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ABSTRACT
In this work try to use different factors that effect on adsorption of
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Dhofar University, Salalah gasoline from reservoirs. Study the effects of four inputs factors

angles, diameter, bed’s volume and height of reservoirs on adsorption

of gasoline. Design a new mathematical model to evaluate all important parameters that
effect on the system. Compare between experimental and theoretical results to reach to the
high accuracy 98.96% that represents a new mathematical model. Then, make system
identification to specify the most active parameters that effect on the adsorption of gasoline.
Diameter of reservoir has a big effect on the output and interactions of the system reaches to
75.5%. Also, the height of a reservoir has active effect about 30.98%. Angle of slope of

reservoir has less effects compare to diameter and height of reservoir.

KEYWORDS: Gasoline, Mathematical model, Adsorption, System identification,

Optimization.

1. INTRODUCTION

Oil and gas accumulations occur in underground traps formed by structural and/or
stratigraphic features. The hydrocarbon accumulations usually occur in the more porous and
permeable portion of beds, which are mainly sands, sandstones, limestone's, and dolomites; in
the intergranular openings; or in pore spaces caused by joints, fractures, and solution activity
(Buckley and Leveret). A reservoir is that portion of the trapped formation that contains oil
and/or gas as a single hydraulically connected system (Froning and Leach).

Available fracture models range from constructional of primarily digenetic origin.
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Each and every method has its own technical restriction and application which is dependent
upon multiple factors like temperature and pressure. In some situations, more than one

method is applicable within a single reservoir as shown in Figure 1(Allen et al.,1950).
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Figure 1: Different methods for extraction crude oil.

Some works were designed mathematical models to study the effect of wettability on oil
recovery to improve oil displacement efficiency (Menezes et al., 1989). Depend on dense
pattern conditions was produced mathematical model for reservoir (GUO Fang,2008).
Researchers have been designed numerical model of three dimensions to simulate a turbid
density through reservoir (Bruce A. Robinson et al.,1988) for the first time fluid flow through
porous media was described by Dracy. Computational fluid dynamic using different
techniques like finite elements to simulate Newtonian fluid (SudiptaSarkar,1990). Also, some
works were used analytic solution to derive theoretical mathematical model to study the
behavior of fluid through reservoir (Warren et al.,1963).

In 1980 Miller studied fluid flow interaction between well bore and reservoir and effects

parameters on geothermal wells. In 1989 Winterfeld explained and compared between two
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phases of pressure build up in well bore and reservoir. In 2004 Sturm et. al., studied dynamic

phenomena and used active control system.

In 2005 Belfroid et al., studied the effects of water and gas on performance of well bore.
Sagen et al., studied the interaction between well, reservoir and pipe line is relevant to use
commercial software. Leemhuis et al., (2008) designed PID controller to find optimum
conditions. Some researchers provided high quality review of various studies about reservoir
mathematical models (D.V.Ada Silva and J.D.Jansen,2015).

Arsalan et al., (2015) derived three dimensions’ mathematical model for the basin of jurassic
and cretaceous. M.A. Ahmadi et al., 2013 depended on actual experimental results helped to
design advance models like Artificial Neural Network (ANN) to study the permeability of

fluids in reservoirs.

Some researchers like Pouya Hosseinifar and Mehdi Assareh in 2016 was used the
parameters of the PC-SAFT models to study the behavior of cuts and petroleum fraction

parameters.

In this work we used a numerical technique to design numerical models depend on
experimental result then design identification system to specify the best active parameters

that effect on permeability of gasoline through earth reservoirs layers of Oman.

2. METHODOLOGY
It can be classified in three categories experimental work, mathematical model and system

identification.

2.1. Experimental study

Study the effect of height, diameter and angle slope of reservoir on the adsorption of gasoline
as shown in Figures 2, 3 and 4 respectively. Derive numerical model to study the effect of the
residual friction length has a major influence on the adsorption of gasoline. Different length
of tubes to adsorb gasoline from reservoir for 31.1 cm, 28.1 cm and 19.5 cm as shown in

Figure 5.
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Figure 4: Different Angle of bed’s reservoir.

For each tube has different bed volumes for 10%, 30%, 50%, 70% and 90% as shown in
Figures 5 and Tablel.
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Depend on mesh results from experimental work includes three relations between bed
volume, length of tubes and volume of gasoline adsorbed by composition of ground layer of

reservoir as shown in Table 1.

Table 1: Results of adsorption as a function to the bed volume and length of tubes.

Bed of volume (%)
10 30 50 70 90
Length (cm)
31.1 260mL | 220 m L | 345mL | 580 m L | 390 m L
28.1 100 mL | 120 mL | 260 mL | 400 m L | 500 m L
19.5 120mL | 90mL | 140 mL | 200 mL | 290 m L

Using Lagrange interpolation method to derive a new mathematical model depends on

experimental results.

f(bed%, length) = B0 EnZR22 L, (x) L, (¥) 1)
L(X1) = (X — 30) (X -50) (X -70) (X -90) /3840000 )
L(X2) = (X -10) (X -50) (X -70) (X -90) / -960000 3)
L(X3) =(X -10) (X -30) (X -70) (X — 90) / 640000 (4)
L(Xs) =(X - 10) (X- 30) (X- 50) (X~ 90) /-960000 (5)
L(Xs) = (X - 10) (X- 30) (X- 50) (X- 70)/3840000 (6)
L(Y1) = (Y —28.1) (Y — 19.5) / 34.8 0
L(Y2) = (Y —31.1) (Y — 19.5) /-25.8 (8)
L(Y3) = (Y —31.1) (Y —28.1) /99.76 9)

The best optimum conditions for bed are 16.5% and 23.5 cm height of tube as shown in

Figure 4.
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Figure 5: Best optimum conditions for bed volume % and tube length in cm.
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Different diameter of tubes to adsorb gasoline from reservoir for 6, 9 and 11 cm for tubes
have different bed volume percentage 10%, 30%, 50%, 70% and 90%.

Depend on mesh results from experimental work includes three relations between bed
volume, diameters of tubes and volume of gasoline adsorbed by composition of ground layer

of reservoir as shown in Table 2 and Figure 6.

Table 2: Results of volume adsorption of gasoline as a function to bed volume and

diameter of cylindrical bottles.

Bed%
10 30 50 70 90
Diameter
11 cm 140 ml | 240 ml | 300 ml | 380 ml | 430 ml
9cm 100 ml { 270 ml | 210 ml | 300 ml | 300 ml
6 cm 115ml | 120 ml | 200 ml | 190 ml | 210 ml

Using Lagrange interpolation method to derive a new mathematical model depends on

experimental results.

f(bed porosity %, diameter) = ¥ 230521 L, (x)L, (v) (10)

L(X1) = (X —-30) (X -50) (X -70) (X -90) /3840000 (12)

L(Xz) = (X -10) (X -50) (X -70) (X -90) / -960000 (12)

L(X3) = (X -10) (X -30) (X -70) (X —90) / 640000 (13)

L(X4) = (X - 10) (X- 30) (X- 50) (X- 90) /-960000 (14)

L(Xs) = (X - 10) (X- 30) (X- 50) (X- 70) /3840000 (15)
_ (y—9)(y—8)

Ly1 =220 (16)
_ -1 6-6)

Lyz = 22222 (17)

Ly3 = (y—11) (y—9) (18)

15
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Volume distribution of benzene
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Figure 6: Best optimum conditions for bed volume % and tube diameter in cm.

From Figure above, the best optimum conditions for bed are 7% and 6 cm diameter of

reservoir.

Depend on mesh results from experimental work includes three relations between bed
volume, angle of slope of reservoir and volume of gasoline absorbed by composition of

ground layer of reservoir as shown in Table 3 and Figure 7.

Table 3: Volume absorbed as a functions of angle of tube and bed volume.

Volume
V(mL) | 10% 30% | 50% | 70% | 90%
Angel V(mL) | V(mL) | V(mL) | V(mL) | V(mL)
(degree)
10° 100 220 390 460 700
30° 60 180 400 340 680
60° 120 200 400 560 640

Using Lagrange interpolation method to derive a new mathematical model depends on

experimental results.

f(bed%,Angel) = X213 Xnz0 L; (x)L,,(v) (19)
L(X1) = (X —30) (X -50) (X -70) (X -90) /3840000 (20)
L(Xz) = (X -10) (X -50) (X -70) (X -90) / -960000 (21)
L(Xs) =(X -10) ( X -30) (X -70) (X — 90) / 640000 (22)
L(Xas) =(X - 10) (X- 30) (X- 50) (X- 90) /-960000 (23)

WwWw.wjert.org 61




Ibrahim et al. World Journal of Engineering Research and Technology

L(Xs) = (X - 10) (X- 30) (X- 50) (X- 70)/3840000 (24)
L(Y2) = (Y — 30°) (Y — 60°) / 1000° (25)
L(Y2) = (Y — 10°) (Y - 60°) /-600° (26)
L(Y3) = (Y — 10°) (Y — 30°) /1500° 27)

The best optimum conditions for bed are 10% and 32° angle of tube due to reduce the

adsorption and increase the porosity as shown in Figure 6.

Volume distribution of benzene
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Figure 7: Best optimum conditions for bed volume % and angle of tube.

2.2. System identification study
Depends on active technique for identification system (Ahmmed Saadi Ibrahem, 2011).

Figure 8 shows the input variables and output variable of the system.

-

Figure 8: Variables of reservoir system.

To evaluate these three input variables on the output of the system depend on the ratio of
slope deviation of the output to the input of the system to be classified as follows;

©> 20° (Big effects on the system).

20° >6>15° (Middle effects on the system).

15° >6>10° (Weak effects on the system).

10° > © (Cannot be considered).
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Table 4: Computational of percent deviation for diameter toward output profile.

X=X, | ¥— ¥V,
X y x, . Slope
13 403.3 0.3 0.592 1.973
12 350 0.2 0.381 1.905
11 300 0.1 0.605 6.05
10 253.3 0 0 0
9 210 0.1 0.17 1.7
8 170 0.2 0.328 1.64
7 133.3 0.3 0.473 1.576
k.. k_av=2.12
) 64.752°
Effect % 72%

Table 5: Computational of percent deviation for length toward output profile.

X — X, Y = Va

X y x. . Slope
36.4 549.7 0.3 1.134 3.78
33.6 432.879 0.2 0.68 34
30.8 3355 0.1 0.302 3.02

28 257.551 0 0 0
25.2 199.0436 0.1 0.227 2.27
22.4 159.9738 0.2 0.38 1.9
19.6 140.3417 0.3 0.455 1.516
ko k_av=2.27

S) 66.225°

Effect% 73.583%

Table 6: Computational of percent deviation for angle toward output profile.

X —x, Y — Vn
X y x, . Slope
39 401.109 0.3 2.772x10° | 9.24x10°°
36 401.44 0.2 3.6x107° 0.018
33 400.81 0.1 2.025x10° 0.02025
30 400 0 0 0
27 399 0.1 2.5x107° 0.025
24 397.84 0.2 5.4x107° 0.027
21 396.5 0.3 8.75x107 0.029
k. k_av=0.0183
5} 1.05°
Effect% 1.168%

4. CONCLUSION
This work gives a suitable technique to determine which is the most active parameters the

effect on over all the system. From the results the diameter of reservoir has a big effect on the
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output adsorption and interaction effects between the inputs parameters. Height of reservoir

has active effect on the output adsorption and interaction effects between the inputs

parameters. Angle of slope of reservoir has a lower effect compare to the other inputs

parameters.
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