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Abstract: The effect of the surfactant additive on the upward intermittent flows in a pipeline-riser system is studied experimentally, 

in a 3 m long horizontal pipe connected to a Perspex pipe of 2.0 m long and 25 mm in diameter, inclined to the horizontal plane by 7, 

followed by the vertical PVC riser of 3.5 m high and 25 mm in diameter, operating at the atmospheric end pressure. Based on the 

analysis of the pressure signal and the visual observation of the riser, it is shown that the additive of surfactant to the carrying liquid 

makes bubbles smaller in size but much larger in number in the upward intermittent flows. In addition, the additive of surfactant to a 

two-phase flow does not have a significant impact on the in-situ gas fraction, the pressure drop and the frequency of the liquid slug, 

but it reduces significantly the velocity of the liquid slug. When the superficial liquid velocity is set, an exponential relationship 

between the dimensionless velocity of the liquid slug and the Webber number can be obtained. These results might be used for 

estimating the characteristic parameters of the upward intermittent flow based upon the input operating conditions. 
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Introduction

 

In the offshore petroleum industry, the pipeline- 

riser system is one of the most fundamental structures 

in the offshore production, to lift the produced fluids 

to the platform or the floating production storage and 

offloading (FPSO) for further processing. In this 

system, the upward intermittent flow under the end- 

of-field-life conditions can occur when the gas is 

expanding as a result of the decreased pressure when 

going up into the riser
[1]

. The upward intermittent flow 

can lead to a rapid fluctuation of the pressure and the 

flow rate to create potential problems in the down- 

stream equipment on the platform. 

In recent years, the gas-liquid two-phase flows in 

a pipeline-rise system attract more and more attention 

with the development of the offshore oil exploitation 
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in the deep-water area. In experimental studies, two 

special slugging cases were simulated firstly by 

Schmidt et al.
[2]

. Although the range of inclination 

angles was limited, their work serves as the pioneering 

work to identify new flow structures and to develop a 

mathematical model for pipeline-riser slug flows. 

Following their work, other comprehensive mecha- 

nical models were proposed by Taitel
[3]

 and Jansen et 

al.
[4]

, respectively. In general, these models contain 

the identification of flow patterns based on different 

points of view, such as the relationships among the 

superficial phase velocity, the pressure matching and 

the in-situ gas fraction in the pipeline-riser system. 

The pressure fluctuation combined with the stability 

operation criterion was also discussed by Malekzadeh 

et al.
[1]

, Li et al.
[5]

 and Xing et al.
[6]

. In fact, the 

upward intermittent flow will occur in every kind of 

slugging cycle as a part of liquid production, even as a 

popular flow pattern for the real industry flow directly 

once the input gas-liquid ratio is set. 

However, in these studies, the impact of the 

surfactant additive was rarely considered. In practice, 

in order to increase the output, the produced fluid 

from the wellbore is mostly mixed in gas-liquid flows 

with the surfactant additive. Thus, one may see diffe- 

rent flow structures under the same inlet conditions. 

Available online at https://link.springer.com   

http://www.jhydrod.com/  

          2018,30(2):287-295 

https://doi.org/10.1007/s42241-018-0034-5 



 

 

 

288 

There are two primary reasons in adding the surfactant 

for increasing the recovery. On one hand, the crude oil 

liquidity might be enhanced through converting the 

heavy liquid medium into an easy flow medium. On 

the other hand, the pressure loss along with the flow 

direction might be reduced to save the power supplied 

to the petroleum exploitation. Both reasons could be 

traced in the fluid property change, thus researchers 

all over the world show their interest on the surfactant 

effect on the gas-liquid two-phase flows. 

    One of the earliest attempts to understand the 

effect of the surfactant additive on the gas-liquid 

pipeline flows can be traced back to the work of 

Greskovich, who used the surfactant additive as a drag 

reducing agent for an air-water slug flow in horizontal 

pipes
[7]

. The results show that the surfactant additive 

leads to a significant decline of the frictional pressure 

drop, as large as 40% as compared with the non- 

surfactant case. The drag reduction in the gas-liquid 

flows due to the surfactant additive was also in- 

vestigated by subsequent researchers
[8-14]

. Another 

influence of the surfactant on the two-phase flow is 

the flow structure. The work of Rozenblit shows that 

in a vertical flow, the gas bubbles in the air-water 

solution with the surfactant are smaller in size than 

those without the surfactant
[15]

. Lioumbas found that 

the liquid layer thickness might be affected by the 

surfactant additive, leading to a significant reduction 

of the liquid holdup
[12]

. Based on this feature, the 

surfactant additive can be used for the gas well 

de-liquification. In addition, based on the high-speed 

visualization technology, van Nimwegen investigated 

the flow morphology of the annular and churn flows 

as influenced by the surfactant additive
[16, 17]

. The 

flow patterns might be used to define different flow 

regimes through Liu’s work, with the surfactant as an 

additive to the gas-liquid flows in the capillary 

tubes
[18]

. In addition, a theoretical attempt was made 

to explain the turbulence transport in the surfactant 

solution flow by Gu and Wang
[19]

. Above studies are 

good attempts to enhance the knowledge of the gas- 

liquid two phase pipe flows with surfactant additive. 

    As discussed above, however, in these studies, 

only one factor is considered, i.e., the upward inter- 

mittent flows in a pipeline-rise system without surfac- 

tant additive or the effect of the surfactant additive on 

the normal gas-liquid flows. A review of the past 

literature shows that no experiment, to the best of the 

authors’ knowledge, has been reported so far to inves- 

tigate the upward intermittent flow in a pipeline-rise 

system with surfactant additive. In addition, most 

surfactants selected are only suitable for the expe- 

rimental systems due to their costs and features. 

Therefore, this paper makes a study of the flow 

characteristics in the upward intermittent flows using 

the dodecylbenzene sulfonic acid sodium salt (SDBS) 

as the surfactant additive. Due to its good applicability 

in the field application, the SDBS has been already 

widely used as a friction reducer in industrial oil 

transport pipes. Thus, this investigation is to extend 

the knowledge of the flow characteristics of the 

upward intermittent flows in the pipeline-riser 

structure. Particular attention is paid to the influence 

of this kind of surfactant additive on the two-phase 

flow pattern, the void fraction, the pressure drops and 

the characteristics in this flow system. As a reference, 

in each experiment we start with a two-phase flow 

without surfactant additive before the test of the 

two-phase flow with surfactant additive. 

 

 

1. Experimental 

 

1.1 Rheological properties of surfactant solution 

    As one of the most popular kind of surfactant in 

the application field, the commercial dodecylbenzene 

sulfonic acid sodium salt (SDBS) is chosen as the 

surfactant additive, which is supplied by Sinopharm 

Chemical Reagent Co., Ltd in China. Besides, accor- 

ding to its good balance between hydrophilic and 

lipophilic properties, the SDBS in the air-water 

experimental flows performs similarly to the natural 

gas and the crude oil in the industrial flows. For better 

understanding, prior to the flow experiments, the static 

measurements are carried out to analysis the influence 

of the surfactant additive on the rheological properties. 

The samples are prepared by adding small quantities 

of the surfactant into the tap water with sufficient 

stirring to prevent the formation of lumps. 

ThermoHakke RS6000 rheometer is used to measure 

the rheological properties of the surfactant solution. 

The coaxial cylinder rheometer, in which the outer 

cylinder is fixed and the inner cylinder rotates in a 

specified rotation rates, might produce secondary 

flows (Taylor vortex) if not properly handled. Besides, 

the flow of the fluid between the inner cylinder and 

the outer cylinder might not be stable during the 

measurement. The maximum relative error of the 

measured viscosity is 0.5%  for shear rates ranging 

from 0.1 s
1

 to 1 000 s
1

. Therefore, the flow during 

the rheology tests might be considered as a laminar 

flow, and with Z38 DIN and gap width of 2.5 mm, the 

measurement error can be kept as small as possible. 

According to industrial cases, the concentration of the 

surfactant additive is usually less than 1 000 mg/L, 

and Fig. 1, which   represents shear stress and   

represents shear rate, shows the rheograms of the 

surfactant solution with different concentrations from 

0 mg/L to 1 000 mg/L at 20C. Generally, the 

solutions exhibit the Newtonian fluid behavior, which 

illustrates that the fluid rheology does not change after 

the surfactant addition. The apparent viscosity of the 
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surfactant solution ( )
 

at various concentrations 

( )C
 

is shown in Fig. 2. It can be seen that the 

apparent viscosity is almost independent of the 

concentration of the surfactant solution, takes a value 

between 1.1 mPas to 1.2 mPas. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Rheograms of surfactant solutions with different concen-  

     trations 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Apparent viscosity of the surfactant solutions vs. concen-  

     trations at 20C 

 

    The surfactant tension is measured through the 

Data-Physics DCAT-11 tensiometer. In Fig. 3, the 

surface tension ( )  is plotted against the concen- 

tration of the surfactant solution. An increase of the 

surfactant concentration up to 200 mg/L leads to a 

significant decrease of the surface tension, whereas 

the surface tension thereafter keeps almost a fixed 

value regardless of the concentration increase. There- 

fore, the SDBS solutions of concentrations of 200 mg/L 

and 1 000 mg/L are chosen in the following experi- 

ments, representing the effect of the surfactant on the 

upward intermittent flows. 

 

1.2 Experimental set-up and procedure 

    Experiments are carried out in a circular trans- 

parent Perspex pipe of 25 mm in inner diameter. A 

schematic diagram of the flow loop is shown in Fig. 4, 

which D  represents the diameter of the pipe. The 

test loop consists of a horizontal Perspex pipe of 3.0 m 

long, connected to a PVC pipe of 2.0 m long, inclined 

by an angle of 7 from the horizontal plane, followed 

by a vertical PVC riser of 3.5 m high. The Perspex 

pipeline and the PVC riser are transparent, allowing 

visual observation of the flow behavior in the system. 

A choke with inner diameter of 25 mm is also 

installed in the facility at the riser top, and the choke 

is kept fully open during all experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 Surface tension of surfactant solutions vs. concentration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4 Schematic diagram of test section and measurement  

     scheme of the pipeline-riser system 
 

    A gas tank and a regulating valve are used to 

ensure a constant pressure at the inlet of the gas phase. 

The air, as the gas phase, is pumped into the pipe via 

an air compressor. The SDBS solutions are used as the 

liquid phase, with its properties shown in Table 1. 

During the experiment, the surfactant additive is put 

into the water tank with a fixed concentration, and 

then is fully mixed by a trefoil spiral stirrer. Due to 

the fact that the surfactant would fail to work properly 

after several hours, the solution is replaced frequently 

enough to stabilize the experiment conditions. 

    A thermal mass flowmeter and an electromag- 

netic flowmeter are used to measure the flow rate for 

the gas phase and the liquid phase, respectively. 

Experiments are carried out either by keeping the 

mixture velocity constant and changing the ratio of the 

gas phase to the liquid phase, or by keeping the super-  
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ficial liquid velocity constant and increasing the 

superficial gas velocity. The average in-situ gas frac- 

tion is measured by two valves that can rapidly closed, 

which are full opening ball valves with inside 

diameters equal to the inside diameter of the pipe so 

that the flow is not disturbed in passing through the 

open valves
[20-22]

. As fully developed flows are 

established, the two valves are closed simultaneously 

and a sufficient time is taken to ensure the full foam 

degradation and the liquid phase height accuracy. 

    For the pressure signal acquisition, two absolute 

pressure transducers are used to measure the pressure 

signal in the riser section. The sampling frequency of 

the pressure signal is 625 Hz, and a total of 62 500 

samples are collected in the sampling time of 100 s. 

Hence, accurate results could be obtained from the 

two transducers located at both ends of the long test 

section of 76 internal diameters. The flow pattern 

visualization is conducted by the high-speed camera 

with parameters as follows: the aperture value F9.0- 

F11.0, the exposure time 1/2000 s and the ISO 1600. 

Furthermore, the flow pattern captures, the pressure 

signal acquisitions, along with the in-situ gas fraction 

measurements could be carried out simultaneously. 

 

 

2. Results and discussions 

 

2.1 Flow patterns 

    When the gas-water mixture passes the declined 

pipeline, the liquid slug is formed at the bottom of the 

riser, stopping the gas flow into the riser, which 

causes gas gathering. Therefore, one sees interfacial 

turbulence and periodic burst under all operating 

conditions. It can be speculated that the interfacial 

shear stress distribution is not uniform, due to the 

existence of the vortices in the entire fluid layer, 

which can be seen as one of the most important factor 

leading to the interface deformation and interfacial 

waves. Thus, comes the interfacial turbulence near the 

gas-liquid free interface under different flow rate 

conditions. Six repeated experiments are conducted 

under different kinds of inlet conditions and with 

adopted continuous photography methods lasting for 

slugging cycles during gas-liquid two phase flows. 

Thus, in view of reliability, we select photo snaps both 

on the same position and for a relative fixed time 

period of gas-liquid flow cycles under each working  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5 Flow pattern images in the observation section at a con-  

     stant superficial liquid velocity, 1 = 0.71m/ssv  

 

condition. In Fig. 5, the gas core, formed at the center 

of the tube, tends to be stable due to the increase of 

the gas flow rate, as the gas-liquid interface becomes 

much clearer at the same superficial liquid velocity. 

When the gas phase velocity is low, we see an 

oscillatory movement due to the amount of gas 

changes over time. As a result, the wavy interface 

between the gas and the liquid plays different roles 

Table 1 Properties of liquid phases used in the present study 

No. Liquid phase 
Temperature 

T /C 

Concentration 

C  /mgL1 

Apparent Viscosity 

 /mPas 

Density 

 /kgm3 

Surface tension 

 /mNm1 

1 Tap water 20.0 N/A 1.17 1 000 72.47 

2 SDBS solution-1 20.0 200 1.16 1 000 34.66 

3 SDBS solution-2 20.0 1 000 1.16 1 000 30.50 
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under different conditions. For one example, when the 

liquid phase velocity is low and the gas phase velocity 

is high, the gas-liquid interface is irregularly twisted. 

    An additive of surfactant to the liquid causes 

drastic changes in the distribution of the gas phase 

inside the liquid, as shown in Fig. 5. In the upward 

intermittent flow, bubbles at the back catch up with 

those at the front, the continuous collision makes the 

coalescence and the shape elongation of bubbles. 

Because the surface tension at the gas-liquid interface 

is significantly reduced due to the surfactant additive, 

the size of the dispersed bubbles is greatly reduced 

and the bubbles become more uniform spheres. In 

addition, the number of bubbles is in an increasing 

trend. The visual observation of the slug production 

shows a periodic injection due to the structure of the 

pipeline-riser system (Fig. 4), and the sizes of the 

elongated bubbles in the gas/SDBS solution flow are 

significantly smaller than those in the gas/water flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6 Flow images in the observation section at a constant  

     mixture velocity, =1.59 m/smv  

 

    In fact, an additive of surfactant is helpful for the 

formation of foam flows. When the gas flow rate is 

low, the energy supported by the gas is not enough for 

the liquid slug vertical movement. Thus, there is a 

relatively complex fluctuation at the interface between 

the two phases. When the flooding wave occurs 

during the flow process, the stirred liquid not only 

induces continuously small bubbles into the liquid but 

also facilitates the mass transfer between the gas and 

liquid phases. With the addition of surfactant, the 

disturbance can be reduced effectively, and the 

interface fluctuation of the gas-liquid presents a more 

regular appearance. Thus, an additive of surfactant 

could prevent in part the progress of the big bubble 

formation and its movement with the liquid phase at a 

high speed. However, the effect of the surfactant 

additive on the flow pattern transition is not signi- 

ficant. Figure 6 shows the images of flow patterns by 

keeping a constant mixture velocity ( =1.59 m/s)mv  

and decreasing the input gas fraction. A comparison 

between the mixture flow of gas-water and that of 

gas-SDBS solution shows that in spite of drastic 

visual changes of the size and the shape of bubbles for 

all flow patterns, the small difference of the flow 

pattern transition between the two systems cannot be 

distinguished clearly. The exception is a little devia- 

tion on the transition from the churn to the annular 

flow. Similar results are also obtained in the studies of 

Rozenblit et al.
[15]

. 

 

2.2 Average in-situ gas fraction and pressure drop 

    The average in-situ phase fraction is obtained by 

the rapid closing valve method, and six repeated ex- 

periments are carried out to obtain the mean value and 

the standard deviation. Figure 7 shows the influence 

of the surfactant additive on the average in-situ gas 

fraction ( )g
 
at constant mixture velocities of 1.30 m/s 

and 1.59 m/s, respectively. Generally, under the same 

input condition the influence of the surfactant additive 

on the in-situ gas fraction is not significant. More 

specifically, the influence is negligible when the input 

gas fraction ( )g  
is less than 30%. In addition, it can 

be also found that the large deviations are always 

found in the range of the input gas fraction between 

60% and 80%. Namely, the unstable mixture flows 

occur during this regime. Furthermore, the addition of 

surfactant also alleviates the instability of the mixture 

flow, and the maximum deviation can be decreased 

from 25% to 10%. In different kinds of mixture 

velocity cases, the most apparent difference is seen 

from the maximum value of the average in-situ gas 

fraction with the input gas fraction from 60%-80% for 

=1.30 m/smv  rather than with the input gas fraction 

in the range of 40%-60% for =1.59 m/smv . It could 

be seen from the results, the change caused by the 

surfactant addition in a smaller mixture velocity case 

is much more significant than in a larger mixture 

velocity case. 

    In the present study, one pressure sensor located 

at the bottom of the vertical section (P1) is used for 

measuring the entrance pressure, while another is 

installed at the riser top (P2). When the mixture fluids  
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Fig. 7 Influence of surfactant additive on the average in-situ gas  

     fraction at constant mixture velocities of 1.30 m/s and  

     1.59 m/s, respectively 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8 Schematic model of computational method for gas-liquid  

     upward intermittent flow 

 

flow through the sensors, the pressure is converted to 

a voltage signal, and recorded by the data acquisition 

card for the further process. For data processing, the 

pressure of the upward intermittent flows in a 

pipeline-riser system can be captured through filtered 

and transformed voltage signals (Fig. 8, in which t  

represents the time period). Thus, we obtain the 

pressure amplitude at the bottom of the riser, as shown 

in Fig. 9. At the same superficial liquid velocity, the 

pressure amplitude increases with the increase of the 

superficial velocity of the gas phase. Moreover, it is 

very interesting to find that there is always a turning 

point in different cases, before which the surfactant 

additive decreases the pressure amplitude through 

reducing the surface tension, consistent with the 

results from the visual observation and the in-situ gas 

fraction measurement (from Figs. 5-7). On the other 

hand, the pressure amplitude increases with the 

surfactant additive after that turning point. To explain 

this phenomenon, there must be a balance between the 

in-situ gas dispersion and the input gas amount. That 

is to say, for a low gas-liquid ratio, much more small 

bubbles are formed which can stabilize the flow 

process obviously, otherwise we have the opposite 

case. 

    As can be seen from Fig. 9, the pressure ampli- 

tude values ( )p
 

in the tap water case and the SDBS 

solution case are similar at the superficial velocities of 

0.28 m/s and 1.40 m/s for the liquid 1( )sv
 

and gas 

phases ( )sgv , respectively. Since the flow pattern 

changes under different inlet conditions, when the gas 

velocity reaches the maximum value (1.40 m/s) and 

the liquid phase velocity keeps small (0.28 m/s), the 

gas phase dominates the whole flow process. It can be 

speculated that there is no distinguished difference 

between two flow cases in which the gas phase is the 

main phase in both cases even with surfactant additive, 

because the primary contribution of the pressure loss 

comes from the liquid gravity terms as shown in Fig. 

10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 9 Influence of surfactant additive on pressure amplitude at  

     bottom of riser with constant superficial liquid velocities 

 
    Figure 10 shows the total pressure drop (d / d )p l  

and the frictional pressure drop (d / d )fp l  as func- 

tions of the input gas fraction for the gas/water flow 

and the gas/SDBS solution of 200 mg/L, respectively 

at =1.30 m/smv . According to previous work, the 

surfactant addition usually acts as a drag reduction 

agent for pipeline flows. But there are still some 

related details to be clarified, such as the influencing 

range of this additive and the extent that it affects the 

frictional pressure drop, since the total pressure drop 

of the riser section includes the gravity pressure drop 

and the frictional pressure drop. Thus, combined with 

Fig. 7, we calculate the gravity pressure drop from the 

average in-situ gas fraction values, to obtain the 

frictional pressure drop through abstracting the gravity 

pressure drop from the total pressure drop. As can be 

seen, an addition of surfactant to the two-phase flow 
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reduces slightly the total pressure drop. At a low input 

gas fraction, the surfactants are less effective for the 

drag reduction, while the decrease will have more 

pronounced effects at a high input gas fraction,due to 

the surfactant influence on the turbulence structures, 

as similarly observed by Duangprasert et al.
[11]

, 

Rozenblit et al.
[15]

. Compared with those in the 

gas/water flow, the frictional pressure drop might be 

reduced by increasing the input gas fraction. In the 

vertical pipe flow, the total pressure drop is dominated 

by the gravitational part, but as the mixture liquid 

velocity increases, the frictional component of the 

pressure drop becomes more important. Combined 

with Fig. 7, under the same input conditions the drag 

reduction and the increase of the average in-situ gas 

fraction are relevant to the input gas fraction, the 

mixture velocity and the SDBS concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 10 Influence of surfactant additive on two-phase average  

      pressure drop 

 

2.3 Characteristic parameters of upward intermittent  

   flow 

    The upward intermittent flows in a pipeline-riser 

system have two most important characteristic para- 

meters in engineering applications, which are the fre- 

quency of the liquid slug and the velocity of the liquid 

slug. In real industrial flow cases, the frequency of the 

liquid slug determines how often the shock will 

impact the fixed structure and the downstream devices, 

meanwhile the mean velocity of the liquid slug 

represents the yield from the wellbore. From Fig. 8, 

when N  liquid slugs go through the same pressure 

sensor, there are N  peak values of the pressure 

signal. Hence, in a unit time ( )t , the number of peak 

values is equal to the frequency of the liquid slug 

( )f  as 

 

=
N

f
t

                                                                          

(1) 

    Figure 11 shows the frequency change of the 

liquid slug against the superficial gas velocity at 

constant superficial liquid velocities. Here, the visible 

slugs are counted to check the test results. At a fixed 

superficial liquid velocity of 0.28 m/s, the frequency 

increases with the increase of the superficial gas 

velocity. This is mainly due to the fact that the accu- 

mulation time of the gas at the bottom of the vertical 

pipe is reduced with the increase of the gas volume. In 

addition, with the increase of the superficial liquid 

velocity, the effect of the superficial gas velocity on 

the frequency is gradually weakened. Although the 

additive of the surfactant reduces the sizes of the 

elongated bubbles, it does not have a significant 

impact on the frequency of the liquid slug. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 11 Frequency of liquid slug vs. superficial gas velocity at  

      constant superficial liquid velocities of 0.28 m/s and  

      0.71 m/s, respectively 
 

    Assuming that the head of the liquid slug passing 

through the upstream sensor to the downstream sensor 

is t , the velocity at the stage of liquid slug ( )ssv  

can be expressed as 

 

=ss

L
v

t
                                                                        

(2) 

 

where  L  is the distance between the two sensors. 

The interval time, t  can be obtained by the peak 

values of the pressure signal. Here, the mean velocity 

of the liquid slug is chosen as a characterization to 

represent the flow phenomena, though this liquid slug 

velocity is not constant during the entire flow process. 

    Figure 12 displays the velocity of the liquid slug 

vs. the superficial gas velocity at a constant superficial 

liquid velocity. In general, since the additive of 

surfactant shortens the length of the elongated bubble 

and a large number of small bubbles come into the 

thin film around the elongated bubble, the velocity of 

the liquid slug in the gas/SDBS solution flow is 
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smaller than that in the gas/water flow. Here, the 

velocities in the gas/SDBS solution slug flow can be 

mostly reduced to half of those in the gas/water slug 

flow. A slight alteration between two kinds of 

different concentrations of the SDBS solutions may 

reveal the fact that the time period to establish the 

same surface tension values are different at different 

solution concentrations. It is quicker for the SDBS 

solution-2 to take effect on reducing the surface 

tension, therefore much smaller bubbles with slower 

slug velocity are obtained as compared to the SDBS 

solution-1. However, as mentioned in Section 3.1, the 

surfactant additive can hardly lead to a transition of 

flow patterns, thus it acts similarly on the frequency of 

the liquid slug at different concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 12 Velocity of liquid slug vs. superficial gas velocity at  

      constant superficial liquid velocities of 0.28 m/s and  

      0.71 m/s, respectively 
 

    As shown in Table 1, an additive of surfactant 

changes mainly the surface tension, and therefore the 

Weber number is used to analysis the characteristic 

parameters of the upward intermittent flow. The 

Weber number can be defined as 

 
2

= m mv D
We




                                                               

(3) 

where m  
and mv

 
refer to the mixture density and 

the mixture velocity, respectively, and D  is the pipe 

diameter. Figure 13 shows the changes of f  and 

/ss mv v
 

in the upward intermittent flows with the 

Weber number at a fixed superficial liquid velocity. It 

can be found that when the Weber number is low, the 

frequency of the liquid slug increases steadily and 

tends to be maintained between 0.1 and 0.2. Intere- 

stingly, there is an approximate exponential relation- 

ship between the Weber number and /ss mv v . Thus, 

the least squares method is used in identifying the 

appropriate exponential parameters. An acceptable 

agreement between the data and the fitting curves can 

be obtained. This finding might be helpful for pre- 

dicting the characteristic parameters of the upward 

intermittent flow by using the Weber number. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 13 Characteristic parameters of upward intermittent flows  

      vs. Weber numbers at a fixed superficial liquid velocity  

      of 0.28 m/s 
 

 

3. Conclusions 

    In this work, the characteristics of upward inter- 

mittent flows with surfactant additive in a pipeline-riser 

system are investigated. The flow patterns of the 

upward intermittent flows are characterized on the basis 

of the visual observation and the pressure signals in the 

riser. It can be found that an additive of surfactant to the 

carrying liquid causes drastic changes in the distri- 

bution of the gas phase inside the liquid, and prevents 

partly the progress of the big bubble formation in the 

riser. In addition, owing to the addition of surfactant the 

sizes of the dispersed bubbles are greatly reduced and 

the shapes of the bubbles appear to be more uniform 

spheres. The effect of the surfactant additive on the 

average in-situ gas fraction and the average pressure 

drop is weakly distinctive, and the drag reduction is 

more pronounced at a high superficial gas velocity. 

    Although the surface tension at the gas-liquid in- 

terface shows a significant reduction with the surfactant 

additive, it does not have a big impact on the frequency 

of the liquid slug, and its impact is mainly manifested 

in the velocity of the liquid slug. By the addition of 

surfactant, the velocity of the liquid slug experiences a 

nearly 50% reduction from the mixture flow without 

surfactant additive, approximately independent of the 

superficial phase velocities. Furthermore, an expon- 

ential relationship between the dimensionless velocity 

of the liquid slug and the Webber number can be 

obtained when the superficial liquid velocity is fixed. 

These results might be helpful for estimating the 

characteristic parameters of the upward intermittent 

flow by using the input operating conditions. 
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