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of 0.05 t© 0.25 of tre Eic*;i**’;h; the clbser o fhe b;mlts

"va-_ C{f_'ePET IS '&a Yn@e MmUY

p‘JE’SE'ﬂCE' CKF 7 A

Chanmells tsi- "I

L1
u

_:TEE Yeﬂoefg C{fS'I:n‘r'bu{l'qn !.'1’_} Q Q})qﬂneﬂ ‘SEQEE(H] dax'ﬂd%‘ an
'Same - Joctars such as,

@ Unusuall QI‘E}PE of the seciian

@ Qoughness ol the chamel

@ Fresace of berds

i
, 8 "
' ] i .



*In o bﬁ'oad? raqpid and snaflow stream g M & Negy safh

O’h’ﬂﬂeﬂ, the Mai MU wt:‘*ﬂeerba may often be JE’-W‘CI at.

the Fice surdace.
* The 'ﬁmﬂnlvmfss of the chammel will cause the cunw@e
of the ﬁw’eﬁ'}icai—weﬂmfgudrsﬁ“ibu{iﬂﬂ# came 1o ‘ LT
* On q bend ‘&e u‘eﬂccig N CFROSES C[m’uiw at e Convex
‘Ei'deJDwnB 1o fre cenﬁwrj’ﬁﬁgl achon of the Fow.
’ Cﬂm{iﬁ‘wbﬂ b the usyal belief Ciep surfoce wind has Ve
Iittle effeet an \J’Eﬂoi‘ﬁy df‘a*]a“r' bu{iﬂﬂh
* The fow m a Sbnicﬂht orismatic chamel 's T fact three-
d;’menﬁ*iﬁnaﬂ ,anmi:f%ajg‘nﬂ a apimﬂ Tﬂoﬁq‘nj QQ‘H’Q%L\ -H"ne_
\"dm'y mpﬂﬂﬂ‘l)ﬁ m 'He RarsNerse Cﬁfmn& mf.::ﬁma 1S
LLSLLGMJ small & I'ns(camﬁ’cant Qchmecl with 'thﬁ
ﬂﬂnsa{lmdmui w;jgcijgju mﬁnmeﬂ-}: |
|* In shoet /Qflbmfn@a Llusnes o small diskurbapee. ot
| the enteqnee ,which is ugwllg, qu*{(lidqbge:, is suffi-
cent o cayse e zame of hicﬁ?'esjc \Wdtew foed o
fl.-'l ﬁhaeﬂ tome SlldeJ HWS giwhﬂa pise J[o a Si‘nﬂﬂ& Sg‘wqﬁ
| motion,



*In q fong and emidiem vench emote Krom the enira- |

nee, a doyble sprdl motign wilk cccur {o pepmit - B8

dizaion of sheqr shresses, an both sides of the chamed.

* In practical comsidepations, it is quite sade to iqnare.

- e spmﬂ Wotian M Sﬁm'ghjc q:sm'smcrla'& chamels. SF’;TJ\ f

- How m cumved c\“ttmneiﬁj however, 1S @ LWPG“‘J@“EC MQ’
. enay 1o be considered M design.

Wide Open Chamel : Obsewvations in vegy Wide cpem cha-
mwels have Sﬁmm-%ajc the \fﬂm@ disteibubian ™ the.
central Fegiay) of the sectiam is ease*ﬂﬁoggj e same
as it would be in g chnﬂﬂw dhawmel off Wiinite
width. - |
'I_'.Iﬂ' OJEF)E’PWOG‘AS, under this conditian, the. sides of” the chamd,
lll-é hqxﬁ: pﬁ‘m{lca%n ng M :@uﬁn(}e an Hﬁ meg\oci{y dt'%ﬁ‘ibijficm m
4he Qen-baaﬂ ¥egiay and the Q@-QDLU m e Qeﬂ!@og\ Tf’%if:rﬁ}
qu thereftwe be Feaqrdec] a5 foo- dimersinal }gj' -

draulie CmngGES




* This QEm‘h\q,( mﬁtqm Em'a{s b1 mc&anauim" C'}trﬂ‘fﬂ‘a m}%
(.L_J]')en the width s W than 9 to 10 umes 4ﬁbﬁ‘-
dCPH) of ﬁmu} d.epeﬂd.‘na an H‘)e Qgﬂdiﬁoﬂ Oile ‘C:-“U‘E'Ir&lﬁ

ﬁﬂd#mtﬁﬁ_

e SR TR

46 e g s S Qj’lﬁmﬂf'ﬂ o 5&%](_50 be C[QCE?TE’CI as
a wectmngular chamd whose width s tee han
10 tmes %%Eiiiﬁih QXPCQIDUJ_

b » 10y

Measwrement of ‘v’cﬂoer’gj The wﬁm{y of Llocw i an open
| Gumel am be measwred with o ctament meter

I;I.,-AcCcrﬁ'dfng T the stream-gaging procedure ofthe Us
I."I." Geolﬁg!'ﬂaﬂ Suw%\} 5 the d‘lqnﬂeﬂ CTOSS —Secﬁqn (S d-‘v:’ded

20 L doen] 247 oo ok ff;ﬁg?ﬁﬁfﬂj
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o verkical ‘S"]‘ipca ‘%j a Ywmber of successive vesticals,
and rean selooies i verlicals qre defermimed by meo-

surmg the veloeily

Case-1 % at 06 of the dﬁpjth m each wepldeuﬂ when
the depth of £low 9 < 061, Vavg = Vﬁ-sg

Case-2 : average of {he welocities at. 0.2 and -8 of

the depth whew the depth of flow y > 0/61m;

~/
\quﬂ % o.zJ; \’E%

* [he average of the me velocities in any two GAJ acent
| verhcals “muﬂ{ipjif'd l@_‘;’ the qsea Detween the w’é‘é‘fﬂﬂﬂﬁ
gies the discharge ﬁwmﬂ‘n this \ewlical strip of the
Ql”nﬁs-secﬁ'cm_
» The s of distharges -Hwong alk GLG‘%P‘S s the total
| dffschq'u*cae_
* The meay Velooily of the whole sedtio i thevedtee, ol

4o 'H%.‘f to-bf C[;EQ[-,GFQQ divided bj the ’Whﬂue qsea

=8,
i |
Tean — . = A,




EX er N |
fropeller I 2 it B @ o
No. of vevoluian = Y r” s o2 e
Tme = L

Flo 3 ) |
Revolution pev 5&@@51&,, s .H.;,E:;;.;_\ )

f .
Tl = _% ﬁ,-qn-.ﬂf-r'"& | |
figure ° Cyprret it Metes

Pyt W'Eﬂ\miyﬁ V= Qm +b

(efo. " f% iy
wheve @ & b e the Coediicionts OF TP ER
: ]

2
I Cun

Veloeity Distribution efficients -

| . -/-15 a vesdt of T“ln:m;'n{ﬁ'mn disteibuban of veloerties

™ over o damell seckion , the ueﬂnf:zictj head of an open-
chamel £low is %WQ%’ %’D‘EQJ@'P {than the vakie @m

{ 2 .
puted G.chrdfng to the expressia -—2\% Whewe V 5

| 'Ii-)e MeQn \,fE’QGefiy_
_': ¢ Nﬁeﬂ J[EE E“ﬂﬁ'ﬁ‘w Pﬁf’mtj pfe_ o) used 1 anpuﬁﬂﬂ}
the Jg’ue \JE‘JU@Q{@ he:q[:]! “mcy: be E}f\pﬁssed Qs

oc N whe‘wz_ X 15 kmwn Qs H.’le_ ETI@*%&_, cO-

:D_ﬂ’

‘—d



ePPioient op Copiclis coefficient .

2 Exmeﬂtﬂﬂ dulcu iﬂds’f::tﬂ:& -and; Jt}?e \JU,QU.E 'C:Q@ L o €S
$pom about 1 .03 1o 1.36 {aw :Fqiﬂpéﬁ a{mi:ahjc p@iawaﬁa

- channels
* The'value is %eﬂﬂ“*(lﬂ@ h'i-;i;:r:z'aﬁ For sl charmels
and lower fa» favge Sweams of corsiderable depth |

o The  hon-unifimm. distribubion of velocities also -afifeets
'H.’)e C:r;rmpu'[zr{jw- QQO mﬁa‘r;-::“"iﬁ!ﬂﬂ M QpeN - {iltfﬁmei aﬁlﬂw
o Famithe peimeiple of medhanies the momentum of
the #luid passing twough chawmel seclian per unit
Fw B8NV :
7

| C'“)}HE‘:"-""PEJ P T Gmen T coeffioiont Op Brmaa&.ﬂﬁ?
(= Uit weight of water
Q = discnange
W = Theqy) \fei@c:itf
¢ The value of B %v Farely Sb‘ui?hjc opisTatie Sameks
am 101 1© 112 .

time is expressed b@

il @ i1
P e T ] -+
QeI ceEnt

\ot €5 apf?r“owma@g I



 Salient Feakmes of o< &5 :
QQQ?;G'E{ETII(S Qre G[EUJC@S

* The evergy & TameTIU)
| PGEATH\JE and never Jess haw ';_mﬁgj_
* Foe Umidamm veﬂmi"g disteibulion M the ‘3}1‘1'““‘3( Secii‘m,
S-ped- Tn o)l otber cases;ee” 71 and frthes
" the eloely distribution departs Fromw nifom | e
'ﬂb’ecri:@n’ e coeffcients became.

e The effect of tusblence is 45 najee
| e over the chamel secton’

.;'5-‘(5@&.%@} the vqﬂuea of o« & B e hiﬂ}?e‘m £ Jonme
' flow than Fokerbuent Fow

» Although the Tamercal Vakes off o € B may Vagy
. ovep Q Wide Tange defmdiwﬂ an the xfel@c:%bu distebation

| the waio %% tends 1o VY fmﬂg sﬂiﬂhﬂj,  the
| Pange 28 t© 2.0

'H’)e ﬁﬁtﬂ Tmﬁf’_




De‘teu‘*"m{ﬂub‘ﬂﬂ of Veﬁ{:‘n’:iiy Disteibutian Coefficient -
Let,

A = whole wder area |

A A = epentany Water area 4 =]
/= vcﬂ,g,g;*y / . \,.,
¥ = umit Weight of watep

The weight of water passmg 44 )

pep unit thoe, with a “*’E’Q"-‘Q‘EP ¥, 1 Uit bme . cwosses v it‘"ﬂ@t”
YVAA

"ﬂ?e ge eneray of water Pqﬁm% 4 A pew tnit Jdme}

s the product of the weight & the ~Velecity heaa
L

Y VAA -z—;—— = % Y\éﬂﬂ &7
Total kinehc evergy o the whole water aeea,
FVUAA
= e Sy

Nﬂm} '['gkéﬂca the whole doeq AJ'&){?_ THEa \IQQDQE'Ige V and
'H')f: Cagre oted \J'-E,U\DQQ'?'-? head Ja the W}doﬂa areo. QS | O@_%

the fotol kivetic. emesgy IS o{% Y VA



| V2AA
E%En.a HDJ"S C[}Lcmhg "-Ni'}_'l’l ZEFE%—-_ e ‘aet,

>
gz YA == Y;%M

=V °*AA R
V2 A B

The mamentan of waber passmca

the pFOdLLQ{; of the MasSs HV{IA and the ‘dﬁﬂoﬂig vV,

op INAA 0

(a e
The tota! mamentan s = TS%M |

Ec;uqﬁ'ﬁa this c[/qqnﬁ 3 with dei. -::f_f:m‘ﬁuecl‘-_ed ORI L
the whale a@ea , ap _.E_E‘%\J , and "ﬁleclw:i“nf:}}

Vs BaA

= VHA
e ke Lo ef(@)

AA per anit time 'S
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-.,Hﬁdﬁ‘gsﬁda fressure. Distribution -

Let, covsider o vephical .C-Uﬂmnﬂ of hﬁf‘ahjf J and Cooss-
sectional avea AA. ¢ ey B
P is the mmtemsily of pressuve OP PrESSWE ( Gwa /
bottorn of water eolumn fi :
b force —v T
: S ( 0] IJ
_ eight of water colum A
AE’E& : ] N
e gda
A4A
=P

frssuae. Diibulon in o Chamel Sechan -

.;!I' TEis valid aoﬂ'n"“taﬁnduauax)u vared flow” wheve  depth carges
| with vespect o chawd height so mild)y thet the strean.
,Ql'"nes Fme me-ijcbe@ Gppﬁﬁciabiﬂ Quwdum Qe d{mca
| but et Formpidly vared Plow”




e : . = r
'l-!!‘ iy f i) -1y |
". wf L]
L~/

e s AP ¢ o & & £ b LT =
| i
ad duy
. ey

dne 7

* The pressure ot any pomt. am the es0ss-sectian of How
i a chamel of Small slope” can be Tessumed by the

| he{ﬂht of ¢ waer cplurm ™ a piezametre tube.
* The pressuse at any pomt an the sectian is o opartional

| 4o the depth at a point below the surfice and equal to
hyarostatic. pressure cmm[amdfnﬁ t its depth . P-p3h=vh.
This is known as HJ&fwhEc Law of Presswre

& Hcydv‘os’\[gﬂc Jawy is \kIde Lo parallel flows where sb'eqm_
Imes e P(]’E‘Qﬂf’.ﬂ ae 1ot %ubs{cmju' aﬂJ cuwvatre, In ':mh
Copes | the £low has Mo inc'e;e'mlﬂﬁﬂ CIHY[(‘XTff‘ﬂlE‘S M Jthe

| p/chne of cross-sectian |
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Hcﬁ*nz:an{cnﬁ f%rmﬂleﬂ Flow /1 “f’“f}*’{m‘f"
(@ Hamzomal q@ma{aﬂﬂﬁsﬁ chare fi;
Oggfsec'ﬂﬂﬂﬁg. drﬁ’ﬂ:{]m‘}

@ No accelerabion N &
the d’lfrnneﬂ\ bottom

@ Flow \ueiocigv is Pﬂmmal ©

@ Shealines € Pﬂ"ﬁ‘&ﬂ“—’ﬂ
@ Verbicol compment of the vesuktant Jwce cdu_nﬂ N

{he colwmm of ilquid s Zzeed .

m%%%ct of Shpe an fresswre Distwibutian w Faralld Hlow
m a sfnpmd Chawnef, :
'@ SQOPFI?% fwictianless QhQTTﬂEQ
|'="® No acedepalign i Cross- sectiona divection
@ o velooily is pallel 1o the. cumd. bottom

;fi@ Streamlives ave parallel




%E.»sswse Disteibubian m a Lcm%ihcimaﬂ 59@’??% (6) ChasmeXl. -

2 k44

T

Ca'msidegh a 'NQ':E‘I? C:Gﬂumﬂ OJO hﬁ‘hﬂht ,3 and Cvoss fSCC‘ii’fmGﬁ
area. /A

The pressure at the pu{ﬂ{ an the charmel. bottom balances the
Companent of e Waighjt of the elesment napmal. o the
wﬁ'!’g?l)c of the eoim mmoi © the divection of° How

= Wcos8 =¥ gAA cosb

The imtensily of presswe. at the bottam of*water gl

P__ ftece s TdﬂAQOS@
g0, A

d

s 8

= ¥dcosb

Ifﬁgqin, T
5 drqj‘cos@

e N S R




B

P="Yycos8. cosb

= P= Yy co?6

D | |

f'ﬁ%_'—‘j‘f;u‘z-(-j .Lle_-anj _\?: 3%528
When, 8 <6° & S, < 01
thepy P

¥ -'_B: = J
whe‘nj e 8 & >0
P

IH')E'T] T:e‘jcc@l@

wh@ﬁ; e0s28 is the coprection daetge of pressre head
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_qum Distribution in Qi{‘ﬁ_w_f.hhﬁqm Flow

* The QUWGI{LWE‘ of the S‘b‘@:[mii‘ﬂes IS Q_midewque_ e.q. S
the chamel botlom is cumed, at sluice B{[I:E and ot e e
OVerfalls ;"

* In such Qﬁﬁﬁﬁjﬁf accel evation nawmal 1o the divectian of
ﬂOm is Mot T‘f:ﬁifta{bjt and the presslre di stei budion I

Not tgjdf’ostub'c. \

quiﬁfmqp Plows mﬂd be eamcqw/mvﬂt.

T rll"-.- = L o
9 BN |
Ve \ e j N
A s fﬁl‘ 3 : il - 15” ) . i_-f :
Joetuad "xh ‘1 ﬁ |
PLYY P=ah <%y
Canvert %uj P> Y_'Ij




Let us consider the fpees acting M the wewticol divec.

- 2 fonak
Lon on o cdlumm of a Elio}wd with cwoss~SEE
avea 4dA.
Moss of Jiguid @::Iumm:p;jsﬂ/q PR
Vi 1"'5'&76 ﬁmu;

IIGG 15 H?e mdnus G{F cumaree q’ﬂ‘id
veloeily of the point under copsideratia® |

St W it b
. ETTLﬁ‘fmﬁﬂ) acceleednay) = =

R 2 V&
C@ﬁﬂﬁ?aﬁ JarCe = 1;\1 = Pb‘j,ﬁ]ﬂ o

The pressure Gs Q sesult 2? the Cemj[:mﬁx%ﬂ {wee (s
p- _Faxce ~ Pobs 44 . .
- Avea AA = Pdsm

| The W}Eﬂd CLC‘.Jtlti')a an the bottom O? a. L'q}.(td
(ol due o cevtrifigal aceelevation,

-'ll Iy = =R e _ﬁ_: Pgs'\%;
| X P

¥
> o 1 2
oy ?‘%%



The total presswre heod ucﬁma an the bottom is the
Ui‘ﬂeb”ﬁ‘ﬂfﬂ. sum of pressure due 1o E’fﬂs‘r}:ﬁﬁl@aﬂ action &

the Weight of the diquid colunm.
. Tota) Presswe Head = 95 + Jq

dy i
= 35 _.!: ﬁ JS ¥°
B T
é)'ﬁ(’-l t g ‘#’)
A o
- g IS the caprectaon Wr CUTNIAY Ol

“— far Cowvex Fow




.:j;}pﬁﬂ '“--":r:-n;'r'f“:l’“;r.-' ,: F-'Zfr_uu_;- gj H "-ﬂi;y;
Chgptew

: Solutign OF Poblems |
W [[Example 1.1 : A trapezoida) chamel has a bofom width |
of 6m and side Sﬂﬂpﬁ'ﬁ of o ;f]__(jwpuigg the discharge & :. |
d?’tGU’miT}E’ the sjccdf {jf ?iouj M -Hn’a thmﬂeﬂ if”&»e C!fF’%ﬂ
of flow is 1.5m and the meam \Je:io{ailgj of flow is

2 30mm/s . If E.ﬂﬁ'mfﬂ"'gw waves Qe cveated iM this cha-
WEﬂJdechmmine the ﬁpee:i of wave feants UPSW‘“ and

downstream:
Sol@: Giiven, o o Trape zoiddl chamel,

5UHD'W WldH'\J b; &m , ~7
Side slpe, 2 - 2 e
Depth of £low, y=1 .5 _‘._}.J J

: :i | | 1 |

\feﬂom'{gJ V= 2.30m/s

-C'?‘DSS-‘SECIZ'GT‘JGQ GéﬁfCL; A= Q)-fzcy/}e)a
= @Jrgm .9&1.5

=49.5 m*
Wetted pesimeter P- b+ 24142 .y
= 6+ 242 .15

= 12:%1 M




Top ‘-.N!'dH?, T'= b+ Q.F:Ej
= g 42X2X%1-0

—-—

= 127
A_18-3 _ 106

—is —

Heyd?quﬂl‘c wu&ius, = -l
— 13.5 el 125 m

Hydwaulic depth, D:_i s
. Disch 8= VA = (0.30%13:5) =805 ?ls
B e ()

V
,Qﬁy T]'GMS 'ﬂumbE"P Re Q r = Il ’ '1ﬂ?--‘rii~“1i
__2.311.05 4
= s

=2.43%%x10° > 12,500

| Froude F':_,:i_
de nuwmber, T

R Tl
A 9B1X1.105
= 082 < 1.0

Henr:e, Hhe Plow is Sul'n—fl'ﬁl:-.j’cai._ - Tuppul




B w =
o
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i oy |
[ S
. —F 8
o - |
F
|
1
s ¥
&

Now, Ceﬂeﬁ{g, 0 =/g0 =\ 81x1.125 = 332 /s

.. Speed of wave frants ypstream = ¢ -V
* 339 -2 .30

= 1.02mls (p )

& Speed of wave Fpants doumstrearn = c+V

= 3.22+ 2.30

e 5.2 ms (PmaJ

_Exqm,ofe a2 A ci"ﬁ"cuicrﬁ" ch:rrmeﬂ 2.F5m im d"ﬂ‘mﬁ‘)@f’
cCaqrries dis&m’cae of 6€.55 m3[s at adepjﬂl‘t 0f 1dm

Determine the State of Flow.
Sol . Given, 307 a_ civcuar chamel | -

Diameter, dﬂ = 2. %5
Discharge. 8= 6.55 mY/s Ty |
Depth of low, Y= 1.1m .'




Aﬂﬂ,ﬂej 8 =Dl 2 %ﬁi) [ 6 i 'ﬁ‘r;v.“{*'ﬂnj

L

= -1 £ 3 B R
205 (1 TXT‘EE’ )

= 1569261 ° gp, 2.7 vadiay
/q*ﬁ'*eq) 2 = %‘(G—Giﬂ@_)dul
= -.%(2 34 -sin 2-14)‘*@ '7@1

=02 09 m?%

= 1% 0.74x2.35
| = 3.7Fm
Top width, T = (sind) d,
= S‘En(—ﬂ?_i‘vxz.'?s
i 6?9m
| Hcyd?quj:c ”fﬂcldrus R =




A
i B
2

22D
2.69
= 0-83 m
- e
Vﬁ‘ﬁﬂ(}lg; bV A
5 .09
= 2.95m/s
Q:bmoidﬁ number, Re = %ﬁ—
et f =10 8m2s |
167% & ;

= . F4051x20° > 12,500

o S
frcude nwmber Fy, =D

s, B
;\f9-81xﬁ-83

= 103 > 1.0

Hence, the #low s SQPET-CﬁEcai - Tup buleny

Cirs.)




e 6 | Example 1.3 The dakn collected dusing e strea -

’f‘hﬂ-‘uf_"ﬁ:’ SECJD,W are %WETI

gaugmyg opevation ab a cestam
i the table. Compulte the dischar
dor the entrre Sectiom.

—_—

— I — 5 1 = I -’i H . | !.-.\E 1.{_:.' 55
Distance! “Total Meter I'Wiﬂﬁiié‘ ]'*Nllditflﬁ; | Area |Mean |+ SONar Qe

B klt Depth  Depth  (mis | () @) M fels)

bank(m) (M) (w) (m fs) | |
o | o |
5 [1.00 | 0-60 054 2:55 225 |0-54 ¥ 215 |
1 |
g0 1990 28009 9% 2.00 %00 1.30 910 i
0. 70041 62
S 590 _4'16 B 550 13.00 1-475 19195
1.04 180
4.928 vEE]
' 3.55 1.5)
RO e 2.00 ®80 1§15 14-212 !
3 08 1 72 : :

E 28 | 220 [1.32 116 2.00 4-40 [1.16 |5.104
5 1.0-80 | 0-4% (0-64 295 1.0 [O:6at =59 |
i 2% 0 | | '

Total | | | 53.00 74913




4_ %Q""—" ! Forthe section at a distmce 2w Jram feft bank,
width, Vg =88+ (24 oo

2 W,y D
Aeca, A = Tol Depth x Width
=3 Nx 225
=2.25m?

Mean Veﬂoeity, ¢ S \{,_EJ = 0-94 m/s

Discharge, A = o A :([)-54‘:-&2 25) =1.215 s

Fap the seclion ot a distnce 9™ Jpam Jeft bank,

[l e (9 (1Y)
A, 3 > .

Agm} A = Total Dep{h % Width

= 6§.%0 12-50

2 .50

= 15 TF 30~

. Yooyt Vogy 1%1+1.36
Mean VE’QDQIy;\/“@n: 0391{3?3: 11 =1.585 mls

Discharge, Q= Vi A = (L.585% 15:95)= 2496 w'ls




# ,
Fép the sedionp ot a distance 39 ﬁ_ﬁd%}]l c.G

Width, W = @*"‘ﬁ o) Lﬁf 15}+ =

o 2
W

Aveq, A = Total Depth X 'WrdJCh

= O:2a0% 2-2%

=1 I0WM>

Mean \feﬂno@, ™ vﬁ"%j =064 mM/5

Df&hq‘g’ﬁe) az\ﬁwﬂ :@.6“.43{‘1 ‘3@: 1c ] &2 m5/5

Mean Veﬂccfiy Ffoo entive S“ec%’qu
Wy ¢

\‘[mf_’uﬂ_ =5

74*91‘3_

593.00

=1 .4135 mfﬁ(

)
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E“’E_WFJE 14 ¢ Jn g wide chanmel the UEQDE@ NORiES Ggﬂmﬂ_ﬂ ; o
v 3z , where J.is the *{943:15! dEP’H‘; vis g

the VEﬂGCfB at a distmce = :ﬁ"ﬁm the Qh;m'nei bottom .
(i) Compute the drschmrﬁe per unit width

(ii) Determime the stafe of flow
(iii) Compute the ‘vﬂgoeiy dishei budion coedficients o and B

(ot-1)

and the »ddio ETE if’d = S-m

Sol? : e o wide chamel we can consider Q ami’c‘ width
EJ—JQ ﬁ; dlcmneﬂ and Epﬂﬂﬁ.‘i? the aved bép the 2 foc depr,H.
Then the cross-sechanal mean \ﬁjae1'Jg; \/ becarmes e dﬂPl&L

averaged ueJioeig V. Thevefure,

A
. vd A

a

V

e

e
o

I

e <P e o
QLb
ﬁﬁ-c
H
+
el
i
N

1

I



: -
1+4'L

__.,> v:

o e e T

2 3%
(1) Dl':‘ioLim*ge per unit width, 6.7 ¢ Y }l;-z» g=Vby |

r ~¢. \ |
:‘7\’ H=8Sx2.5 |||~—_;&..._{t.;i'“a o i |:
. =1902.5 mds/ |
) j :
(1) Reyelds Nooben, £ - ¥ [ o cide chamnel, |
2.5X 5 ( Q—-—A:—b% - b}}?j
;}Rc: 10-5- | P b+€j ||
4 | Sg? R:: _._bB;i‘;;-_-; ||
“.Re = 12.5x10% » 19,500 | , |
N/ ( ()4 A : _?ﬁ =\ I|
| Froude Numbe-p} k. ' < h J |j
A3
? = 25
F;’ 9.81x5
fp= 036 <1

Henee, the £low is Sub- ewibioak - Tarbulent

(Ars)




de B8
JQG*::?) z

ef
=§§ J [1+3-F+5.25
1

'2.

,_’_

T =

Q—?‘z ]c{z

5 3 ef
— =2 9-?2 .'2_"17__ f
o)

J ?’Jl + ,5_5‘3
=—= [L‘H“—‘\j—+—~‘-12| 1?3

Tf’BJ 2y T392 T 49°

3 [:L-r-fi ‘5+9+6‘¥5]

@9
= 1.96 C/Dmﬁ)
Maomentiem CDEJOJEV'CI'E'HJQ
ﬂ 0 J\flﬂt’q

v A
B e,
vZy Ve

:Tf% iéu %)Edz




Sp=gy [ ez FrgEde
- =5 5L
- b b 37 3]
= @_5}5?_£1+ 3+3]
= d 12 (ﬂﬂﬁ) Ii:l

Th at =
e wako of e = T 6(Amj

o |
Lyl ~— s =

N -E- - '}.-\ g - | -j}!" 1, \
ote : When V IS Ex pressed as a uncugyn Qo 3

r
: : @ 7 ¥l L
umerical Values of Vo, @ became mdependnt 01

I . ff
deptn of Flow




E%mpﬁe 1.5 2 Usmg the Jcpqpezoidqﬁ eule of numesica

1'5:.1]‘1:15'%& pe unit widjchj'che
and the owmerica) values of o and p o

the fllowng veloeity measurements (v is the ”“ﬂ“?i’q
J at a clfs-[-g-nce = cﬁqu Jllh»E QW&L buﬁcm) Clicrnﬂ Q. “'d'!ﬁm
J m o wide chamel | when the totdl depth is S

integration, campute the d

mean fﬂﬁ&i‘bﬁ

lz.{m]'D-o 10/2.0/%040 50 60

t;;;,ﬁ)_g-m 005331 3.623954124-5]

§Uiﬂ_ Dl'se}?cnr-ge per unit width | N 453 9
3 =} e B e
*}:Ef vdz e
o P O
= ZIVAZ N
= AT [%+9-95+3.91+3r52+3 -55+4-1;:j e
4:51 |, 1095
e 5 1 y

|

= 1. 0x%x20.205 E"-f_!z—_-:l_am_j

= 90. %}Sf
0.-205 ™ 'WTCAﬂSE)

M .ﬁ : 7 = q, . 20.920% i
ean vetoeity, 5 = 3 gg‘ﬁmh{%l)

:




Eﬂe‘"’&‘j cefficient, o = SV dz

= abiV i) AR

v ?@‘b‘_'
g _@ gg@ e 3""‘*[ 'f(z 95) +(3.31) C 62)°(6 95)‘3@1]
> = :1.25(‘}%5:)

Mmlﬂ‘l'him Gﬂcf’ﬁc:m{ Jg 4 ef\fgclz = AT

Vet

1.0 ORGSR *13
7P o~ (£ et el }
s B=1.21

(Jﬂms)




.E"(ﬂ.mffj_g_ff 1.6 1 A spillway £lip bucket has a ®adius of
cupvakoe of o0m: TR the Plow depth at. section 1-1 is |
By and the disehawﬂe pep unit width is €6 mds/m, Com- \
pute the presswe of A :

%Dﬂﬂ_ GTIIVE’T}J S
Radius {}:fB ctmvatre, 7= 20m

Depth mf:@lumj §=3m

Dfsc:-hcme per amit w;ﬂﬂv q,° € w/s/m

Now, Meam wio@gj \/ = —q’-’-

EE = 22 mWm|s

s

) ‘+'.due 1o Soncave

Pressyre at A, p = Fcﬂg(;pr
= 7000% 9-81x2% (14 mﬂc)
=102030 N[m*

- 102.30 UN[m*

(Jns)




e

':;E__defl? 1% Prove thot the shew force and -Hf oo
iﬁﬂ’m’ﬂa moment an the side walls of @ steep ol

Qh':l'ﬂ'n(‘.[ are. %—Yeg?—msﬂa '-'Ind ,éj;-b/ﬁamﬁﬁ*gi?ﬁﬁfﬁﬂ-‘fgj
where g is the depth of Flaw and B is the batts® spe
of the chamel,

\ Vi i
: 12 P o t
| f_hi I i I

'I-\. P T T S
i)

~deos €

[© ~J ’ { |
Ja» o Shapmg Chammel

=T

_:!'Sheq-ua PG'J’C'EJ f= El:xi YCJQGSQ‘KCI _ Pey unit L!J'*-dj'lhrf

) | = Fydiass,
| ' = L ygtesty [ d=gos]
xhY (Rroved) i,

IO\mhrnmﬁ mament = Fx Ao = F'Bf-%- [ fram chand] Mﬁ’:ll\
| = > ¥d%oso %%

= L9d°%ws 6

= 2 ¥y lcosrg [ 999




i
|
|

W‘:T_j .}__(a)__: ﬁ?c&ep‘H? and mean M'E*ﬂmig)ﬁ Upstyeam and 3
downstreamn of a vertical sluice faQJ[E n Q havizantal vec-
‘b:mtauhl'ﬁ charmel e 4-m and 1m and 2wis ad Bwls \
vespectively The width of the channel is 6. Detewmine
the state of flow both upstream and downstrenm of the
ot
505].1‘_ Upstream of the 3@'33, le=4m - Vp= 2mls . b= &m
Aveq, j‘l_,l: b,jl = (6§ x4) = 24m*
Weﬁtd' Pepim.:ﬂfq ﬂ_z b+2§1=(;{§+ 2':-;4—) = 1w
E‘O Wld'lj('l; r];: b " gm

Hydraulic Radius, R;= -—’%f =2 Tam
Hgdmaujfa Depth D)= —ili* ! %‘f = R

1
R@mﬂds Namber, £, = \%Rl. . 2”_:‘;'1 - 3.42x108 »12,500
a1ty
fp N
oude Number oo — L ‘1 0

=—=_ -0.93
L vEas 0 ¢

HcmCe, ‘H)e a@,ﬂow f'gﬁ-g-ﬂﬁ-{ﬂfﬁjﬂlﬂﬂi =T hﬁ‘buﬁf"ri

()



:.Daumsbmm of “the tﬁcd:e Y= 1m; v, = Bwls b=6wm |
.Am, A, = b%:@:wl) = 6~

Wetted Perimeter ) = b+:232:@ +2%1) = 8W

Top Width, T, =b = €m
Hﬁj'dr'wflk: Redius Rp = g -

L&
7 8
Hydoaulic Depth, D, = 22 = -& = 1.0m

E%')moﬂ S Nuwa:*r; K

Froude Numbf"r =

=2.99 » 1.0
A/ 5 1 9 8111
Hence, the £low s a{mwmgm— Tl bulent

(s )




%@bjﬂn 1.1.(b): Consider the ;F%ﬂomfﬂa data foe the | |
fadma (Glanges) ¥aver at the Baruvia stabion in Fapid pur g
an the o7d gujy_ 1589 A=33 500w 8= 56,200 w5 |
and B = 3820y  Compute the state of flow. Assme that | g‘

the pev (s wide |
a

? P&li_ DQP‘I:h O:]@ JQ .E‘CJLLJ, ?‘j - o —féq— = _é FF"L‘" E.L'dd-@ 'ﬁ*!‘“d'f'_’?:%a{; Md%h

_ 33500 _

flow wide Pives, chd'ﬁ*qu[a'c Radius, R= ¢ =8-2%m
& Hydwaulie Depth, D=y = 8 FFm

: 0 56500
qu'nwlnerb!\f— e 1 e mfs

_ VR 168%3-17 Q
Rrynnlfiﬁ Nmrnbﬂj f?,:— S ——j_—G_T——z 14 -Y936 X210
>12,500
N 1.6 :
F'?Boqd.: Nu'rr}JJE"PJ E; L S - e B = %8 < 1.0

J3D ARBLIXEFF

: | T 0 P
'HCTPCCJ the ﬁﬂew is  Sub-ceitical - T pENL.

()



Paﬂbﬂgm i W ater Hows i an open chmnel at o
depth of 1m and Q. Twean \felncf’y of 3mfs. Campute H‘ﬁ'.
dischqrge and detewmime the Sate of £low if the dwof

IS, i) Wide
l'i)“ﬂfcjtu'rrﬂulqv with b= 6w
iii) trapezordal with b=6m omd z=2 |
V) triangdar with z=2
V) parabolic with T7= 4

Vi) eipenlap whose diameter s 2 -5

18 edementary waves are cregted i these chamds

mine the speeds of the Wave Frants upsbrea ad | op
downstream

|
\
—S"—ET— (1) Given, g =1m ; V="3ms |
Fue wide channd., Discharge pev unit Width,
| p € .
q"-gv-‘@.}(?)) 3“)13.’73'}('%8)
| _-'IHJd?quﬂfQ ﬂadiaﬁ, R=Y = 1m
Hrjod'mujre Depth, D=y =1m

bl




i Bx1
f_ Q@'ﬂﬂﬂdﬁ Nu‘m})ﬂ'“; RE= —é = 'ﬁ:@ = ‘3_}-2105 > 1.2:900
-"J:II

hpoude Number [

L b 3D .,/Er-hsul

Hence, the Plow is  Suberitica - Turbulent (ﬂfnﬁj

C’Eﬂeﬂb’ Q:,‘/cﬁ m =% .1%mls

Opeed of Vave fant upstream = c-v = -(313-%)=0 131113 s
SP'f‘Gd o M\IEQ%GHJLS d:)wnsheznn C+\ = @ 1’3+3) §-13wls ::Us

(Ans:)

=096 <+ 0

:Gf) Gliven, § = 1m v=3mls b=6m
Avea. A= by = 6x1) = 6m”
Discharge, QL=VA =(3x6) =38 m3s iy
. Wetted Penipmeter P- b+g‘y =(+2x1) = 8w
Top width T=h=6w
Hydwaulic Radius, R = _i;i % ‘a = 0:Fom

Hydpaulic Depth, p-4 - S 14



i | VR 3x0.7%5 % He
Rty'ﬁtﬂdS Numbf’v Re-“—" —-—R-—'-@‘l—g.—g— SR =225 [1’;
Feoude Number F,=—X = -3 = 096 <1.0

P JaD JEFSTE{
Hence, the state of flow is Gub el ~Tarbdent (Ans)
C‘e.ﬂew’fgj! c;m :,1(9 -‘a’_'LXf_t =3.13 /s

Speed of wavedsants upstream = ¢ -\V/=(3 .13—6)-—0-&111?;%

SF’@'CC} G-ZP WQVﬁ‘ﬁ‘GﬂtS d%b"ﬁi‘m =(:+\/:€3 .13.1_'39:5153;;]1}3}&[:3

El'l'i) Gliver, y=1m: V=3ms, b=em; z=2
A’am A= G)-I—zwt\j @‘+ 2%1) %1 = 3 m> \
DIECJ')QFBC & = VA (’5:&.’ '8) 24m3s Ubﬁ) |

weﬂfd Pesiveter P= b+ lvﬁgj [@xg 824-11‘1'

Tp Wldth T =b 213 = 6+@‘>t2¥1) 10 \
rfiyd'ﬁ*aulxc Rcdlus RE= ’4 :%— = 0-97 wy

::,i'hgdmtdr'c Depth, D = ——,:= %: 08w




VR 2%0.9% L B
ngmids qubev Re B :W:Q,anmﬁ >292 500

N 3 . o
FMdE Nuﬁbf“ﬂ’: H‘:/\;%D :Q-leﬂ_g; 1 0‘}-’ = TL

e . ﬂ o -;,;,,wmnﬂ-.mmi__— Tarhulent . (Ans )

Celesity, ¢ =4/gD =v/° 82%0:3 =2 B0 mls
s ; dls

Speed of waveBrants upstream = -V =(2-8-3)= 0%}5)
Speed of wavedronts downstream = c+V=(28+3)=5 aﬂ;ﬁ)dls

GV)G(I'*ET], y=1m; V= 3m|s ; 2=2

Area, A =2y” - 2%y = 2m?

Discharge, & = VA = (3x2) = § m3/s (s

Wetted Pepimeler P= 01422y = 2/140Q7 x1 = 44 %p
Top Width, T= 2zy ox2x1) =4 w

htjd%‘aujfa Radius, R=ﬁ A

"bd'f‘ﬂu_llb_ DE’FH’, D= __fI"i__ =

:Oﬁm

-PITO falp




—

ngnoidﬁ Number Re =YK _ 2%0. 45 =1 .35x20% 2.2 500
Y 10

Foude Number; e = B T30 ENa STy

Y90 WEESEGE:S
Hence) the Flow IS mfﬁtiﬁﬁfﬁdi‘ Tavbulent. U}m‘i)

Cf.ﬁfﬁ“[lyj Q:ﬁ /9:-81%x0-5 =2.21 m‘lﬁ I

Speed sz}mveagm‘;{‘a U pstrram) = C—\/:@.erﬁ): Ovﬁf?;%nij)d/g

SPeed of wave Funts downsbream - C+V=(2.21+3)= 5.2k dls
i e

(VJG[I.VEH,@3=1TH; V= 3119;"’5 : T:4—Tﬂ"}

Area, A:%TJ :C-a%wﬂrxl) = 3_6Fwm>
Discharge, 8=VA :@x%-) = 3ms (fns) \
Wetted fepimeter P =T+ %—-%a: :4+-§-v%l: 4.§Twm l!i
Top Width T7'= 4y
Hydwaulie Radius R =




Regmﬂdﬁ Number, Re = VR ~8%0-5%_ 4 w9%106 »12500

106§

Hence, the Plow is Sipereritical-Turbulent . (fa )
Ceﬂmt'j C=/9D =/2.81x0 6% =2.56 m/s _
Speed of wavedpants ypstream = c-\/= @ S6-30) =-0.44ms; d/s

;SFE’CC{ ofwu\feaefﬂnkﬁ doumstream = c+V =(. 55.+) 555m15,d[a N\
(Ans:)

| _e(VUCﬁf"JE'ﬂ g=1m; V=33wm/s d =2.5Mm

g

- Aﬂﬁﬁt‘ = 2cgs%(1 - —‘i) 20 '1(1- )-156 93" ap
"Q.’X-qr's‘*cﬂlm]

'.i.fq’ﬁfa, A = i{@ -sin8)d, :

=%@ ¥4 - smiﬂ)( 5) I,rrE*} in wcﬂﬂn}
= 7 .

R4-m”
Netied Peprmeter, P= L 6d, =4x274%2.5 =3.425x,
!'TEP MdH}J J @‘m._g)dﬁ :@iﬂ%&)xz-ﬁ =245 m



Hydraudic. Rodivs, R= A = 23% _ o 54m, |

N

wly \v'ﬁ 'y %‘3654—= L 2 500
Reymolds Number Re = R - B> %=1 62%208 712,500

Fooude Number 7= — 3 =111 >1.0

N o
| A 9D ,vb-%l‘io-'iﬁ
| Hence, the Flow is Super cpitical - Tuebulent (An Sj

.IGE?,OE'H;L};J gl )\/ﬂ :.\/9.31){0.‘3{5 -2 .F1Lmls

Speed of” wave fronts Ups Q) = C-\/r@.‘?1-@ :-ma(lzﬂimfs -d/[s
' ; S:)

SFE’G‘:' 03@ M\EIR*WTI:S dwm = Q-f\/:é."fl-fyz 5. F1mis -,tUs
| - (ﬂnS) |I



Pﬁmbﬂen’} 1.3(a) : The average depth of welee in a wide |
Vivey Comected fo sea is 5w Detewmme the time taken __
kg,y a tidal wave o travel foom fhe viver mouth 1o 30k '

Upstream,

(i) whem thewe is no flow in the wiver, and

(i1)when the average Flow veloedy m the piver is 1wmls l
Sol2 : Giiven, Arevage depth of water, y = 5m

hae wide wiver, Hédrﬂuil'c depth, D=y = 5w
Celerity, ¢ =y/gD =1/9 €1X5 = 7.0 mls

(i) As there is o 2low i the viver ¥ =0mls
Speed of waveFrants ypstream = ¢-V/ = Q‘H}) =Fwls U5

@ “f) Tmls
Gf) AV'E'T‘Q{? ;PJ_[}U_. M‘E’lﬂﬁiﬂj M Hﬁﬁ 'E“.I\ET’J V=1vw/s
-'5PEEC{ OJ@M‘»EJ%GT]JCS upsﬁ?eam =N :(7—1) =Cwmls; U|s

3
Lime “"eq}*"‘ed JC"@E_U L0 5000 Sec.

= (Kos:)

3
I'ime 'Jaq;urfd = SUR0 = 4926 sec (J%S,)




oo AR

froblem 1.3(b) : Waves off small amplitude az ey |
ot the center of o cipculap-shaped pand off wadius 50
The waves ave fund +o weach the edge of the padd i
10s. Estmale the approximate Jolume of water o the
pond dSsummg +that the dqobL) of watese M the pond is
‘Same evewy where | |

s :
Soﬁf_. Guven, = 50w ; 1= 10s

Veﬂocig of Wave, C = TES & -J—Z::- _5__§ = Sm/s

We kﬂGLUJ Qe_ﬂ,eg'-]gj o ’\/%\D :i
B s

D =2.5484 m I|

I'ﬂﬁsum{hﬁ Cuide Qhun‘ﬂeQJ Deptn of Oeiow, g = D=2548%y
', Volume of water = 712y

= 3.1416 x(50) “x2 .54 84

i

= 20015 m3

(Pns)




froblem 14(a) @ In a wide wiNew the. veloctty Vamies il -'_;:
&ﬂﬂﬁ.a o vevbicd fram 0,10 m/ "
at the surfice .

(i) Compute the discharge per unit width, ang
(ii) Detepmine the state of? Plow, if depth of flow is 4™ . g

SOQI] \%ﬂﬂﬂii’f CL{Z a. E.Jlr'ﬁ“hl'){?ﬂ =z :ﬁﬂ‘m Bﬁﬂ;u-mJ L 2L ™)

2,30

= 2 A
V=0-10+ F‘?-liﬂ'l-@ 2 i J
=104+ 0-9 = ﬁ :
(U Discharge per unit width, w LR

e/
g = vd=z
U+ F
:Jj @-1D+D-5‘z)az
o

: 2 14
'-:[{3-10 z+ Uiz_ ]D

- (o @)
= @ .'103-:4-1—_‘1_/

= 4.4 TH%}S,!T!} (ﬂns/‘i




G i) hae wide wivery Mem \Jfﬂﬂt‘ﬁb} . %y/ & @
Hydraulic Radius, R:E\j = 4

Hydrauic Depth, D=y = 4w

DL . < ARV x10%>12 500
Yy 106

ﬁgyﬂnldﬁ Number Re=—

st o St e TR 30
poude Number Fy D o

Hme} the ow is Subcw beal ~ Tawputent . (Ahg )

f?ﬂbjm :1 4_Cb) 5@3;15 g jT_ Y’Tﬂi{_,z g 4



Problem 1.5() : The ut?ﬁoc-y of flow is zero oveP e -
third of the CE0SS- Sec!iﬂ'ﬂ of a C'hﬂfﬂﬂeg and unifgrm OFF
the vest of the oposs-Seclian. Compute the T“mfﬁ"'c"l vakies
of the \Eﬂeeil:j disteibution coefficients and B.

Sol 8- Let depth of Flow = Y el
Uniform veﬂceiy = N/ ,, >
Dfﬁ{fhﬂ’ﬁ'ﬂe pee unit WICIH‘), :




1% ﬁ“l‘l; an t B
.
52 P

= 2. 05 (A‘%){ ﬁh
S, ;
: Jﬂm CO-E:Z\?Jth Edl
Mmﬁ‘n Jyfaodz-refw
- Gvy
‘”‘[273,
?ﬁ -T
viﬁ%j
| g E—VJ

__i-‘:VJ

J \.fchz
Ny

)



PTO.M@TF} 1 5“3) “The \f'ﬁomg IS ZEPO qﬂm% the Jouew
207, of a wt?mhmi M a Wwide c}lcrﬂnek and uniarm ca{m% e |
rest of” the vewtical. Cmﬂ]pu{e the numewical valdes of HE !

VEZQDQB' dvsteibution coefficients o¢ and £ i

S“Gi‘ Let, Depth of flow = Y HT :
ﬁﬁm \4{,90*:: = 0%y | A
Dfs&l[ﬁge pE uni £ WlldH‘r: {M; '.
C]l/ _J de G.E;.-j- 1 W
& el
= f Udz —+ vaz ~ ZN(m /s
1y
= N Eﬁ-}'— D-EJ]
= 0.8 Ny
Mean veloeity, “‘_S‘ib“ Vel
.“.i'
E)’E‘n’w CQEJ@:ﬁC!E‘ﬂ{: oL = 0__5 CI
I 0-2y vV ej
u?ﬁ}i J Oadz +e,£ VECJZ
({J 8\/) Y R
?:.
7oL = 2 JU-«';{?
0512 v3y



02y

|| = V: E:?_\J J

o [ 70(_ 7 ?z 3
” 4 VSlQ\f’d ) 8V
| SEe n % :
’[:} SE2D ( \7 d
o efficient, P =
ll. o co
|Mamcn

Y Pd
G?JOdz-l-J:_zH
H i

Zil it éig%zy
| 2 [9-0-2y
3 \"0 6‘4\JJ
S e
p = ;'-Mviy

= 195 (.ATI




o ffﬂlim_i_g _({1)_ hos ’um}'ﬂw :@ﬂw ‘H’)E_ Wiﬂm'y d!ﬁl;’izflu@
£ = l::_"5#'-1""!'-*—*— s

aﬂ.crn% a verbcal can be qpproximated By , 2y
where , v is the veloeiby ot o diskmee z oom the chamd
(bottam | y is the depth of $low and Y6 1S the velocy n‘{_
the fee surface Compute the veloeity distri bution coeddi-

[ S

clents o and p and the Patioc g3 -
. o
1Sol™ : Discharge per unit width, g = J vd=z

—

:-7‘:}/=j3\fﬁﬁiﬂ g; d=
J
'|;:> % = ‘?21_3 -Vﬂ E 035%32— )

-I,’I:? g = -——?3%_5? [—- cos 2 + Cos O]

lllllll- : Ci/ = 2;_1' Vo
. A

I S 2y V.
Ii;'qun Veﬂaeiy Y ;%" = Al 2N,

Héj 7T
[ 3

| Brergy coefficient | o= {;}_{%AZ
= o = / i B )




Momerkm coeffioert, = 2 At
— B J V. sin (L )c\z &
H) J
>p = 4—3 o 2 o5 (B ]32
:;"ﬁ‘: [Z,_ﬁﬁm( ]
8= [b' 2 _ﬁ. sm(x) —Q o Sm@)]
:>p [e‘i 0-0+0]



s e e | 645-1 s
e o s = 2?6(—/D(Tlf:)
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