
Fluid Power



Learning Objectives 



 Fluid Power 
•  Fluid power is the technology that deals 

w i t h  t h e  g e n e r a t i o n ,  c o n t r o l  a n d 
transmission of forces and movement of 
mechanical element or system with the use 
of pressurized fluids in a confined system. 

•  Both liquids and gases are considered fluids. 
Fluid power system includes a hydraulic 
system (hydra meaning water in Greek) and 
a pneumatic system (pneuma meaning air 
in Greek). 

• Oil hydraulic employs pressurized liquid 
petroleum oils and synthetic oi ls, and 
pneumatic employs compressed air that is 
r e l e a s e d  t o  t h e  a t m o s p h e r e  a f t e r 
performing the work. 



Fluid power applications 
• Stationary hydraulics 



Fluid power applications 
• Mobile hydraulics



More applications of fluid 
power



More applications of fluid 
power



More applications of fluid 
power



More applications of fluid 
power



More applications of fluid 
power



Classification of Fluid 
Power Systems 

• Based on the control system 
– Open-loop system 
– Closed-loop system 

• Based on the type of control 
– Fluid logic control 
– Electrical control 
– Electronic control 



Advantages of a Fluid 
Power System 
• Fluid power systems are simple, 

e a s y  t o  o p e r a t e  a n d  c a n  b e 
controlled accurately 

• Multiplication and variation of 
forces 

• Multifunction control 
• Low-speed torque 
• Constant force or torque 
• Economical 
• Low weight to power ratio 
• Fluid power systems can be used 

where safety is of vital importance 



Basic Components of a 
Hydraulic System 



Components of a hydraulic 
system (shown using symbols) 



Basic Components of a 
Pneumatic System 



Comparison between 
Hydraulic and Pneumatic 

Systems 



Comparison of different power 
systems



Fill in the Blanks 



State True or False 



Answers 



 Functions of Hydraulic 
Fluids 



Various properties required for 
an ideal hydraulic fluid 



Ideal Viscosity 



Ideal Viscosity 



Lubrication Capability



Lubrication Capability



Demulsibility
• The ability of a hydraulic fluid to 

separate rapidly from moisture and 
successfully resist emulsification is 
known as “demulsibility.” 

• If an oil emulsifies with water, the 
emulsion promotes the destruction of 
lubricating and sealant properties. 

• Highly refined oils are basically water 
resistant by nature.



FireResistance



Good Heat Dissipation
If the fluid overheats, it may cause the 

following:



Additives in Hydraulic 
Fluids 

• Pour point depressant
• Viscosity index improvers
• Defoamers(anti-foam additives)
• Oxidation inhibitors
• Corrosion inhibitors
• Anti-wear additives
• Load-carrying capacity



Types of Hydraulic Fluids
• Petroleum-based fluids



Types of Hydraulic Fluids
• Emulsions 

• Emulsions are a mixture of two fluids that do 
not chemically react with others. Emulsions 
of  petroleum-based oi l  and water are 
commonly used. An emulsifier is normally 
added to the emulsion, which keeps liquid as 
small droplets and remains suspended in the 
other liquid. 

– Oil-in-water emulsions 
– Water-in-oil emulsions 



Types of Hydraulic Fluids
Water glycol 
• Water glycol is another nonflammable fluid commonly 

used in aircraft hydraulic systems. 
• It generally has a low lubrication ability as compared 

to mineral oils and is not suitable for high-temperature 
applications. 

• It has water and glycol in the ratio of 1:1. 
• Because of its aqueous nature and presence of air, it 

is prone to oxidation and related problems. It needs to 
be added with oxidation inhibitors. 

• Enough care is essential in using this fluid as it is toxic 
and corrosive toward certain metals such as zinc, 
magnesium and aluminum. 

• Again,  i t  is  not suitable for  h igh-temperature 
operations as the water may evaporate. 

• However,  i t  is  very good for  low-temperature 
app l ica t ions  as  i t  possesses  h igh  ant i f reeze 
characteristics. 



Types of Hydraulic Fluids
• Synthetic fluids

– Synthetic fluid, based on phosphate ester, is 
another popular fire-resistant fluid. 

– It is suitable for high-temperature applications, 
since it exhibits good viscosity and lubrication 
characteristics. 

– I t  i s  no t  su i tab le  f o r  l ow - tempera tu re 
applications. 

– It is not compatible with common sealing 
materials such as nitrile. 

– Bas ica l l y  be ing  expens ive ,  i t  requ i res 
expensive sealing materials (viton). 

– In  add i t ion ,  phosphate  es ter  i s  no t  an 
environmental-friendly fluid. 

– It also attacks aluminum and paints. 



Types of Hydraulic Fluids
• Vegetable oils 

– Vegetable-based oils are biodegradable and 
are environmental safe. 

– They have good lubrication properties, 
moderate viscosity and are less expensive. 

– They can be formulated to have good fire 
resistance characteristics with certain 
additives. 

– Vegetable oils have a tendency to easily 
oxidize and absorb moisture. 

– The acidity, sludge formation and corrosion 
problems are more severe in vegetable oils 
than in mineral oils. 

– Hence, vegetable oils need good inhibitors 
to minimize oxidation problems. 



Types of Hydraulic Fluids
• Biodegradable hydraulic fluids
• A s  m o r e  a n d  m o r e  o r g a n i z a t i o n s  a r e 

understanding their social responsibility and are 
turning toward eco-friendly machinery and work 
regime, a biodegradable hydraulic fluid is too 
becoming a sought after product in the dawn of 
an environmentalist era. 

• Biodegradable hydraulic fluids, alternatively 
known as bio-based hydraulic fluids

• Bio-based hydraulic fluids use sunflower, 
rapeseed, soybean, etc., as the base oil and 
hence cause less pollution in the case of oil 
leaks or hydraulic hose failures. 

• These fluids carry similar properties as that of a 
mineral oil–based anti-wear hydraulic fluid



Factors Influencing the 
Selection of a Fluid 



Fill in the Blanks 
• 1. The ability of a hydraulic fluid to 

separate rapidly from moisture and 
successfully resist emulsification is 
known as _________ . 

• 2. The neutralization number is a 
measure of the ________of hydraulic oil. 

• 3. Emulsions are a mixture of two fluids 
which ________chemically react with 
others. 

• 4. Rust is a chemical reaction between 
iron or steel and _________. 

• 5. The incompressibility of a fluid is a 
measure of its _________. 



State True or False 
1. Synthetic fluids can have a relative 

density greater than 1. 
2 .  V i s c o s i t y  i n d ex  i m p ro v e r s  a re 

short–chain polymers. 
3 .  Viscos i ty  index  i s  the  arb i t rary 

measure  o f  a  f lu id  res i s tance  to 
viscosity change with temperature 
changes. 

4. Mineral oils or petroleum-based oils 
easily react with oxygen. 

5. Rust is a chemical reaction between a 
metal and an acid. 



Answers 



Pascal’s Law
• Pascal’s law states that the pressure 

exe r ted  on  a  con f i ned  f l u id  i s 
transmitted undiminished in al l 
directions and acts with equal force 
on equal areas and at right angles to 
the containing surfaces. 



In Fig, a force is being applied to a piston, 
which in turn exerts a pressure on the 
confined fluid. The pressure is equal 
everywhere and acts at right angles to the 
containing surfaces. Pressure is defined as 
the force acting per unit area and is 
expressed as



Multiplication of Force 

• The most useful feature of fluid 
power is the ease with which it is 
able to multiply force. This is 
accomplished by using an output 
piston that is larger than the input 
piston. 





Force displacement 
relation • A hydrau l i c  o i l  i s  assumed to  be 

incompressible; hence, the volume 
displaced by the piston is equal to the 
volume displaced at the output piston.

• Since the volume of a cylinder equals 
the product of its cross-sectional area 
and its height, we have 

• W h e r e  S i n  i s  t h e  d o w n w a r d 
displacement of the input piston and 
Sout is the upward displacement of the 
output piston: 

• Comparing,



Force power relation 
• A hydraulic oil is assumed to be 

incompressible; hence, the quantity 
of oil displaced by the input piston is 
equal to the quantity of oil gained 
and displaced at the output piston: 

• Flow rate is the product of area and 
volume of fluid displaced in a 
specified time 



Force power relation 
• Comparing Equations. (1.1) and (1.2) 

we get 



Examples
An input cylinder with a diameter of 30 mm 

is connected to an output cylinder with a 
diameter of 80 mm (Fig. 1.3). A force of 
1000 N is applied to the input cylinder. 

(a) What is the output force? 
(b) How far do we need to move the input 

cylinder to move the output cylinder 100 
mm? 



• Since the volume of a cylinder equals the product 
of its cross-sectional area and its height, we 
have                           , where Xin is the downward 
movement of the input piston and Xout is the 
upward movement of the output piston. Hence we 
get  















Practical Applications of 
Pascal’s Law 

• The practical applications of Pascal’s 
law are numerous. In this section, 
two applications of Pascal’s law are 
presented: 
– (a) The hand-operated hydraulic jack 

and 
– (b) the air-to-hydraulic pressure booster. 



Hand-Operated Hydraulic 
Jack 



Air-to-Hydraulic Pressure 
Booster 



Air-to-Hydraulic Pressure 
Booster 

• This device is used for converting shop air into 
higher hydraulic pressure needed for operating 
hydraulic cylinders requiring small to medium 
volumes of higher pressure oil. 

• It consists of a cylinder containing a large-
diameter air piston driving a small-diameter 
hydraulic piston that is actually a long rod 
connected to the piston. 

• Any shop equipped with an airline can obtain 
smooth, efficient hydraulic power from an air-
to-hydraulic pressure booster hooked into the 
air line. 

• The alternative would be a complete hydraulic 
system including expensive pumps and high-
pressure valves. 

• Other benefits include space savings and low 
operating and maintenance costs. 







An  ope ra to r  make s  15 
complete cycles in 15 s 
interval using the hand 
pump shown in Fig. 1.14. 
Each  comp le te  cyc le 
consists  of  two pump 
s t r o ke s  ( i n t a ke  a n d 
power). The pump has a 
piston of diameter 30 
mm and the load cylinder 
has a piston of diameter 
150 mm. The average 
h a n d  f o r c e  i s  1 0 0  N 
during each power stroke. 

(a) How much load can be lifted? 
(b) How many cycles are required to lift the load by 
500 mm, assuming no oil leakage? The pump piston 
has 20 mm stroke. 
(c) What is the output power assuming 80% efficiency? 













 HYDRAULIC PUMPS 
1. Classification based on displacement: 

– Positive displacement pump (hydrostatic 
pump).

– N o n - p o s i t i v e  d i s p l a c e m e n t  p u m p 
(hydrodynamic pump). 

2. Classification based on delivery: 
– Constant delivery pumps. 
– Variable delivery pumps. 

3. Classification based on motion: 
– Rotary pump. 
– Reciprocating pump. 



 Classification Based on 
Displacement

Non-Positive Displacement 
Pumps 

 
• Non-posit ive displacement pumps are 

primarily velocity-type units that have a 
great deal of clearance between rotating 
and stationary parts. 

• Non-displacement pumps are characterized 
by a high slip that increases as the back 
pressure increases, so that the outlet may 
be completely closed without damage to the 
pump or system. 

• Non-positive pumps do not develop a high 
pressure but move a large volume of fluid at 
low pressures. 

• They have essential ly no suct ion l i ft . 
Because of large clearance space, these 
pumps are not self-priming. In other words, 
the pumping action has too much clearance 
space to seal against atmospheric pressure. 



 Classification Based on 
Displacement

Non-Positive Displacement 
Pumps

 
• The displacement between the inlet and the outlet is 

not positive. 
• Therefore, the volume of fluid delivered by a pump 

depends on the speed at which the pump is operated 
and the resistance at the discharge side. 

• As the resistance builds up at the discharge side, the 
fluid slips back into the clearance spaces, or in other 
words, follows the path of least resistance. 

• When the resistance gets to a certain value, no fluid 
gets delivered to the system and the volumetric 
efficiency of the pump drops to zero for a given speed. 

• These pumps are not used in fluid power industry as 
they are not capable of withstanding high pressure. 
Their maximum capacity is limited to 17–20 bar.

• These types of  pumps are  pr imar i ly  used for 
transporting fluids such as water, petroleum, etc., 
from one location to another considerable apart 
location.

• The two most common types of hydrodynamic pumps 
are the centrifugal and the axial flow propeller pumps.





Advantages of Non-positive 
displacement pumps

1.Non-displacement pumps have fewer 
moving parts. 

2.Initial and maintenance cost is low. 
3. They give smooth continuous flow. 
4. They are suitable for handl ing 

almost all types of fluids including 
slurries and sledges. 

5.Their operation is simple and reliable.



Disadvantages of Non-
positive displacement 

pumps
1.Non-displacement pumps are not 

self-priming and hence they must be 
positioned below the fluid level. 

2. Discharge is a function of output 
resistance. 

3.Low volumetric efficiency. 



Positive Displacement 
Pumps 

• Positive displacement pumps, in contrast, have 
very little slips, are self-priming and pump 
aga ins t  ve ry  h igh  p ressu res ,  bu t  the i r 
volumetric capacity is low. 

• Positive displacement pumps have a very close 
clearance between rotating and stationary parts 
and hence are self-priming. 

• Positive displacement pumps eject a fixed 
amount of fluid into the hydraulic system per 
revolution of the pump shaft. 

• Such pumps are capable of overcoming the 
pressure resulting from mechanical loads on the 
system as well as the resistance of flow due to 
friction. 

• This equipment must always be protected by 
relief valves to prevent damage to the pump or 
system. 

• By far, a majority of fluid power pumps fall in 
this category, including gear, vane and piston 
pumps



Classification - PDP
1. Type of motion of pumping element: 

Based on the type of motion of pumping 
element, positive displacement pumps are 
classified as follows: 

• Rotary pumps, for example, gear pumps and 
vane pumps. 

• Reciprocating pumps, for example, piston 
pumps. 

2. Displacement characteristics: Based on 
displacement characteristics, positive 
displacement pumps are classified as 
follows: 

• Fixed displacement pumps. 
• Variable displacement pumps. 

3. Type of pumping element. 



Advantages of PDP over 
NPD

1. They can operate at very high pressures of up 
to 800 bar (used for lifting oils from very deep 
oil wells). 

2. They can achieve a high volumetric efficiency 
of up to 98%. 

3. They are highly efficient and almost constant 
throughout the designed pressure range. 

4. They are a compact unit, having a high power-
to-weight ratio. 

5. They can obtain a smooth and precisely 
controlled motion. 

6. By proper application and control, they produce 
only the amount of flow required to move the 
load at the desired velocity. 

7. They have a great flexibility of performance. 
They can be made to operate over a wide range 
of pressures and speeds. 



Difference between PDP and 
NPD



Difference between PDP and 
NPD



Difference between PDP and 
NPD



Pumping Theory 



Gear Pumps 
• Gear pumps are less expensive but 

limited to pressures below 140 bar.
• It is noisy in operation than either 

vane or piston pumps. 
• Gear pumps are invariably of fixed 

displacement type, which means that 
the amount of fluid displaced for 
each revolution of the drive shaft is 
theoretically constant. 



Advantages of gear 
pumps 

1.They are self-priming. 
2.They give constant delivery for a 

given speed. 
3. They are compact and light in 

weight. 
4. Volumetric efficiency is high.



Disadvantages of gear 
pumps

1. The liquid to be pumped must be 
clean, otherwise it will damage pump. 

2. Variable speed drives are required to 
change the delivery. 

3. If they run dry, parts can be 
damaged because the fluid to be 
pumped is used as lubricant.







Internal Gear Pumps



Gerotor Pumps



Example 1
• The inlet to a hydraulic pump is 0.6 

m below the top surface of an oil 
reservoir. If the specific gravity of the 
oil used is 0.86, determine the static 
pressure at the pump inlet.





Example 2
A hydraulic pump delivers 12 L of fluid 

per minute against a pressure of 200 
bar. 

(a) Calculate the hydraulic power. 
(b) If the overall pump efficiency is 

60%, what size of electric motor 
would be needed to drive the pump?





Example 3
• A  g e a r  p u m p  h a s  a n  o u t s i d e 

diameter of 80mm, inside diameter 
of 55mm and a width of 25mm. If the 
actual pump flow is 1600 RPM and 
the rated pressure is 95 LPM what is 
the volumetric displacement and 
theoretical discharge.





Example 4
• Calculate the theoretical delivery of a 

gear pump. Module of the gear teeth 
is 6mm and width of gear teeth is 
25mm. Number of teeth on driver 
gear is 18 and pressure angle of the 
gear is 20 . Pump speed is 1000 RPM. 
Volumetric efficiency is 90%.





Example 5
• Calculate the theoretical delivery of a 

gear pump. Module of the gear teeth 
is 6mm and width of gear teeth is 
65mm. Number of teeth on driver 
gear is 16 and pressure angle of the 
gear is 20 . Pump speed is 1600 RPM. 
Outer diameter of gear is 108 mm 
and Dedendum circle diameter is 81 
mm. Volumetric efficiency is 88%at 7 
MPa.





Lobe Pumps



Stages of operation of 
Lobe pump



Lobe Pumps
• Lobe pumps are frequently used in food 

applications because they are good at handling 
solids without inflicting damage to the product. 

• Solid particle size can be much larger in lobe 
pumps than in other positive displacement 
types.

• Because lobes do not make contact, and 
clearances are not as close as in other positive 
displacement pumps, this design handles low-
viscosity liquids with diminished performance.

• Loading characteristics are not as good as other 
designs and suction ability is low.

• High-viscosity liquids require reduced speeds to 
achieve satisfactory performance.

• Reductions of 25% of rated speed and lower are 
common with high-viscosity liquids.





Applications
1. Polymers. 
2. Paper coatings. 
3. Soaps and surfactants. 
4. Paints and dyes. 
5. Rubber and adhesives. 
6. Pharmaceuticals. 
7. Food applications. 



Screw Pumps





Advantages of screw 
pump

1.They are self-priming and more 
reliable. 

2. They are quiet due to rolling action 
of screw spindles. 

3.They can handle liquids containing 
gases and vapor. 

4. They have long service life.



Disadvantages of screw 
pump

1.They are bulky and heavy. 
2.They are sensitive to viscosity 

changes of the fluid. 
3. They have low volumetric and 

mechanical efficiencies. 
4. Manufacturing cost of precision 

screw is high.


