Hydraulic Engineering
First Test, 2008 (100/105)
Name and ID: ____KEY_______________________
Rules: one page cheat sheet one sided allowed; Walton text notes and textbook. No: cell phones, non-ABET calculators, or other materials. Fill in the answers in the space provided with units; use the white space to show your work. You MUST show work to receive credit & all answers MUST have appropriate units.  
1. (16 pts total) Label the EGL and HGL (2 pts), Mark areas of zero, positive and negative pressure in the pipe with (0,+,-) (4 pts). Mark the location with the highest pressure in the system with an H (2 pts). Mark the location of the lowest pressure in the system with an L (2 pts). If the location of lowest pressure has a pressure head of -4 feet, estimate the velocity in the pipe assuming the figure is drawn to scale (8).
. [image: image1.png]Figure 5-9 Subatmospheric pressure when pipe is above the HGL




Answer:  Solid line is EGL, dashed line is HGL; any portions of pipe below the HGL are positive pressure; any points above the HGL are negative pressure; zero pressure is on top of tank and in water coming out of pipe; bottom of tank is location of maximum pressure
Minimum pressure is highest point in pipe; given that it is 4 ft above the HGL then it is about 2 ft above EGL and distance between EGL and HGL = velocity head is about 2 ft so:

V2/2g = 2 ft  and V = Sqrt[ 2*2*32.2] = 11.4 lbf/ft2  
2. (15) A 4 m wide rectangular channel carries a discharge of  16 m3/s at a uniform depth of 1.9 m. the Manning's  coefficient is n=0.025. 
Find:

a. channel slope (5)
b. Froude number (5) 
c. Is the channel type: A (adverse), M (mild), H (horizontal), or S (steep). Why?  (5)
Answer:  

slope = (discharge*n/(a*(a/p)^0.666))^2   = 0.00287

Fr = V/Sqrt[g A/T],  V = Q/A = 2.1 m/s;   Fr = 0.49, sub critical channel type M because normal depth is subcritical
3. (15 pts) Water flows from reservoir A to reservoir B. Water temperature in the system is 10°C. The pipe diameter is 1 m, and the pipe length L is 300 m. If H=16 m, h=2m, and if the pipe is smooth concrete, what will be the discharge in the pipe assuming fully turbulent flow. Ignore minor loss terms. Assume datum is at the water surface top on the left hand tank.
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a) The relative roughness is (3):

b) Solving the energy equation for the velocity gives the equation (4) :
c) The friction factor is (4) :

d) The velocity is (4) : 

e/D = 0.18/1000=0.00018

Friction factor is 0.0134  (allow range from 0.013 to 0.014 for chart read error )

Energy Equation:  (assume datum is top of water in left hand tank)

zA – zB = V^2/2g (f L/D) = 16
V = Sqrt[32g/(fL/D)] = Sqrt[32 g/(f L/D)] = 8.84 m/s

4. (6 pts) Draw in a curve for a higher discharge (Q) in the same system (3). Mark the point for critical flow (2).
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Answer: Critical flow is where the tangent is vertical, where the arrow is, a higher discharge gives an identical looking curve just to the right as per figure in textbook.
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5. (3) John is floating in his swimming pool drinking a soda. When finished he dumps the empty bottle into the pool whereupon the bottle fills with water and sinks to the bottom. During this exercise the water in the pool:  a) rises,   b) falls, c) stays the same.
Answer: it falls because initially the entire weight of the bottle displaced water but when it sinks only the volume of glass displaces water.

6. (3) Later John drops a full bottle of soda into the pool where it floats. The water level in the pool: a) rises, b) falls, c) stays the same.

Answer: Stays the same

7. (3) In the Bernoulli Equation give the terms for:  kinetic energy, potential energy, pressure energy
Answer: V^2/2g,     z,     and       P/(rho g)

8. (3) The units for the friction factor are:  a) length,  b) length2/time, c) Joule, d) dimensionless, e) Joule/Newton

Answer: dimensionless

9. (6) In pipelines systems pumps can be placed in series or parallel. Fred Service, PE, decides to double the flow of sewage in a pipeline by using two identical pumps in parallel rather than the more expensive option of buying a larger pump. Based upon the figure below, estimate the pumping rate for one pump and two pumps in series. Show how you got the answer on the graph. Do two pumps pump twice as much? Why or why not?
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Answer: the answers are the intersection of the system curve (E) with the one pump curve (A) and with the two pumps in parallel curve (B).   one pump is about 420 l/s, two pumps about 595 l/s (allow some chart reading error)  it is not twice because head loss depends upon the velocity squared so twice the energy doesn’t mean twice the flow.
10.
(4) (True / False) In gradually varied flow the energy gradient line, the water surface line, and the channel bottom line must be parallel to each other.

Answer: false, this is only true in uniform flow

11. (6) For a concrete semicircular channel with a radius of 2 meters, a Manning’s n of 0.012, a flow depth of 2 meters, a velocity of 1.5 m/s, and an unknown slope, what is the hydraulic radius?     

The hydraulic depth? 

The Froude number?

Answer:

D = area/top width = pi r^2/(2*2r) = 1.75 m

Fr = V/Sqrt[g D] = V/Sqrt(g A/T) = 0.38

12. (3) A lined channel carries 400 cfs of flow at design capacity. What does the US Bureau of Reclamation recommend for the height of the bank above the water surface?
Answer: Figure 6.6,   3 feet

13. (3) In dealing with open channel flow, one of the terms in the energy equation is typically dropped? Which one?

Answer: pressure head

14.
(4) When specific energy is minimized for a given discharge, what is the name given to that flow situation? Where does it occur?
answer: Critical flow, on top of a broad crested weir

15. (3) During a summer El Paso storm, you, like all good hydraulic engineers, are out in the rain watching the flow coming down the channels. Beneath your feet you watch the flow in a section where the estimated Froude number is ~7. You toss a rock into the flow and watch the ripples propagate:   a) upstream only, b) downstream only, c) up and down stream

answer: downstream only

16. (6) A hose is placed in the top of an upper bucket and a siphon started to put water just below the surface of a second lower bucket of water.
a) When both ends of the hose are lowered by three inches, the flow (increases,  decreases,  stays the same)

b) When only the upper hose is lowered by three inches the flow (increases,  decreases,  stays the same)

c) When a diffuser is added to the hose exit (and nothing else changes) the flow (increases,  decreases,  stays the same)

17. (3) Based upon Table 3.5, give a major engineering advantage for Gate valves over globe or Rotary valves in the modern world.
Answer: lower head loss

18. (3) The surge tank is added to the reservoir/turbine energy generation system near the turbine in order to:

a) increase flow

b) eliminate water hammer

c) store extra water for when the reservoir gets low

d) allow the intake pipe at the reservoir to be deeper

e) convert pressure head to elevation head to increase turbine efficiency
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