
1

ÇANKAYA UNIVERSITY 

MECE 104 
INTRODUCTION FLUID POWER 

  Burkay SARI 
 



2

Fluid Power Definition
Advantages

Power Conversion
Usage

Fluid Power Basics
Pressure-Area-Flow Rate

Fluids & Selection
Pumps
Valves

Actuators
Accumulators
Tank & Filters



3

What is Fluid Power ? 

Fluid Power is the technical expertise of the generation, control 
and transmission of  Power with the pressurized fluids.

Fluid : A substance which has a definite mass and  volume at a 
specific temperature and pressure. 

Fluids used in industrial applications are liquids and gases. 

Keep in mind !!
Liquids can be  considered as incompressible and have the shape 
of the container. 

Gases are compressible fluids, and spread throughout the 
container.
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What is Fluid Power ? 

Fluid Power can be analysed in two (2) categories

1- HYDRAULICS 
(Fluid Power transferred with incompressible fluids such as Oil or Water )
 

2- PNEUMATIC 
(Fluid Power transferred with compressible fluids such as Air or Inert Gases )

+ OR +
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Fluid Power  

Hydrostatics, deals with the quasi
static fluids 

Example: Hydraulics can be 
considered as Hydrostatics 

Hydrodynamics, Deals with the 
moving fluids 

Example : Hydroelectrical Power  
Generation can be an example. 



Power Transmission Types  
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Power 
Types

Advantages Disadvantages

Mechanical
- Most Suitable when motion is 
transferred in short distance

-Limited speed change
-System Wear an Maintenance, 

Electrical
- Effective power transfer in long 
distances, 

-Sophisticated and expensive 
systems, 
-Sensitive to working conditions; 
i.e. Temperature, dust, 

Fluid

-Large power generation in small 
volumes, 
-Flexible and easy to apply, 
-Ease of Power generation and 
Precise Control,

 

- Hydraulic fluid behavior, leakage
- Contamination sensitive, 
- Pneumatics have low force 
applications
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ENERGY CONVERSION FLUID POWER SYSTEMS 

Power 
Source

Hydraulic 
Pump

Hydraulic 
Directional 
Control Valves

Hydraulic 
Actuator

Cylinder/Motor

Work 
Done

Electrical /
Combustion 
Energy 

Mechanical 
Energy 

Hydraulic
Energy 

Hydraulic
Energy 

Mechanical 
Energy 
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BASIC FLUID POWERED SYSTEM 

Basic Components

-Energy Source (Motor)
-Hydraulic Pump
-Hydraulic Tank
-Hydraulic Relief Valve
-Hydraulic Cylinder
-Direction Control Valve (4/3)



Fluid Power Applications
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Mobile Applications Machinery Applications Factory 
Automation Renewable Energies

Agricultural and 
Forestry Machinery

Architecture in 
Motion

Machine Tools 
(forming) and 

Presses
Rubber Processing Assembly and 

Handling Ocean Energy

Construction Machinery Cement Industry Marine Shipyard Equipment Automotive Wind Energy

Material Handling Chemical Industry Materials Handling Stage Technology Machine Tools 
(cutting)

On-Highway and 
Commercial Vehicles Civil Engineering Metallurgy Sugar Industry Packaging and 

Processing

Aviation Applications Energy Technology Mineral 
Processing Testing Technology Printing and 

Converting

Marine Applications Engines Mining Transport 
Technology

Semiconductor and 
Electronics

Glass Making 
Machinery

Motion Simulation 
Technology

Tunnel Boring 
Machines Solar

Horizontal and Utility 
Drilling Offshore Woodworking

Hydrodynamic 
Research

Oil and Gas land 
based

Plastic Machinery 
and Die Casting

Pulp and Paper 
Machinery

Recycling and 
Waste Handling
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Pascal LAW

Pressure within a fluid at rest acts 
equally in all directions and at right 
angles to any surface on which 
it acts.

F1= P A1

F2= P A2

F3= P A3

F4= P A4

1- Conservation of Mass & Energy
2- Continuity
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Units and Dimensions

Force 

F= m a 

where, 
F = in N (Newtons)
m = mass in kg (kilograms)
a = acceleration (m/s2)

1 N = 1 kg m/ s2

Cylinder Force Calculations
F= P* A 
Where A is the area

Pressure 
Pressure is force exerted per unit area in a 
direction that is normal to and towards the 
area
P= F / A

where, 
P = Pressure in Pa or (N/m2)
F = in N (Newtons)
A = Area (m2)

Pressure Head (meters)
P = g h
where, 
 = density  kg/m3

 g  = gravitational acceleration  m/s2

 h = depth below free surface 



HYDRAULIC SYSTEM EQUIPMENTS

FLUIDS 
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Viscosity 

Viscosity is a property of a fluid, which quantifies 
how strongly that fluid resists relative motion.
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Pressure Losses in Pipes
 

Laminar & Turbulent Flow Definitions

Due to the friction and the viscosity property of the fluid causes 
some flow patterns in the pipes

Uniform 
Flow

Laminar
Flow

Turbulent
Flow
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Pressure Losses in Pipes
 

Turbulent Flow 

Reynolds Experiment 



Laminar
Flow

Turbulent
Flow
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Re  < 2000           Laminar Flow 
2000< Re<4000   Both flow types possible
Re> 4000             Turbulent Flow 
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FLUID FUNCTIONS 

Fluids must have some properties according to the system going 
to be used , 

-Correct Viscosity and High Viscosity Index, 
-Suitable Chemical and Environmental properties, Non toxic, 
-Should not react with the System Materials, 
-Must Provide Lubrication, 
-Fire Resistance, 
-Foam Resistance, 
-Low Density, 
-Low Volatility, 
-Large Bulk Modulus, 
-Good Heat Transfer Capability, 
-Inexpensible,
-Ease of supply, 



FLUID SELECTION FOR APPLICATIONS 



FLUID SELECTION FOR APPLICATIONS 
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FLUID FUNCTIONS 

Viscosity and High Viscosity Index,

If the viscosity of a hydraulic fluid used is above the permitted operating 
viscosity, this will result in increased hydraulic-mechanical losses. In return, 
there will be lower internal leakage losses.

 If the pressure level is lower, lubrication gaps may not be filled up, which can 
lead to increased wear. For hydraulic pumps, the permitted suction pressure 
may not be reached, which may lead to cavitation damage.

If the viscosity of a hydraulic fluid is below the permitted operating viscosity, 
increased leakage, wear, susceptibility to contamination and a shorter 
component life cycle will result.
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FLUID FUNCTIONS 

Viscosity – Temperature Effect 

 

Hydraulic Oil must provide 
lubrication film thickness 
in System Temperature limits 
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FLUID FUNCTIONS 

Viscosity – Temperature 
Considerations
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FLUID FUNCTIONS 

Viscosity – Temperature Effect 

 



28

FLUID FUNCTIONS 

Selected fluids must be environmental 
and application friendly, 

NON-TOXIC, 

FIRE RESISTANCE

APPLICATION 
FRENDINESS 
(FOOD INDUSTRY)

LOW DENSITY 

LOW VOTALITY

INEXPENSİBLE,
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FLUID CONSIDERATIONS 

Selected fluid must also be considered in application suitability, 

Wear protection capability Aging Resistance

Tested as described in DIN 51524-2,-3 via test procedures    The way a hydraulic fluid ages depends on the 
"FZG gear test rig" (ISO 14635-1) and "Mechanical test in thermal, chemical and mechanical stress 
the vane pump" (ISO 20763). to which it is subjected.
But Not applicable ISO VG 32.

Material compatibility

 



HYDRAULIC SYSTEM EQUIPMENTS
 

PUMPS

A-POSITIVE DISPLACEMENT                      B-Non-Positive Displacement
      (Hydrostatic) (Hydrodynamic)
   i- Gear - Centrfifugal (Impeller)
      1- External - Axial (Propeller)
      2- Internal
      3- External
  ii- Screw
  iii- Vane 
       1- Balanced
       2-Unbalanced
  iv-Piston 
      1- Radial
      2- Axial 
          -Bent Axis
          -Swash Plate 
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HYDRAULIC SYSTEM EQUIPMENTS

PUMPS 



PUMP GENERAL CHARACTERISTICS 
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Type Of Pump Pressure
Capacity

(bar)

Maximum 
Flow Rate

(l/min) 

Speed
(rpm)

Viscosity
(cS)

Approximate 
Efficiency

External Gear Pump 100-300 200 500-6000 40-80 % 80-90

Internal Gear Pumps 150-300 200 500-3000 40-80 % 80-90

Lobe Gear Pump 30-50 300

Screw Pump 50-200 200 1000-3500 80-200 % 70-80

Vane 
Pumps

Fixed 
Displacement

100-200 300 500-3000 20-160 % 70-80

Variable 
Displacement

40-160 125 500-2000 20-160 % 70-80

Piston
Pumps

Radial Up  to 700 125 1000-3000 10-200 % 85-90

Axial Bent 
Axis

Up to 400 200 500-3000 20-50 % 85-90

Swash 
Plate

150-400 200 1000-3000 30-50 % 85-90



PUMP SELECTING CRITERIAS FOR APPLICATIONS 
 



HYDRAULIC SYSTEM EQUIPMENTS
 

PUMPS

A-POSITIVE DISPLACEMENT
      (Hydrostatic)
   i- Gear 
      1- External
      2- Internal
      3- Lobe
  ii- Screw
  iii- Vane 
       1- Balanced
       2-Unbalanced
  iv-Piston 
      1- Radial
      2- Axial 
          -Bent Axis
          -Swash Plate 
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HYDRAULIC SYSTEM EQUIPMENTS
 

PUMPS

A-POSITIVE DISPLACEMENT
      (Hydrostatic)
   i- Gear 
      1- External
      2- Internal
      3- Lobe
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HYDRAULIC SYSTEM EQUIPMENTS
 

PUMPS

A-POSITIVE DISPLACEMENT
      (Hydrostatic)
   i- Gear 
      1- External
      2- Internal
      3- Lobe
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HYDRAULIC SYSTEM EQUIPMENTS
 

PUMPS

A-POSITIVE DISPLACEMENT
      (Hydrostatic)
   i- Gear 
      1- External
      2- Internal
      3- Lobe
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GEAR PUMPS (External Gear Pumps)

 
V = m * z * b * h * pi
m= gear module
z= tooth # 
b= tooth width 
h= tooth height
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HYDRAULIC SYSTEM EQUIPMENTS
 

PUMPS
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      1- Radial
      2- Axial 
          -Bent Axis
          -Swash Plate 
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HYDRAULIC SYSTEM EQUIPMENTS
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HYDRAULIC SYSTEM EQUIPMENTS

VALVES 



HYDRAULIC SYSTEM EQUIPMENTS_VALVES
Valve Types
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Pressure 
Control

Direction Control Flow Control

Relief Valve
Types 
-Ball

-Puppet
-Spool

Way
-2/4
-4/3
-4/5

Uncompensated
-Fixed Orifice

-Variable Orifice,

Unloading 
Valve

Center Type
-Open

-Closed
-Tandem

Actuation
-Manual
-Electric

-Mechanical
-Fluid (Pilot)

Pressure Compensated
-Fixed Volume

-Variable Volume

Sequence 
Valve Deceleration Valve

Pressure
Reducing
Valve

Flow Divider
-Adjustable

-Priority
-Demand Compensated

Counterbalance 
Valve

Decompression
Valve



HYDRAULIC SYSTEM EQUIPMENTS_VALVES
Directional Valve Types_ Pilot-Solenoid Operated
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HYDRAULIC SYSTEM EQUIPMENTS_VALVES
Directional Valve

Simple 4 / 2 
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HYDRAULIC SYSTEM EQUIPMENTS_VALVES
Directional Valve Types_ Open Center
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HYDRAULIC SYSTEM EQUIPMENTS

ACTUATORS 



HYDRAULIC SYSTEM CIRCUIT
ELEMENTS

Actuators (Cylinders)

Actuators turns Hydraulic Power into Mechanical actuation, 

Cylinders give Linear                                           Hydraulic Motors gives Rotational
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HYDRAULIC SYSTEM CIRCUIT
ELEMENTS

Actuators (Cylinders)
Hydraulic Symbols
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HYDRAULIC SYSTEM CIRCUIT
ELEMENTS

Actuators (Cylinders)

Cylinder Definitions
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HYDRAULIC SYSTEM CIRCUIT
ELEMENTS

Actuators (Cylinders)
Cylinder Typical Mounting Examples
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HYDRAULIC SYSTEM CIRCUIT
ELEMENTS

Actuators (Cylinders)
Cylinder Typical Foot Mounting Types
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HYDRAULIC SYSTEM Actuators

Hydraulic Motors  (Like Pumps)
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HYDRAULIC SYSTEM Actuators

Hydraulic Motors  
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HYDRAULIC SYSTEM EQUIPMENTS

HOSES 



HYDRAULIC SYSTEM CIRCUIT ELEMENTS
HOSES
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
HOSES
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
HOSES
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
HOSES
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
HOSES
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
HOSES
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
FITTINGS-Pressure Drop 
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HYDRAULIC SYSTEM EQUIPMENTS

Accumulators 



HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Accumulator-Basic Accumulator Circuit

A hydraulic accumulator is a device which stores 
hydraulic energy under pressure. There are three main types 
- Dead Weight or Gravity Type
- Spring Loaded, 
- Gas Loaded          

Accumulator = Hydraulic Battery 



HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Accumulator-Accumulator Usage Purpose

Accumulators are used for ; 
- Fluid supply, 
- Standby or emergency power source, 
- Leakage Compensation, 
- Thermal Expansion Compensation, 
- Pump delivery pulsation damping, 
- Pressure Surge Damping, 
- Counterbalancing, 

Leakage Compensation 

Emergency 
Power  
supply

Counterbalancing



HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Accumulator- Accumulator  Principle



HYDRAULIC SYSTEM EQUIPMENTS

Tank 



HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Hydraulic Reservoir

Approximate Volume = Pump Flow Rate X N 
N= 1.5-2 for Mobile Application
N=3 for Industrial Applications

Temperature 

Also Consider, 
1-Service Hole , 
2-Breather , 
3-Return line-Suction Line Distance, 
4-Level Gauge and Sight glass, 
5-Strainer and Suction Height, 
6-Filter Location, 
7-Mounting, 
8-Sealing, 
9-Foam Suction Prevention, 
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HYDRAULIC SYSTEM EQUIPMENTS

Filters 



HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Filtration
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Filtration
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Filtration
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