L

. g ‘ T B e
. : o %’*&k*‘% 36N
: ‘ it R
.
]
.
A o

%2
ot
SRS ety
.*';' ey
o ot
SR e

i

+,

OPEN CHANNEL
HYDRAULICS



el Al e

Adverse 5 Horizontal 51 Mild S Sk—eP‘:”

O 5 Le

(D LY on S;'ﬁ*eepﬁonc .

T S
RN

. 3‘ &’Hh[
v Yy £ an

- Sy Cuvye is Pormed

=
HO'I'ZahM‘
- or advevse

(2) ferfect Jump .

» \J]:::'j“l

“ 91:—: yhz
« NO Curves ‘
Yn,

o %bne :"

(3 HI i
OGS B

AR L T

@ 3! )‘ ghl
@ 52 g th
. M3 Curve iS formeel




@

-1 S Bt &d syt o

o Horin = Mo s Sl o 20

fdvevse

)% mm

o J2- Yna
® Un > Ymin
o MS Curve is Formesl

lz) gs = 3mm

@ 37_: ynz
¢, H\ = yYfle’l

. No Curves

{2 .
e m.,a;yww/ j
NN Dot s Als Hlp bas (A1 «
b T o XY, wsh Luis &0 Luls
R Submerged “T“”’f’ Cev 3



©) | | ee

w}@ Jdﬁ GVF GJWUJ(}} (’W /50\{60

E HTW 1Y, Pty s
RI N A 4y ted 080 c\_p

W§U Q)J‘cfr'%f O

M s e Fedoeywsp
;.»jbvf LQ/") 7( 2% & L__,O

Miljee < Seop 8o « 7S, (oo den G
wdverse ,f el # ) Dy e Unifitn Qs 2l vy G, .
Mild oo 2y, §=(o, 43 #16° (;l?-sw;l -

Step Plocts Seoof , Saos  (kry



Problem (2) sht 5 T )

e Given: . -
. « b=12m }—~1r——§
. So:lls‘»lo‘s ,S e E
Q= 3y m¥ys \‘~—‘2-—'1

~ = 70O | N=ooly3

Jmin= 0.2 ™

—" 4. IS A HT formed ?
2. DI'S‘)‘CIMCn. fromm gm,te to TQMP.

+ SOl
L
® Get "4y

. Sl3 .
g

(12+ 29.,)"3

by fral. ERY m-']
3 5 3
Y, - ff}t _ /(3%2)’
9 - "T"’

Je= 0.935 m

@ Gret “9"

W éf\g%/ iy
# yh > 3::
s+ oo Mild SLOP@ '

o Yes q HT Lu:l/ formec/ DS the gate -



P~ — o~

31,2 3!’) = 234

'
- - I

# To 9et “4,"

91: Hh: 2-3Y mn

o _QRT 3 (12" - 0.664
T A% g (e 2ap?

g, = -yi—z-[.h-f-gﬁu: -]J

H' = O-?.Zé l:)—] > 3“!'\': ok

vo Mz Curve VS formed ,
DistancCe Prom gq‘te to JL(MP:‘. Ltzngf’h of }43 Cuvve

y | A P R \Y; E AE | Se | Se,, AS AX | T AX
0.26813.22|12.536(0.257|10.572| 5.965 0.1402
S 0.832 0.1582| 0.1580 |5.265| 5.265
0.25 |3.00{12.500] 0.24 |11.333| 6.797 0.1761 ' '
—1.511 0.2125| 0.2123 | 7.11 [12.379
0.23 |2.70|12.450| 0.22 |12.593| 8.307 0.2489
. T 2.122 0.3077| 0.3076 |6.899(19.278
0.20 [2.40|12.400| 0.19 |14.167| 10.429 0.3666

BiStanice  From Gale. Lo Jump = 13.238 m




?E"&M

em(q) shxs @

lei\len:- 4 -’»),\” — /"’-
, b:: 12 ) ,
Y
€=1-5 4
h= o.olYy
Reach @ Reacb@ R@Oh@
Hn|:|_,'~“'3 SZ: '0*,‘65 Hﬂg '210.62'4“
Flow is Uniform S3=o.ooq
Por 4 K‘m»
¥ ﬁ“f(;ﬁ,z 3w

1- water Surface Profrle. Find Y, ,s for each reach

2- Length of Non-Uniform Flow in 2% yeach
[ 3 Sectons onlyl

oy
i { -

& Get’Q"
Reach (8)  maning , -~ $ls

Q) = I *[o.azq(leAs*b.ezu)] *Jo.obq
“OM T Tizezwe.s2y 515 ]

Q= 24,965 m¥s

® Get “ ghz\\

Reach (2) w

© o SI2
2,965 = |y Dallonse ] i
ooly = [2+2Y, Jwst ]

by ‘tﬁ'a.y \j'l-—"-' 1'820 m




@

e Get”S"

Reach(1) waning | sty
20965 = L, [H3(2erSwitiz)] % 451
o.0ly [1z+2*(.mz TS ]¥s

S= 29xl0°

& Ge’t” yc“
T
A39
(211,965)2* (12+2% 15 4.) _ 4
[Y.(r2415¢40]3 »

By Aricd-. l_gc:o.'-)%’-}’ m

- NOW

+Reach @— 5 Ym Y 5 Mild
. Recrch(@——> Yn, YY¢ — > Milder
. ReachR®——> Yn3 < Ye —> Steep

S2= loglos S



lengthoP Mon-uniform in Reuch@® = Lemgth of M,

[}
: v | 0.13F3m =
Cr T i

lep |

B

1820 m

| 7 *|§? -;lr;s *155 |
1Al P|R|vI|E AY |Se | S | AS | AY | X
.82 {968y 18-s69! 1.4y 093 ‘1-866 10,33 N a
kL 0.691 | 45,86 |35,86|1928ks| 1928,8Y
Loojras Higel o.g¢5]1.85 [ 1,19 8134 | T .
| _ Ty 4 0.096 | 184,33 144,33| 67,00199 5,85
0 33H%-6% {u.6¢ 6.6592.58 .01

22?,33I t |

Leﬂﬁﬂ‘w_f,m: /‘775,35;., N



Provtem (16) Sh#S

h=& m | ’ .

W:D.OQS
Reaeh(® Reach @ | Reach ®
L= 0,04 3233)!40"5 Yn=6.8 wm
Unz3om
UV)f\mgoV‘m [?or' "

Req:. - |
1 - water Swlace Profrle (Yo, HJ)

2~ hieght Of HT

3~ NOY\..MY\'(COVM"EC"@‘V\Q?"\ in Reach @

., @ (72@'&.” @“

M“)é Peach@ Mg ;\

813 uy
¢ N (8*33 » (33*155)’
0028 (&+243)"%

A
-

@z 25 w¥/s
Y J:l‘g_;ah}&ﬂ:'*
& (}:et”‘ib," |
‘ | Oz Yy
manihg 25201 . (84w) » (0-04)
028 .

(8"'2‘5“13”3
b]/fn'aj B l gl’)/: 0 EM I




) {.;t&t " ‘Jcn s |
) oy ’ PR ’ (25/8)?
c= 3 = - g

3(’ 2 Al-‘oo m

|

S Reach ® - Yn,=o0.6 <‘J<;#_,_,'- oo Steep
Reach @ ~~~—+ Ym=3 7Y¢ — &% Mild
Reach@ —> Inyzo8 (Yo —yp 2% Stecp

1] ';" 0 v{
oy P2 N
i ~

Steep J) ) (2 oo Tunp 3V 0 Gaps &
. Sy‘\‘: 5) = 0.6 ‘W) |

‘:‘Z: -S5 m { SY]Z
C0 0P8 6o
; ) . . — S ——
Yoo tan 0B mild I Ebio Qo Jump ) OB JJvJ NoTE



[}

HJ":: 92"\5\ ‘
.68~ 0.6 —0.95m

Nob Uni Porm lonogth = J"f—mes.éH-. S| Usb

155

]
)
|
|
[
)

‘
L
s,

el

'
'
|
) S0
[}

S= g.04 z

® J)JfSlL‘M

¢

24.00

155|12.40{11.10|1.117|2.016| 1.757 219.172
e 0.115 193.045 | 3806.95 | 3.02 | 3.02
1.70|13.60]11.40{1.193|1.838| 1.872 166.918 - -
0.123 148.638 | 3851.36 | 3.20 | 6.22
1.85|14.80(11.70|1.265]|1.689| 1.995 1130.357 :
: 81.706 | 3918.29 |27.05| 33.27
3.00 14.00}1.71411.042| 3.055

i

L&y = 333 m

L o= S(sz\j» - 5(!»55—0.6) = ('{/;75 h’;

5o Nov~tnd Lorm bughh= 33,34 4,75

= 38/05 m




TRIAL EXAM
QUESTION [l oec. 2000 A discharge of 20 m%/sec is flowing in a rectangular channel. At

section (1), the bed width equals 12.0 m and the water depth = 3.0 m . The channel
bed width is gradually contracted to reach a bed width of 9.0 m at section (2). Within
the contracted zone, the bed level is gradually raised by a vertical distance Z. The
water depth at section (2) is 1.95 m. Determine: |

A. The value of Z

B. The minimum rise in bed so that you have y, at the downstream.

C. The water depth at section (2) if the rise in bed equals 2.0 m”

D. Sketch the specific energy and discharge curves for case A & B

QUESTION 121 einai. 2008 For a constant specific energy of 2.0 m, what is the maximum
flow may occur in a rectangular channel 3.0 m wide?

QUESTION I3 rinat 2008 Determine the regime of flow (sub or super or critical) in the

following cases: :
A. The regime of flow upstream the hump if the flow depth over a hump is less
~ than the water depth upstream the hump. .
B. The regime of flow upstream the rising bed level and expanding bed width in
the same location if the depth of flow over a raised bed level and expanded
bed width is less than the water depth just upstream the variation.

C. The regime of flow over the hump if the flow depth upstream the hﬁmp is
greater than the normal water depth.

D. The regime of flow just downstream the hydraulic jump.

QUESTION I8l Trapezoidal channel of bed width 6.0 m and side slope 2:1 and

longitudinal slope 8 cm/km and roughness coefficient 0.013 if the froude number Was
0.15, find:

A. The alternate depths.
B. The Froude number in the super critical flow case.

C. Compare the values of the average boundary shear stress in cases of sub and
super flow considering the channel section is wide.

QUESTION I61 rinat 2000 Sketch the water surface profile when the channel bed slope is
changed according to the following:-
A (-Sc) to (0.8Sc) to (S=0) B. Adverse to Horizontal to steep
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CGuestion (1):
A, Discuss the effect of changing the value of the design velocity on the
obtained values of the bed width and water depth of an open channel.
B, Give neat sketches showing: .
¢ For an open channel, the relationship between the water depth and:
o Water area (A).
o Discharge (Q). "
¢ For a circular pipe, the relationship between the water depth and:
o Mean velocity (V). :
o Discharge (Q).

Question (2): : -
A trapezoidal channel of bed width 10.0 m, side slope 3:2, longitudinal bed slope
10 cm/km, mean velocity 0.594 m/sec, and Manning coefficient 0.025.
Determine: ‘
A. The average boundary shear stress acting on the channel wetted
perimeter.
B. Estimate the passing discharge. \
€. The maximum boundary shear stress on the bed and side. :
D. If the mean diameter of the material forming the channel bed and sides is
0.4 mm and the angle of repose is 35°, what is the maximum discharge
that can pass in this channel without causing scour? o

(Wh)er = 0.0491d2837, (1), = 0.77yyS and (Th)max = 0.98yyS.

Two identical pumps are connected in parallel, each pump is connected to a
delivery pipeline of length 400 meters and diameter 30 cm. The sum of minor
lceses coefficient for each pipe is 2. At the end of these two pipelines, they are
connected fogether to form a single pipeline of diameter 50 .cm and length 600
meter. The sum of minor losses coefficient for this third pipeline is also 2. The
static head is 10 meters, The pump characteristic for each of the two pumps is
given in the following table; ~—— :

Qinm¥hour |0 | 100 | 200 | 300 | 400 | 500 | 860 T 550

| Hinmeters [29.06[27.91 [ 26.74 | 25.13 | 22 66 18.91 11346 | 589 | -
Atler several years of operation it was required to increase the rate of flow in the
bU cii diameter pipeline. The same two pumps in parallel are to be used and the
we tirst pipelines of diameter 30 cm and length 400 meters are to be replaced by
@ new single pipeline of length 400 meters and-diameter 80 cm. Determine the
percentage increase in the rate of flow. Consider the friction factor f is constant
for all pipes = 0.018. Neglect hydraulic losses in the suction pipe.

Good Luck and Best Wishes,
Dr. Haytham Mamdouh Awad
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[ coefficient to be 0.03, you are requested to carry out the follo%ing:
A. Sketch the water surface profile along the two reaches giving values of
water depths at the beginning and end of each water surface profile.

B. Determine the length of the G.V.F profile ending at the brink. Consider only
three sections, : ’ :

l.»‘*—"“““*m N‘ :
«Q% A storm water channel is constructed in a mountain area to convey storm
. | water. The channel is rectanqgular of constant bed width of 10.0 meters and
\& w ¢ | consists of three reaches of different longitudinal bed slopes. The second

~} reach is horizontal, while the 'bed slope of the third reach is two times the
7 critical slope.

In the first reach a hydraulic jump is formed with an initial water depth of 0.50
\ meter. :

/ The water depth at the beginning of the horizontal reach is 2.50 meters, while
~ the water depth at the end of the horizontal reach is 1.08 meter.

' Considering n = 0.03 for all reaches. Determine:

( A. The conjugate depths of the hydraulic jump.

| B. The normal water depth in the third reach,

| C. Sketch the water surface profile along the three reaches showing names of

4 profiles, values of : normal water depths (y, , Yn3) , water depths at the
| - beginning and end of each reach, and conjugate depths.

%} A storm water channel is constructed in a mountain area to covey storm water.
" The channel is rectangular of constant bed width of 8.0 meters and consists of
three reaches of different. longitudinal bed slopes. The- following data are

available; :

A. For the first reach: The bed slope is 0.040. - N .

B. For the second reach: The bed slope is 33 cm/km, the normal water depth
'/ is 3.0 meters and the flow is uniform for a distance of 1.50 kilometer.
/ C. Forthe third reach: - The normal water depth is 0.80 meter.

You are requested to carry out the following:

1. Sketch the water surface profile along the three reaches

~ 'showing values of normal water depths and water depths at the
beginning and end of each reach and hydraulic jump.

2. The height of the hydraulic jump. o

3. Determine the length in which the flowis non-uniform in the first
reach. Arrange your answer in a table.

Take Manning’s coefficient n = 0.025 for the three reaches.

Dr. Alaa Yassin , Professor of Hydraulics , Faculty of Eng, Alexandria Uni{/ersity
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