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Quiz 5.  As a valve is opened, water flows through the diffuser at 
an increasing flow rate so that the velocity along the centerline is 
given by 

𝑉 = 𝑢𝚤̂ = 𝑉0(1− 𝑒−𝑐𝑡) �1 −
𝑥
ℓ
� 𝚤 ̂

where 𝑉0, 𝑐, and ℓ are constants.  If 𝑉0 = 10 ft/s, 𝑐 = 0.5 1/s and ℓ 
= 5 ft, determine the acceleration at 𝑥 = ℓ 2⁄  = 2.5 ft and 𝑡 = 2 s.  

• Acceleration: 𝑎 = 𝑎𝑥𝚤̂ = �𝜕𝑢
𝜕𝑡

+ 𝑢 𝜕𝑢
𝜕𝑥

+ 𝑣 𝜕𝑢
𝜕𝑦

+ 𝑤 𝜕𝑢
𝜕𝑧
� 𝚤 ̂ 

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

Solution: 

With 𝑢 = 𝑉0(1− 𝑒−𝑐𝑡) �1 − 𝑥
ℓ
�, 𝑣 = 0, and 𝑤 = 0, 

𝑎𝑥 =
𝜕𝑢
𝜕𝑡

+ 𝑢
𝜕𝑢
𝜕𝑥

 (+4 points) 

where, 

𝜕𝑢
𝜕𝑡

= 𝑉0 �1 −
𝑥
ℓ
� 𝑐 ⋅ 𝑒−𝑐𝑡  

𝜕𝑢
𝜕𝑥

= 𝑉0(1− 𝑒−𝑐𝑡) �−
1
ℓ
�  

 

Thus, 

𝑎𝑥 = 𝑉0 �1 −
𝑥
ℓ
� �𝑐𝑒−𝑐𝑡 −

𝑉0
ℓ

(1 − 𝑒−𝑐𝑡)2� (+2 points) 

 

At x = 2.5 ft and t = 2 s, 

𝑎𝑥 = �10
ft
s
� �1 −

2.5 ft
5 ft

� �0.5𝑒−
0.5
s ×2 s −

10 ft s⁄
5 ft

�1 − 𝑒−
0.5
s ×2 s�

2
� = −3.08 ft s2⁄  

(+1 point) 

 


