1.1 Thermodynamic System

Thermodynamucs 1s the science relating heat and work transfers and the related changes in the
properties of the working substance The working substance 1s 1solated from its surroundings n
order to determune 1its properties

System - Collection of matter within presceribed and 1dentifiable boundaries. A system may be

either an open one, or a closed one, refernng to whether mass transfer or does not take place across

the boundary

Surroundings - Is usually restricted to those particles of matter external to the system which may

be affected by changes within the system, and the surroundings themselves may form another

system

Boundary - A physical or imaginary surface enveloping the system and separating 1t from the

surroundings
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Pressure (P) - The normal force exerted per umt area of the surface within the system. For
engineenng work, pressures are often measured with respect to atmospheric pressure rather than

with respect to absolute vacuum
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In SI units the derived unit for pressure 1s the Pascal (Pa), where 1 Pa = IN/m’ This 15 very small
" - 3
for engineering purposes, so usually pressures are given in terms of kiloPascals (1 kPa = 10° Pa),
« () / h T W
megaPascals (1 MPa = 10" Pa), or bars (1 bar =10 Pa). The imperial unit for pressure are the

pounds per square inch (Psi)) 1 Ps1 = 6894.8 Pa

Specific Volume (V) and Density (p )
For a system. the specific volume 1s that of a unit mass, 1.e

volume :
Umts are m'/kg
mass

It represents the inverse of the density,

Temperature (T) - Temperature 1s the degree of hotness or coldness of the system. The absolute

temperature of a body 15 defined relative to the temperature of ice; for SI units, the Kelvin scale.

RS e v ol e Lt enala Whare



megaPascals (1 MPa = 10° Pa), or bars (1 bar = 10° Pa). 'I‘helmpenalumtfor
pounds per square inch (Ps1)) 1 Ps1 = 6894 8 Pa.

Specific Volume (V) and Density (p )
For a system, the specific volume 1s that of a umit mass, 1e.

__ volume
mass

Units are m3/kg.

It represents the inverse of the density, v = 17 _

Temperature (T) - Temperature 1s the degree of hotness or coldness of the system The absolute
temperature of a body 1s defined relative to the temperature of ice; for ST umits, the Kelvin scale.

Another scale 1s the Celsius scale. Where

the ice temperature under standard ambient pressure at sea level 1s: 0°C =273 15K

and the boiling point for water (steam) 1s: 100°C=373.15K

The imperial units of temperature 1s the Fahrenheit where

Iy =18x7'C+ 32
Internal Energy(u) - The property of a system covering all forms of energy arising from the

internal structure of the substance.
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A pure substance is one, which is homogeneous and chemically stable. 'I’lma ﬁc
substance which 1s present in more than one phase, for example lhiquid water and water
contained in a boiler in the absence of any air or dissolved gases.

Phase - is the State of the substance such as solid, liquid or gas.
Mixed Phase - It is possible that phases may be mixed, eg ice + water, water + vapour etc.
Quality of a Mixed Phase or Dryness Fraction (x)

The dryness fraction 1s defined as the ratio of the mass of pure vapour present to the total mass of
the mixture (liquid and vapour; say 0.9 dry for example) The quality of the mixture may be
defined as the percentage dryness of the mixture (ie, 90% dry).

Saturated State - A saturated liquid is a vapour whose dryness fraction is equal to zero. A

saturated vapour has a quality of 100% or a dryness fraction of one.

Superheated Vapour - A gas is described as superheated when its temperature at a given pressure
is greater than the saturated temperature at that pressure, 1e the gas has been heated beyond its

saturation temperature.

Degree of Superheat - The difference between the actual temperature of a given vapour and the

saturation temperature of the vapour at a given pressure.




atic - no heat transfer from or to the fluid
sothermal - no change in temperature of the fluid
Isaobaric : no change n pressure of the fluid
Isachoric - no change in volume of the flud

~ Isentropic : no change of entropy of the fluid

Isenthalpic - no change of enthalpy of the fluid
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tﬁhhramensed by its mass, the Vﬂhm it occupies,
%QH it 1s kept. An ideal pas is governed by the perfect gas eq

P — Pressure (Pa)

V — Volume (m3 )

T — Absolute Temperature (K)
T(K) =273 +t(C)

m — mass (kg)

R — gas constant (J/kgK)

The equation of state can be written in the following forms, depending on what 1s needed to be

calculated

1. Interms of the pressure
In terms of the volume
In terms of the mass

In terms of the temperature
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1s afn1 pmperty related to the molar mass (M) in kg/lmw
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2.3 Thermodynamic Processes for gases

There are four distinct processes which may be undertaken by a pas (see Figure 2.1):-

a) Constant volume process, known as 1sochoric process; given by -

< — & (14
51 :

b) Constant pressure process; known as 1sobaric process, given by:- S
ﬁ - V; (15)
i I

¢) Constant temperature process, known as isothermal process, given by:-

d) Polytropic process given by:-

‘&\Lx
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?Table 2.1, presents the various thermal properties of some gases and the values of the cc

and b) in Van der Waals equation.
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Temperature in Grade Celsius
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Entropy in 'kJ ! (ka x K)
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 mixed region:

pmpeaty needed to define the muxture of water hqmd and

dens.atmn or ev'ipuratmn) and 1s defined as follows:-




Values of v and v, and other imwerl:j et 1o rou suhﬁtmmsﬁx‘%d hmfmﬂ“y given in tables. S 4
refers to the liquid; Suffix ‘g’ refers to the dry vapour, and Suffix ‘fp’ refers o the mixed phase.

Se=S.—S¢ |
i
For wet steam of dryness fraction X
e
v=1(1 x) vitx W
=Vt x (Ve Vi)
=VgtX. Ve

Similar relations for u, h and s.

W=k X Ve
u=Ust+ X Ug
h—-htxhs
B8t X Sg
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‘compression reached 350°C

Calculate the highest ratio of compression that may be used to avoid pre-ignition if the law of

compression 1s
PV" =c
PV" =¢

Calculate the final pressure 1n each case. Assume mlet condition of 27°C and 1 bar.

Seolution
@ i
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N
: v, (349+273)03
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349 + 273 \03
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' i b ics working fluids
Engineering Thermodynamics 2. Thermodynamics g

e 1(11.36)*° = 23.5 bar

Py; =1(6.19)"* =12.8 bar
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- Worked Example 2.2

Calculate the density of Ethane at 171 bar and 45 8K, assume for Ethane: |

T=305 K
P.=48 80 bar
R =319.3 J/kgK

a) assuming it behaves as a perfect gas
b) using the compressibility chart

Solution:

a) for a perfect pas

e e L . ;
P = = - =117 kg/m
XL 4159 0xa88

b) using the com[pressibility chart
TrR=T/Tr=458/3054=1.5
PrR=P/Pr=171/488=3527
READ Z from the chart (Z=0.8)

1e 80% less dense compared with the perfect gas behaviour
Or density = 146 kg/m’



" b) Steam tables (below)

i

p = 10.0 MPa (311.06 deg-C)

L

u H

0.018026 2544 4 27247

0.019861 26104 2809.1

0.02242 2099 2 2923 4

0.02641 28324 3096 5

002975 2943 4 32409

003279 30458 33737

0.03564 3144 .6 35009

0.03837 32417 36253

Source: http://www.sfsb.hr/
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T RxTxZ 461.5X773

& g x0.9 = 0.032m’ / kg
X

\ ‘h) From Steam Tables:

The steam 1s superheated




Determine the pressure of water vapour at 300°C, if its specific volume is 0.2579 m’/kg, using
following methods: .

a) Ideal gas equation
b) Van-der-Waals equations

Solution:
a) Pv=RT

161.5x57
o Wior 3 _1.025MPa
. 0.2579
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02579 1.69x107  0.25792

. 1 (052190 1 - 25619

'=1.006 MPa



