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• Explain the primary functions of a hydraulic fluid.
• Define the term fluid.
• Distinguish between a liquid and a gas.
• Appreciate the properties desired of a hydraulic fluid.
• Define the terms specific weight, density, and specific gravity.
• Understand the terms pressure, head, and force.
• Calculate the force created by a pressure.
• Understand the terms kinematic viscosity and absolute viscosity.
• Convert viscosity from one set of units to another set of units.
• Explain the difference between viscosity and viscosity index.

outline



introduction

• The single most important material in a hydraulic system is the working fluid
itself.

• Hydraulic fluid characteristics have a crucial effect on equipment performance
and life. It is important to use a clean, high-quality fluid in order to achieve
efficient hydraulic system operation.
• Most modern hydraulic fluids are complex compounds that have been
carefully prepared to meet their demanding tasks.
• In addition to having a base fluid, hydraulic fluids contain special additives to
provide desired characteristics.



Hydraulic fluid functions and properties
• A hydraulic fluid has the following four primary functions:

1.Transmit power
2.Lubricate moving parts
3.Seal clearances between mating parts
4.Dissipate heat

• In addition a hydraulic fluid must be inexpensive and readily available.

• To accomplish properly the four primary functions and be practical from a safety and cost point of view, a hydraulic fluid
should have the following properties:

1.Good lubricity
2.Ideal viscosity
3.Chemical stability
4.Compatibility with system materials
5.High degree of incompressibility
6.Fire resistance
7.Good heat-transfer capability
8.Low density
9.Foam resistance
10.Nontoxicity
11.Low volatility



Hydraulic fluid functions and properties
• This is a challenging list, and no single hydraulic fluid possesses all of these desirable
characteristics.
• The fluid power designer must select the fluid that comes the closest to being ideal
overall for a particular application.
• Hydraulic fluids must also be changed periodically, the frequency depending not only
on the fluid but also on the operating conditions.
• Laboratory analysis is the best method for determining when a fluid should be
changed. Generally speaking, a fluid should be changed when its viscosity and acidity
increase due to fluid breakdown or contamination.
• Preferably, the fluid should be changed while the system is at operating temperature.
• In this way, most of the impurities are in suspension and will be drained off.
• Much hydraulic fluid has been discarded in the past due to the possibility that
contamination existed—it costs more to test the fluid than to replace it. This situation
has changed as the need to conserve hydraulic fluids has developed.
• The test kit may be used on the spot to determine whether fluid quality permits
continued use. Three key quality indicators can be evaluated: viscosity, water content,
and foreign particle contamination level.



FLUIDS: LIQUIDS AND GASES 
• Liquids

• The term fluid refers to both gases and liquids. A liquid is a fluid that, for a given mass,
will have a definite volume independent of the shape of its container.

• This means that even though a liquid will assume the shape of the container, it will fill
only that part of the container whose volume equals the volume of the quantity of the
liquid. For example, if water is poured into a vessel and the volume of water is not
sufficient to fill the vessel, a free surface will be formed.

• A free surface is also formed in the case of a body of water, such as a lake, exposed to
the atmosphere.
• Liquids are considered to be incompressible so that their volume does not change
with pressure changes.
• This is not exactly true, but the change in volume due to pressure changes is so small
that it is ignored for most engineering applications.
• Variations from this assumption of incompressibility is related to the parameter bulk
modulus.

• Gases
• Gases, on the other hand, are fluids that are readily compressible.
• In addition, their volume will vary to fill the vessel containing them.

F R E E S U R F A C E
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Chapter 2

F R E E S U R F A C E

Parameter Liquid Gas

Volume Has its own volume Volume is determined by
container

Shape Takes shape of
container  but only 
to its volume

Expands to completely fill  and take 
the shape of  the container

Compressibility Incompressible for 
most engineering 
applications.

Readily compressible

FLUIDS: LIQUIDS AND GASES 



• All objects, whether solids or fluids, are pulled toward the center of the earth by a force of
attraction. This force is called the weight of the object and is proportional to the object’s
mass, as defined by

F = W = mg (2-1)
where, in the English system of units (also called U.S. customary units and used extensively in
the United States) we have

F = force in units of lb,
W = weight in units of lb,
m = mass of object in units of slugs,
g = proportionality constant called the acceleration of gravity, which equals

32.2 ft/s2 at sea level.
• A mass of 1 slug is defined as the mass of a platinum-iridium bar at the National Institute of

Standards and Technology near Washington, DC.
• From Eq. (2-1), W equals 32.2 lb if m is 1 slug. Therefore, 1 slug is the amount of mass that

weighs 32.2 lb.
• We can also conclude from Eq. (2-1) that 1 lb is defined as the force that will give a mass of

1 slug an acceleration of 1 ft/s2.

SPECIFIC WEIGHT, DENSITY, AND SPECIFIC GRAVITY



Specific weight = weight/volume

γ = w/v
γ = Greek symbol gamma = specific weight (lb/ft3),

W = weight (lb),
V = volume (ft3).

EXAMPLE 2-1
Find the weight of a body having a mass of 4 slugs.
Solution Substituting into Eq. (2-1) yields

W = mg = 4 slugs X 32.2 ft/s2 = 129 lb

Specific Weight

EXAMPLE 2-2
If the body of weight 129 lb has a volume of 1.8 ft3, find its specific weight.

Solution γ=W/v
γ=129 lb/1.8 ft3 =71.6 lb/ft3



Specific gravity
• The specific gravity (SG) of a given fluid is defined as the specific weight of the  fluid divided by the specific weight of water. Therefore,

the specific gravity of water  is unity by definition. The specific gravity of oil can be found using



Density 

The density and specific weight of a given fluid changes with pressure and temperature. For most practical 
engineering applications, changes in the density and specific weight of liquids with pressure and temperature are 
negligibly small; however, the changes in density and specific weight of gases with pressure and temperature are 
significant and must be taken into account.



Force and pressure
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Bulk modulus
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VISCOSITY
• Viscosity is probably the single most important property of a hydraulic fluid. It is a measure of a 

fluid’s resistance to flow.
• In reality, the ideal viscosity for a given hydraulic system is a compromise.
• Too high a viscosity results in
• 1. High resistance to flow, which causes sluggish operation.
• 2. Increased power consumption due to frictional losses.
• 3. Increased pressure drop through valves and lines.
• 4. High temperatures caused by friction.
• On the other hand, if the viscosity is too low, the result is
• 1. Increased oil leakage past seals.
• 2. Excessive wear due to breakdown of the oil film between mating moving parts.
• These moving parts may be internal components of a pump (such as pistons reciprocating in 

cylinder bores of a piston pump) or a sliding spool inside the body of a valve



Absolute viscosity 

• The absolute viscosity of the oil can be represented mathematically as follows:



Kinematic viscosity 

• Calculations in hydraulic systems often involve the use of kinematic viscosity 
rather than absolute viscosity. Kinematic viscosity equals absolute viscosity 
divided by density:



VISCOSITY
• For most hydraulic applications, the viscosity 

normally equals about 150 SUS at 100°F. 
• It is a general rule of thumb that the viscosity 

should never fall below 45 SUS or rise above 
4000 SUS regardless of the temperature.

• Figure 2-17 shows how viscosity changes with 
temperature for several liquid petroleum products. 
Note that the change in viscosity of a hydraulic oil 
as a function of temperature is represented by a 
straight line when using American Society for 
Testing and Materials (ASTM) standard viscosity 
temperature charts such as the one used in Figure 
2-17.

• Displayed in the chart of Figure 2-17 is the 
preferred range of viscosities and temperatures for 
optimum operation of most hydraulic systems.
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