
57:020 Mechanics of Fluids and Transport  Fall 2014 

EXAM1    Solutions 
 

Problem 1: Shear stress (Chapter 1) 
Information and assumptions 

x 𝑣 = 1.28×10−2 𝑓𝑡2/𝑠  
x 𝜌𝑤𝑎𝑡𝑒𝑟 = 1.94 𝑠𝑙𝑢𝑔𝑠/𝑓𝑡3 

x 𝑆𝐺 = 1.26  
x 𝑢(𝑦) = 𝐵

2𝜇
(𝑦2 − ℎ𝑦) + 𝑉 (1 − 𝑦

𝑏
) 

x 𝑉 = 0.02 𝑓𝑡/𝑠 

x ℎ = 1.0 𝑖𝑛 
x 𝐵 = −0.334 𝑙𝑏/𝑓𝑡3 
x 𝐴 = 100 𝑓𝑡2 

Find 
x Find (a) shear stress on the plate, (b) required force, and (c) power to pull the plate 

 
Solution 

  
 

(a) Calculate dynamic viscosity 

𝜇 = 𝜈 ⋅ 𝜌 = 𝜈 ⋅ (𝑆𝐺 ⋅ 𝜌𝑤𝑎𝑡𝑒𝑟) = (1.28×10−2)(1.26×1.94) = 3.13×10−2 lb ⋅ s ft2⁄  + 1 

Shear stress 

𝜏 = 𝜇
𝑑𝑢
𝑑𝑦     + 5 

𝜏 = 𝜇 ( 𝐵
2𝜇

(2𝑦 − ℎ) −
𝑉
𝑏

)     + 1 

Shear stress at the wall (at y=0) 

∴ 𝜏 = (3.13×10−2) (
(−0.334)

(2)(3.13×10−2) (2×0 −
1

12
) −

(0.02)
(1 12⁄ )) = 𝟎. 𝟎𝟎𝟔𝟒 𝐥𝐛 𝐟𝐭𝟐⁄   + 1 

(b) Friction force 

𝐹 = 𝜏 ⋅ 𝐴 = (0.0064)(100) = 𝟎. 𝟔𝟒 𝐥𝐛   + 1 

(c) Power 

𝑃 = 𝐹 ⋅ 𝑉 = (0.64)(0.02) = 𝟎. 𝟎𝟏𝟐𝟖 𝐥𝐛 ⋅ 𝐟𝐭 𝐬⁄    + 1 
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Quiz 2.   

A large, open tank contains water and is connected to a 6-ft-diameter 
conduit as shown the Figure. A circular plug is used to seal the conduit. 
(Hints: Ixc = SR4/4, J = 62.4 lb/ft3) 

(a) Determine the magnitude of the force of the water (FR) on the 
plug. (+4 points) 
(b) Determine the location (yR) and direction of the force of the 
water on the plug. (+3 points) 
Note: Attendance (+2 points), Format (+1 points) 

Solution: 

a)  

𝐹𝑅 = 𝑝𝑐 ⋅ 𝐴         (+2 points) 

𝑝𝑐 = 𝛾 ⋅ ℎ𝑐, where ℎ𝐶 = 12 𝑓𝑡        (+1 point) 

𝐴 = 𝜋𝐷2

4
          (+0.5 point) 

𝐹𝑅 = (62.4 𝑙𝑏
𝑓𝑡3) (12 𝑓𝑡) (𝜋(6 𝑓𝑡)2

4
) = 21,200 𝑙𝑏     (+0.5 point) 

 

b)  

𝑦𝑅 = 𝑦𝑐 + 𝐼𝑥𝑐
𝑦𝐶⋅𝐴

         (+2 points) 

𝐼𝑥𝑐 = 𝜋𝑅4

4
= 𝜋(3 𝑓𝑡)4

4
= 63.6 𝑓𝑡4        

𝑦𝑅 = 12 𝑓𝑡 + 63.6 𝑓𝑡4

(12 𝑓𝑡)𝜋(3 𝑓𝑡)2 = 12.19 𝑓𝑡       (+0.5 point) 

The force acts below the water surface and is perpendicular to the plug surface as shown in the 
Figure below. 

        (+0.5 point) 
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Quiz 3. The quarter circle gate 𝐵𝐶 in Figure 1 is hinged 
at 𝐶. Find the horizontal force 𝑃 required to hold the 
gate stationary. The gate width into the paper is 3 m. 
Neglect the weight of the gate. 
 
Resources: 

• 𝐹𝐻 = �̅�𝐴𝑝𝑟𝑜𝑗;  𝐹𝑉 = 𝛾𝑉 
• 𝑦𝑐𝑝 = 𝑦� + 𝐼𝑥𝑐 𝑦�⁄ 𝐴𝑝𝑟𝑜𝑗; 𝑥𝑐𝑝 = �̅� of 𝑉 
• 𝛾 = 9,780 𝑁 𝑚3⁄  for water 

 
 

 
Note: Attendance (+2 points), Format (+1 points) 
Solution: 

The horizontal component of water force is 

𝐹𝐻 = 𝛾ℎ𝑐𝐴𝑝𝑟𝑜𝑗 = �9790 𝑁
𝑚3� (1 𝑚)(2 × 3 𝑚2) = 58,740 𝑁 (+2 points) 

 
and the vertical component of water force is  

𝐹𝑉 = 𝛾𝑉 = �9790 𝑁
𝑚3� ��

𝜋
4� (2 𝑚)2(3 𝑚) � = 92,270 𝑁 (+2 points) 

The pressure center is 

𝑥𝑐𝑝 = 4𝑅
3𝜋 = (4)(2 𝑚)

3𝜋 = 0.849 𝑚 (+1 point) 

𝑦𝑐𝑝 = 𝑦� + 𝐼𝑥𝑐
𝑦�𝐴𝑝𝑟𝑜𝑗

= (1 𝑚) + (3 𝑚)(2 𝑚)3 12⁄
(1 𝑚)(2 𝑚)(3 𝑚) = 1.333 𝑚 (+1 point) 

 
where 𝑥𝑐𝑝 is from the left of 𝐶 and 𝑦𝑐𝑝 is down from the surface. Sum moments clockwise about point C: 
 

∑𝑀𝐶 = 0 = 𝑃 × (2𝑚)− (58,740 𝑁)(2 𝑚− 1.333 𝑚) − (92,270 𝑁)(0.849 𝑚)  

 
𝑃 = 58,700 𝑁 = 𝟓𝟖.𝟕 𝒌𝑵                   (+1 point) 

Figure 1 
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Quiz	5.		When	a	valve	is	opened,	fluid	flows	in	the	expansion	duct	shown	below	according	to	the	approx-

imation	

! = !! = ! 1 − !
2!

!"
! !	

for	t	≪	! !.		If	!	=	1	m	and	!	=	1	m/s,	then	at	(!,	!)	=	(!,	! 2!),	
	 1)	Find	the	unsteady	(local)	acceleration	of	!!	

2)	Find	the	convective	acceleration	of	!!	
3)	Find	the	total	acceleration	!!	

	 	 	 	 	 	

	

Note:	Attendance	(+2	points),	format	(+1	point)	

Solution:	
1)		local	acceleration	

!! !"#$! =
!"
!" =

!
!" ! 1 − !

2!
!"
! = !!

! 1 − !
2! 	

(+2	points)	

at	(!,	!)	=	(!,	! 2!),	 	

!! !"#$! =
!!
! 1 − !

2! = !!
2! =

1 m s !

2×1 m = 0.5ms!	
(+1	points)	

	

	

2)	convective	acceleration	

!! !"#$ = ! !"!" =  ! 1 − !
2!

!"
!

!
!" ! 1 − !

2!
!"
! = −!

!

2! 1 − !
2!

!"
!

!
	

(+2	points)	

	

at	(!,	!)	=	(!,	! 2!),	 	

!! !"#$ = −!
!

2! 1 − !
2!

!
! ⋅

!
2!

!
= − !!

16! = − 1 m s !

16×1 m = −0.0625ms!	
(+1	points)	

	

	

	 	 	 	

	
	

Acceleration:	

!! =
!"
!" + !

!"
!" + ! !"!" + !

!"
!" 	

!! =
!"
!" + !

!"
!" + !

!"
!" + ! !"!" 	

!! =
!"
!" + !

!"
!" + ! !"!" + !

!"
!" 	
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3)	total	acceleration	

!! = !! !"#$! + !! !"#$ =
!"
!" + !

!"
!" =

!!
2! 1 − !

2! 1 − 12
!"
!

!
	

(+0.5	points)	

at	(!,	!)	=	(!,	! 2!),	 	

!! =
!!
! 1 − !

2! 1 − 12
!
! ⋅

!
2!

!
= 7!!
16! =

7× 1 m s !

16×1 m = 0.4375ms!	
(+0.5	points)	

	

	 		

		
	


	1-ShearStress
	2-SurfaceTension
	3-Monometer1
	4-PlaneSurface1
	5-PlaneSurface2
	6-CurvedSurface1
	7-Bernoulli
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