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The Sixteenth and Seventeenth Lecture

(Carnot Power Cycle and Reversed Carnot
Cycle)

Pre-Lecture Questions:

=

What is the Carnot cycle, and why is it important in thermodynamics?

2. How does the reversed Carnot cycle function in refrigeration and heat pump
applications?

3. What factors affect the efficiency of the Carnot cycle?

Carnot Power Cycle
A. Definition

e Carnot Cycle: A theoretical thermodynamic cycle that provides the maximum
efficiency possible for a heat engine operating between two temperature reservoirs.

B. Components of the Carnot Cycle

The Carnot cycle consists of four reversible

processes: Isothermal Process

Heat exchanged between system and
surrounding at constant temperture

1. Isothermal Expansion (Process 1-2): The
working substance (usually a gas) absorbs heat
(Qn) from the hot reservoir at a constant
temperature Ty. During this process, the gas
expands, doing work on the surroundings.

Surrounding

System '}/2/2/2/4/1;;
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Here is the diagram illustrating the isothermal expansion process, where the gas absorbs heat
from the hot reservoir and expands while doing work on the surroundings.

2. Adiabatic Expansion (Process 2-3): The gas continues to expand without heat
exchange with the environment. Its temperature decreases from Ty to Tc.
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The diagram illustrating the adiabatic expansion process in thermodynamics has been
generated.

3. Isothermal Compression (Process 3-4): The gas is compressed at a constant
temperature T, rejecting heat (Qc) to the cold reservoir. Work is done on the gas.

A — — {
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Here is the image illustrating the isothermal compression process (Process 3-4) where
the gas is compressed at a constant temperature Tc, rejecting heat Qc to the cold
reservoir.

4. Adiabatic Compression (Process 4-1): The gas is further compressed adiabatically,
raising its temperature from T¢ back to Ty.
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Here is the visual representation of the adiabatic compression process. It shows the
compression of gas, along with the temperature increase from T¢ to Ty.

y Isothermal expansion

i
®

compression

=
Py = Dl%@

|
l
Adiabatic —— T
|
|
|
|

Adiabatic expansion

Volume




C. Efficiency of the Carnot Cycle

The efficiency (n) of the Carnot cycle can be calculated using the following formula:

Tc

=1 —
: Ty

Where:

e Ty = Absolute temperature of the hot reservoir (Kelvin)
e T¢ = Absolute temperature of the cold reservoir (Kelvin)

D. Example Problem:

Calculate the efficiency of a Carnot engine operating between 500 K (hot reservoir) and
300 K (cold reservoir).

Solution:

Ty 300

— = 1 _— = .4 400

Ty 500 — O-4or40%

Reversed Carnot Cycle

A. Definition

e Reversed Carnot Cycle: A thermodynamic cycle that operates in reverse, converting

work into heat transfer from a cold reservoir to a hot reservoir. This cycle is essential
in refrigeration and heat pump applications.

B. Components of the Reversed Carnot Cycle

The reversed Carnot cycle also consists of four processes, but they operate in the opposite
direction:

1. Isothermal Compression (Process 1-2): The refrigerant absorbs heat (Q¢) from the
cold reservoir at a constant temperature T¢ while being compressed.
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Here is the illustration of the isothermal compression process in a refrigeration cycle,
showing the refrigerant absorbing heat from the cold reservoir at a constant
temperature.

2. Adiabatic Compression (Process 2-3): The refrigerant continues to be compressed
adiabatically, increasing its temperature from T¢ to Ty.
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Here is the image illustrating the adiabatic compression process (Process 2-3), where
the gas is compressed without heat exchange, resulting in a temperature rise from Tc
to TH.




3. Isothermal Expansion (Process 3-4): The refrigerant releases heat (Qp) to the hot
reservoir at a constant temperature Ty.
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Here is the visual representation of the isothermal expansion process, showing the
refrigerant releasing heat (QH) to the hot reservoir at a constant temperature (TH).

4. Adiabatic Expansion (Process 4-1): The refrigerant expands adiabatically,
decreasing its temperature back to Tc.
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Here is the visual representation of the isothermal expansion process, showing the refrigerant
releasing heat (Qp) to the hot reservoir at a constant temperature (Ty).

C. Coefficient of Performance (COP)

The efficiency of the reversed Carnot cycle is measured using the coefficient of performance
(COP), given by:

COP — Qe _ _Tc
W Ty - TIc

Where:

e Qc = Heat absorbed from the cold reservoir
e W = Work input

D. Example Problem:

Calculate the COP of a Carnot refrigerator operating between 280 K (cold reservoir) and
320 K (hot reservoir).

Solution:

_ To 280 280 _
coP = Ty —Te 320280 40 7

Applications of the Carnot Cycle

A. Heat Engines

o The Carnot cycle serves as a benchmark for real heat engines, allowing engineers to
evaluate performance and design more efficient systems.

B. Refrigeration Systems

o The reversed Carnot cycle is the ideal model for refrigeration cycles, providing
insights into improving the efficiency of real refrigerators and air conditioners.

C. Heat Pumps

e Similar to refrigeration, heat pumps utilize the reversed Carnot cycle to transfer heat
from a cold space to a warmer space, enhancing energy efficiency in heating
applications.




Post-Lecture Questions:

1. Why is the Carnot cycle considered an ideal model, and what are its limitations in
real-world applications?

2. How can engineers improve the efficiency of refrigeration systems based on the
principles of the reversed Carnot cycle?

3. Can you provide examples of real-life applications where the Carnot cycle is used as a
standard for performance measurement?

The Eighteenth and Nineteenth Lecture

(Study of Steam and Steam Properties -
Using Steam Tables)

Pre-Lecture Questions:

1. What is steam, and why is it important in thermodynamic systems?
2. How does steam behave when it changes phases?
3. What are the main applications of steam in mechanical systems?

Definitions and Key Concepts:

1. Steam:

o Steam is the vapor form of water that is produced when water is heated above
its boiling point. In thermodynamic systems, steam is often used as a working
fluid, especially in power plants and heating systems.

2. Saturation Temperature and Pressure:

o The saturation temperature is the temperature at which water boils for a given
pressure. Conversely, saturation pressure is the pressure at which water boils
for a given temperature. The relationship between temperature and pressure is
critical in steam systems.

3. Phases of Steam:

o Wet Steam: Contains both water and steam (two-phase mixture).

o Dry Saturated Steam: Steam that contains no water droplets and exists at the
saturation temperature.

o Superheated Steam: Steam that is heated beyond its saturation temperature.

4. Steam Properties:

o Specific Volume (v): The volume occupied by a unit mass of steam.

o Enthalpy (h): The total energy content of the steam per unit mass. It includes
both internal energy and flow work.




o Entropy (s): A measure of disorder in the steam system, often used to
determine the direction of heat transfer processes.

Steam Tables:

Steam tables are used to determine the thermodynamic properties of steam (like temperature,
pressure, enthalpy, and specific volume) at various stages (liquid, vapor, or mixture). They
are essential for analyzing thermodynamic cycles, especially in systems using steam like
Rankine cycles.

o Saturated Steam Table: Lists properties of steam at its saturation point for various
pressures and temperatures.

Saturated Water and Steam
P T, Vs Yy Ug hq hyy h, S Stg g

[bar] r [m’/kg] [ki/kg] [kJ/kg] [kJ/kgK]

0.006112 0.01 206.1 ot 2375 0* 2501 2501 ot 9.155 9.155
0.010 70 129.2 29 2385 29 2485 2514 0.106 8868 8974
0.015 13.0 87.98 55 2393 55 2470 2525 0.196 8631 8827
0.020 17.5 67.01 73 2399 73 2460 2533 0261 8462 8723
0.025 21.1 54.26 88 2403 88 2451 2539 0312 8330 8642
0.030 24.1 45.67 101 2408 101 2444 2545 0354 8222 8576
0.035 26.7 39.48 112 2412 112 2438 2550 0391 8130 8.521
0.040 290 34.80 121 2415 121 2433 2554 0422 8051 8473
0.045 31.0 31.14 130 2418 130 2428 2558 0451 7980 8431
0.050 329 28.20 138 2420 138 2423 2561 0476 7918 8.39%
0.055 346 25.77 145 2422 145 2419 2564 0500 7.860 8.360
0.060 36.2 23.74 152 2425 152 2415 2567 0.521 7.808 8.329
0.065 37.7 22.02 158 2427 158 2412 2570 0.541 7.760 8.301
0.070 39.0 20.53 163 2428 163 2409 2572 0559 7715 8274
0.075 40.3 19.24 169 2430 169 2405 2574 0576 7.674 8.250
0.080 115 18.10 174 2432 174 2402 2576 0.593 7634 8227
0.085 427 17.10 179 2434 179 2400 2579 0608 7.598 8.206
0.090 438 16.20 183 2435 183 2397 2580 0622 7.564 8.186
0.095 448 15.40 188 2436 188 2394 2582 0636 7.531 8.167
0.100 458 14.67 192 2437 192 2392 2584 0649 7500 8.149
0.12 494 12.36 207 2442 207 2383 2590 0696 7.389 8.085
0.14 526 10.69 220 2446 220 2376 2596 0.737 7294 8.031
0.16 553 9432 232 2450 232 2369 2601 0772 7213 7985
0.18 57.8 8.444 242 2453 242 2363 2605 0804 7.140 7944
0.20 60.1 7.648 251 2456 251 2358 2609 0832 7075 7907
0.22 62.2 6.994 260 2459 260 2353 2613 0858 7016 7874
024 64.1 6.445 268 2461 268 2348 2616 0882 6962 7.844
0.26 65.9 5979 276 2464 276 2343 2619 0904 6913 7817
0.28 67.5 5.578 283 2466 283 2339 2622 0925 6866 7.791
0.30 69.1 5.228 289 2468 289 2336 2625 0944 6823 7.767
Nl INA AQ21 208 2470 208 2229 T ke ] 0040 £ 702 1 94¢

e Superheated Steam Table: Provides data for steam that is heated above the
saturation temperature.




Superheated Steam
p/[bar] T
- SO 100 150 200 250 300 400  S00
(T,/1°C)) [l
v
0 u=h—-RT u 2446 2517 2589 2662 2737 2812 2969 3132
atp =0 h 2595 2689 2784 2880 2978 3077 3280 3489
S
v, 206.1 v 2439 2817 3195 3573 3950 4328 5083 5838
0.006112 u, 2375 u 2446 2517 2589 2662 2737 2812 2969 3132
(0.01) hy 2501 h 2595 2689 2784 2880 2978 3077 3280 3489
s, 9.155 s 9468 9739 9978  10.193 10390 10.571 10.897 11.187
v, 1292 v 1491 1722 1953 2184 2414 2645 3107 3568
0.01 u, 2385 u 2446 2517 2589 2662 2737 2812 2969 3132
(1.0) h, 2514 h 2595 2689 2784 2880 2978 3077 3280 3489
s, 8974 s 9241 9512 9751 9966 10.163 10.344 10.670 10.960
v, 2820 v 2978 3442 3904 4366 4828 5290 6213 7136
0.05 u, 2420 u 2445 2516 2589 2662 2737 2812 2969 3132
(329) h, 2561 h 2594 2688 2784 2880 2978 3077 3280 3489
s, 8.394 s 8496 8768 9.008 9223 9420 9.601 9927 10217
v, 14.67 v 1487 1720 1951 2183 2414 2645 3106 3568
0.1 u, 2437 u 2443 2516 2588 2662 2736 2812 2969 3132
(45.8) h, 2584 h 2592 2688 2783 2880 2977 3077 3280 3489
s¢ 8.149 s 8173 8447 8688 8903 9.100 9.281 9.607  9.897
v, 3.239 t 3420 3890 4356 4821 5284 6209 7.134
0.5 u, 2483 u 2512 2585 2660 2735 2812 2969 3132
(81.3) h, 2645 h 2683 2780 2878 2976 3076 3279 3489
s, 7.593 s 7694 7940 8158 8355 8537 8864  9.154
v, 2217 t 2271 2588 2901 3211 3521 4138 4755
0.75 u, 2496 u 2510 2585 2659 2734 2811 2969 3132
91.8) hy 2662 h 2680 2779 2877 2975 3075 3279 3489
sg 1456 s 7500 7750 7969 8167 8349 8676 8967
v, 1.694 r 1696 1937 2173 2406 2639 3.103  3.565
1 u, 2506 u 2506 2583 2659 2734 2811 2968 3131

Examples of Using Steam Tables:

1. Saturated Steam Example:
o If we have water at 100°C and standard atmospheric pressure, the steam tables
show the corresponding saturation pressure is 101.3 kPa.
2. Superheated Steam Example:
o For steam at a temperature of 200°C and a pressure of 1 MPa, we can use the
superheated steam tables to find its enthalpy and entropy.

Applications of Steam:

1. Power Generation:
o Steam is a key component in thermal power plants, where it drives turbines to
generate electricity.
2. Heating Systems:
o Steam is also used in heating applications, such as in boilers for residential or
industrial use.
3. Refrigeration and Cooling:
o Steam can be utilized in absorption refrigeration systems, making use of waste
heat in a steam cycle.




Example Problems:

1. Problem 1: Calculate the specific volume and enthalpy of saturated steam at 150°C using the
steam tables.
Solution: From the steam tables, at 150°C:
» Specific volume v, = 0.3923 m°/kg
» Enthalpy h, = 2776.2 kl/kg
2. Problem 2: If steam at 1 MPa is superheated to 300°C, find the enthalpy and specific volume
from the superheated steam tables.
Solution: From the superheated steam tables, at 1 MPa and 300°C:
e Enthalpy h, = 3068 kl/kg

 Specific volume v, = 0.2572 m*/kg

Post-Lecture Questions:

1. What are the differences between wet steam, dry steam, and superheated steam?
2. How can steam tables be used to calculate the properties of steam in a Rankine cycle?
3. Why is steam superheating important in power plants?

The Twentieth Lecture

Calculations of the Properties for Liquid-Vapor
Mixture (Wet Steam)

Pre-Lecture Questions:

=

What is the difference between dry steam and wet steam?

2. Why is it important to calculate the properties of liquid-vapor mixtures in
thermodynamics?

3. How do we use steam tables to find properties of wet steam?




Definitions and Key Concepts:

1. Wet Steam (Liquid-Vapor Mixture):

o Wet steam refers to steam that contains both liquid water and vapor in a
mixture. It occurs when steam is not fully vaporized and still has droplets of
liquid water suspended in it.

o Wet steam is characterized by the dryness fraction (x), which indicates the
proportion of vapor in the mixture. The dryness fraction ranges from 0 (pure
liquid) to 1 (pure vapor).

2. Dryness Fraction (x):

e The dryness fraction is a key property in determining the condition of wet steam. It is

defined as:
mass of vapor

~ total mass of mixture
A value of = 0.8 means that 80% of the mixture is vapor and 20% is liquid.

3. Specific Properties of Wet Steam:

e The properties of wet steam (such as enthalpy, volume, and entropy) depend on the

dryness fraction. These properties can be calculated using the following general formulas:
hyet = hy + x(h, — hy)

Uwet = Vf 4 :c('ug 'qu)

Swer = 87+ 2(s, — 57)
* Where hy, vy, sy represent the saturated liquid properties, and hy, v,, 8, represent the

saturated vapor properties.
4. Steam Tables:

e Steam tables are used to find the values of enthalpy {h.f, h.g}, volume (v, v,), and entropy

(87, 8,) at specific pressures or temperatures.

Detailed Calculations for Wet Steam Properties:

Example 1: Enthalpy of Wet Steam




e Given:
e Pressure: 1 MPa
e Dryness fraction (x): 0.85

e From the steam table:
e At1MPa hy = T762.8kJ/kg, h, =2777.1kJ kg
e Calculation:
hyet = hy + x(h, — hy)
et = 762.8 1 0.85 x (2777.1 — 762.8)
Byt = 762.8 + 0.85 x 2014.3

Bt = T62.8  1712.2 = 2475kJ /kg

Example 2: Specific Volume of Wet Steam

* Given:
* Pressure: 500 kPa
* Dryness fraction (z): 0.7
¢ From the steam table:
* At 500 kPa: vy = 0.001093 m?* /kg, v, = 0.3749 m* /kg

e Calculation:

Uwet — Uf ;ZL'('UQ 'qu)
Uywet — 0.001093 + 0.7 x (0.3749 0.001093)
wet = 0.001093 + 0.7 x 0.373807

Vet = 0.001093 + 0.261665 = 0.262758 m* /kg

Practical Applications of Wet Steam:

1. Steam Turbines:

o Wet steam is common in steam turbines. Managing the dryness fraction is
critical because a high percentage of liquid water can damage turbine blades.
2. Heat Exchangers:
o In heat exchangers, wet steam is often used to transfer heat efficiently.

Controlling the dryness fraction helps optimize heat transfer while preventing
excessive condensation.

3. Steam Heating Systems:




o Wet steam is used in heating systems where heat is transferred from the steam
to another medium, such as water or air. Ensuring proper steam quality
improves the efficiency of the system.

Example Problems:

1. Problem 1:

¢ Find the enthalpy of wet steam with a dryness fraction of 0.6 at a pressure of 200 kPa.

Solution:

e From the steam tables:
e hy=>504.7Tk]J/kg, h, = 2201.3kJ /kg

hwet = 504.7 + 0.6 x (2201.3 5{]4.7] = 504.7 + 1017.96 = l522.66kJ;"kg
2. Problem 2:

¢ Calculate the specific volume of wet steam at 600 kPa with a dryness fraction of 0.75.

Solution:

* From the steam tables:
e v;=0.001101 m* /kg, v, = 0.3157m” /kg

Uyet = 0.001101 + 0.75 x (0.3157 — 0.001101) = 0.001101 + 0.235572 = 0.236673 m” /kg

Post-Lecture Questions:

=

How does the dryness fraction affect the properties of wet steam?

2. Why is it important to calculate the enthalpy and volume of wet steam in
thermodynamic applications?

3. What are some practical systems where controlling the dryness fraction of steam is

critical?
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The Twenty-First and Twenty=-Second Lecture

(Steam Processes at Constant Pressure,Volume
= Isentropic Process, Adiabatic Process &
Applications)

Pre-Lecture Questions:
1. What is the difference between constant pressure and constant volume processes?

2. How is an isentropic process different from an adiabatic process?
3. Where are these processes applied in refrigeration and air conditioning systems?

Key Definitions and Concepts:
1. Steam Process at Constant Pressure (Isobaric Process):

e In an isobaric process, the pressure remains constant throughout, but the volume and
temperature can change. This process is common in boilers, condensers, and other
steam applications.

e Formula for Work Done (W) in Isobaric Process:

W=PAV
Where P is the constant pressure and AV is the change in volume.

o Application:

o Atypical example is the boiler in steam power plants, where water is heated at
constant pressure to convert it into steam.

2. Steam Process at Constant Volume (Isochoric Process):

e In an isochoric process, the volume remains constant, but the pressure and
temperature can change. No work is done since there is no change in volume.

Formula:
W=0
e Application:

o In certain phases of refrigeration cycles, such as in closed containers, the
volume remains constant as heat is added or removed.

3. Isentropic Process:




e An isentropic process is a reversible adiabatic process where there is no change in
entropy (AS = 0). Heat transfer does not occur, but work can be done.
e Formula for Isentropic Process (Steam):

T, B P, (y—1)/
I, \P

Where T}, T, are temperatures, P;,P; are pressures, and vy is the specific heat ratio.

e Application:
o Isentropic processes occur in the compression and expansion stages of turbines
and compressors in refrigeration cycles, where the process is nearly reversible
and adiabatic.

4. Adiabatic Process:

o In an adiabatic process, no heat is transferred into or out of the system (Q=0). It can
be reversible or irreversible. In this case, all the energy is used to perform work or
change internal energy.

e Formula for Adiabatic Process:

PV = PV

Where PPP is pressure, V is volume, and vy is the adiabatic index (ratio of specific
heats).

o Application:
o Adiabatic processes are common in compressors, where gases are compressed
without exchanging heat with the surroundings.

Detailed Calculations for Isentropic and Adiabatic Processes:
Example 1: Isentropic Expansion in a Steam Turbine

e Given:
o Initial Pressure (P;) =5 MPa
o Final Pressure (P;) =1 MPa
o Initial Temperature (T;) = 500°C
e From steam tables:
o At 5 MPa and 500°C, specific enthalpy h;=3375 kJ/kg
o At 1 MPa (isentropic expansion), use T from tables.
e Result:
o The expansion of steam in turbines can be modeled as an isentropic process
where no heat is transferred, and the steam does work.

Example 2: Adiabatic Compression in a Compressor




e Given:

o Initial Volume (V;) =0.5 m?

o Final Volume (V;) =0.2 m?

o Pressure before compression (P;) =200 kPa
o Using Adiabatic Equation:

Where v = 1.4 for air.

* Calculation:

0.5\
P, = 200 x (ﬁ) =200 x 2.5 = 672.3kPa

Applications in Refrigeration and Air Conditioning:

1. Compressors (Adiabatic Process):

o Compressors in refrigeration systems often work under adiabatic conditions,
where the gas is compressed without losing heat to the surroundings. This
process raises the temperature and pressure of the refrigerant, which then
flows through the condenser.

2. Turbines (Isentropic Process):

o In steam turbines, steam expands isentropically, converting thermal energy
into mechanical work. This process is critical in power plants and cooling
systems.

3. Heat Exchangers (Constant Pressure Process):

o In heat exchangers, especially in evaporators and condensers, the process is

often conducted at constant pressure, facilitating efficient heat transfer.

Example Problems:
Problem 1:
e A steam turbine operates under isentropic conditions. If the inlet steam is at 6 MPa

and 600°C, and the exit pressure is 0.1 MPa, find the final temperature after
expansion using steam tables.

Solution:

e From steam tables, find h1h 1h1 at 6 MPa and 600°C, and then use the isentropic
relationship to find the exit properties.

Problem 2:




e A compressor compresses air adiabatically. The initial pressure and volume are 100
kPa and 1 m?, respectively, and the final volume is 0.2 m?. Find the final pressure.

Solution:

o Using the adiabatic equation, calculate the final pressure using

P, =P (%) ,

where y=1.4.

Post-Lecture Questions:
1. How do you differentiate between an isentropic and an adiabatic process in terms of
heat exchange?

2. What role does constant pressure play in the functioning of boilers and condensers?
3. Where are isentropic and adiabatic processes commonly used in refrigeration cycles?

The Twenty=-Third and Twenty-Fourth
Lecture

(The Rankine Cycle - Processes, Examples)

Pre-Lecture Questions:
1. What is the Rankine cycle, and how is it different from other thermodynamic cycles?

2. What are the main components of a Rankine cycle?
3. How is the Rankine cycle applied in refrigeration and air conditioning systems?

Processes of the Rankine Cycle:

The Rankine cycle consists of four main processes that occur between the different
components of the system:

1. Isentropic Compression (Pump):
o Process: Water (in liquid state) is pumped from low pressure (in the
condenser) to high pressure (in the boiler).
o Formula for work in the pump:




Woump=V*<AP

where v is the specific volume, and AP is the pressure difference.

o Application: The pump raises the pressure of the liquid to the pressure of the
boiler.
in

(
| T

Wpump.in %

’é)
Pump :
Turbine
@... T Condenser l— @
v Gout
TA

,Wlurh.oul

Y

»
" 4
(I oul

Wpu mp.in

The simple 1deal Rankine cycle.

2. Isobaric Heat Addition (Boiler):

Process: The pressurized liquid enters the boiler, where it is heated at a
constant pressure. As it absorbs heat, the water turns into steam.

o




o Formula for heat added:
Qin:mx(hg_hf)

where m is the mass flow rate, hg is the enthalpy of saturated steam, and hf is
the enthalpy of saturated liquid.

o Application: The boiler adds heat to the system, converting the liquid into
superheated steam.
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3. Isentropic Expansion (Turbine):
o Process: The superheated steam expands through a turbine, converting the
steam's thermal energy into mechanical work. This expansion happens at
constant entropy (isentropic).

Formula for turbine work:

\Nturbine:rn>< (hin_hout)

where hj, and h,, are the specific enthalpies of steam at the inlet and outlet of
the turbine.




o Application: The steam drives the turbine to generate mechanical power.
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4. Isobaric Heat Rejection (Condenser):

o Process: The steam leaves the turbine at a lower pressure and temperature and
enters the condenser, where it is cooled down at a constant pressure to become
saturated water (or liquid).

o Formula for heat rejected:

Qout:rn>< (hg_hf)

o Application: The condenser removes the heat from the system, allowing the
steam to condense into water and be pumped back to the boiler.
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Rankine Cycle Efficiency:

o The efficiency of the Rankine cycle can be calculated by comparing the net work
output to the heat added:

- ,
o W turbine W purmp

Q in

o Increasing the efficiency of the Rankine cycle can be done by using superheating,
reheating, or regeneration methods.

Applications of the Rankine Cycle:

1. Power Plants:
o The most common application of the Rankine cycle is in steam power plants,
where it converts thermal energy from the combustion of fossil fuels into
electricity.




Power plants and the Rankine cycle

Power station
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Condenser ==

2. Geothermal Plants:
o Geothermal plants also use the Rankine cycle by utilizing heat from the Earth's
crust to produce steam, which drives turbines to generate electricity.
3. Nuclear Power Plants:
o Innuclear plants, the heat produced by nuclear fission is used to generate
steam, which then drives a turbine through the Rankine cycle.

Example Problem:
Problem 1:

A steam power plant operates on the Rankine cycle. Steam enters the turbine at 4 MPa and
400°C and is condensed in the condenser at 10 kPa. The pump operates with an isentropic
efficiency of 100%. Calculate the work done by the turbine, work input to the pump, and the
cycle efficiency.

e Solution Steps:




1. Use steam tables to find enthalpies at different stages.
2. Calculate turbine work: Wiyppine = m X (hiy, — By )-

3. Calculate pump work: W, = v X AP.

4. Calculate cycle efficiency using 7 = ”er— Wy

Post-Lecture Questions:

1. How does the Rankine cycle convert heat into mechanical work?

2. What is the role of the condenser in the Rankine cycle?

3. How can you increase the efficiency of the Rankine cycle?

4. In what types of power plants is the Rankine cycle commonly used?

The Twenty-Fifth Lecture

(The Vapor Compression Cycle - Processes,
Examples,and Applications)

Pre-Lecture Questions:

1. What is the basic principle of the vapor compression cycle used in refrigeration and
air conditioning?

2. Can you identify the main components involved in the vapor compression cycle?

3. How does each process in the cycle contribute to the overall functioning of
refrigeration systems?

Introduction to the Vapor Compression Cycle:

The vapor compression cycle (VCC) is a widely used thermodynamic cycle in refrigeration
and air conditioning systems. It operates by removing heat from a designated area (low-
temperature reservoir) and transferring it to another area (high-temperature reservoir) using a
refrigerant. The cycle consists of four main processes: compression, condensation, expansion,
and evaporation.




Processes of the Vapor Compression Cycle:

1. Compression:

o Description: The low-pressure vapor refrigerant enters the compressor, where
it is compressed to a high-pressure vapor. This process increases both the
temperature and pressure of the refrigerant.

o Formula for Work Done:

Wcompressor:h2_hl

Where h; and h; are the enthalpies at the inlet and outlet of the compressor,

respectively.
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2. Condensation :
o Description: The high-pressure vapor refrigerant leaves the compressor and
enters the condenser. In the condenser, the refrigerant releases heat to the




surrounding environment and changes from vapor to liquid at a constant
pressure.
o Formula for Heat Rejected:

Qout:hZ_h3

Where h; is the enthalpy of the saturated liquid.
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3. Expansion:

o Description: The high-pressure liquid refrigerant passes through an expansion
valve, where it undergoes a sudden decrease in pressure, resulting in a drop in
temperature as it expands.

o Heat Absorbed:

Qin=h3_h4

Where hy is the enthalpy of the vapor entering the evaporator.
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4. Evaporation:

o Description: The low-pressure liquid refrigerant enters the evaporator, where
it absorbs heat from the environment, causing it to evaporate into vapor at a
constant temperature.

o Heat Absorption:

Qin:h4_h1
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Vapor Compression Cycle Efficiency:

o The effectiveness of the vapor compression cycle is often assessed using the
Coefficient of Performance (COP), which indicates how efficiently the cycle
performs cooling relative to the work input.

e Formula for COP:

C{OP — QITL

I I COTNPTESSoT




Where Qi, is the heat absorbed by the evaporator and W compressor 15 the work done by
the compressor.

Applications of the Vapor Compression Cycle:

1. Refrigeration Systems:
o The vapor compression cycle is fundamental in refrigeration systems, such as

refrigerators and freezers, where it effectively removes heat from the interior
to keep food and other perishables cool.
o Diagram of a Refrigerator Setup:
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2. Air Conditioning Systems:
o Air conditioners utilize the vapor compression cycle to cool indoor spaces,

removing heat and providing comfort for occupants.
o Diagram of an Air Conditioning System:
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3. Heat Pumps:
o Heat pumps operate on the vapor compression cycle, serving both heating and
cooling purposes by reversing the flow of the refrigerant.
o Diagram of a Heat Pump System:
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Example Problems:
Problem 1:
A vapor compression refrigeration system operates with refrigerant R-134a. The refrigerant
enters the compressor at 5°C and 1 bar and exits at 40°C and 8 bar. Calculate the work done
by the compressor and the heat absorbed by the evaporator.
e Steps to Solve:
1. Use refrigerant tables to find enthalpy values at different states.
2. Calculate the work done by the compressor using the enthalpy values.
3. Calculate the heat absorbed by the evaporator.
Problem 2:

An air conditioning system operates at a COP of 3. If the system provides 10 kW of cooling,
how much work does the compressor do?

o Formula to Solve:

Q'ﬂ n

.[11’7{'01#11"!“5'{()!‘ —
! COP




Post-Lecture Questions:

1. How does the vapor compression cycle work to provide cooling?
2. What is the significance of each component in the vapor compression cycle?
3. How can the performance of a vapor compression cycle be optimized?
4. What types of refrigerants are commonly used in vapor compression systems?
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The Twenty=Sixth, Twenty=-Seventh and
Twenty=-Eighth Lecture

(Fuel - Definitions, Properties, and
Applications in Boilers and Cooling Systems)

Pre-Lecture Questions:

1. What are the main types of fuels used in boilers and cooling systems?
2. How do the properties of fuel affect the efficiency of boilers and cooling systems?
3. What role does fuel play in energy generation and heat transfer processes?

Introduction to Fuel:

Fuel is any material that can be burned or otherwise consumed to produce energy. In the
context of mechanical engineering, particularly in refrigeration and air conditioning systems,
fuel plays a critical role in providing the necessary energy for heating, cooling, and operating




various machinery. Fuels can be categorized into two main types: fossil fuels (such as coal,
oil, and natural gas) and renewable fuels (such as biofuels and hydrogen).

Properties of Fuel:

The efficiency and performance of boilers and cooling systems depend significantly on the
properties of the fuel used. Key properties include:

1. Calorific Value:

o Definition: The amount of energy produced per unit mass or volume of fuel
when it is completely burned. It is usually expressed in units such as MJ/kg
(megajoules per kilogram) or BTU/Ib (British Thermal Units per pound).

o Importance: A higher calorific value indicates a more efficient fuel that can
generate more energy for heating or cooling applications.

2. Viscosity:

o Definition: A measure of a fluid's resistance to flow. Fuels with lower
viscosity are easier to pump and atomize, leading to better combustion.

o Importance: Fuel viscosity affects the efficiency of the combustion process
and overall system performance.

3. Flash Point:

o Definition: The lowest temperature at which a fuel can vaporize to form an
ignitable mixture in air.

o Importance: A lower flash point indicates a higher risk of fire and
necessitates special handling precautions.

4. Density:
o Definition: The mass of fuel per unit volume, usually expressed in kg/m? or
g/cm?,

o Importance: Density affects storage, transportation, and combustion
characteristics of the fuel.

Applications of Fuel in Boilers:

1. Boiler Operation:

o Description: In boilers, fuel is burned to produce heat, which is then
transferred to water or steam to generate energy. Common fuels include
natural gas, fuel oil, and coal.

o Efficiency Considerations: The efficiency of a boiler can be significantly
affected by the type of fuel used, its properties, and the combustion system
design.
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2. Cooling Systems:




o Description: While cooling systems primarily use electricity, they may rely on
fuel-powered generators or absorption chillers that utilize fuels like natural gas
or propane for heat-driven cooling applications.

o Diagram of an Absorption Chiller System:
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Example Problems:
Problem 1:

A boiler operates with fuel oil having a calorific value of 42 MJ/kg. If the boiler consumes
100 kg of fuel oil, calculate the total energy produced.

e Formula to Solve:
Total Energy=Fuel Consumed x Calorific Value
Problem 2:

If a fuel has a viscosity of 5 cSt (centistokes), determine if it is suitable for use in a specific
combustion system that requires a viscosity below 10 cSt.

Post-Lecture Questions:

=

What factors influence the choice of fuel for a boiler or cooling system?

2. How do the properties of fuel impact energy efficiency in heating and cooling
applications?

Why is it important to monitor the characteristics of fuel used in industrial systems?
4. What safety measures should be considered when handling fuels?

w




The Twenty=-Ninth and Thirtieth Lecture

(Boilers - Types and Characteristics)

Pre-Lecture Questions:
1. What is the primary function of a boiler in mechanical systems?

2. What are the main types of boilers, and how do they differ from each other?
3. How do boiler characteristics influence their efficiency and performance?

Introduction to Boilers:
A boiler is a closed vessel that heats water or other fluids to generate steam or hot water for
various applications, including heating, power generation, and industrial processes. Boilers

are essential components in mechanical engineering, especially in HVAC (Heating,
Ventilation, and Air Conditioning) systems and refrigeration applications.

Types of Boilers:

Boilers can be classified into several types based on different criteria:

1. Fire-Tube Boilers:

o Description: In fire-tube boilers, hot gases from the combustion process pass
through tubes submerged in water. The heat from the gases transfers to the
water, generating steam.

o Advantages: Simple design, easy to operate and maintain, and relatively low
initial cost.

o Applications: Suitable for low-pressure steam applications and heating.




2. Water-Tube Boilers:

o

Description: Water-tube boilers circulate water through tubes heated by hot
gases. The pressure inside the tubes is higher than in fire-tube boilers.
Advantages: Can produce high-pressure steam, higher efficiency, and faster
response to load changes.




o Applications: Used in power plants, industrial processes, and high-pressure
applications.
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3. Electric Boilers:
o Description: Electric boilers use electric heating elements to heat water
directly. They can be either steam or hot water generators.
Advantages: High efficiency, low emissions, and compact design.
Applications: Ideal for smaller applications, residential heating, and areas
with limited fuel availability.




4. Biomass Boilers:

o

Description: Biomass boilers burn organic materials (like wood pellets or
agricultural waste) to produce heat.

Advantages: Renewable energy source, lower carbon emissions compared to
fossil fuels.

Applications: Used in residential heating, industrial applications, and district
heating systems.




Characteristics of Boilers:

1. Efficiency (sslsl):

o Definition: Efficiency refers to the ratio of useful energy output to the energy
input. High-efficiency boilers use less fuel to produce the same amount of
steam or hot water.

o Importance: Higher efficiency results in lower operational costs and reduced
environmental impact.

2. Pressure Rating:

o Definition: The maximum pressure a boiler can safely operate under.
Common classifications include low-pressure (< 15 psi) and high-pressure (>
15 psi) boilers.

o Importance: Pressure rating affects the type of applications the boiler can
serve.

3. Fuel Type:

o Description: Boilers can operate on various fuels, including natural gas, oil,
coal, and biomass. The choice of fuel affects operational costs and emissions.

o Importance: Different fuels have different combustion properties, which
impact boiler design and efficiency.

Example Problems:
Problem 1:

A fire-tube boiler has an efficiency of 85% and produces 10,000 kg of steam per hour.
Calculate the fuel consumption if the calorific value of the fuel used is 42 MJ/kg.

¢ Formula to Solve:

Energy Output

Fuel Consumption =
i Efficiency x Calorific Value

Problem 2:

Determine the pressure rating required for a steam application that operates at 12 psi. Discuss
the implications of using a low-pressure versus a high-pressure boiler.

Post-Lecture Questions:

1. What factors should be considered when selecting a boiler for a specific application?
2. How do boiler types influence maintenance requirements and operational costs?
3. What safety considerations are essential for boiler operation?




4. Why is it important to understand the characteristics of boilers in engineering
applications?
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