oga

+033
1,083
1.052
1,062
1,072
1,082
1,089
1.098
1.106
1.114
1.122
1,130
1,137
1,185
1,152
1.159
1.166
1,175
1.136
1,199
l.211

10223 .

1.235

0.549
0.611
0.658
0.697
0.734
0.761
0.788

) 0e813
L 0.835

0.856
0.876

& 0.89%
0.911,
i 0.928

0.9%4
0.958
0975
0.966
1,000
1.013
1.025
1.037
1,048
1.060
1.071
1,081
1.091
1.101
1.111
1.128
1.1230

3 1od3y

1.1%8

1.157.

1,165
1,175
1,181
1,190
1,197
1,213
1,228
1.242
1,256
1,268

0,316
0.587
Q47
0.500
0.548
0.592
0.632
0.671
0.707
0.742
0.775
0.906
0.938
0.866
0.895
0.923
0.949
0.975
1,000
1,02%
1,049
1.072
1,062
1.11g
d.,1%0
1,163
1,976
1,208
1.225
1.2485
1.265%
d.28%
1.350%
1,323
1,382
1.357
1375
1.396
1,814
1,449
1.483
1.517
1.549
1,581






0.100

0,110

0.112

0.150

0.175

Aabdo JLL. Continued

0.20

48,

0.23

0.25

0.26

0.50

3460

%,20
&40
5,60
4,50
5,00
5450
6,00
6,50

7+50
5.00
8.50
9.00
$.50
iD.00
15,00
0.00
25,00

1.101
1,105
1,105
1,112
1,116
1.125
1.130
1,137
1,183
1.149
1.15%
1,260
1165
1.170
1.175
1.186
1.196
1.206
1,215
1.223
1.231
1,239
1,286
1.252
1.259
1,311
14350
1,350

1.111
1,415
1.120
l.124
1,128
1.156
1.1l
1.15%
1.158
1.165
1.171
1.177
1.183
1 1&’6
1,194
1.206
1l.218
1.229
1l.237
1.838
1.257
d1.265
1.273
1.281

1.287
1.3%7
1.590
1825

1,113
1.317
1,222
1.127
l1.131
1.159
1147
1,157
1.161
44168
1,175
1.181
1.137
1.192
l1.194
1.210
l.222
1.23%
1,244
1.253
1.262
1.270
1.279
1e287
1.29%
1.35%
de 399

1.15%
1,161
d.107
1.173
1.179
i.d91
1.201
i1.212
l.2:2
d.251
1.240
1.249
1.257
1,265
1.275
le2ye
1,508

1.327 1.

1339 1
1.353
14466
1379
1,330
1.%02
1,413
1,501
1,567

1.43% 1.620

1.182
1,190
1,197
1,205
1.2)8
1.226
1.83Y
1.251
1.263
1.275
1.255

1.296
1.306

.jlb

1,55

.j“&

1,508

adS
1.823
L8359
1.45%
180y
1.%83%
i 497
1.606
1,689
1757

1,210
1.2£0
l.22y
1,257
1.24%6
1.202
1277
2.292
1.506
1.520
1.5}2

1.3%5

1.357
1.368

1,460
-Lowb
l1.451
1.55%
06 1.47C
l.455
.56
1.53%
deD5<
1,869
d.585H
1.719
4,821

1.246
1.3857
1.267
1.278
1.287
1,507
14325
1.343
1.359
1.575
1,391
1.306
1,521
1054
1,445
1.460
1,510
1,558
1.564
1.590
1,615
1.636
1.658
1.678
1,699
1.664
1.992

1,270
1.282
1.,29%
1,305
1.516
de)30
1.358
L5717
1.595
d.4l%
1,828
14458
L. 4k
L. 440
L. 4959
1.551
1.569
1597
1.627
1.655
1,662
3.707
do.7.2
1.756
L7079
1,968

1.282
1,295
1,307
1.31y
1.331
le255
1.57%
1.395
1.415
1.43%
1,452
1.%70
1,487

1.612
1.643
1.673
1.703
1.732
1.769
l.64%
1.897
1.949
2,000
2.05%
2.098
2,145

1.504 2.191

1.3@3 ¢
1.558

2.237

1.594% 2.£*5

1.627
1.659
1,689
1.747 2
1,785
1.773
1.796
1.820
2,022

2.550
2.64%6
2.7}9

2« 829
2,716
5000
3.082
2163
34673

.115 4.179 4.473
ll’Oj ‘0097 2.2}6 a.jey b.




8 =& 8lope
X » variable povop.

Tuble IIIX
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iinapmne.
X -

0.585

O.40

O.4%2

0.50

0655

—

0.57

0.58

0.68

.50001Z

« 00002
+00003
« 0CO0%
» 00005
« 00006
« Q0007

« 00008

« CO0LY
«0001
« 0002
«0003
+ 0004
«0005
« 0006
«C007
« 0008
«C009
«0010
+0ClH
« 002D
D25
«§050
«0C35
+ 0040
<0045
«0050
« 0055
+0060
«G06Y
«0070
« 0075
000.-0
«U0EYH
+0090
«0095
«0100

.01139
-01552
LULls 14
JoReuy
.0221
«0237
«0251
«0264
0277

. 02835

<0377
<0440
0491
.0536
«0575
0010
« 0642
«0656
+065%
<0548
0014
<0996
. 0168
4130
1192
(1RBY
1301
2134y
«d395
1439
<1479
1520
01559
1595
1651
«1665
«16yYy

+0100

00794

«01520 0106%

QU 5L

<0174
0150
0205
00215
«0230
0241

«01260
01822
U156
«0168
<0179
0190
20159

02512 4 0YQ

oO)}l
«0559
<0437
0478
«0514%
« 0547
«0501
e G551
+ 0631
« 0742
« 0661
«0%10

273
«0551
0374
<081l
« 04443
<OU7 5
0577
«Q513
«0H4Y5
« 0658
« 0558
« 0307
0872
0920
093 4%
«1033
«1060

3 + 1124

+1165
«d206
o L2444
01281
o516
«3350
1382
+d815
« J846

«00416.
00448 00260

- 005k
00653
.00708
+00775
<008 37
+ 00655
00950
0100
014l
0173
0200
.0223
0245
G265
«0283

" «0300

0516
0338
« 08
« 000
« 0OHE
e 92
«0053
<0671
20708
0742
0775
+0506
00557
+ 0006
e GH
00922
o094y
0975
+ 1000

«00173

« 00525
aOOjb&
. 00431
«OCHTG
«00518
« 00558
« 00596
«0063Y
«00yLH
«0Q115
eVl 55
<0153
« 0169
o U1BY
«01%4
+0203
« 0224
<027y
20328
«0370
.0#10
o 044
« 0450
00512
« 0542
«0H72
+05y9Y
00827
«0653
«0676
«0705%
+ 0726
0750
« 0772
« 079%

«001%1
«00209
0265
00511
«00555
+00392
< QUHLE
00462
«0089 3
,00525H
JUUTTYy
«CQ981
+01lH
«0l31
+0186
«0l59
0172
.0178
0185
0245
.Odd9

«00126
« 00158
« 002 48
«00<s 1
«00520
« 00356
«005c9
+00kcl
« OO4%0
00478
« 00716
«00y01
«02.05
NS
0135
JOLLY
0160
+ 0166
-0182
002 350
0272
« QLY
« 0504
«057%
- 0807
+O%55
w0863
U8y
«051%
» 0559
0562
+0H86
+ 0608
«0630
«C051
sl )
<0692

0005938
« 0006 338
«000843
«00101
«00119
«V013%
. 00147
L0L6%
«00177
«OOLYD
« 00206
« 00492
«00859
« 00569
+ 00645
00699
«0078%
«N081LT
«00912 -
+00y92
«014%6
«0170
00192
20212
« 0238
«0254%
0272
+0292
+0509
«0525
00354
«0359
<0357
00359
- 0406
0422
+0%56
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CIRCULAR OPIAIC: T
NO™ ATION
A2) 1linear distaneas are in Fnglish fsnt. Allmassuraz of area
are in FEnglish squara fa=t, All measuraes of eapacity ar~ in

English cubdbie feet,

D = dilemeter of orifiece.

A = area of erifice. = D'§ .

qQ = quantity ef wetay discharged in one seo:nd.
Q = thsoretical discharge gjé?nyEEHEETSI;' .

Q' © approximzste theoretical dischsrpge = A{E;Sr.
¢ & corrmct cofficiant of discharre = q &

C = approximate coffici<nt of diacharg& = o
C,= cofficient of velocity (assumed as unity) .

0;8 actual cofficient of contrasction = area of contractad
section 4iviid=d by area of orifice.

Oc. thaer~tical eofficiant of contraction.

Cg= cofficient of approech = -4 Jrhaere

Ag = nrrea of crosse-segtion of w§:§§-;. it approache tha orifica,

C,~"corfieiant of loss’qaga: .

n = diametar of approaohtgg body of watar diviisd by thes diamatr

of the erifice,

h = yartical haight hetween coentar of the orifices and the level
of the comraratively still water,or in cns® o anelaon-4d
tanks,the hyirestaséic pressure,

® See Merriman's Rydraulies page 152,
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INTRODUCTION

THR PTOPLIU, What would sesem to De one of the most simple
andi obvious problems of hydraulics im that ofdeterming the dis-
charess from a standard circular orifice in either the side or
bottom of a tank when the diamster and head are given. By stani-

ard orificesz w= mean one through which th» water flows 80 as

to touch the sides in what is practically a gaamotriesl line.
But though tha problem mny bde easily stated it has never baen
solvad in anything moere than an approximats manner. Although the

formula wvhich follows is for the most part empirical and there-
for only approximate ,we have found no other which even attempts
to give the discharge in the terms of all the factors whioh de-
termine it ,and whihout the use of constants which are constants
only in name,ani are really variables rhose values c 'n ba fomnd
only in & tabla,

THE CONTRACTID SRCTION. The quantity discharg:a ia of

course ghe product of the velocity and the area of the contract-

ed section or section of least area{if tha jet be dirscted hor-
irontally or upvardMf course if it is Jdirected to-nward {t will
continus te contract becruse of the in~rers~d velocity due to

the accelaerntion of psravity. Tha position o the contractad nenii‘ﬂ’
hés p=narclly been zaid to lie at » distance from the plane of

th2 orifice 2 ual to one~h:1f the diamatar,hut the axrerimynts

of Rorace Juii and Roy 8.Fin; at Ohio Btnte University(Fng. Novrs
V0l.56,1~rn T"57)shox that ‘ha distance vari=s from orna-half the

diameter for larce orifictz to aipht=tanths for a ¥ inch orifice

and by inference nt 1l-nct,it would arrear to be mora for smaller
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orifices,
T™HY COYFICI NT OF VILOCIT™Y, At trha con‘ract=i saction the

valocity has been repantadly shorn te bhe practicelly aqunl to
the valocity vhich would da givem by a body falling fresly throuch

& distancs aaurl to the head on the canter of the orifice. Tha

rrtio of ths nctunl welocity to the throretir-1 - ~lncity 6slled

the coffici<nt of v=»lority h=s bamsn plnc~4 by various aunthorit-
iam batween .87and unity or even ahove. Haville 4in hios 4¢:bl-a
publizhei 4in X875 rives the valus ,974 , Merriep~nd H,ir-ulics
1889 gives .92 as an averare of the rasults otrtajin~d =t NeGill
Univarsity. In “nct a8 t-t »r ac apimentsl p 1 s V-ve come in
nae =nd the erific:as aprploy=? hny> b cama more nenrly *friction-
l=na®, the valu=~" h ve grovn ncar to unity. This ails weirht to
the raculta ottained in the Ohlo States experir=~nts raf-rei to
~bove in "hich Cy was founld to have a ranges bai:een .¢996 an:
09999 or for all practical purgoses,unity. It has bran asaumali
in 7hat followxs that the cofficlent of walocity, Cv, 13 unity
for a staniard ( that is a parfectly frictienless orifics). As
{11l h~» mseen hovever §© ‘h'‘a aammmition 1ntaorrﬂct it loes not
2"fect th~ validity of the formula ajnes it %xoull bhn tnkean gnra
of in tha cof”fci=nt C, .

"R COTPICIFNT OF CONTPACTION, Tha rnglo of the area oFf ftha
contracted saction t> trhe area @ t-» orifice i3 ¢n1lad tr= co=-
afficient of contraction, or, C. , It {s tha ona whosa datermin-
rtion has eaused the wost difficulty, as tha diract monsuremant
of ‘ka contracted section with sufficler t acourscy for sci~ntif-
ic purposea ‘= alroat irroasible, The earlier vrriters gave "ix-

el values to *his conatunt, som+ of them bainpy as follo7s; -
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Navton = o = = = = « «,7C7
Poleni = = « = & o« « «,667
Borda = « = = = = = = ,F4’
Lichellottl = = = = = €47
POSBUL @ & = & = = « =,£63
DuBuat « = = = = « « ~,(67
Vanturl = = = = = « = 637

Rytelwein = = « = « = 640
myﬂr‘-.-u----.ﬁtv

It 1a interseting in tris ecase to notice the dscrease in value
of tha coafficient ns the erifices bacsme more parfect. The last
vslue is intares’ing decause {¢ is founded orn » rationsl dba:is
by assuming that®tha v-locities of th~ particles of water xhich
arproach th» erifica from all sider are 16vcrnoly 88 the squATes
of thair distances from its center?! From this he derived (al-
though we were unable to find his work) that the ratio between
the dismeter of the orifice sni of the eontracted section was
13.785¢ and.7854 gives us .€I7. I%a fixed coefficient of contract
ion were to Pe used this is probadly as good as any,but 4t has
baen repeatedly shown by experiment that C! is a vzrisbls,rhich
24 we shall shor depends upon thres governing conditions.
RANNINR'8 JORNULA. The coefficient ¢ der=nds not only on
these thres factors,but uron a fourth,namely the ratio of the
area of the ghannel of approach to the area eftthe orifice.It
is spparent that the water in approaching the orifice through
the tank or other vesses]l must have seme velocity,and that this
valocity entars into tha actual velecity through the orifice ani
eontxragtad sagtion.Pankin~ racornised this when he gava as an

smpirical formulate
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-%— - a.exa-x.szaf%, Which in our notation wouli
a

bﬂ:‘ c ‘%
-c-'.’ - 2.618-1.618? This formula le:v~: Cv to
a

b datomin:d indepanlantly, and deea rocopgnisa tha @thar three

factors which influence the value of ¢, nomaly h, D, ani n, -
THR VALUR OF C° « Prof. Johq Geodman of the University of Lseds
has shown that the thaoretical eeffieient of contraction depends
on the factor n alone and has (in Pnginmering Mar. IX, 1904 )
accor ;lizhed what was long consiiared impossible By giving us a
rational expression for Cg in texrms of n for staniard orifions.
Hir derivation is sudstantislly as fello»s. Assur.e a cylindrical
tank ( fif., 2 ) of radiu~ R,and a cireullr orific=s of r=dius of
R,and area A in the eenter of th» kottome Then lat a = tha theor-
stical arza of j2t at contract=d section snd we ths reight of a
column of wster I foot high ani I scusre &nch in s~action. Then
ti.e orifices is o0,~n3i ®* th~e weigh'’ of tha tank and cont~nts i
reduc=d by the weight of th~ eolurmn of water ever the orifices
(ylus)the total prossure on the bottom of the tank ecuivalent to
the kinetie energy of the approaching watey as it Tlows over the
orific-s plate, (1.2. thes bottom of the tank.)® If h 42 large
i+t may be sasumad thnt the wateyr arprosches the orifices in
ryxamilal passoges, thes pyramids having thair centar at the
cantor of the erificesa, Then particals having equnl velocitien
%11l li» in h mispheres having the center of the orific- as a
cantar. The notation which folloxs will be undarstood from th-
figure, P, p, and P, being the pressures at tha points having
valocities V|, v, and V,, Tha area of the innermost shell is

°fRy Aanl that of the orifices i~ MR, tharefors ;

ve¥-----0
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Al3o sinca tha nr-n of the hemicrherd4c shella vary as the

sgquares of their radii, the velocity of flor rcrocs the chells
Vi o rt. (")
v R

Also by Bernioculli's theorem th~ pres-ure head plus the vela

%41ll vary inversely as tha squ-re of the rndii, or

ocity head is conatant at each mection, therefora ;
_g‘_g!;b g_'_’_v_: ond hance from (Z)
Pbepe_=(va-V')e vV.. &-I) e mama(3),
8
The kay to ths whole Jarivation is the fact that whem the o~

ifice 15 orened and the wrter flows inward nlong the bottom of
thas tank,the pressure at any point on the dottom is reduced by
an omount equ:l te the chang-> in veleocity head detween th» edpe
and the point in qguestion. I{ we conaniier a ring on the bottowm
vith ite inner redius @ r and 1t2 outer redjus « r+dr, its nrea
»111 be 27y 4r and the unit preassurs is reducei ty (Pep) which
is gnined while tha water is flowing from the outer edpe of the

tank to th= eircle af r~djus r, thorafor~ the whole loss i=a

reRy
J;P;-P) 27r ar which from (3) rivas
r=Rs

R
o v reR
= ( 'nr ar g M2V_ (R*rF’-p)dr =
rta 8 rsR

Ve, RIE RLR, R: pr
T (R R B

]
Z) ani sincs RgnR,this sguals

wVeRT 1
R et A

equale @v;‘a,*(ntzn%z) R PY

Ther~ 41 also the lons c’ vai~ht of tha calumn o0f -ater gvar
- 'ﬂ. V o---.----uonn--(g).
the orifics = wﬂﬂp T

wVy R.(‘ 2n*41) ¥hich, "rom(I)
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Th> lo:a o weirht must ejunl trha pressurs which the escaje=
ing J=t wonld exert on a plata across its path, that is,

(wn V) V % 5a¥" mececcmcaanaal6).
[ 4 €

Then (4) + (5) rmunt equal. (6) or

IR (n"- ‘n" ¢ I) - wVi'&": waV~ .
gﬁﬂ* & €

If for MR, we put A, this beeomss

2V"A (0= 2n"¢ I) 2 wa¥V>  or
2 4d%i> €

4(:¢;ﬂ- 2n ¢ 1) a

o 4n*

Therefore, C, = Az ;( Ie+pe-2n4+1) vhich ic tha ex-
A 3 Tnr
;rreszion sourht.

T2 VALUR OF € o+ Th2 2or: above has disregard~d the velocity

of approach for, V' th> actual velocity is equal to V ¢ Va. The
result 80 far is correct however, since the differencs hatwean

¥V, the aotual valocity, and ¥, the veloocity considsred, is equal
to ¥Va, tha walocity in th= upper part of the tank, both of which
wmre neglacted, To find Cy- we proceed as follo:n:-
Vo Ae = a V2 Ce AV’
Thereforei~ Vg = c;A v’

T™hen VaV-V,zV.C AV 2aV'(T-CgA)
"y e

Therefore:~ Cp = ¥V's
Y Y-

Since as vill be shown later C; s Cg within a fer £, an’

sinoce is u-ually very small, we may for all practically goeod

use write this [ 3
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THR COVFPICISNT OF LOSS. If than we assume that Cy 2 I it
vould seem that csCecCy Rut ax;y~ririents have =hewxn that this isa

not correct but that »1 must instead nrita c®C4{C.or 47 C1=CeCx

wa may fut CBCeCaGyrh rea Cxin 8 wariadhls zhich ve mry; c=1ll the
coefficient of loss,and which deopends on both the heal ani tha
di~rmeter of the orifice. Itz nresence is undoubtedly dve to the

fant that ~nter i3 not a rarfact fluid and doas not move tosard
the orifie= xith the mathamatical pwecision which i3 asaur2d in
the lerivation of the formul:s for Cw. Prof.Hela~-Shaw (in “nrin-
aoxing Jan.f,I89%.)haashown by metusl photographs that in reality
tha 7-tapy 4008 not move as rapidly from the sides of th~e the tank
tom~rl the orifice as it doas from the region directly bdehind

th~ orifice. thus the formula gives too great a loss of weirht

dues to wvelocity and tharefor~ C.-ill da larger than C{,so that

in general Cxwill be less than unity.Also sinca Cyis net exsct-
ly equal to unity ,Cxvill be still smaller. On the other handi
the theory is based on a relatively large value of h so that »e
are not sure of its truth in the case of small heads. Exarimants
shox that for these C,is sraller than Ci,and therefore for small
he:ds Cxwill be larger. Yhile ths whole derivation has deen for
2 horizontal orifice experiments have shown that the coefficients
rra the same for a vertical as for a horizontal orifice where ties
head is relatively large. ¥here h is small we rust remembder that
¢ ia not equal to C so that for small he ds all obaerved valuas
of C hav~ haan reduced in the work that followesdy the tabl= giv-
en on rore 7 of Smith's Hydraulics,

TR VALY OF n, Anotrer 1ifficulty arises from the fact that
mont tanks area not eircular and th~refore R,and hence n,are not

easily determined. Prof.Goodiman says to take the distance from






I8

the orifice to the nerrest »dg= of the ®orifice ;1lot2" but in
the exrerirents conaiderad ths bottom of thae tank was clese to
the orifice and it was thoucht wise to avarzsge tha distancns to

the bottom anl tor for & v=lus of R,s In avalunting C, the curve

on plate IV may b~ ured with sufficiont exmctness for valuss of
n groster than & or IC . Tha table below s cojied fror Goold-

man'n article und will be uraful when ig s n, i.e., for a cir-
cular spproach. The values from Fonkine'™s formula are as follove -

The netation ia ehangad to our evn., Yhon C, ® .37 the asconi cok

umn rives values of ¢ .

n ggggggg Rankine
e "8 ° c ba 6/Cy V7 c/Cy

< +663 o649 672 o652
3 o641 o£22 «640 621
4 o634 «€1I8 o631 w812
5 63X 812 826 €07
(3 o629 «61C o624 +£08
o 6.8 «6C9 o672 «603
I0 o627 «6C8 620 +601

200 €28 2606 o618 ____ +6CO
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DIRIVATION OF TH: VALUR OF C_ .
¥.THOD., The grn2ral m2thod in the d2rivation of a formula fer
tha v.lue of Cx wis firat te find records of reliable experiments

zhich gave suffieisnt data for finding e, C;, and Cg « Then

Rl

Then valuas of h and Ox wore pletted and & search mads for the
aquation of a curve which would pass through those points. After
the form of the equnation was determinsed uron the values of the
conztants in the equatien which vould make it pass through the
largant number of points, L. ¢. tha one which would giva the most
probhabls values,was found By ths method of lesst sauarns,

DATA. The records of only three sats of experimants were
found in cowplete enough form to De availadle for this worke. The
first wera the Holyoke experirents earrisad on by Namilton Swmith
Jre in 1884-5 and recorde! in his hydraulics. There »=2re three
orifioss used, 02, 05 ,and 10 feet in diameter raspactively,
Theze 2xparirants were vary agcurate dbut the heads di: net go
abovs 5 feat and the sy pro-e¢h was rectangular making a determine
ztion of the walue of n & 1littls uncertain, The second seriss
»ara performed by Korace Juid ani Roy S. Xirng at the Ohio Btate
University in 1904 and recorded in Eng. Newxs Yol. 3¢, page 327,
Piva orifices were ysead wi‘h diemeters of %, I, 1} , 2, ani 2}
inches ranpactively. The heade wvaried from 4 te 33 feet ani the
approach was circular, Thiz was the most satisfactory group ef
data as n w8 Adsolutely datermined. The third soryies was carrid
on hy Theodore G. Fllian C.". at Wolyoke, Mass, ia I874 ani ree
corded in the Transactions of the A.S5.C. 7%, Vol.8, ragre I9, Three
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orifioces were used with diameters 0f.5, 1.007, and 2.00 fest
respectively. The heads varisd from l.15 feet to 17.7 feot. This
was the laast natisfactory series mas the heads were wost of them
vary lew compared with the diametsy of the erifice-, and the eorf-
ice vas placed quite elose to the bottom of the tank making *n®
quite unesrtain. More than this the diseharge was measured over
& weair,thus introducing anothear chance for errore.

COMPUTATIONR OF Cx. The tadle on page shors in columns
h an1 ¢ the values as given by Smith. Thene ore ail maans 6 from
t7o to six ebservations, n waa found by dividing the distanes
from the hottem of the tank to the surfaoce of thes watar by the
diamater of the orifice. C.was then taken frem the curve on
PLATE IV, A, ie the oross-~sectional area of the tank #p ¢to ‘tho
level of the water by tREAfakite# f# sudstitution in the
formulat=- C.® P Co is determined, Then diviiing

¢ by the preduot PY Sl C. and C. gives Cx .

VARIATION OF Cx WITH - « The values of Cx and h were
than plotted on PLATR V. It is readily seen that the simplest
curve of this fomm is the equilateral hyperdola. The vertiocal as -
ynptote seemn to be the C aazis but the horizontal one is raised
above the h axis., Ve may thsrefers write as a trial equation
h( Oxed ) S8 or Cx& D = G e To anrly the method of least
squares let hCx -~ hb & a be a tyrioal odbserwntion equation.
Then for the unknown a the nomal equation ¥ill d» formed by
adding the various eguations of the fomrm h B~ hb = 2 or if
there are n equations we will haveie

Z.hcx -h z_h = R «--. ------n-----c-----(l)
Por the unknovn D we will have the sum of the equations
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<D e ..o Co Ay Ce. Cx
dinpetepr 8 07 fast

04739 WFA7S 75 V39 4.47 T,0000 1.0394
2,430 .AT98 I39 .6°30 9.54 1.0000 I.0077
3,790 L6264 197 6250  1T,82  3.0002  X.0027

Tiameter a .05 feot

0e477 6301 4 6246 3.98 T00003 I.0085
0.536 €263 6 o6°46 3.96 I1.0253 14007
0.7:20 «6I99 20 6247 4.4 1,0007 0.9920
0.9IC <6160 33 o6:48 4,98 T.C008 09858
Je570 o6194 24 6738  5.0% 1.000: C.9912

740 «6II3 50 6265  T.i7 11,0002 049751
Z.T30 <6070 70 €249  B.44 X.C00T 0.97I2
3.570 60RO B 6249 32,98 1,000 0.9696
4.630 J605F JOi L8250 X6.,I4 1,000 0,9€60

Diametsr & ,J0 feot
0e86T L6IX8 T4 L8238 4.23 I,00I2 0,9798
0.900 6096 I7 L6241 4,9% I.00I0 0.97%8
Z.730 6042 28 .6248 T.44 11,0007 0.9677
3.I80 .8028 39 ,6248 II.79 I.0004 0.96%0

4.600 L6013 B4 .6249 16,08 J.0003 0,96I9

o7 th: formte
h*C «h"D 3 ha or Th'C =bIH & afh - =(2) -
Then from (I) ZhhC.~b(shf a nadh
and from (2) _pThC,~nbIh’ snath
Therefore  ZhINC.=nit’ C,ab [(sh} -nzn’

Th rafor: b ® ZhIhCxe géh‘cﬁ
(zh)* = nzh™
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gloe from (I} Zh“Ih C, = HIh'Sh & nash
alse from (2) ZnsIn’C, - BIN*Sh = alzh ¥
thar>“oare  Ih*Ih Cx = ThIh*C, = a { amA'=(zh})

tharafore a g inﬁc;-m‘; he
4 -nIh* -

Inthe foldoving tabdbla the work fer finding the quantiti=s rh,rh’
and Th*C, ,49 given fer the first erifice.

D&.tﬁr s 02

2-

h Cx h nCy hCy
0.739 2.0394 0.546T 0.7681 0.5676
2.030 1.0077 5.9049 2.4487 5.9504
3,190 1.0023 J0.X761 _ 3,%970 10.1993

6,359 6277 6.4138 16.7173

Therefore » & §.359x6,4138=3x26.7373 _ 40.8055=50.I519 -9.3494
3-335‘-556.32%!'1:!' - $0.3369-40. "-g'f'mr

®,9899

Als0 A = 9.3597(!6.7173-19.52717‘63(158 = ;QQ::‘O$3“I°606429 '
Y444 -Fe 44

s - =, 3378 - «0357

The felleving pages give in a eendensed form the cemp~
utation fer the valusa of b. The value of & is not givan,for as

w4ill be shown later,it ir not used,
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Diaﬂetoz - =05
£.8 »

)3 R Cx
0.437 1.0083 JJ9I0 <4407 1926
0.538  1.00:7 BT 5374 2881
C.720 «C920 «5184 «TI42 oBI43
0079 o C9I2 B30 5208 €83
T.730 978 340276 1.701%  Z.9613
2.730  W9712 744529  2.6514  7.2383
34570  «9696 12,7449  S5.46I5 12,3575
4.630  (0c00 27,4369  4.4BI8 20,7509

18,202 46,5220  J3,9007  45.187¢
be ??7:69?1 = 381.2624 1: 33,0653 | 0.,

) R 7 nm%{'.“!’g"ci ) e -
0.661  .9798 «4369  ,6496 «4281
6.900  +9758 8100  .8782 7904
14770 9567 249929 T.€6724  2.8932
3.180 «98041 T0.11°4 3.0893 9.7484
4,600 o069  ~T.I600  4,4247 2003538

11,071 38,5122 JO.0884 34,2139
17,0695 = II8.33F . 82,7382 .cs00
. - 122, -§zfs§?3'-

Judd_ani Kipg's Experirentn.

The diemater of the approach ros ¢ feot therefore

NS ewdeee. ® 31.9 , and thorefors Cc® 67475 .

+ 0313

o Y0008 <-e-a-

€3,

Diameter = ,0626¢



6Z.

rmatay 88,0676 N
 — AR YT 2
4.30 6083 49734 16.8100 3.9910 36,7629
8.99 JAICE 8781 £0.8202 8.775Y 78.8884
I6.75 #6103 L9763 8045678 1643830 27%.9132
C2.60 4£I0D L2768 5365600 23,0478 5:3.9271
25.33 6120 L0770 IIiB.20&9  34.5588X 122X.9963
47085 «BTXIX #5776 I9:2.8:25 47 .8478 I879.7513
5%¢.5 «6II0 48789 2943.06-5  53.1053 “EEC 9639
66.60 o6X04 4S7€4  43B6ie 100 6342235 455649711
£4,70 +£150 e CE3H 7174,0900 83,2279 702764687
538,37 I08625.57658  337.,2795  18310.6041
b= $4 = 11:005,08

"R ©

44 4.-6

g gﬁ?%"lg e o981
.JG 50 2

Diameter = 0854

o

o852
h ) Tx _ht e BRI,

4,02 8123 0778 16.Y8C4 3.9300 I5.7584
B.87  J6078 #9720 758769 8.6216 TRe4727
1738 o007 40743 30,0708 XA .904X C8a, A0
‘defS « 6069 «GFO0 6076705 23471159 588,70¢60
3580  oRIIT  LOT7E2 CATL.6450 3540016 I752.7022
51.,£3 BIYE 40T G  CrBL eI 507200 2630609556
" el0 £ I8 978 3387.7400 56.8498 33C : et 56G
T0e75 #6003 9730  S5005456L5 6848300 2872441053
$7e48 « 6025 97319 8517007 503295 _ 8332.4727

3e3.9% ____~ 21913,3498 354.91C5 _21B69,938%

4‘9045 - 129166.13 ®

4 t‘:.g e

QSI§3032
64 ol

09752 [
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Dismeter g +I:58

R s I = I5.9 C.z «6540 C.a 1.0024 c
ToELT v Tem 00y Dam DO R e

I ) S L/ ht RU, oM
207 <608: 49726 36,6649 349385 36.1I10
a.0" o804 09726 74,3838 8.,2838 77,2688

I6.83 L6057 L9731 27342409 16,0883 265.8907
£2e25 N Tt 9730 47840675 2346193 4&1.6955

2866 «f W6 «9273N I271.6356 34,8972 I237.3014
43,86 656 W07 190T.8°21 42,4325 T850.4876
S e 0O of PR TED J382.,7400 SA.c- 8¢ 329%,7848
7C.56 «BIBD  WC050 4978.7I3¢ €ie 6542 404447883
9X.10 2 60 5 277 6 8.99,2100 £8.6039 8071.8118

3060 20687.£010 34,0910 20135.6344

IF1220:7I~1198? Oﬂd- sxgas.gg = ,9727

Diameter ®.2083
- ¢
N e ’6%!5 % 9.6, 0.2.6227, C.= X.0068, cy2 W 373

e AT B 3P

6.78 8960 49506 45,9684 6.4481 43.6976
IT.04 .585976 +9300 I33.I7I6 I0.9684  TIZ.E6976

I7.59 5958 W0907 3094408 JRJTINR 25340303
TB.IT #7860 W0906 BTBLELRT  IN L0754 5103789
TAWTT H080  o9190 170849729 32,8967 1147.2967
AGSZT  o5000 L9506 3140.0170 43,0843 1083.5718
57081 #5555 o5.58 3341.906) 54,9079 317442779
6942 25775 20458 4717 .13F4 65,9351 4577.2188
07,00  o5957  o9.97  8749,007" 80,7849  8°10,4987

Mg 27108,4030 31242562 2;255;5200

b3 N6e77 = 3‘” (6 m £6173.04 2.9478 N

21
I Tﬁ - ey E; .-“!,I»Ie'- ]
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Diomatar 8 L1E64

ne m g 12 , Ga 62333 , Cam 240043 , Ci @ 3 ’
B s P8 '\ Rt K%
5.00 6084  L97IR 28,0000 448590 24,2950
.08 .6083 L971C 82.4414 848221 80.1049
17.79 6030 La72 316.4841 17,2777 307.3894
27.74  W8003 L9716 54040976 22,5500 524,788
I£,12 WBO52 407153 13044654 35.0006  1267.4417

47.02 «+8088 09724 221048804 45,7222 2149.8601
57.70 oE08Y o 23713 3328.2900 86.0:40 3233,7394
69,99 o800 9717 489353.600) 687.5743 4757.5204

92,0) 6080 __+97)2 __ B485.8401 __B£9,360)  8222,0279
337,95 21173,2931 __ 347,7299  20567,1436

b 2 183101.203 = 124460.012 w g0634,380 = L9712
b - o20& M * ’

RLI.I3 RXPRRIM-HTS .

The value of n was determined in the same mannsr ui for
the Bmith experiments. JFer values of E leas than 10 the vale
unr of C wes oorrected toe o

The values in brackets ware then averaged singe these
rare determined hy fewer obssrvations than the first three.

Tables on peg~ following ;-






Dismetar g 0.5
- ) R e X
241516 +60019 B.4 €192 5.2
4.1538  JROZI0 1004 L8228 83,2

S T
1.0022 ,9¢78
1.0014 .9658
1.0010 ,9693
1.0009 .9617
1.,0008 L9622
1.0007
1.0007
31,0006
160008
1.000%
1.0009%
1.000%

29350 31,0004

BeS4T78  LADOT4A  14deB L6239 115,.4
133.¢
145.0
1£1.8
185.0
214.3
224.5

4843

60078 216.7
«60117 18,1
«680191 2032
60114 23,1
59996 26.0 .62146

7.3000 6741
f.0100

9.0600

——

+6243
6744 3634
05150
19700
12,9600

144700

oE246 e9618
«9599

09216

Be

63102 8.0 <6747

oB5C0E4A JYaQ o6 47 «9410

184500 4F0077 3340 +6848
12,8500

Te2650

26142 0611

Y T Erwere S

+ 605385  33.8
258026 _36.8

Y +9€84

k=

o648

09540

Diameter ® 0,5

R % B BT

S

21516
441558
6+3476
76530
10,5180

1443030
165570

o GAL7
« 612

23612

226850

4,694
172777
4062920
545990

11045652

0448772

274,1342

2,0823
4.,0137
8.1527
7.3641
10,1123

13,7480
15,9146

4,4803
1646800
390549
5643722

106.23308

196,,6316

203,458"°

710.0663

89,2277

693.§538

b ¥ 4781,.374

- 3683

03302

- §118004ﬁ‘ e «9594
65.‘24






Diamater g 1,0007

B ) n___Uc X Ta T
11473 456829 2.19 .5784 3%.0 1.0132 L9868
243607 55039 3.4 L6043 84.6 1.0069 49672
4.0000 #5803 580 #6186 850 1.0052 ,2i%4
1.9705 ..55316 9.02 o623 ‘144.; 1.0074 9310
7.2172 l.5i912 ‘8.9? o121 ’143.§ 1.C034 .9438
2006019 o504°1 _13e03 08733 '12339 1.0056 09510
Diame‘tor = 21,0007
) T RE hT ) -9
1.1473 9568 1.3163 1.1322 1.2990
27607 Q92 B8.5779 242823 5.390%
4.8 72 «8474 2041574 445658 21,2574
7.9705 3340 Ghe5209 Tet 4 59.3356
7.7172 « 3438 €2,€811 74723 59.1597
10,0819 _ ,9510 _ 118,4157 10,3487 _ 112.6135
350067 o 274,6433  33.2467  259,7554
D 8 89,7574 « 3342467 g 392.0154 g 49406
TT4e6103 = 3B.0F 16,783
. o Diagpeter o 2.C°C
" o ") 2 L. X
17877 ¢35987 1.41 48722  45.1 11,0328 1.0718
444728  o€C31 2476 45559 bBed 1.0ZZ 0992
2a9988 29983 Q.82 o5HBLD 88s2 11,0332 1.0:89
508275 #6107 3et4 L€0:8 11D, 7175 9923
Ee733 #6120 DeCO® L6708 12744 1,0187 B35
Bel332  oF1E5 4470 €137 106041 1,0129 054
9.63%) 8135  5.74 o170 170.5 12,0115  ,S862

68,
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Diameter & 2,000

h [+ ™ ) il
1,7677 1.0715 31248 1.8942 33482
Re5058 1.6289 7382 2¢6701 £.9310

443775 <9920  20.0122 404377 19.8521
B.6335 993 74,0797 8.7056 33,7678
£.9323 29885  48.6706 €+8536 47,5181
82422 <0854 69,6000 842214  €5.592F

39.885) 27465:778 30,3706 271,62

%z %oﬁ"ﬂ-l"‘q 370§ [ ] g‘i 208’:8% = +9675
hadt N & o~>6~

YARIATION O v WITH D . The valuesof b obtained adeve

wnre then plotted with the values of D, in the upper curve of
PLATE YI. The points do not lie very close toany regular eurve
dbut it will ba seen in goneral that for small diameters the wal~
ue of b approaches unity, and its variaticn with D bscomes less
a3 D decreases,. It was assumed that the eurve approaches a hore
izontal asymptote at a value of ® which is greater than rere,
arparently about o930 or 940 « It 48 aleo assumed that the
ocurve becomes tangent to ghe vertical axis atth» point D < O
and » = 1 , The sirplest curve of this form which could de |
was of tha form x+f = ’{____L and which with these variabdles
and movad to the proper axis, glma:-df'f L l )‘_ But
uma b &8 an abatrsot numdbar and 4 im in foot a cofficient
must de arplied to 1 to make it in the pror=r sesle. The~n we
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3

rny writ~ an equation: « kd+f = o or
- - z

%4 « (1L -bixd+ 222 (1 -b)2¢

tharafoer~i- (1 - ® Y2 xa + £ £°
kd +
therafora;- (1 b ) S > X s Inotics);- 12z D,
: + kd

tharafore i= hsl -rJZD ’ and also
‘ +D

0 [:r’; (1-v¥] =1

8inee  ocours in the second power in this squatiom ,
to solve directly by lenst cquares would be a very tedious proe
cess ( 1t 1s desoribed on [or= 183 of Merrimans Least Squaresdh.
The method employel was topscs the most probadle hypertola
thrangh the poinys for the Juild and King sxpariments (shich seem

to b the most repular).

Ryparbole (v -g)el ,

Yy ] b 2] T b
0626 «$218 «00146 «00392 +00389
+ 0854 097572 oCHITA «GO0729 00711

W1255 L0707 L15207  LO1575  L01532
W2664 0712 J16161  L02769  L02669
o505 _o9474 419734  ,04329  .04101
_af482 262576 oCOT04 409457

= 206588 o= 0416 .
PRRTL LT



7.

Assuming that the azyritotes of the hyperbola and the ¢ubic
are the same, f +ill e ual
Then our equation i := XD [ ,003410c = (1 - vf]s (058402 = b)Y,

l1-gmn 05834 and " s ,0034106.

Th~n the normal equation 1. ‘e
xz#ﬁwmms-u-bﬂGmwazu-bfn[mmudhmﬂ

Thareforate

Tha computation followsie

VALUE OF k .

U £ T oL T3 ¢ 510 N ¢ ) 2 S A

?02 « 0101

0

«10

«0366
«0410
0715 40185
«0:54 #0238
1235 40273
el664 L0288
0083 «C5c6
5000 <0406

1.0009 0894

003308+
+ 0070706
+0017296
+0020706
« 2027956
«C026656
+002561€
0006436
«0017626
«0001174
(0053518

« 00000000678
«00000013873
«00000006375
+0C0CO00E375
«0000002184L
+00000012944
«00806R35613
+CCOCO0%7098
« 00000145236
+C0000042445
£000C04257)

« 00000000438
+»00000001C7::
+0000000299%
+00000003728
«000000056%9
+000¢0011190
«000000184 58
«C00000017¢3
«2C000077679
«00000001402
$0C0CC2178)

(842°00) £0725)

2COD004A3070 o 0000CLED79

Sino~ the axpariman’s by Kllis ware much lesa certain

thanthone of the othar experimants the firgt eicht valueas were
civen a weight of twro,the n2x® two of one, ani the last ones
rers omitted althgather hecause of the unoertsinty of & largs
orifica under 80 low & ha-d, The xeighting was accorplishad by

sirply by turning the crsnk of tha aldding machine onse or tric:.



et
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28 the ¢ase might bo, vhen the eolumns wa2rs sdd-i. By this

re+hed X A 000004707 X L0584 ® L,14817
< COO001A0TY

than £ a o058 @ ¢33l and B = 1 = JOhA

D
. 03541-’3; 5

8ince thia value i3 somechsat aprroximats st any rate we may

write it H = 1 -pﬁr D .
b+

NP VALURS QP a ¢ The values of b comput:d dy thir
faormula will in g2naral be differant from the moat probadle
values eomputed from the separate exp-riments, that is the hye
parbolas »i1) have diff-rent asymptotez. The most probvable vale
ues of a will then have to be computes for each aize of erif-
ice on this bmsis. The sguations were of the form h{( C e« Db ) =
and 4f % ba knovm, a 4s the orly variaztle and csn de sasily
computed. The work is as follows, b bYeing the constant gom~

putsd in aach case fram b ® 1 - .c.sI// D and then substitut-
4+
ed in the mormal esquationle-

as JhO=~->Th s VYelues of®a® will be
n

found on the next pags .



VALURS QP ®a® .

T A RO ) - )
040200  «2067 604133 6.359 3 + 40360
0.0800 .4800 14,9097  1%.082 @ ~ +C010
02000 Q770 106604 11.072 5 ~e0172
0.0F26  «R779 31,5795 338,370 9 + 40421
0.0858  o0736 38449005 363,940 9 +40038
0.1255  .9787  241.0740  250.600 O $e0062
CelG64  LOUBB  337.7799 357,950 9  +.1570
042003  oDE4B 347,256  3€0.350 9 * 6208
0.5000 9553 59,3877  61.685 7 + 0659
1.0007 +9493 33,2487  25.0867 6 —4010%
2.0000 9432 39,3706 _ 39.585 7 +,2793

73,

Theao values of ®*a® ware then plottad on tho lower part

of PLATR VI, The curves xhich seamed to fit thexm most nearly
ez 177 , Prom this the neryad
1 Za%D Y

=
2.070 were not ureld becnause they vere

vas a parabola o7 the fommi-
18 Za7P=21TD
for D8 2083 and N =

s tharefore The values

sa axr off the eurve .

T™ea computati n follovs oh the next pnpe.






COYPUTATION OF "1°,

)2 ) 7D —8)D_
0.02 0460 01414 +00650
.08 +0010 2236 «0C0:2
0420 $0172 o362 +00544
0.0626 #0431 0250: «01078
040654 00538 0r 022 «00895
001238 L0352 e2544 03019
0e1664  J1570 2079 06404
0e50cs 059 W07 W04649
10007 40102 12,0003 401020
23108 214911

12 :14931 207065 g I% Wfég'
therefore:-

aS 17D 2 0706370 = 1%1/’5‘

>

THE FINAL JORMULA. Then from the above derivation

with bH & ] = .05}/“1?“‘ and
o4 1

C,O b+ a

142

1

Thareforet=

C,® v+
h

7%






The thi~sis hod for it3 purroce the determination of the
discharge in th» tarms of the catermmining factors. This has mew
bren accomplinhed as i3 shown dy the following formulaelee~-

qQ® ¢ ] '

Q= j:zdy 7/7“-7"7/25 (h-y) = %AW-
For erdinary heads this is ecual to A)YZch , and for an: c¢aee
i+ onn ba &atarmined with the ald of the tadle which follows this

parccsranhe
‘o8 €. .C.0C,

‘o= 124 n"'-n%_n" +1l_ ) and may be taian from

PLATZ IV.

Co- E and 12 usuzlly nearly unitye.
C,s 1 « 06
* recrs il Qo:?‘ .

T™he second term moy be tek-n from the urrer curve on
PLATE VL. and the exprassion 0.1‘/2_ from the lovor curve.
“<

Then e
b I Allfﬁe__f_g_ (1« .oo};’,\_{é_—r)

where Cc® 244 A= 2n* +3 y
< n .
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Rstio % in terms o the ratio % .
] < B £ g &
o5 «2604 1.25 2998 2,2 «9983
o 9752 1.3 00952 263 984
625 2774 1.4 +2QE0 244 9986
o7 9823 1.5 00965 2.5 9989
79 298459 1.6 «P969 3.0 «9991
«8 D67 1.7 29973 3.5 3904
oE3 03592 1.8 9076 4.0 9898
o? «9897 1.9 9378 4.6 9996
1.0 9928 2,0 9280 8.0 9997
1.1 9933 2.1 «9982 10.0 | 1,00C3
1.2 _e9944

Taken from pnge 22 of Smith's Fyéraulies.
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CQ¥PARISON OF PORMULAR,

e values of C. ohtaine! hy the formula ars eompared
vith those observed ,also the values of ¢ given by Hamilton

Smith in his table with the ebasrv~d values @ € .

2 E ] .Qg
obser;: ebupe error > [ Cbs, error
h cx c; fam. % w c tabo ta2b,. 1 (%J

2,830 | 340077 045310 o01E7 166 2676|2630 €20 o500 00 00
éaLEQ L'QQZB 2:?900 o012 le72 ;3(9 o626 .§27 o0CC1 420 404

aver. = 8,286 194,07 8Y2T.=e07 404
Probable errar & .6715/9.5°8 ® 2,61 ProYe €rr. ® C,10
D= (S

e437 | 10085 1,088 0077 0.76 CoBT8R |2€30 o€30 #0L3 «00 00
336 | 1.,0077 1,0098 .0063 D668  (oB2 |46.7 ¢€E +TCL 20 404
o750 «2070  1e00F0 40100 0699 Ce980 |687.0 o7 002 30 o0F
0279 9917 o8370 <0058 0488 0,706 (4619 o€12 2001 +20 408

1.740 8781 02291 20110 1612 16254 |e611 «611 4000 00 00

2.740 9712 OB 40148 1,50 2280 (o607 ofCT o070 o402 400

34570 «9A906 oTl4d 40148 1.53 20341/ e606 ECE ONC 200 07
4,630 « 8680 Q84 L0154 Loﬁ? 2.528$.6"5 «8035 407D +00 ,00
aver,: .09 10.729 avere%09 .17

gzgpehlg arror % :974521004z B 69 Prov, orr, a_!%;




-
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D = 230
obAAY.CompPs OTror b
h C C form. errorxr
PN Ik L0070 eclen 2018 172
«900| 49758 <9980 40122 1,256 14563 «609 +001 420
1.730( 2667 «9861 .01%4 2,00 4,000 «+604 .éEf +000 00 +00
341E80| « 9640 «9802 .0162 1.68 2.822| 4605 4603 000 00 O
4.600]| «9619 28701 #0162 1.68 2,022 +601
2VAT. T 1488 18,935 BV Te=.04 L0}
Probable error = .67:5)4.734 = 1.47 Prod. err. = 0,06
D = L0528 ®
4010 | 87 % <0622 0068  0+90 0810 607 4604 o005 80 64
8.99 | «8761 #9799 40038 0.39 0e152| o610 4601 o009 1450 2.25
16475 | #T763 #2720 #0027 0.28 0.078( o615 4598 4012 2,00 4.00
23460 | #0767 o077 #0021 0421 0e044| o611 o597 4014 2,3 5.20
35433 | #9704 29784 40006 0406 0.004[ o612 4596 +C16 2.6 €.76
43,85 | #9763 #8783 20007 0407 0.008| +611 4595 016 2.6 6476
54425 | 9772 9767 J0007 0407 0005 612 o594 L,C18 2.9 8.41
€6480 | 42772 2762 L0018 0.18 0.032| €10 o594 #01€ 2.6 F£.7¢6
BA,70 | 02771 #8781 40057 0,58 0e336] 615 o592 o052 %46 12,00
ayar. = 0,30 1.166 aver., = 2,37 53,8

Probable error = o6745Y.146 & .26
D = 1.0007

Prob. err. = 1.75 S

“TI5[.0R68  1.0100 o0P41 DLe4&  Be05: [eHTE o592 <014 Ze80 57
23680072 «9793 0121 175 1563|4509 o596 007 1.2 1.4
4481 ]a9494 « 8640 +0146 1454 24372 |45%0 #576 <004 067 0.5
7497|9340 #9583 40243 2.60 €.670 (583 o596 o013 2.2 4.c

7.92 |.2438 9583 0043 0.49% 06230558 o85%6 4007 1.2 1.2

10408] 9510 29558 #0018 Qo580 0628116504 4,595 _.001 0.2 0.1

avar. & 1.47 17.070 aver, = 1,32 13.°

Prah. arvar =

e asds 32 = 5 a-
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obs. com. arr. 0 G- obs. € tab. X Gk
n Cs C foyrs OXrr, trt. Orr, orys .
4: 6;457 C .LIQ; oGOil 0;52 Ce04l aS%é .CGE [ &} 05 2053

887 oUT20 oTT6T 00412 0eB80 04250 o6CE SC0 oCC8 LoD 160

1735 #2743 9758 40015 015 0023 4€E09 ¢5H%7 «C1T 1.7 2oL
4065 o860 49754 4(CCF4 o556 CllB o€£C6 «5%6 o010 le6 258

35.80 o762 oS752 oC030  o31  CuCT6 o615 o395 4017 2.0 7.84
S147 8 o07B4 o0750 L0074 024 0,057 o612 594 ,018 3.0  9.00
8770 20760 L9750 JCOLE o1 04072 o611 o894 4017 2.5  7.81
7075 +9730 407.9 J00RP 419 G036 o608 o597 o018 2.8 6425
02,48 29739 40735 40001 501 0,000 ,810 o593 o018 3.0  9,C0

__RYer,c0,28 0,657 _AVAT, 0,0 49,67

_Prod , arror ® o€7457,107 = 0.22 Prob. erre 1.6%

D =» !125§

207 o97768 oCTET 400 o84 041E4 F08 o600 L0008 a2 1.6¢

8462 9726 o736 40010 o120 0,010 o678 o579 L0CH 1.5 2,28
16053 o973 49722 L0009 0% 0.0C6MeBI9 o597 o012 2.0  4.00
224295 29730 #9718 0012 12 04014 o609 o896 o013 2.1  B.41
37466609730 ¢9704 0016 2116 0,026 600 o595 4014 2.3 5.29
43.€1 29730 «9713 40017 17 0027 o609 o594 o013 2.5 6.25
88,70 #9720 #8711 #0C19 19 0.031 +609 «594.005 2.8 €£.28
70056 o900 #2711 #0179 (1.81) Be<76) €1 483 2005 4.0 AC0D)
0110 43728 8710 0016 16 050568 o6C8_ o592 o016 2.6  6.7F

8Vors = o188 0,338 [ Xiad 2 2410 36,90

Prod. errer = ’!?‘52£§§§ F 9!!’ 2!!!! (72123 - ! 5!
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D= .lece
h lotu:n comn. .
B.00 .Egiii.ggia .%gigr 15
9.08 #9707 97168 0082 oOF
17479 #9691 9712 L0021 472
27 e24 40687 20716 CCZF  o30
312 0683 492718 L0031 o33
47.02 29681 9724 0C43 .44
5771 «9680 «9713 4CC73 34
€9.99 (9679 9702 LCC33 234 0116 o608 o593 01 2.5 8.25
240 N e9712 50034 o33 23 92 016 2,6 _6.79
aver, = 0.28 0,830 aver, = 2.14 42,52
Prod, exror e grngﬁiﬁ 8 0,22 Prob. err. ® 1,56
D= ,2063
670 oRBNE D66 20190 1eP9 3eV60 o556 o598 o002 o3 oC9
11484 o9300 o9678 40176 1eBS 3423 o898 o597 4001 o2 «C4
1759 o903 0866 «0187 171 24071 ¢8598 ¢596 000 0 OO
23417 09506 o9CBT J0L5A 164 FeB890 o896 o596 o0 o0 G2
34477 29490 o057 L01AT 1476 3J40T8 o508 o895 070 40 «0C
4627 9508 29559 402497 1aHT 2.465 45968 o591 4002 o3 (9
57e2) o490 a4 0LHE  Lefl 24627 o506 o5%4 o002 .3 o2
67042 20477 SBESR JO1B8 163 2,660 o596 4503 J003 L5 25
93200 94193 »9B5L 20158 o€ 2,736 4398 o502 o003 L5 023
aver. ® 1,72 26.660 aver, 0,53 o8}

Pred . arrer ® ,6745/3.33 » 1.23

Prodb. erre # 0,21






D& .8

*

81,

h obsar.
Oy

COmPe

2:15449778
4,16 .9638

6.35 .9693
730 42617
8.0) 9622
9.86 9634
10.51 9618
11.97 .9599
12,98 9616
14.47 .9610
15.46 9611
15.85 9684

9785
#9673

+9632
9621
+9618
+9€08
9601 .

+9595

9592
09588
9588
9584

17.26 +9540 9582 50042

ayer.

()" o::er. [ 2 x

«0107 1.11 14231 <600 +598 +002 9.3 0.09
00015 W18 o023 o602 o597 4005 & .64
eCOB1 o83 <397 o605 o397 007 1.2  1.44
<0004  +04 D02 o801 o597 o004 o7  o49
e0007 407  «005 4601 o596 005 o8 .64
0026 .27 4073 4602 o896 +006 1.0 1.00
e0019 420 040 o601 ¢596 003 8 .64
«0704 404  oC02 o600 o596 4004 o7 .49
s0024 o258 4063 4601 «596 +CO5 o8 ° 64
oNOZT  o23 4053 o601 o596 4005 L& .€4
e00Z6 o277 073 <601 o596 005 & .64
¢0100 1.03 10081 +605 .596 .009 1,5 2,23
248 2194 576 5596 5070 0 00

236 3,217 avyer, +79 _9.60

PTObQAgzxo =" 0g§7

Probable error T ,87451.°68 8 0435

DB _2,00

1.77 1.0715 1.0017 .0698

2460 1.2C89
4.47 9920
.83 .99%3

6.93 .9888
8.34 .9854

+983
967
962
*959

8 +0453
7T «0242
7 0296
7 02k8

<9573 0282
D64 9862 9536 03068 3,20 10,210

LA de? <]

6.50 42.250
4.41 19.448

2,45
2,99

3.00
2.94

6.003

8,940

9.000
8.644

3.64 104,326

Probd 1e arror » ,67457/17.42 & 2.82



SUMMARY OF XrRORS IN 7,

RErroxr from formuln. Krror from tabla,

P__ave.axr, Pro.err, (P,R.) _ave.epsPro, orr. (B.B,)
02  2.24 2.61 8.812  0.07 0.10 0.C10
03 1.09 «69 1786 09 1l 012
«10  l.88 1.47 2,161 «04 06 +004
062 .30 «26 068  2.32 1475 3,063
085 425 .25 «063 2,26 1.68 24722
123 18 19 «023 210 1.55 24403
166 .28 .22 048 2,14 1.56 4434
208 l.72 1.23 1.513 23 021 «C44
50 36 35 123 o7 «60 4360

1.00 247 2.28 2573 1,32  1.12 1,254

O..“ 8 Aver. 12.850 l.14 = aver., 12.4086
SIXox ' SIPOr

rer ® ,0674971.428 ® .81 __ Pro.err., < 0,79

CONCLUSION.

The table dy Hamilton Smith Jr. ( page 39 of his Wydrau-
lics) has been widely quetad and is the chief bdasis, at the pre-
sent tiwe,of estimates of the discharge of e¢ircular erifiocss.

As will he ssen from the comparisons above, eur formula agrees
nors 6losely with the results of experiment than the table, al-~
though derived partly fromthe same experiments (i.a. Smiths' and
B1lis'). We d0 not,of eourse, believe that eur formula is per-
fect, but it 4is detter than most emperi-al formulae in that it
gives values at the extreme values ¢f the variadles which are at

least possidle, if not absolutely eorrect. Yor an erifice o’
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sero dismeter the coffioclant of los: is unity. For heads infinit-
1y larges , the cofficient of loss varies bstween 940 and 1,00
with the diam=tar, The hsad c¢an nevasr be les: than one-half the
diametsr or ,what is the same thing , the diametsr more than
trice the head, and for this condition the cofficent of loss has
& naximum valus of 1.6689 « But with the surfage of the water at
ths tor of the orifice the factor n would dbs unity and the co-
efficient of eontrasction .500 . If ve assume the cofficient of
aprroagh as unity this makss the cofficient of diaghargs .8445 ,
#hich is prodably to hi~h dut is very posaidle, FYor orifices of

t inoh diameter and upward MA¥# | we believa that this formula
gives a little dDattar results than any teble yat published, As
stated in ths introtuotion , it 1; , #§ a8 for as we have been
Rble to find , tr+* only formula 30 fnr puhlished whioch gives

the diachargé from a circular erifice in terms of all the factors
which influenes it and without any wvarishle numaricnl cofficisnts,
to b» determined from the tadleas,












