Romanian Journal of Petroleum & Gas Technology VOL. I (LXXIII)
No. 2/2021

THE INFLUENCE OF PRESSURE AND TEMPERATURE ON THE
COMPRESSIBILITY FACTOR

Oprea George lulian®, Aidoni Artemis?, Mitrea | oana Cornelia®, Dinu Florinel*

1 3.C. Petrostar S.A. Ploiesiipmania

2 ENEL Romania S.ARomania

¥ OMV Petrom S.A.Romania

4 Petroleum-Gas University of Ploied®pmania

e-mail: oprea.iulian10@yahoo.coarfemis.aidoni@enel.com

DOI: 10.51865/JPGT.2021.02.02

ABSTRACT

The natural gas compressibility factor indicates the compresand expansion
characteristics of natural gas under different conditions. dt thermodynamic property
used to take into account the deviation of the behaviour of adalah gases from that of
an ideal gas. Compressibility factor, Z, values of natgases are necessary for most
petroleum gas engineering calculations.

In this study, a comparison between five different calculatiorhoadist is presented to
determine this critical parameter for the same natural ajadifferent conditions
(pressure and temperature), using Canadian Association of BetrBi@ducers, Azizi,
Behbahani and Isazadeh, Dranchuk- Purvis- Robinson, Dranchuk-AburkK sase

Standing- Katz methods.

The correlations are based on the equation of state are offgicitirbecause they
require iteration. Many correlations have been derived to entsamqaicity; however,
no correlation has been developed for the entire range of pseudo-rgdessares and
temperatures. Azizi, Behbahani and Isazadeh’s method was fourmyeahe biggest
error as a result obtained for T=20° C, and p=20 bar is no langtre field of
applicability.

Keywords. gas compressibility factor; correlation; equations of sta@Sd); pressure;
temperature;

INTRODUCTION

“Critical insight into the behaviour of natural gas is importanthe reservoir and the
chemical engineering calculations that deal with gas a®btiee main phases. Among
the parameters of evaluating the performance of naturaltlgassompressibility is of
highest importance in the determination of the natural gasedbehaviour.” [3]

The compressibility factor (Z) is a dimensionless coefficies#td to modify the thermal
equation of state of the ideal gas to correspond to the behavioureaf gas. In this
sense, the compressibility factor can be interpreted as ssccahyproperty of gases, its
value depending on the pressure, temperature and nature of thelhgasgas
compressibility factor is required for gas reservoir engingecalculations which
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include the estimation of gas reserves, design of oil and gasasers and design of
pipelines for the transmission of produced gas, among others.

In general, the deviation of a gas from the behaviour of thé gdsabecomes significant
in the vicinity of the saturation curve (at phase change), mwatemperatures, or at
high pressures. The most precise way to determine gas comfitgséactor is
laboratory analysis, but in the absence of laboratory datalatrs are feasible
alternatives for estimating the compressibility factor.

The values of the compressibility factor are calculated ftben equations of state
usually written in viral form, in which the constants areedeined empirically. Its
values for a given gas can also be extracted from a unickesghm that represents Z
as a function of low pressure, having as a parameteowhtemperature.

The Z factor, equation (1), is the volume occupied by the amougasofind the same
amount of ideal gas:

_ Vactual
" Videal (l)

Substituting in the relation of the ideal gas, equation (8aliresults:
PVactuia= ZNRT (2

Where P is the pressure, V is the volume, T is the absdutperature, Z is the
compressibility factor, n is the number of kilo-moles of tfes, and R is the gas
constant. The gas deviation factor, z, is close to 1 at lesspre and high temperature,
which means that the gas behaves like an ideal gas in thesdarmndit standard or
atmospheric conditions, the gas z factor is always approxiyrhatel

HISTORY OF THE Z-FACTOR CORRELATIONS

“Probably the most widely accepted correlation for natural gaturas is the Standing-
Katz (S-K) Z-factor chart” [1]. The S-K chart was deygd using data for binary
mixtures of methane with propane, ethane, butane, and natsed baving a wide
range of composition. Actually, the S-K chart is a continuationraadification of a
generalized Z-factor chart developed by Brown and Holcomb (BRY)sd& two charts
are identical at reduced pressures less than 4. Above thés tlee BH chart was found
to be consistently inaccurate. “Therefore, Standing and Katk desa from 16 natural
gas mixtures, along with methane Z-factors as a guidextend the chart to reduced
pressures of 15.” [2] Since the publication in 1941 of the S-Kt,cbaveral correlations
have been developed which successfully extended the chart.

Studies of the gas compressibility factors for natural gaSearious compositions have
shown that compressibility factors can be generalized withcgeriti accuracies for
most engineering purposes when they are expressed in terms foilohneng two
dimensionless properties:

» Pseudo- reduced pressure

» Pseudo-reduced temperature

As illustrated in Figure 1 The Standing-Katz Correlation dates the z-factor to the
Pseudo-Reduced Pressure, ppr, and Pseudo-Reduced Temperature, Tseulte
reduced properties are defined by equations (3) and (4):



Romanian Journal of Petroleum & Gas Technology VOL. I (LXXIII)

No. 2/2021
P
Ig pr = E (3)
T
Tpr = a (4)

where, P= system pressure, psia
Po= pseudo- reduced pressure, dimensionless
T= system temperaturégC
Tp= pseudo- reduced temperature, dimensionless

Poe, Tpc= pseudo- critical pressure and temperature, respectivelydefined by
the following relationships, equations (5)-(6):

Ppc = Zi=1Yi Pci (5)
Tpc = Zi=IYi Tci (6)

In these equations, Tci and Pci provide the values for thearittmperature and
pressure of component i. Alsq,describe the mole fraction of component i.

It should be pointed out that these pseudo- critical propertiesPdeand T, do not
represent the actual critical properties of the gas mixftrese pseudo proprieties are
used as correlating parameters in generating gas properties.

“Natural gases that contain.&land or C@frequently exhibit different compressibility-
factors behaviour than do sweet gases. Wichert and Aziz (19v2jded a simple,

easy-to-use calculation procedure to account for these differeficis method permits
the use of the Standing- Katz chart by using a pseudo-ctigingderature adjustment
factor, which is a function of the concentration of &@d HS in the sour gas.”[4] The
correction factor resulted is then used for the adjustmenthef pseudo-critical

parameters (temperature and pressure) according to the folloxpressions, equation
(7) and (8):

T'oe =Tpe — € (7)

J R
Pl — P 14 8
PC  T,+B(1-B)e ) (

where T,c = pseudo- critical temperaturd&®
Poc= pseudo- critical pressure, psia
T'p= corrected pseudo- critical temperatufe,
P’p= corrected pseudo- critical pressure, psia
B= mole fraction of KS in the gas mixture

€= pseudo-critical temperature adjustment factor and is defirzgdematically
by the following expression, equation (9):

g = 120[A%° — AY®] + (B®S — B*?) 9)

where the coefficient A, equation (10), is the sum of the rralgion HS and CQin
the gas mixture, or:

A=yys+ Yo, (10)
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GASCOMPRESSIBILITY FACTOR CORRELATIONS

In this present study, the compressibility factor was calalilaie using five
methods:

a Canadian Association of Petroleum Producers Method
The calculation equation (11) used for this method is:

= 0.968 (11)

1
| 527383-(Pgy—Pg)101.785:67g
' 3825
(tar+To)

b. Azizi, Behbahani and Isazadeh Method

For this method were used the coefficients according to the Taldedl
eugations (12)-(17).

Table 1: The Coefficients of Aziz, Behbahani and | sazadeh Method

ZCAal =

a 0.037314248539 b 0.014080715149

c 0.016326324539 d 0.030777647882

e 13843575480.94 f 16799138540.76

g 1624178942.65 h 13702270281.09

i 41645509.90 j 237249967625.01

k 24449114791.15 | 19357955749.33

m -126354717916.61 n 623705678.39

0 17997651104.33| p 151211393445.06

q 139474437997.17 r -24233012984.1(

s 18938047327.52 t -141401620722.60
A=a Ty +b- Pyt +c Pyt - Tl +d - In(Ty%7 (12)
B=e+f Tt +9 Porar + R Porait - Torar (13)
C= i In(Tped®) +j - In(Tp3h) + k- In(pprar) + i - In(Pirar) + m - In(Ppyg) -
In(TpraI) (14)
D=1-+nT5% + 0 Py T3 (15)
E= p-In(Tod) + q - In (TE%,) + 1 n(Porar) + s - In(PZar) + t - In(Pyrar) -
In(Tpral) (16)

B+C

Zag = A+ (17)
C. Dranchuk- Purvis- Robinson Method

Dranchuk, Purvis and Robinson (1974) developed a correlation-based th#icBene
Webb-Rubin type of equation of state. The eight coefficienteeoptoposed equations
were optimized by fitting the equation to 1,500 data points from tnedBig and Katz
Z-Factor chart. The general equation (18) of the methochk&sitowing form:

_ Ay Az Ag 2 .4 5

Z=1+ (Al T Tpral Tpra13) Rq + (A4 T Tpral) Ra"+ (A5 Tpral) Ra™ +

A, R (1+ Ag - Ry?)e(-4eRa’) (18)
7 Tpral3 8 a
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where R = reduced gas density, equation (21) and (23)
The coefficients Al through A8 have the following values:
Table 2 The Coefficients of Dranchuk - Purvis - Robinson Method
A A value A A value
Al 0.31506237 A5 -0.61232032
A2 -1.0467099 A6 -0.10488813
A3 -0.57832729 A7 0.68157001
Ad 0.53530771 A8 0.68446549

The method is valid within the following ranges of pseudo-reduced tatope
(19) and pressure (20):

1,05<Tpral< 3,0 (19)

0,2<Ppral<3,0 (20)
__0.27-Ppral

Ravr == (21)

Ra1| = 0,059

_ _1.0467099_ 0.57832729 . _
zldrpl_[1+[o.31506237 — ( o )] Ra1,+[0.53530771

0.6123032 2 (—0.6123032):0.10488813 5 0.68157001-Rg1 >
"Rgq” + ‘Roi” |+ |\ ——=— )

Tpral Tpral Tpral3
(1+0.68116519 - Rgy? ) - (068116519 Rwrr’ (22
__ 0.27-Ppral
RaZI B Zyarpr'Toral ZSX
Ra2|: 0.061
ZderI =

1+ [0.31506237 _ 10467099 (0-57832729

Tpral Tpral® )] “Rapp + + [<0,68157001-R§2,) .
_ 0.6123032 . p2 (—0.6123032):0.10488813 . p5 T3
053530771 ( - )] B2 + e RS,, pral
(1+0.68116519 - RZ,)) - e-<0-68116519-R§z,)] 0d)

_ ZadpritZaapri
de‘r - 5 ZSI

From the general expression of formula (18) resulted equations (2Zp4ndnd the
final value taken into account is that of equation (25).

d. Equation of State, Dranchuk — Abu Kassem for Gas Z Factoulagihg.

Dranchuk and Abu-Kassem (1975) derived an analytical expression ¢ofatalg the
reduced gas density that can be used to estimate thergpsessibility factor.

This is based on the following equations (26)-(31):

z=14ci*pr+Cxpf—c3*pf+cy £6)
Where:

0.27*py
p, = O2T0r en

z*Tpr
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Cl—A1+a+a+a+ﬁ 28)
— A7 4 As
c, = Ag + Tor + 2, 29[
— A7 4 As
Cc3 = Ag * (Tpr + T§r> 30§
2
C4 = Ao * (1 +Ayq * pf) * (%) — exp(—Ayy * pf) 34
Table 3 The Coefficients of Dranchuk and Abou-Kassem Method
A A value A A value
Al 0.3265!( A7 -0.7361(
A2 -1.07000 A8 0.18440
A3 -0.53390 A9 0.10560
A4 0.01569 Al10 0.61340
A5 -0.05165 All 0.72100
A6 0.5475(
e. Standing and Katz Graphical Correlation

This relation is a function of the pseudoreducedspure, p and pseudoreduced
temperature, T

After calculating pand T, these values are entered in the respective ari,at the
intersection point, it is obtained the Z factor.
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Fig. 1 Sanding-Katz Correlation for Z-Factors of Hydrocarbon Gases [1]
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Table 4 The composition of the gas analyzed
Component Mole Fraction %
Methane 97.3359
Etan 1.2283
Propane 0.3713
Iso-butane 0.090¢
N-butane 0.090:
Iso-pentane 0.036:
N-pentane 0.0241
N-hexane 0.0426
N-heptane 0.0292
N-octane 0.0133
Helium 0.006¢
Azote 0.571¢
Oxygen 0.0056
Carbon dioxide 0.1538
Table 5 The results obtained for the Z factor
Method P=15 bar, P=15 bar, | P=20 bar,| P=20 bar,
T=15°C T=20°C T=20°C T=15°C
Azizi, Behbahani and Isazadeh 0.936 0.948 1.006 0.997
Canadian Association of 0.9684 0.97 0.961 0.958
Petroleum Producers
Dranchuk-Purvis- Robinson 0.967 0.968 0.958 0.956
Dranchuk and Ab-Kassen 0.94: 0.94¢ 0.93¢ 0.931
Standing and Katz Graphic 0.97 0.97¢ 0.9¢ 0.95¢
Correlation
CONCLUSION

The Z-factor is an essential parameter in most petroleum engineealecglations.
Accurate measurement and analysis of compressibility feater significant. The
following are the main conclusions that can be withdrawn flosmstudy:

Determination of accurate, critical parameters of medus an essential step in order to
obtain precise compressibility factor value.

Following the calculations performed on the same gaseous composidquregsure of
20 bar and a temperature of 20 °C, the Azizi, Behbahani and é&azaethod is no
longer in the field of applicability as evidenced by theuteobtained.

The experimental trend of the gas compressibility factor shakatdby increasing the
temperature, the Z-factor also increases.

As can be seen from the results obtained, in the first metbed, compresiblity factor
increases with pressure and in the other methods usedatasher way around.

Regarding the Standing and Katz Graphical Correlation methodarinot been
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considered very accurate, being a graphical method, whittsigaificantly influence
the results obtained.

It can be seen that the values obtained through the Canadianatissooi Petroleum
Producers, Dranchuk-Purvis-Robinson and the Standing and Katz Grapticzh@on
graphical methods resulted in close values. Furtermore, compghangsults obtained
with the Azizi, Behbahani and Isazadeh methods and Dranchuk and AberkKasth
the 3 methods mentioned above there are differences but not cabkde

The Azizi, Behbahani and Isazadeh and the Dranchuk and Abu-Kasstiwedrhave the
lowest values of the Z factor at low temperature and presmutetheir results are close,
but with the increase of the two factors the results are distadtwe have big
differences. The other 3 methods have similar resultshat same pressure and
temperature parameters.

These comparisons indicate the superiority of the Canadian Aseacof Petroleum
Producers, Dranchuk-Purvis-Robinson and Dranchuk and Abu-Kassem methods over
the other correlations used to calculate compressibility fa¢toatural gases.
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