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=PFL  Last Time

= Apply energy balance to closed systems
= Analyze the energy balance of thermodynamic cycles

= Understand and interpret equation of state (p-T-v surface)
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=P"L First Law of Thermodynamics for a Closed System
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Change in the amount
of energy contained
within a system during
some time interval
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transferred into the

system by heat transfer
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system by work during the
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Time rate of change in
the amount of energy
contained within a
system at time ¢

Net rate at which
energy is transferred
into the system by

heat transfer at time ¢

Net rate at which
energy is transferred
out of the system by
work at time ¢




=P7L  Thermodynamic Cycles

Refrigeration and

Power cycle heat pump cycle
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f:i Pure Substance p-v-T Relation

Tripel line
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Given the p-T diagram for a certain substance Scan the QR code with
Pt shown here, which of the following statements is your device
true when this substance experience phase Or go to echo360poll.eu

transition from Phase 1 to Phase 3?

A. The specific volume decreases

B. The specific volume increases

Phase 1 Phase 2

C. The specific volume stays the same

> D. The specific volume first increases and
T then decreases

Enter Code
luepfl
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Example 3.2 in Moran

= A closed, rigid container of fixed volume is placed on a hot plate. Initially, at
state 1, the container holds a two-phase mixture of saturated liquid water and
saturated water vapor at p; = 1 bar with a quality of 0.5.

= After heating, at state 2, the pressure in the container is p, = 1.5 bar. Finally,
with further heating, at state 3, the container only contains saturated vapor.

= Indicate states 1-3 on a T-v diagram

P=
X1 =

X3 =1. V=0.5m3

: Hot plate
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= \Water contained in a piston—cylinder assembly undergoes two processes in series from
an initial state where the pressure is 10 bar and the temperature is 400 °C (above CP).

* Process 1-2: The water is cooled as it is compressed at a constant pressure of 10 bar to the
saturated vapor state.

 Process 2-3: The water is cooled at constant volume to 150 °C.

Sketch both processes on T-v and p—v diagrams. : 'l;,=
B

I— Boundary

B 15.09.2025



EPFL

ETA-I_« \
Energy Transport Advances

B 15.09.2025

ILS Today

= Understand the concept of enthalpy
= Understand the concept of specific heat

= Evaluate thermodynamics properties for pure substances using CoolProp

- Reading materials: Moran 3.6, 3.8, 3.9
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= A convenient state function for energy balance in open systems;
intuitively, it can be understood as the energy needed to create a system
in an environment with fixed pressure
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= Simple systems have two independent properties

= There exists correlations for enthalpy and internal energy

* u(v,T)
* hp,T)

= We can also draw diagrams of h or u as a function of p, T, or v (two
variables needed)
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= The amount of energy needed to
transform liquid into vapor at given
pressure or temperature per mass.

= The enthalpy of saturated vapor
minus enthalpy of saturated liquid

= |t decreases as temperature or
pressure increases,; it is zero at the
critical point
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T{ Additional Note on Enthalpy

= The enthalpy, internal energy, and entropy (will be introduced later)
cannot be readily measured.

= They are calculated based on measured properties and thermodynamic
relations and therefore always given in reference to a point as absolute
values are not known.

= E.g. for water the reference is saturated liquid at 0.01°C, i.e. the internal
energy and entropy are zero at this condition.
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Specific Heat

= Amount of heat that must be added to one unit of mass of the substance
In order to cause an increase of one unit in temperature

= Specific heat at a constant volume, ¢, [J/kg/K]

= Specific heat at a constant pressure, ¢, [J/kg/K]
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=P7L  Specific Heat

= Consider a pure substance system where there’s no variation in
potential and kinetic energy (AE = AU) and the only form of work is
expansion/compression work (simple compressible system)
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/:Fi Additional Note on Specific Heat

= Both ¢, and c¢,, are thermodynamics properties, not dependent on
processes
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Property Tables

= Compressed liquid (e.g., Table-A5)
= Superheated vapor (e.g., Table-A2, A3)
= Saturated liquid-vapor mixture (e.g., Table-A4)
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Property Tables
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=F7L Property Tables

= How to determine properties from tables:

 Linear interpolation of desired property (u, v, s, h, ...) for desired
temperature, pressure, ... (2):

f(z) = [(2) = [(2) (z—2) + f(z1) Moran 3.8.1

Zy — Zq

= Instead of tables, we can also use databases online, e.g.:
* http://www.coolprop.org/

B 15.09.2025
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Sample Code

= hittps://colab.research.google.com/drive/1x1MU3CXz5fMMe7nZgiKsZopj

Yz2jvwQ1?usp=sharing

= Read the manual before using the package

http://www.coolprop.org/coolprop/HighlLevelAPIl.html#propssi-function
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