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Lecture — 19
Tutorial on the estimation of thermophysical properties

Welcome. After learning about the various methods to estimate the thermophysical and
thermodynamic properties of natural gas, today in this lecture we shall be learning the
technique how to estimate these properties by some numerical example. So, in this
particular lecture we shall look into the estimation of various types of thermophysical

properties.
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What we shall learn
v Estimation of
* Molecular mass
»  Gas specific gravity
* Reduced properties
*  Compressibility factor
* Viscosity

* Density

*  Gas compressibility
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And in that we have the molecular mass of natural gas, gas specific gravity reduced

properties, compressibility factor, viscosity density and gas compressibility.
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Problem statement
v' A natural gas with the following compositions is given at 6000 psia and 150 °F.
Evaluate its various properties SIpOnHE R i
Ny 0.0345
€0, 0.0130
H$ 0.0000
CH, 0.8470
CHe 0.0586
CyHy 0.0220
CiHo 0.0035
nCiHio 0.0058
iCsHn 0.0027
n-CsHy; 0.0025
n-CeHy 0.0028
n-CyHye 0.0028
n-CyHyg 0.0015
n-CoHz 0.0018
n-CyHz 0.0015
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So, let us look at the problem statement, we have a natural gas sample given in this
particular table and at a pressure of 6000 psia and a temperature of 150 degree
Fahrenheit. And if you look at the table you will find that we had given various types of
components nitrogen, carbon dioxide, hydrogen, sulfide methane ethane propane then the
C 4 compound, C 5 compounds, C 6, C 7, C 8 and C 10 compounds and in this a second
column we have the mole fractions of each of these components. Here we see that we
have carbon dioxide about 1.3 percent and we do not have any hydrogen sulfide; that

means, this natural gas may be considered to be sweet natural gas.
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Estimation of average molecular mass of the
natural gas

Mayg = ZyiMi
i

Ny 0035 2801 09665
€O, 00130  #4m 0572
HS 00000 308 0.000
CH, 0870 1604 13586
GHe 00586 007 1762
CHy 0020 M0 090
i-CiHia 00035 5812 0208
nCHi 00058  s812 0337
i+CeHia 000y RS 0195
oz 0005 745 0180
nCHu 008 818 0.241

e AR s im Masq = 19.91 g/mol
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Now, first we go for the estimation of the average molecular mass of the natural gas. So,
for this we shall be using this particular formula that is the summation of the product of
the mole fractions and the molecular weight. So, what we do now that we have this table
in this table, we have given the mole fractions as given in the problem and then
corresponding to each of the components, we have the molecular masses of all the

components in this particular column.

Now, what we do next is that, we simply multiply the mole fraction with the molecular
weight for each of the components and we get the product of the mole fraction and
molecular weight in the third column. And after doing this product then we sum it sum it
up and we get this value, and these value is the average molecular weight of the natural
gas. So, this is quite straightforward only we have used the molecular weight and with
the given data of the mole fractions, we got the average molecular weight of the natural

gas.

(Refer Slide Time: 02:59)
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Estimation of gas specific gravity

_ Mgas

¥
& Mair
Mgas = Mcwg

1991
o= o= 0.6872
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Next we come to the gas specific gravity for this we use this formula that the ratio of the
molecular mass of the gas and the, to the mass of air. So, mass of air is taken to be about
28.97 and the molecular mass of the gas is the nothing, but the average molecular weight
of the natural gas. We put this value here and we find that it is 0.6872, it means that this

natural gas is lighter than air; that means, if there is any kind of leakage happening in the



system for this natural gas, it is going to rise up and it is going to get dispersed. So, this

particular problem is saying that the natural gas is lighter than air.
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Estimation of reduced properties
P - Z yVP v
pc ilci
i
e Lo & :
Br=Cfp, o o e ow € Pye = 663.29 psia
P ~ 00Ms 4B ez am
<0, oo WM man M M
=T % R n
- CH, 0.8470 ¥ }
A7 Tpc G 0056 706 41489 550 32M
He o K6 B 6 W
P=6000psia & G s oom w
iCHa 0w A @ @ 228 b Tpc =) ¥l
T= 150 0]:‘ nCsHy 0005 489 123 85 2413 -
nGh, Gom @ w2 i
m m +CoHy, 0.0028 112 m 2 _
Tiogy = Tiopy 460 oHe oo ¥ ose mA 158 Tpc =37413R
nCHzm 0.0018 ;3”1 :.5: 1a1rg :ﬁ
— nCrgH; 0.0015 D456 1 1668
T=610R § 1000 663.29 71
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Next we come to the estimation of the reduced properties, in this we shall be looking into
the reduced pressure and the reduced temperature. First we shall look into the reduced
pressure formula that is P pr that is a pseudo reduced pressure, pseudo because as you
know that this is having various components together. So, we shall be taking the natural
gas to be like a pure component with some pseudo properties. So, we have the pseudo
reduced pressure which is the ratio of the actual pressure to the pseudo critical pressure.
So, pc is the pseudo critical pressure, similarly we have the pseudo reduce temperature
which is the ratio of the actual temperature to the pseudo critical temperature. The

pressure is given to be 6000 psia temperature is 150 degree Fahrenheit.

So, first what we do, that we convert the temperature from the Fahrenheit to absolute
scale that is the Rankine scale by adding 460 and we get this as the absolute temperature
that is 610 Rankine. After this we again consider the distribution of the natural gas
composition of natural gas, and here we have the formula for the pseudo critical pressure
and this is again from the case rule, we find that the summation of the product of the

mole fraction and the critical pressure of each of the components.

So, now what we do again we find out the critical component of the pressure from the

literature and these are the critical pressure of all the components given here and next



what we do? We multiply the mole fraction with the critical pressure for each of the
components and then sum it up. Now, this summation is the is the critical pressure of the
natural gas; next we come to the pseudo critical temperature of the natural gas again; we
use this particular formula summation of the product of the mole fraction and the critical
temperature of each of the components. Again we go to this table we write the critical
temperature in terms of Rankine and we get these critical temperatures for all the
components. And then we take the product of the critical temperature with the mole
fraction and the sum it up, after this we get the pseudo critical temperature of the natural

gas.
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Estimation of reduced properties- Correction for non-
hydrocarbons
C
T =Ty — ¢ = 37413 - 22931 = 37183 R Cmpnent. ¥ _
T, =37413R Py = 66329 psia 0, o
2
P T/ CH, 0.8470
/ = pepe 663.29x371.83 = 65921 psia CHs 0,0586
g Tye szs(i - szs)e 374.13+0.0(1-0.0)%2.2931 RIE 5 ;,Ha 0.0220
09 16 05 4 -CiHi 0.0035
£ =120 ({yeo, +i,s) "~ [reos +yms) ) + 150785 - ¥he) s domk
n-CsHn 0.0025
Yeo, = 0.0130 Yiys = 0.0 et 0.0028
n-CHig 0.0028
n-CHyy 0.0015
£ =120({0.0130 + 0.0)°? = {0.0130 + 0.0}6) + 15(0.0 - 0.0) ng @
£=22931
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Now, here we now go for the some correction factors because whenever we have some
non hydrocarbons as we learnt earlier, that we have to apply some corrections for the
presence of the non hydrocarbon gases. So, in these cases we have the corrections for the
H 2 S, and here we have the we shall be applying the correction factor like this that T
prime represent the corrected critical pseudo critical temperature which is given as the
act the pseudo critical temperature minus epsilon. And we shall see how to find epsilon,
and this Tpc is given here and Ppc we know, and this is the correct pseudo corrected
pseudo critical pressure, which is again given in terms of the pseudo critical temperature

corrected and the without correction and this is the amount of the H2S.



So, in this particular formula we have epsilon in the corrected pseudo critical
temperature and pseudo critical pressure, and this epsilon is found from this formula.
Here we find that we have the mole fraction of carbon dioxide and the mole fraction of
hydrogen sulfide gasses. So, when we incorporate from this particular table, the carbon
dioxide mole fraction is 0.0130 and the H2S is there is no H2O that 0.000. So, with these
equal values we find the value of epsilon as 2.2931. Once we found the value of epsilon,
then we can correct our pseudo critical temperature and the pseudo critical pressure like

this. So, these are the corrected pseudo critical temperature and pseudo critical pressure.
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Reduced properties after correction

_P _ 6000

Bor="1p,, bor =" es0.21
P, =9.101

T =T pr

= T

p = 6000 psia Tor="Ip,

T =150°F 610
i

Ty = Tipy 460 B

T=610R =l s

I NPTELONLINE Prof Pavitra Sandilya
Cryogenic Engineering Centre

IITKHARAGPUR CERTIFICATION COURSES

After getting these corrected values, now we go to find out the pseudo reduced pressure
and pseudo reduced temperature from this formulae. And here we just plug in the values
of the given pressure and the corrected pseudo critical pressure to obtain the pseudo
reduced pressure like this. Similarly if plug in the value of the given temperature and the
pseudo critical corrected temperature here. So, we get the value of the pseudo reduced

temperature.
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Estimation of compressibility factor using chart
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Now, we shall be using these pseudo reduced values to find out the compressibility factor
from this particular chart, which we have shown in our lecture. Here we have on the y x
axis the pseudo reduced pressure and pseudo reduced temperature is given in this
particular these curves. So, we first locate the pseudo reduced pressure from the x axis
from the vertical line and then we locate the pseudo reduced temperature from the

horizontal line, and here we read out for sake of explanation I have used a very big dots.

But in actual case what you have to do that you have to take a very sharp pencil and with
that you have to go to this particular graph and find out the exact location of the point of
intersection of this vertical and the horizontal lines to get the value of the compressibility
factor. So, this value is coming out to be about 0.88. So, this is we are using the

compressibility chart to get the value of the compressibility factor.
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Estimation of compressibility factor using empirical
equation

7= 02625136 i 31263651 + —3.“‘)1?36!] n 1.()551-‘763 n DSGBBE?B[IH(PNT,)] _
e i s

2
0-3372525[]n(Ppr)]2 +0.061688[ln(Pp,)]3 + —1.3976:52[|n(9p,.)] N 0.52175:1[21n(1’p,)] n umeai[ln(P,,,)]
r pr pr

P,=910;T,, =164
Z = 02625136 + 31263651 + —].ll‘]‘lﬁzﬂﬁll + 1.[]551'263 + 05539879[1:{](910 )1 _
1.64 1.64 1.64

2 3, ~13976452[In(9.10)] , 05217521[In(9.10)] , 0.447935(In(9.10)]2
0.3372525[In(9.10 )]* +0.061688[In(9.10 )]* + T T G
7z=1.09
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As we learnt in our lecture that there are various ways of finding the compressibility
factor another way is to using some empirical equation and this is one of the empirical
equations, which we considered in our lecture there are various empirical relations
possible. So, in this equation we have the values of the pseudo reduced temperature and
the pseudo reduced pressure and we plug in the values of these pseudo reduced
temperature and pseudo pressure and the pressure and to get that we get the value of the

z as 1.09.

Here we find there is certain discrepancy between what we have obtained from the chart
and what we get from the particular correlation. This is not surprising because whenever
these kind of correlations or the charts are developed they are developed considering
some particular samples of natural gas, and it may be possible that the kind of natural gas
we are handling may not be having the kind of compositions with which these charts and

the correlations were developed.

So, these whether we are using chart or any kind of correlation it might happen that,
there might be some discrepancies and in this case we find the discrepancy is about 15 to
20 percent. So, these kind of things are very much expected in this natural gas literature
because of the variations in the natural gas compositions. So, this just here we just see

that how we can estimate the values of this compressibility factor using some chart and



using some correlations. And when you are going for filled things, there you have to

figure out that what is the appropriate correlation that can be used for the particular case.
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Estimation of gas viscosity
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Next we come to the estimation of the gas viscosity. Here we have the viscosity ratio
here we find that the on the x axis we have the reduced temperature and we have the
various curves for different types of reduced pressure. So, what we do that we first locate
the reduced temperature as 1.64 and then we locate the horizontal for this reduced
pressure and from here from the point of intersection, we note down the viscosity ratio to

be about 2.45.
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Estimation of gas viscosity
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Now, with this value what we do, we now go for some corrections for nitrogen carbon
dioxide and hydrogen sulfide. So, for we have to corrections and we take here these
values of the molecular weight that is 19.91, on the x axis here the molecular weight. So,
we take that value and then we locate the temperature for the, from these curves in

Fahrenheit and then we find read out the value of the viscosity from the y axis.

So, with this viscosity value that it is coming out to be about 0.12 centipoise this is at one
atmosphere pressure, and then we apply from this chart we apply the correction for the
nitrogen. Here we again take the mole fraction of nitrogen and we get the g value and we
find the value of the correction factor here. Similarly we can go for the correction for the
carbon dioxide and these are the various correction factors we are finding and ultimately

we get the corrected viscosity as this.

Now, we see that because there is no H2S. So, there we need not apply this particular

curve for our case. So, we are only with nitrogen and carbon dioxide.
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Estimation of gas viscosity

Viscosity Ratio ~ 2.45
Corrected Viscosity at 1 atm ~ 0.0124 cP

H1 atm

Viscosity Ratio =

Higm  00124cP

F=Viscosity Ratlo . 245 Q-00a8GL e
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After this we go for the actual viscosity, because we have found the viscosity at one
atmosphere now we shall be using the viscosity ratio to find out the viscosity for the
given pressure that is 6000 psia. So, this is how we find out that viscosity ratio is defined

as the viscosity at one atmosphere that is 14.7 psia to the viscosity at the given pressure.

So, so the actual viscosity is this that the viscosity at one atmosphere to the viscous ratio
and we give this value. So, what we find that the, with the increase in the pressure the

viscosity has reduced.
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Estimation of gas density
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Next we go to the estimation of the gas density for this we use the equation of state, and
in this case we are using the compressibility factors Z for the real gas and we have this
value has 0.88, the deviation from unity division of Z values from unity tells us that the
gas cannot be considered to be ideal. So, we are using the non ideal equation of state by
incorporating the Z value and we put the other rest of the values, and we find that the

density is about 333.071 kg per meter cube.
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Estimation of gas compressibility
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Next we go to the estimation of the gas compressibility; here we again find out these
various factors Cg P pr T pr now here we see that from this particular curve we showed
in our lecture. On the x axis we have the reduced pressure and these curves are for
different reduced temperature. So, what we do again we locate this 9.10 from the x axis
and then we locate is 1.64 on these particular curves. Please see that we may not be
having the exact value of tr in that case we need to interpolate between the various

curves.

So, somehow we here we are putting the point to indicate that the 1.6 are for the reduced
temperature and corresponding to this we find the value of this cr tr then this is nothing,
but this coming up at 0.15. So, after finding this value we find the value of Cp rs 0.15
divided by T pr and this is coming out to be this and this C pr will be used in this

particular formula. Next we find the value of Cg from this expression from the C pr



divided by the 660 and here we get the value of as this much per unit pressure per unit

pressure.
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Now, this is how we find the value of the compressibility factor, here we have the

references from which you can learn more about these estimation methods.

Thank you.



