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Abstract

Accurate estimation of natural gas water content is very important and crucial for proper handling of
many natural gas production and processing operations. In this paper, a new mathematical expression
is developed for accurate estimation of the water content of sweet natural gas in equilibrium with liquid
water for temperatures from 298.15 to 413.15 K as well as pressures between 3 to 80 MPa. The average
absolute deviation percent is 0.86% and it proves the excellent agreement of predicted values using
new correlation in comparison with reported data in the literature. The precision of new correlation to
predict the water content of natural gas could not be provided by any of the other investigated methods. The
excellent performance of the proposed correlation along with its simplicity and uncomplicatedness enable
accurate and fast estimation of natural gas water content for any natural gas industrial applications.
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1. Introduction

Coexistence of water and natural gas in the reservoir will contribute to produce gas stream
saturated by water vapor together with liquid water. Amount of water condensates depends
on the surface and reservoir differences in pressure and temperature. Before delivery of produced
gas from well to the pipelines, some processes include liquid separation, sweetening, and
dehydration must be performed. Detail description of the gas treatment can be found else-
where [14,22,31]_

Water content is one of the extremely important factors affecting the design of gas treatment
facilities. The water content also affects the injection rate of inhibitor in hydrate inhibition
system for production/transmission pipelines. In addition, the rate at which corrosion occurs,
determining the pipeline’s lifetime, is in direct proportion to the existing water in the gas resul-
ting in oxidation [2J,

Due to the mentioned facts, accurate prediction of natural gas water content lead to safe
and economic design of natural gas equipment. Calculation of such properties as viscosity
and density of the gas phase represent another aspect of water content importance 31,

Available methods for estimation of natural gas water content can be categorized in two
main groups: thermodynamic approaches, and empirical correlations. By applying the Raoult’s
law to water, the simplest thermodynamic model known as ideal model is written as follows:

prsat

yw_ P (1)

where Yu and Xu are mole fractions of water in vapor and liquid phase, respectively; P is

absolute pressure of the system, and P is water vapor pressure at system temperature.
Based on this model Bukacek ¢! and Mohammadi et al. 1?°! proposed separate correlations

to estimate the water content of sweet natural gases. Bukacek ¢! correlation is applicable at

temperatures higher than 288.15 K 3% and proposed correlation of Mohammadi et al. 291
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is developed in the temperature range of 273.15 K and 477.59 K and pressures up to 14.40
MPa.

More complicated thermodynamic models are based on fugacity uniformity of each component
in all phases of the system. The methods of Erbar et al. [*3], Li and Firoozabadi [?*!, Chapoy
et al. 1'% Zirrahi et al. ! and Chapoy [*'! are such models. The presented method by
Chapoy (2004), however, is derived by employing some assumptions. Hence, this method is
a semi-empirical approach for estimating the natural gas water content. By using the equation of
Chapoy !, the water mole fraction in the gas phase is estimated as follows:

(e

¢,P RT

L
where U w is water molar volume, and D is fugacity coefficient of water in the gas phase.

(2)

L
U™w and P*"are estimated by the relations reported by Daubert and Danner 2! and McCain [27],

[11]

respectively. Chapoy proposed the following equation to estimate ¢W:

$,, =exp(BP +CP?)

(3)
where B and C are temperature dependent functions as below:
b
B=a+— (4)
T
d
C=c+— (5)
T

where a, b, ¢, d are coefficients.

In addition to the thermodynamic and empirical methods, some charts have been provided
in the literature (McKetta and Wehel?8!, Robinson et al. 1371, Campbell ®1; Wichert and
Wichert [4%1) for estimation of natural gas water content. In many standards, McKetta and
Wehe [?8] chart is recommended for estimation of sweet natural gas water content. [2°1, This
chart has been regenerated in many publications 3! like Gas Processors and Suppliers
Association (GPSA) Engineering Book [, Since graphical based calculations need in most
cases an interpolation, they are usually time consuming and tedious.

In view of this fact many authors such as Kobayashi et al. 21, Ning et al. 32!, and Bahadori
et al. %! tried to develop a correlation representing the curves plotted in the McKetta and
Wehe [28] chart. Kobayashi et al. [?*1 correlation is quite intricate and is applicable for pressures
up to 14 MPa. The complicated dependency of coefficients of Ning et al. 1321, and Bahadori et
al. ¥ correlations on pressure and temperature respectively makes these correlations nearly
tedious tools.

In this study, first, an easy to use correlation will be presented for accurate predicting the
water content of sweet natural gases based on the reproduced McKetta and Wehe chart [*],
Next, the capability of the new and Ning et al. 32! correlations in representing the McKetta
and Wehe chart [*! will be evaluated.

Finally, precision of the new correlation will be compared with some available methods by
employing previously published experimental data of water content for various gaseous systems
in equilibrium with pure water.

2. Predictive tool development

To develop a reliable correlation capable to predict the water content of sweet natural
gases, a total number of 312 data points have been extracted from McKetta-Wehe chart
reproduced by GPSA Engineering Data Book [, In an attempt to present an easy to use, yet
accurate correlation, saturated water content of sweet, lean natural gases, is assumed to be
function of only temperature and pressure of the system, and the effect of gas composition
on water content is assumed to be negligible. Table 1 shows the pressure, temperature, and
water content operating ranges of collected data.

With the objective of generating an empirical correlation, a curve fitting process may be
performed. Curve fitting is defined as finding an approximate function that describes the
data points as a whole with the smallest error. This function does not have to go through all
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the data points (Yang et al. [*?1).The commonly used approximants are polynomials, trigono-
metric functions, and exponential functions (Hoffman [*51),

Table 1 Operating ranges of extracted data from McKetta-Wehe chart [2°! for pressure,
temperature, and water content

Variable Minimum Maximum
P (MPa) 3 80
T (K) 298.15 413.15
W (g/Sm?) 0.150237 85.0697

The Weierstrass approximation theorem [7*31 which states that any continuous function
can be approximated on a finite interval as closely as one wishes by a suitable polynomial,
makes polynomials as the most frequently used general purpose for treating with functions
on bounded domains midst other available approximating functions. The Weierstrass’s theorem
is proved in many different ways [*°1, The properties of polynomials are described in detail
by Quarteroni et al. 331, In the present work, a bivariate polynomial of the following form is

employed to model the water content of sweet natural gas as function of temperature and
pressure.

Z=a,+ax+a,y+a x> +a,y’ +axy+a,x’ +a,y’ +a,x’y +a xy’ (6)

In the development of desired correlation, all dependent and independent variables are
investigated in logarithmic form. This decision is a consequence of this fact that the logarithmic
functions are smooth and non-oscillatory equations that contribute to precise predictions 3.
Before the advent of computers these functions provided a means of easily performing many
tedious computations. Figures 1 and 2 clearly demonstrate the usefulness of applying the
logarithmic functions to simplify the modeling. As it shown Figure 2 looks like a thin flat

plate while Figure 1 has more complicated shape. After this consideration, the final form of
the proposed equation is as follows:

log(W) = (A, log(P) + A, log( P)? + A, log( P)? )+ (B, log(T) + B, log(T)? + B, log(T)° )+
(C, log(P) x log(T) + C, log( P)? x log(T) + C, log( P) x log(T)? )+ D (7)

where W is water content in g/Sm?>, P is pressure in MPa, T is temperature in K, and A;, Bi,
C;, and D are coefficients.
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Figure 1 Water content as function of Figure 2 Representation of water content
pressure and temperature dependency on pressure and temperature in

logarithmic form
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3. Results and discussion
3. 1 New correlation parameters

In this step, all the gathered data should be used in a multi-dimension regression procedure.
In order to find the parameters of correlation (7), available software such as Engineering
Equation Solver (EES), Statistical Package for the Social Sciences (SPSS), and Polymath
could be used. In this work, the Polymath has been employed for statistical analysis of the
data.

Polymath allows the user to enter any linear or non-linear equation. This program uses
the Levenberg-Marquardt (LM) algorithm for finding the parameter values, which minimize
the sum of squares of the errors. The LM algorithm is an iterative technique that locates the
minimum of a multivariate function that is expressed as the sum of squares of non-linear
real-valued functions [23261, Detailed analysis of the LM can be found elsewhere [20:33: 341,

Error and sum of squares of deviations are defined by the following equations, respectively.

€ = [IOg(W )i ]experimental - [lOg(W )i ]predicted ©

S= Z Z log(W ), — A log(P) —...— B, log(T) —...— C, log(P) x log(T) —... - D) (9)

In this method, the constants must be determined such that S is minimum. It is well known
that the function S is a minimum when

oS oS B
NP P (10)
oA A, oD

To achieve more accurate results, the collected data are divided into two data sets based
on pressure ranges. Obtained values for coefficients of correlation (7) are tabulated in Table 2.

Table 2 Tuned coefficients of new correlation

Pressure (MPa)

Constant

3-12.5 12.5-80
A; 11.1728534218026 28.18757891000850
A; 2.17088362926705 -4.412326505754120
As -0.61245099784033 -0.110962892846461
B; 613.998704849282 586.5149287949610
B, -217.137829772619 -204.8201385332070
B3 26.01248692666940 24.44916368904060
C; -10.0477399537319 -16.18525794444430
G -0.216589232258067 1.990971914315890
Cs 1.898617158773830 1.743708627795870
D -583.2890363626920 -567.2953173754560

3. 2 New model in comparison with Ning et al. *?! correlation

Since both Ning et al. 32! and the proposed correlations are developed based on the McKetta -
Wehe chart, first, the capability of these two models in predicting the water content of sweet
natural gases have been compared. With the aim of checking the accuracy of these models
in reproducing the extracted data from McKetta-Wehe chart, the absolute deviation (AD %)
and average absolute deviation (AAD %) are used as statistical parameters.

AD% =100 W ~Wer
0= (11)

exp

(Wexp _Wcalc )

exp
where N is the number of the points.

The summary of obtained results from newly developed and Ning et al. 13?1 correlations
for prediction of water content of sweet natural gases against the target data are presented

AAD% =100 IN

(12)
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in Table 3. The graphical representation of Table (3) is depicted in Figure 3. AD% between the
estimations of the new models and Ning et al. (2000) correlation and some data from McKetta -
Wehe chart are given in Table 4. As it can be seen from error analysis results, the obtained
mathematical model has overall ADD % equal to 0.86% while the Ning et al. *2! correlation
showed absolute deviation in average 5.93%. So, the proposed model in this work covers
the McKetta-Wehe chart more precisely than Ning et al. 32! correlation across all investigated
ranges for pressure and temperature.

Table 3 Error analysis results for Ning et Figure 3 Graphical representation of AAD % of Ning et al.

al. 1221 and the new correlations [22]1 and the new correlation for various pressures

Pressure New AAD %Nin ot al - [ AAD % of New Correlation
(MPa) Correlation ?22] ’ I AAD % of Ning et al. (2000)

3 0.73 4,94

4 0.97 9.35

5 0.79 11.86

6 0.90 4,96 -

8 0.71 6.70 2

10 1.33 5.91 =

15 0.86 4.77

20 0.81 4,67

30 0.67 4,37

40 0.97 4,23

50 0.72 3.56

60 0.85 5.12

80 0.86 6.56 35 4 5 6 8 10 15 20 30 40 50 60 80 overall
Overall 0.86 5.93 Pressure (MPa)

Table 4 The predictions of new and Ning et al. 1?21 correlations in comparison with some
extracted data form McKetta-Wehe chart [2°]

W (g/Sm?) AD%

P (MPa) T(K) Exp. This work  Ning et al. '*21  This work  Ning et al. ??!
3 298.15 0.86556 0.86485 0.883581 0.082 2.082
3 358.15 14.0287 13.9983 14.32392 0.216 2.104
4 303.15 1.50474 1.51085 1.59306 0.406 5.869
4 368.15 15.8630 15.6465 17.2300 1.364 8.618
5 313.15 1.2905 1.28214 1.33580 0.646 3.511
5 383.15 21.5681 21.9707 25.8110 1.866 19.672
6 298.15 0.51871 0.51422 0.54389 0.866 4.855
6 378.15 16.0263 16.2645 17.4924 1.486 9.148
8 308.15 0.74231 0.73345 0.75536 1.194 1.757
8 403.15 29.3248 29.2184 32.4537 0.363 10.67
10 383.15 13.0582 13.3819 14.3807 2.479 10.13
10 413.15 32.4871 33.1589 35.6753 2.068 9.814
15 338.15 1.90439 1.90876 1.92539 0.229 1.103
15 398.15 14.9177 15.0436 16.0574 0.844 7.640
20 318.15 0.69807 0.69579 0.73037 0.326 4.627
20 408.15 16.5263 16.1485 17.3915 2.286 5.235
30 323.15 0.70526 0.71870 0.74825 1.906 6.096
30 373.15 4.5945 4.5069 4.55237 1.906 0.917
40 353.15 2.0044 2.0056 2.0019 0.056 0.126
40 408.15 10.531 10.608 11.243 0.727 6.758
50 368.15 3.0192 2.9866 2.9636 1.078 1.842
50 413.15 10.749 10.809 11.136 0.555 3.594
60 363.15 2.3613 2.3416 2.2819 0.834 3.363
60 398.15 6.7111 6.6818 6.6065 0.438 1.559
80 303.15 0.1901 0.1927 0.2299 1.333 20.92
80 413.15 8.8487 8.8163 9.1269 0.366 3.144
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3.3. New model in comparison with other available methods

The approaches proposed by Bukacek [®1, Chapoy [**! and Mohammadi et al. 1?1 for estimating
the water content of natural gases have been chosen as a basis of comparison. In this section,
the error analysis entails investigating the precision of the mentioned methods and the
presented models against the previously published experimental data of natural gas water
content in equilibrium with pure water.

Experimental data points of several systems include C;-water, C,-water, and C;-C,-water;
have been collected form literature 193936411 Taple 5 shows the analysis of gathered data points.

Table 5 Sources of gathered experimental data along with data analysis summary

System Ref. N Pressure, MPa Temperature, K Yo x10°
min max min max min max
C,-Water [13] 25 5.99 34.61 298.11 318.12 0.265 1.985
[39] 17 3.45 89.63 310.93 422.04 0.125 125
[38] 12 4.23 14.37 310.93 344.26 0.754 9.33
C,-Water [13] 12 3.24 4.63 293.11 303.11 0.525 1.41
[39] 13 3.45 89.63 314.82 366.48 0.499 22.5
[40] 15 2.76 13.79 310.93 344.26 0.812 12.69
C,-C,-Water [38] 15 4.23 14.16 310.93 344.26 0.740 5.66
Overall - 109 2.76 89.63 293.11 422.04 0.125 125

N denotes number of the points

Table 6 shows the performance of new correlation in comparison with other existing methods
in regenerating the collected experimental data of C;-water, C,-water, C;-C,-water systems.
Figure 4 demonstrate the performance evaluation in graphical form. More detailed comparison is
provided in Appendix A.

Table 6 Summary of error analysis results for existing methods and new correlation

AAD %
SYStem This work Bukacek L6l Chapoy [13] Mohammadi et al. [71
C,-Water 4.20 4.45 10.46 4.58
Cr-Water 8.68 12.38 8.64 10.10
C;-C,-Water 3.89 3.23 5.04 4.13
Overall 5.80 7.19 8.85 6.88

14
Il AAD% of Chapoy (2004)
I AADY% of Bukacek (1955)
12 4 [ AAD% of New Correlation
1 AAD% of Moh. et al. (2005)

AAD %
]

O T T
A B C D

Figure 4 Graphical performance evaluation of existing methods and new correlation in reproducing
collected experimental data (A, B, and C, denote C;-water, C,-water, and C;-C,-water systems,
respectively, D stands for all gathered data)
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As can be observed from Table 4 and also Figure 4, the overall performance of the
proposed correlation in water content estimation is better than other existing methods. As
mentioned before, none of the experimental data obtained from Sharma [3°1 ,yarrison [41],
Chapoy % and Reamer et al. [3®1 are employed in construction of the presented correlation.
Regeneration of the experimental data with an AAD % of 5.80% corroborates good potency
of the obtained empirical correlation in predicting water content of sweet natural gases.

40

T=298.11 K
35 A o
\ ——&—— Exp.data
30 4 — —@ —  This work

25 4

20 4

Pressure (MPa)

15 A

10 4

5 4

0 T T T T T
250 300 350 400 450 500 550 600 650

Y, (PPm)

Figure 5 Experimental [*31 and predicted water content of pure methane at 298.11 K

A comparison between the estimations of the new correlation and the experimental data
published by Chapoy [*° for water content of pure methane at 298.11 K is illustrated in
Figure 5. The Data reported by Yarrison 1 for pure ethane at 366.48 K, and the data
reported by Sharma 391 for mixture of methane (91.73%) and ethane (8.27%) at 344.26 K
along with the obtained results of new model are shown in Figures 6 and 7, respectively.

100 16
T=366.48 K T=344.26 K
—&—— Exp.data ——&—— Exp.data
80 1 — 8 —  This work 141 \ — -8 —  Thiswork

60 12 A

Pressure (MPa)

40 10 4

Pressure (MPa)

20 4

0 T T T T T T T T T T T
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 3000 3500

T T T T
4000 4500 5000 5500 6000

Y, (PPM) Yy (PPM)
Figure 6 Experimental 3®1and predicted water Figure 7 Experimental 381 and predicted water
content of pure ethane at 366.48 K content of mixture of methane (91.73%) and

ethane (8.27%) at 344.26 K
4. Summary and conclusions

In this study, a mathematical model in a polynomial form with 10 constants for fast and
accurate estimation of sweet natural gas water content was presented. The required data for
developing the correlation were gathered from McKetta -Wehe chart reproduced by GPSA [,
The correlation is easy to use and is applicable for wide range of pressure (3-80 MPa) and
temperature (298.15-413.15 K). New correlation showed absolute deviation in average
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0.86%. Based on comparison results, the capability of proposed correlation in regenerating
the data of McKetta-Wehe chart is much better than Ning et al. [3?! correlation.

With the aim of performing further performance evaluation, some experimental data of
the water content of pure methane, pure ethane, and mixtures of methane and ethane in
equilibrium with pure water was collected from reliable sources [1%3%364%1 It was demonstrated
that the predictions of the new empirical model are in good agreement with experimental data.

Based on error analysis results, the obtained correlation is more accurate than the methods
reported by Bukacek [®1, Chapoy ', and Mohammadi et al. [?°1 and can be used successively
for prediction of sweet natural gas water content without considering sophisticated thermo-
dynamic terms. In the case of sour or acid gases, the proposed correlation can be combined
with appropriate approaches for calculation of water content of acid or sour gases. Such methods
as Robinson et al. 371, Maddox et al. [?%], and Bahadori et al. [*®! rectify the sweet gas water
content with regard to the amount of acid gases in the system. The obtained methods by
Bahadori et al. 151 are more recommended, however, according to simplicity and excellent
performance accompanied with those reported models.

List of symbols

a, A, A,  Coefficient
AAD %  Average absolute deviation in percent
b, B, B Coefficient

¢, G Coefficient

d D Coefficient

€; Deviation

EES Engineering Equation Solver

LM Levenberg-Marquardt

N Number of points

P Pressure (MPa)

PpSAT Water vapor pressure

S Sum of squares of deviations

SPSS Statistical Package for the Social Sciences
T Temperature (K)

w Water content (g/Sm?)

Xw Mole fraction of water in liquid phase
Y Mole fraction of water in vapor phase

Greek symbols

L
U w  Wwater molar volume

P
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Appendix A

Detail of comparison between experimental data and predictions from developed
empirical correlation and existing methods

Mole fraction of water in vapor phase could be converted to water content by the following
relation:

W
Yu 760.4
AD %s between the experimental water content of C;-water, C,-water, C;-C,-water systems
and the predictions of developed model and literature methods in water mole fraction are
given in Tables (A.1) to (A.3), respectively.

(A.1)

Table A.1a Absolute deviation between the predictions of new correlation and other existing methods
and the experimental water content (y,,= water mole fraction) of pure CH,4 from [*3!

Absolute deviation (AD %)

Mllz T (K) yw hi K k K L6] Mohammadi h [13]
(MPa) %<10° This wor Bukace et al. 7] Chapoy
6.39 298.11 0. 631 2.79 7.92 2.04 0.02
10.07 298.11 0.471 4.05 6.18 6.39 0.03
17.52 298.11 0. 355 2.98 3.25 10.31 11.45
6.06 303.11 0.889 0.89 4.70 3.14 1.51
9.84 303.11 0.625 4.18 5.94 4.48 1.23
17.50 303.11 0.456 3.84 3.86 *okk 12.97
5.99 308.11 1.114 3.72 9.85 3.08 4.65
9.84 308.11 0. 807 4.65 6.17 2.46 2.89
6.06 313.12 1.516 2.35 3.47 1.77 0.33
9.98 313.12 1.045 2.98 4.29 2.60 2.43
17.47 313.12 0.715 0.56 8.11 *okk 18.70
4.02 318.12 1.985 4.24 1.77 2.32 1.01
10.01 318.12 1.326 3.22 4.44 0.98 3.69
17.50 318.12 0.890 1.25 9.57 *okx 20.66
25.15 298.11 0.313 0.78 0.39 *okx 39.20
34.42 298.11 0.265 5.21 4.87 *okk *okok
25.06 303.11 0.371 9.56 7.96 *okx 48.45
34.56 303.11 0.331 7.79 6.96 *okok *okok
17.49 308.11 0.577 5.29 5.21 *okx 15.09
25.09 308.11 0.495 4.68 2.98 *okk 39.76
34.58 308.11 0.447 1.39 0.29 *okx *okox
25.17 313.12 0.626 4.58 2.85 *okx 37.76
34.61 313.12 0.575 0.67 1.92 *okok *okok
25.12 318.12 0.763 7.75 6.05 *okx 39.45
34.61 318.12 0.691 3.32 1.96 *okk *okok

Table A.1b Absolute deviation between the predictions of new correlation and other existing methods
and the experimental water content (y,,= water mole fraction) of pure CH, from &%

Absolute deviation (AD %)
M|PD T (K) yW hi K K Kk 61 Mohammadi h [13]
(MPa) %x10° This wor Bukace et al. 7] Chapoy
4.23 310.93 1.882 9.74 0.69 4.89 4.54
6.99 310.93 1.341 9.83 6.15 11.87 9.87
10.44 310.93 0.919 1.95 3.26 4.37 1.33
13.89 310.93 0.754 2.12 5.18 2.95 7.86
4.23 327.59 4.3 11.48 1.47 3.25 2.92
6.99 327.59 2.79 3.84 0.61 1.99 0.31
10.44  327.59 1.93 6.79 7.89 4.79 9.20
14.37  327.59 1.71 3.51 1.74 4.05 3.61
4.23 344.26 9.33 15.90 5.45 5.59 5.31

6.99 344.26 5
10.44  344.26 4.
13.89 344.26 3.

.5 0.28 5.00 4.85 6.14
25 1.59 0.46 0.12 2.53
68 8.18 6.18 4.90 0.87
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Table A.1c Absolute deviation between the predictions of new correlation and other existing methods
and the experimental water content ( Y,, = water mole fraction) of pure CH,4 from [39]

Absolute deviation (AD %)

p Y, .

(MPa) T X103 This work Bukacek 6] M‘;?zrpr}l?d' Chapoy [13]
6.89 310.93 1.25 2.35 1.80 4.34 2.26
3.45 366.48 23.5 6.32 7.32 8.48 8.60
6.89 366.48 13.3 2.71 3.20 5.22 5.88
3.45 422.04 125 1.74 14.18 16.82 16.71
6.89 422.04 74.7 2.01 1.73 6.02 5.23
20.68 310.93 0.699 7.74 8.71 *ok ok 8.01
41.37 310.93 0.534 10.14 10.20 *okok *kk
20.68 366.48 6.00 1.73 0.64 *ok ok 8.02
41.37 366.48 3.97 2.44 3.72 ok ok *kx
62.05 366.48 3.45 1.98 0.81 ok ok *okk
75.84 366.48 3.14 1.16 3.35 ok ok *kx
89.63 366.48 2.89 0.17 6.71 dokk *kk
20.68 422.04 31.7 5.55 1.05 dokk 8.01
41.37 422.04 20.5 4.67 1.39 *okok kkk
62.05 422.04 16.6 2.96 0.60 dokk *kk
75.84 422.04 14.3 3.61 5.94 *okok *kk
89.63 422.04 13.7 1.39 3.75 dok ok * kK

Table A.2a Absolute deviation between the predictions of new correlation and other existing methods

and the experimental water content ('Y, = water mole fraction) of pure C,Hg from

[13]

Absolute deviation (AD %)

P Yuw '
(MPa) T X103 This work Bukacek 6] M%?ZT@?d' Chapoy [13]
3.24 293.11 0.66 20.34 31.61 23.06 19.95
3.32 293.11 0.626 24.25 35.99 26.97 23.81
3.48 293.11 0.595 25.65 37.64 28.14 25.05
3.75 293.11 0.525 34.09 46.80 36.02 32.93
3.53 298.11 0.982 0.27 10.18 3.70 1.21
3.99 298.11 0.794 12.53 23.26 15.23 12.74
4.01 298.11 0.768 15.90 26.92 18.62 16.06
4.12 298.11 0.749 16.44 27.33 18.82 16.33
3.37 303.11 1.41 4,22 5.60 0.62 1.86
4.38 303.11 0.99 10.91 21.11 13.99 11.74
4.48 303.11 0.943 14.54 24.86 17.39 15.14
4.63 303.11 0.911 15.81 25.88 18.15 15.99

Table A.2b Absolute deviation between the predictions of new correlation and other existing methods
and the experimental water content ( Y,, = water mole fraction) of pure C,Hs from [391

Absolute deviation (AD %)

P yw i

(MPa) T (K) X103 This work Bukacek [®1 MZ?ZT@?d' Chapoy [13!
3.59 314.82 2.19 7.67 19.79 16.09 13.30
6.89 314.82 1.28 15.80 20.849 14.67 14.12
3.45 366.48 22.5 2.15 12.099 13.30 10.42
6.89 366.48 12.4 4.34 10.699 12.86 10.55
20.68 314.82 0.837 7.57 8.51 KoKk 5.28
41.37 314.82 0.733 21.95 22.15 k%% K%k
62.05 314.82 0.582 17.01 13.12 KoKk oKk
89.63 314.82 0.449 8.13 3.70 k%% K%k
20.68 366.48 6.43 8.30 6.08 k%% 1.87
41.37 366.48 4.06 0.17 1.42 KoKk oKk
62.05 366.48 3.29 2.78 5.71 k%% K%k
75.84 366.48 3.02 2.77 7.46 KoKk oKk
89.63 366.48 2.87 0.87 7.46 * k% Kk ok
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Table A.2c Absolute deviation between the predictions of new correlation and other existing methods
and the experimental water content ( Y,, = water mole fraction) of pure C,He from [

p

Yu

Absolute deviation (AD %)

(MPa) T X103 This work Bukacek 6] Mc;r;a;r;qrn?m Chapoy 13!
2.76 310.93 2.641 6.84 2.15 0.78 3.44
5.51 310.93 1.474 4.38 2.40 2.91 4.234
6.89 310.93 1.244 1.93 2.23 3.94 4.264
10.34 310.93 0. 949 0.65 0.62 6.79 3.78
13.79 310.93 0. 812 4.97 1.92 9.51 2.05
2.76 327.59 6.00 7.44 2.94 1.73 0.97
5.51 327.59 3.25 3.32 4.44 2.11 0.44
6.89 327.59 2.74 1.19 3.57 0.91 0.01
10.34 327.59 2.02 2.69 3.76 0.79 2.30
13.79 327.59 1.68 0.39 2.68 0.14 4.80
2.76 344.26 12.69 9.21 2.10 2.07 0.63
5.51 344.26 6.833 5.61 2.84 2.64 0.71
6.89 344.26 5.675 2.44 2.92 2.77 1.31
10.34 344.26 4.147 1.52 2.72 3.05 3.01
13.79 344.26 3.409 0.16 1.76 3.11 4.67

Table A.3 Absolute deviation between the predictions of new correlation and other existing methods

and the experimental water content ( Y,, = water mole fraction) of C;-C, mixture from 8

Absolute deviation (AD %)

. P Yw -

©C pa) T Js Thiswork  Bukacek [ Moharmadi  Chiappy

91.73  4.23 31093 1.892  10.21 1.21 5.38 5.10
6.99 310.93 1.32 8.40 4.66 10.47 8.50
10.44 310.93 0.924  1.40 2.70 4.89 0.71
13.89 310.93 0.753  1.93 5.32 2.83 7.92
10.44 327.59 2.225  7.36 6.42 9.10 5.34
13.89 327.59 1.72 2.21 0.16 2.60 4.59
6.99 344.26 5.66 3.10 2.03 1.88 3.06
10.44 344.26  4.15 0.78 1.93 2.29 4.92
14.16 344.26  3.38 1.42 0.78 2.26 6.67

84.04 10.44 310.93 0912  2.74 4.05 3.63 2.04
13.89 310.93 0.74  3.73 7.17 1.12 9.82
10.44 327.59  2.23 7.58 6.63 9.31 5.56
13.89 32759 1.711  1.70 0.37 2.09 5.14
10.44 344.26 4.17 0.30 1.44 1.80 4.42
13.89  344.26 _ 3.58 5.45 3.56 2.25 1.83
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