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 The current investigation aimed to identify pressure gradients and to study the fully 

developed flow patterns of oil-gas as a blend in a pipe of internal diameter 50 mm and 6 m 

length with different orientations of 0, 30, and 45-degree. The study was performed at 

constant values of liquid superficial velocities 0.052, 0.157, 0.262, 0.314, 0.419, and 0.524 

m/s, and inlet superficial velocities of gas were ranged from 0.05 to 4.7 m/s at atmospheric 

pressure. Two pressure transducers located up and downstream were used to measure 

pressure drops inside the tested pipe. Flow patterns were derived by using the correlation 

between pressure gradients and time series, the Probability Density Function of differential 

pressures, pressure gradients with gas superficial velocities, and total pressure losses with 

mean void fractions. The flow patterns of oil-gas were observed as a uniform stratified 

flow in the pipe on a 0-degree orientation at various superficial velocities. Stratified, wavy, 

and slug flow patterns were observed at 30-degree orientation, whereas, bubbly, slug, and 

churn flow patterns were observed in the pipe of 45-degree orientation. The experiment 

also showed that pressure drop gradients decreased with increased void fractions, gas 

superficial velocities, and degree rotations of the flow lines. Finally, the validation of using 

pressure transducers as a technique for estimating the flow patterns of two-phase flow 

showed acceptable results with some kind of patterns.  
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1. INTRODUCTION 

 

Oil-gas two-phase flow plays an important role in various 

engineering and industry applications such as in pipelines and 

power generation plants [1]. However, two-phase flow is a 

very complicated and complex flow compared with single-

phase flow. Pressure drop is one of the complex issues in two-

phase flow as it is affected by flow pattern, geometry, and 

operating conditions. The investigations of pressure drop in 

the two-phase flow required considering parameters and 

circumstances that influence the flow. However, the total 

pressure drops produced by the process of two-phase flow 

transportation in pipes are presenting an attractive and very 

important factor in designing effective systems. Pressure drops 

are participating in calculations of energy conservation of any 

system. Moreover, other factors, such as pipes orientation and 

flow direction also have an enormous impact on the structure 

of two-phase flow which is manifested in the flow in terms of 

spatial and geometrical distribution which is called flow 

patterns. Those parameters are extremely important as they 

determine the estimation of the properties of the operating 

systems [2]. 

Theoretically, there is no reliable method that can be used 

to predict pressure drops of two-phase flow accurately due to 

the nonlinear behavior that this flow conducted [3, 4]. The 

inversion phenomena between both phases complicate the 

issue furthermore and this causes the prediction of pressure 

drop more challenging [5]. From the literature, a pressure drop 

significantly increases at the inversion point of phases [6]. 

However, the first homogenous model of two-phase flow is 

estimated from the model which was presented by Brinkman 

[7], after many studies used the same model such as Angeli 

and Hewitt [6], who applied the Brinkman’s model with a 

considerably high ratio of uncertainty in results. Picchi et al. 

[8] created another two-phase flow model depended on the 

assumption of merely one of the two phases should not be 

generalized, since it has not been validated on generic models 

with a point of phase inversion.  

The two-phase experimental investigation of pressure drops 

that occurred in pipes by using specific methods for analyzing 

the obtained data such as Power Spectral Density (PSD), 

Probability Density Function (PDF), and void fractions 

analysis is more reasonable and reliable. The investigation in 

fluctuation produced by the flow of air-water inside a 

horizontal pipe was started by Hubbard [9], they obtained a 

method to identify flow patterns utilizing PSD correlation with 

frequencies, they optimized dispersed or bubbly flow at a 

constant frequency, and stratified flow pattern is characterized 

under maximum PSD at zero frequency. 

Jones and Zuber [10] have been pioneered the photon 
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attenuation procedure to quantify the relationship between 

time series and cross-sectional void fractions to investigate the 

flow patterns of air and water in a vertical pipe, the possibility 

of using the PDF as a method to describe flow regimes has 

been confirmed. Taitel et al. [11] studied the flow patterns of 

air and water inside a vertical pipe of an internal diameter of 

50 mm, they showed that bubbly flow pattern occurred when 

the void fraction of flow is equal to or less than 0.25, but the 

flow pattern would then change to plug regime with increasing 

the value of void fraction because the small bubbles will be 

gathering and then the flow regime transits to plug flow, also 

an equation showed the relationship between the two phases 

velocities was arrived as followed [11]: 

 

Usl = (3 × Usg) − 1.15 × [
σg(ρliq−ρgas)

ρliq
2 ]

0.25

. (1) 

 

Perez [12] used Electrical Capacitance Tomography (ECT) 

as a sensor to obtain the flow patterns of air-water in two pipes 

of internal diameters 38 and 67 mm at different orientations. 

The researcher investigated the impact of the pipe angular 

position on the flow distribution. The author depicted that slug 

flow was the dominant pattern for most tests of the near to 

vertical position comparing with the stratified flow regime in 

the horizontal flow pipelines. Also, he studied the impact of 

the inclination angle and air superficial velocities on pressure 

drop. Abdulkareem et al. [13] as a part of his study, 

investigated the flow regimes of silicone oil-gas that occurred 

in a pipe of internal diameter 67 mm with various orientation 

angles ranging from 0 to 90 degrees. He used three devices as 

sensors; A WMS, ECT, and Differential Pressure Transducer 

(DPT), the results have been concluded by analyzed PDF, 

liquid holdups in the domain of time series, and PSD to 

identify the flow patterns, as well as, he classified the flow 

patterns as a bubbly, stratified-wavy, slug flow in a pipe with 

that orientation angles less than 45-degree whereas, the churn 

flow pattern is estimated in a pipe of rotations equal and more 

than 45-degree. 

A study of utilizing the differential values of pressure to 

estimate the void fractions of air-water flow has been carried 

out by Jia et al. [14] in a horizontal pipe. A Wire-Mesh Sensor 

(WMS) and an Electrical Resistance Tomography (ERT) have 

been utilized as sensors to validate the calculation of void 

fractions analytically. They obtained a reasonable comparison 

between the experimental results recorded from the two 

sensors and the equation, however, the calculated Eqns. (2) 

and (3) are shown below. 

 

α = 1 −
△ p

ρliqh
+

2Cfv
2

gD
, (2) 

 

Cf = 0.079Re−0.25. (3) 

 

Da Salve et al. [15] studied the flow regimes of air-water 

flow in a horizontal flowline of an internal diameter of 19.5 

mm, and they classified the flow patterns as stratified, plug, 

slug, and annular utilizing the analysis methods of PDF, the 

void fraction of time series, and PSD. Hanafizadeh et al. [16] 

examined the flow patterns of water-oil in an inclined pipe of 

the rotation ranged from -45 to +45 degrees with an internal 

diameter of 20 mm using a high-speed camera. The authors 

estimated a flow regime map for each pipe position and they 

compared their results with other previous researches, besides, 

they observed bubbly, slug, stratified, wavy-stratified, annular 

and churn flow patterns in the different pipe orientations. 

A study was conducted by Yao et al. [17] to evaluate the 

frictional pressure drop in a vertical downflow air-water 

mixture at room temperature in different pipe's internal 

diameters of 15, 25, 40, and 40 mm. they concluded that 

buoyancy force can push to raise the frictional pressure drop 

of the flow, and they obtained a new model predicts frictional 

pressure losses in a vertical pipe with an acceptable result. 

Musa et al. [18] carried out a study in air-water flow to 

investigate flow patterns in a horizontal and vertical pipe of an 

internal diameter 67 mm at different superficial velocities of 

both phases by using the following methods: PDF, PSD, 

tomography images, and the void fractions of time series to 

estimate the patterns have occurred in the mentioned pipe, the 

flow patterns in the vertical pipe were classified as bubbly 

flow patterns at lower values of air superficial velocities; slug 

flow at moderate air superficial velocities; and churn flow at a 

considerably higher flow rate of air. 

Wen et al. [19] Studied the best performing model that could 

be present the void fractions of two-phase flow in inclined pipe 

ranged from 0 to 30 degrees of an internal diameter 75 mm. 

they examined six models by considering the flow mixture 

type, pipe diameter, and the orientation of the pipe. The 

correlation of modified-Hughmark [20] gave the best accuracy 

with the small orientation angle in the horizontal direction of 

air-water flow, while the model of Beggs-Brill [21] presented 

more accuracy with a flow consist of white oil and air. 

Baghernejad et al. [22] investigated the effect of inclination 

on pressure losses of air-water in a pipe of internal diameter 

25.4 mm, and length of 4 m. The results of their experiment 

revealed that the inclination angle of the utilized pipe has a 

significant impact on pressure drops, they also dictated that the 

level of water in the horizontal pipe reduced as the pipe 

inclination angle increased, when the stratified pattern 

generated. Additionally, they summed up that for both inclined 

and horizontal pipes, pressure losses significantly increased 

with increasing the pipe angle. Moreover, they investigated the 

effect of the increasing value of Usg on the pressure drop in 

the horizontal pipe and compared their results with other 

previous results from other studies. 

Lately, many techniques were used in researches to identify 

the distribution of two-phase inside pipes at different 

orientations, like Wire-Mesh Sensor (WMS) [23, 24], X-ray 

Tomography [25]. However, the pressure drops in different 

orientations using oil-gas two-phase flow were not presented 

sufficiently. therefore, the objective of this study is to 

investigate the pressure drops that occurred in various pipe’s 

orientation degrees besides, the flow patterns of oil-gas flow. 

The possibility of classifying the patterns of two-phase flow 

with a minimum cost of value techniques like differential 

pressure transducers is studied in the current research, 

furthermore, this study will provide additional information 

about the distribution properties of oil-gas as a mixture in 

different condition for designers. 

 

 

2. EXPERIMENT DESIGN AND RELATED 

EQUATIONS 

 

The present test was carried out at atmospheric pressure by 

utilizing an up-direction flow consisting of oil and gas in a pipe 

of an internal diameter of 50 mm. The experiment is performed 

at different superficial velocities of oil; 0.052, 0.157, 0.262, 

0.314, 0.419, and 0.524 m/s with inlet superficial velocities of 
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gas ranged from 0.05 to 4.7 m/s. The experiments were 

repeated under various pipe orientations; 0, 30, and 45-degree. 

A Differential Pressure Transducer (DPT) type; Rosemount 

2024 DP cell was utilized to estimate the total pressure drops 

of one meter. ECT was jointed also at the end of the tested pipe 

with a distance of 5.5 m far from the mixing device as 

illustrated in Figure 1. 

 

 
 

Figure 1. Experiment structure 

 

The flow as a loop was injected into the tested pipe by an 

air compressor and water pump. The flow was mixed to enter 

the pipe and finally directed to a separator and storage tank. 

The storage water tank was used to maintain the temperature 

of the tested flow at a constant of 27℃. 

Two-phase flow patterns were estimated by analyzing the 

data of mean void fractions (α) obtained by the Electrical 

Capacitance Tomography (ECT) sensor which was utilized in 

the current study as a non-intrusive technique. ECT sensor was 

based on capacitance measurements and it is used frequently 

by many researchers to obtain the void fractions (α) of the flow. 

More information about ECT is stated intensively in Ref. [26].  

A correlation was conducted to calculate the actual values 

of Usg were impacted by the pressure produced inside the pipe 

which was considered as a prim uncertainty factor in such type 

of flow at various pipe inclinations as shown in Figure 2. The 

correlations were obtained by Eqns. (4) and (5) as derived by 

Abdulkareem [13]. 

 

Usg = m ρP Ap ⁄ , (4) 

 

m = ρAQ√ρR. (5) 

 

where, ρP=1.2 Pp = Gas density at pipe pressure, 

ρR = gas density at reference (1.2), 

ρA = 1.2 PA = Gas density at different area mete, 

PA is the pressure at different area meters. 

The mean void fractions were estimated by utilizing the 

tomography ECT sensor, whereas the total and frictional 

pressure gradients are calculated using the following equations 

as adopted before in the study [13]: 

 
dp

dz
= (

dp

dz
)fric + (

dp

dz
)grav + (

dp

dz
)acce (6) 

 

(
dp

dz
)grav =  ∆z g (αρgas + (1 − α) ρliq). (7) 

 

(
dp

dz
)fric =

dp

dz
−  (

dp

dz
)

grav
. (8) 

 

Generally, frictional pressure losses can be calculated by 

using Eq. (8). The arrived test data only displayed total 

pressure losses; thus, the frictional pressure drop values were 

produced experimentally by applying the mentioned equation 

above with extracted the gravitational pressure drop from the 

total. The acceleration pressure drop is usually neglected 

because the distance between the two transducers is 

considerably small (1 m) by assuming that the cross-sectional 

void fraction remains unchanged due to this distance.  

 

(
dp

dz
)acce = 0, (9) 

 

(
dp

dz
)fric =  

dp

dz
−  g (αρgas + (1 − α) ρliq ). (10) 

 

 
(a) Actual Usg at 0-degree pipe angle 

 
(b) Actual Usg at 30-degree pipe angle 

 
(c) Actual Usg at 45-degree pipe angle 

 

Figure 2. The correlations of Usg rates at constant Usl 

changed from 0.052 to 0.524 m/s od different pipe rotation 

angles 0, 30, and 35 degrees 

 

The effect of system pressure can influence the results; thus, 

pressure was measured simultaneously using a gauge pressure 

type (BUDENBERG, 0-15 lb/in2) to correlate the actual gas 
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superficial velocities. The actual gas velocities were estimated 

from the calculations of Equations 4 and 5 at the different pipe 

orientations are illustrated in Figure 2.  

Moreover, a calibration has made between the readings of 

the differential pressure transducer and the outlet voltages to 

derive the relationship between them as showed in Figure 3. 

 

 
 

Figure 3. The calibration of the differential pressure cell with 

the outlet volts 

 

 

3. RESULTS  

 

The recorded pressure gradients by the Differential Pressure 

Transducer (DPT) and the flow patterns of oil-gas flow in a 

pipe of internal diameter 50 mm at different orientations 0, 30, 

and 45 degrees have been investigated and classified under 

various methods that conducted in many published studies 

such as in the researches [13, 27, 28]. The followed sections 

illustrate how the results have been analyzed.  

 

3.1 Analysis of PDF with pressure gradient, and pressure 

gradient with time series 

 

The value of pressure drops can identify the type of flow 

pattern created inside the pipe, as well as, pressure drops 

participated in the calculation of the flow energy of any 

transportation system. The current work investigates the 

relationship between the fluctuation of the pressure gradients 

in terms of time series, also the identification of flow patterns 

is conducted by analyzing the relationship between Probability 

Density Functions (PDF) with pressure losses. Figure 4, 

presents the pressure drop at Usl value of 0.052 m/s and Usg 

ranged from 0.05 to 0.062 m/s, the plot of PDF was recorded 

as the peak at PDF value of 1 at near-zero pressure gradient of 

all pipe orientations (0, 30, and 45-degrees). It was observed 

undetectable fluctuations in pressure gradients under the time, 

and the flow was stable. Regarding the low amounts of gas and 

oil in the flow lines of 0 and 30-degree orientation, the 

stratified flow is reasonable, it is led to the fact that there is no 

pressure drop fluctuation occurs when the two-phase flow as 

layers and stable. When the tested pipe increases more to 45-

degree, the cross-sectional area of the pipe is gradually filled 

with oil affected by the gravity force, so bubbly flow is 

observed at the same moment under the low value of gas 

superficial velocity. 

As demonstrated in Figure 5, the flow pattern in a pipe of 0-

degree orientation is also not impacted by the increase of the 

value of Usg to 0.28 m/s, while the observed alteration in 

patterns was clearly in 30, and 45-degree pipe angles. The 

feature of the PDF plot showed more than one peak at a PDF 

value of 0.07 with a large base of pressure gradient ranged 

from 0 to 0.4, and the characterization of pressure gradients 

with time series are fluctuating at values ranging from 0 to 200 

(Pa/cm). The stratified flow regime changed to stratified-wavy 

influenced by the increasing value of the gas superficial 

velocity. The two-phase flow pattern in the 45-degree pipe 

rotation tend to conduct as a slug flow, and the feature of this 

flow can be observed from the PDF cure as one peak 0.035 

with pressure gradient drop valued from 0 to 0.5, also the 

recorded pressure losses fluctuated at pressure gradient value 

ranged from 0 to 300 (Pa/cm). 

 

 
(a) Stratified flow at Usg = 0.05 m/s in 0-degree pipe angle 

 
(b) Stratified flow at Usg = 0.05 m/s in 30-degree pipe angle 

 
(c) Bubbly flow at Usg = 0.05 m/s in 45-degree pipe angle 

 

Figure 4. The plots of the pressure gradient of time series 

and the PDF of pressure gradients in a pipe of the orientation 

of 0, 30, and 45-degree at Usl 0.052 m/s 

 

 
(a) Stratified flow at Usg = 0.28 m/s in 0-degree pipe angle 

 
(b) Slug flow at Usg = 0.28 m/s in 30-degree pipe angle 

 
(c) Slug flow at Usg = 0.28 m/s in 45-degree pipe angle 

 

Figure 5. The plots of the pressure gradient of time series 

and the PDF of pressure gradients in a pipe of the orientation 

of 0, 30, and 45-degree at Usl 0.052 m/s 
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In spite, the increment of Usg value reached 0.34 m/s, this 

did not affect the flow pattern in the 0-degree pipe position. 

However, this increase waved the flow mixture in 30-degree 

pip to produce a slug flow pattern, the plot of PDF showed one 

peak at PDF value 0.04 with based pressure gradient ranged 

from 0 to 0.5. Pressure gradients fluctuated between 0 and 350 

(Pa/cm) as shown in Figure 6. Furthermore, at the Usg value 

of 0.34 m/s in the 30-degree pipe orientation, slug flow was 

characterized by many peaks at a mean PDF value of 0.04 with 

a pressure gradient base ranged from 0 to 0.6, and pressure 

losses oscillated between 0 and 300 (Pa/cm). The regimes of 

two-phase flow remained unchanged in the different tested 

pipe orientations, even when the value of Usg reached near 5 

m/s.  

 

 
(a) Stratified flow at Usg = 0.34 m/s in 0-degree pipe angle 

 
(b) Slug flow at Usg = 0.34 m/s in 30-degree pipe angle 

 
(c) Slug flow at Usg = 0.34 m/s in 45-degree pipe angle 

 

Figure 6. The plots of the pressure gradient of time series 

and the PDF of pressure gradients in a pipe of the orientation 

of 0, 30, and 45-degree at Usl 0.052 m/s 

 

The flow regimes were identified at Usl value of 0.157 m/s 

in the examined pipe orientation at the various stages of Usg 

rates are very similar to those flow patterns were indicated at 

Usl value of 0.052 m/s.  

The flow patterns were observed at the constant value of Usl 

0.262 m/s and ranged values of Usg 0.05 and 0.062 m/s are 

stratified flow in the horizontal flow line, stratified and slug 

flow pattern in the pipe of a 30-degree angle, and bubbly flow 

in the pipe of 45-degree. By increasing the value of Usg 

progressively, stratified flow in the horizontal pipe unchanged 

at Usg ranged from 0.28 to 0.4 m/s, the wavy flow was 

observed at Usg rated from 0.34 to 0.4 m/s in the 30-degree 

pipe orientation, and slug flow was noticed at Usg varied from 

0.34 to 0.5 m/s in the 45-degree pipe rotation. The stratified 

flow pattern was also identified at every rate of Usg in the 0-

degree pipe angle, while slug flow was indicated at Usg 0.5 

m/s comparing with the wavy flow pattern that occurred in the 

lower values of Usg rates, besides, the slug flow is observed 

as well in the 45-degree pipe at Usg 0.5 m/s as illustrated in 

Figure 7.  

 
(a) Stratified flow at Usg = 0.4 m/s in 0-degree pipe angle 

 
(b) Wavy flow at Usg = 0.4 m/s in 30-degree pipe angle 

 
(c) Slug flow at Usg = 0.5 m/s in 45-degree pipe angle 

 

Figure 7. The plots of the pressure gradient of time series 

and the PDF of pressure gradients in a pipe of the orientation 

of 0, 30, and 45-degree at Usl 0.262 m/s 

 

The increasing values of Usl are significantly affecting the 

flow types especially those that flow near to the horizontal 

flow line because of the impact of gravity. When the values of 

Usg are near 5 m/s and pipe orientation of 45-degree as 

demonstrated in Figure 8.  

 

 
(a) Bubbly flow at Usg = 4.7 m/s in 0-degree pipe angle 

 
(b) Slug flow at Usg = 4.7 m/s in 30-degree pipe angle 

 
(c) Churn flow at Usg = 4.7 m/s in 45-degree pipe angle 

 

Figure 8. The plots of the pressure gradient of time series 

and the PDF of pressure gradients in a pipe of the orientation 

of 0, 30, and 45-degree at Usl 0.262 m/s 
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As explained by Hernandez-Perez [29], when the amount of 

liquid is increased in the horizontal pipe, stratified flow altered 

to bubbly flow (Figure 8.a), the only disadvantage of using the 

DPT as a sensor for detecting the flow patterns, the behavior 

of the pressure gradients is similar in both mentioned flow 

patterns. 

The plot of PDF in the 45-degree pipe angle showed one 

peak at 0.035 with a large base of pressure drop indicated from 

0 to 0.8. The two plots denote the churn flow. 

The flow regimes were indicated in the all-tested conditions 

at Usl values of 0.314, 0.419 and 0.524 m/s are very similar to 

those flow regimes which are observed at Usl 0.262 m/s except 

that, the slug flow is observed lately in the 30-degree flow 

lines orientation where it is estimated at Usg values ranged 

from 0.7 to 1.4 m/s at Usl values 0.314, 0.419 and 0.524 m/s 

respectively as shown in Figure 9. 
 

 
(a) Slug flow at Usg = 0.7 m/s 

 
(b) Slug flow at Usg = 1.4 m/s 

 
(c) Slug flow at Usg = 1.4 m/s 

 

Figure 9. The plots of the pressure gradient of time series 

and the PDF of pressure gradients in a pipe of the orientation 

30-degree at Usl values; (a) 0.314 m/s, (b) 0.419 m/s, and (c) 

0.524 m/s 
 

3.2 Total pressure drops with mean void fractions 
 

As demonstrated in Figure 10, the relationships between the 

total pressure drops (kPa) with the void fractions that recorded 

by ECT, generally, total pressure drops diminished with 

increasing the amount of gas flow rate and the drops increased 

with increment the value of liquid flow rate. At any constant 

value of Usl under the test conditions, total pressure gradients 

declined sharply to down with levering the pipe’s angle from 

0-degree to 45-degree component with boosting the amount of 

void fraction. Raising the angle level of the tested pipe led to 

increasing gravity force and then raising total pressure drops 

inside the pipe but the little amount of liquid also makes flow 

lighter, as a result, decreasing total pressure drops. 
 

3.3 Pressure gradients vs gas superficial velocities (Usg) 

 

The analysis of pressure gradients (dp/dz) with the 

superficial velocities of gas was performed for 0, 30, and 45-

degree pipe orientation at different superficial velocities of 

both phases. As shown in Figure 11 (a) in 0-degree pipe 

orientation, pressure gradients (dp/dz) increased with 

worthless values by increasing the flow rate of gas and it was 

recorded about 8.80 kPa/m for all values of Usl rates. 

 

 
(a) At the liquid superficial velocity of 0.052 m/s 

 
(b) At the liquid superficial velocity of 0.262 m/s 

 
(c) At the liquid superficial velocity of 0.524 m/s 

 

Figure 10. Total pressure gradient (kPa) with void fractions 

at the pipe of orientations 0, 30, and 45-degrees 

 

 
(a) dp/dz vs Usl rates at 0-degree pipe rotation 

 
(b) dp/dz vs Usl rates at 30-degree pipe rotation 
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(c) dp/dz vs Usl rates at 45-degree pipe rotation 

 

Figure 11. Pressure gradient (dp/dz), kPa with Usg rates at 

constant values of Usl in a pipe of orientations 0, 30, and 45-

degrees 

 

The behavior of the plot was conducted near the straight line 

because of the influence of the frictional drop affected only. 

Gravitational pressure drops in a horizontal pipe are equal in a 

one-meter pipe length (dz) with assuming the flow is near to 

homogenous. As Figure 10 (b and c) showed, gravitational 

pressure drops increased when the pipe was filled with liquid, 

thus (dp/dz) decreased with adding more amount of gas flow 

rates to the flow. Accordingly, at the constant value of Usl 

rates, pressure gradients rose by increasing the pipe’s angle, 

furthermore, the total pressure gradient rises when the 

gravitational pressure gradient increases. The main pressure 

gradient also affected by the frictional pressure drop as a result 

of adding more amount of liquid in the pipe, and it contributes 

to the increasing total pressure gradients. 

 

 

4. CONCLUSIONS 

 

Using gradient pressure analysis is very useful to identify 

the flow patterns of two-phase oil-gas flow that occurred 

inside near to horizontal flow lines in pipes. Tomographic 

sensors like WMS or ECT are considered to be very accurate 

devices for such tasks but with an expensive initial value of 

cost. The Differential Pressure Transducer that is used in the 

current study was beneficial with a low-cost value device to 

estimate the flow patterns of the two-phase flow in inclined 

pipes.  

The analysis of the Probability Density Function (PDF) of 

the pressure gradient and the relationship between the pressure 

gradient and time series revealed that; the stratified flow 

pattern is observed in the 0-degree pipe orientation at lower 

and moderate flow rates. The flow pattern in the indicated pipe 

of 30 and 45-degree is altered by increasing the values of 

superficial velocities and because of the effect of gravitational 

and bouncy forces. At the different Usl values of the 30-degree 

pipe orientation; the stratified flow pattern is observed at low 

values of Usg, wavy flow is indicated at moderate values of 

Usg, and the slug flow pattern is classified at higher values of 

Usg. At the various Usl values of 45-degree pipe angle; slug 

flow has been observed as a dominant flow pattern in most 

values of Usg, whereas churn flow pattern is classified at 

higher values of Usg (near to 5 m/s). 
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NOMENCLATURE 

g gravitational acceleration, m.s-2 
Usl 
Usg 

the superficial velocity of liquid, m.s-1 

the superficial velocity of gas, m.s-1 

Re 

D 

Reynold number 

diameter, m 

h static head, m 

v velocity, m.s-1 

Ap pipe cross-section area, m2 

Q volume flowrate, m3.s-1 
𝑑𝑝

𝑑𝑧

total gradient pressure drops, Pa 

(
𝑑𝑝

𝑑𝑧
)𝑓𝑟𝑖𝑐

frictional pressure drops, Pa 

(
𝑑𝑝

𝑑𝑧
)𝑔𝑟𝑎𝑣

gravitational pressure drops, Pa 

(
𝑑𝑝

𝑑𝑧
)𝑎𝑐𝑐𝑒

acceleration pressure drops, pa 

Greek symbols 

 void fraction 

σ surface tension. N.m-1 
ρliq liquid density, kg.m-3 
ρgas gas density, kg.m-3  

∆p differential pressure, Pa  
Cf Friction factor  
ρA gas density at the variable area, kg. m-3

ρR the reference gas density, kg. m-3 

Subscripts 

PSD Power Spectral Density  

PDF Probability Density Function 

ECT Electrical Capacitance Tomography 

WMS Wire Mesh sensor 

DPT Differential Pressure Transducer 
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