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Lecture — 23

Tutorial on temperature and quality measurement in natural gas

Welcome after learning about some techniques to estimate the pressure and the quality of
natural gas we shall do some few problems on these. So, in this lecture we shall be

learning that on Tutorial on temperature and quality measurements in natural gas.
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What we shall learn

v Estimation of
* Temperature measurement in natural gas
* Quality measurement in natural gas
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And we shall be learning about the estimation of temperature and the quality in natural

gas.
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Problem statement for temperature estimation:

A platinum resistance thermometer yields a resistance reading of 38.60
Q (R,)at a certain temperature. If the electric resistance at 0 °C is 100 {1 (R;)
,determine the corresponding temperature indication of the thermometer.
The values of constants 4, B and C are given below :

A=3.946x103°C!

B=-1108x10%°C"?

C =3.33x 1012 °C*

Ny
g
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So, this is the first problem on the temperature estimation in this we have used a data
from platinum resistance thermometer; which says that the, it gives a reading of about
38.60 ohms at certain temperature. And it is given that at 0 degree centigrade it is 100
ohms; that is this platinum resistance thermometer gives a resistance of 100 ohms at 0
degree centigrade. These 100 ohms is not fixed different platinum resistances may give
different values of the resistance and because it is 100 ohms. So, this kind of resistance
thermometer is called pt 100’ pt stands for platinum and 100 stands for the resistance at 0

degree centigrade.

So; that means, we are using a pt 100 temperature sensor for this kind of a natural gas.
So, this pt 100 gives a reading of 38.6 ohms at certain resistance certain temperature and
this resistance is given by Re. And we have been given these values of the various
coefficients which are used for the converting the, or correlating the resistance with the

temperature for this platinum resistance thermometers.
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Solution :
Using Callendar-van Dusen equation :

I =1 + AT + BT? + CT3(T - 100)
0

This is a non-linear equationin T'.

The above equation may be solved in two ways :
Method-|

Method-Il
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So, here this is the Callendar-van Dusen equation which takes this A B C and we find
that in this expression the temperature is coming in terms of T to power 4; So, this
quadratic expression which needs to be solved to find out the values of temperature for a
given value of relative resistance that is Re by R naught. So, this is a non-linear equation
in temperature; so, we may use some non-linear technique of problem with this root
finding method, but. So, there are two types of method we can adopt for following this

expression. So, let us go by first method.
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Method-I

Iteration 1:Let assume an initial approximation by neglecting the terms B and C and

solve for the temperature :
I= [(RE/RO) = 1] /A
T =|

(95/100) = 1]/(3946x107%)= ~155.60°C

Iteration 2:

Re 2 3
——1-AT = BT* 4+ CT*(T — 100)
0
The RHS of the above equation can be considered as the correction of T;.By using the
temperature T; to calculate the RHS ,the second approximation T is solved as follows :
BT? + CT*(T - 100) = (-1.1085 x 10-6)(~155.60)% +(3.33 x 10-12)(~155.60)* (=155.60 — 100)
=-0.02362
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In the first method what we do we do not go for a root finding method, but we go for
iterative method by substituting the value successively in an modified expression. So,
what we start with is this we first neglect the non-linear terms in the van Dusen equation.
And here we have this expression for temperature this temperature this T 1 represents the

first iteration temperature and here we find this is the Re by R 0 minus one divided by A.

So, we put this linear expression to find out the value of for system is as minus 155.6
degree centigrade. And now because it is non-linear what we now do that we put these
expressions for this just modify the equation a bit and we put the expression. And now
what we do that this in the RHS; we put this value of this minus 155.6 and after putting

this value again we find the value of the temperature as a second iterative temperature.
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Then,
B 1- AT =-002362
Ry
Hence,
T, = [(386%/,00) — 1 +0.02362/(3.946 x 107)= —149.61°C
Iteration 3:

BT* + CT3(T - 100) = —0.02202
Then third approximation for the temperature is given by
Ty =[0.3860 = 1 +0.02202 ]/(3.946 x 107)==150.02°C
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And then we find that this temperature gets modified to minus 149.61 degree centigrade
now with this temperature again we go back to this expression; put this temperature
values here and again we estimate this temperature. And; that way we keep on doing this

iteration and ultimately we find that we are carrying out this iteration.
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Iterations4and 5:

Repeating the same procedure ,the fourth and fifth approximations are obtained as :
T, = -149.99°C

Ts =-150.00°C

The iteration may be stopped at this point as further calculations would change
the result in the third decimal place only.

Hence, Indicated temperature by thermometer, T = ~150.00 °C

—
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And we find in 4 or 5 iterations you almost approach a constant value and because these
values are almost same. So, we take the final temperature to be minus 150 degree
centigrade. So, this is a very simple method that where we linearize the expression and
go for a substitution method successively to get the root of the equation; so, this is one of

the ways.
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v’ By numerical method to solve non linear equations (e.g, Newton's
method)

v' Four roots of the equation are:
Ty = —664.572 + 835.136i X (Imaginary)
T, = —664.572 — 835.136i X (Imaginary)
“T; = -1079.15 X (< 0K)
T, = —149.995 (Only feasible)

Hence, T = —150°C
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Now, we may also go for a direct solution of this quadratic equation and in this direct

solution we can use a standard Newton’s method and if I apply this method. And for



solving this it you can do it either manually or you can code it you can also use
MATLAB code to solve this expression. So, if you do it by manually or by some
MATLAB or other Fortran code or some C plus plus code you will find that you get
these 4 roots of the equation. So, these 4 roots are given by this and you find that first 2
roots are; obviously, not right because they are giving imaginary values. So, they are
rejected and the third one is not imaginary, but the value see it is degree centigrade. So,

this is much less than the 0 Kelvin.

So, we know that absolute temperature can never be below 0 Kelvin. So, this is also
taken out only a fourth root is kind of feasible one. So, we take these approximately this
is as one minus 150 degree centigrade. So, we see that by adopting two different methods
we can arrive at the same value of the temperature. So, this tells us that it our actual
solution does not depend or must not depend on the type of technique we are use using to
solve these expressions non-linear expressions. So, with this we find that we get the

temperature of the natural gas as minus 150 degree centigrade.
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Problem statement for quality estimation:
Calculate the quality (rate of liquid flow) in gph (gallons per hour) for the conditions
given as follows:
Base conditions: Gas field in, Py, = 14.65 psia, Tj = 60 °F
Meter pipe: 4-in schedule 40 ,1D=4.026-in (D), flange taps, static pressure measured
upstream taps
Orifice plate: Stainless steel, 1.5 in (d): measured at 20 °C
Recorder: 100 in water column differential, 1,000 psia static spring
Readings:

Atmospheric pressure(Pyzy): 14.4 psia
Flowing temperature: 100 °F
Gas-specific gravity (y,): 0.6
Differential pressure (h,,): 65 in water column
Static pressure (P): 641 psig, Hence Pg=Pyey+ P=14.4+641=655.4 psia
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Now, we go to another problem on the quality estimation; when we say quality as we
learnt earlier quality means that: what is the fraction of the liquid and vapor in the natural

gas. And in this case we are defining the quality in terms of the amount of liquid.

So, in this problem we have been asked to determine the quality of natural gas in terms

of rate of liquid flow in gph that is gallons per hour. Based on these field conditions and



please note that these field conditions are the same as we did for the earlier solution for
the finding the flow rate through orifice meter of natural gas. So, we have taken the same

values here and we do many these unit convergence.
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Solution :
The liquid flow rate :

0=¢ fhut

Where,C = BEE,
=(460.8)(1.0002)(1.2910)
=595.012

0 = 595.012/(65)(655.4) = 122810.5 gph
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And we find that we get this expression for the liquid flow rate and here we have been
given this value of C in terms of F b F r and F g. Now as we discussed under the flow
rate for natural gas through orifice meter, we find that the same values of the correction

factors F b, F r and F g are also used in this expression.
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Basic orifice factor (F})

Based on pipe ID, D = 4.026 in and orifice diameter,d = 1.5 in Table-C1 gives:
F, =460.80

08!
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Table ©-1 Fy, Basic Orifice Factors—Flange Taps

Bass tempsratire = 60 °F

Flowing temparature = 60 °F

Base pressure = 14.73 psia

Specific gravity = 1.0

Pipo Sizes—Hominal and Publishod Insido Diametors. in

Crifica 2 2 s

Oiametor
(n) 1680 19039 2067 2200 2620 2800 3068 3152 242
T TSESE IIT0T TITIT TiT I aTe Tives e e
0376 26474 29430 20428 20411 26393 29382 20376 20373 20364
0500 60777 60687 60621 0435 50356 50313 SO2U2 S028a 50260
0626 00090 79.500 79311 79.052 70010 70606 70625 70500 7H.620
0750 11708 11662 11618 11452 11299 11270 11366 11250 11233
0676 16296 15686 1BA47 167.12 16600 15641 16514 15603 16471
1000 21977 21247 21022 20744 20618 20408 0A6: 20233 276
1126 20096 27830 27170 26635 26206 260.95 26804 26465 257.63
1260 98670 35268 94513 33612 927.09 29263 23203 22137 N9er
1378 44657 43380 41676 40218 39680 38309 39197 38803
1.600 54220 61006 49796 47730 47290 47114 466399
1628 e2201 seesz seees sexes 55e7E 5231
1750 70127 67441 6e3.42 esaoe 4754
1875 63488 79388 771G 77044 7EIAT
2000 93065 G061 99606  B70.59
2128 10012 10525 10081 10014
2250 12222 11999 11477
2a7s 1A
2500 1.400.4

Reference :Guo B, Ghalambor A. Natural gas engineering handbook. Elsevier. 2014,
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So, we go to this expression for F b and F b is obtained from this particular chart; here
we have the orifice diameter. And here we have nominal diameter of the pipe depending
on that we find out the value of the this factor. And this can be obtained from this

particular reference here and we get the value of the F b for this.
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Reynolds number factor(F,)

Based on pipe ID,D = 4.026 in and arifice diameter d = 1.5 in, Table-C2 gives
b =0.0336. Thus,

=1+ 0.0336 =1.0002

b
k=11t R Pr ~ \(65)(655.4)
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And then we go for another chart for F r this F r has been obtained from this particular

chart.



(Refer Slide Time: 08:27)

Epqudton v

Table C-2 “b” Values for Reynolds Number Factor F, Determination—
Flange Taps

Pipe Sizes—Nominal and PUDIISHed Insice Diameters. in

2 3 4

meter

Gn) 1689 1339 2067 23 2626 29 2068 3182 3438

O2% 0T G091 GO9I G0N0 00U OOWE 01010 01018 01030
0376 00677 00709 00726 00755 00792 000 00436 00844 00867
0500 00562 00676 00588 00812 00648 00677 00M85 00700 00728
0626 00620 0006 00506 00616 00641 00566 00663 00691 00618
0760 00536 00485 00471 00462 00470 00486 00498 00604 00528
0875 00696 00606 00478 00445 00429 00433 0043 00442 004860
1000 00677 00659 00516 00458 00416 00403 00402 00403 00411
1125 00762 00630 00574 00495 00427 0036 0036 003 0030
1260 00824 OO707 00846 00850 00456 00408 00368 00361 00365

137 00772 00716 00614 0001 00435 00408 003N 00365
1.500 00773 00678 00854 00474 00438 00420 00378
1.625 00735 00613 00622 00477 00457 00402
1780 00660 00575 00524 00600 00434
1875 00717 00628 00574 00648 00473
2.000 00676 00624 00668 0.0517
2125 00716 00663 00642 0.0663
2280 00708 00685 00607
2a75 0.0848
2,500 0.0683

Reference :Guo B, Ghalambor A. Natural gas engineering handbook. Elsevier, 2014,
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Again it depends on the orifice meter and nominal size of the pipe and the gauge of the
pipe. So, this from this particular chart we locate the orifice diameter, the nominal

diameter, the gauge and we find out the value of the factor F r.
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The specific gravity factor (F)

Fb = JI = \[I =1.2910
Yg 0.6
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And then lastly we have the value of the F g, this obtained from the specific gravity
which we also find out earlier and this is coming as 1.2910. So, with these values what
we do now? We have all the values with us and we plug in the values over here to find

out the value of C. And this C value is then plugged in into this expression and h w P f



are given in the, a problem this is h w is the height of the water column. And with this we
will find that the liquid flow rate in the natural gas is coming out to be 122810.50 gallons

per hour.

So, this is the flow rate of the liquid once we know the flow rate of the liquid and once
we know the gas flow rate now we can take the appropriate ratio to find out the fraction
of the liquid in the natural gas. And that is how we represent the quality of the, what

natural gas in terms of the liquid flow rate.
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And these are the some references from which you can get the more detailing and the

data to solve the, but this temperature as well as the quality of the natural gas.

Thank you.



