
UNIT V- REFRIGERATION AND AIR–CONDITIONING 
 
1. Define tonne of refrigeration. 

A tonne of refrigeration is defined as the quantity of heat required to be 
removed from one tonne of water (1000kg) at 0 C to convert that into ice at 0 C 
in 24 hours. In actual practice, 

1 tonne of refrigeration= 210kJ/min=3.5kW 
2. Define tonne of refrigeration. Heat is removed from a space at a rate of 
42,000kJ/h. Express this heat removal rate in tons. 
A tonne of refrigeration is defined as the quantity of heat required to be  

removed from one tonne of water (1000kg) to convert that into ice at 0˚ C 24 
hours. 

3. The vapour compression refrigerator employs the ---- cycle. 
Reversed Carnot. 

 
4. The door of a running refrigerator inside a room was left open. What 
will happen? 

The room will be gradually warmed up. 
 
5. In a vapor compression refrigeration system, where the lowest temperature 
will occur? 

At inlet of evaporator 
 
6. How does the actual vapour compression cycle differ from that of the 
ideal cycle? 

1. In actual cycles, pressure losses occur in both condenser and 
evaporator. 

2. Friction losses occur in compressor. 
 
7. Name four important properties of a good refrigerant. 

1. Low boiling point. 
2. High critical temperature and pressure. 
3. Low specific heat of liquid. 

 
8. What is the difference between air conditioning and refrigeration? 

Refrigeration is the process of providing and maintaining  the 
temperature in space below atmospheric temperature. 

 
Air conditioning is the process of supplying sufficient  volume  of 
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clean air containing a specific amount of water vapour and maintaining the 
predetermined atmospheric condition with in a selected enclosure. 

 
9. What is the function of the throttling valve in vapour compression 
refrigeration system? 

The function of throttling valve is to allow the liquid refrigerant under 
high pressure and temperature to pass to controlled rate after reducing its 
pressure and temperature. 

 
10. In  a   vapour  compression  refrigeration  system,  where  the    highest 

temperature will occur? 
After compression. 

 
11. The vapour absorption system can use low-grade heat energy in the 
generator. Is true or false? 

True. 
 
12. Name any four commonly used refrigerants. 

1. Ammonia (NH3) 
2. Carbon dioxide (CO2). 

 
13. Explain unit of Refrigeration. 

Unit of refrigeration is expressed in terms of tonne of refrigeration. 
 

A tonne of refrigeration is defined as the quantity of heat required to 
be removed from one tonne of water (1000kg) to convert that into ice at 0˚ C in 
24 hours. 
14. Why throttle valve is used in place of expansion cylinder for vapour 
compression refrigerant machine. 

In throttling process, enthalpy remains constant and pressure is 
reduced so throttle valve is used. 

 
 
15. What are the effect pf superheat and sub cooling on the vapour 
compression cycle? 

Superheating  increases  the  refrigeration  effect  and  COP  may be 
increased or decreased. But sub cooling always increase the COP of the 
refrigeration and also decrease the mass flow rate of refrigerant. 

 
16. What are the properties of good refrigerant? 
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An ideal refrigerant should possess the following desirable 
properties. 

1. The refrigerant should have low freezing point. 
2. It must have high critical pressure and temperature to avoid large 

power requirements. 
3. It should have low-specific volume to reduce the size of the 

compressor. 

4. It should  be nonflammable,   non-explosive,  non-toxic  and non- 
corrosive. 

 
17. What is net refrigerating effect of the refrigerant? 

Refrigerating effect is the total heat removed from the refrigerant in 
the evaporator. 

 
COP= Refrigeration effect 

Work done 
Refrigeration effect= COP * Work done. 

 
18. Name the various components used in simple vapour absorption system. 

1. Absorber 
2. Pump 
3. Generator 
4. Condenser. 
5. Throttle valve. 
6. Evaporator. 

 
19. Define refrigerant. 

Any substance capable of absorbing heat from another required 
substance can be used as refrigerant. 

 
20. How does humidity affect human comfort? 

If the humidity is above a certain level, water vapour from human 
body moisture cannot be absorbed by the atmospheric air. It results  in 
discomfort because of sweating. 
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SRI VIDYA COLLEGE OF ENGINEERING & TECHNOLOGY 
VIRUDHUNAGAR 

department of mechanical engineering 
THERMAL ENGINEERING QUESTION BANK FOR 16MARKS 

Q.No UNIT V In Notes / 
Answer Key 

1 
A sling psychrometer gives reading of 250c dry bulb temperature 150c wet bulb 
temperature. The barometer indicates 760 mm of hg assuming partial pressure of 
the vapour as 10 mm of Hg. Determine 1. Specific humidity 2. Saturation ratio. 

ANSWER KEY 

2 

A two stages, single acting air compressor compresses air to 20bar. The air enters 
the L.P cylinder at 1bar and 27oc and leaves it at 4.7bar.  the  air  enters  the  H.P.  
cylinder at 4.5bar and 27oc. the size of the L.P cylinder is 400mm diameter and 
500mm stroke. The clearance volume In both cylinder is 4% of the respective 
stroke volume. The compressor runs at 200rpm, taking index of compression and 
expansion in the two cylinders as 1.3, estimate 1. The indicated power required to 
run the compressor;  and The heat rejected in the intercooler per minute 

ANSWER KEY 

3 

In an oil gas turbine installation , air is taken as 1 bar and 30oC . The air is 
compressed to 4bar and then heated by burning the oil to a temperature of 500oC 
. If the air flows at the rate of 90Kg/min . Find the power developed by the 
plant take γ for air as 1.4 Cp as 1KJ/KgK  .  If  2.4Kg  of  oil  having  calorific  
value  of  40,000  KJ/Kg  if  burned  in the combustion chamber per minute. Find 
the overall efficiency of the plant. 

ANSWER KEY 

4 Explain with sketch the working principle of AIR CONDITIONER ANSWER KEY 

5 Draw neat sketch of simple vapor compression refrigeration system and explain ANSWER KEY 

6 Explain with sketch the working principle of water-Lithium bromide refrigeration  
system ANSWER KEY 

7 Explain any four psychometric processes with sketch. NOTES 

8 

A sling psychrometer in a lab test recorded the following readings DBT=35°C, 
WBT=25°CCalculate the following 1. Specific humidity 2. Relative humidity 3. 
Vapor density in air 4. Dew point temperature 5. Enthalpy of mixing per kg of air 
.take atmospheric pressure=1.0132 bar. 

NOTES 

9 

A refrigeration system of 10.5 tonnes capacity at an evaporator temperature of -
12°C and a condenser temperature of 27°C is needed in a food storage locker. 
The refrigerant Ammonia is sub cooled by 6°C before entering the expansion 
valve. The compression in the compressor is of adiabatic type. Find 1. Condition 
of vapor at outlet of the compressor.2. Condition of vapor at the entrance of the 
Evaporator 3.COP &power required. 
 

ANSWER KEY 

10 Derive the performance of Refrigeration. ANSWER KEY 
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UNIT-V-REFRIGERATION & AIR CONDITIONING-ANSWER KEY FOR 16MARK 
 
Q.No:1  Given Data: 
 

Dry bulb temperature td =250c 

Wet bulb temperature tw=150c 
Barometer pressure pb=760mm 
of Hg 
Partial pressure pv= 10mm of Hg 

 

To Find: 
 

Specific humidity 
 

Saturation ratio. 
 

Solution: 
 

Specific humidity: 
 

We know that Specific humidity 
 

W = 
 

 
 

 
 

 
 
 

Saturation ratio: 

0.0083 kg/kg of 
dry air 

 

From steam table corresponding to dry bulb temperature td =250c 
 

We find the partial pressure ps=0.03166 bar 
 
 

= 
 
 

=23.8 mm of Hg 
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We know that Saturation ratio. 
µ= 

 

 
 

= 
 

= 0.41 
Result: 

1. Specific humidity 0.0083 kg/kg of dry air 
 

2. Saturation ratio. = 0.41 
 

Q.No:2 Given data: 
Pressure (P4)= 20bar 
Pressure (P1) = 1bar = 1×105 N/m2 

Temperature (T1) = 27oC = 27+273 = 
300K Pressure (P2) = 4.7bar 
Pressure (P3) = 4.5bar 
Temperature (T3) = 27oC = 27+273 = 
300K Diameter (D1) = 400mm 0.4m 
Stroke (L1) = 500mm = 0.5m 

 
 

 

N = 200rpm ; n = 1.3 
 

To Find: 
 

Indicated power required to run the compressor 
 

Solution : 
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We know the swept volume of the L.P cylinder 
 
 

 
= 0.06284 m3 

 

And volumetric efficiency, 

ηv 
 

 

= 0.9085 or 90.85% Volume of air sucked by air pressure compressor, 

 

 
  

 

   
 

 
 
 

 

=1.42 m3/min 
 

And volume of air sucked by H.P compressor, 
 

 
We know that indicated work done by L.P compressor 

 

 

 

= 2123.3×103 J/min = 2123.3 KJ/min 
 

And indicated workdone by H.P compressor, 
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= 2043.5×103 J/min = 2034.5 KJ/min 
 

Total indicated work done by the compressor, 
 

W = WL + WH = 2123.3 + 2034.5 
 

= 4157.8 KJ/min 
 

Indicated power required to run the compressor = 4157.8 / 60 
 

= 69.3KW 
 
 

Q.NO:3 Given Data: 
 

Pressure (P4 = P3) = 1bar 
Pressure (P1 = P2) = 4bar 
Temperature (T2) =  500oC  = 500+273 = 773K 
Mass  flow rate of  air(ma)  = 90Kg/min  = 1.5Kg/sec 
Mass flow rate of fuel (mf) = 2.4Kg/min = 0.04Kg/sec 

Temperature (T4) =  30oC  = 30+273 = 303K 
γ = 1.4 ; Cp = 1KJ/KgK ; Cv= 40,000 KJ/Kg 

 
 

To Find: 
Power developed by the plant 
Performance of the gas turbine 
Overall efficiency of the plant 

 

Solution: 
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Power developed by the plant: 

Let T1,T3 = temperature of air at points 1 and3 
 

Weknow that isentropic expansion 2-3, 
 

 

T3  =  T2×  0.673  =  773×0.673  =  520K 
Similarly for isentropic compression 4-1: 

 

T1 = T4/ 0.673 = 303/0.673 = 450K 
 

Performance of the gas turbine: 
We know that work developed by the turbine, 

 

= 379.5KJ/s 
 

And work developed by the compressor, 

= 220.5/s 
 

Net work or power of the turbine, 
P = WT  - Wc = 379.5 – 220.5 = 159KJ/s = 159KW 

 

Overall efficiency of the plant: 
We know that the heat supplied per second 

= mf × C = 0.04× 40,000 = 1600 KJ/s 
Therefore, overall efficiency of the plant, 

ηo = 159/1600 = 0.099 or 9.99% 
  

www.studentsfocus.com



Q.No:4 AIR CONDITIONERS 

CONCEPT OF AIR CONDITIONING 

Air conditioning (often referred to as aircon, AC or A/C) is the process of altering 
the properties of air (primarily temperatureand humidity) to more favourable conditions, 
typically with the aim of distributing the conditioned air  to  an  occupied  space  to  
improve thermal comfort and indoor air quality. 

TYPES OF AIR CONDITIONERS 

• Room air conditioners 
• Zoned Systems 
• Unitary Systems 
• Window Air-conditioning System 
• Split Air-conditioning System 
• Central air conditioning systems 

 
ROOM AIR CONDITIONER 

• Room air conditioners cool rooms rather than the entire home. 
• Less expensive to operate than central units 
• Their efficiency is generally lower than that of central air conditioners. 
• Can be plugged into any 15- or 20-amp, 115-volt household circuit that is not 

shared with any other major appliances 
 

ZONED SYSTEMS 

 

CENTRAL AIR CONDITIONING 

• Circulate cool air through a system of supply and return ducts. Supply ducts and 
registers (i.e., openings in the walls, floors, or ceilings covered by grills) carry 
cooled air from the air conditioner to the home. 

• This cooled air becomes warmer as it circulates through the home; then it flows 
back to the central air conditioner through return ducts and registers 
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UNITARY SYSTEMS 

A unitary air conditioning system comprises an outdoor unit including  a 
compressor for compressing a refrigerant, an outdoor heat exchanger for heat exchange  
of the refrigerant and an expander connected to the outdoor heat exchanger, for 
expanding the refrigerant; a duct installed inside a zone of a building; a central blower 
unit having a heat exchanger connected to  the outdoor unit through a first refrigerant  
pipe and a blower for supplying the air heat-exchanged by the heat exchanger to the duct; 
and an individual blower unit including a heat exchanger connected to the outdoor unit 
through a second refrigerant pipe and a fan for sending the air heat exchanged by the  
heat exchanger and disposed in a zone in the building, for individually cooling or heating 
the zone. Accordingly, cooling or heating operation is performed on each zone of the 
building, and simultaneously, additional  individual  heating  or  cooling  operation  can 
be performed on a specific space, so that a  cost  can  be  reduced  and  cooling  or  
heating in the building can be efficiently  performed. 

 

WINDOW AIR-CONDITIONING SYSTEM 

It is the most commonly used air conditioner for single rooms. In this air 
conditioner all the components, namely the compressor, condenser, expansion valve or 
coil, evaporator and cooling coil are enclosed in a single box. This unit is fitted in a slot 
made in the wall of the room, or often a window sill. Windows air conditioners are one of 
the most widely used types of air conditioners because they are the simplest form of the  
air conditioning systems. Window air conditioner comprises of the rigid base on which  all 
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the parts of the window air conditioner are assembled. The base is assembled inside the 
casing which is fitted into the wall or the window of the room in which the air conditioner 
is fitted. The whole assembly of the window air conditioner can be divided into two 
compartments: the room side, which is also the cooling side and the outdoor side from 
where the heat absorbed by the room air is liberated to the atmosphere. The room side and 
outdoor side are separated from each other by an insulated partition enclosed inside the 
window air conditioner assembly. In the front of the window air conditioner on the room 
side there is beautifully decorated front panel  on  which  the  supply  and  return   air   
grills are fitted (the whole front panel itself  is commonly called as front grill). The  
louvers fitted in the supply air grills are adjustable so as to supply the air in desired 
direction. There is also one opening in the grill that allows access to the Control panel or 
operating panel in front of the window air conditioner. 

 
 
 
TYPES OF CENTRAL AC 

• split-system 

• An outdoor metal cabinet contains the condenser and compressor, and an 
indoor cabinet contains the evaporator 

 
 

• Packaged 

• The evaporator, condenser, and compressor are all located in one cabinet. 

SPLIT AIR-CONDITIONING SYSTEM: 
 

The split air conditioner comprises of two parts: the outdoor unit and the indoor 
unit. The outdoor unit, fitted outside the room, houses components like the compressor, 
condenser  and  expansion  valve.  The  indoor  unit  comprises  the  evaporator  or cooling 
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coil and the cooling fan. For this unit  you  don't  have to  make any slot  in  the wall of  
the room. Further,  the  present  day split units have aesthetic looks and add to the beauty 
of the room. The split air conditioner can be used to cool one or two rooms. 

 
 

Energy Consumption 

• Air conditioners are rated by the number of British Thermal Units (Btu) of heat  
they can remove per hour. Another common rating term for air conditioning size is 
the "ton," which is 12,000 Btu per hour. 

• Room air conditioners range from 5,500 Btu per hour to 14,000 Btu per hour. 
 
 
Energy Efficiency 

• Today's best air conditioners use 30% to 50% less energy than 1970s 

• Even if your air conditioner is only 10 years old, you may save 20% to 40% of your 
cooling energy costs by replacing it with a newer, more efficient model 
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Q.No: 5&6    CONCEPT OF REFRIGERATION 
Refrigeration is a process in which work is done to move heat from one location to 

another. The work of heat transport is traditionally driven by mechanical work, but can also 
be driven by heat, magnetism, electricity, laser, or other means. 

 

How does it work? 
 

 
Thermal energy moves from left to right through five loops of heat transfer: 

 

1) Indoor air loop 
2) Chilled water loop 
3) Refrigerant loop 
4) Condenser water loop 
5) Cooling water loop 

 

 

SIGNIFICANCE 

Refrigeration  has ha 

 
 
a  large  importance  on  industry,  lifestyle,  agriculture and 

settlement  patterns.  The ide of preserving food dates back to     the  ancie t  Roman and 
Chinese  empires.  However,  refrigeration  technology  has  rapidly  evolved  in  the     last 
century,  from  ice harvesting to temperature-controlled rail cars.  In   order to  avoid food
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spoilage, refrigeration plays an important role in day to day life, similarly, Air 
conditioning is also an important technological system to prevent the human from the 
hot atmosphere during summer seasons. 

CLASSIFICATION OF REFRIGERATION 

SYSTEM Types of Refrigeration 

• Vapour Compression Refrigeration (VCR): uses mechanical energy 

• Vapour Absorption Refrigeration (VAR): uses thermal energy 
 

VAPOUR COMPRESSION REFRIGERATION 
 

• Highly compressed fluids tend to get colder when allowed to expand 
 

• If pressure high enough 
 

• Compressed air hotter than source of cooling 
 

• Expanded gas cooler than desired cold temperature 
 

• Lot of heat can be removed (lot of thermal energy to change liquid to vapour) 
 

• Heat transfer rate remains high (temperature of working fluid much lower than  
what is being cooled) 

 
Vapour Compression Refrigeration Cycle 

 
 

Evaporator 

Low pressure liquid refrigerant in evaporator absorbs heat and changes to a gas 
 

Compressor 

The superheated vapour enters the compressor where its pressure is raised 
 

Condenser 

The high pressure superheated gas is cooled in several stages in the condenser 
 

Expansion 
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Liquid passes through expansion device, which reduces its pressure and controls 
the flow into the evaporator 

Type of refrigerant 

• Refrigerant determined by the required cooling temperature 

• Chlorinated fluorocarbons (CFCs) or freons: R-11, R-12, R-21, R-22 and R-502 
 

Choice of compressor, design of condenser, evaporator determined by 

• Refrigerant 

• Required cooling 

• Load 

• Ease of maintenance 

• Physical space requirements 

• Availability of utilities (water, power) 

Vapour Absorption Refrigeration 
 

 

Evaporator 
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Absorber 
 

High pressure generator 
 

Condenser 
 

Evaporative Cooling 

• Air in contact with water to cool it close to ‘wet bulb temperature’ 

• Advantage: efficient cooling at low cost 

• Disadvantage: air is rich in moisture 
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COMPARISON BETWEEN VAPOR COMPRESSION AND ABSORPTION 
SYSTEM 

 

 

Q.No:10  PERFORMANCE Assessment of Refrigeration 

• Cooling effect: Tons of Refrigeration 1 TR = 3024 kCal/hr heat rejected 

• TR is assessed as: 

TR = Q x�Cp  x� (Ti – To) / 3024 
 
Q = mass flow rate of coolant in kg/hr 

Cp = is coolant specific heat in kCal /kg °C 

Ti = inlet, temperature of coolant to evaporator (chiller) in 0°C 

To = outlet temperature of coolant from evaporator (chiller) in 0°C 

Specific Power Consumption (kW/TR) 

• Indicator of refrigeration system’s performance 

• kW/TR of centralized chilled water system is sum of 

• Compressor kW/TR 

• Chilled water pump kW/TR 

• Condenser water pump kW/TR 

• Cooling tower fan kW/TR 

Coefficient of Performance (COP) 
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• The performance of refrigerators and heat pumps is expressed in terms of 

coefficient  of performance (COP), defined as 
• 

 
Measure 

• Airflow Q (m3/s) at Fan Coil Units (FCU) or Air Handling Units (AHU): 
anemometer 

• Air density U (kg/m3) 

• Dry bulb and wet bulb temperature: psychrometer 

• Enthalpy (kCal/kg) of inlet air (hin) and outlet air (Hout): psychrometric charts 
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