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University of Ottawa            Université d’Ottawa 

Faculty of Engineering                       Faculté de genie 

 

Department of                       Départment de 

Civil Engineering                              Génie Civil 

CVG 3116 

HYDRAULICS 

 

Final Exam   December 22th, 2009 

Dr. Majid Mohammadian Time: 3 hours 

 

CLOSED BOOK.  Non-programmable calculators are permitted.  A list of equations and parameter values 

is attached. One 8.5”x11” sheet of paper written on both sides is allowed. 

If you do not understand a question, clearly state an assumption and proceed. 

Mark distribution is provided on the exam. 

At the end of the exam, when time is up: 

- Stop working and turn your exam upside down. 
- Remain silent. 
- Do not move or speak until all exams have been picked up. 
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Questions (answer all questions) 

Q1 (3) What is the main application of globe valves? 

Q2 (3) What happens in transition from mild slope to steep slope? 

Q3 (3) What is the main requirement in choosing repeating variables in Buckingham theorem? 

Q4 (3) What parameter must remain constant in physical modelling of a spillway? Why? 

Q5 (3) Choose the correct answer(s): What boundary conditions are possible for a one 
dimensional unsteady subcritical flow: 

1) Upstream: both discharge and depth.   Downstream: none 
2) Upstream: discharge. Downstream: depth 
3) Upstream: depth. Downstream: discharge 
4) Upstream: none. Downstream: both discharge and depth.    

Q6 (3)  Which of the following statements is wrong:  

1) The discharge from a reservoir to a long steep channel may depend on the roughness of 
the channel. 

2) Supercritical flow is always controlled from upstream. 
3) In subcritical flow, water velocity is greater than the wave velocity.  
4) In steep channels, the normal depth is less than the critical depth. 
5) The Froude number can remain the same as the prototype in distorted river models.  
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Problems (solve problems 1,2,3,4, and two of 5,6,7) 

P1 (22)- The normal depth in a concrete rectangular channel (n=0.013) is 0.9 m, the bed slope is 
0.0004, and the channel is 7 m wide. A broad crested weir is installed in the channel in which 
the bed is raised by 70 cm. After the weir, the bed level returns to its value before the weir.  

A) Calculate the discharge of uniform flow. 
B) Show that the flow becomes critical in the weir. 
C) What is the increase in water depth due to construction of the weir? What is the 

water depth just after the weir? 
D) What is the water depth before and after the hydraulic jump? 

P2 (17) Three reservoirs, are connected to a junction as shown. The water discharge in the pipe 
1 (see figure) is 105 l/s and a globe valve (KL=10) installed on this pipe.  What is the water 
surface elevation in the third reservoir? All pipes are of diameter 40 cm with Ks=0.6 mm. 

Assume rough regime for pipes 2 and 3 but calculate  in pipe 1. Ignore velocity head at the 
junction.   

 

P3 (15) Water is ponded behind  a vertical sluice gate to a height of 4.1 m in a rectangular 
channel of  width 6.5 m. The gate opening is 1.1 m. Assuming the contraction coefficient 
Cc=0.61, calculate the water discharge in the channel if the downstream water depth is 2.5m. Is 
the jump submerged in this case? What is the maximum downstream water depth such that 
the hydraulic jump is not submerged?  
 

P4 (15) A pump is used to supply 100 l/s water from a reservoir to an industrial complex. The 

pipe is made of galvanized iron (Ks=0.15 mm), is 16 m long, and has a diameter of 32 cm. The 

pump head and speed are respectively 21 m and 1000 rpm. Calculate the maximum elevation 

of the pump such that cavitation is avoided. Local head losses (entrance, bend and check valve) 

amount to 2.88 V2/2g. Assume rough regime in the pipe. 
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P5 (15) A vertical venturi meter measures the flow of oil of density 720 kg/m3 in a pipe and has 
an entrance of 135 mm diameter and a throat of 65 mm. The throat is 250 mm above the 
entrance. There are pressure gauges at the entrance and at the throat. If the coefficient for the 
meter is 0.96, find the discharge when the pressure difference between the entrance and at the 
throat is 25 kN/m2. 
 
P6 (15) You are designing a stable channel of trapezoidal cross section. The mean diameter of 

bed material, which are very rounded, is 1.1 cm with =2650 kg/m3, the bed slope is 3x10-4  and 
the required water discharge is 40 m3/s.  

 
A) What is the minimum stable side slope (m)? 
B) If a conservative value of m=1.75 is chosen, what is the maximum allowed water 

depth? 
C) Would the bed width of b=10 m be a good choice for this channel? 

 

P7 (15) A circular culvert of length 26 m and diameter 75 cm, is installed at a slope of 2.5 
percent with a squared edge entrance (kL=0.5, Cd=0.6). The Manning’s coefficient is n=0.014. 
Under the flood conditions, the maximum available headwater above the culvert inlet is 2.5 m 
and the tailwater depth is 1 m. Calculate the discharge capacity of the culvert.  
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CVG 3116, Hydraulics, final exam equation sheet 

Note: some of the following equations apply only to specific circumstances. 

Orifice plate  Cd = 0.65  ,    Venturi  Cd = 0.98  ,  small orifice  Cv =0.98   , Cd =0.6 

large orifice Cd =0.8    ,  Contraction:  kL=0.44   ,     Sudden expansion 
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