
2-4: A closed tank contains compressed air and oil (𝑆𝐺𝑜𝑖𝑙 = 0.90). A U-tube manometer using mercury 
(𝑆𝐺𝐻𝑔 =13.6) is connected to the tank as shown. The column heights are ℎ1 =91.4 cm, ℎ2 =15.2 cm, and ℎ3 =

22.9 𝑐𝑚. Determine the pressure reading of the gage.



The pressure at level 1:

𝑃1 = 𝑃𝑎𝑖𝑟 + 𝛾𝑜𝑖𝑙 × ℎ1 + ℎ2 = 𝑃2

𝑃𝑎𝑖𝑟 + 𝛾𝑜𝑖𝑙 × ℎ1 + ℎ2 − 𝛾𝐻𝑔 × ℎ3 = 0

𝑃𝑎𝑖𝑟 + 𝑆𝐺𝑜𝑖𝑙 × 𝛾𝐻2𝑂 × ℎ1 + ℎ2 − 𝑆𝐺𝐻𝑔 × 𝛾𝐻2𝑂 × ℎ3 = 0

𝑃𝑎𝑖𝑟 = −(0.9) × (9800 ൗ𝑁 𝑚3) ×
91.4 + 15.2

100
𝑚 + 13.6 × 9800 Τ𝑁 𝑚3 ×

22.9

100
𝑚 = 21𝑘𝑃𝑎

𝑃𝑔𝑎𝑔𝑒 =
21𝑘𝑃𝑎

104 Τ𝑐𝑚2 𝑚2 = 2.1 Τ𝑁 𝑐𝑚2



2-20: A closed cylindrical tank filled with water has a hemispherical dome and is connected to an inverted piping 
system as shown. The liquid in the top part of the piping system has a specific gravity of 0.8, and the remaining 
parts of the system are filled with water. If the pressure gage reading at A is 80 kPa, determine
a) the pressure in pipe B and 
b) the pressure head, in millimeters of mercury, at the top of the dome (point C).



a) 𝑃𝐴 + 𝑆𝐺 × 𝛾𝐻2𝑂 × 3 𝑚 + 𝛾𝐻2𝑂 × 2 𝑚 = 𝑃𝐵

= 80 𝑘𝑃𝑎 + (0.8) × (9.81 × 103 Τ𝑁 𝑚3) × 3 𝑚 + (9.81 × 103 Τ𝑁 𝑚3) × (2 𝑚)

= 123.12 𝑘𝑃𝑎

b) 𝑃𝐶 = 𝑃𝐴 − 𝛾𝐻2𝑂 × 3 𝑚 = 80 𝑘𝑃𝑎 − (9.8 × 103 Τ𝑁 𝑚3) × 3 𝑚 = 50.6 × 103 Τ𝑁 𝑚2

ℎ =
𝑃𝐶
𝛾𝐻𝑔

=
50.6 × 103 Τ𝑁 𝑚2

133 × 103 Τ𝑁 𝑚3 = 0.38 𝑚 = 380 𝑚𝑚𝐻𝑔



2-24: For the configuration shown in the figure, what must be the value of the specific weight of the 
unknown fluid?



𝛾𝐻2𝑂 ×
14 − 3.6

100
𝑚 − 𝛾 ×

8.4 − 3.6

100
𝑚 − 𝛾𝐻2𝑂 ×

12.4 − 8.4

100
𝑚 = 0

𝛾 =
𝛾𝐻2𝑂 × 14 − 3.6 𝑚 − 12.4 − 8.4 𝑚

8.4 − 3.6 𝑚
= 999.6 Τ𝑘𝑔 𝑚3 × (9.81 ൗ𝑚 𝑠2) × (

10.4 − 4

4.8
𝑚) = 13074.77 Τ𝑁 𝑚3



2-62: A 3-m-long curved gate is located in the side of a reservoir containing water as shown in the figure. Determine 
the magnitude of the horizontal and vertical components of the force of the water on the gate.



W

𝐹𝐻

𝐹𝑉

𝐹1

𝐹2

𝑉 =
𝜋 × (2)2

4
× 3 𝑚 = 3 × 𝜋 𝑚3 𝛴𝐹𝑥 = 0

𝐹𝐻 = 𝐹2 = 𝛾 × ℎ𝐶 × 𝐴 = 𝛾 × 4 + 1 𝑚 × 2 × 3 𝑚

𝐹𝐻 = (9.8 Τ𝑘𝑁 𝑚3) × 5 𝑚 × 6𝑚2 = 294 𝑘𝑁

𝛴𝐹𝑦 = 0 𝐹𝑣 = 𝐹1 +𝑊 𝐹1 = 𝛾 × 4 𝑚 × 2 𝑚 × 3𝑚 = (9.8 Τ𝑘𝑁 𝑚3) × (4 𝑚) × (6 𝑚2)

𝑊 = 𝛾 × 𝑉 = (9.8 Τ𝑘𝑁 𝑚3) × (3 × 𝜋 𝑚3) 𝐹𝑣 = (9.8 Τ𝑘𝑁 𝑚3) × 24 𝑚3 + 3 × 𝜋 𝑚3 = 328 𝑘𝑁



2-63: A 3 m diameter open cylindrical tank contains water and has a hemispherical bottom. Determine the 
magnitude, line of action, and direction of the force of the water on the curved bottom.

water

3 m

8 m



water
8 m

F = weight of the water supported by hemispherical bottom

= 𝛾𝐻2𝑂 𝑉𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 − 𝑉ℎ𝑒𝑚𝑖𝑠𝑝ℎ𝑒𝑟𝑒

9.8 ൗ𝑘𝑁 𝑚3 ×
𝜋

4
× 3 𝑚 2 × 8 𝑚 −

𝜋

12
× 3 𝑚 3 = 485 𝑘𝑁

4
3 × 𝜋 × 𝑟3

2

The force is directed vertically downward.

3 m


