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( THEORY AND PRACTICALS)

   








  Total of Sixty Hour 

Refrigeration History

As far back as history can be traced, Snow, Ice and Cold water has aided mankind in keeping food in good condition. The idea of preserving food perhaps became of commercial importance during the 18th Century.

In olden days people used to store water in mud pots, the material being porous, some water used to slightly leak out this and get vaporized by 

the climatic condition. This vaporization caused the remaining water 

inside the pot to drop its temperature.

When Ice formed during winter on the surface of lakes and ponds were cut 

and stored in insulated store rooms to be used in summer, this practice 

was followed by shipping ice from colder climates to the hotter zones.

Ice was first made artificially in 1820 but it was not until 1834 an American 

engineer  Sir Jacob Perkin made it real successful Vapor compression Ice 

making unit . In 1855 German introduce its first absorption type of 

refrigeration mechanism  In 1857 Australian James Harrison used Perkin's 

compressor and made refrigeration plant for breweries, storage and it was 

first time in 1870s the shipment of meat to England in refrigerated 

coolrooms

Mechanical domestic refrigerators first appeared in 1910 onwards, In 1918 

Kelvinator produce its first automatic refrigerators for USA market. 

Hermetic sealed units were introduced by General Electric in 1928, air-

conditioner  as used for creating comfort conditioned were launched in 

1927.
Scope of Industry

In the span of only a few decades refrigeration and air-conditioning has grown into the giant and most rapidly expanding industry

This explosive growth came about for this factors

· development of precision manufacturing methods

· able to produce smaller/ efficient equipment's

· manufacture of totally safe refrigerants

· possible available in markets with handy operation

· advance electronic usage for perfect controls and safety

It is almost impossible to think something without refrigeration and air-conditioning as this Industry deal with storage and  comfort condition. One can think about the preserved food in sufficient quantity to intior population. Comfort conditioning of the major business buildings and houses.
Classification of applications

For convenience of study, refrigeration application is grouped into six general categories

1. Domestic Refrigeration

2. Commercial Refrigeration

3. Industrial Refrigeration

4. Marine and Transportation Refrigeration

5. Domestic (Comfort) Air conditioning

6. Industrial Airconditioning

Preservation by Refrigeration

Three methods like short-term , long-term and frozen storage according to the required temperature.

Basic Fundamentals

Density, it is a weight per unit volume of the material

Specific Gravity, of the substance is the ratio of the density of the 

substance to the density of water at 4 degree centigrade

Specific Volume, of the substance is the volume occupied by the unit 

weight of the material. SV = 1/ density

Velocity,  rate of change of position of the body along a straight line in a 

given direction

Temperature,  is an indication of the level of heat in a substance

Thermometer is the instrument used to measure temperature. There 

are basically five scale used to measure

1. Fahrenheit Scale   

2. Centigrade ( Celsius ) Scale

3. Remour Scale

4. Rankin Scale

5. Kelvin Scale

Force,  if we want to move object we push or pull it that is we use force

Work,  when a force is applied body moves we say the work is done

Power,  it is the rate of doing work. It is work done/ time required

Energy  it is the capacity to do work. They are of two types

Kinetic energy :-    possess by virtue of motion

Potential energy :- posses because of its position

Pressure, It is the force exerted per unit area


Units of pressure

1. Kilogram force per square centimeter ( kgf/cm2)

2. Pascal  (pa)

3. Pounds per square inch  (psi)

Atmospheric Pressure, The earth is surrounded by an envelope of 

atmosphere (air and its mixtures). Air has weight and exerts a 

pressure on the surface of the earth  Every square in of the land ,sea, person or article carries weight This pressure exerted by the atmosphere is known as atmospheric pressure

Atmospheric pressure 
= 1.033 kgf /cm2




    
= 1 atm





= 760 mm Hg ( mercury)





= 101.3 kPa





= 14.7  Psi





= 29.921 in .Hg (mercury)

Vacuum, Pressure lower than atmospheric pressure are called Vacuum

Perfect Vacuum  A pressure which cannot be reduced any further is 

called perfect or Absolute vacuum expressed in many ways


Absolute vacuum 

= 0 kgf/cm2






= 0 mm Hg






= 0 pa






= 0 psi






= 0 in .Hg

Heat, It is form of energy related  to the molecular motion or vibration

Heat Flow  always from the warmer substance to a cooler one

Heat Transfer  may be transferred by one of the following method

Conduction  flow among parts of the substance

Convection  flow by way of fluids or air

Radiation  flow form of wave motion without need of matter.

Heat Unit thermometer only measures heat intensity but not a quantity hence this unit will measure heat quantity

Calorie ( cal)

Kilocalorie (kcal)

Joule(j)

Kilojoule (kj)

British Thermal Unit  (btu)

Specific heat, the heat capacity of a substance compare to that of 

water is called specific heat


Form of matter  matter exists in three forms  

Solids any physical substance which keeps its shape

Liquids freely take on the shape of its container

Vapor / gases  must be enclosed in a sealed container to prevent

its escape into atmosphere practically it has no shape

Sensible heat, when heat is added to substances it get warmer and 

same can be felt by touch or measure by thermo is sensible heat

Latent heat, when heat added there is no change in temperature but 

the state is changed from solid - liquid-gases and that is latent heat.



Fusion     

adding heat solid to become liquids



Sublimation    
adding heat solid to become gases



Vaporization
adding heat liquid to become gases



Condensation
removing heat gases to become liquids



Solidification
removing heat liquids to become solids

Phase change of water  water exists in three form solid that is Ice 

liquid that is water and gases that is water vapor. When heat is 

applied to ice it will start melting. The point will reach where all the Ice is being melted and formed pure form of liquid that was melting point of the water. further add of heat will rise the temperature of water adding sensible heat and will reach to its boiling point  

Expansion and Contraction , when solid is heated  it expands  

Heat increase the volume of the liquids  expansion and contraction does happen with all the matters when added heat or removed heat

Thermodynamic processes , when heat is added to any solid, 

liquid and gases it expands and when heat is removed it contracts water  does same thing but it has different beheviour between  0 and 4 degree celsius .  When heat is removed from water it will contract till it reach to 4 degree Celsius any further removal of heat will expand the water till it reach to 0 degree Celsius and will contract there after if heat is still removed. Same action is reverse while applying heat to Ice and this is why the ice float on the water and the total lake does not convert to Ice . 

Boyles Law,  at constant temperature, pressure varies inversely as the 

volume of the gas, volume increase two time pressure come down by half

Charles Law at constant pressure volume varies as the temperature 

of the gas
Daltons Law  two gases can occupy the same space at same time, 

but each gas will exert its own pressure and the pressure of the mixture is the total of the two partial pressure 

pascals Law pressure applied on a confined fluid is transmitted 

equally in all direction

Refrigeration principles

Mechanical refrigeration has to do with the production and control 

of the temperature lower than the atmospheric temperature . Practical refrigeration is the process of extracting heat to lower the temperature and rejecting it at relatively higher temperature


By its nature heat flows from a body at a higher temperature to a 

lower temperature but it requires external energy to make the heat flow from a lower temperature to the higher temperature.

E.g. water can easily flow from a tank at higher level to ground level but will need some procedure to take same water back to higher level.

Refrigeration also use called as refrigerant as the carrier material just like water as in example we had of water flowing from tank 


Refrigeration accomplishment  



Refrigeration can be accomplished by various methods.

1. Vapour Compression system

2. Vapour Absorption system

3. Jet refrigeration

4. Air compression refrigeration

5. Thermodynamic refrigeration

Refrigeration cycle


The refrigeration cycle  of the vapour Compression system consists 

of Five  major components and they are as follows

1. Refrigerants

2. Compressor

3. Condenser

4. Metering device

5. Evaporators

The refrigeration cycle of the vapour absorption system consists of  five major components and they are as follows

1. Absorber

2. Generator

3. Condenser

4. Evaporator

5. Two type of refrigerant with correct type of proportion 

 This are the mostly common system used with wide range of domestic and commercial industry  and is using since long time.

Refrigeration tools and equipment's

Some special tools are used by refrigeration industry along with the common tools some are being sighted here.


General hand tools


1 Screw drivers

· Keystone

· cabinet

· Philips

· frearson

· clutch head

· allen type

· torx

· pozidriv

· Robertson
2 wrenches

· open end
· box end
· combination
· adjustable open end
· ratchet box
· pipe range
3 pliers

· general purpose
· needle nose
· slide cutter
· slip joint
· vise grip
4 hammers

· ball peen

· soft head

· carpenter's claw

5 general metal cutting tools

· cold chisel

· file

· hacksaw

· drill bits

· metal sniper

· tap and die

· flash light

· tape

· ruler

· extension cord with light

6 ratchet box wrench

7 inspection mirrors

8 tube cutter

9 flaring tool

10 swedging tools

11 tube bender (spring)

12 tube brushes

13 tubing pinch of tools

14 tube benders (mechanical)

15 Gauge Manifold

16  leak detector halide

17 electronic leak detector

18 charging cylinder

19 vacuum pump

20 thermometers

21 fin strengtheners

22 tube piercing valve

23 soldering and welding equipment's

24 oxygen and acetylene brazing equipment's

25 soldering iron ( gun )

26 sling psychrometer

27 air velocity measurement instrument

28 noise and vibration measuring instrument

29 carbon dioxide and oxygen indicator

30 volt-ohms meter

31 tong tester

32 mercury manometer

33 electronic vacuum gauge

34 gas recovery unit and bottles

35 different type of markers and labels

Refrigeration and air-conditioning cycle and 

Its system operation.

Normal vapour compression  cycle has refrigerant as heat carrying media, which absorbs heat which in return leave the space cool. This heat which was absorb must need to be extracted some how. As we have studied that heat will flow from higher temperature to lower temperature this heat can only be extract to the lower temperature. If the lower temperature was naturally available why would someone need mechanical refrigeration? It is obvious that naturally we would not have temperature lower to the heat, which was absorbed. We all know that by compression we can increase pressure.  The law says that when pressure will increase the temperature will also increase. By compression we can raise the temperature of that refrigerant to curtain extent that heat can be extracted easily to the normal air or water .Compressor acts like a pump in the system. Compressor acts like a heart of a body, which will suck refrigerant from one side and throw or discharge to the otherside. The place where the heat is extracted is known as condenser. As we have pump and created high pressure in the system some where we have to reduce the pressure and control the flow of this refrigerant this job is done by metering device also known as throttling device this controlled refrigerant than appears in evaporator where heat is absorb again and the cycle continues.

The most important of all this is the change of state of refrigerant in the system

Refrigerant has to be delivered in evaporator in liquid form so that it can absorb maximum heat and get transform into vapor. It has to transform as this compressor can only handle vapor or gas. Any liquid will damage compressor very badly. In condenser this vapor must get convert back to liquid form and this metering device should allow liquid to enter without any restriction.

Components of Compression system

1. Compressor

2. Condenser

3. Metering/throttling device

4. Evaporator

5. Refrigerant

6. Copper pipe and other connectivity

 
Compressors

As described it is the heart of the system. The compressor also continuously circulates the refrigerant through the system and its capacity determines their capacity of the refrigerating system as a whole

There are five types of compressors used in the refrigeration and air-conditioning system they are as follows

1) Reciprocating compressor



  
Reciprocating open type




Reciprocating semi sealed type




Reciprocating hermetic seal type

2) Rotary compressor




Rotary open type




Rotary semi sealed type




Rotary hermetic seal type

3) Centrifugal Compressor

4) Screw compressor

5) Scroll compressor


Reciprocating compressor

They are available in sizes as small as 1/12 HP which are used in small refrigerators and upto about 150 HP for large capacity installation

They are of three types

The open type compressor is

· flexible  by varying speed different capacity can be obtained

· can be operated by any prime mover such as electric motor of different size, voltage and frequency , petrol / diesel, steam engines 

· motor can be easily changed in case of burn out

· refrigeration system is not affected by the burn out

The dictionary meaning of the word reciprocate is " go with alternate back and forth motion "

In reciprocating compressor the piston moves alternatively downwards and upwards in the cylinder

Only disadvantage of the open type reciprocating compressor is the refrigerant leak at  the shaft seal which is the most vulnerable point for the leakage .

     Reciprocating hermetic seal type compressor

The compressor and the prime drive that is motor have a common shaft and are assembled in a single body and the whole assembly is fixed in a steel shell , the joints of which are welded. It can only be operated by electric supply . In event of motor burn out highly corrosive hydrochloric and hydro fluoric acid  is form due to disintegration of the flouro carbon refrigerants.



As the compressor-motor assembly is suspended inside a steel 

Shell, the winding and the rotor cannot get natural cooling. The cold refrigerant vapour coming from evaporator accomplishes the cooling of the winding

If there is even a very minute refrigerant leak in the system, motor cooling will be affected

Mostly all refrigerators have this type of compressor. Since motor is with compressor the lubrication oil need to be special and sustainable 

Some compressor are provided with oil cooling facilities and the pipes are connected so that oil can exchange its heat to the condenser line passing underneath the compressor at the very bottom.

These motors are equipped with inbuilt overload protector to protect motor from over-current and overheat,

The mounting to the unit is done very simple with the rubber bushing in the slot provided on the compressor and the electrical connectivity and assessories easily connectable to the unit.

Since this unit cannot be push start the unit is equipped with starting device and since this starting torque is very small the compressor need equal pressure on suction and discharge, well this is being achieved by using capillary as the metering device to such compressor.

As capillary is used as metering device the system charge need to be accurate and before charging deep vacuum is must since any non condensable gases in the sealed hermetic system directly link to non cooling of the motor winding and ultimately run to burn outs

Reciprocating compressor operations

The compressor basically consists of a cylinder with a piston fitting closely inside. When the piston moves downward a low pressure is produced in the cylinder. The pressure in the suction line forces the suction valve to open and the vapour enters in the cylinder. When the piston moves upward , the vapour will be compressed, and when its pressure is greater than the pressure of the discharge valve springs . discharge valve will be force open .same cycle repeats that means in every cycle of compressor there will be one discharge and one suction in single piston compressor . There can be more than one piston in multi standard compressors.

To prevent the piston striking the valve plate, when it reaches the top dead centre position, it is obvious that there is some clearance gap between valve plate and piston. The volume of this clearance space called "clearance volume"

The important parts of the reciprocating compressor are

1) Cylinder   * The number varies from 1 to 16 cylinder in one unit, 

 all of this arrange in "V" or "W" pattern.     

          *They are usually made of good quality cast iron or 

 aluminium alloys

                            
          * Large compressor cylinder is in form of sleeve/liner

2)Piston        * It is a cylindrical metal plug that moves up and down.  



* They are made up of cast iron or alluminium.

  

* For bigger compressor pistons are fitted with piston 

  rings so that in case of wear and tear only rings    

  need to be replaced 



3)Connecting *  It is used to fasten the piston to the crankshaft. 

    Rod            * It is made up of drop forged steel or cast iron 

 * It must be very strong, ragid and also light as 

    possible

4) crankshaft * It is a rotating lever , the motion of the piston is 

   made possible by the crank of the crank shaft.

* It is made of forged alloy steel or spheroidal grey   

   iron casting or steel with cast iron eccentric.



5) Valve plate* It is placed just above the cylinder block.





*  It consist of suction and discharge valve reeds





*  It is made of spring steel

*  The valve sit on seats which are machined, ground 

    and lapped to a fine finish to obtain tight closure

6) Bearings   * A bearing is installed wherever there is relative     

  motion between two parts.

*Sleeve type bearings are mostly used.

*Bronze bearing are used in slow speed compressor

*high speed compressor use precision insert bearing 

 consist of steel shell lined with bearing material 

 called babbit material.



7) shaft seal * In open type compressor shaft has to come out of   

 



 the compressor body for connecting to prime mover.





* Sealing arrangement around the shaft to prevent the 

  leakage of the refrigerant and oil from the crankcase 

* Self adjusting for varying pressure.

* Self-compensating for wear and long life

* Quickly replaceable in the field in case of seal failure

* neoprene rubber bellow, carbon ring, seal spring etc

Scotch yoke mechanism   



In some compressor such mechanism is used. The piston is not   

 
fitted with an articulating connecting rod but instead the 

piston extended to the crank shaft and is connected to it by mean of 

a sliding member which attaches to both the piston and the crankshaft. This mechanism is used on several of the small, high speed , direct drive hermetic compressor.


Gaskets

All the joints that lead to the external surface of the compressor must be sealed. Gasket are used for this purposes. Material of the gasket must be such which can withstand high temperature, remain strong and non reactive to oil , refrigerant etc .

Well all gasket are important but the one between cylinder and the valve plate. If this gasket is too thick it will produce large clearance pocket and reduction in pumping. If it is too thin piston will bang on the valve reed and permenantly damage the reed 

Lubrication

Lubrication is the process by which the moving parts are kept separate by the film of oil. Oil should always be flowing in the bearings and moving part so that heat which is generated in the moving part along with the oil is taken away 

Condenser 


Air-cooled condenser



Static condenser




Rod type




Plate type




Bare type hand with steel stud

Fins type condenser




Fins type force draft condenser




Fins type induce draft condenser


Water-cooled condenser



Tube in tube



Shell and coil



Shell and tube




Shell and tube single pass




Shell and tube multi pass


Evaporative condenser

Cooling tower

Natural draft (atmospheric) cooling tower


Mechanical induce draft cooling tower


Mechanical force draft cooling tower

Evaporators


Direct expansion evaporators


Flooded evaporators


Natural draft evaporators


Construction 



Bare tube coils



Plate type



Finned tube type




Force air type finned coils




Induce air fined type

Throttling Devices


Hand expansion valve


Capillary tube


Automatic expansion valve


Thermostatic expansion valve



Thermostatic valve with external equalizer



Electrical expansion valve



Thermal expansion valve



Thermal-Electrical expansion valve


Low side float valve


High side float valve


Level master control

RAC   CLASS II    MODULE I & II   (THEORY & PRACTICALS)

                           TOTAL SIXTY HOURS

REVISION OF PREVIOUS CLASS III MODULE I & II

Refrigerants


CFC's , HFC's , HCFC 

Good piping practice

  
Sizes of Pipes, length and line, falls, bends , drops.

Air-conditioning principles


Property of air


Human comfort

Type of airconditioning units


Window type


Split type


Package type


Central plant primary system


Central plant secondary system



Air handling units ( AHU's)



Fan coil units
       ( FCU's)

Automotive Air-conditioning system

Fans

Fan Principles

Types of Fans 

Measurement of velocity of flow.

Fundamentals of Dehydration and evacuation


Vaccum pump as reciprocating compressor


Vaccum pump as Rotary compressor single stage







       Multi stage

Practical sessions for Air-conditioning unit  servicing,


Normal servicing


General servicing


Installations


Gas charging


Pump down the unit


Set pressure switches


Apply chemical and take preventive measures


Fault finding and rectify


General terms and condition to handle tools and units


Copper pipe brazing and swedge and flare 

RAC CLASS I  MODULE I & II   (THEORY AND PRACTICALS)

     


TOTAL OF SIXTY HOURS

Controls

            Safety controls



Low pressure cut out switch



High pressure cut out switch



Antifreeze thermostate



Motor winding thermostate


 Operational controls



Crankcase pressure regulating valves



Constant pressure valve

Snap-Action pressure controller

Servo-controlled line valve



Thermostat



Demper control thermostat

Humidistat



Defrost timer


 Flow controls



Solenoid valve



Back pressure regulating valve



Hot gas bypass valve



Constant check valve



Water/brine flow regulating valve



Relief valves and fusible plugs

Dampers 



Baffles



Grills 


 Electronic controls



Printed circuits boards

Thermister



Gazetteer circuit's and relays


 Electrical controls



Overload  current protector



Over voltage protector



Single phasing protector



Over temperature thermal protector


 
Master control and interlocks



Relays



Contractors



Time delays



Lead switch



Mercury switches

Electrical motors and its starters.


Direct on line starters


Star Delta starters

Preventive Services


Servicing of compressor


Condenser


Liquid receiver


Drier


Strainers


Sight glass moisture indicator


Heat exchanger


Mufflers


Accumulators

Surge drum/ equalizer tank

Oil separator

Eliminators

Crankcase heaters


Vibration absorbers


Noise filters


Shock absorbers


Evaporators


Charging and recovery of refrigerant


Charging of oil


Service thermostat


Drain service and cleanups


Small evaporator/condenser fan motors repair & service



Bearing & bushing



Motor rewinding

Commissioning 

Evaluation 

System Performance

Preventive Maintenance


Anticipate failure


Operate at design efficiency


Save energy

Trouble Shooting

Electrical related trouble

Mechanical related trouble

Refrigeration related trouble

Hidden trouble

Trouble related to prolong defect

Installation lack over

Time schedule for RAC classes 

Class III, II and I  Module 1 and 2

Date                             
subject                                             Time 

First day                            enrolment / theory      
5.30 pm to 8.30 pm

Second day                          theory                               5.30pm  to 8.30 pm

Third day                              theory                               5.30pm to 8.30 pm

 IF CLASS NEED TO DIVIDE  

   



GROUP A

Fourth day                           theory/practical                  5.30pm to 8.30 pm

Fifth day                               practical


5.30pm  to  8.30 pm

Sixth day                              practical


5.30pm  to  8.30 pm 

Seventh day                         practical


5.30pm  to  8.30 pm 

Eight  day                             practical


5.30pm  to  8.30 pm 

Ninth day                              practical


5.30pm  to  8.30 pm 

Tenth day                        theory and practical tests       5.30pm  to  8.30 pm

GROUP B

Fourth day                           theory/practical                  5.30pm to 8.30 pm

Fifth day                               practical


5.30pm  to  8.30 pm

Sixth day                              practical


5.30pm  to  8.30 pm 

Seventh day                         practical


5.30pm  to  8.30 pm 

Eight  day                             practical


5.30pm  to  8.30 pm 

Ninth day                              practical


5.30pm  to  8.30 pm 

Tenth day                      theory and practical tests
5.30pm  to  8.30 pm

