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Problem 1 (20 points) 

Gate AB is 2 meters wide into the paper and pivots about point A.  The gate will open to let fresh water 
out when the ocean tide is dropping.  At what level h will the gate first open?  Develop an equation with h 
as the only unknown.  DO NOT SOLVE THE EQUATION. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sea Water
sg = 1.025

Fresh water 

1 m 

9 m h 

A 

B
stop 



 

Problem 2 (24 points) 

The following piping system is made of 700 ft of commercial steel pipe with an 18-inch inside diameter.  
It has a sharp edged entrance.  The two smooth 90o elbows are flanged. The power output of the ideal 
turbine is 700 horsepower.  

Determine the required value of H to achieve the design flow rate of 4,200 cubic feet per minute. 

 

 
 
 

H

water

water
10 ft

turbine,outW&  = 700 hp 

Water properties @ 60oF 

Turbine 



 

Problem 3 (20 points) 
 
(a)  (    Points) A cube of solid material that weighs 445 N is lowered into a tank containing a 

layer of water over a layer of mercury. The cube is 300 mm on a side. The layer of water is 
500 mm deep, and the mercury beneath it is also 500 mm deep.  Determine the depth of the 
bottom of the block when it has reached equilibrium. 

 

 
 

 

Cube:  300 mm × 300 mm × 300 mm 

Mercury

Water 500 mm 

500 mm 



 

Problem 3 (continued) 
(b) (    Points) Calculate the difference in pressure between the centers of tank A and tank B. 
 



 

Problem 4 ( 20 points ) 
(a)  (15 Points) Fill in the blanks in the table below.  Show your work. 

Assume: 
• The flow has no losses. 
• The water is incompressible. 
• The pipe has a uniform diameter. 
• The pipe diameter is much smaller than the 

diameter of the tank. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) (5 points) Other than increase z1, what could be done to increase the flowrate of water? 

Station P 
( kPa gage) 

V 
(m/s) 

Z 
(m) 

1 0 gage 0 3 m 

2 0 gage  0.5 m 

3   3 m 

4   6 m 

4 

∇ 

Open to 
atmosphere

z 

1 

2 

3 

⋅

Water 
tank 

•

• •

•



 

Problem 5 ( 10 points ) 
 
Assume there is no loss in every part of this problem. 
 
a) (2 points) Consider a steady flow through an expansion in the following figure, circle the correct 

answer: 
 

i. h1 < h2 
 

ii. h1 = h2 
 

iii. h1 > h2 
 
 
 
 
 
 
 
 
 
 

b) (2 points) Consider a steady flow through an expansion as Part (a) but with a slightly different 
measuring device, circle the correct answer: 

 
i. h1 < h2 

 
ii. h1 = h2 

 
iii. h1 > h2 

 
 
 
 
 
 
 
 
 
 
 

h1 
h2 

flow

h1 
h2 

flow



 

c) (2 points) Consider the pressure measured at Point 1 located on the exit plane of a circular pipe which 
is connected to a large reservoir.  If the fluid in the pipe and the reservoir is stationary, circle the 
correct answer: 

 
i. P1 < Patm+ ρ g H 

 
ii. P1 = Patm+ ρ g H 

 
iii. P1 > Patm+ ρ g H 

 
 
 
 
 
 
 
 
 

d) (2 points) Consider the pressure measured at the same Point 1 again.  If the fluid flows from the 
reservoir into the pipe, circle the correct answer: 

 
i. P1 < Patm+ ρ g H 

 
ii. P1 = Patm+ ρ g H 

 
iii. P1 > Patm+ ρ g H 

 
 
 
 
 
 

 
e) (2 points) Consider the pressure measured at same Point 1 again.  If the fluid flows from the pipe into 

the reservoir, circle the correct answer: 
 

i. P1 < Patm+ ρ g H 
 

ii. P1 = Patm+ ρ g H 
 

iii. P1 > Patm+ ρ g H 
 

 

H 

1 

ρ 

open to atmosphere 

H 

1 

ρ 

open to atmosphere 

flow 

H 

1 

ρ 

open to atmosphere 

flow 


