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Lecture - 05
Review of the properties-part 2

Welcome back, in this lecture we will continue the review of the properties continue
from the previous lecture on the properties. So, we will start with the ideal gas equation
of state, now the ideally from the perspective of thermodynamics we would prefer to
have analytical equation of state, where it represent the state in terms of various different
thermal properties such as PVT and one of the classical example is basically ideal gas

equation of state.
(Refer Slide Time: 00:40)

The Ideal Gas Equation of State

Equation of state: Any equation that relates the pressure, temperature,
and specific volume of a substance. E oS T_" i '\__T. 1.7J
The SII"I"IEI and best-known equation of state for substances in the gas
phase is the ideal-gas equation of state.

This equation predicts the P-v-T behavior of a gas guite accurately within
some properly selected region

In principle, at low pressure and high temperature all gases approach
ideal-gas behavier

g =y
PV=NRT Il
), Ideal gas equation

e — of state

R: gas constant (8.31447 kJ/kmol/K)

So, let me just first formally define what is any equation of state? An equation that
relates the pressure temperature and specific volume, so this essentially will be your
equation of state. So, equation of state is nothing, but some function which relates PV T
and the simplest and the best known equation of state is ideal gas equation of state, in

principle at low pressure and high temperature all gases approach ideal gas behavior.

So, typically a gas will behave like idle we call this conditions the gas it does not have

any effective interaction between themselves and essentially there is no energy; that



means, it can have a kinetic energy, but it cannot it does not have any potential energy

ok.

So, such a of course, gross approximation for gases does wonderfully work in certain
range selective regions and something which we will be talking about it. So, what is the
equation of state for ideal gas is nothing, but PV is equal to NRT, where n is of code
number of moles R is a gas constant and temperately is the temperature now of course,

we cannot represent properties of many different.

(Refer Slide Time: 02:10)

OTHER EQUATIONS
OF STATE

Several equations have been proposed to
represent the P-v-7behavior of substances

accurately overa larger region with no
limitations.
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Substances by simply ideal gas equation of state and thus for real fluids there are many

equations states which has been developed one of the classical 1 due to wonder wall.

So, wonder Waal equation of state in early nineteen thirties the famed equation included
the terms related to attractive forces between the molecules and effectively the volume of
the molecules. So, this due to the attractions it was this volume and thus if you consider
natural gas this is going to be 0 a is equal to 0 b is equal to 0 and you’re going to get the

same equation as an idle gas equation of state.

Now, in order to obtain the parameters a b for different fluids 1 can consider PV plot, and
we know that at critical point there is inflection point or critical point is represented by
the inflection point. Thus the criticality or the critical temperature and pressure can be

used to evaluate the properties or valid this constant a and b.



So, using these 2 equation for the critical isotherms, we can obtain the values a and b and
those you can use equation of state for many different substances, if you know the
critical point of the substances you can directly get a 1 b for a specific fluid or gas, and

this you can find out the equation of state control equation state for a specific gas.

Now, of course, including only this attractive force and this size is not good enough and
that is the accuracy of the wonder Waal equation the state is often inadequate, and this is
the reason that many different equations of state have been developed and this the listed

are just like Burt Leigh, Rutledge Kwan and so forth.

Peng-robinson equation of state also and, so I will not describe in all our details
something which we can use it and some aspect we will be using in the later part, but
there are many different equations of stated some are popular and some are very specific
(Refer Time: 04:22) is an equation of state is a motion one of the most popular equation

of state for chemical systems.
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Example
The gage pressure of an automobile tire 1s measured to be 210 kPa before a tnip
and 220 kPa after the trip at a location where the atmospheric pressure 1s 95
kPa. Assuming the volume of the tire remains constant and the air temperature
betore the trip 18 25°C. determine air temperature in the tire after the trp

Consider air 1s an 1deal gas
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Particularly using idle gas, so this is an example where the gauge pressure of an
automobile tire is measured to be 200 and 10 kilo Pascal before a trip, and 220 kilo
Pascal after the trip at a location, where the atmosphere pressure is 95 kilo Pascal so; that
means, the total pressure P 1 is equal to 210 plus 95 kilo Pascal, and P 2 is 220 plus 95
kilo Pascal and what is being said that assumed the volume of the tire remains constant

and the air temperature before the trip is 25 ok.



So, it is a 25 plus 273.15 Kelvin, now what we need to find out is T 2, now this
temperature 25 degree Celsius is way above the critical point, and it can be considered an
ideal gas. So, considering a as an ideal gas we can simply use P 1 V 1 is equal to and T 1
P2V 2isequal to NR T 2 and thus since the volume is constant P 1 by P 2 is equal to T
1 by T 2 and you can find T 2 from this simple relation.

You can plug these values in order to get the T 2. So, of course, ideal gas equation makes
life easier in terms of its application, but it works out to be quite well even if you use
equation of state very, very complex a to create constant equations 9, constraint equation

5, constant equations the value may not change for this particular example.
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Property table

+ For most substances, the relationships amaong thermodynamic properties are too
complex to be expressed by simple equations.
Therefore, properties are frequently presented in the form of tables
Some thermodynamic properties can be measured easily, but others cannot and
are calculated by using the relations between them and measurable properties
The results of these measurements and calculations are presented in tables in a
convenient format

e

Enthalpy—A Combination Property

P kl/kg kPa - m' =k
kPa - m'/kg = kl/kg
H U+ PV k1) bar - m” = 100 kJ
[he MPa-m 1000 kJ

combination psi - 11 = 0.18505 Bru

Py 13

Control

volume

frequently

encountered

y in the analysis

— P. of control

volumes

Ok, but maybe it may change if the conditions are watch well below temperature
settings, where it can be let us say saturated system and so forth. So, as I said our
intention is to have some kind of equation of state, but many times we fail and for
complex molecules is extremely difficult to have form a formulation with a function or
the equation which relates P v T for all conditions, and thus property table is more

popular for very commonly used fluid such as water refrigerant ok.

So, therefore, the properties are frequently presented in the form of tables now there are
some properties which can be measured each easily, but others such as entropy and so
forth. You need to use a some kind of relation from the measurable quantities in order to

evaluate such a function. So, you know usually what we do is we measure and calculate



all these properties, some are easily measurable, some are dependent on the measurable
quantity and present in the table which in the convenient form, one of the properties

enthalpy which is often encountered in control volume cases.

(Refer Slide Time: 08:01)
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(Sﬁﬂ.lrated water#fPressure table)

Speerfic volume, Internal energy, Enthaipy,
| mme e we
\L Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, Vapor, liquid, Evap., wvapor, liguid, Evap., vapor,
PWPa T,°C . Vg U - (ui ) (A hy hy h,
1.0 6.97 0.001000 129.19 29302 2355.2 23845 29.303 24844 2513.7

1.5 13.02 0.001001 87.964 54,686 2338.1 23928 54.688 2470.1 2524.7
2.0 17.50 0.001001 66.990 73.43]1 23255 23989 73.433 24595 2532.9
25 21.08 0.001002 54.242 B8.422 23154 24038 B88.424 2451.0 2539.4
3.0 24.08 0.001003 45654 10098 2306.9 24079 100.98 24439 25448

40 28.96 0.001004 34.791 12139 2293.1 24145 121.39 24323 2553.7
5.0 3287 0.001005 28.185 137.75 2282.1 24198 137.75 2423.0 2560.7
7.5 4029 0.001008 19.233 168.74 2261.1 24298 168.75 24053 2574.0
10 4581 0.001010 14.670 191.79 22454 24372 191.81 2392.1 2583.9
15 53.97 0.001014 10020 22593 2222.1 24480 22594 23723 25983

20 60.06 0.001017 7.6481 251.40 22046 24560 251.42 2357.5 2608.9
25 6496 0001020 6.2034 27193 2190.4 24624 271.96 23455 26175
30 69.09 0001022 5.2287 2B9.24 21785 2467.7 289.27 23353 26246
40 7586 0.001026 3.9933 31758 21588 24763 317.62 23184 2636.1
50 81.32 0001030 3.2403 34049 21427 24832 34054 23047 2645.2

75 91.76 0.001037 22172 3B436 21118 24961 38444 227B0 26624
100 9961 0.001043 1.694]1 41740 2088.2 25056 41751 22575 2675.0
101325 99.97 0001043 16734 41895 2087.0 25060 419.06 2256.5 2675.6

So, typical table will look like this this is a ka table of saturated water, where we say is a
pressure table the reason for that is that the first column is a pressure corresponding table
is saturation temperature of this because the saturation water. So, saturation temperature
and then you have saturated liquid vapour saturated liquid internal energy such a vapor
into energy and the difference of that. So, U g minus U fis U f g and similarly that for
enthalpy ok.
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Examples: Saturated liquid and saturated vapor states of water on

T-v and P-v diagrams e ——
| Saturated watgf— PFESSUFC’_LB_EE__)
Specific volume Table A_,4
milkg Specific volume,
Sat -~ mfkg

Temp. press Sal Sal

tie kPa ligguid vapor Sat. Sat. Sat.

r Peg v Press., temp., liquid, vapor,
85 37.868 |0.001032 28261 PkPa TuC v - e
90—2 70.183 |0.001036 2.3593 40 75.86 0.001026 3.9933
95 §4.609 |0.001040  1.9808 50 81.32 0.001030 3.2403

75 91.76 0001037 22172
100 — 9561 “D.003043 6941
101325 99.97 0.061043 6734

TAC 4

/

So, to give you an example here, you have a case where the tank contains a saturated
liquid at 90 degree Celsius. So, essentially on the T v diagram you since, T 90 degree
Celsius is less than critical point and its saturated. So, it will be somewhere below here,

but what would be the corresponding pressure for T 90.

So, we will look at specifically saturated water temperature table where the temperature
is the first in the column. So, corresponding pressure will be your saturated pressure. So,
here is a temperature and the corresponding pressure is 90 70.183 and this is where the
system is because its saturated liquid it is not saturated vapor liquid otherwise it will
have it would have been somewhere in between, and it is not certainly the saturated

vapor otherwise it should have been here ok.

So, as I said for a given pressure and volume table or temperature column table these 2
points at the end one corresponds to saturated liquid, 1 correspond to saturated vapor for
the case of or let us say 100 kilopascal, you have a saturated liquid here and saturated
vapor of course, will have a different volume which will be substantially larger then the 1
contains by such was a liquid. So, for a case of 100 Pascal you are looking at a pressure

table.

So, the 500 Pascal this will be your saturated Vf. So, V f is this and saturated Vg

saturated vapor get a volume is going to be vg which will be 1.6941 meter cube per kg.



So, this is how we try to make use of the table in order to evaluate the volumes and other
properties similarly, you can also find the corresponding Uf here, Ug here, Hf here, Hg

here from the same table ok.
(Refer Slide Time: 10:36)

Saturated vapor-liquid mixture

Quality, x : The ratio of the mass of vapor to the total mass of the mixture.
Quality is between 0 and 1 0: sat. liquid, 1: sat. vapor.

m m + m m, + m

[he relative amounts of liquid and
vapor phases in a saturated mixture are

specified by the quality x

So, what about when the system is at 2 phase mixture; that means, the vapor and liquid
both so; that means, within the saturated regions. So, we in order to define such a case
we need to find out the quality of it. So, quality is basically the relative amount of liquid
and vapor and the way it is represented is the mass ratio of the mass of the vapor in the
system; that means the ratio of the mass of the vapor and total mass ok. So, the total

mass will be your m liquid plus vapor mf plus mg m x is equal to m vapor ok.
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So, you one can show clearly that having this definition, where m total is equal to m fluid
plus m gas and x is m gas by m total, one can show that the average volume of the
system is nothing, but Vf plus x multiplied by VG minus Vf, and similarly for internal

energy similarly for enthalpy.

So, where s x in terms of the volume is going to be the Vg minus Vf divided by V fg.
Now from the point of view of a plot if you look at P or T versus V you can use the
diagram to find out x also for example, if b is at which our system is then we can use the
length from a to b and a to see in order to get x here. So, this is directly from this

expression ok.

Now, our in general you can write any property y average as Y f which means the
property y of the fluid plus x multiplied by Y f g or the difference between the property Y
in the gas phase a saturated gas phase and minus saturated liquid phase. So, in general Y
average is going to be in between Y f and Yj and I could be Vu h. So, that is what we say

here.
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Examples

Arigid tank contains 10 kg of water at 90°C. If 8 kg of the water is in the
liquid form and the rest is in the vapor form, determine (a) the pressure in
the tank and (b) the volume of the tank.

5 i - 0.2
- =T = -
| oy Specific volume
| 5 mikg
e | at L
‘,_-f' b‘f_'\\'" (% 7 o | &4 h'f;é\ Temp. press Sat. Sai
._(,"_)r Q i' 2 kg (! kPa liguid Vapor
U P
w8 kg f v —_— -
W + A \\J:} f.) 85 57.868 |0.001032 2.8261
7 & — 90 ==370.183 |0.001036 23593
. 3
' \J+ 95 B4.609 | 0.001040 1. 9808
.

. = A

\Tawr .

| ¥l
/

So let me just make use of this understanding to do a simple example, widget tank
contains 10 kg of water at 90 degree Celsius. If 8 kg of water is in the liquid form and the
rest is in the vapor form, determine the pressure in the tank and the volume of the time.
So, what we have is information is that it is at 90 degree Celsius and the total mass is
given as 10 kg 8 kg is in the liquid form so; that means, the mass of the vapor is 2 kg. So,
x is 2 kg by 10 kg this is going to be point 2 ok.

Now, we have been given ninety degree and certainly it is a saturated system. So, we are
going to look at saturated water temperature table, which gives you the temperature and
the corresponding pressure is this soapy set of the tank at 90 degrees Celsius is 70.183
kilo Pascal right. Now what is the volume of the tank, so volume of the tank we can
simply use this information that the Vf and Vg is this. So, Vis V fplus x V g minus V f
that is of course, V f g. So, we can write down here the point 0 0 1 0 3 6 plus 0.2
multiplied by 2.3593 ok.

So, that will get V here in terms of meter cube per kg, now in order to get the volume we
need to multiply V by 10 kg. So, this is nothing, but V average right. So, V average by
into 10 kg and that will give us the volume of the tank. So, tank volume, so a simple way

of using the tables to get the information for this case ok.
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Example

A mass of 200 g of saturated liquid water is completely vaporized at a
constant pressure of 100 kPa. Determine (a) the volume change and (b)

the amount of energy transferred to the water.

- O-L . -
™ raw Volume change 1s vy,

P.kPa’

Sal. vapor
P= 100 kPs

Sat_ liquid
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So, let us continue further with another example a mass of 100 gram of saturated liquid
water is completely vaporized, at a constant pressure of 100 kilopascal and we have to
determine the volume change and the amount of energy transferred to the water. So, what

we have is a mass which is point 2 kg and the pressure is given here.

So, now essentially since if the pressure is here, we are going to make use of the
saturated water constant pressure table and since it’s already informed that there is a
complete vaporization. So, it is going to be saturated system, so on a PV diagram it looks
like this, so its 100 kilo Pascal and its being said that its completely vaporized from here
to here, and we have been asked to find out the change in the volume from this to this
and as well as the amount of energy transferred within this so; that means, what will be

the difference here also.

So, we can directly take a look at the tables, the tables are given here 100 is given here
pressure kilopascal corresponding Vfe is here. So, of course, a Vfg is 1.6941 minus this
and the internal energy is given the difference between the gas and liquid is already

given here, so we want to directly use this ok.

So, that means, the volume is point 2 multiplied by 1.6, let me say again 1.6941 minus
point 0 0 1 0 4 3. So, that is going to be the volume of the system whereas, U is going to
be 2408.2, which is nothing, but U fg multiplied by point 2, and that will be your



kilojoules. So, that is the delta U transferred in the system and this will be your delta V

of the change in the volume.
(Refer Slide Time: 17:47)

Superheated vapor

In the region to the right of the saturated vapor line and at temperatures above the saturation
temperature, a subsiance exisis as superheated vapor.

[n this region. temperature and pressure are independent properties

.‘_9 (w2 Q Th
(TJC| mikg kl/kg kl/kg
_P = 0.1 MPa (99.61°C)
Sat 1.6941 2 b 2675.0
100| 1.6959 25062 2675.8

150 | 1.9367 23829 2776.6

1300 | 7.2605 46872 54133
P =0.5 MPa (151.83°C)

Sar. | 0.37483 23607 2744.0
200 | 0.42503 26433 28558
250 | 0.47443 27238 2961.0

OF T *

So, this is a example, of using the saturated water tables now of course, many times we
obtain phases where the it is a superheated, which is basically this region now

superheated region is in the right side of the saturated vapor line.

So, the way the way to represent or to find out this operated whether the system is at
superheated let us say at a constant pressure is by looking at is property, they should be
greater than the saturated property if this is the saturated vapor point, then the
corresponding that is enthalpy is a g then if the system which is at superheated condition
the enthalpy of that is room is going to be greater than sg. So, for this also we have tables
are typically in terms of V U H and temperature for a given pressure. So, that is how we
make use of such a superheated tables in order to solve problems related to superheated

conditions.
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Example

Determine the temperature of water at a state
of P=0.5 MPa and h=2890 kJ/kg.

Ta

Enthaipy,
g

Sat Sat. Sat.
Press., temp., liquid,  Evap., vaper,
PkPa T, C B, g h,
450 147.90 0.001088 62314 21203 27434

15183 0001093  £40.09 2108.0. 2748.1

" h=h, _>
. =

h, h>h, h

So, let us look at an example, so here we have a system which is at state where the
pressure is defined and enthalpy is given, and we need to find out the temperature now
since we don’t know whether the system is at superheated or saturated or compress we

need to first we find out what is the possible state of that.

So, the best way to do these to make use of first the condition of saturated water pressure
table where we look at the condition here 0.5 mega Pascal, which is 500 kilo Pascal and
look at the corresponding enthalpy of the vapor ok. Now, 2890 is certainly more than

2748.1 that is h is greater than sg and this it is in the super-heated vapour condition.
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Supsrheated waier

T v u n ) ¥ u L] £ ¥ u h L

T mikg kg kikg  RAgK | mikg kAR kg WAGK | mihg kAR kikg RigK
£ = 0.01 MPa (45.81°C P = D.08 MPa (81.37C) N A = 0.10 MPa {93 §1)

Sal 14670 24372 258390 BI4BA| 32403 24837 26452 75081 | 16041 Z5056 26750 7.3589
50 14867 24433 25920 B.17al
100 17196 25155 26875 Ba489| 14187 25115 26824 76051 | 16980 25062 26758 73811
150 19513 288795 27830 86893 | 38857 28857 27802 79413 | L9367 25829 27TEE 76148

200 21828 26814 2A796 AS049 | 435A2 26400 28778 1592 | 21724 26582 28758 7RIS
250 324138 2r3e.l 2715 321018 48206 27351 29762 B3%88 | 24082 273319 29745 BQ034B
300 26446 2M123 30767 92827 | 82841 28116 30758 AR | 26343 24107 3OS A7
400 31053 7969. 32800 96094 | 62054 2959 32793 B.8Es9 | 31027 29683 32786 A48
500 35680 31329 32897 9839 71338 31326 34893 9.1%66 38688 31322 34887 AB362
600 40296 33033 37063 101631 | B.OS77 33031 37060 94201 | 40279 33028 3IT0SE 9.0959
700 44911 34808 39295 104056 | A9613 34806 39297 9.6626 | 44900 34804 39294 93426
B0 48527 36654 41606 106312 95047 36652 41604 9.BEEI | 49519 36650 41602 95682
900 54183 38569 43983 108429 | 108280 38568 4398.2 10.1000 | 54137 38567 43980 9.7800
1000 58758 40553 46428 110429 | 117513 40552 46427 103000 | 58755 40550 46426 9.9800
1100 63373 42600 46930 112326 | 126745 42599 48937 104897 | 63372 42598 48936 101698
1200 67.080 44709 51508 114132 | 135077 44708 51507 106704 | 67988 44707 5150.6 10.3504
1300 72604 46874 54134 115867 | 145209 46A7.3 54133 108429 | 77608 46872 54131 105229
L U.EU MPa _Il?ﬁ ¥l'tl - [ - {:i._ﬂ.'l Ilp_l.( 1 '_!_3_3@1 .5__ [/ 0] MP!} 513.6_11:_'1__
SaL  0BBS78 25291 27063 7.1270 | 0.60S82 2543.2 27249 69917 | 046242 25531 2738 68955
150 D0O50RG 2577.1 27691 7.2810| 063402 25710 27612 7.0792 | 0.47088 25644 27528 £.9306

200 108049 6546 TAT0.7 75081 | 071643 26510 28659 73132 | 063434 264727 28609 71723
250 119890 27314 29712 77100 | 079845 2720 29679 7.5IB0 | 0.59520 27264 29645 7 3B0M
300 131623 ZBOBA 30721 7AS4] | 087535 28070 30696 77037 | 065489 28081 3067.) 75677
4n0 154934 DO9ET2 3XTID AT 108166 J296R0 AX7EA RNA4T | OT7RE 29640 127319 7o

So that is we should directly, take superheated water tables. So, there are many values we
have to pick up a condition, where we should get P is equal to 0.5 mega Pascal. So, we

take a values corresponding to P is equal to 0.5 mega Pascal and.
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Example

Determine the temperature of water at a state
of P=0.5 MPa and h=2890 kl/kg.

>,
£
&

h=h,

2

A

b (] 7 274R.1 68207
00 Y0.42503 (26433 IZRS5. T.0610

047443 27238 2961 72728
300 052261 28033 30646 74614
350 057015 28830 J16A1 76346

400 061731 29637 32724 77958 =
500 0.71095 31290 MBS 80893 h“o —J“LU')

250-200

\Z(JU T 250

Here you have v u h, so this is like v u h at the entropy. So, we will talk about that later,
so within this we look at the value h is equal to 2890, and you can see that h is equal to
2890. So, this is our h here lies between temperature 200 and to 50, because 2890 is in

between here so; that means, temperature is in between this now in this case in order to



find precisely the temperature what we are going to do is we are going to do a linear

interpolation.

So, very simple way to do that is we consider and the difference in the this 2 temperature
250 and 200, and the slope of the linear line from 250 to 200 will be the same as that in
the temperature in between to 200, and that is what we are going to use that delta h
divided by the temperature, and from here we rearrange this to get this temperature

which comes out to be 216.3 degree Celsius ok.

So, what we are looking at is simply is the slope of the line from this 2 prime point. So,
this is a common way of solving problems, where the data’s are not given for each point

and so we make use of linear interpolation.

(Refer Slide Time: 21:52)

he compressed liquid propertie Compressed Liquid

ed Lgmd s characte

Lower specific volumes at a given Por 1

ower internal energies (i f,oat a given P or 1)

Lower enthalpies (/i = h, at a given P or [

v =UfﬂT

uZuser

Amore accurate relationforh
Mh=h t W =r, )

At a given F

;o ¥,
ind 3 pures_—_
substance will k'

cistas a

Higher pressures (7 = P at a given 1)

Lower tempreatures (] T, at a miven P) d b, 3

So in addition to the superheated vapor which is on the right side of this saturated vapor
line you have a compressed liquid which is on the left side of a saturated liquid line on
the P or T versus V plot. So, a compressed liquid line usually what we consider is for a
given point, somewhere let us say here which is on a P is equal to 500 kilopascal at
temperature 75 the property, we try we approximate to that of the liquid saturated liquid
at the 75 degree Celsius. So, usually we approximate because the compressed liquid

property depend on temperature more than on pressure.



So, in this case the pressure variations are usually neglected, but for enthalpy for
example, the more accurate relation is even here. So, this is something which 1 can
derive using thermodynamic relations and which we will be doing it in the later part of
this course. So, what are the conditions for the compressed liquid? So, for corresponding
to 75 degree Celsius the saturated point is here and at this point. So, this will be your P
sat add that temperature of this system this is a P sat at the temperature of the system

which is 75. So, basically the system is at 75 degree Celsius and 500 kilopascal ok.

So, if you look at it the pressure P here is greater than P sat at T. So, that is the condition
which we have P should be greater than P set at a given temperature, in addition the
temperature if you look at it for a given pressure that the T sat for this P is 151.83 and 75
is less than 151.83. So, the temperature is less than T sat at a given pressure. So, in
general these 2 conditions will conclude that it is a compressed liquid, but in general all
the properties such as your specific volume internal energy enthalpy will be less than the

corresponding properties of the fluid at a given pressure or temperature so.
(Refer Slide Time: 24:23)

Measure of deviation from ideal gas behavior

Compressibility factor Z A The farther away Z is from unity, the more the
factor that accounts for the gas deviates from ideal-gas behavior.
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That is how we define compressed liquid. So, let me now talk about the deviation of the
properties from the ideal gas behavior, as we said that you know we are interested much
to represent the properties or the state of the fluid in terms of some kind of equational

state.



So, one way to look at is how much is a deviation from the ideal class is it possible to
quantify the (Refer Time: 24:47), non-ideality in terms of very simple parameters and
that is what the compressibility factor talks about it. So, now, the compressibility factor
can be represented in terms of Pv is equal to ZRT well this is a molar volume. So, Z
basically represent deviation from non-ideality for ideal gas that is equal to 1 for real
guess it could be less than 1 or greater than 1, if you decrease the pressure such that it is

0, where the particles are far apart you to start behaving ideal gas.

So, what is the definition in general for low pressure it need not be like you know going
to 0 or absolute 0, but in general Z is unity, when the gases are at low pressure or the
high temperatures so, but what is the definition of low pressure at high temperature it is
with respect to its critical point. So, the low pressure high pressure of a gas is high or low

related to its critical temperature of pressure.
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Principle of corresponding states
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So, in practicality or in general are you on a TV diagram this region would behave like
idle gas behavior because the extremely low pressure, because yes it is extremely low
pressure right. So, the pressure will decrease here all right and as well as this pressure

because the temperature is quite high.

So, these 2 regions will start behaving more or less like ideal gas now the other important
thing is right, now it was noted that if you reduce the properties such as your pressure

temperature and volume by is critical point and many substances who are similar type



sizes, they start behaving similarly in a reduced plot and this is the principle of
corresponding state ok. So, if you reduce pressure by it is by the critical point of the

fluid, and get a variable P R and similarly TR and VR.

(Refer Slide Time: 27:01)

Compressibility chart
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Comparison of Z factors for various gases

We can plot Z as a function of P are four different TR, and it appears that the many
different substances which is here written here ethylene ethane and so forth. They all fall
on almost similar on the same curve this is what is you know beautiful because
essentially tells you that if you take out the characteristic property of the molecules in the

form of the critical point then all behave similarly.

So, thus you can map this on a single curve which we call it compressibility chart, and
which is nothing, but the Z here as a function of P R, now you can clearly see here that

can be less than 1 as well as a certain condition it would be more than 1 ok.

So, if you want to find out Z just using the compressibility chart its quite easy for a given
fluid for example, in this case any of this you need to find out for a given P, and let us
say for given T you can get P R and T R using his critical point and then for given T R of
y given P R and T R, you know exactly this line and then you can take Z and from there
you can find out other properties, or for that matter if the Z is given and a specific an
inner temperature is given that say you can use that in order to get the other unknowns.
So, this is how the compressibility chart is used; now this is a simpler compressibility

chart this there is more complete compressibility chart for.
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Generalized compressibility chart
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Many different systems this is something which we call in then cell about generalized
compressibility charts. And it is designed such that it has a specific chart for low pressure
and high pressures, and here you can find out that it can go the Z can also deviate from 1.

Now in addition to PR and TR you have also VR.

In this case in order to simplify this exercise of course, this say something which is a
commonly used in industry and 1 can also do an exercise on it or which I leave it to you.
So, this was a very quick introduction to properties particularly the phase diagram utility
of the tables and equation of state we will continue our discussion in the next lecture, see

you in the next lecture.



