CVG 3116 : Hydraulics

Problem 1.

a)

Given:

n=0.01

b=0.4m
Q=150L/s=0.150 m3/s

Solution:

Professor

Tutorial #6 Solutions

In rectangular channels:

Yc
Where:
3
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b)
Given:
So=10.003
n=0.035
Q=75m3/s
Stage (m) Area (m?) Perimeter (m) Surface Width (m)
0.5 3.4 9.0 8.1
1.0 10.1 12.2 11.0
1.5 18.2 18.6 16.5
2.0 31.3 26.2 22.0

m3
O(QZ B 1 * (75 T)

At critical depth in natural channels:

aQ?B,

-1
gA?

Thus:

Assuming o = 1:

2

= 573.394 m®

9.81m

s2
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Now plot:

3
c

B, vs Stage

Problem 1 b)
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Using excel solver, or graphically:

2

a

i:_c aty = 1.63m
g9 B

Thus:

Y. =1.63m



CVG 3116 : Hydraulics Professor : Dr. Rozalina Dimitrova

Problem 2.
Given:
Q=5m3/s
y=0.4m
b=4m
Solution:

a)

Compare to critical depth:

=|——=—| =0543m

N
e
N
~—
W=
A NN
=15
w
\/N

Yc =Yy
Thus flow is supercritical.

Alternatively, check the Froude number:

3

5m_
04m*4m

\/_ \/__\/981m 04m

Fr = =1578>1

Thus flow is supercritical.

b)
Determine y2 in hydraulic jump:

yz—(};l)( 11+8Fr? —1)
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yzz(%)( /1+8Fr12—1>

0.4m

y, = (—) (Vi+8+15782 1)

2

y, =0.715m

Calculate energy lost in the hydraulic jump:

Since:

AE:EZ_El

And:

E=y+—

Then:

3 2 3 2
g M- g M-
S S
0.715m*4m 04dm=*4m
AE = 0.715 + -1 04+
2% 9.81?2 2 *9.81522

AE =0.898m —0.871m = 0.027m
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Problem 3.

Given:
Q=6.5m3/s
b1 =3m
y1=0.4m
Solution:

a)b2=25m,Az=0m

Calculate specific energy:

3 2
6.5
S
3mx*x04m
E + vi 04m+ 1.895
P 2g 249815
Calculate critical energy of ba:
5 1
3 3
6.5
S
" 2.5m
(q )3 - 0.883
Ve = | — = = V. m
2 \y 9.81?2

3 3
E. = Eycz =3 *(0.883m =1.324m

Check for choking:
E; =Eg1 —Az=1895m—0m = 1.895 > E,

Thus, no choking.
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Determine y2:

0 2
) ¥
V2 (b * }’2)
E, = — = = 1.895
2= Y2 t 29 Y2+ 29 m
3\ 2
6.5’”"T
Q \’ 25mx*y,
g2t Vel =y + 22 1895
Y2 29 27 24981m/sz 2 yz m
Using excel solver, or trial and error:
y, = 0497 m
Graphically:
Problem 3 a)
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b)b2=12m,Az=0m

Calculate critical energy of ba:

5 1
3 3

6.5

S
5 1 1.2m
(q )3 1.441

y = | — = = m
“ " \g 9810

3 3
E. = Eycz =3 *1.441m = 2.162m

Check for choking:

Eo,=E4 —Az=1895m—-0m=1895<E,
Thus, choking occurs.

Downstream of the contraction will now be at critical conditions, and the upstream
flow will increase to the same energy as the downstream energy.

Ey, =E., =2.162m

Vo =YV = 1.441m

Now:
3 2
6.5mT
_Q Y 3m=*y,
= b, *y, _ _ 0.239_E 2162
s1—Y1+T—Y1+W—Y1+y—1z— s2 = 2. m

Using excel solver, or trial and error:

y; = 2.108m



CVG 3116 : Hydraulics Professor : Dr. Rozalina Dimitrova

Graphically:

Problem 3 b)
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c)bz=2.5m, Az =-0.3 m (downward step)
Check for choking:
From part a)
E; =E;1 —Az=1895m+ 0.3m = 2.195 > E_,
Thus, no choking.

Determine y2:

2
E, = +v—2=y+
2=Y2 29 2

0.345
Y2 +——=2195m
B

Using excel solver, or trial and error:

y, = 0.444m
Graphically:
Problem 3 ¢)
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c)bz2=2.5m,Az=0.7 m (upward step)

Check for choking:
From part a)
Es;y =E;; —Az=1895m—0.7m = 1.195 < E,
Thus, choking occurs.

Downstream of the contraction will now be at critical conditions, and the upstream
flow will increase to the same energy as the downstream energy.

From part a)
Vo =Y = 0.883m

Ey, =E., =1324m

Now:
Esy =Eg; + Az =2.024m
From part b)
0.239
V1 +—2 = Esl =2.024m
841

Using excel solver, or trial and error:

y1 =1962m
Graphically:
Problem 3 d)
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