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Lecture 12
Thermodynamic properties of a pure substance

Welcome back! So we were discussing properties and we will continue the discussion.
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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.

Volume change is vy,

We will take another example example of a saturated liquid water of a mass of 200 gram which
is completely vaporized at a constant pressure 100 kilopascal. So, what we have to determine is
the volume change and a amount of energy transfer to the water and why there is to take make
use of that tables in order to solve the problem okay.

So, let us look at it to what kind of table we should study, we have been given a 100 kilopascal

as a constant pressure.
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TABLE A-5
Saturated water—Pressure table
Specific volume, Internal energy, Enthalpy,
mi/kg Kikg KJ/kg
Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press.,, temp., liquid, vapor, liquid,  Evap., vapor, liquid, Evap.,, vapor,
PkPa T,°C v A uy Uy U, hy hy h,

1.0 6.97 0.001000 129.19 29302 23552 123845 29.303 24844 2513.7
15  13.02 0001001 87964 54.686 2338.1 23928 54.688 2470.1 2524.7
20 17.50 0.001001 66.990 73431 23255 23989 73.433 24595 25329
25 21.08 0001002 54.242 88.422 23154 24038 88.424 24510 2539.4
30 2408 0001003 45654 10098 23069 2407.9 10098 24439 25448

40 2896 0001004 34791 12139 22931 24145 12139 24323 2553.7
50 3287 0001005 28.185 137.75 2282.1 24198 137.75 24230 2560.7
75 4029 0001008 19.233 168.74 2261.1 24298 168.75 24053 2574.0
10 4581 0001010 14,670 191.79 22454 2437.2 191.81 23921 25839
15 53.97 0001014 10020 22593 22221 24480 22594 23723 25983

20 60.06 0001017 7.6481 25140 22046 24560 25142 2357.5 26089
25 64,96 0001020 6.2034 27193 21904 24624 27196 23455 26175
30 69.09 0001022 52287 28924 21785 2467.7 289.27 23353 2624.6
40 7586 0.001026 39933 31758 21588 24763 31762 23184 2636.1
50 81.32 0001030 3.2403 34049 21427 24832 340.54 2304.7 26452

75 91.76 0001037 22172 38436 2111.8 2496.1 38444 22780 26624
100 99.61 0.001043 16941 41740 2088.2 25056 417.51 22575 2675.0
101.325 99.97 0.001043 1.6734 41895 20870 2506.0 419.06 2256.5 2675.6

So, essentially we should take a look at the saturated water table A 5 okay. Because you have the

pressure, so let us look at it.
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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.

Volume change is v
P.xPa g fe

So, the idea behind this question it is that you have a saturated liquid water which is completely
vaporized which means at 100kilopascal this fluid is vaporized to the gas or the vapor and then

we need to find out the change in the volume.
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Press., temp., liquid, vapor, liquid,  Evap., vapor, liquid, Evap., vapor,
PkPa T,°C v Ve uy Uy Uy hy hy h,

1.0 6.97 0.001000 129.19 29302 2355.2 23845 29303 24844 25137
15 13.02 0.001001 B87.964 54.686 2338.1 23928 54.688 2470.1 2524.7
20 17.50 0.001001 66.990 73431 23255 23989 73.433 24595 25329
25 21.08 0001002 54.242 88.422 23154 24038 88.424 24510 25394
3.0 2408 0001003 45654 10098 23069 24079 10098 24439 25448

40 2896 0.001004 34791 12139 2293.1 24145 121.39 24323 2553.7
50 3287 0001005 28.185 137.75 22821 24198 137.75 24230 2560.7
75 4029 0001008 19.233 168.74 2261.1 24298 168.75 24053 2574.0
10 4581 0001010 14670 191.79 22454 2437.2 191.81 23921 25839
15 53.97 0001014 10020 22593 22221 24480 22594 23723 25983

20 60.06 0001017 76481 25140 22046 24560 251.42 23575 2608.9
25 64.96 0001020 6.2034 27193 21904 24624 27196 23455 2617.5
30 69.09 0001022 52287 289.24 21785 2467.7 289.27 23353 2624.6
40 7586 0.001026 3.9933 31758 21588 24763 31762 23184 2636.1
50 8132 0001030 3.2403 34049 21427 24832 34054 2304.7 26452

75 91.76 0001037 22172 38436 2111.8 2496.1 38444 22780 26624
aoe>  99.61 %%% 1. 41740 20882 25056 417.51 22575 26750
. 6734 41895 20870 25060 419.06 2256.5 2675.6

So, let us look at the table over, so this is a 100kolopascal table A 5 okay. You have looking at
the pressure and the corresponding 100kilopascal the saturated liquid value for this specific
volume is given here and as for the corresponding vapor is here okay. So, we are going to make

use of these two values and then we are going to plug in.
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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.

L
v = 1.6941-0.001043-1.6931 m*/kg

Vplume change~
mvg,=(0.2 kg) (1.6931 m'/kg)

Amount of energy

transferred is enthalp
of vaporisation: '@

e

So, we find out the difference because we wanted the change in the volume okay. But this is per
unit mass. So, this difference is given in this from, so then we need to multiply this value which



we found or which we based on the table by the mass of the saturated system which is given as

0.2 kg and thus the total volume can be calculate.

So, that is a part 1 or 2 find out the volume change what about the amount of energy transfered in

a similar line you can also find out first the h f g and then we multiplied by your mass okay.
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TABLE A-5
Saturated water—Pressure table
Specific vol J | energy, Enthalpy,
m'/kg kg kJ/kg
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, @ vapor,
PkPa T,°C v Ve Uy Uy Uy hy i h,

1.0 6.97 0.001000 129.19 29.302 23552 23845 29.303 24844 25137
1.5 13.02 0001001 87.964 54,686 2338.1 23928 54.688 2470.1 2524.7
20 1750 0.001001 66.990 73431 23255 23989 73433 24595 25329
25 21.08 0.001002 54.242 88.422 23154 24038 88.424 24510 25394
3.0 2408 0001003 45654 100.98 23069 2407.9 100.98 24439 25448

40 2896 0001004 34791 12139 2293.1 24145 121.39 24323 2553.7
50 3287 0001005 28.185 137.75 22821 24198 137.75 24230 2560.7
75 4029 0.001008 19.233 168.74 2261.1 24298 168.75 24053 2574.0
10 4581 0001010 14,670 191.79 22454 24372 191.81 2392.1 2583.9
15 53.97 0.001014 10020 22593 2222.1 2448.0 22594 23723 25983

20 60.06 0001017 76481 25140 22046 24560 251.42 23575 2608.9
25 64.96 0001020 6.2034 27193 21904 24624 27196 23455 2617.5
30 69.09 0.001022 52287 289.24 21785 2467.7 28927 23353 2624.6
40 75.86 0.001026 39933 31758 21588 24763 31762 23184 2636.1
50 81.32 0001030 3.2403 34049 21427 24832 34054 2304.7 26452
75

91.76 0001037 22172 38436 21118 24961 384.44 7 2662.4
@0 99.61 0001043 16941 417.40 20882 25056 417.51 7
101.325 99.97 0.001043 16734 41895 2087.0 25060 419,06

Then just look at again the table here the corresponding 100 kilopascal the h f g is given already

this is the evaporation enthalpy and this is values already given to you.
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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.
v~ 1.6941-0.001043-1.6931 m/kg

Volume change~
mvg,=(0.2 kg) (1.6931 m*/kg)

Amount of energy
100 transferred is enthalpy
) . of vaporisation: mhg,

mhg,=(0.2 kg) (2257.5kJ/kg)-451.5 kJ

So, we just take the value we multiply again by mass and we get this value okay. So, that is how

we are going to calculate, the total amount of energy transferred to system in order to vaporize.
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TABLE A-11

Enthalpy, Entropy,
mg Wikg g /g K
Sat. Sat. Sat. Sat. Sat.  Sat Sat.  Sat. Sat.
Tomp., press.,  liquid, vapor, liquid, Evep., vapor, liquid, Evap., wepor, liqud,  Evap,  vapor,
PulPr v Ye ur U () e . ~ %
~40 51.26 0.000; ~0036 20742 20738 000 22586 22586 0.00000 096869 0.96869
~38 2472 20606 20853 2512 22462 227.13 0.01071 095516 0.
~36 6295 00007111 029740 4987 20469 20968 5032 22337 22840 002137 094182 096319
-34 69.56 0.0007141 0.27082 7.509 20332 21083 7559 222,10 229.66 0.03196 0.92867 0.96063

Saturated refrigerant- 1 34a—Pressure table
Specific volume, Internal energy, Enthaipy, Entropy,
Wkg kg K
Press., Sat. Sat. Sat. Sat. Sat.  Sat Sat. Sat. Sat.
» temp.,  liquid. vapor, liquid, Evep. wvapor, liqwd, Evap.,  vapor, liquid, Evap.  vapor,
W T.T v Ve w Y Y L M L] hd Sy %

60 -369% 00007097 031108 3795 20534 20913 3837 22396 22780 001633 094812 096445
70 -3387 00007143 026921 7672 20323 21090 7.722 22202 229.74 003264 0.92783 096047
80 ~31.13 00007184 023749 1114 20133 21248 1120 22027 23147 004707 091009 095716
90 -28.65 00007222 02 1430 19960 21390 14.36 21867 23304 006003 089431 095434
00 -26.37 00007258 0.19285 1719 19801 21521 1727 21719 23446 007182 O0.88008 095191

So, by as we already discuss in the last lecture there were other fluid tables available that is for

saturated refrigerant.
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Superheated vapor

In the region to the right of the saturated vapor line and at temperatures above the saturation
temperature, a substance exists as supetheated vapor
In this region, temperature and pressure are independent properties

Compared to saturated vapor, superheated vapor is

/ / 7 characterized by

e “ A sed p. T}
rec| mikg Kikg  KiAg At a specified P,
’F’_j 0.1 MPa (99.61°C) superheated
Sal.| 1.6941 25056 2675.0 vapor exists at a

100 1.6959 2506.2 2675.8 lugher /2 than the |

150 1.9367 25829 2776.6 MR
| . . ; saturated vapor

1300 7.2605 4687.2 54133 r i
e ro A

Sat. | 037483 2360.7 2748.1 bs

200 | 0.42503 26433 28558

250 | 0.47443 27238 2961.0 A partial

listing of
able A-6

Now let us look at a now the superheated vapor case okay. This is the case were it is going to be
away from the saturated vapor line in the right side of the saturated vapor line and at a

temperature above the saturation temperature.

So, what does it mean that means let say you take a pressure, the saturation temperature is here
corresponding to this pressure 0.5 mega Pascal. So, this particular point which is represented by
the circle the temperature here is greater than T sat at 0.5. So, this is indicating superheated vapor
okay. And it is also where you ())(3:35) if you look at this diagram that enthalpy of superheated
vapor should be more than the corresponding value at saturation h g. The reason is that you have

also imported more heat to the system and apparently that this transfer into the enthalpy okay.

So, at a at a specified pressure superheated vapor exist at a higher h than the saturated vapor. So,
to help in order to solve problems a separate table is given for superheated water and a table
looks like is given like a specific volume, specific internal energy, and specific enthalpy okay for

different pressures and this is a partial list.
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Example

Determine the temper
of P=0.5 MPa an

of water at a state

Enthalpy.

L Wi/kg
Sat Sat Sat
Press., temp., liquid, Evap., vapor,
PkPa  T,'C h [ he
450 14790 0001088 62314 21203 27434
D 15183 0001093 64009 21080\ 2748.1
h>h, v
A

So, you can do an example, so this is a the problem where we have to find the temperature of a
water at a state 0.5 mega Pascal and what we have been given is there specific enthalpy. So, the
first thing you have to find out what is the state of such a water because there nothing is
mentioned value this is a compress liquid or saturated liquid or superheated the first thing is to
identify it is state and you can look at the table for example.

So, the first thing which we have going to do is find out the corresponding T sat. We know the T
sat from the table we go back and look at the table A 5, where the pressure is given and we have

to find out the saturation temperature.

So, this is the 500 kilopascal equivalent to 0.5 mega Pascal and the corresponding temperature is
here and the h of g which is here is given by this value 2748. So, at this corresponding saturation
temperature the enthalpy of the vapor is less than the value which is given that mean enthalpy of
the system. So, that means h is more than h g. So, this indicates that this particular state should

be higher along this red line because this is at a constant pressure okay.

So, this must be a superheated vapor okay. Now what you need to do in order to find the
temperature, so you have to go and to the another table which this all the properties for

superheated our water okay.
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WE ]
74 . %—s v u h s v u h s
€ mhg é L % K [ mihg g WAg  WAGK | m'ig  kikg  kikg kirgK
P 0.01 MPa (45 81°C P« 0,05 MPa (81.327C) P - 0.10 MPa (99.61°C)
14,670 24372 25839 B.1488 | 32403 24832 26452 75931 | 16941 25056 26750 7.3%89
14867 24433 25920 81741

17196 25155 26875 84489 | 34187 25115 26824 76953 | 16959 25062 26758 73611
19513 25879 27830 86893 | 38897 25857 27802 79413 | 19367 25829 27766 76148

21826 26614 28796 B9049 | 43562 26600 28778 81592 | 21724 26582 28755 7835%
24136 2736.1 29775 91015 48206 27351 29762 B8.3568 | 2.4062 27339 29745 B.0346
28123 30767 92827 | 52841 28116 30758 85387 [ 26389 28107 30745 82172
31063 29693 32800 9609 | 62094 29689 32793 88659 | 31027 29683 32786 85452
35680 31329 34897 98998 | 71338 31326 34893 91566 | 315655 31322 ME87 88362
40296 33033 37063 101631 | 80577 33031 37060 94201 | 40279 33028 37056 9.0999
44911 34808 39299 104056 | 89813 34806 39297 96626 | 44900 34804 39294 93424
49527 36654 41606 106312| 99047 36652 41604 98883 | 49519 36650 41602 95682

8838855885 5."
2
H

54143 38569 43983 108429 | 1 38568 43982 10.1000 | 54137 38567 43980 9.7800
1000 58758 40553 46428 110429 | 11.7513 40552 46427 10.3000 | 58755 40550 46426 99800
1100 63373 42600 48938 112326 126745 42599 48937 104897 | 63372 42598 48936 10.1698
1200 67989 44709 51508 114132 | 135977 44708 5150.7 106704 | 67988 44707 51506 103504
1300 72604 46874 54134 115857 | 145209 46873 54133 108429 | 72605 4687.2 54133 105229

P = 0.20 MPa (120 21°C) P = 0.30 MPa (133.62°C) P = 0.40 MPa (143.61°C)

Sat. 088578 25291 27063 71270 | 060582 25432 27249 69917 | 046242 25530 27381 6.89%5
150 095986 25771 27691 72810 063402 25710 2/61.2 70792 | 047088 25644 2/528 69306
200 108049 26546 28707 75081 | 071643 26510 28659 73132 | 05343426472 28609 71723
250 1.19890 27314 29712 77100 | 079645 27289 2967.9 7.5180 | 0.59520 27264 29645 7.3804
300 1.31623 28088 30721 78941 | 087535 28070 30606 7.7037 | 065489 2805.1 30671 75677
400 154934 29672 32770 82236 103185 29660 3275% 80347 | 07726529649 32739 79003

And you look at it and then you will find out somewhere for the case of P equal to 0.5 mega
Pascal. So, now you look at again, so this table very carefully for each of them we have the
saturation temperature and the other variables okay. So, let me again go back there variables are

Vv, U, h and s. So, this is your basically h here okay.
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Example

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

057015 28830 31681 76346
061731 29637 32724 1.79%
071095 31290 34845 80893

@&

Linear interpolation: T =216.3 °C

Now you look at saturation temperature this is value less than 2890 and it is done we have to of
course this means as you go away from the saturated vapor line okay. This temperature is



increasing. So, along this your temperature increases, so this is where the temperature is

increasing here and here you should see where this value falls.

So, it falls somewhere in between, this is h. So, this is more than 2855.8, but less than 2961.0 and
it essentially mean that temperature the system okay is somewhere between 200 to 250. Then
you can use it linear interpretation to find out the temperature okay, based on your enthalpy

values okay.
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Ihe compressed liquid properties Comgressed Ll Uld

depend on temperature much more S .
Compressed liquid 1s characterizec

strongly than they do on pressure

' oZWagiven T
V=Viar /y=v.uorh Lower tempreatures (7 a given P)
Lower specific volumes 1 ata given Por T

A more accurate relation for h Lower internal energies < u, at a given P or 1)

h h,. rt\ ! (P P vor) Lower enthalpies (h <, at awgiven P or 1)

G

( Given: Pand T

v =V]@T'
U=urerl,

h=hsor ) Ata given P (5, 23]

and T, a pure
A compressed liquid may P

substance will 75 ) 5
be approxunated as a /‘/
existas a Teolr '/

compressed
liquid if

saturated hiquid at the

given temperature

So, next we going to discuss is the compressed liquid, compressed liquid is of course this region
which is left side of the saturated liquid line. Now this is something which you can be
characterized by higher pressure then the saturation pressure at a given temperature or lower

temperature for low temperature means less than the saturation temperature at a given pressure.

So, let us take a look of this pressure which is already given. So, this is the pressure
500kilopascal and it is saturation temperature is this. So, this is 0.5 mega Pascal, right. Its
saturation temperature is this and our system lies here. So, this is our system, at this system there
temperature is 75 but this is at the same pressure and thus the T here is less than T sat at 0.5
mega Pascal. So, which is the condition of your compressed liquid, so let us again look at this
point here okay. So, if you take this T okay. This is our T and if you want this to be T sat then

what would be the corresponding pressure.



So, somewhere this would be like this. So, this would be the pressure which we will give you the
specific temperature T here. So, this would be the temperature and the corresponding pressure

for this particular temperature would be P which would be less than this value.

So, that what it says as a P higher the pressure here is greater in the P sat, because this would be
the T sat for this particular okay because this is the point which we are talking about. So this will
be the P sat or this will be the condition for a compressed liquid that a pressure of the system in
the compressed liquid should be greater than P sat any a given temperature and the temperature

should be less than the T sat at any given pressure, okay.

The other important thing which is much easier to understand is that all other properties whether
is specific volume, specific energy or enthalpy they are going to be less than the liquid properties
because there compressed liquid is on left side if the saturated liquid line so all other properties

are going to be less than the fluid property.

Now the compressed liquid it depends on temperature much more than they do on pressure and
typically what we approximate compressed liquid is all other properties are approximated by
their corresponding values of the saturated liquid. So, that is what we do is y or is, is any
property specific volume, internal energy or enthalpy.

This gives approximated by y of saturated liquid at that particular temperature. But low accurate
relation includes this term as well. So, this is what we similar that for given pressure and
temperature volume is approximated by the saturated heat value in similarly for internal energy,

similarly for h corresponding saturated properties.
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Reference State and Reference Values

The values of u, h.and s cannot be measured directly, and they are calculated from
measurable properties using the relations between properties

However, those relations give the changes in properties, not the values of properties at
specified states

Therefore, we need to choose a convenient reference state and assign a value of zero for
a convenient property or properties at that state

The reference state for water is 0.01" C and for R-134a is -40° C in tables

Some properties may have negative values as a result of the reference state chosen
Sometimes different tables list different values for some properties at the same state as a
result of using a different reference state

However, In thermodynamics we are concerned with the changes in properties, and the
reference state chosen is of no consequence in calculations

ter - Tempessture table

aturated retrigerant- | 3da—Termperature Labie

So, let us end this a specific lecture by you just looking at the different state and difference
values. Now typically all the properties which we have listed in table such as your particular
specific volume pressure and temperature, these are will well measurable properties okay in
experiment but internal energy enthalpy, entropy, they are not, they depend on these other
properties which are measurable. Now this is defined by a relation, very sound thermodynamic
relations which tells us that how to calculate the changes in such properties in terms of

measurable properties.

So, what we can do is we can find out the changes in the properties using the measurable
properties. So, changing the property which cannot be measured or can be calculated using other
measuring properties. So, in order to do that we make use of some reference because you need
some reference value to find out the change and that is what this tables use some kind of

references.

So, for example you can look at the saturated water temperature table, the reference value is
triple point, where we assuming the saturated liquid internal energy to be zero and as well as

entropy is to be zero okay.

And similarly for refrigerant you will refers where temperature is minus 40 and you can see here

the values are considered to be zero. Now as long as use the same table to calculate the



properties and analysis the reference value will get canceled. So, essentially in other there will be

no effect on the on the reference value okay.

So, that is how we make use of the table. So, in (())(11:55) thermodynamics we are concerned
with the changes in the property and the reference state chosen is of no consequence in
calculation okay.
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| Next lecture

I. Introduce the concept of a pure substance.

2. Discuss the physics of phase change processes.

3. Illustrate the P-v, T-v and P-T property diagram,
and P-v-T surfaces of pure substances.

4. Obtaining thermodynamic properties of a pure
substance from a property table.

5. Define Ideal gas equation of state and demonstrate
its use.

6. Introduce to compressibility.

7. Present the commonly used equation of states.

y 2

In the next lecture we going to discuss commonly used equation of state.



