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Lecture — 04
Introduction to Property Tables

Today, we will see that how to deal with the properties of pure substances for identifying
various thermodynamic states. What we have discussed earlier to summarize that we can
say that properties are signatures of states right. So, if you have a thermodynamic state,
the thermodynamic state is designated by a combination of thermodynamic properties. If
it is a simple compressible pure substance, it requires two independent intensive

thermodynamic properties to specify the state of the system.

So, condition of a system designated by its properties is called as the state of the system.
So, when we say that it means that if we can identify two in independent intensive
thermodynamic properties, we will be in a position to identify the state; that means, all
other properties whatever are relevant can be obtained from that. How do you obtain
those properties? So, this is a very important concept to realize that in school level most
of you have done some kind of thermodynamics where the properties where dictated by

the ideal gas type of relationships.

For example, for an ideal gas you can write p v equal to nRT. So, when you write that,
what you are essentially describing is an equation of state where pressure, volume and
temperature are related with each other. So that means, if you specify pressure and
volume the third property which is temperature is automatically defined by that equation.
In many practical scenarios the substance is not an ideal gas. When it is not an ideal gas
you cannot use may be in certain cases for non-ideal substances such equations of states

are available, some are empirical, some are not.

But, in general such a simple equation of state which is typically like the ideal gas
equation of state, will not work for a substance which is more practical than an ideal gas.
So, if it is like that then how do you determine the properties that is an important
question. And, that is an important situation very challenging situation that most of the
students face in working out problems in thermodynamics where the properties are not

the properties of ideal gases.



So, what would you do? So, for such a scenario we either have an equation of state
which is more complex than the ideal gas equation of state which defines the relationship
between properties. That means, if you give two independent intensive properties as
input the third property will come as an output from that equation may be a complex
equation. But, where pressure is a function of temperature and density in some way or

the other or temperature is a function of pressure and density in some way or the other.

So, these things are there. However, it is very convenient if all these data points for a
particular substance are summarized or tabulated in the form of thermodynamic property
tables. And, today we will try to work out examples where we will illustrate how to use
the thermodynamic tables. I would like to emphasize here is that thermodynamics
education has gone through a shift of paradigm, traditionally and even when I was
myself an undergraduate student we use to follow the property tables very judiciously to

identify the state points.

However, over the past few years there has been an emerging trend of using
computerized data tables. That means, if you give the properties or give two independent
properties as input the third property which is a function of those two properties; we will
come out automatically as a part of the software instead of having to look into the table.
So, that kind of paradigm has come up recently; it does not change the concepts in
thermodynamics, but it changes the approach in which you may possibly solve a
problem. So, in this course what we have design is that we will consider both these

approaches.

So, one the traditional approach where, looking into the table is important and I will tell
you that there is a benefit of the traditional approach. The benefit of the traditional
approach is that you can visualize very nicely that what is the physical state of the
system; is it two phase system, is it superheated system, is it a sub cooled system. These
things you can nicely visualize from the tabular information. The computerized system
the advantages that despite the fact that it does not give you an easy visualization until
and unless you plot using the computer generated data; you can work out problems
relatively quickly and elegantly without making the toil of looking into the property

tables in the hard form.



So, there are advantages and disadvantages. I will not get into the debate of which one is
a better method and which one is not so convenient. These both these approaches have
their own merits and possibly some demerits also. And, I will straight away start helping
you out to see that to understand that how the property tables look and how the property

tables can be used to solve problems.

(Refer Slide Time: 07:15)

STEAM TABLES

So, if you look into the property tables there are property tables of various substances
and many of the substances are actually face changing substances. That means, given a
heat transfer to the system we will see later on what is heat and all, but we can
qualitatively understand that by transferring heat you are energizing the molecules of the
system. And, then the molecules from the liquid phase for example, can go to the vapor
phase or from solid phase can go to the liquid phase. So, this kind of phase changing

substances their properties can be nicely tabulated in the form of a structure table.

Why we are interested in such substances because, water one of the most common
engineering fluids is of substance of that type. So, properties of water are described or
enumerated in the form of tables known as steam tables. So, I would like to explain you
first that how the steam tables look and how to look into the properties through steam
tables. So, before getting into the steam tables and how do they look? I would like to

give you conceptual description of what we are talking about.
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So, let us say that we are interested to plot one state point in a p v diagram or a T v
diagram whatever. So, when we are interested to so, let us say for example, this is T this
is v temperature specific volume diagram. So, for a substance like water you have a
diagram like this; dome shaped region below which you have the change of phase as you
heat it from liquid to vapor. So, this is let me write it in symbols. So, on this side it is
liquid, on this side it is vapor, and in between there is a liquid to vapor transition as you
heat the material or heat the fluid. When you have your data point or a state point for
which the temperature and pressure is beyond this that is called a supercritical fluid and

that does not pass through this phase change process.

So, the first question that given a data given a set of properties where does the state point
lie. Does it lie here? Does it lie here or does it lie here? This is the first question that you
might be interested to answer before solving a problem. This is state this is like you
know step 0 of understanding thermodynamics. We have not yet started looking into
thermodynamics, but this is the absolutely essential for solving problems in

thermodynamics. So, which where is the state point lie, how do you understand that?
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[_ Example Problem

Water vapor initially af 3 MPa and 300 °C {state 1) is contained within a piston eylinder assembly
The water is cooled al constant volume until its temperature reaches 200 °C (state 2). The water is
compressed 1sothermally o a state when pressure is 2.5 MPa (state 3). Locate state |, 2 and 3 ona
T-vand pev diagram. Determine specific volume af siate 1,2 and 3 and the quality at state 2

Steam table data
Saturated water vapor table
Specific Volime, n* kg Imternal Energy, kl'kg

Press Temp. Sat, Liguid Evap. Sat. Vapor Sat. Liquid Evap. Sal, Vapar
[P (1] ¥r Vi I iy gy ity

B30 17296 0001118 0.22586 022608 13125 184745 157869
900 17538 0001121 021385 021407 4181 183865 258046
950 177469 LT TFS) 0.20306 215 1514 183007 &80
1000 17981 noo1 iz 0.18332 018 6167 182197 158364
1100 184.09 0001133 0,763 017753 TRi.08 180632 258640
1200 18799 0001130 0.16220 0165353 T 1791.55 2558 K2
1300 19164 0001144 0.15011 015125 81342 1777.53 250095
1400 19507 01144 015968 014084 82868 1T 15 ey ]
1500 10832 0001154 0.13062 o BN 17513 505
1750 20576 0.001 166 011232 011340 BT6.A1 1721.30 159783
2000 21242 0001177 000845 009663 0642 160384 260026
230 21845 0001187 0.08756 008875 i<k ] 166818 2601 58
2500 nme 0001197 007878 0,075 050,00 164404 260313
275 2812 LR 007154 BOTETS 082,65 1621.16 260381
3000 390 0001216 006516 0106568 1004.76 150934 260410
2% Pk 0001226 0.060% 0.06152 102562 157843 260404

So, to understand that we can refer to specific problem: and then we can try to solve the
problem and through that problem we will learn how to use the table. So, for that I will
refer to this example problem. So, the problem is described in the slide and we will of
course, share these slides with you as a part of supplementary material of this course.
But, you can note this problem down so that it helps you to you know do a pen and paper

solution of this problem.

So, let me go through the problem statement first. Water vapor initially at 3 MPa 300
degree centigrade which is state 1 is contained within a piston cylinder assembly. The
water is cooled at constant volume until its temperature reaches state 2 which is 200
degree centigrade. And, the water is compressed isothermally to a state when the
pressure is 2.5 MPa. Locate state 1, 2 and 3 on T v and p v diagram. Determine the
specific volumes at state 1, 2 and 3 and quality at state 2. This problem I will do in a very

different way. So, I will give you the idea of how to identify the state points.

You have to generate the data from the table and this will be your first homework
problem for this particular course. So, let us so whenever there is a problem in
thermodynamics. See thermodynamics is many times a very challenging subject to
students, because the problem solution is not very structured. Every problem has a

different way of looking into it, but we can try to structure this to the extent possible; so,



that it helps you out. So, first is water vapor initially at so, let me look into the properties.

So, water vapor initially at 3 MPa 300 degree centigrade so, state 1.

(Refer Slide Time: 13:44)

So, the system thermodynamic system is water state 1 3 MPa and 300 degree centigrade.
So, p 1 is 3 mega Pascal T 1 is 300 degree centigrade ok; then the process from 1 to 2,
what is the kind of process? It is given, it is cooled in a constant volume process. The
process is such that v 2 equal to v 1 see it is a control mass system where the mass is

constant.

So, if the total volume is constant and mass is constant; that means, specific volume is
also constant. We will discuss later on that why specific volume is considered to be such
an important property instead of its inverse which is density in thermodynamics. Why we
use specific volume so, commonly instead of using density of course, density is just
inverse of the specific volume so, we could use the density also. But specific volume
why it is so, convenient to use specific volume as a property and density not so, much

convenient while working out problems in thermodynamics; we will discuss about that.

So, the process 1 to 2 v 2 is equal to v 1 and then this is the other information remember
that we require two independent properties because; water is a simple compressible pure
substance. So, we require two independent properties for specifying its state. So, what is
T 2?7 T 2 is given as 200 degree centigrade. It is cooled from 300 to 200 degree

centigrade. Then from state 2 to state 3, what it does? The water is compressed



isothermally to a state 3. So, process 2 to 3 T 3 is equal to T 2 and which is 200 degree

centigrade and p 3 is equal to 2.5 mega Pascal.

What you have to do for this problem is simply identify the state pointsonap vand Tv
diagram and maybe the processes and determine the specific volume at 1, 2 and 3 and
quality at state 2 ok. So, let us try to look into this problem. I will do the initial problems
very slowly; so, that you can understand that how to solve these problems by looking
into the property tables; state 1 3 or 3 MPa T 300 degree centigrade. Now, can you tell
whether this is liquid water, liquid plus vapor or superheated vapor; how can you tell

this. So, let us look into the steam table.

So, just look into the table which is given in the slide. So, the first portion of the table is
saturated water vapor table ok. So, in the saturated water vapor table let us look into the
data of 3 mega Pascal, 3 mega Pascal is 3000 kilo Pascal. So, if you look here you will
see that the first column is like pressure, second column is temperature. See in the two
phase region if you defined the value of pressure the temperature is also defined

automatically.

Because the saturation pressure and saturation temperature they are unique functions of
each other. So, when you have saturation pressure as 300 3000 kilo Pascal, its
corresponding saturation temperature is 233.9 degree centigrade, you look it from the
table. So, when you have this as 233.9 degree centigrade what is your given temperature.
So, let us write this p saturation at sorry T saturation at p 1, what is that. It is 233.9

degree centigrade ok.
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Your T 1 is greater than this; that means, it has crossed the saturation temperature limit.
This implies that it is in the superheated vapor region. So, when it is in the superheated
vapor region, this table which is the saturated water vapor table you can see here this
saturated water vapor table will not work anymore. You have to consider the superheated
table, but even if it is a superheated data point your first check is from the saturated
water table to figure out whether it is actually superheated or not. So, once you get that

data what do you do is, you find out you look into the superheated vapor table.

(Refer Slide Time: 20:29)

[ Steam fable data ]

Temp. ¥ u ] i [ u h i
3] kg Kk kg WK 'y Ay Gdkg e
3000 kP3 (233.90°C)  Superheated water vapor  y000kPa (250.40°C)

SaL 006668 20410 2404 GIBE0 004078 Z0LET 0L GOTOD
230 007058 44,00 283575 0.2871
00 001l I 650 0088 N3 W60 636
350 009053 A6 311525 AT OG5 282065 G243 G580
Saturated water vapor

Specific Volime, 'k Tnternal Energy, k) kg
Temp. Press, Sat, Lisguid Evap. Sat. Vaper Sat, Liquid Evap. Sat, Vapor
§] (kPa) ¥ Vg Ty uy [ g
195 13978 0.001149 0.13950 0.14105 B28.36 176443 238219
20 15538 0001156 012620 01213 B06 1T 20
w5 1730 0001168 011405 [N)E] g0z 172449 254152
Temp. ¥ [ L] 5 ¥ [ h §
[§e] (m'kg) g Kk ApK) kg R kY )kgK)

2000 kPa (21242°C) i I water 5000 kPa (263.99°C)

160 0001101 G4 GIEM 18I0 0001089 67261 67RID 1937
180 0001127 T6146 16371 21382 ool 1862 16524 213

000153 B4R0R BSIAS  2mM



So, in the superheated vapor table if you have the pressure as 3 MPa which is here or
3000 kilo Pascal at 300 degree centigrade, you get what is the specific volume. Some
other properties are there internal energy, enthalpy entropy. Whenever we will require
these properties we will discuss, but for this problem it is the specific volume that is
required. So state 1, so, we can simply write that from superheated table from
superheated water table you have the specific volume at state 1 is 0. 08114 0.0811 say let

us stop here meter cube per kg.

So, I will draw one of the diagram say T v diagram. So, state 1 is someone here this is
what you can visualize. From state 1 to state 2 you have v 2 is equal to v 1 which is this
one and T 2 is 200 degree centigrade. So, the question is, is it still in the superheated or it
has come to saturated. What is the on which line the point state point 2 will lie, if you
draw a vertical line. Somewhere on this it will lie if because, it is cooled it will be down.
But, the question is down where beyond this line or below this line. So, for that again
you have to look into the table at 200 degree centigrade. So, let us try to look into that,

the saturated table so, 200 degree centigrade so.

(Refer Slide Time: 23:19)

Steam Table - Saturated Water;)

Specile Vo, kg Tnternal Energy, kI g

Temp. P St Liguid  Evap. Sal.Vapor  Sat Liguid  Ewap Sat, Vaper
R4 fkPa) ¥ ¥ ¥ o, i, i

| 1] BORGNAKRE, €, SONNTAG. R E., SOM, Fundusenial of Thermodyomics. Sevenih Edition, Wikey Publiaiion

So, 200 degree centigrade I do not have the data point with me here in this table. It is up
to 100 degree centigrade it is given because this is just way of giving you an idea how to

do that. So, at 100 degree centigrade for example, you have v fand v g. If it is in the two



phase region at 100 degree centigrade this is v f where, I have pointed the pointer and

this is what is v g. So, if your v is between v f and v g then it is in the two phase region.

(Refer Slide Time: 24:04)

[ Steam Tble - Saturated Water (Presure Tabll ]
Specilic Volume, m'/kg Iniernal Energy, kI kg
Press, Temp. S Liguid  Evap. SatVapor  SatLiguid  Evap. Sat, Vapor
ki) ({4] Vi gy iy uy [ uy
06113 00 0001000 206131 06132 [] un3 Aand
1 698 0001000 1020702 1292080 2] T T
15 1303 0001001 BIOT913  87.98013 5470 BE peR
2 1750 0001001 GLO0ES  6T.00%85 347 W0 08
25 2008 0001002 ML 5425 8847 21593 0440
3 208 0001003 4566402 4566502 10003 20148 20851
1 B 000100 WIS MB00IS 121 T MG
5 288 0001005 WSO WINSI 1379 2B M4
75 02 0001008 1923674 1923775 16876 WU W00
10 4310 0100 1467284 HETss 2410 ITE
15 547 000104 1062117 100218 22500 w8 MATI
an 06 00T TEIBIS TH4537 135 2053 BT
B B97 0001020 620322 [T 9121 HEIE
0 610 0001022 522816 sal8 2008 AN HE8I0
0 BT 00010 123 1995 TSI 25040 WM
0 8133 0m0i00 12031 dmH 042 24343 28RS
i LI 221607 e M 212 9667
100 962 0001043 19206 1 600 4173 BRTE 250606
| [2] BORGNAKKE. €, SONNTAG. R £, SOM. Fundusental of Thermodyssmics. Seventh Edition. Wiley Publication ]

Similarly, at 200 degree centigrade you will have some v f and some v g.

(Refer Slide Time: 24:07)

[ Steam Tuble - Superheated Wter Vapor )
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| [¥] BORGNAKKE, ., SONNTAG, K. E, $OM, Fundssenial of Thermodymmsics, Seventh Edition, Wiley Publication ]

So, at 200 degree centigrade so this table will be continued up to even higher
temperatures; so, at 200 degree centigrade you have to look what is v f and what is vg.

So, at 200 degree centigrade you have so, I have the data with me, I can tell you at 200



degree centigrade this you can verify from the table saturated table v f is 1.56 into 10 to
the power 1.565 into 10 to the power minus 3 meter cube per kg and v g is 0.12736.

This is from saturated table ok. Now, you tell your v is between v f and v g right. So,
your v is 0.8 11 which is in between these two values. So, v 2 is between v fand v gat T
2; if that be the case then the state point 2 will lie somewhere here in the two phase
region. So, what is the specific volume at state 27 It is same as v 1. What is the quality at
state 2? So, v 2 is x v g 2 plus 1 minus, this formula has been derived earlier in one of the

classes.

So, I will not get into the details here, but you see the point that [ want to raise is that it is
for this reason that we use specific volume not density. See the specific volume of the
mixture is a weighted average of the specific volumes of the liquid and vapor phases, not
the weighted average of the density right. So, by using law of mixture it is very easy to
calculate the properties of mixtures. So, here x 2 is what mass of vapor at state 2 by total
mass. So, you have v g 2 and v f 2 this two and v 2. So, from here you can calculate what

is x 2 ok. So, once you have calculated x 2.

So, you can check this should be between 0 and 1; that means, you have you are there in
the two phase region. In the process 2 to 3 you have T 3 is equal to T 2 and p 3 is 2.5
MPa. So now, again you have to see at 200 degree centigrade or at 2.5 MPa whatever
you look into the saturated table. So, let us let us see that at 2.5 MPa what is the
saturation temperature; so, 2.5 MPa. So, let us look into the saturation temperature at 2.5

MPa. So, even in the superheated vapor tables the saturation temperature is indicated.
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Steam Table - Compressed Liquid Watery,

| 1] BORGNAKRE, €, SONNTAG, R E., SOM, Fundusenial of Thermedyms

So, 2.5 MPa is what? 2.5 MPa just look into the superheated water vapor table; so 2.5
MPa or 200 degree centigrade; let us say 200 degree centigrade. So, 200 degree
centigrade I do not have the data at 200 degree centigrade. But, if you look into the 200
degree centigrade you will have the saturation temperature at 200 degree centigrade. If
you will look into the property table I do not have that part of the table, but I have the
data at 200 degree centigrade the saturation pressure is 1.553 MPa.

That part of the table I do not have at this moment, but this is your homework. So, I have
deliberately left that part of the table out. So, I have only kept up to 100 degree
centigrade which you see here, you will have an extension of this up to higher
temperatures. So, at 100 degree centigrade the saturation pressure is 101.3 kilo Pascal.
Similarly, from the saturation table at 200 degree centigrade you will get the saturation
pressure as 1.553 mega Pascal. Now, this p 3 is greater than that; that means it is in a
compressed liquid state. So, p 3 is greater than p sat at T 3, this means it is 3 in

compressed liquid.

So, compress liquid in other case in other words is also called as sub cooled liquid. What
does it mean? It means that at 2.5 mega Pascal whatever is the saturation temperature,
this temperature is less than that saturation temperature. So, from that angle from the

temperature angle you can call it sub cooled, from the pressure angle you can call it



compressed liquid all the same. So, at the state point 3 it will be in the fully liquid state

and from 2 to 3, it will be something like this isothermal process.

So, 1 to 2 like this and 2 to 3 like this. So, how to identify state 3? 200 degree centigrade
and p 3 as 2.5 MPa which table you should look for now. So, we have looked into the
saturated water table and the superheated water vapor table; there is a third table which is
called as compressed liquid water table. So, at 2.5 mega Pascal you see that you have a
table at 2 mega Pascal and 5 mega Pascal. So, 2.5 you my you may have to interpolate, at

2 mega Pascal at 200 degree centigrade you have a specific volume.

So, I am using this part of the board at 2 mega Pascal 200 degree centigrade the specific
volume is 0.001156 ok. Let us write it in 1 line 0.01156 and at 5 MPa see the table does
not contain 2.5 MPa at 5 MPa 200 degree centigrade it is 0.001153 ok. So, the question
is at 2.5 MPa what is that? So, let us say that at 2.5 MPa it is v 3. So, v 3 minus 0.01153

by 0.01156 minus 0.01153 we are doing an interpretation.

It is v 3 is p 3 which is the corresponding pressure is p 3 equal to 2.5 minus the
corresponding pressure is 5 divided by 2 minus 5 right; y minus y 1 by y 2 minus y 1 is
equal to x minus x 1 by x 2 minus x 1. We are interpolating the pressure versus volume
data with y as volume and x as pressure. So, this will tell you what is v 3. The answer to
this is 0.01155 meter cube per kg. See it is not always necessary to go through this
laborious process, when it is state 3 and the temperature is around this 200 like that. So,
water at 200 degree centigrade liquid water, what will be its density. It will not be far

from 1000 kg per meter cube right.

So, 1 by specific volume will be 1 by 1000 and it will be close to that. So, at least 0.01
sorry this is 0.00 0.00115 not 01. So 0, this is 0.00 all another 0 is there I have missed
this ok. So, 0.001153 0; these are all another 0 will be there. So, this mistake you can
common you can very easily detect because, water density it normally is 1000. So, 1 by
1000 is 0.001. So, another 0 will be there so, you see that only in the third, fourth, fifth

decimal the values are changing.

So, for all practical purposes if you even do not look into the table, but just figure out
that it is a compress liquid, then you can easily say that compress liquid means it is
almost like the density of water under normal temperature. I mean with from normal

temperature to 200 degree centigrade the density of water will not vary that much, if it is



liquid water ok. So, this problem I have spent a lot of time, but I have try to make sure

that by looking into the tables how can you identify these state points.

And, I hope this was useful. From the next lecture onwards we will start looking into

some more specific problems on properties of pure substances.

Thank you.



