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ABSTRACT: Calculation of pressure drop along gas pipelines is an important activity
in order to ensure safety and effectiveness in petroleum gas transportation. We can’t control
the transportation process unless we understand that technology. In reality, it’s very difficult to
calculate exactly parameters from flow equations because they are concerned with a lot of
complex chemiphisical and dynamic progresses. So, some experimental equations originated
from the flow equation and related physical quantities are used in calculating the pressure
drop along the gas pipelines. The result in each case is compared with the real value of the
pipeline practice. Basing on that, we can draw a suitable calculation method applied for the
gas pipeline from Bach Ho mine to Dinh Co station.

1.INTRODUCTION

Up to now, there have been many researches in calculating petroleum gas transportation
technology by experimental equations. But when these equations are applied in specific cases
(even with commercial software), the results are different from each others and from reality[3].

Associated gas is a mixture of hydrocarbon and some admixtures such as nitrogen (N»),
hydrogen sulfite (H,S), dioxide carbon (CO;). Gas containing an amount of H,S or CO; is
called acid gas. Hydrocarbons are methane, ethane, propane, butane, pentane, a small amount
of hexane and heptanes as well as some other heavy hydrocarbons.

Although calculation of transportation technology has been done many times all over the
world [1], [2], [5], it is still rather new to our petroleum branch. Through this research work,
the authors would like to introduce a new research direction in transportation technology in our
country which still has many unsolved practical problems. Numerical solution is based on the
correlations between flow equation and fluid flow. These equations are formed on the basis of
conservation law of mass, momentum and energy.

Initial data used in calculation is from the 110 km practical gas pipeline with diameter of
406.4 mm from “Bach Ho” Oil Field to the onshore. This pipeline is now transporting an
average amount of 5.5million m® gas per day. Figures of temperature, pressure, flux and gas
components come from direct measuring and sample analyzing. Calculation of pressure drop
along the pipeline is chosen because the pressures at two ends of the pipeline can be measured
accurately. So it will be easy to compare the result of calculation with reality.

2. MATHEMATICAL MODEL

In associated gas transportation technology, the fluid not only flows inside the pipeline but
also changes its physical state because of its participation in other complex chemical reactions.
However, this fluid flow still follows the laws of conservation. The energy equation is used to
calculate pressure drop of associated gas inside the pipeline. After rewriting this energy
equation and changing it into a more specific form, we receive the equation of pressure drop
along pipeline for the stable fluid flow as follows[1]:
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Where:
(Z_Lj -£ psin@ - component concerning the change of potential energy.
el gc
2
(@) = _fpu - component concerning the effect of friction.
dL), 2g.d

(Z_Ej _pwv Ug;j - component concerning the change of kinetic energy due to
acce gC

convection.

In case of vertical flow in the pipeline, the loss of energy is essential due to friction and
changing of kinetic energy. With assumption of isothermal stable flow and little change in
velocity, the equation (2-1) becomes:

dp _ fpv’ ,
dL 2g.d @
With gas flow, specific mass p can be defined from equation of state:
p = pM/(ZRT)
The gas velocity v is calculated with the formula:
ZTp,. ( 4 j
v=gq,
T T
Inserting the above terms to equation (2-2), we have:
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Where, the averaged temperature T,y is used, instead of T:
Tl - T 2
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Coefficient of compressibility Z can be defined with the equation proposed by
Dranchuk and Abou-Kassem (1975) basing on Starling equation[4]:
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Where: pr = p/p. and T, = T/T.; p, = ZC—Y{?’ And Z, is assumed[4] to be equal to 0.270; A; =
0.3265; A,=-1.0700; A3=-0.5339; A4=0.01569; As=-0.05165; A¢=0.5475; A;=-0.7361;
As=0.1844; Ay=0.1056; A1p=0.6134; A,,=0.7210.
Integrating equation (2-3) through the pipeline length from 0 to L corresponding to p; (at L=0)
and p; (at L=L), we obtain:
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8x28.9p2 | 4utoZaT/L
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Where:
® (s gas flow measured at standard condition, m’/h.
® D pressure at standard condition, kPa.
e T, temperature at standard condition, K.

o T, p: critical temperature and pressure of gas mixture.

Tczzijcj’pc:Zyjpcj Q)
They can be defined with the equations[4]:

T.=170.491 + 307.344 vy, (6)

pe =709.604 -58.718 v, (7)

e y;: molarities of mixture.

e p;: input pressure, kPa.

e py: output pressure, kPa.

e d: diameter of pipeline, m.
* y,:gasdensity, kg/m’

e T: temperature of fluid flow, K.

e Z,: averaged coefficient of compressibility.

e f Moody friction coefficient.

e [L: pipeline length, m.

Friction coefficient varies in a wide range with Reynolds number (over 2000) and interface
roughness rate, so a suitable friction coefficient needs to be chosen when employing these

equations. According to that, we develop equations calculating pressure which are based on
various formulas to calculate friction coefficient:

e  Weymouth equation

Weymouth proposed the following relationship for friction coefficient £, as a function of
dimentionless pipe diameter d=d/d, (d,=Im)[1]:

f = 0.00235(d)"”
Putting this friction coefficient into equation (2-4), we have:

0.54332p2 \ 47 ZaToLd,) ™
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T2 d54333 (8)

R7’g.T,
e Panhandle A equation
This equation assumes that friction coefficient is a function of Reynolds number as[1]:

f=0.0768/Re*"*!

Putting this friction coefficient into equation (2-4) we obtain:

1.8539

2 0.1461
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e Modified Panhandle equation (Panhandle B)
This equation assumes that friction coefficient is a function of Reynolds number as[1]:
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£ =0.015/Re"™*
Putting this friction coefficient into equation (2-4):

2
ZavTaqusl‘f()og x psc X 0.9725 % ﬂ§'0392 (10)
8.4138x10" | T ¢ a**®

sc

(p2-p?)=-

e C(Clinedinst equation
Friction coefficient, f, is defined through the equation[4]:

L 142109 242
d R
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Where: > is absolute roughness of pipeline.
Rewriting the above equation for gas flow in the pipeline:

z, {n,Twa T

e (11)

(p? - p?)=-0.2510% qgfi

3. PRESSURE DROP ALONG THE GAS PIPELINE:

In order to obtain more accurate results of the above equations, we divide the pipeline to a
number of sections (AL), so that we can calculate the pressure drop (Ap) and value p at each
point more accurately (Fig. 1).
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Figure 1. Gas pipeline arrangement scheme

Calculating pressure drop along pipeline is performed with the following steps:

1. Starting with the known pressure, p; , at L;

2. Estimating a pressure increment Ap, corresponding to length AL.

3. Calculating the average pressure and, for nonisothermal cases, the average temperature.

4. From laboratory data or empirical correlations, determine the necessary fluid and p,V,T
properties at conditions of average pressure and temperature (pg Lg Lg).

5. Calculating the pressure gradient dp/dL at average conditions of pressure, temperature,
and pipe inclination.

6. Calculating the pressure increment corresponding to the selected section, Ap= AL(dp/dL).

7. Comparing the estimated and calculated values of Ap obtained in steps 2 and 6, if they

are not sufficiently closed, using a new pressure increment and return to step 3. repeating steps
3 through 7 until the estimated and calculated values are sufficiently closed.
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With this calculating order, establishing a program for pressure drop calculation along pipeline
will be done according to the scheme in Fig. 2.

Read data
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Figure 2. Flow chart for calculating a pressure traverse
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The program calculating pressure drop along the associated gas pipeline is constructed in
Matlab environment, the software interface is introduced in Fig. 3.
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Figure 3. Interface of pressure drop calculation in Matlab Environment

e Result with data in table 3.1[6]:
Table 3.1. Input data

Description Sample 1 Sample 2 Sample 3
Inlet Temperature (°0) 42 45 46
Inlet gas pressure, (kPa) 10130 10860 120
Outlet Temperature C) 29 27 28
Outlet gas pressure, (kPa) 7730 7040 6970
Gas Flow, m’/day 3975600 5091360 6426480

Inlet gas compositions (mole fraction)

Compound 0.73037 0.75396 0.7380
Ethane (C;Hg) 0.12989 0.12138 0.1219
Propane (C;Hg) 0.07436 0.06905 0.073
i-Butane (C4H0) 0.016752 0.015021 0.0161
n-Butane (C4H¢) 0.024459 0.021609 0.0234
i-Pentan (CsH;2) 0.006284 0.005295 0.0061
n-Pentan (CsH;») 0.007038 0.005594 0.0068
Hexanes (C¢H4) 0.004874 0.003584 0.0055
Heptanes (C7H¢) 0.002331 0.001664 0.0032
Octan-plus (CsHjs) 0.000711 0.000517 0.0012
Nonanes (CoHap) 0.000313 0.000257 0.0004
Decanes (CioHz2) 0.00008 0.000079 0.0001
Nitro (N3) 0.00168 0.00151 0.0032
Dioxide carbone (CO5) 0.00087 0.00049 0.0011
Sulfide (H.S), ppm 9 9 10
Water (H,0), g/m’ 0.111 0.12 0.115
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The results with input data-sample 1 in table 3.1 along the associated gas pipeline of flow
equations of Weymouth, Panhandle A, Panhandle B and Clinedinst are stored in table 3.2a and

3.2b.

Table 3.2a. Pressure along associated gas pipeline with input data - sample 1 from table 3.1

Method

Location Weymouth Panhandle A

along Pressure, Coeff. of Friction | Pressure, Coeff. of Friction
pipeline kPa Compressibility | Coeff. KPa Compressibility | Coeff.

(m) -7 -7

0 10130 10130
71 10128 0.7577 0.01301 | 10129 0.7575 0.00812
339 10120 0.7577 0.01301 | 10125 0.7519 0.00812
25071 9431 0.7577 0.0129 [ 9812 0.7359 0.00814
52071 8630 0.7577 0.0129 | 9467 0.7256 0.00813
73071 7951 0.7577 0.0129 19193 0.7319 0.00810
105771 6760 0.7577 0.0129 | 8742 0.7398 0.00807
112971 6433 0.7577 0.01301 | 8628 0.7462 0.00803
Average 0.7577 0.01295 0.7413 0.00890
Real Pressure at 112971m of the end of pipeline is 7730 kPa

Table 3.2b.Pressure along associated gas pipeline with input data — sample 1 from table 3.1

Method

Location Panhandle B Clinedinst

along Press Coeft. of Friction | Pressure, Coeft. of Friction
pipeline | ure, | Compressibility | Coeff. KPa Compressibility | Coeff.

(m) kPa -7 -7

0 10130 10130
71 10129 | 0.7577 0.00799 | 10128 0.7578 0.01240
339 10125 | 0.7519 0.00799 | 10122 0.7520 0.01240
25071 9818 | 0.7359 0.00799 | 9640 0.7394 0.01235
52071 9482 | 0.7254 0.00799 | 9098 0.7336 0.01235
73071 9210 | 0.7317 0.00799 | 8647 0.7440 0.01235
105771 8765 |0.7393 0.00798 | 7877 0.7597 0.01235
112971 8651 | 0.7457 0.00796 | 7673 0.7692 0.01234
Average 0.7411 0.00798 0.7508 0.01236
Real Pressure at 112971 m of the end of pipeline is 7730 kPa

The results with input data - sample 2 in table 3.1 along the associated gas pipeline of flow
equations of Weymouth, Panhandle A, Panhandle B and Clinedinst are stored in table 3.3a and
3.3b.

Table 3.3a. Pressure along associated gas pipeline with input data — sample 2 from table 3.1

Method
Location Weymouth Panhandle A
along Pressure, Coeff. of Frictio | Pressur Coeff. of Friction
pipeline kPa Compressibility n e, Compressibility | Coeff.
(m) 4 Coeff. KPa -7
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0 10860 10860

71 10857 0.7694 0.0130 | 10858 | 0.7706 0.007878
339 10844 0.7692 (1).0130 10852 | 0.7623 0.007882
25071 9771 0.7692 (1).0129 10383 | 0.7479 0.00790
52071 8498 0.7692 (2).0129 9869 0.7337 0.007883
73071 7357 0.7692 3.0129 9447 0.7422 0.007851
105771 5094 0.7692 3.0129 8742 0.7532 0.007812
112971 4360 0.7692 3.0130 8560 0.7626 0.007763
Average 0.7692 (1).0130 0.7532 0.00785
Real Pressure at 112971m of the end of pipeline is 7040 kPa

Table 3.3b. Pressure along associated gas pipeline with input data — sample 2 from table 3.1

Method

Location Panhandle B Clinedinst

along Pressure, Coeff. Of Friction | Pressur | Coeff. Of | Frictio
pipeline kPa Compressibility — | Coeff. e, Compressibi n

(m) 4 KPa lity — Z Coeff.
0 10860 10860
71 10858 0.7733 0.00792 | 10858 | 0.7706 0.0124
339 10853 0.7679 0.00792 | 10849 |0.7623 0.0124
25071 10382 0.7479 0.00793 | 10107 | 0.7492 0.0123
52071 9865 0.7337 0.00792 | 9252 0.7450 0.0123
73071 9439 0.7422 0.00791 | 8512 0.7606 0.0123
105771 8724 0.7534 0.00790 | 7162 0.7862 0.0123
112971 8538 0.7630 0.00789 | 6781 0.8037 0.0124
Average 0.7530 0.00791 0.7682 0.0123
4

Real Pressure at 112971m of the end of pipeline is 7040 kPa

The results with input data - sample 3 in table 3.1 along the associated gas pipeline of flow
equations of Weymouth, Panhandle A, Panhandle B and Clinedinst are stored in table 3.4a and
3.4b.

Table 3.4a. Pressure along associated gas pipeline with input data — sample 3 from table 3.1

Method
Location Panhandle B Clinedinst
along Pressure, Coeff. Of Friction | Pressure, Coeff. Of Friction
pipeline kPa Compressibilit | Coeff. KPa Compressibility | Coeff.
(m) y—272 -7
0 12000 12000
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71 11995 0.8037 0.01301 | 11998 0.7498 0.0076
339 11977 0.8037 0.01301 | 11990 0.7440 0.0?)76
25071 10402 0.8037 0.0129 11341 0.7224 0.0?)76
52071 8400 0.8037 0.0129 10622 0.7075 0.0%76
73071 6425 0.8037 0.0129 10021 0.7181 0.0Z)74
105771 8992 0.7332 0.0%75
112971 8719 0.7471 0.0375
Trung 0.8037 0.01294 0.7317 0.0(())75
binh 94
Real Pressure at 112971m of the end of pipeline is 6970 kPa

Table 3.4b. Pressure along associated gas pipeline with input data — sample 3 from table 3.1

Method
Location Panhandle B Clinedinst
along Pressure, Coeff. Of Friction | Pressure, | Coeff. Of | Friction
pipeline kPa Compressibility | Coeff. KPa Compressibi | Coeff.
(m) -7 lity - Z
0 12000 12000
71 11998 0.7498 0.00786 | 11997 0.7499 0.01239
339 11989 0.7440 0.00786 | 11984 0.7441 0.01239
25071 11325 0.7224 0.00787 | 10914 0.7280 0.01234
52071 10585 0.7079 0.00786 | 9648 0.7239 0.01233
73071 9963 0.7189 0.00785 | 8497 0.7474 0.01234
105771 8885 0.7348 0.00783 | 6137 0.7935 0.01233
112971 8596 0.7496 0.00781 | 5367 0.7296 0.01234
Trung 0.7325 0.00785 0.7452 0.01235
binh
Real Pressure at 112971 m of the end of pipeline is 6970 kPa

Table 3.5. Summary of numerical results of oulet pressure p,

Results of outlet pressure and its differences with the real value
Input data Input data Input data
Method Table 3.2, Table 3.3, Table 3.4,
(samp. 1) (samp. 2) (samp. 3)
Pressure, % diff. | Pressure, | % diff. | Pressure, | % diff.
kPa kPa kPa
Weymouth 6433 16.8 4360 38.1 -(*) -
Panhandle A 8628 -11.6 8560 -21.6 8719 -25.1
Panhandle B 8651 -11.9 8538 21.3 8596 23.3
Clinedinst 7673 0.7 6781 3.7 5367 23.0

(*) Pressure —p, is not converged
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Summarization of the numerical results for output pressure is listed in Table 3.5. From the
results, it is clear that:

- None of those calculations gives the same result as practical data, but the result is
acceptable when we combine all the one-phase flow equations of Weymouth, Panhandle A,
Panhandle B and Clinedinst in calculating pressure drop along the associated gas pipeline.

- The first group of input data gives the most suitable results in comparison with measured
values.

- Coefficient of compressibility Z in different calculating methods doesn’t vary much, but
friction coefficient does. It proves that, friction coefficient is the key cause of different results.

4. CONCLUSION

From the research, it is believed that, the combination of all the flow equations of
Weymouth, Panhandle A, Panhandle B and Clinedinst in calculating pressure drop along the
associated gas pipeline is very helpful to establish the mutual relationship between technical
statistics. Friction coefficient is the main cause of different results in calculation. This brings
about a need to determine a new correlation for friction coefficient to make it suitable for the
associated gas pipeline in practice. The authors are very gracious to the Basic Studies Fund of
Natural Science Committee from which our works receives precious support.

MO HINH SO DONG MQT PHA TRONG TiNH TOAN TON THAT AP SUAT
DQC PUONG ONG DAN KHI

Vii T Hoai'", Nguyén Thanh Nam®
(1) J. V. “Vietsovpetro”
(2) Truong Pai hoc Bach khoa, PHQG-HCM

TOM TAT: Pé cong viéc vin chuyén dau khi an toan va hiéu qud, diéu can phdi quan
tém dau tién do la tinh todn suy giam ap lyc doc theo tuyén dng dan khi. Néu ching ta khéng
tinh suy giam ap luc doc theo tuyén ong dan khi thi sé khong thé kiém sodt dwge qiia trinh vén
chuyen Trong thiee té viéc tinh todn chinh xdc cdc théng soé tir cdc phuong trinh dong chay la
rat khé thue hién vi ching lién quan (6t nhiéu qua trinh hoa ly va dién bién déng hoc phirc tap.
Do vdy, mét s6 phwong trinh thuc nghiém co nguon goc tir phwong trinh dong va cdc dai lwvong
vt Iy lién quan da dwoc siv dung dé tinh suy gidm ap luc doc theo tuyen ong dan khi. Két qiia
tinh cho timg truong hop dwoc kiém tra lai véi sé liéu cia dwong ong thue té. Tir d6 rit ra
phiwong phdp tinh phit hop nhdt dp dung cho tuyén ong dan khi tir mé Bach hé vé tram Dinh co.
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