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Pure substance
A substance that has a fixed chemical composition
throughout is called a pure substance.

Water
Nitrogen Air
Air N,
Helium

Carbon dioxide

o o o

Pure substance may exist in different

. vapor«

phases, but the chemical compositions is
the same.

water made up of two atoms of hydrogen
and one atom oxygen. It will have the same
composition when in ice, liquid and vapor
forms.
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Phase of pure substances
Under different conditions a substance may appear in different
phases. The three principal phases are solid, liquid and gas.
Considering water, it can be exist as | 2.4

Pure solid phase (ice)
Pure liquid phase
Pure vapor phase (steam)

It can also exist as an equilibrium mixture of different
phase

Phase-change processes of pure

substances

Consider the piston-cylinder device containing liquid
water 20°C at and latm.
— Under these conditions, water exists in the

liquid phase, and it is called a compressed
liquid, or a sub cooled liquid.

Poirm As the temperature rises, the liquid water
T=20°C . . . g
expands slightly, and so its specific volume
bk increases.




STATE 2

At this point water still a liquid,
but any heat addition will cause
some of the liquid to vaporize.

That is, a phase change process
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STATE 3

I

—Saturated

vapor

Once boiling starts, the temperature
stops rising until the liquid is
completely vaporized (it is a constant
phase - change process at p-constant).

During this process the only thing is
change in volume.

P=1am from liquid to vapor is about to
T=1007C
- take place.
ki A liquid about to vaporize is
called saturated liquid.
At this point, the entire cylinder is filled
with vapor that is on the borderline of
STATE4 the liquid phase.

1_{_" Heat
4

Any heat loss from this vapor will cause
some of the vapor to condense (phase
change from vapor to liquid).

The vapor that is about to condense is
called a saturated vapor.

T-ioc [sieed LAt this stage liquid and vapor phase
0 Hear coexist in equilibrium and it is called
i S .

saturated liquid-vapor mixture.

At this stage the phase-change process is

completed is completed, we back to a
STATE S single-phase region (vapor).

Further transfer of heat will result in an

increase in both the temperature and the
P=Tatm specific volume.
T=300°C .

A vapor that is not about to condense

(i.e. not a saturated vapor) is called a

r""' Heat
i

superheated vapor.
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T4 At a given pressure, the temperature at which a
pure substance changes phase is called the
saturation temperature T,

\@b . .
Q’ At a given temperature, the pressure at which a
— %f’ pure substance changes phase is called the
Saturated Liquid .
saturation pressure Pg,;.

At a pressure of 101.325 kPa, T, is 99.97°C.

At a temperature of 99.97°C, P, is 101.325
>V kPa.

Saturation (boiling) pressure of water at The amount of energy absorbed or released during a
various temperatures phase-change process is called the latent heat.
T e The amount of energy absorbed during vaporization
E oo is called the latent heat of vaporization and it is
2 087 equivalent to the energy released during
éé é% condensation.
20 739 The amount of energy absorbed during melting is
100 015" called the latent heat of fusion and it is equivalent
200 1555 to the amount of energy released during freezing.
300 8588
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= During a phase-change process, pressure and P -TLTdiagram

temperature are obviously dependent propertiesT,. = f(E..)
P

sat

kPa

\
\ Critical

Pressure

Pressure

[P
s

0 50 100 150 200 T,,°C

substance that contracts on freezing. substance that expands on freezing.

| The T-V diagram

= Experimental result tells us, as the pressure is increased
further, the saturation line of the process will continue to get
shorter and it will become a point.

= This point is called the critical point of the substance and it
may be defined as the point at which the saturated liquid
saturated vapor states are identical.

= At pressures above the critical pressure, there is not a distinct
phase-change process.

= We can never tell when the change has occurred.
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| Thermodynamic tables

= Thermodynamic properties of substance are usually given in

tabular form to facilitate calculation.

= Among them saturated, superheated steam and compressed

liquid are the most frequently used properties.

Saturated water-Temperature table

-
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. . . = V=V, +V,
| Saturated liquid-vapor mixture R Yy
V=mv
i izati i iqui Sat. liquid
u aDnudrlggriiv\g?%c;rlzatlon process, a substance exists as part liquid vg My Ve = MV, MV,
" . Sat. liquid My = My =M
= To analyze this mixture properly, we need to know the v v (m °7m )gv Ty
proportions of the liquid and vapor phases in the mixture. s V _a ‘°‘X)V 9”\’/ ¢e
. . ar — \-7 f
= Quality (x) as the ratio of the mass of vapor to the total mass Ve —v v ’
- fg = f
of the mixture: y ¢ vg+xv Vag Vi
avg — 'f fg Y
_ mvapor . fo
x= Mitar My = mliquid + mvapor =m; + mg : : U=u; +Xxu 0
| |
. . ! | h=h, +xh
Its value is between O and 1 ' ! f fo
Ve Vevay, Vy v S=5; -i-XSfg

Saturated Liquid and Saturated Vapor States ‘ Superbea ted steam table
= The properties of saturated liquid and saturated vapor for water = In the region to the right of the saturated vapor line and at
are listed in Thermodynamics tables. temperatures above the critical point temperature, a substance
St wlune par P exists as superheated vapor.
ris mfkg ritical poinl - - -
Temp. :mu_ Sat, Sat. T r'c g Imv It:“!(_ LTS
*C kPa liquid vapor : F= 0,05 MPa (B1LITC
T Pu % e _":: T .-.m; EETLEa e RE
% 7018 oot 23595 £ s e L T Tl
a5 R4.609 | 0001040 | 9808 F T8
T T .'_“j 300
Specific Specific :: Sat. vapor ;‘;‘-:
emperature volume of v %
E::i’.‘]“td Sat. liquid i)
Corresponding Specific T
saluraion volume of 1100
. ::;:,,m, hy h=h,  h _:ﬂ:
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Compared to saturated vapor, superheated vapor is
characterized by

Lower pressures (P > P, ata given T)

Higher temperatures (T > T, at a given P)

Higher specific volumes (v > v, at a given P or T)

Higher internal energies (u > u, at a given P or T)

Higher enthalpies (h > h, at a given P or T)

Compressed liquid table
Compressed liquid tables are not as commonly available this is
because the compressed liquid properties depend on
temperature much more strongly than they do on pressure.
In the absence of compressed liquid data, a general
approximation is to treat compressed liquid as saturated
liquid at the given temperature.

.o In general, a compressed liquid is characterized by

« Higher pressures (P > P, at a given T)

« Lower temperatures (T > T, at a given P)
 Lower specific volumes (v > v; at a given P or T)
* Lower internal energies (u > u; at a given P or T)
« Lower enthalpies (h > h; at a given P or T)

How to Choose the Right Table

Given the temperature or pressure and one other property from
the group v, u, h, and s, the following procedure is used.

For example if the pressure and specific volume are specified,
three questions are asked: For the given pressure,
Is vav, ?
Is v, <v?
If the answer to the first question is yes, the state is in the
compressed liquid region.
If the answer to the second question is yes, the state is in the
saturation region.
If the answer to the third question is yes, the state is in the
superheated region




