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Lo7 14/12

Governing equations for steady one-dimensional flow
-

continuity eth , energy equ, momentum equ
-

Continuity equ : P
, Q = PLE= -

..

9 = Au

Q = Q2 =
-- -

Energy eth : H= 2+ f+

In context ofJefi H = zn + h+

Momentum ep" : PQ(BUz-B , Vi) = Fai-Foz + Weind- Fo

x = pQVX

= PQVX Br

-

Law of Tornicelli

[
v = Set



Example2 . 2

VI = ---

Bernoulli

-ami
a

Uz = --- 3 =
--

nf = - -

Apply momentum eph :

paCuev) : Yuhi - -Uh - F

= F = ---

= 5 . 92 kN

#L Chapter 1 Theory ,
moth,..

not derivation

/ Derivation won't be given
from first chapter
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DDD Specific energy and critical flow
-

↳ wi respect to channel bottom (datum = Of

E = n+
= h+2

Specific energy curve :

#
on other

points ,
two state

at h = 0, - possible-upen

sub

Rectangular channel
, holding & = const

*** Prove Fr = 1 at critical depth

#
b



↑ = tan"seco

Discharge depth curve

&E IgA" CE-h) & E : h+---

Prove : For a given dischange, at critical flow---

Critical flow

Fr= = 1

=> &
= De

= D = h

Ec =. -- = 15 he

A only valid for rectangular
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Open channel flow (OCF)

Flow of water in a conduit with a free surface.

E. g., flow inniven/candle .

-

V
=

-
- -

-
-

-

-

-
-

Examples of Ocf

Typee/classification

a Natural & artificial

6) Primitic-non-vening creation & constant bottom elope ;

usually antificial .

Non-prismitic-not above

c) Rigid-immovable bed
,

i . e; non-endible ; concrete

Mobile boundary channel-lose sedimentary partides

d) Large elope- bottom slope > 1 : 10

smallslope --- ↳ almost all natural



Geometric elements of channel flow

Properties that one defined by geometric shape

Depth of flow (n)

vertical dist. from lowest point to water surface

Depth of flowsection (d)

depth of flow normal to flow direction

d = hcosg

=
stage - elevation of water surface wint a hor ,

datum.

Flow area - Area normal to flow direction

wetted penimeter-p

Top width-B

Hydraulic Radius- R = Alp

Hadraulic depth-D = A/B

A = bd F T
p = 2d + b

d

B = b
↓

--



A = bd + 2 tedh
+ed +

= d(b+ ed) #

= T
B = b + 2ed

p = b+ 2d it-b-

red
-
di

-

Effecteof viscosity & gravity

Reynolds Number effect of viscosity
natio between inential force & viecue force

Re=
R

,
U = mean velocity

~ = Kinemetic viscosity

= 156 mis at 28 (waters

R= ↓
Re (500 -> laminan

Re) 12550 -> turbulent

else -> transitional

Froude Number-effect of gravity

:; Di
Fr < 1 -> subcritical; Fr)1- > supercritical

Fr = 1 -> Critical



Wide channel

bxh -> R = h

& Ib -> & (mb/e/m) ; b-> bottom width

R = h

Celenity
speed of wave on still water surface

=

Example 1 . 1
-

Re : E - T
= 23 -sm
= 2.4x186 -> turbulent

16m-

Fr=
V = 2. 3 m/y

I 4125 A = 6X1.5 + 2 L2X1 .5/1.5 m2

= 0 . 69 -> subcritical = 13 . 5 mi

p = 6+2x+ 12 = 12. 71 m

: subcritical turbulent R : Alp = 1. 86 m

B = 6 2X2X15 = 12 m

D= AlB : 1. 125m

c::=3 . 32 mil

1
: Speed of wavefront

,

upstream = 3.32-2. 3 = 1 . 02mil

downstream : 3 .32+ 2. 3 = 5. 62 ms



W = 2ce"(1-) crad)

A-einw)
d -1

p = do il
B = do ein(2)

-

w : Zei(0-t
: zon"(l- = 2 .74 T

A : w-sinzusdX
= 22.74-einc2z2 ms
hi dozzzim

= 2 .
22m2 ↓ ↓

P = do E = 2. 75x 24 : 3 . 77 m

& = 6. 55 m3/1
B =

. - - = 2 . 69m

D = ne

V = = 2 . 95 m

Re =...

F = --
-



velocitydistributioneo
, 23062m

= 400 , d 2061m

: d

Coefficients

& -> Kinetic energy creff ,

B-> momentum creff .

a=Add t always tre
,

Il 31
B:und S 2) B) 1

& -> 20 - 30



u. 1. 9

↳ mig

(1) @ : Av T-
9 : An Eng= nv = hu

->
v= (+)b2x

Im/s
= 2. 5 m/y

wide channel : Ruh
· 2 = 5x2. 5 = 12. 5 m3/ /m = 5 m

(11) Re = ER

: 5= 12.5X10 -> turbulent

Fn=
-x5

= 0 . 36 -> suberitical

(1) &:A
· + zid

alternatively ,

I 1 . 36 I (a+b) : a+ Bab+ 3ba2+63

B-AndAdT -> YX(X + - - -H+ ...y)

:
->

= 1.12



u. 1 .5

= SudA

2 : Such 451 ↓

= Emidh

295+ 3 . 3) := 1[295+...l hi= 2 [5 + 2 . 95+3.3173.62+ 3 . 95 +4.12] 2= 3 . 31

- 2. 95- &

= 20 . 21 m3/e Im
011111

v== 3 .37 me
U

& =Zu+
I 1 . 25

B=DX1[25233623
I 1 ./



Pressuredistribution

p = pgh :Th hodrostatic distribution

/

Y
IIIIII

-T ↓ Yoh =

-> If Whe 200

↓ ↓ un

Un Uha

Concave flow

m
ha= ↓

Total pressure, p : Uh + a e
= Uh(2 +m
+ps

-

Effect of elope

p
:&AA

Con

-

= VLOG) Con dA
nd -

-

= Uncon
-

=
I

↓
WiUdAA⑳

d = herea



En. 1 . 6

I
Pa = Un + Unc

i
=28m

= rh +v
2

3x22
= 9 .&1X1500 X 3 + 9 .

811500 x. O I
I

= 102. 53 kN/ 3m

↓. A

q = 66m Im

U= 22 mi
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Section factor for critical flow computation

2 : AND - > 2 : Acut

-
->

:E = F: a

:
Build relation btwn

- - 3 En & section fact

D = Fp"-
-

DA 2 = AD -> 2 : Shm ; on - exponent firritical flow
= 21nz : Inc + menh↳
= --- n

-

DD 2 = A -> In 2 = In A+ InD 3. 13 + 2 : An

:AB
i

D= AB
=s Inz = InA + &[InA-In B)
=s In 2 = &MA-EluB

=d
I

:-..B-D



value of m for different channelnections

m= [3B-DAB) / use this ea

not necessand to memo

other eph.

inapezium - > b
, his from given

u. 3 . 2 ↓-
-

computation of critical depth (hc)

no rectangun Es: he

↓ wide
=ht

ha: ->not

Friangular channel
,

:S ha= -
-

ma =&Parabolic 2= cy2
convent to this format

he:



Ex. 3 . 3 question will be

[iv]i= 42 [2 = cyl] in same unit 201

=2= g2 likely -> 5.1 unit

hi=...

---

-

DD Trapezium -> I van ;

Arial & ennon method used
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↳ for Anapezium channel - tria & error

Eu. 3. 4

- B -

& : 50 camec

& : 1-S = 2

- b :Gm-1

-15 .

2 to ben z

-
L

2 : AND ; D=

Assume, h = 1 A & D I

-

V= ...

circle moth
-



Numerical method

-> f(h) :-B [L

-



Ex. 3 . 6

A : (6 +2h) h
, B : 6 + 4h

, &&Y : 19 . 98

f(n) : 2-B :1.,

humin humanis Rootlies btwn

-3 0. 5 - 4

8. 5 4 2. 25 0. 977 0. 5-2. 25

0 . 5 2 .25 1 . 375 0 . 87 0. 5 - 1 . 375

0 . 5 1 .375 0 . 038 0 . 52 0. 5 - 0. 038

0. 5 0 . 938 0 . 719 - 0 . 16 0.719 - 0 . 938

0 . 719 0 . 938



Newton-Raphon

fin) =A

*D* Eu3 . 7

---

Table connection : finet col-h
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Critical Flow & Control

change in channel -> obstacle, slope

* control

ching in downstream to control us -> downstream control

1" WIS ""d/s-> upstream control

produces critical flow atthing

after control point, us ->> sub/super critical ?

dis - 11 !

Transition Problem

***3
. 8

a) A = 1 · 5x 3 : 45m

&: Av = 4 . 5m3/s --------

T

↳: = 0 1 : 5 m

u/s -> subcritical ↓
E

,
= h ,+ = 1 . 55 m

- b=3m -

F
El = Eat Dz

SEc = 1 . 5 ha = - - = 0 . 92m 2

↓ I
-
: Dz = 8. 63 m ne

ill1 El

z
b) Ez = E

,

- Dz I
Ea

I

= 1 . 55 - 8. 45 = 11m

=>ha
-> h+h

= he+h = 11 v = n2-1h+ = 0

-> two nea value



h2 = 5 .93,
0 . 42 m Cusually uppen value, but

Check ]
-V =

...,
--- V= -

Fr : sub
, supercritical

Es <Ec + Emin- Ec at critical
* Ea

, E2 Check ->
E, Ez , El

alternatively , check we ha

-

Inmiduntil Anansition problem

incl denivations
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Ex. 3 .8 b
. (ii)

Ei = D2 + E2 Emin- Ec at critical

=> E2 = 1 . 55 -0 . 8 = 0 . 75 m >Ea E, Ez , El

not
= hat ch = 0 .

E :Shi -0.75h2=0 he= one neg ,
two imaginary

Ez = Ec = 8 .92m

E = D2 + Ec = 0. 8+ 8 .92 m

=) E
,

= 1 .72m

= hi+ = 172

=> hi -1 .72hi=0 hx3 = 0

:> hi = 1 . 68m ,
0 . 28 m

hi = 1 : 68 m

(iii)

h ,

11 I 1 1 I 1,

, D2

I,
,

, , , , , , ,



Sil

E2 = 1 . 55 + 180 = 101 . 55 m

= h+= 15 m

h -> 181 . 5 m, 8 . 3 m
From
↓

j
width matters

nannow width-> rise

wide -> acts as slope



Rough/midterm 31/12

hap2

continuity eah : PQ = P2Q2 -> P=2
=> VA, : ULA

Energy equ : H = 2++
for OCF : H = 20th+ piezometric head : el above datae

2b : ht of channel bed above datum

n = depth of flow

Momentum eph : *

=
->pGLBzUz= B

, U) = Fpi-FpztWsinD-Ef Fr >Y

~usino -> Y
&- .
18

FP2
-

Ef
/ -

-

En 2. 1 Law of Tornicelli :

Hi + o+ = 0o+
= H,: -

H
=) v = EgH [V<)U2 , Hi = H]

v ---

W



EU. 2. 2

* &
Energy loss : &

--
Uh ->

J

I E

2m->+ -

2+o+%
= 15 + 0 + 20thy

↓
- im EIsm
-> [ ↓

= he = 8 .34 m
Uh

, Uhz

a = 4 m3/s/m
Force on wein plate :

: U== = 2 m/s

pa(k-v = [F =) U2 = &: = 2. 67 m

- x(h) - F

=> 100x4 (2. 67-2)=X2x2-X1X15 - F

= F = 5984N

= 5. 9 KN



L12 84/81

channel w/ change in width

En.
3.9 a) Alt ha = 2 Ec = ...

he :s + b...

v : 1 m/s; d= 15 m; b : 3m

& = AV = 45m3s

E
,

= --
- = 155m = Ea i->

->
3m "'M

ha= 23 Ec = - -
= 1 . 83 m

: JJDc = 3 . 10 Mis Fin
& = Acha = b

, hcVa =) be= - = 1 . 37m

Drop in water---

b) (i) b2 = 2 m (>b- supercritical
, unchanged)

-

b) (ii) b2 = I m

b) (iii)



combination of Transitions both width & ht change
D27 b

Est 3. 18

E = 2+ = 22

i
El = Ec : 2. 2= he

-> "'*
6m

=) he = m - ↓
-

Again , hesto,
Fi

: ) b = m
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Review-chap 3

Energy curve

Prove Ec = 15 ha -> D = h nect

= 1 : ) v= gD =) :D

Ec= h+
Critical depth cal

Trial & end

Numerical
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L16

Flow measurement

When 11 b
,
>, b on, (ii) Aze !D2 -> he -he

↑
-> ha = f(Qy -> "Nigh

8 n, = f(hal
↳ neglect

& = -
. -

X
17053 (h, +

15

·eb "5 = 1705bn"

E
.

O . Chap 3

Chap 4- > Uniform flow

steady flow+=o
Unsteady - 30

uniform flow-

Can unsteady flow be uniform

/
↳f

My ↳
sw

d/s

,,1 1 1 /

25'1111111

tanD : So = Sw = St [uniform]



Establishment of uniform flow

?
Using : Ff

·
;

velocity distribution
- Wsin8

-

shean stress & friction velocity
Wa W

Ff = TPL

Wsin8 = Ph

sing tan s

VALS,
= Y

,
PL fan8 = S

.

=

: To : - Ap So So= If

= ) VRS = PgRSo Wsing : VALsing

--- (p px



Rough/Midterm

Chap 2 Governing equations for one-dimensional flow

1) continuity equ : p, = PB =) @1 = 52 =3 VA ,
= VzAz

2) Energy equ : H = 2++ 2 -> ht of channel hd
,

above

dorfum

for OCF
,

H = 26th+ h -> depth of flow

3) Momentum eph :

Fp, -U
,

p (B , V-B2Vz] = Fp1-Fpztursing - Ef
L JWsing
W Fpz
X - Uz

Eg

EU . 2. 1
-

H +o+ = 0 + o+ Ea
T
It

= H: [U ,
2) Un] -

= > U = Egh

Eu. 2. 2

For2m

Energy eqh : ↓
-> im ↓

IIII I 11 I I 1 I

2 +of 15+ the
* *

2 = 4 m2/s
- he = 0 . 34 m

:U== : Im

Momentum equ :

U2 : 2 . 67 m

pG(Y -v
,] = Erhixhi-Erhexha - F

= 1000 x 4 (2 . 67 - 2) = /29510 [22-152] - F

=> F = 5984 N



Chap 3

Specific energy : energy measured w/ respect to channel

bottom . -> 2y = 8

E = n+
: h+

specific energy curve :

an

2) critical state

3 E

Proof at Critical state, Fr : 1 :

A #111 dh

da = bdh

=1- b

: 2-/ : 1- -
: 1- Fr2

At E =min-> critical state,E =01-Fr =0

2) Fr = 1



Proof : Ec = 1 . She for neet.

h = D

Fr= 1

= D

:
·

: Ee = hat=ht I

Relation between Fr & section factor :

2 = A T2c : Ac

Fr= = AD = x

/on
: ) 2=

a

= Fr=



Hydraulic exponent for critical flow computation

22= chm ; m= (3B-D

En . 3 . 2

m= (3B-D ↓
T
h = 2 m

=2 I
: (3X141-14346 +4h)] b = 6 /m

: (3x 14 . 1 - 1430 + 43]
A : bu + Shh = 28 . 2m

: 3 . 62
B = b + 2xsh = 14 . 1 m

D : A/B = 1 . 43 m

B = 6. 1 + 2x2h

computation of critical depth

Analytical methods :

wide channel -> h:
Rest .

11 ->h
Triangulan - he: st
Panabolic

-> h: [c



En. 3 .3

(i) n: 1 . 02 m

Va : E : F = mis

(ii) Rest, b = 6 m ; @ = 28 mis

has m

Va:o: 3 : m/3

[iii] This 3 = 2 ; @ : 10 m3/s

↳: m

ve:h=45
= 2 . 49 my

[iv] Pana ; 5 = 28 m3/3

y = 4z

=> 2 :**; C = 14

↳:m
ve: =



=3. 4 Trapezoidal

b = 6 m X : 1

S = 2 m

& : 50 m3/s

2:= = 15. 90

z = A

but
she bish

↳
AlB

L
- At 11 2 =A

-

2 -

2 -

2. 6 -

Va: ...

=3 . 5 do = 2m; a : 4 ms/s; X = 110

22: = 1 : 039
; 2 : Ar A=-sinwy

B = do sin 2

-
A 1 I 2 = A D = A/b

w
-

1 8. 879 8. 95988 . 88260 . 823

3 1 . 21

3 . 1 1 . 34

W = 3 . 1

he = El1-cosE) = 0 . 98 m

--



Numerical 2 - Fr = 0 = 2-(2-s
: -Lim
=-
=-

En . 3.6/ Trapezium ; b = 6m ; s : 2m ; 0 : 14 m/s ; x = 1

f(n) = 2-
B

:0 .8
B = 6 2x2h

: 6 + 4h

- 1 - ActuSe A = (b + sn]h

= (6 + 2h)h

min f(har)-
21a 5 8 - 989

8 5 2. 5 8 . 985

* 2.5 1 . 25 8. 82

z 1 . 25 8 . 625 - 3 . 825

8 625 125 8. 938 8.. 52

8. 625 8 . 938 8. 782 8 . 12

8. 625 8. 782 8 . 784 - 8 . 24

8 . 784 8 . 782 8. 743 - 8 . 842

8 . 743 8. 782 8. 763 8. 843



#3 . 7/ Trapezium ; b = 6m ; s : 2m ; 0 : 14 m/ ; x = 1

1 Fr = 0.) 1- Zyr-
= A

3-B
: f(u) = A?
f(h) : 3AB-

A : bh + Sh? B = b + Ish ↓B: [b+
= 6h + 2h2 = 6 + 4h

I 4

· f(u) = [6h+2h
3
- Axxxotns

= Contenly" - 19 . 98 % 6 + 4h)

f'(n] = 3 (6h+zh)"[6 +4h) - 19 .98x4 = 24 (3h +hi](3+2h] - 79 . 9:

f A

S

th)i-
I 312. 2 8. 178 8. 838

8.838 78 . 78 1858 . 27 8.. 867 8 .763

8. 763 8 . 49 815 .53 8. 01 8 . 762

8. 762 7 . 68 8 2 . 32 8. 889 3, 76L
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Revise - uniform flow

---

velocity distribution

shean stress
, 5: :ExpFo

---

T = PgRSa
---

Drag velocity ,
up = Flip

L

=S

P
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Laminan * n Viscous sublayen

turbulent flow
F

-- -- -

----
-

-- -

-
-- laminan sublayer---
-
-

--------------
-

↑

=Trs
Smooth& rough boundaries

D nonautically soa

h

- F -

ks

13 = 5
-,, , ,, ,

s >
, 70

-> nough

kg =70

in-between -> transition regime

velocity distribution along a vertical

= -

E

2
- 25

1 / I 1111I ↑
zo = 0 .11 0.033k D .11 + 8 .0334 no atwhich

vel= zens

Smooth Rough Transition



Depth averaged velocity -> 0. 24 & 0 . th ; 0 . oh

cross-sectional mean velocity

log3 .Gur 5tlogtr fer/
Smooth Rough Transition

J Diff ; which to use
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Depth avenaged vs cross-sectional mean vel

Ex. 4 . 1 b = 6 m k = 2 mm

C = 8 . 5 m

So = 8 . 0825

R==6
I

- -



uniform flow formulas
energy Sf

Chezy formula
E Su

11 11 I So
SinIAnd : So

= Se Sf : Sw : So on uniform flow

using : Ef

Ff = KPLUZ

--

G = C
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Chezy's formula

30-88 in BD'sriver
-

V = c( ...]

Dancy-Weisbach formula

he =f> pipe flow

nu

Inc St =

I

do = GR ; Sp : If

= (worksnSts]
E

manning's formula

u= R43sq" -> metric

= 1286p4-f

Relationship btwn Chezy's C
, Dancy's f, Manning's a

---

Estimation of C : CT

Before today's class

Estimation of n: no denivations



Rough/CT-3 88/83

Uniform flow

characteristics :

1. Discharge, velocity, depthane same along its length

2. Energy line
,
water level, and channel beds are parallel

Requirements :

Using = Ff

i)Must have a downward slope (8) &]

ii) Must not have adverse slope where direction of gravity
and friction are opposite of flow direction

iii) must have friction (f)0) - ideal flow non-uniform

velocity distribution :

Sheam stress
,

E
->

->
-

~ Sin8 : Ef -> -
~

Using

=> VAL (sing = AanO = So] = TLp (ott] O - - ,

, t
= U So : To

Ff
= To : URSo

= Yo = PgRso

Drag velocity ,
u
*

= Fp
= B:So



Laminan sublayen,

Thickness
,

Su : 11 .6

Boundaries, u 15 7, 78 btwn 5 & 70

Smooth Rough Transition

velocity distribution along a vertical,

= In ; K = 0. 4

20 = 0 .11 0 . 833ks 0 .11 + 0.833ks

Smooth Rough Transition

Cross-sectional mean velocity:

= 5. 75 log (R 57575l
Smooth Rough Transition



Formulas :

General, T = URSo

uP:RS
.

3. : Ho

velocity distribution,

Component Smooth Rough Transition

Dur, 70 54 un 70
Boundary

velocity distribution

ur15
t= log I8 .11 v v

Zo T 8.833ks 8. 11 u* + 8 .833Ks

Cross-sectional mean-el, 5. 75 logE 5.75lpR 5. 75 log 35



Em 41 b : 6 m = B ; S
:

= 0 . 025; Ks : 2 mm ; h = 050m

mean vel = 1
-

Boundary condition:* uP: NRSo

= 206378 -) Rough R:
=

0 . 429m
-

Cross-sectional mean: = 5. 75 log : uP=0 . 429x0.525

= Fos : 575 logo = 8 . 183

= > w = 2 . 02 m/s

Chezy's formula :

Two assumptions,

1. Wsin8 = Ef

2
. Ef : KPLUZ

Hence,

Wsin8 : KPLU
?

= VAL (sing = tand = SoFS: KPLUL

=Y St =
uh

=) v = er" ; c=

C-> 38 un/s to 88 mm/s

-> 50 Fm/s
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Ex . 42

--

Normal depth (p53 of another copy of book; on missing page)

---

---

Section faston (AR?)

En= AR43g1

=Aro

Conveyance (K= Ars [capability to convey;* more flow)

(convenient to express as K]

9
n

= -
- -

1/2
= kS

On Chezy's -> K = CAnR"

--- [see book]



.4. 3
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P7g of PDF to P
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PE2 of PDF
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Chapter 1

& pen channel flow : Flow of water in a conduitwl free surface.

classifications :

(as Natural , antificial

[b] Prismitic , non-prismitic

↳ non-varying cross-section & uniform slope (e.g, artificial)

(2) Rigid boundary : Immorable bed & sides

mobile boundary : Bed ~/ lose sands that more under the flow

of water. E
. g., alluvial channel

↳ Large slope ,
small slope

↳) slope more than 1 in 18

Geometric elements :

Depth of flow : Vent. dist from the lowest point of a section

to water surface -> h

Depth of flow section : Depth of flow normal to flow direction.

I

h
d = har)8

*



Stage : Elevation of water surface relativeAs a datuon .

Flow area, A : X-sectional area normal to flow din.
↑welted penimeter , p: - Channel cross-section

Top width ,
B : as opposed to vertical cross-see

HydraulicRadius,
R : R = Alp

Hydraulic depth , D : D = F/B

Formulas :

E
Rectangular : A = bd d

P = b +1d

b
B = b

E-
Trapezoidal : A = bd + 2xEsd

I d

= bd + sdh S
-

p = b +2+d I
b

I

: b + 2dTFs
B = b + 25d

Triangulan : H = zyh =!
p =2ty

: 2 FFzh
B : 2zy



circle : h = do i -

A = -Since do E -

do W

P = d. h

B = do sin
- -

w- find from 'h' eq

Effects of viscosity : [v- mY ; 1 stoke = 107 mily

Re= ; v = 1 mys Lat 200

-> <500 -> lamined

> 12, 500 -> turbulent I transitional in btwn

Effects of gravity :

Fr=o

-> 11- > subcritical

Y> 1- supercritical
critical in btwn

wide channel : when 33 18h

Then
,
Rh [R = b= = = = n

Dischange -> 2:

-> dischange pen unit width (of channel bam)

-> m3s/m



1. 1 Trapezoidal

b = 6 m
E -

side : 2 : 1 (Hiv) 2 1 . 5m

2
↓ = 1 : 5 m

-

U = 2. 3 m/s I I

Em

Dischange :

A = bh + shxh = 6x15+ 2x15x15 = 13 . 5 mi

& = AU = 13 . 5X 2 . 3 : 31 .05 m3/s

state of flow :

P = b +2th : 6 + 2 FX15 : 1 . F1 m

B : b + Ish : 6 + 2x2X15 = 12 m

R = Alp = 1 . 06

Re:02 .43X
D = A/B = 1 . 13

Fr=: 3 = 0 . 60

·
: subcritical turbulent

Now
, C =-D : N13 = 3 . 33 mis

speed of wave fronts us : C-V = 3 . 33-1 . 3 = --

↓ = a+ = 2 .3 +3 . 33 =...



En . 1 . 2 Cincular
-

d : 2.75 m
J

* = 6 . 55 m3/S

h = 1 . 1 m

A = cw-sinceso h = doll-cos *]X2
= 22 .74 - sin 2.74)5 = 1 = 2 . 7541- cos EJX12

= 2.
22 wil

=> W = 2 . 74
M

D = do E = 2 .75th = 3 . 77m

B = do sin (E) = 2 . 69 m

V=A= 2 . 95 mis

Re== 174x

Fr::
· Supercritical turbulent



Celenity D is the velocity of an elementary on

small amplitude wave on the surface of still

worten

Fr:
When Fr = 1, v = D = C

[subcritical) 21s V [wave propagates us]

S Lsupen critical] > 2, U Ja <" can't "]

↳ flow controlled by M/s

flow controlled from dis

velocity distribution

The Kinetic energy & momentum computed from cross-sectional

mean wel are generally less than their actual val.

Hence, multiplied by & (kinetic energy creff) (Coriolis creff]

B (momentum coeff) (Boussiness creffy

A

= Led
Always positive, never <1

A

B = Sad t Y &> B > 2

&, B & for laminan than turbulent

& 2.8 to 30



E14 U = 1+ ; h = 5 m ; wide channel
It5 : 4m/s

u = SudA
-

· Lady -

-

= 2. 5 mis ->

2 mis

(i)a = nU = 5x2 ·5 = 12. 5 m3/s/m

(ii) Re =R:
5

: 12.5 x1

Fr= 0 .3 subcritical turbulea

h

(iii) a:Auda
= 1 . 36

B.under

-



En1 . 5 wide channel
4 . 51

5 4 . 12

q = Sudz 4 395

- (1295+2+3-y 3. 62

3- 3)
2

= (5 + 2. 957 3 .31 +3 . 62+3954) I
2. 95

= -W
= 20 . 21 m3/s/m

U =-3 . 37m

a=Mud- x[uD
= x[51+ 2953+ 3 . 313 + 3 .62+ 3 . 953+412]x

= 1 :5

B:/Suz = 11



Pressure distribution

Es

X -xIsUhacos8
->

---

maybe ??

concave
, p > Uh conven, p(rh

Total pressure: Oh I the Force=

he:u
Pressure :h
he=
=

Effect of slope

P= Vdeos= Chass*x88
hd

= rhaas's >
udeio* (o



En16 n = 28m ;
h = zo

& = 66 mY

total pressure : Uh+Uha

=Uh+r( I A

E

: Uh(1+
= 9810X3(It : 102kPa

A
u=

= 6 mis
=22 m/s

En17

Shear fince : Kudosoxd
I'd

: 1/2Uhcos38 Vdcs0
Overturning moment : FX &

/3

: to Uh"cos'oxhas ?

: "rh320s48



Chapten 2

continuity eat : P = P2B2

-> = 52

Energy equ
:

I: 2 + f+ const

= 2+ &+
Again, (2+ 8) : piezometric head -> ht of water surface

from datum

· H = 2n+ h+

Momentum eqh :

DP = m(V)
-

-> PG(BUz- BU) = Fp , -Fp2+ Using - Ff ->
El, Using

&

-> ~
↓ Fi2

"'Iol , 7

En. 2. 1 Law of Tonnicelli

o + H + 0 = 0+ o+
1 -

= > v = Eight
It

2
W



En . 2. 2 & : 4 mys
-

-
Energy loss :

F

-&
Y

o +2+0
= 0 +157 the Im

- im 15em

- S -

= he : 5 . 34 on

= E = 2mis

Force on wain plate :

Un: = 2. 67 m/s

PBLBzUz-B , rid = Fp1 - Fpe-Fu

8 + wh
=> 1000X4(2 .67-2) : -xh ,

-On Fr

=> 2688 - ex2x2-X15 - Fr

=) Fw = 5 . 9 RN



Chapten 3

specific energy : Energy mensured we respect to channel bottom

= n+ = n+

Specific energy curve :

show that of min E
,
Fr = 1 ;

na

DDA :ItA

= It62] E
= I-
: 1. d A = Bdh

-1-
= :-
whenA= =

=) I = Fr2

- Fn = 1



show that dischange is man of h = h
,
for a given specific energa:

E = n+2

=> &" = 2gA"LE - h)

=> 20 = 28 (A-D+Eh)A

= 2g(-A+ACE- ↓A = Beh

= 2g(-A+ [ABX) D=

:-2gAl-
: -28A(-]

=20 : -zgAll-Fr] h =ha

At = 0
,
1-fr= Fr ht

⑤
*** show that

, Ec = / . 5hc for next channel

Fn = 1

=> : 1 =f r2 = gD

=

Ec = hat that hot
= Ea = 1.5hc



Section factor :

2 = AJ ; 2c : Anta

2: 1:
-=S A:

Relation btwn section factor & fn

En =a => Fr=
> Fr=

2= c,
M

;
m= (3B-D) -> Hydraulic exponent for

Critical flow

=> 2 Inz = Indi + menh

:> tenz : Emm

Again ,
C : AD =A

=> In z = (nA+ [InA - InB]

= InA-ElnB

=> Inz=-

=AB-

= En(B-D]
= Ya 23B-D



3. 1 Rect channel :

m= [3B-D; A = Bh

= 23B - A/Bxo) D = *YB

-
: 3

En. 3 . 2 Trapezoidal; b : 61m; 3 = 2 ; h = Im

m= [3B-DAB A = bh+ sh2 = h(b+ sh) = 202 m2

:2 [3X141-143 (6+ah))
B = bt 2sh = 141m

D = A/B = 1. 43

[42 . 3 - 143443) : 3 . 32



computation of critical depth :

Rect .
Channel : y,

wide channel:
Triangular channel :

y:
Panabolic 1/ : (2=

E. 3 . 3

(i) wide nect . Channel ; 9 = 3 my

%= 3 m ; v

(ii) Rest; b = 6 m
, a = 20 m's

-: = 100m ; v=
(iii) Triangulan; s = 2, Q : 18 m3/s

* 1 . 42m
; va:

2
A

(iv) Panabolic; y = 42 ; 5 : 28 mis

= 2= *2 ; c= Y ;

& y
8

↓: 176m ; A02512
2 . 65

· A = 2x 2. 65x176 -Sos 10 .25udn

= 6.23 m2



En . 3 . 4 Trapezoidal; b : 6m ; 3 = 2 , & : 50 m3/s ; X : 1

2: := 15 . 96

2 : AN; A = bh + Sh = h(b+sh); D: ; Bib+ Ish

N
-

A B 1 I

2 28 14 1 . 43 23. 9

1 . 5 14 . 32

1 - 6 16 - 54

En . 3 . 5 Circular channel; do : 2m; b : 4 mbs; & = 118

2=
x

= 13h

2:A; A = LW-sinus D: E; B = dosinCE)

A B B Z

1 8. 823

4 2.72

2 - 5 & 67

28 1 . Z

3 . 2 1 . 47

3. 11 1 . 54 2 8 . 77 1 . 35

v=
A



En. 3. 6 Trapezoidal; b : Gm; S : 2m; Q : 14 m3/s ; X = 1

Bisection

f(n) = 1-Fn2 : 1-E-oh B:s

: of 2x2xh

Me An n] = 6t4h

A : but sh2

8 18 5 8 & & &
= oh + 24"

& 5 2.5 8.&8

z 2.
5 1 . 25 8. 8h

8 125 8. 625 - 5 . 825

8 625 1 : 25 8. 938 8. 516

& 625 & 938 8. 782 8. 12

8. 625 8.782 8 . 784 - 8 . 245

2784 8.782 8. . 743 - D .842

8 .743 8. 782 8.763 & 843

8. 743 8. . 763 8.753 8. 883

8. 743 8. 753 8 . 748 - 0 .319

3 . 748 8. 753 3 . 751 - 8 . 888

: hc = 8 . 751 m



En. 3. 7 Trapezoidal channel

b = 6 m; 3 = 2; 0 : 14 m/; X = 1

Newton Raphson

↓ Fr = 0.) 1- z0 = )1-
:> AS- AQ = 0 -> f(h)

filn) = 3ALB - A

A = bh + Sh = 6h + 24h ↓B
B = b + 2sh = 6 + 4h

· f(h) = (outchy"- (6thh) = Con +2nY"- 19 . 9826+42)

f(h) = 3 (6h + 24+]"(6 +44) - 79 . 92

A Ith] #(h] -E
1 3)12 . 13 1848 8. 83

8.83 78 . 77 1858 ·27 8. 76

8 . 76 6 . 86 885 .91 8.75

275 - 1 . 84 774 .38 8 . 75

·: he = 8 .75 m



En . 3 . 7 (nep) inpezoidal; b : 6m; 3 = 2; 1 : 14 m3/5; @ = 1

Newton-Raphson

1- Fr = 0 =) 1-z0sI
: > AS-B =

f(h) = As-
filh) = 3ALB-Q

-

A = bu+sh = Gu + Inh ↓
B = b + Ish : 67 4h

- flu) : (6h + 2hly"- 19 . 98 (6t4h]

fln] = 3 [6h +In 16 + 4h) - 79 . 92

Trial : A ↳
2

8 . 83 8. 76

8 . 76 8.75

8.75 8.. 75



En. 3. 8 V = Im/s; d= 1 . son; B = 3m ; X = 1

(a) ha= 0. m

-Ea = 1 . 5 ha = 8 . 92 m
1 . 5m

/ YAz

E, = Eat Dz

1 . 5++
= 2. 92 + D2

& = AU = 3x15X1 = 4 . 5 m3/S

=) Dz = 8 . 63 m
Fri= = 0. 26 [sub

Drop : 1 . 5-8 . 61-5 . 63 : 8 . 16 m

6) (is upward step 8 . 45 m

E1 = 1 . 5+01
= 1 . 55 m
-
1 . 5 m

t 50. 45m

1 . 55 : E2 + (2 = 0 . 45m)

= Ez = 1 . 1 m [)Ec]

=
= h = 8 . 41 m, 8 . 98 m

Since u/s sub
,

n = 8 . 98 m

Drop = 1 . 5 - 8. 45- 5 . 98 = 8 .87m



(ii) Upwand ,
8. 80 m

E, = 1 . 55m

F2 = E
,
- D2 = 1 .55 - 0 .80 : 5.75 ((EC)

: Ei = Eat Dz = 8. 92 + 8 . 80 : 1 . 72 w

ha : ha = 0 . 61 m

172 = hi++
:) 1 .72 = h ,t

:> hi =
0 . 28 m

,
1 : 68 m

·

: hi = 160m

Drop = 1 . 68 - 0 . 8 - 5 . 61 : 0 . 27 m

[iii] Downward ,
0. 45 m

El = 1 .55 m --
Ez = E

, + Dz 1 . 5 m

= 1 . 55 + 5 .45 : 2. 8 m
-

&45 m

2 = hut xh
-

=She = 1 . 97 on >
8. 25i

Rise = 1 .97-1 .5-8 . 45 = 0 . 82 m



E. 3 .9 v = 1 m/s; h = 15 m ; b : 3 m

8 = (1 · 5 X3]X1 = 45 MY

(as E
,

= 1 :5+8
: 1 . 55 m

Er = En = 1 . 55:
iS be = 1 . 37 m

Alt : Ea= 15 ha => ha = 1 . 83 m

155 = 1 . 03+X(bcX1032 =) be : 137 m

[b](1 b2 = 2 m

En= El = 1 . 55 = hutExi =>he = 0 . 49m
,

1 . 42 m

he: 0 . 20 m

· he = 1 .42 m

Drop = 1. 5-1 . 42 = 0 . 38m



(ii) b = 1 m

E2 = E = 1 .55 : n+xhs

=Th = - 0. 68m ; E
,
to increase

Ez = Ec = 1 . 5 ha -> 1 . 27 m

= 1 .5 = 19 m

E = E2 = 19 :hithix
= hi : 8 .26 m

, 1 . 87m

he = ha : 1 . 27 m

: Rise = 1 . 87-1. 27 = 0 . 6 m

[iii] be = 4m

E2 = El = 1 . 55 : hutzChesh
= 12 : 8. 22 m

,
1. 52m

Brop = 5 . 82 m



#3 . 18 b : 6 m; h = 2m ; V = 2/ ; @ = 1

& = 24 m's

b2 = 3m;

E
,

= 2+e = 2 . 2 m = Er

he =3 = 1 .87m

Ec = 1 . 5 x 1 :87 = 2 . 81 m

· Ea) E2
,
channel bad need to be lowered

Ec = Est D2

If D2 = 2· 81 - 22 = 0 . 61 m



Flow measurements :

Broad crested : ha
-hexgb"= ~

In
=a = bon5 I

& = (2)big n [h= 1 .5ha]
V, Us

hi = not that 15h
~ approach vel, 0 : (4) begChit

is

h
=

En3 . 11 b = 2 m; Dz = 11 m

hi = 0 . 8 m

1 . 5

·=b is

= (2)"*x2xX 10 .83"5 mils

= 2.94 m3/S



Chapter 4

Uniform flow : fluid chans remain same along its length
steady flow : 11 11 11

" at a point throughout
time.

Chans : (i) chans remain same along len

(ii) Sf = Su : So

Reas : (i) Have finition

(ii) Downward slope

(iii) Net ent . fonce zens

(iv) Not have adverse slope where din of gravity and

friction force one same and /or opposite of flow din .

D & CBUz- BU ,) = Fp1-Fp2 + using - Ff

=> Using = Ff

velocity distribution

shean stress, E

using
using = Ff

->
T

&2 1/4
F 11

VAL(sin8 = AnnE :so] = TPL

= T = A US .

= Rpgs .

: = ppRSo



Drag velocity ,
up:y =Rs.

To = puB2

Laminan sublayen :

Thickness, On = H

Boundaries :15 778 [5, 78]

Smooth Rough Transition

velocity distribution along a ventical

= In ; K = 0 . 4

20 : 0 .11 8833k) 0 .11 + 0 .033k

Sunsoth Rough Transition

Depth aud rel : V= on V.

cross-sectional mean vel

E = 5 . 75 logR
5. 75 log 5. 75 log5 V

Smarth Rough Transition



Formulas : To = PgRSo

uA = Arso
= H

Component Smooth Rough Transition

Boundany

velocity along vent.·2 8Il
8.Il+ 5 .33/s

Cross-sectional mean
5 .75 logR 5 . 75 logR 5. 5 log

ver,



En. 4. Rest; b= 6m; So = 5 . 0025 ; K = 2 mm = 0 . 002 m

h = 8 . 58m

Boundary: un : JRSo
-

= 2063, 78 -> Rough =0 . 429x0. 0025

= 0 . 183

Mean vel :

= 5 .75 log[R A = bh = 3 m ?

P = b + 2h = 7 m

=> v = 57510g(X842DX0103 ms R : Alp = 04

= 2. 82 m/s

uniform flow formulas

Chezy's formula :

Two assumptions : (i) using : Ef

(ii) Ff = RPLUL Cresistance stress a r2]

: Wsin8 = KPLUL

= VALSf = KPLUL

=E Sg = rh

= u : cr;

2 -> 38 fils to 88m/s

-> 55 En/s



Dancy-weisbach formula :

he =f
Inf

do = 4R; Se : If E

v=" // S & S /

I I
L

manning's formula :

v: -> mis

= 186Ys - As s

Relations among the factors ( same)

R
= 2 =)R.

Frustr

::



Estimation ofC : -181g (ture,
12.2 R

C : 18 log Iolg 18 log Tst3 .35 Yun

Smooth Rough Transition

[ = 5 . 75 log[-. . ) = c = 181082 --
-]]

Estimation of :

n=
Factors affecting : n connelates to resistance to flow

n when there are more eff, resistance

his Bed noughness

(ii) vegetation
(iii) Channelalignment
[iv] channel innegularities
In Sitting (n) , scouring (a]

[vi] Obstructions

(vii) Stage and dischange (nM]

[iii] suspended motsa bed Id



#4 . 2 d5o = 1 . 5 mm = 0. 0015 m

So = 0 . 1% = 0 . 001

Trapezoidal : b = Gm; S = 2; h = zm

n = cas
= AR43 g

12
; A : bh + Sh2 = 6x2+ 2x22 = 20mh

p = b + 24++2 = 6 + 2x24
= * 20x(3/*x000)"

8. 816
= 14 . 94 m

: 48 . 04 m3/3 R= A/p = 1 . 34

c:Rest = 2

=) C = AR" = 65 . 62

: =) f = 0 . 018



Normal depth-depth of uniform flow
, In

section factor-AR
,
AR"

Conveyance - measure of carrying capacity of a channel

1/2

En = KnSu - kn= Ar (for manning]

En= KnSn"L ; Kn = CAnR (for Chezy]

Hydraulic exponent for uniform flow

k2 = C
,
N

=> 21nk = Ina + Newh

= denk = En:

Again, K= ARY3 =A

=os
=) Ink = ElnA-Eup-1nm)

=> Ink=

= [5B-2R]

=> N= (B-2R) -> in manning's formula

N= (3B-R] -> in chezy's formula



#4 . 3 Rest; A = bh ; B = b; p : btzh; R = Alp ;d

N = 5 (5B- 2RS

= 35256 - Ex
: 25-En) = 525- ]

(i) wide channel -> 48

: N = = (5) = 3 . 33

(ii) Nannow Channel ->Y &

·: N = 525-]

= =[5- E = 2



#49 Trapezoidal; b : 61m ; S : 2 ; h = 2 m

N = ** 25B-2RS ; A : but shh

= 28 . 2 m

= (5x141-2x134x4 .42)
B = b + 2Sh = 14 · 1 m

= 3 . 86 p = b + 2h/st = 15 . 04 m

R = A/p = 1 . 34

=2F = 4 . 47



computation of Normal depth

Analytical method :

E45 Wide; 30 : 0 . 0025; 2 : 3 mYs;

(i) n = 0 . 028

Q: Auro R = A

: Anho :

= 3: Xhux025
~ h

8.328

=) Un = 112 m

Un: A = 2 . 68 m/

(i) C = 45 /s

2 = c Anp

=> 3 = 45xhuxx25

= hu : 1 . 21 on

v= = 2. 40 m



En. 4 . 6 Triangular ; 3 = 2 ; 30 = 0 . 0016 ; n = 0 . 815 ; @ : 10 m3/s

&:Aro An= Shut = 2 hm

=

> 10 : %5 X2hm x 10 .347hm*xs Pn = 2hnF : 2hnz

= 447hn

= ) Un = 1 . 55 m

Ru: Ayo=h : Outis

Trial & enn . method

#47 Reat. b : 6 . 8 m; U = 8 . 825 ; So = 0 . 0025 ; 5 : 28 mas

AnR=X

h Abh P :b+ 24 An Ru
-

-

J 6 8 4 . 95

2 12 18 13 . 55

1 . 8 18 . 8 9 . 6 11 . 68

1 . 7 1a2 9.4 1877

1: 6 9. 88

1 . 62 9.72 9.24 18 . 85

·: hm = 1 . 62

Vi
= = 2. 00

An



E4 . 8 Trapezoidal; b : 6m; S : 2; n = 0 . 825; S
,

= 0. 001

*: 14 m3/S

Ar:

A #butshb+zifsR

2 8 18 . 47 6 . 69

2 28 14 . 94 24 · 29

1 . 3 11 . 18 11 . 81 18 . 77

1 .35 11 . 75 12. 84 11 .55

1 . 32 11 . 45 11 . 9 11 . 88

Un =1 . 32 m

Un= An : 1/1 . y
= 1 . 23 mis



=4 . 9 Panabolic ; Q = 20m3/s ; 1= 0 . 025 ; So : 0 . 0025 ; y = 42

:> z = ty2

AR43-5
n = 1/2 = > x=h Xy =yuh
B = 2x Ifhl

tra I

A= Bh-90 .25x2dm - N 0
+h

- Fa
tr

P = S # 025ufdn
-F

:5'dn

h
- At AR43

1 2. 67 1 . 86

3 13 . 86 1 . 45 17 . 74

2 7. 54 1 . 85 7 .79

2. 3 9. 3 1 : 17 1 B . 36



En. 49 Re Panabolic ; Q : 28m3; n = 0 . 825; So = 0 . 0825; y = 42

=>2 = 0: 25y2

Are -> y = 0 . 2504

h = 0 .25m
2

=> =h

B = 2wh Xy : 0 .25n
!

A : Bh - 10 .25and
I +

- M

p
=Arthurings do

=Lisas"du =firoLia du

R = Alp

*&8.581
-



# circular; do = 2 m; So = 0 . 001; 5
: < m3/s ; n = 0 . 013

AnR= I on

↓ A B &
I 8.87D I 8. 815

2 8 . 229

4 2 . 38 4
& 595 1 . 68

n = dol-cos]/z = ...



E4 . 11 Bisection method

Trapezoidal; b = 6m; s =2 ; n = 0 . 025; So = 0. 881 ; $ = 14 mi

43
f(n) = AR-AuRu = Ar- 0

=) f(n) =AlY A = bh+ Sh
?

= oh + 24?
513

f f(n) = A-11 . 07 = 0 P = b+ 2hAs

: ot 24

He )8 18 148 . 64

8 5 2. 5 26 . 56

8 2. 5 1. 25 - 1 . 84

125 2. 5 1 : 075 13 . 38

1 : 25 1875 1. 563 4 . 18

1 : 25 1 . 563 1 . 487 1. 396

1 25 1 . 457 1. 329 8 . 146

1 : 25 1 . 329 1 . 298 - 8 . 453

1 . 298 1 329 1 . 318 - 5 . 148

1 . 318 1 . 329 13 8. 806



E. 412 Trapezoidal; b : 6m ; S = 2 ; n = 0 .825: 30 : 0 . 001 ; 5 : 14 m

f(u) = ARY-O

=) A_Q-

f(n) : EY3dA-2p-
= A B_ = 0

Here
, = 11 . 068; 7 . 37

A = bh + sh" = 6u+ 24?

p = b +24F = 6 + 2n

d = 25

B = b + 2sh = 6 + 4h

Trial : A Eh)In
I - 28 . 98 1 . 487

1 : 487 7 . 491 89 . 533 1 . 323

1 : 323 8.327 81 . 596 1 . 319

-
1 . 313 8.88354 88 . 783 1. 319



Restrict depth of circular section to 8 .80d :

For sections having gradually closing top, the section factor

a first increases then decreases wh depth. As a result it

is possible to have to alt normal depth for the same dischange,

and small disturbance may cause the water to seek alt

depth.

Circulan sea falls in this category, and this is noticeable at

depth > 0 . 82do. Thus, restrict to 18 .00 do

Normal slope : Longitudinal slope required to maintain uniform

flow

Critical slope: Longitudinal slope required to maintain both uniform

andcritical flow



#. 413 Rest; b : 6 m; X = 112; n = 0. 820

(i) hm = Im
, B : 11 mis

&= AR
*" A = bh = 6 x 1 = 6mi

=) 11 = 02 * 6x5.755 P = b+14 : 8 m

R : Alp = %0
= 0. 75 m

=) S = 8 . 002

(ii) & : 11 m3/3

: 0 .73m

&=Ar A = bh = 6x 8.73 : 4 .38m
2

=> 11=2 * 42x10 .5873Ja p = b+zh = 7 . 46 m

R = *587m
=) S = 5. 0056

(iii) he In : 2 =s
> 1:O = 17 . 76 miss

: ARa Ac = 6 X1 = 6 m2

P = b+zh = Em

= 17 .76 = 02X6x6.755a R = 6 = 8 .75m

=) Sa = 8 . 8051



Channel section with composite noughness

n = (2
= (inPe

E414 Flume; side : n = 0 . 010
,

p = 0 . 4 m

Bottom : n = 0 .815 , p = b = 1 m

b : 1 m

S = 0 . 001

ha = 8 . 4 m

n =(
:[0

. 4x10.002X1005
= 8 .8129

& : In ARS A = bu = 2x8 . 4 = 0. 4 m2

p = b+2h = 1. 8 m

:2" 0 .4x10222)o
R= Alp=4

= 0 . 2

= 8 . 368 m3/S



compound cross-section

&: AirSi

& = EBi

&: Aro =) n
=R

on, n
=AR=A

a = Zi
B=
14.5 N = 8 . 825, 8. 835

I -

So = 5 . 8001; & : 112 A= 4x28 =80m2 I Ay= 68 mi
44

B = 1 . 84 P,: 4+28: 24m A2= 50x9- 125X18 : 425m2 P: 19 m
-

= AR 5o P = 5 +457548 = 56. 18m
In

= %35X80x4ro
I I I ↓ I

-

20m 48 m Iam 15 m

: 51 m3/s

*
2

= 655 . 12 m3/S ,= AR 3 = 5100

* = 36 .90 m3/S 12 = 65512
-

: n=AR Eason

13 = 3698

. B = [Si = 743 m3/s
= 8 . 8243

· u= = 1 . 315 m/s
P = EP; = 99. 18

A =Ai = 565



-E
= 1 . 39

B-
Alt: n = 0 . 025

,
8 .835

So = 8 . 8001
,

& : 1 . 12; B= 1 .

04

section*So

Left 88 24 5188 51 . 8 8

Middle 425 56 . 18 65512 655 . 12

Right 68 36. 98

35e -- 743 . 82

- -



Flood dischange by slope-area method

Applicable when :

(i) changes in stage & dischange are sufficiently gradual
hi) Sufficient data not available to justify other methods

selection of suitable reach:

(i) Good-quality high water manks available

(ii) straight & uniform reach . Prefer contracting over

expandingneach . Change in conveyance <30%.

(ii) Length >
, 75 time an depth of flow

- -

a If
- -

he
F =

-

- a
-

S

S

/ --
-

-y

L
I

F+ &=he + hf =) nf=
-

K -> 8 - 8 . 1 gradually contracting

ne=[i] -> 8 - 8 .2 expanding
-> 8 .5 abnuht



=n . 416 L = 850m
,
F = D.76 m

A
,

= 15358 m2
,

P: 2035m
, n = 0 . 03

, X1 = 1 . 15

A2 = 9275 mr
,

Pc = 1965m
, 72 = 503 , &2 = 1 : 18

Kim A
,
R=3 X 15350x35 1020320

K=AzR=ob x9275x543 : 8099

: k=ik = 942139

Fr a= = F+
= F+ x,-

Init Se = E- = 0 . 000054

Trin Its-

8 - - 8 . 80089 28178

2 28178 8- 639 8. 88875 25848

2 25848 8. 559 8 . 88077 26224

3 26224 8. 656 8. 88877 26163

4 26163 8. 656 8 88877 26173

5 26173 8- 656 8. 5577 26171

6 26171 8. 656 8. 25877 26172

7 26172 8. 656 8. 80377 26171

: B = 26171 mis

Det K:K2 -> formulate no -> Find init if : E
inial 5-> f -> St =H ->= St


