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   Marks 

Q.1 (a) Discuss Closed, Open and Isolated Thermodynamic system with neat 
sketch. 

Answer: 
Thermodynamic Systems 
A thermodynamic system is a specific portion of matter or space under 
study, separated from its surroundings by a boundary. Based on the 
interaction with surroundings, thermodynamic systems are classified as 
follows: 

1. Open System: 
 Definition: An open system is one in which both mass and energy can 

cross the boundary. 
 Example: A steam turbine, boiler, or pump. 
 Sketch: 
 
2. Closed System: 
 Definition: In a closed system, energy can cross the boundary, but mass 

cannot. 
 Example: A piston-cylinder arrangement with gas. 
 Sketch: 

 

3. Isolated System: 
 Definition: In an isolated system, neither mass nor energy can cross the 

boundary. 
 Example: A perfectly insulated thermos flask. 
 Sketch: 

 

Diagram: 
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 (b) Explain different between renewable and non-renewable energy. 

Answer: 
Renewable Energy: 
 Renewable energy is the energy obtained from natural sources that are 

continuously replenished by nature. 
 These sources are inexhaustible on a human timescale. 
 They cause less environmental pollution and are sustainable. 
 Examples include: Solar energy, Wind energy, Hydropower, 
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Biomass, Geothermal energy. 

Non-Renewable Energy: 
 Non-renewable energy is obtained from sources that exist in limited 

quantities and cannot be replaced once depleted. 
 These are exhaustible resources, formed over millions of years. 
 Their use leads to pollution and environmental degradation. 
 Examples include: Coal, Petroleum, Natural Gas, Nuclear fuels 

(Uranium). 

Difference Between Renewable and Non-Renewable Energy: 

Point Renewable Energy 
Non-Renewable 
Energy 

1. Availability 
Naturally replenished; 
unlimited 

Limited and 
exhaustible 

2. 
Environmental 
Impact 

Eco-friendly, less 
pollution 

Causes pollution and 
greenhouse gases 

3. 
Sustainability 

Sustainable over the 
long term 

Not sustainable after 
depletion 

4. Examples 
Solar, wind, biomass, 
hydro, geothermal 

Coal, petroleum, 
natural gas, uranium 

Conclusion: 
Renewable energy is more environmentally sustainable and essential for 
long-term energy needs, while non-renewable sources, though widely used, 
are depleting and harmful to the environment. 
 
 
 

 
 (c) Derive the characteristics gas equation for a perfect gas with usual 

notations. 

Answer: 
Definition: 
A perfect gas (also called an ideal gas) is a hypothetical gas that obeys all 
gas laws under all conditions of temperature and pressure. 

Derivation of Characteristic Gas Equation: 
We start with Boyle’s Law and Charles’s Law: 

1. Boyle’s Law: 
At constant temperature (T): 
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2. Charles’s Law: 
 

 

Combining Boyle’s and Charles’s Law: 
At any condition: 
PV∝T  
Where, 
R = constant of proportionality (called gas constant) 

For ‘m’ kg of a gas: 
PV=mRT 
Where: 
 P = Pressure of gas (in N/m² or Pa) 
 V= Volume of gas (in m³) 
 m = Mass of gas (in kg) 
 R = Specific gas constant (in J/kg·K) 
 T = Absolute temperature (in Kelvin) 

For 1 mole of gas: 
PV=RˉT 

Where Rˉ\bar{R}Rˉ = Universal gas constant = 8.314 kJ/kmol·K or 8314 
J/kmol·K 

Final Form: Characteristic Gas Equation 
PV=mRT 

This is called the characteristic gas equation for a perfect gas. 

Units: 

Quantity Symbol Unit 

Pressure P N/m² (Pa) 

Volume V m³ 

Mass M kg 

Gas Const R J/kg·K 

Temp T K (Kelvin) 
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Conclusion: 
The equation PV=mRTPV  relates the pressure, volume, and temperature of 
a perfect gas and is valid under ideal conditions. It is fundamental in 
thermodynamics and used in many engineering applications. 
 

 
 
Q.2 

 
(a) 

 
State and explain zeroth law of thermodynamics and First law of 
thermodynamics. 

Answer: 
1. Zeroth Law of Thermodynamics: 
Statement: 
“If two systems are each in thermal equilibrium with a third system, then 
they are in thermal equilibrium with each other.” 
Explanation: 
This law defines the concept of temperature. 
It implies that if body A is in thermal equilibrium with body C, and body B 
is also in thermal equilibrium with body C, then body A and body B must 
be in thermal equilibrium with each other. 
꾅 This law allows the use of a thermometer to measure temperature. 

2. First Law of Thermodynamics: 
Statement: 
“Energy can neither be created nor destroyed; it can only be transformed 
from one form to another. The total energy of an isolated system remains 
constant.” 
Explanation: 
In thermodynamics, this law is expressed as: 

ΔQ=ΔU+ΔW 
Where, 
 ΔQ= Heat supplied to the system 
 ΔU = Change in internal energy 
 ΔW\ = Work done by the system 
This law is also called the law of conservation of energy in 
thermodynamic processes. 

Conclusion: 
 Zeroth Law establishes the concept of temperature. 
 First Law deals with the conservation of energy in thermodynamic 

systems. 
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 (b) With usual notations prove that Cp – Cv= R. 

Answer: 
Definitions: 
 Cp: Specific heat of a gas at constant pressure 
 Cv: Specific heat of a gas at constant volume 
 R: Specific gas constant 
 m: Mass of gas (in kg) 
 T: Temperature (in Kelvin) 
 Q: Heat supplied 
 U: Internal energy 
 W: Work done 
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First Law of Thermodynamics: 
Q=ΔU+W 

Let us consider unit mass of a perfect gas (i.e., m=1). 

1. At Constant Volume: 
 No work is done (since ΔV=0, so W=0 

UQv=ΔU 
⇒ΔU=CvΔT 

2. At Constant Pressure: 

Final Answer: 
Cp−Cv=R 

This is the required relation between specific heats for a perfect gas. 

Conclusion: 
This equation shows that the difference between specific heat at constant 
pressure and constant volume is equal to the gas constant RRR. 
 

 
 (c) Write a difference between SI engine and CI engine. 

Answer: 
Difference Between SI Engine and CI Engine: 

Sr. 
No. 

Spark Ignition (SI) Engine 
Compression Ignition (CI) 
Engine 

1. Fuel used is petrol or gasoline. Fuel used is diesel. 

2. 
Spark plug is used to ignite 
the air-fuel mixture. 

Fuel is self-ignited due to high 
temperature of compressed air. 

3. Works on Otto cycle. Works on Diesel cycle. 

4. 
Carburetor or injector 
supplies air-fuel mixture. 

Injector injects fuel directly into 
compressed air. 
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5. 
Compression ratio is lower 
(6:1 to 10:1). 

Compression ratio is higher 
(14:1 to 22:1). 

6. 
Engine is lightweight, used in 
light vehicles like bikes, cars. 

Engine is heavy, used in heavy-
duty vehicles like trucks, buses. 

7. 
Fuel consumption is higher, 
thermal efficiency is lower. 

Fuel consumption is lower, 
thermal efficiency is higher. 

Conclusion: 
 SI engines are commonly used in light-duty vehicles due to smooth 

operation and lower noise. 
 CI engines are preferred for heavy-duty applications due to higher 

efficiency and torque. 
 

 
  OR  

 (c) A sample of wet steam at pressure of 15 bar has a dryness fraction of 0.06. 
determine the enthalpy, volume, entropy and internal enthalpy per kg. 

Answer: 
Given: 
 Pressure, P=15 bar 
 Dryness fraction, x=0.06 
Use steam table data for saturated steam at 15 bar: 
Property Symbol Value (from steam tables) 

Saturation 
temperature 

Tsat 198.3°C 

Enthalpy of water Hf 844.6 kJ/kg 

Enthalpy of 
evaporation 

hfg 1945.1 kJ/kg 

Specific volume of 
water 

Vf 0.001176 m³/kg 

Specific volume of 
dry steam 

vg 0.13177 m³/kg 

Entropy of water sf 2.219 kJ/kg·K 

Entropy of 
evaporation 

sfg 4.407 kJ/kg·K 

Internal energy of 
water 

uf 
844.6 – (15 × 0.1 × 0.001176 × 
1000) ≈ 842.8 kJ/kg 

Internal energy 
of evap. 

Ufg 
1945.1 – (15 × 0.1 × 0.13177 × 
1000) ≈ 1945.1 – 197.7 = 1747.4 
kJ/kg 

Note: P=15 bar=1.5 MPa=1500 kPa 
Use approximation: u=h–Pv 

1. Specific Enthalpy (h): 
h=hf + x ⋅hfg 

h=844.6+0.06×1945.1=844.6+116.706=961.31 kJ/kg 

2. Specific Volume (v): 
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3. Specific Entropy (s): 
s=sf+ x⋅ sfg 

 
s=2.219+0.06×4.407=2.219+0.26442=2.483 kJ/kg.K  

4. Internal Energy (u): 

Final Answers (per kg): 

Property Symbol Value 

Enthalpy h 961.31 kJ/kg 

Specific 
Volume 

V 0.00901 m3/kg  

Entropy S 2.483 kJ/kg 

Internal 
Energy 

U 947.80 kJ/kg 

 
 

Q.3 (a) What is dryness fraction? Also state its importance. 

Answer: 
Definition of Dryness Fraction: 
The dryness fraction (x) of wet steam is defined as the ratio of the mass 
of dry steam to the total mass (dry steam + water) in the mixture. 

 
 It is a dimensionless quantity. 
 Its value ranges between 0 and 1: 

o x=0 → saturated water (no steam) 
o x=1→ saturated dry steam (no water) 
o 0<x<1 → wet steam 

Importance of Dryness Fraction: 
1. Thermodynamic Calculations: 

Dryness fraction is essential to determine enthalpy, entropy, internal 
energy, and volume of wet steam using steam tables. 

2. Efficiency of Steam Equipment: 
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It affects the efficiency of turbines, engines, and boilers. A higher 
dryness fraction indicates better quality steam and more efficient 
performance. 

3. Steam Quality Control: 
It is used to measure the quality of steam and control processes in 
thermal power plants and industries. 

Conclusion: 
The dryness fraction is a key parameter for analyzing the state and quality 
of wet steam, and plays a vital role in thermodynamic and energy system 
performance. 
 

 
 (b) List essential qualities of a good boiler. 

Answer: 
Essential Qualities of a Good Boiler: 
A good boiler should possess the following characteristics: 
1. Safe Operation: 

It must be safe to operate under all conditions and equipped with 
reliable safety devices (e.g., safety valve, water level indicator). 

2. High Efficiency: 
The boiler should convert the maximum possible heat energy from fuel 
into steam with minimal losses. 

3. Quick Steam Generation: 
It should be capable of generating steam rapidly to meet fluctuating 
load demands. 

4. Compactness: 
The boiler should occupy less floor area and be space-efficient. 

5. Ease of Installation and Operation: 
The boiler should be simple in design, easy to install, operate, and 
maintain. 

6. Strong Construction: 
It should be mechanically strong and made of materials that can 
withstand high pressure and temperature. 

7. Minimum Fuel Consumption: 
It should consume less fuel to produce a required amount of steam. 

8. Accessibility for Cleaning and Inspection: 
Internal parts should be easily accessible for cleaning, inspection, and 
repair. 

Conclusion: 
A good boiler ensures safety, efficiency, durability, and ease of 
operation, making it suitable for industrial and power generation 
applications. 
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 (c) One kg of air at 7 bar pressure and 900 C temperature undergoes a non-flow 
process. The law of expansion is PV1.1 =C. the pressure falls to 1.4 bar during 
process calculate (1) the final temperature (2) work done (3) Change in 

internal energy (4) Heat exchange. Take R= 287 J/kg.K and γ=1.4 for air. 

Answer: 
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Step 1: Final Temperature T2T_2T2 
Use polytropic relation: 

 

Step 2: Work Done (W) 
Formula for polytropic work done: 

Step 3: Change in Internal Energy (ΔU) 
ΔU=mCv(T2−T1) =1×717.5× (979.7−1173) 

ΔU=717.5× (−193.3) =−138715.5 J=−138.72 kJ 

Step 4: Heat Exchange (Q) 
Apply First Law of Thermodynamics: 

Q=ΔU+W= (−138.72) +555.77=417.05 kJ 

Final Answers: 

Quantity Value 

Final Temperature (T2) 979.7 K 

Work Done (W) 555.77 kJ 
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Change in Internal Energy (ΔU) −138.72 kJ 

Heat Exchange (Q) 417.05 kJ 

Conclusion: 
This complete and structured answer shows application of thermodynamic 
laws with proper formulas and calculations — suitable for securing full 7 
marks. 
Let me know if you'd like a handwritten-style practice version or formula 
sheet for polytropic processes. 
 

 
  OR  

Q.3 (a) What is priming? Why priming is required in centrifugal pump? 

Answer: 
What is Priming? 
Priming is the process of filling the suction pipe, casing, and a portion of 
the delivery pipe of a centrifugal pump with the liquid to be pumped 
(usually water), before starting the pump. 
This is done to remove air, gas, or vapors from the pump casing and 
suction line. 

Why Priming is Required in Centrifugal Pump? 
 A centrifugal pump cannot create suction on its own if air is present in 

the casing or suction pipe. 
 Air is compressible, so it does not allow proper pressure difference to 

lift the liquid. 
 Without priming, the impeller rotates in air, and no flow of liquid 

occurs. 
 Proper priming ensures that the pump starts delivering liquid 

immediately after starting. 

Conclusion: 
Priming is essential for the initial operation of a centrifugal pump to 
ensure it can generate the required suction and deliver liquid effectively. 
 

 

03 

 (b) List different mountings of boiler and explain any one in brief. 

Answer: 
Boiler Mountings: 
Boiler mountings are the essential fittings mounted on the boiler for safe 
and efficient operation. They are legally required for every boiler. 

List of Important Boiler Mountings: 
1. Safety Valve 
2. Water Level Indicator 
3. Pressure Gauge 
4. Steam Stop Valve 
5. Feed Check Valve 
6. Blow-off Cock 
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7. Fusible Plug 

Explanation of One Mounting (Example: Safety Valve): 
1. Safety Valve: 
 Function: 

The safety valve is used to release excess steam when the pressure 
inside the boiler exceeds the safe working limit. 

 Purpose: 
It prevents the boiler from exploding due to overpressure, ensuring 
safe operation. 

 Working: 
When pressure exceeds the preset limit, the valve opens automatically 
and discharges steam to the atmosphere. When pressure drops to a safe 
level, it closes again. 

 Types of Safety Valves: 
o Spring-loaded safety valve 
o Dead weight safety valve 
o Lever safety valve 

Conclusion: 
Boiler mountings like the safety valve are crucial for ensuring safe boiler 
operation and protecting both the equipment and personnel. 
 

 
 (c) With usual notation derive the expression for air standard efficiency of diesel 

cycle. 

Answer: 
Diesel Cycle Overview: 
The Diesel cycle consists of four processes: 
1. 1–2: Isentropic compression 
2. 2–3: Constant pressure heat addition 
3. 3–4: Isentropic expansion 
4. 4–1: Constant volume heat rejection 
Let: 
 r=V1/V2 = Compression ratio 
 rc=V3/V2 = Cut-off ratio 
 γ=Cp/Cv = Ratio of specific heats 
 T1,T2,T3,T4 = Temperatures at points 1, 2, 3, 4 respectively 

Step 1: Heat Supplied (Qin) 
Heat is added during constant pressure process 2–3: 

Qin=Cp(T3−T2) 

Step 2: Heat Rejected (Qout) 
Heat is rejected during constant volume process 4–1: 

Qout=Cv(T4−T1) 

Step 3: Air Standard Efficiency η\etaη 
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(1)  

Step 4: Temperature Relations Using Isentropic Processes 

But instead of substituting long temperatures, we use the final simplified 
efficiency formula derived by substituting above into equation (1). 

Final Expression for Air Standard Efficiency of Diesel Cycle: 

 
Where: 
 r = compression ratio 
 rc = cut-off ratio 
 γ = specific heat ratio (usually 1.4 for air) 

Conclusion: 
The efficiency of the Diesel cycle depends on the compression ratio rrr, 
the cut-off ratio rcr_crc, and the specific heat ratio γ\gammaγ. Higher rrr 
gives higher efficiency, but increasing rcr_crc reduces it. 
 

 

Q.4 (a) What is the difference between rigid coupling and flexible coupling? 

Answer: 

Point Rigid Coupling Flexible Coupling 

1. Flexibility 
It does not allow any 
misalignment between 

It allows slight 
misalignment between 
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shafts. connected shafts. 

2. 
Construction 

Simple and solid in 
construction. 

Contains flexible elements 
like rubber or springs. 

3. Vibration 
and Shock 

Does not absorb 
vibrations or shocks. 

Can absorb shocks and 
vibrations, reducing wear 
and tear. 

4. Application 
Used where accurate 
alignment is possible 
(e.g. lathes). 

Used where slight 
misalignment is expected 
(e.g. pumps). 

5. 
Maintenance 

Requires precise 
installation and 
alignment. 

Easier to maintain in less 
precise conditions. 

Conclusion: 
 Rigid coupling is suitable for precise, aligned shaft connections. 
 Flexible coupling is used when minor misalignment or vibration is 

expected. 
 

 
 (b) Explain working of Vapor absorption refrigeration system with neat sketch. 

Answer: 
Definition: 
A Vapor Absorption Refrigeration System (VARS) is a type of 
refrigeration system in which the compressor is replaced by an absorber, 
a generator, and a pump. It works on the principle of absorption of a 
refrigerant by a suitable liquid (absorbent). 

Working Principle: 
 The system uses low-grade thermal energy (like steam or waste heat) 

instead of mechanical energy. 
 The most common working pair is Ammonia (NH₃) as refrigerant and 

Water (H₂O) as absorbent. 

Main Components and Their Functions: 
1. Evaporator: 

Low-pressure liquid refrigerant absorbs heat from the surroundings and 
evaporates, producing cooling. 

2. Absorber: 
The low-pressure ammonia vapor from the evaporator is absorbed by 
water, forming a strong solution. 

3. Pump: 
This strong solution is pumped to the generator at high pressure. 

4. Generator: 
Heat is applied to the strong solution. Ammonia vapor separates from 
water due to heat. 

5. Condenser: 
The high-pressure ammonia vapor is condensed into liquid by rejecting 
heat to the atmosphere. 

6. Expansion Valve: 
The high-pressure liquid refrigerant is expanded to low pressure and 
sent to the evaporator. 
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Neat Sketch of Vapor Absorption Refrigeration System: 
 
Conclusion: 
The vapor absorption system uses heat energy instead of mechanical 
energy, making it suitable for locations where electricity is limited and 
waste heat is available. 
 

 
 (c) One kg of an ideal gas is heated from 180 C to 980 C assuming R=0.27 KJ/kgK 

and γ=1.18 for gas calculate (1) specific heats (Cp and Cv) (2) Change in 
internal energy (3) change in enthalpy. 

Answer: 
Given Data: 
 Mass of gas, m = 1 kg 
 Initial temperature, T₁ = 180°C = 180 + 273 = 453 K 
 Final temperature, T₂ = 980°C = 980 + 273 = 1253 K 
 R = 0.27 kJ/kg·K 
 γ (gamma) = 1.18 

1. Specific Heats (Cp and Cv): 
We know that: 

γ=Cp/Cv and R=Cp−Cv 
 

From these two equations, we can calculate: 
Step 1: Find CvC_vCv 

Step 2: Find CpC_pCp 
Cp=γ×Cv=1.18×1.5=1.77 kJ/kg.K 

2. Change in Internal Energy (ΔU): 
 

ΔU=m⋅Cv⋅(T2−T1) 
 

ΔU=1⋅1.5⋅(1253−453) =1.5⋅800=1200 kJ 

3. Change in Enthalpy (ΔH): 
ΔH=m⋅Cp⋅(T2−T1) 

 
ΔH=1⋅1.77⋅(1253−453)=1.77⋅800=1416 kJ 

Final Answers: 
Quantity Value 

Cv 1.5 kJ/kg·K 
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Cp 1.77 kJ/kg·K 

Change in Internal Energy (ΔU) 1200 kJ 

Change in Enthalpy (ΔH) 1416 kJ 
 

 
  OR  

Q.4 (a) Write the function of following I.C. Engine components: 
(1) Spark Plug (2) Injector (3) Piston Rings

Answer: 
(1) Spark Plug: 
 The spark plug is used in Spark Ignition (SI) engines. 
 It produces an electric spark at the end of the compression stroke, 

which ignites the compressed air-fuel mixture in the combustion 
chamber. 

(2) Injector: 
 The injector is used in Compression Ignition (CI) engines (diesel 

engines). 
 It atomizes the diesel fuel and injects it into the high-pressure, high-

temperature air in the combustion chamber for ignition. 
(3) Piston Rings: 
 Piston rings are fitted in the grooves of the piston. 
 Their functions are: 

o To maintain a gas-tight seal between the piston and cylinder 
wall. 

o To prevent leakage of combustion gases. 
o To control lubrication and reduce friction. 
o To transfer heat from the piston to the cylinder wall. 
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 (b) Define the terms: Hardness, Toughness, Ductility, Elasticity

Answer: 
1. Hardness: 
Hardness is the ability of a material to resist scratching, indentation, or 
penetration. 
 It is an indicator of a material’s resistance to wear and abrasion. 
 Example: Diamond has the highest hardness. 

2. Toughness: 
Toughness is the ability of a material to absorb energy and deform 
plastically without fracturing. 
 It indicates the material's capacity to withstand shock and impact 

loads. 
 Toughness = Area under stress-strain curve. 

3. Ductility: 
Ductility is the ability of a material to undergo significant plastic 
deformation before rupture. 
 A ductile material can be drawn into thin wires. 
 Example: Copper and aluminum are highly ductile. 

4. Elasticity: 
Elasticity is the ability of a material to return to its original shape and 
size after the removal of the deforming force. 
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 It follows Hooke’s Law within the elastic limit. 
 Example: Rubber and spring steel show good elasticity. 
 

 
 (c) It is required to find out the efficiency of an air standard Carnot Cycle with 

the following data. Minimum temperature of cycle 150 C, minimum pressure 
in cycle 1 bar. Pressure after isothermal compression 3.5 bar. Pressure after 
isentropic compression 10.5 bar. Assume R=0.287 KJ/kgK for air. What 

power would be produced if engine makes 2 cycles/second. 

Answer: 
Step 1: Find temperature after isentropic compression (T₃) 
From isentropic relation, we know: 

Step 2: Carnot Efficiency 

 

Step 3: Net Work Output per Cycle 

 
Assume 1 kg of air: 

=0.287×605.8×1.0986  
Qin≈0.287×665.25=190.9kJ 

Wnet=η⋅Qin=0.302×190.9=57.65kJpercycle 

Step 4: Power Output 
Given 2 cycles per second: 

P= W net × cycles/sec=57.65×2=115.3  kW 

Final Answer: 

07 



17 

 Efficiency of Carnot cycle: 30.2% 
 Power produced: 115.3 kW 
 

Q.5 (a) What is throttling calorimeter? Also state its limitation

Answer: 
Throttling Calorimeter: 
A throttling calorimeter is a device used to determine the dryness fraction 
(quality) of steam. It works on the principle of throttling process, where 
steam is expanded from high pressure to low pressure through a throttling 
valve or orifice without any heat exchange or work done (i.e., enthalpy 
remains constant, h1=h2). 
The steam sample is taken from the main steam line and passed through the 
throttling device. If the steam is sufficiently dry, it becomes superheated 
after throttling, and the temperature and pressure of this superheated steam 
are measured. Using steam tables, the enthalpy is then calculated to 
determine the dryness fraction (x). 

Limitation: 
 The throttling calorimeter cannot be used for very wet steam (i.e., low 

dryness fraction) because such steam may not become superheated after 
throttling. 

 If the steam remains in the wet region even after throttling, the 
temperature cannot be used to find enthalpy directly, and the result 
becomes inaccurate. 
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 (b) Explain working of split air conditioner. 

Answer: 
Answer: 
A split air conditioner is a type of air conditioning system that consists of 
two main units: 
1. Indoor unit (Evaporator) 
2. Outdoor unit (Compressor and Condenser) 
These units are connected by refrigerant pipes and electrical wiring. 

Working of Split Air Conditioner: 
1. Compression: 

o The compressor (in the outdoor unit) compresses the low-
pressure refrigerant vapor into high-pressure, high-
temperature vapor. 

2. Condensation: 
o This hot vapor passes through the condenser coil, where it loses 

heat to the outside air and gets converted into high-pressure 
liquid. 

3. Expansion: 
o The liquid refrigerant then passes through the expansion valve 

(capillary tube), which reduces its pressure and temperature. 
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4. Evaporation: 
o The low-pressure refrigerant enters the evaporator coil (in the 

indoor unit), where it absorbs heat from the indoor air and 
evaporates. 

o A blower fan circulates room air over the evaporator coil, 
cooling the air which is then sent back to the room. 

5. Cycle Repeats: 
o The vaporized refrigerant then returns to the compressor, and 

the cycle continues. 

Key Features: 
 It provides efficient cooling with low noise. 
 The indoor and outdoor units are physically separated, which reduces 

vibration and noise inside the room. 
 

 
 (c) Calculate the dimensions (diameter and stroke) of a double acting 

reciprocating compressor neglecting clearance volume from the following 
additional data: compressor power=10 kw, Compressor ratio=7, Inlet 
pressure=1 bar, Piston speed = 180 m/min, Law of compression = PV1.3=C, 

L/D = 1.5

Answer: 
We are to find: 
Diameter (D) and Stroke (L) of the compressor cylinder. 

Step 1: Power equation for reciprocating compressor (Polytropic 
Compression) 

 
Where: 
 P= Power = 10 kW = 10,000 W 
 p1= Inlet pressure = 100 kPa = 100 × 10³ Pa 
 r=p2/p1=7 (compression ratio) 
 n=1.3n=1.3 
 V= Swept volume flow rate in m³/s 

Step 2: Solve for Swept Volume Flow Rate (V) 
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Step 3: Use Piston Speed Formula 
For a double-acting compressor, effective volume per second is: 

V=2⋅A⋅L⋅N 
But since Piston Speed = 2LN, then: 

  

Step 4: Area of piston = πD²/4 

0.1141m=114.1mm  

Step 5: Use L/D = 1.5 
L=1.5⋅D=1.5⋅0.1141=0.1712 m=171.2 mm 

Final Answer: 
 Diameter (D) = 114.1 mm 
 Stroke (L) = 171.2 mm 
 

 
  OR  

Q.5 (a) Define brake and also state difference between clutch and coupling. 

Answer: 
Definition of Brake: 
A brake is a mechanical device used to slow down or stop the motion of a 
rotating shaft or wheel by applying frictional force. It converts kinetic 
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energy of the moving part into heat energy, which is then dissipated. 

Difference between Clutch and Coupling: 

Clutch Coupling 

A clutch is used to connect or 
disconnect two shafts while in 
motion. 

A coupling is used to permanently 
connect two shafts in order to 
transmit power. 

It allows engagement and 
disengagement during operation. 

It does not allow disengagement 
under normal working conditions. 

Commonly used in automobiles 
and machines for speed or 
torque control. 

Commonly used in pumps, 
compressors, and machinery to 
align or extend shafts. 

Designed for intermittent 
power transmission. 

Designed for continuous power 
transmission. 

 
 

 (b) Elaborate differences between reciprocating and rotary compressor? 

Answer: 
Difference between Reciprocating and Rotary Compressor: 

Point of 
Difference 

Reciprocating Compressor Rotary Compressor 

Working 
Principle 

Uses a piston moving back 
and forth (reciprocating 
motion) to compress air. 

Uses rotating elements 
like vanes, lobes, or 
screws to compress air. 

Pressure 
Range 

Suitable for high-pressure 
applications. 

Suitable for low to 
medium pressure 
applications. 

Delivery of 
Air 

Air is delivered 
intermittently (pulsating 
flow). 

Air is delivered 
continuously (steady 
flow). 

Speed of 
Operation 

Operates at low speed. Operates at high speed. 

Size and 
Vibration 

Larger size, more vibration 
due to reciprocating parts. 

Compact size, less 
vibration. 

Maintenanc
e 

Requires frequent 
maintenance due to more 
moving parts. 

Requires less 
maintenance. 

Application
s 

Used in workshops, 
automobile service stations, 
etc. 

Used in refrigeration, air-
conditioning, and 
pneumatic tools. 
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 (c) A six-cylinder four stroke petrol engine develop 300 KW brake power at 2500 
rpm. The stroke to bore ratio is 1.25. Assuming the mechanical efficiency as 
80% and mean effective pressure of 9 bar, determine the bore and stroke of 
engine. Also find the fuel consumption in kg/hr if indicated thermal efficiency 

is 30% and CV of fuel used is 41900 KJ/kg. 

Answer: 
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Step 1: Find Indicated Power (IP) 

 

Step 2: Use IP Formula for a Multi-Cylinder Engine 
For 4-stroke engine, IP is given by: 

 
Where: 
 L= stroke length in meters 
 A=π4D2= cross-sectional area of bore 
 N= rpm 
 n= number of cylinders 
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膆 Final Answer for Bore and Stroke: 
 Bore (D): 188.5 mm 
 Stroke (L): 235.6 mm 

Step 3: Find Fuel Consumption 
Indicated thermal efficiency: 

膆 Final Answer for Fuel Consumption: 
 Fuel Consumption: 107.4 kg/hr 
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