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Problem 9.4 

 

Solution:  

𝑅𝑅𝑅𝑅𝐷𝐷 =
𝑉𝑉𝑉𝑉
𝑣𝑣

 

⟹ 𝑉𝑉 =
𝑅𝑅𝑅𝑅𝐷𝐷𝑣𝑣
𝐷𝐷

=
(2.5 × 105) × (1.50 × 10−5  m2/s)

𝐷𝐷

=
3.75
𝐷𝐷

 

(a)   

𝑉𝑉 =
3.75
𝐷𝐷

=
3.75

0.043
 m/s = 87.21 m/s 

(b)   

𝑉𝑉 =
3.75
𝐷𝐷

=
3.75

0.0411
 m/s

= 91.24 m/s 
(c)   

𝑉𝑉 =
3.75
𝐷𝐷

=
3.75

0.222
 m/s = 16.89 m/s 

Problem 9.10 

 

Solution:  

The boundary conditions for the laminar 
boundary-layer velocity profile is  

𝑢𝑢(0) = 0,
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
�
𝑦𝑦=𝛿𝛿

= 0 

When 𝑦𝑦 = 0,  

𝑢𝑢
𝑈𝑈

= √2 × 0 = 0 

which satisfies the boundary condition.  

When 𝑦𝑦 = 𝛿𝛿,  

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑈𝑈�2 − √2�
1
𝛿𝛿
≠ 0 

which does not satisfy the boundary 
condition.  

𝛿𝛿∗ = � �1 −
𝑢𝑢
𝑈𝑈
�𝑑𝑑𝑑𝑑

∞

0
≈ � �1 −

𝑢𝑢
𝑈𝑈
�𝑑𝑑𝑑𝑑

𝛿𝛿

0
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𝛿𝛿∗

𝛿𝛿
=

1
𝛿𝛿
� �1 −

𝑢𝑢
𝑈𝑈
�𝑑𝑑𝑑𝑑

𝛿𝛿

0

=
1
𝛿𝛿
�� �1 − √2

𝑦𝑦
𝛿𝛿
� 𝑑𝑑𝑑𝑑

𝛿𝛿
2

0

+ � �1
𝛿𝛿

𝛿𝛿
2

− ��2 − √2�
𝑦𝑦
𝛿𝛿

+ �√2 − 1��� 𝑑𝑑𝑑𝑑�

=
1
𝛿𝛿
⎩
⎨

⎧
�
𝛿𝛿
2
−
√2
2
�𝛿𝛿2�

2

𝛿𝛿
�

+

⎣
⎢
⎢
⎢
⎡
𝛿𝛿
2

− �
�2 − √2�

2
𝛿𝛿2 − �𝛿𝛿2�

2

𝛿𝛿

+ �√2 − 1�
𝛿𝛿
2
�

⎦
⎥
⎥
⎥
⎤

⎭
⎬

⎫

=
1
2
−
√2
8

+
1
2

− �
�2 − √2�

2
×

3
4

+
�√2 − 1�

2
� = 0.3964 

𝜃𝜃 = �
𝑢𝑢
𝑈𝑈
�1 −

𝑢𝑢
𝑈𝑈
�𝑑𝑑𝑑𝑑

∞

0
≈ �

𝑢𝑢
𝑈𝑈
�1 −

𝑢𝑢
𝑈𝑈
�𝑑𝑑𝑑𝑑

𝛿𝛿

0
 

𝜃𝜃
𝛿𝛿

=
1
𝛿𝛿
�

𝑢𝑢
𝑈𝑈
�1 −

𝑢𝑢
𝑈𝑈
�𝑑𝑑𝑑𝑑

𝛿𝛿

0

=
1
𝛿𝛿
�� √2

𝑦𝑦
𝛿𝛿
�1 − √2

𝑦𝑦
𝛿𝛿
� 𝑑𝑑𝑑𝑑

𝛿𝛿
2

0

+ � ��2 − √2�
𝑦𝑦
𝛿𝛿

𝛿𝛿

𝛿𝛿
2

+ �√2 − 1�� �1

− ��2 − √2�
𝑦𝑦
𝛿𝛿

+ �√2 − 1��� 𝑑𝑑𝑑𝑑� = 0.1524 

Problem 9.32 

 

Solution:  

𝑅𝑅𝑅𝑅𝐿𝐿 =
𝑈𝑈𝑈𝑈
𝑣𝑣

=
(5 m/s) × (50 cm) × √3

2
(1.50 × 10−5  m2/s)

= 144338 < 5 × 105 

Therefore, the flow is laminar. 

𝐶𝐶𝑓𝑓 =
𝜏𝜏𝑤𝑤

1
2𝜌𝜌𝑈𝑈

2
=

0.730
�𝑅𝑅𝑅𝑅𝑥𝑥

 

⟹ 𝜏𝜏𝑤𝑤 =
0.730 × 1

2𝜌𝜌𝑈𝑈
2

�𝑅𝑅𝑅𝑅𝑥𝑥
=

0.365𝜌𝜌𝑈𝑈2

�𝑅𝑅𝑅𝑅𝑥𝑥
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𝐹𝐹𝐷𝐷 = � 𝜏𝜏𝑤𝑤𝑑𝑑𝑑𝑑
𝐿𝐿

0
= � 𝜏𝜏𝑤𝑤𝑊𝑊 �

𝑥𝑥
𝐿𝐿
� 𝑑𝑑𝑑𝑑

𝐿𝐿

0

= �
0.365𝜌𝜌𝑈𝑈2

�𝑅𝑅𝑅𝑅𝑥𝑥
𝑊𝑊 �

𝑥𝑥
𝐿𝐿
� 𝑑𝑑𝑑𝑑

𝐿𝐿

0

= �

⎩
⎪
⎨

⎪
⎧

0.365 × (1.21 kg/m3) × (5 m/s)2

� (5 m/s) × 𝑥𝑥
(1.50 × 10−5  m2/s)

(50 cm)×√32

0

× (50 cm) × �
𝑥𝑥

(50 cm) × √3
2

�

⎭
⎪
⎬

⎪
⎫

𝑑𝑑𝑑𝑑

= 4.195 × 10−3 N 

Problem 9.33 

 

Solution:  

𝐹𝐹𝐷𝐷 = � 𝜏𝜏𝑤𝑤𝑑𝑑𝑑𝑑
𝐿𝐿

0
= � 𝜏𝜏𝑤𝑤𝑊𝑊 �

𝑥𝑥
𝐿𝐿
� 𝑑𝑑𝑑𝑑

𝐿𝐿

0

= �
0.365𝜌𝜌𝑈𝑈2

�𝑅𝑅𝑅𝑅𝑥𝑥
𝑊𝑊 �

𝑥𝑥
𝐿𝐿
� 𝑑𝑑𝑑𝑑

𝐿𝐿

0

= �

⎩
⎪
⎨

⎪
⎧

0.365 × (1.21 kg/m3) × (5 m/s)2

� (5 m/s) × 𝑥𝑥
(1.50 × 10−5  m2/s)

(50 cm)×√32

0

× (50 cm)

× �1 − �
𝑥𝑥

(50 cm) × √3
2

��

⎭
⎪
⎬

⎪
⎫

𝑑𝑑𝑑𝑑

= 8.383 × 10−3 N 

Therefore, the drag is larger than that of 
Problem 9.32. 
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