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After the completion of this module, the 
student will be able to:  

 Identify the basic hydraulic laws. 

 Calculate the piston area, force, and pressure. 

 Explain Pascal’s law and apply it on different examples. 

 Differentiate between the flow rate and flow velocity. 

 Demonstrate the continuity equation. 

 Calculate the area, velocity, and flow rate at different 
sections of a pipe. 

 Describe how to read a pressure gauge in the US and SI 
units. 

 Set the pressure gauge of the hydraulic power pack to a 
certain pressure. 

 

Learning Objectives 



4- Fundamental laws of Hydraulics 

  All hydraulic systems operate 
following a defined relationship 
between area, force and pressure.  

 

 Laws have been established to 
explain the behavior of hydraulic 
systems. 

 

 Hydraulic systems use the ability 
of a fluid to distribute an applied 
force to a desired location. 

 



4- Fundamental laws of Hydraulics 
4.1 Pressure 

 
  When a force (F) is applied on an 

area (A) of an enclosed liquid, a 
pressure (P) is produced as 
shown in Fig.  

 Pressure is the distribution of a 
given force over a certain area.  

 Pressure can be quoted in bar, 
pounds per square inch (PSI) or 
Pascal (Pa) . 

 



4.1 Pressure 

 
Where 
Force is in newtons (N) and 
Area is in square meters (m2). 
 

1 Pascal (Pa) =1 N/m2. 
1 bar= 100,000 Pa= 105 Pa. 

10 bar= 1 MPa (mega Pascals) 
 

 



4.1 Pressure 

 If the pressure is calculated using a force in 
Newton, and area in square millimeters, the 
pressure in bar can be calculated. 

Example 1-1. 

A cylinder is supplied with 100 bar pressure; its 
effective piston surface is equal to 700 mm2. 
Find the maximum force which can be 
attained. 

 P= 100 bar = 100X100000 N/m2. 

 A= 700/1000000=0.0007 m2. 

 F= P.A= 100X100000X0.0007= 7,000 N 

 

 



4.2 Pascal’s Law 

 Pascal’s law states that: 
“The pressure in a confined 
fluid is transmitted equally to 
the whole surface of its 
container”  

 

 When force F is exerted on 
area A on an enclosed 
liquid, pressure P is 
produced. The same 
pressure applies at every 
point of the closed system 
as shown in Fig. 1.10a. 

 

Fig.1.10: (a) Pascal’s law.  



4.2 Pascal’s Law 

 Fig.1.10b shows that, if a downward force is 
applied to piston A, it will be transmitted 
through the system to piston B. 

 According to Pascal’s law, the pressure at 
piston A (P1) equals the pressure at piston B 
(P2)   

 

Piston B 
Piston A 

Fig.1.10: (b)Power transmission 21 PP 



4.2 Pascal’s Law 

21 PP 
Fluid pressure is measured in terms of the force exerted per 
unit area. 
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The values F1, A2 can be calculated using the following formula: 
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4.2 Pascal’s Law 
 Example 1-2. 

 In Fig.11, find the weight of 
the car in N, if the area of 
piston A is 0.0006m2, the 
area of piston B is 0.0105 m2, 
and the force applied on 
piston A is 500 N. 

 Solution: 
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4.2 Pascal’s Law 
 Example 1-3. 
 In Fig 1.11, if the weight of the car is 10,000 N, the 

diameter of piston A is 0.01 m, and the force applied 
on piston A is 250 N. Calculate the area of piston B.  

 Solution: 
 1. Calculate the area of piston A, the piston shape is 

circular as shown in Fig. 1.10a, accordingly the area 
will be calculated using the following formula. 
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4.2 Pascal’s Law 
 2. Apply Pascal’s law 

 

 
 3. Use Pascal’s law to calculate the area of piston B 
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4.3 Liquid flow 
 

4.3.1 Flow rate versus flow velocity 
The flow rate is the volume of fluid that moves through the system in a 

given period of time.  

Flow rates determine the speed at which the output device (e.g., a 
cylinder) will operate.  

The flow velocity of a fluid is the distance the fluid travels in a given 
period of time.  

 These two quantities are often confused, so care should be taken to 
note the distinction. The following equation relates the flow rate and 
flow velocity of a liquid to the size (area) of the conductors (pipe, 
tube or hose) through which it flows. 

Q = V  x  A 
Where:  

Q= flow rate ( m³ /s  ) 

V= flow velocity (m / s ) 

A= area (m² ) 



4.3 Liquid flow 

 This is shown graphically in Fig. 1.11. Arrows 
are used to represent the fluid flow. It is 
important to note that the area of the pipe or 
tube being used. 

 

Fig.1.11: Flow velocity and flow rate 
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4.3 Liquid flow 

 Example 1-4. 
A fluid flows at a velocity of 2 m/s through a pipe 

with a diameter of 0.2 m. Determine the flow 
rate. 

Solution: 
1. Calculate the pipe area 
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4.3.2 The continuity equation 

  Hydraulic systems commonly have a pump that 
produces a constant flow rate. If we assume that 
the fluid is incompressible (oil), this situation is 
referred to as steady flow. This simply means 
that whatever volume of fluid flows through one 
section of the system must also flow through any 
other section. Fig. 1.12 shows a system where 
flow is constant and the diameter varies 

 

A2   V2 

A1   V1 

Q1 Q2 

Fig.1.12: Continuity of flow. 



4.3.2 The continuity equation 

The following equation applies in this system: 
 

21 QQ 

Therefore, 

2211 AVAV 

The following example illustrates the significance 
of the continuity equation shown above. 



4.3.2 The continuity equation 

 Example 1-5. 

 A fluid flows at a velocity of 0.2 m/s at point 1 in 
the system shown in Fig. 1.12. The diameter at 
point 1 is 50mm and the diameter at point 2 is 30 
mm. Determine the flow velocity at point 2. Also 
determine the flow rate in m/s. 

 1. Calculate the areas 
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4.3.2 The continuity equation 

 
2. Calculate the velocity at point 2 
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3. Calculate the flow rate in m/s 
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4.3.2 The continuity equation 

 The example shows that in a system with a 
steady flow rate, a reduction in area (pipe size) 
corresponds to an increase in flow velocity by 
the same factor. If the pipe diameter increases, 
the flow velocity is reduced by the same factor. 
This is an important concept to understand 
because in an actual hydraulic system, the pipe 
size changes repeatedly as the fluid flows 
through hoses, fittings, valves, and other 
devices. 

 



5 Reading the pressure gauge  

  The pressure gauge indicates the amount of 
pressure in a system. Technicians read these 
gauges to determine if a machine is operating 
properly. 

 Most pressure gauges have a face plate that 
is graduated either in US units (psi) or SI units 
(Pascal or bar) note that;  

 1 bar=0.1 mega pascals as explained  



5 Reading the pressure gauge  

 A pointer rotates on the 
graduated scale as the 
pressure changes to 
indicate the pressure in 
the system. The pressure 
gauge used in the 
hydraulic power pack is 
shown in Fig. 1.13. The 
outer black scale indicates 
pressure units of bar, and 
the inner red scale 
indicates pressure units in 
psi 

 

Face plate 

Pointer 

US units SI units 
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Minimum 
reading 
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Fig. 1.13: A pressure gauge. 



5 Reading the pressure gauge  

  Each scale is graduated with a series of numbers ranging 
from 0 to a maximum number. In case of the gauge shown, it 
is graduated from 0 to a maximum reading of 100 bar or a 
maximum reading of 1450 psi. The maximum reading is 
always called the range of the gauge. 
 

 To read the pressure gauge, you only need to read the inner 
red scale or the outer red scale to which the pointer points. If 
the pointer points to a position between the two numbers, 
you read the gauge to the closest graduation. 
 

 In the bar scale there are 4 graduations between 0 and 20; 
this means the value of each graduation is 20/4=5 bar. In the 
psi scale there are 4 graduations between 0 and 200; this 
means the value of each graduation is 200/4=50 psi. 
 



5.1 Activity 2: Setting the hydraulic 
pressure to 30 bar.  

 Procedures:  

1- Switch on the electrical power supply 
first and then the hydraulic power 
pack. 

2- Use the pressure relief valve to set  the 
pressure to 30 bars.  

3- While you are adjusting the pressure 
observe the pressure gauge. 

4- When the pressure gauge indicates 30  
bar, switch off the hydraulic power 
pack first, and then the electrical 
power supply 

  

For more information, refer to the movie 
section  

 

Fig. 1.13: The hydraulic 
power pack. 


