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SECTION A: THE TEN CORE TOPICS

1. Fundamental Concepts and Zeroth Law
Description: The foundational rules defining how matter interacts energetically. A system is the specific
region under study; properties define its condition (state). The Zeroth Law states that if system A is in
thermal equilibrium with system B, and B is with C, then A is in equilibrium with C.

Example: A thermometer reading the temperature of water in a pipe. The mercury inside the glass
reaches thermal equilibrium with the pipe, allowing accurate measurement.

Analogy: Imagine three rooms connected by open doors. If Room A is the same temperature as Room B,
and Room B is the same as Room C, then Room A and Room C must be identical in temperature.

2. Properties of Pure Substances
Description: The study of substances that have a homogeneous and invariable chemical composition
(like water) across different phases (solid, liquid, gas). It involves using steam tables or phase diagrams to
track transitions like boiling or condensation.

Example: Tracking how liquid water flashes into superheated steam inside a thermal power plant boiler to
ensure the steam carries enough energy to spin a turbine.

Analogy: Think of popcorn. Ice is the unpopped kernel, liquid water is the oil heating up, and steam is the
fully expanded, fluffy popcorn. Property tables act like the cooking instructions, telling you exactly when
the transition happens based on temperature and pressure.

3. First Law of Thermodynamics
Description: The law of Conservation of Energy. It dictates that energy cannot be created or destroyed,
only transformed from one form (like heat) to another (like mechanical work). For flowing systems, it is
calculated using the Steady Flow Energy Equation (SFEE).

Example: A steam turbine where high-pressure, high-temperature steam enters, transfers its thermal
energy to rotate the turbine blades (mechanical work), and exits as low-energy steam.

Analogy: A financial bank account. If you deposit R1,000 (heat in) and spend R600 (work out), your net
account balance (internal energy) must change by exactly R400. The money didn't disappear; it just
changed hands.

Thermodynamics in Mechanical Engineering

Author: Belltes Khoza Page 2 of 29



4. Second Law of Thermodynamics
Description: The rule dictating that energy has quality as well as quantity, and processes occur naturally
in only one direction. Heat naturally flows from hot to cold, and no machine can be 100% efficient
(Kelvin-Planck and Clausius statements).

Example: An internal combustion engine always rejects a massive amount of waste heat to the
atmosphere through the exhaust and radiator; it can never convert 100% of the fuel's chemical energy into
wheel rotation.

Analogy: Water flowing down a waterfall. Water naturally falls downwards (high potential to low potential).
You can use a waterwheel to catch some of that energy on the way down, but you can never catch every
single drop's energy, and the water will never flow back up on its own.

5. Entropy
Description: A measure of the molecular disorder or randomness within a system. It also quantifies the
amount of energy in a system that can no longer be used to do useful work. Entropy always increases in
the universe during any real, spontaneous process.

Example: Frictional pressure drops in a hydraulic pipe. Friction converts useful kinetic and pressure
energy into chaotic, microscopic thermal energy, increasing the system's total entropy.

Analogy: A neat stack of documents on a desk. If you drop them, they scatter randomly across the floor.
They will never spontaneously jump back into a neat stack on their own. Restoring order requires putting
in external effort (work).

6. Exergy (Availability)
Description: The maximum theoretically useful work that can be extracted from a system as it comes into
complete equilibrium with its surroundings (the dead state).

Example: Evaluating a geothermal reservoir. While it contains millions of Joules of thermal energy, its
actual 'exergy' is limited by how much colder the outside air temperature is compared to the underground
rock.

Analogy: Having a R1,000 gift card, but discovering it can only be spent at one specific store that charges
high prices. The total value is R1,000 (Energy), but your actual buying power or true usefulness is much
lower (Exergy).

7. Thermodynamic Power Cycles
Description: Closed thermodynamic sequences where a working fluid (like air or water) undergoes
continuous processes to convert heat into continuous mechanical work.
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Example: A jet engine operating on the Brayton Cycle, where ambient air is continuously compressed,
mixed with fuel and ignited, and then expanded through a turbine to create thrust.

Analogy: A spinning waterwheel in a continuous loop. Water is lifted up (heat input), falls over the wheel
to turn it (work output), and returns to the bottom to be lifted again, repeating the loop indefinitely.

8. Refrigeration and Heat Pump Cycles
Description: A reversed power cycle that uses mechanical work to force heat to flow against its natural
direction—moving it from a cold space to a hot space.

Example: A domestic refrigerator using a compressor to pump heat out of the cold food compartment and
reject it through the warm coils on the back of the fridge.

Analogy: Bailing water out of a leaking boat. Naturally, water wants to flood inside (heat entering a cold
room). You must constantly expend muscle power (work from a compressor) to scoop the water up and
throw it back out into the ocean.

9. Thermodynamic Relations
Description: Mathematical equations (like Maxwell's Relations) that connect properties that are incredibly
difficult to measure directly (like entropy or internal energy) to properties that are easy to measure (like
temperature, pressure, and volume).

Example: Calculating the internal energy changes of a new synthetic lubricant under immense pressure
by measuring how its volume changes when the temperature shifts.

Analogy: A doctor diagnosing your internal heart health by measuring your blood pressure and pulse on
your arm. They are using easily accessible surface measurements to understand hidden, complex internal
conditions.

10. Psychrometrics and Gas-Vapour Mixtures
Description: The study of the thermodynamic properties of moist air (a mixture of dry air and water
vapour), which is crucial for controlling temperature and humidity.

Example: Designing an HVAC air conditioning unit for a server room to cool the air down while
simultaneously condensing out moisture so the electronics do not short-circuit.

Analogy: A sponge holding water. At high temperatures, the sponge expands and can hold a massive
amount of water without dripping. If you squeeze the sponge or cool it down, it shrinks, and water begins
to wring out (condensation/dew point).
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SECTION B: THE HUNDRED CORE TERMS

1. Thermodynamic System
Description: A defined region in space or a specific quantity of matter chosen for thermodynamic study
and analysis.

Example: The interior space of an automotive engine cylinder where fuel and air mix and ignite.

Analogy: The playing boundary of a soccer field—everything inside is part of the game (the system), and
everything outside is the crowd.

2. Surroundings
Description: Everything outside the arbitrary boundaries of the thermodynamic system that can interact
with it.

Example: The ambient air surrounding a hot car radiator that absorbs the rejected heat.

Analogy: The spectators and stadium outside the soccer field lines who can cheer or throw a ball back
into play.

3. Boundary
Description: The real or imaginary surface that separates the thermodynamic system from its
surroundings. It can be fixed or movable.

Example: The metal walls and moving piston face inside an engine cylinder.

Analogy: The chalk lines on a soccer field that define whether the ball is in or out of bounds.

4. Closed System (Control Mass)
Description: A system where mass cannot cross the boundary, but energy (in the form of heat and work)
can freely pass through.

Example: A sealed refrigerant capsule being heated up during a stress test.

Analogy: A sealed water bottle left in a hot car. No water leaves, but the liquid inside gets warm.
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5. Open System (Control Volume)
Description: A system where both mass and energy can freely cross the selected system boundaries.

Example: An air compressor that continuously pulls in ambient air, compresses it, and pushes it out.

Analogy: A busy restaurant where customers (mass) and money/food (energy) constantly enter and leave
through the doors.

6. Isolated System
Description: A system that is completely closed off from its surroundings; neither mass nor energy can
cross its boundaries.

Example: The entire universe is treated as the ultimate isolated system because there is nothing outside
of it.

Analogy: A perfectly insulated, locked vault where nothing can get in, nothing can get out, and no heat
can penetrate.

7. Intensive Property
Description: A physical property of a system that is independent of the mass or size of the system.

Example: The temperature or pressure of steam inside a pipeline.

Analogy: The spiciness of a pot of soup. Taking a tiny spoonful or eating the whole bowl yields the exact
same level of spice.

8. Extensive Property
Description: A physical property that depends directly on the mass or size of the system.

Example: The total volume or total internal energy of air inside a storage tank.

Analogy: The total calories in a cake. A massive three-tier wedding cake has far more calories than a
single small slice.

9. State
Description: The exact condition of a system at a specific moment, uniquely identified by its
thermodynamic properties.

Example: Nitrogen gas stored in a tank at a stable state of 5 bar and 25°C.
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Analogy: A snapshot photo of a moving person that captures their exact coordinates, posture, and heart
rate at that millisecond.

10. Thermal Equilibrium
Description: A condition where no temperature differences exist within a system or between a system
and its surroundings, resulting in zero net heat transfer.

Example: A metal frying pan that has sat on a turned-off stove for hours, matching the exact room
temperature.

Analogy: A cup of hot coffee left out overnight that eventually cools down to perfectly match the
temperature of the room.

11. Pure Substance
Description: A substance that has a homogeneous and unvarying chemical composition throughout all its
phases.

Example: Water (H2O), which remains chemically identical whether it is solid ice, liquid water, or gaseous
steam.

Analogy: A pure gold bar. No matter where you slice it or melt it, it consists purely of gold atoms.

12. Saturation Temperature (T_sat)
Description: The specific temperature at which a pure substance changes phase at a given pressure.

Example: Water boiling at exactly 100°C under standard sea-level atmospheric pressure (1.013 bar).

Analogy: The exact ticket price required to enter a concert. If you don't hit that exact number, you don't
cross the threshold.

13. Saturation Pressure (P_sat)
Description: The specific pressure at which a pure substance changes phase at a given temperature.

Example: Liquid water boiling at a lower temperature of 69°C on top of Mount Everest because the
atmospheric pressure is lower.

Analogy: A heavy lid on a jack-in-the-box. The tighter you hold the lid down (higher pressure), the harder
the spring has to push up to pop open.
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14. Saturated Liquid
Description: A liquid that is on the brink of vaporising; adding even a tiny fraction of heat will cause some
of it to turn to vapour.

Example: Water sitting in a kettle at 100°C, just as the first tiny bubbles begin to form at the bottom.

Analogy: A critically overfilled water balloon. Adding just one single drop more will cause it to burst open
instantly.

15. Saturated Vapour
Description: A vapour that is on the brink of condensing; removing any amount of heat will cause it to turn
back into a liquid.

Example: Steam inside a boiler pipe that is precisely at its boiling temperature and will turn back into
water droplets if cooled.

Analogy: A cloud dense with moisture that is so heavy that the slightest cooling breeze causes it to start
raining immediately.

16. Superheated Vapour
Description: A vapour that is at a temperature higher than its saturation temperature for a given pressure,
meaning it is completely dry.

Example: High-temperature steam at 350°C and 10 bar driven into a turbine to prevent water droplets
from eroding the metal blades.

Analogy: A dry desert wind. It is so hot and far removed from its condensation point that there is zero risk
of it forming rain.

17. Compressed Liquid (Subcooled Liquid)
Description: A liquid that is at a temperature lower than its saturation temperature for a given pressure,
meaning it is nowhere near vaporising.

Example: Tap water at 20°C and 1 atm traveling through domestic plumbing pipes.

Analogy: A swimming pool on a mild spring day. The water is safely liquid and nowhere near hot enough
to evaporate into steam.
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18. Vapor Quality (x)
Description: The mass ratio of vapour to the total mass of a liquid-vapour mixture. It ranges from 0 (all
liquid) to 1 (all vapour).

Example: A wet steam mixture exiting a boiler with a quality of x = 0.85, meaning it is 85% steam and
15% liquid water by weight.

Analogy: A bowl of cereal with milk. The quality represents the exact percentage of crunchy flakes
compared to the heavy milk at the bottom.

19. Critical Point
Description: The unique state where the saturated liquid and saturated vapour states are completely
identical, above which distinct liquid and gas phases do not exist.

Example: Water at 373.95°C and 220.6 bar, where it transforms into a supercritical fluid with no visible
boiling boundary.

Analogy: Blending two paint colours until they merge completely. At a certain point, you can no longer tell
where the red ends and the blue begins; they form a seamless purple.

20. Triple Point
Description: The single precise temperature and pressure at which the solid, liquid, and gas phases
coexist in perfect, stable equilibrium.

Example: Water at 0.01°C and 0.00611 bar, where ice, liquid water, and water vapour can all be seen
dancing together in a vacuum chamber.

Analogy: A three-way tie in a race where all three runners cross the finish line at the exact same
millisecond.

21. Internal Energy (U)
Description: The total microscopic kinetic and potential energy stored inside the molecules of a
substance, separate from macroscopic motion.

Example: The rapid vibration and rotation of high-temperature gas molecules inside a closed combustion
chamber.

Analogy: The combined metabolic energy of a restless crowd standing inside a closed room, shifting
around and generating heat.
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22. Enthalpy (H)
Description: A total energy property defined as the sum of a system's internal energy plus the energy
required to displace its surroundings (H = U + PV).

Example: Evaluating the total energy content of flowing steam as it enters an industrial heat exchanger.

Analogy: The total cost of a vacation, which includes the money you spend on yourself (internal energy)
plus the tax or entrance fees required to occupy space at the resort (flow energy).

23. Boundary Work (P-dV Work)
Description: The mechanical work associated with the expansion or compression of a gas moving a real
boundary (like a piston).

Example: Expanding combustion gases pushing a piston downward in a car engine to turn the crankshaft.

Analogy: Blowing up a rubber party balloon. Your lungs must exert force to push the rubber walls outward
against the surrounding air.

24. Steady Flow Energy Equation (SFEE)
Description: An energy balance equation based on the First Law applied to open systems operating
under steady-state conditions, where mass flow is constant.

Example: Mathematical modeling of a power plant steam turbine to calculate power output based on fluid
inlet and outlet conditions.

Analogy: A conveyor belt system in a factory. The total weight of raw materials entering must exactly
match the products and waste leaving the belt.

25. Isothermal Process
Description: A thermodynamic process that occurs at a constant, unchanging temperature (∆T = 0).

Example: Slow, controlled compression of air inside a highly conductive cylinder wrapped in a cooling
jacket.

Analogy: Walking very slowly through a desert at night while carrying a small heater, adjusting it
constantly to keep your body temperature perfectly steady.

26. Isobaric Process
Description: A thermodynamic process that takes place at a constant, unchanging pressure (∆P = 0).
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Example: Heating water in an open pot on a stove, where the atmosphere keeps a constant pressure on
the surface.

Analogy: Walking in a straight line across a flat plane. No matter how far you walk, your elevation (and
atmospheric pressure) stays exactly the same.

27. Isochoric Process (Isometric)
Description: A thermodynamic process that occurs at a constant, unchanging volume (∆V = 0), resulting
in zero boundary work.

Example: Heating gas inside a rigid, welded steel pressure vessel.

Analogy: Trying to push open a solid brick wall. You can sweat and exert immense force (heat/pressure),
but because nothing moves, no actual work is done.

28. Adiabatic Process
Description: A process during which no heat is transferred into or out of the system (Q = 0).

Example: Rapid compression of air inside a diesel engine cylinder, happening so quickly that heat has no
time to escape through the walls.

Analogy: Drinking hot coffee from a perfectly insulated thermos flask. The liquid inside changes state or
pours, but no heat escapes to your hands.

29. Polytropic Process
Description: A real-world process that follows the mathematical relationship PV^n = C, where n is the
polytropic index adjusting for simultaneous work and heat transfer.

Example: The actual expansion of gas inside an industrial gas compressor where some heat leaks out
through the metal casing.

Analogy: Driving a car on a winding mountain road. It isn't perfectly flat (isobaric) or perfectly straight
(isothermal); it is a realistic blend of curves and elevation changes.

30. Throttling Valve
Description: A flow-restricting device (like a capillary tube or porous plug) that causes a significant drop in
fluid pressure without any work or heat transfer, keeping enthalpy constant.

Example: The expansion valve in an air conditioner that drops the pressure of liquid refrigerant, turning it
icy cold.
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Analogy: Placing your thumb tightly over the end of a garden hose. The water pressure drops drastically
as it sprays past your thumb into the open air.

31. Heat Reservoir
Description: A hypothetical body with a massive thermal energy capacity that can absorb or reject large
amounts of heat without changing its own temperature.

Example: The ocean absorbing cooling water from a coastal power plant, or the sun providing solar
radiation.

Analogy: Withdrawing a single drop of water from the ocean. The ocean's total water level does not
change in any measurable way.

32. Thermal Efficiency (η_th)
Description: A performance measure calculated as the ratio of net useful work produced to the total heat
energy inputted into a system.

Example: A car engine with a thermal efficiency of 35%, meaning 35% of the fuel's energy moves the car,
while 65% is wasted as heat.

Analogy: A financial investment. If you spend R100 on advertising and make R35 in pure profit, your
efficiency or return on investment is 35.

33. Coefficient of Performance (COP)
Description: The measure of efficiency for refrigerators and heat pumps, calculated as the desired
cooling or heating effect divided by the required work input.

Example: A residential heat pump with a COP of 4.0, meaning it moves 4 kW of heat energy indoors for
every 1 kW of electricity consumed.

Analogy: A lever mechanism. By pushing down with 10 kg of force, you are able to lift a heavy 40 kg
boulder on the other end because you are leveraging existing physics.

34. Kelvin-Planck Statement
Description: It is impossible for any device operating on a cycle to receive heat from a single reservoir
and produce a net amount of work without rejecting waste heat.

Example: A power plant must have a condenser unit connected to a cold river; it cannot simply run on a
hot boiler alone.
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Analogy: A business loop. You cannot run a company by only taking in revenues (heat input) without ever
paying for business expenses or taxes (heat rejection).

35. Clausius Statement
Description: It is impossible to construct a device that operates in a cycle and produces no effect other
than the transfer of heat from a cooler body to a warmer body without external work.

Example: A refrigerator will not cool food inside unless it is plugged into an electrical wall socket to drive
its compressor.

Analogy: Water will never flow uphill on its own. If you want water to climb a hill, you must install and
power a mechanical pump.

36. Heat Engine
Description: A thermodynamic device that converts thermal energy from a high-temperature source into
useful mechanical work while rejecting the remaining waste heat to a low-temperature sink.

Example: A massive coal-fired steam power plant turbine system.

Analogy: A traditional water mill. It takes high-energy water from the top of a stream, extracts mechanical
spinning energy via a wheel, and dumps the water out at the bottom.

37. Heat Pump
Description: A cyclic device that captures heat energy from a low-temperature environment and pumps it
into a warmer environment using a mechanical work input.

Example: A reverse-cycle air conditioner used to heat up a living room during freezing winter months.

Analogy: An energy sponge that absorbs water from a damp basement floor, is carried upstairs, and is
squeezed out into a warm bucket.

38. Reversible Process
Description: An idealised process that can be completely reversed in direction without leaving any trace
or permanent change on either the system or its surroundings.

Example: A completely frictionless, slow compression of a gas inside a perfectly insulated cylinder.

Analogy: A perfectly edited movie played backwards. Every actor moves back to their exact starting spot,
leaving no sign that the scene ever played forward.
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39. Irreversibility
Description: Real-world factors (like friction, unrestrained expansion, and heat transfer across a
temperature difference) that prevent a process from being perfectly reversible.

Example: Frictional heat generated in a car brake pad that dissipates into the air and cannot be
spontaneously reassembled to reverse the car's motion.

Analogy: Dropping an egg on the floor. No matter what you do, you cannot un-break the egg and return it
to its pristine shell.

40. Carnot Cycle
Description: An ideal, theoretical thermodynamic cycle consisting of four totally reversible processes that
delivers the highest possible efficiency between two operating temperatures.

Example: Used by mechanical engineers as the ultimate benchmark to see how close a real engine
design comes to thermodynamic perfection.

Analogy: A perfectly frictionless utopia. It cannot exist in reality, but it serves as the ultimate moral
blueprint for how to build a society.

41. Entropy (S)
Description: A thermodynamic property that quantifies the degree of molecular disorder, randomness, or
chaos within a system.

Example: The chaotic, unorganised state of gas molecules immediately after an explosive combustion
event inside a cylinder.

Analogy: A pristine deck of cards freshly opened out of the box (low entropy) that is then thoroughly
shuffled and tossed in the air (high entropy).

42. Clausius Inequality
Description: A mathematical criteria stating that for any cyclic process, the cyclic integral of heat transfer
divided by temperature is always less than or equal to zero.

Example: Used by quality control engineers to analyze experimental engine data; if the calculation yields
a value greater than zero, the data is impossible.

Analogy: An accounting audit statement. If your expenditures and balances do not match up according to
financial laws, the books are flagged as fraudulent.
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43. Isentropic Process
Description: A process that is both adiabatic (no heat transfer) and reversible (no friction), resulting in
zero change in system entropy (∆S = 0).

Example: An idealised, flawless steam turbine expansion where no energy is lost to internal fluid friction
or casing leaks.

Analogy: Sliding down a frictionless playground slide wrapped in a windproof suit. You accelerate
smoothly, losing zero kinetic energy to heat or air drag.

44. Entropy Generation (S_gen)
Description: The amount of extra entropy created within a system boundaries due to real-world
irreversibilities like friction or chemical reactions.

Example: The generation of unwanted disorder inside a throttling valve due to violent fluid turbulence.

Analogy: The buildup of dust and clutter in a house over a busy work week. It naturally generates itself
simply through the act of living.

45. Third Law of Thermodynamics
Description: The principle stating that the entropy of a pure crystalline substance at a temperature of
absolute zero is exactly zero.

Example: The baseline scientific principle used to establish absolute entropy values in reference
thermodynamic property tables.

Analogy: A militia marching formation frozen solid in time. If the temperature is absolute zero, every
single soldier stops moving entirely, creating perfect, flawless order.

46. T-s Diagram
Description: A thermodynamic property chart plotting Temperature (T) against Entropy (s), where the
area under the process curve represents total heat transfer.

Example: Drawing a cycle on a T-s chart to visually inspect where heat is added and rejected in a power
plant design.

Analogy: A GPS altitude map that shows the vertical climbs alongside the horizontal ruggedness of the
terrain.
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47. Principle of Increase of Entropy
Description: The law stating that the total entropy of an isolated system (or the entire universe) must
always increase or, at best, remain constant during any process.

Example: Understanding that a hot engine block cooling down in ambient air increases the net chaos of
the surrounding atmosphere's molecules.

Analogy: A teenager's bedroom. Left to its own devices without active work to clean it, it will naturally
become increasingly messy over time.

48. Fluid Friction
Description: Internal shear forces between fluid layers that convert high-quality kinetic energy into
low-grade thermal energy, creating entropy.

Example: High-viscosity oil passing through a narrow hydraulic valve, causing a pressure drop and
heating up the oil.

Analogy: Rubbing your palms together vigorously on a freezing day. The mechanical rubbing creates
heat due to surface resistance.

49. Microscopic Disorder
Description: The random, chaotic translational, rotational, and vibrational motions of individual atoms and
molecules that scale up to manifest as temperature and entropy.

Example: Gas molecules inside a high-pressure steam line ricocheting wildly off the metal pipe walls.

Analogy: A swarming hive of bees flying chaotically in every possible direction inside an enclosed box.

50. Carathéodory's Principle
Description: An alternative formulation of the Second Law stating that in the neighborhood of any given
state, there are states that cannot be reached via adiabatic pathways.

Example: Used in advanced thermodynamic physics to prove that you cannot cool a system down to
certain states without using specific external heat pathways.

Analogy: A one-way maze where, no matter how hard you steer, certain corridors are completely blocked
off from your current starting position.
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51. Exergy
Description: The maximum theoretically useful work that can be extracted from a system as it interacts
with its environment to reach a state of dead equilibrium.

Example: Evaluating a tank of compressed air at 200 bar to calculate exactly how many minutes it can
drive a pneumatic air motor.

Analogy: The spending power of your bank account. If you have R1,000 but owe R300 in immediate
banking fees, your true usable cash value is R700.

52. Dead State
Description: A state where a system is in complete thermal, mechanical, and chemical equilibrium with its
surroundings, rendering it unable to produce any useful work.

Example: Exhaust gas from a factory chimney that has cooled to 25°C and 1 atm, matching the ambient
outdoor air perfectly.

Analogy: A dead battery that has completely discharged its electrical potential until its voltage matches
the surrounding neutral air.

53. Reversible Work (W_rev)
Description: The maximum possible useful work that could be produced as a system undergoes a
process between two specified states under completely frictionless conditions.

Example: The theoretical maximum power an ideal hydroelectric turbine could harvest from a waterfall.

Analogy: The estimated fuel range on your car's dashboard under absolute perfect highway conditions
with zero wind resistance.

54. Exergy Destruction (X_dest)
Description: The permanent loss of useful work potential caused by irreversibilities within a process,
directly proportional to entropy generation.

Example: Energy wasted when high-pressure steam leaks past a damaged turbine blade seal without
turning the shaft.

Analogy: Dropping your wallet out of your pocket over a storm drain. That money is permanently gone
from circulation.
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55. Second-Law Efficiency (η_II)
Description: A ratio comparing the actual thermal efficiency of a device to the maximum possible (Carnot)
efficiency operating between the same temperature limits.

Example: A turbine with a first-law efficiency of 40% might have a second-law efficiency of 85%, showing
it is very close to its real thermodynamic limits.

Analogy: Grading a student on a curve. If the hardest possible score was 50%, and you scored 45%, you
performed excellently relative to the limit.

56. Available Energy
Description: The fraction of total heat energy transferred from a source that can be fully converted into
mechanical work via an ideal heat engine.

Example: The high-grade energy portion of heat harvested from a nuclear reactor core.

Analogy: The net salary deposit that hits your bank account after mandatory taxes have already been
auto-deducted.

57. Unavailable Energy
Description: The portion of heat energy that cannot be converted into useful work under any
circumstances and must be rejected to the environment.

Example: The low-grade warmth contained in the cooling water loop exiting a power plant's condenser.

Analogy: The chunk of your monthly income that goes directly toward paying income taxes—you can
never spend it on yourself.

58. Flow Exergy
Description: The useful work potential of a moving fluid stream as it crosses a control volume boundary,
factoring in its pressure, temperature, velocity, and elevation.

Example: Assessing the work potential of high-pressure natural gas rushing through a transcontinental
pipeline.

Analogy: The kinetic power of a rushing river current that can turn a watermill wheel simply by hitting it.
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59. Non-Flow Exergy
Description: The useful work potential of a fixed mass of gas trapped inside a closed system relative to
the environment's dead state conditions.

Example: Calculating the energy value inside a closed emergency air reservoir tank on a submarine.

Analogy: A compressed spring locked inside a box. It isn't moving anywhere, but it holds a massive store
of trapped mechanical potential.

60. Exergy Balance
Description: An accounting principle stating that the total exergy change of a system equals the net
exergy transfer minus the exergy destroyed by internal inefficiencies.

Example: Conducting a complete exergy audit of an industrial boiler to locate the exact components
causing the highest energy quality losses.

Analogy: A business ledger showing exactly where your money entered, where it was transferred, and
where it was lost to fees or theft.

61. Otto Cycle
Description: The idealised thermodynamic cycle for four-stroke, spark-ignition internal combustion
engines where heat addition occurs at a constant volume.

Example: The internal combustion cycle powering a standard unleaded petrol passenger car.

Analogy: A pogo stick jump. You land, compress the spring instantly at the bottom, ignite upward, and
release the pressure at the peak.

62. Diesel Cycle
Description: The idealised thermodynamic cycle for compression-ignition engines where fuel is injected
into hot air and burns at a constant pressure.

Example: The heavy-duty power cycle driving a commercial cargo truck or locomotive engine.

Analogy: Pushing a child on a playground swing. Instead of a sharp, sudden hit, you apply a smooth,
sustained push forward across a distance.
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63. Brayton Cycle
Description: The idealised thermodynamic power cycle for gas turbines and jet engines, featuring
constant-pressure heat addition and expansion through a turbine.

Example: The operation of a commercial Boeing 747 aircraft engine cruising at high altitude.

Analogy: A high-powered leaf blower. It continuously sucks in air, heats it up internally, and blasts it out
the nozzle at extreme velocity.

64. Rankine Cycle
Description: The idealised thermodynamic cycle for vapour power plants, where water changes phase
from liquid to steam to drive a turbine generator.

Example: A utility-scale coal or nuclear power station generating electricity for an entire city grid.

Analogy: A sauna steam room setup. Water is boiled to create intense steam, blown into a room to turn a
fan wheel, and condensed back.

65. Mean Effective Pressure (MEP)
Description: A theoretical constant pressure that, if applied to the piston throughout the power stroke,
would produce the exact same net work output.

Example: Automotive engineers use MEP to compare the performance displacement of different engine
designs independent of size.

Analogy: Your average speed over a long road trip. You slowed down for traffic and sped up on
highways, but the average tells the performance story.

66. Compression Ratio (r)
Description: The ratio of the maximum volume inside an engine cylinder (piston at bottom) to the
minimum volume (piston at top).

Example: A high-performance sports car engine built with a compression ratio of 11:1.

Analogy: Squeezing a giant, fluffy marshmallow down between your fingers until it is compressed into a
tiny, dense sugar puck.
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67. Regeneration
Description: A cycle modification where waste heat from hot exhaust gases is captured and used to
preheat the cold working fluid before entering the main boiler.

Example: Installing a regenerative heat exchanger in a gas turbine power plant to save millions of rands
in fuel costs.

Analogy: Using greywater from your warm shower to pre-warm the clean water tank filling up your
washing machine.

68. Reheat
Description: A power plant expansion strategy where steam is expanded through a turbine, returned to
the boiler to be reheated, and sent through a second turbine.

Example: Using a two-stage turbine system in a modern steam power plant to increase net efficiency and
protect blades from moisture.

Analogy: Taking a break midway through a long hike to eat an energy bar, giving you a second wind to
tackle the rest of the trail.

69. Cogeneration
Description: The simultaneous production of electricity and useful thermal energy (like district heating or
steam) from a single fuel source.

Example: A university campus power plant that generates electricity while using the waste steam to heat
up all the student residence halls.

Analogy: Baking a loaf of bread in your oven while simultaneously using the hot air venting from the top to
dry out wet shoes sitting nearby.

70. Back Work Ratio (BWR)
Description: The fraction of work produced by a turbine that must be diverted backward to power the
cycle's compressor or pump.

Example: Gas turbine engines have a high BWR of 40-60%, meaning over half the turbine power goes
simply into keeping the compressor spinning.

Analogy: Running a business where 60% of your daily sales revenue goes directly toward paying the
electricity bill just to keep the lights on.
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71. Vapour-Compression Refrigeration
Description: The most widely used refrigeration cycle, where a working fluid cycles through evaporation,
compression, condensation, and expansion.

Example: The standard operation of a domestic kitchen refrigerator or home air conditioning unit.

Analogy: A sponge cycle. You press a dry sponge against a water spill indoors, carry it outside, squeeze
it out into the sun, and repeat.

72. Refrigerant
Description: The specialized working fluid that circulates through a refrigeration system, undergoing
phase changes at low temperatures to move heat.

Example: R-134a or R-410A gases flowing sealed inside air conditioning lines.

Analogy: The armoured security vehicle that safely transports cash back and forth between local bank
branches and a central vault.

73. Compressor
Description: A mechanical device that consumes work to draw in low-pressure vapour refrigerant and
compress it into a high-pressure, high-temperature gas.

Example: The hermetically sealed black motor unit humming at the bottom rear of your home refrigerator.

Analogy: Packing a sleeping bag tightly into its tiny travel stuff-sack. It requires physical muscle power,
making the bag dense and warm.

74. Condenser (Refrigeration)
Description: A heat exchanger component where high-pressure refrigerant vapour rejects heat to the
external environment and condenses into a liquid.

Example: The warm, wire-mesh metal grid coils mounted on the exterior back wall of an appliance.

Analogy: A crowded dance floor cooling down. As people step out of the hot club into the crisp night air,
they slow down and cluster close.

75. Expansion Device
Description: A restriction component (like a capillary tube) that drops the pressure of liquid refrigerant,
causing its temperature to plummet.
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Example: A thermal expansion valve (TXV) controlling refrigerant flow into an automotive air conditioner
dashboard evaporator.

Analogy: Spraying an aerosol deodorant can onto your arm. The liquid passes through the tiny nozzle jet,
instantly feeling icy cold.

76. Evaporator
Description: A heat exchanger component where low-pressure liquid refrigerant absorbs heat from the
cold space, boiling off into a vapour.

Example: The cold, frosted internal coils hidden behind the plastic panels inside your kitchen freezer
compartment.

Analogy: Rubbing alcohol evaporating off your skin. It absorbs the natural warmth directly from your arm,
leaving your skin chilled.

77. Ton of Refrigeration
Description: A unit of cooling capacity equivalent to the rate of heat transfer required to freeze 1 short ton
of water into ice in 24 hours (3.517 kW).

Example: Sizing a commercial building air conditioner that has a rated capacity of 5 Tons of Refrigeration.

Analogy: Measuring the strength of a modern truck engine in horsepower—referencing old-school animal
power to describe performance.

78. Gas Refrigeration Cycle
Description: A refrigeration cycle where the working fluid remains a gas throughout the entire loop
without changing phase, relying on gas expansion.

Example: Environmental control systems used to cool down commercial aircraft cabins using air bled
from the jet engines.

Analogy: Blowing air through compressed lips to cool down a hot spoonful of soup. The air expands as it
exits your mouth, cooling down.

79. Absorption Refrigeration Cycle
Description: A refrigeration cycle that uses a heat source instead of a mechanical compressor to drive
the cooling process with an absorbent fluid pair.
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Example: A gas-powered camping fridge that runs silently on a tiny propane flame without any moving
parts.

Analogy: Using a chemical sponge like salt to soak up water, then using a heater to dry out the salt so it
can be reused to soak up more.

80. Global Warming Potential (GWP)
Description: An environmental index measuring how much heat a greenhouse gas traps in the
atmosphere relative to carbon dioxide (CO2).

Example: Phase-out of older refrigerants like R-22 in favour of natural refrigerants like Propane (R-290)
with ultra-low GWP.

Analogy: Comparing the insulating thickness of blankets. A thin sheet traps a little heat, while a heavy
down duvet traps a massive amount.

81. Maxwell’s Relations
Description: A set of thermodynamic equations derived from calculus properties that link partial
derivatives of P, V, T, and S.

Example: Used by materials engineers to determine entropy changes mathematically simply by
monitoring how a metal's volume changes.

Analogy: A code-breaker matrix that lets you instantly translate a secret language you can't read into your
native tongue.

82. Clapeyron Equation
Description: An equation relating the slope of a phase boundary line on a P-T diagram to the enthalpy
and volume changes during phase transition.

Example: Calculating the exact latent heat of vaporisation of a new eco-friendly refrigerant without having
to boil it in a lab.

Analogy: Predicting the exact steepness of a mountain trail by studying a flat contour map and measuring
the distance between lines.

83. Joule-Thomson Coefficient
Description: A property value that dictates whether a fluid's temperature will increase or decrease when it
undergoes an isenthalpic pressure drop.
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Example: Ensuring the coefficient is positive when designing gas liquefaction plants so that expanding the
gas makes it colder.

Analogy: A personality test response. Some people get stressed and frantic when under pressure drops,
while others remain calm and cool.

84. Helmholtz Function (A)
Description: A thermodynamic potential defined as A = U - TS, representing maximum useful work
obtainable from a closed system at constant V and T.

Example: Used in chemical engineering research to map out stable equilibrium states for closed polymer
reactions.

Analogy: The net energy an athlete has available for a match after factoring out energy lost to nervous
sweat and muscle tension.

85. Gibbs Function (G)
Description: A thermodynamic potential defined as G = H - TS, representing maximum useful
non-expansion work obtainable at constant P and T.

Example: Analyzing fuel cell reactions to calculate the maximum electrical voltage output achievable from
a hydrogen-oxygen reaction.

Analogy: The net profit a business owner takes home after paying both production costs (enthalpy) and
mandatory employee benefits.

86. Equation of State
Description: Any mathematical formula (like PV = nRT) that mathematically models the state of a
substance across changing conditions.

Example: Programming the Van der Waals equation into simulation software to track high-pressure gas
behaviour in a pipeline.

Analogy: A tailored sizing chart for clothing. It uses your height and waist measurements to accurately
predict what garment size fits.

87. Compressibility Factor (Z)
Description: A modification multiplier defined as Z = PV / RT that measures how much a real gas
deviates from ideal gas behavior.
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Example: Calculating Z for high-pressure natural gas reservoirs to prevent dangerous over-pressurisation
of drill rigs.

Analogy: A traffic correction factor. If roads are empty, travel time matches your GPS; if gridlock hits, you
need a multiplier.

88. Cyclic Relation
Description: A calculus partial derivative identity stating that the product of three interlocking partial
derivatives around a cycle equals exactly negative one.

Example: Used to verify that computational fluid dynamics (CFD) equations remain mathematically sound
and stable during simulations.

Analogy: A rock-paper-scissors loop. Every choice connects back to the start in a fixed circle, creating a
balanced, closed loop.

89. Internal Pressure
Description: A measure of how the internal energy of a substance changes as its volume expands at a
constant temperature, reflecting molecular forces.

Example: Evaluating the cohesive intermolecular forces holding liquid molecules together inside
high-stress hydraulic lines.

Analogy: The magnetic attraction holding a cluster of metal ball bearings together. If you pull them apart,
you must exert force.

90. Virial Coefficients
Description: Temperature-dependent correction parameters used in power-series equations of state to
account for multi-molecule interactions.

Example: Refining precision formulas for high-density hydrocarbon processing plants to match laboratory
precision data.

Analogy: Adding individual safety rule adjustments to a classroom handbook based on how children
misbehave in pairs versus large crowds.

91. Dry-Bulb Temperature
Description: The true, ambient air temperature measured by a standard thermometer exposed freely to
the air but shielded from radiation.
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Example: Checking the outdoor ambient air temperature displayed on a weather app to calibrate an office
HVAC system.

Analogy: Reading the standard air temperature dial on your car's dashboard during an afternoon drive.

92. Wet-Bulb Temperature
Description: The lowest temperature achievable by evaporatively cooling a thermometer bulb wrapped in
a water-soaked cloth exposed to air current.

Example: Using a sling psychrometer to assess if the air is dry enough for industrial cooling towers to
operate efficiently.

Analogy: The intense shivering sensation you feel when stepping directly out of a swimming pool on a
windy day while still soaking wet.

93. Dew-Point Temperature
Description: The temperature to which air must be cooled at a constant pressure for water vapour to
begin condensing out into liquid droplets.

Example: Designing automotive defogger vents to keep front car windscreens warmer than the cabin dew
point to prevent fogging.

Analogy: The beads of cold water forming on the outside surface of an icy beverage can on a hot, humid
summer afternoon.

94. Relative Humidity (ϕ)
Description: The ratio of the actual mass of water vapour present in the air to the maximum mass of
water vapour the air could hold at that same temperature.

Example: Setting an office building climate control system to maintain a comfortable relative humidity
level of 50%.

Analogy: A half-full passenger bus. It currently holds 25 people, but it has the structural seating capacity
to carry exactly 50 people.

95. Humidity Ratio (ω)
Description: The actual absolute mass of water vapour per unit mass of completely dry air (expressed as
grams of water per kilogram of dry air).
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Example: Calculating precision mass balances for air drying equipment inside a pharmaceutical
manufacturing cleanroom.

Analogy: Counting the exact number of chocolate chips baked into every kilogram of cookie dough to
ensure recipe consistency.

96. Psychrometric Chart
Description: A comprehensive graphical chart plotting all major properties of moist air to simplify HVAC
design calculations.

Example: Using a psychrometric chart to plot the cooling and dehumidification pathway of air entering a
hospital ventilation system.

Analogy: A multi-functional cheat sheet chart that lets you instantly cross-reference height and weight to
find clothing fit.

97. Adiabatic Saturation
Description: A process where unsaturated air is passed over a long water channel inside an insulated
duct until it leaves fully saturated.

Example: Modeling the baseline cooling limits of commercial industrial desert evaporative swamp coolers.

Analogy: Blowing air through a long, dripping wet towel tunnel until the air exiting the other side feels
completely moist and cool.

98. Sensible Heat Transfer
Description: Heat transfer that causes a direct change in the temperature of a system without causing
any phase changes.

Example: Running hot water through a copper coil inside a duct to warm up winter air before blowing it
into an office building.

Analogy: Turning up the thermostat on an electric stove burner, watching the heating coil element glow
brighter as it gets hotter.

99. Latent Heat Transfer
Description: Heat transfer associated with the addition or removal of moisture (phase change) that
occurs without changing the dry-bulb temperature.
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Example: The operation of a dehumidifier unit that extracts heavy water vapour from damp cellar air while
leaving air temperature unchanged.

Analogy: Melting an ice cube completely down to water inside a glass; the contents remain at 0°C until
the last sliver of ice disappears.

100. Cooling Tower
Description: A massive industrial device used to reject waste heat from a power plant into the
atmosphere by evaporatively cooling a water stream.

Example: The large, hyperbolic concrete chimneys seen venting white water vapour plumes at electrical
generation stations.

Analogy: Blowing gently across a hot mug of tea to cool it down; a small amount of tea evaporates away
as steam, leaving the tea cool.
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