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Prob. 1 
 
Information and assumptions 
 
Find 
 determine the force that needs to be applied on the plate to maintain this motion. 
 
Solution  

 
The magnitudes of shear forces acting on the upper and lower surfaces of the plate are 

shear w s s
duF A A
dy

τ µ= =          (+5) 

 (+2, +2) 

    (+1) 
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Prob. 2 
 
Information and assumptions 
 Provided in problem statement 
 
Find 
  (a) the gage pressure at the center of the inlet of the elbow and  
  (b) the anchoring force needed to hold the elbow in place.  
 
Solution 

 
 (a) The mean inlet and outlet velocities of water are 

 (+1) 

The Bernoulli equation for a streamline going through the center of the reducing elbow is 

(+2, +1) 

(+1) 
 (b) Then the momentum equations 

 (+3)  

 

 (+1) 

 (+1) 
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Prob. 3 
 
Information and assumptions 
 Provided in problem statement 
Find 
 The required pumping head  
Solution 

 
 
The energy equation: 

 (+4) 

 (+1) 

 (+1) 

 
From Moody Chart, 0.0294f = . From Table 8-4, 0.5LK =  (+1) 

 (+1) 
 
Pipe2  
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Prob. 4 
 
Information and assumptions 
 Provided in problem statement 
 
Find 
 Estimate the boundary layer thickness, the displacement thickness, and the momentum 
thickness of the boundary layer at the end of the test section. 
 
Solution 
The Reynolds number at the downstream end of the wall 

  (+3) 
So the boundary layer remains laminar.  (+1) 

 
           (+2, +2, +2) 
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Prob. 5 
Information and assumptions 
 Provided in problem statement 
Find 
 Drag force acting on the top and side surfaces and the power required to overcome this 
drag 
Solution 
 
The Reynolds number is 

 (+2) 
Then the friction coefficient: 

 (+2) 
The area of the top and side surfaces of the truck is 

 (+1) 
The drag force acting on these surfaces becomes 

(+3) 
Noting that power is force times velocity, the power needed to overcome this drag force is 

(+2) 
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Prob. 6 
 
Information and assumptions 
 Provided in problem statement 
Find 
 
 Drag on cooling tower 
 
Solution 
The drag coefficient for an ellipsoid with L/D = 25/5 = 5 is CD = 0.1 in turbulent flow (from 
table 11-2) (+2) 
 
Noting that 1 m/s = 3.6 km/h, the velocity of the submarine is equivalent to V = 40/3.6 = 11.11 
m/s. The frontal area of an ellipsoid is A = πD2/4.  
 
Then the drag force acting on the submarine becomes 

(+2, +2) 
 
Noting that power is force times velocity, the power needed to overcome this drag force is  

(+2, +2) 
 
 


