» The Carnot Cycle

Reversible process (It 1t &) — ideal process

Irreversible (or Real) process — the opposite

Consider a heat engine with every process reversible and the cycle is
also reversible —> i.e. if a cycle is reversed, the heat engine becomes
a refrigerator

v This is the most efficient cycle that can operate between two
constant temperature reservoirs — CARNOT CYCLE —
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A Carnot Cycle (Heat Engine) (working fluid = steam)

Assume all processes are reversible
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4 Processes in a Carnot Cycle

+ Areversible Q,isothermal process (High-T > Steam)
+ Reversible adiabatic process in turbine — W

+ Reversible isothermal process for - O,

- Reversible adiabatic process on the pump

- Reverse the flow > Refrigerator

- Carnot Cycle (Working fluid = Gas) Ol &[0l 2|8t Carnot AO|2
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for an ideal gas as working fluid, Carnot cycle can be expressed as
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- Thermodynamic temperature scale
Consider 3 engines, 3 Carnot engines

| T =Hian|
+Q1 O, is the same for engine B and C
since cycles are reversible
W,.\ - s El1
In general term, for a Carnot cycle
Qg
Tz C W %: f(T)
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f 03 “Definition of Absolute
IE Temperature’
By Lord Kelvin (*)
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With this definition, the Carnot efficiency may be expressed in terms of
absolute temperature,

(0] T
nthermal =l-=t= 1_7L
QH TH

- Kelvin proposed a Carnot engine that required heat at the temperature
of the steam point and rejected heat at the temperature of the ice

point.
T .
M = 1-1e — 02680 or —“M—0.7320 (1)
TH steam point
and use
Tsteum point Tice point — 100 (2)

Now solve (1) and (2) simultaneously and find Kelvin Temperature!

T oump =373.15K
Ticept =27315K ~NFres e —~
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Now extending “cycle” to a “process”...
Some examples of a process:

- combustion process in an automobile
- cooling of a cup of coffee
+ chemical processes that take place in our body

Energy? Entropy? Both are abstract concept!

+ Generalization of 2M Law for a process (Not cycle limited!)

 Inequality of Clausius says

{fsTQso
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« Again the Inequality of Clausius says

- This is a consequence of the 2nd Law.

- This is true for both reversible + irreversible cycle, heat engines,
refrigerators.
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« Consider a reversible heat engine system

m (*) becomes
M B

=H _"H
. QL TL
+ For all irreversible cycle,
§§ < ()
T

+ For both cycles (reversible & irreversible):
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* Example
Consider a simple power plant that demonstrates the inequality of
Clausius.
sat . vap.
0.MPa

2

. Turbine
Boiler
3% 0% quality,
15kPa
sat, 9.1
0. ™Pa Condenser
1
Pump }

10% quality,
15kPa

Q: Does this cycle satisfy the inequality of Clausius?
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Answer to the previous question:
Heat transfer takes place in two places, the boiler and the condenser.

§% = j (%) boiter T I ( 5Q ) condenser

T
Note T is constant across boiler, condenser.
1 1
— Q +— Q —————————— *
Tl 1,2 T3 3,4 ( )

For Boiler, look up steam table
At1) x=0, p, =0.7MPa, h, =697.22 k%g

9) x=1, p, =0.7MPa, h, = 2763.5k%g
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So for 1kg of mass.
1st law for Boiler:

qi» =h,—h +W
=2763.5 - 697.22 = 2066.28 k%g

T =164.97°C sat. lig. temperature

Likewise,
Gy, =h, —hy =463.4-2361.8 = —1898%g

T, =53.97°C
%0
S () e—<0
) §
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