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Abstract 

Taylor bubbles are commonly found in the petroleum, chemical, and energy industries. 

Typically, a Taylor bubble decreases hydrostatic pressure due to its lower density than the 

surrounding fluid. However, this study identifies an additional mechanism for Taylor bubble 

contributing to hydrostatic pressure reduction. This effect arises from the dynamic upward 

motion of the Taylor bubble, where the bubble tends to push the surrounding liquid upward, 

depending on its buoyancy. An experiment was conducted in which a single Taylor bubble was 

injected into a vertical tube. A pressure drop from 6500 Pa to 6370 Pa and from 6500 Pa to 

6141 Pa was observed when injecting 3 mL and 13 mL of Taylor bubble volume, respectively. 

The rise speed and diameter of the Taylor bubble, as well as the speed and thickness of the 

liquid film around it, were measured using a pulse-echo ultrasonic technique. The ultrasonic 

measurements showed that instantaneous upward and downward flow rates were not equal. 

The upward flow rate was dominant, which caused a drop in pressure at the bottom of the tube. 

Finally, these findings can help these industries to predict the bottom hole or pipe pressure 

accurately. 

Keywords: Taylor bubble; Liquid film; Bernoulli’s principle; Archimedes’ Principle; 

Hydrostatic Pressure; Fluid. 

 Introduction 

Taylor bubbles are very significant in petroleum and chemical engineering applications, such 

as gas kicks during drilling, gas-lift oil production, heat exchangers, and many other energy 

applications. In this study, we experimentally demonstrate that the Taylor bubble plays a second 

role in reducing hydrostatic pressure by pushing the fluid upward as it rises, in addition to its 

primary role in reducing hydrostatic pressure due to its low density relative to the surrounding 

liquid, a phenomenon not previously reported. 

In 1950, Taylor investigated the so-called Taylor bubble [1] , with particular emphasis on its 

shape and rise velocity, and showed experimentally that the rise velocity increases with 

increasing the diameter of the pipe. Earlier, in 1943, Dumitrescu had examined the same class 

of long gas bubbles [2] , analyzing their shape and rise velocity in vertical tubes. By applying 

Bernoulli’s principle, Dumitrescu derived an expression for the rise velocity and indicated the 

role of the bubble in generating fluctuations in the surrounding dynamic pressure. Neither 
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Taylor nor Dumitrescu, however, explicitly addressed the role of the Taylor bubble in reducing 

the hydrostatic pressure. Although both authors obtained the same functional form for the 

Taylor-bubble rise velocity, they reported slightly different values of the proportionality 

constant, as expressed in the following relation. 

𝑉𝑇𝑏 = 𝐹𝑟𝑇𝑏 × √𝑔 × 𝐷𝑇𝑢𝑏𝑒   

 where VTb is the Taylor bubble velocity, FrTb is the Taylor bubble froude number, g is the 

gravitational acceleration, D is the pipe diameter. 

This paper explains how Taylor bubbles can lower the hydrostatic pressure in a vertical pipe 

without fluid overflow. The motion of the bubble can be viewed as an application of Bernoulli’s 

principle in fluid mechanics. Every Taylor bubble that goes into the pipe pushes the fluid up. 

This makes the fluid column at the bottom of the tube seem lighter, which shows up as a drop 

in pressure. Table 1 shows the experimental data that explains this effect in numbers. According 

to Archimedes’ principle, buoyancy increases as the volume of the submerged object increases. 

[3] [4] , following the relationship below. 

Fbnt = ρwater × volTb × g 

where Fbnt is the buoyant force, volTb is the Taylor bubble volume, g is the gravitational 

acceleration. 

The balance between the object’s weight and buoyant force controls how it moves while it is 

submerged. It will move down if its weight is greater than the buoyant force. The body is in 

static equilibrium when the two forces are equal. In contrast, if the buoyant force is stronger 

than the weight, the object moves up [5] [6] . Gawusu showed that the pressure dropped 

surrounding the Taylor bubble as it rose in the tube [7] . Klaseboer et al. also mentioned that 

the pressure dropped behind the Taylor bubble [8] . But in our study, we discovered that the 

pressure decrease was the same along the whole length of the liquid column until the Taylor 

bubble went out of the water column. The main forces that control the movement of gas bubbles 

that are underwater are gravity, buoyancy, and drag. For large bubbles, like ascending Taylor 

bubbles, the buoyant force is usually stronger than the total of the drag and gravity forces. This 

makes them move up continuously. As the size of the bubble increases, the buoyant force 

increases significantly. This raises the net driving force and speeds up the bubble’s rise [9] [10]. 

As the tube’s diameter gets smaller or the reverse flow of liquid from top to bottom gets 

stronger, the frictional force on the bubble gets stronger. This eventually causes the bubble to 

reach dynamic equilibrium or stop moving in the tube [11] [12] . As the viscosity of the fluid 

around the Taylor bubble increases, the frictional forces acting on it get stronger, which slows 

down its ascent speed by a lot [13] . [14] refers to the shear rate that the bubble’s rise caused in 

the liquid next to it. 

When a Taylor bubble rises in a vertical pipe without causing the gasliquid system to overflow, 

the hydrostatic pressure drops because of the complex interplay between the bubble’s dynamic 

properties and the pipe’s dynamic properties. From an energy point of view, the liquid film that 

is going down meets friction at two places: one with the pipe wall and the other with the Taylor 
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bubble interface. The Taylor bubble, on the other hand, only has friction when it touches the 

liquid sheet. This asymmetry causes more energy to flow up than down, which leads to the net 

energy loss that may be seen as a drop in pressure [15]. 

In fact, this phenomenon is consistent with Bernoulli’s principle, which states that an increase 

in velocity causes a decrease in hydrostatic pressure. Initially, the water column was stationary 

in the experiment, and the pressure was constant. However, as soon as the Taylor bubble 

entered, it locally increased the velocity of the liquid, leading to a pressure drop. The rise of 

the Taylor bubble is indeed an example of an application of this principle, and it bears some 

similarity to air jets in water conduits, but at a much lower speed [16] [17] [18] . This study 

will enhance well-control safety and improve the accuracy of predicting total hydrostatic 

pressure, either in gas-lift oil production or in a vertical multiphase flow system. 

2 Materials and Methods 

 2.1 Experimental Apparatus 

A-An experimental setup was constructed, including several components. First, a graduated 

transparent acrylic tube (length 1.0 m, inner diameter 1 cm) was used for visual observation. 

Second, water at 20◦C, with density ρ = 1000kg/m3, dynamic viscosity µ = 1.0 × 10−3 Pas, and 

surface tension σ = 0.0728N/m, was filled to a height of 0.663 m above the level of the pressure 

gauge.. Third, a non-return valve was placed between the air syringe and the acrylic tube to 

prevent water backflow and resulting loss of air pressure after the Taylor bubble was injected. 

Fourth, an air syringe supplied air at a density of 1.225 kg/m‡ to generate Taylor bubbles. The 

setup also included an electronic pressure gauge (SEH-type), which measured pressure with 

Pascal-level accuracy, –2 Pa. The entire setup with its dimensions is shown in Figure 1 

 

Figure 1: Experimental setup diagram before bubble injection: (1) acrylic tube, (2) water 

column, (3) non-return valve, (4) air syringe, (5) electronic pressure gauge. 
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B-Additionally, a pulse-echo ultrasonic system was installed along the acrylic tube to measure 

the rise velocity of the Taylor bubble, the downward velocity of the liquid film, and the 

dimensions of both the bubble and the liquid film. 

 2.2 Experimental Procedure 

The experiment was conducted at atmospheric pressure with a temperature of 20 degrees 

Celsius. 

1. The density of the water was measured and found to be 1000 kg/m‡. 2. The acrylic tube was 

filled with water to a height of 66.3 cm, leaving an air gap at the top of length 28.7 cm (0.287 

m), to prevent overflow during air injection 3. The system was left for one minute to ensure 

pressure stabilized at the initial hydrostatic pressure of 6500 Pa, verified by gauge readings. 4. 

A single Taylor bubble (volume: 3 mL) was injected into the tube without causing overflow. 

During the bubble passage, the hydrostatic pressure dropped from 6500 Pa to 6370 Pa and 

returned to its initial value upon exiting the column. 5. Step 4 was repeated for various injected 

air volumes for three runs, generating Taylor bubbles of different sizes, with all measurements 

performed under no-overflow conditions. Increased injected volumes consistently resulted in 

greater observed pressure drops (see Figure 2 and Table 1). 

6. To find the Taylor bubble rise velocity, the liquid film thickness, the bubble diameter, and 

the film development length, a pulse-echo ultrasonic technique was used. Because the gas and 

liquid phases have very different acoustic impedances, almost all of the ultrasonic wave is 

reflected at the gas–liquid interface. When the Taylor bubble moves in front of the ultrasonic 

system, short ultrasonic pulses are sent out and bounced back from the bubble’s nose and the 

liquid film around it. The time-of-flight method is used to turn the returned echoes into 

electrical signals and figure out the thickness of the bubble and the liquid film. The Doppler 

frequency shifts in the reflected signals are then used to figure out how fast the Taylor bubble 

is rising and how fast the liquid film is falling. 

 

Figure 2: Rising Taylor bubble with a volume of 3 mL without water overflow induced a 

hydrostatic pressure drop from 6500 Pa to 6370 Pa during its ascent. 
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 3Mathematical Model of Pressure Drop 

 3.1 Assumptions 

1. Given that the hydrostatic pressure above the Taylor bubble is very lowand that the 

effect of air compressibility under these conditions is negligible, it was assumed in this study 

that the injected air volume is equal to the volume of the Taylor bubble formed inside the tube. 

2. Since the weight of the Taylor bubble is negligibly small comparedwith the friction and 

buoyancy forces acting during its rise in the tube, the effect of the bubble weight was neglected 

in the analysis. Accordingly, the analytical model considers only two opposing forces: the 

upward buoyancy force and the downward frictional force 

 3.2 Buoyant Force (Fbnt) 

The buoyancy force depends on both the surrounding fluid density and the submerged object 

volume. Theoretically, it can be calculated according to Archimedes’ principle. 

 Fbnt = ρwater × V olTb × g (1) 

 3.3 Geometrical Description 

 3.3.1 Tube Area (ATube) 

The cross-sectional area of the tube can be determined by the following equation 

  (2) 

where ATube is the Tube cross-sectional area, Dtube is the Tube diameter. 

 3.3.2 Taylor Bubble Area (ATb) 

After determining the diameter of the Taylor bubble using the pulse-echo ultrasonic system, 

the cross-sectional area of the bubble can be calculated using the following equation: 

  (3) 

where ATb is the Taylor bubble cross-sectional area, DTb is the Taylor bubble diameter. 

 3.3.3 Liquid Film Area (ALf) 

After the film thickness was measured using the pulse-echo ultrasonic system, the liquid film 

area can be calculated using the following equation: 

 ALf = π × (2 × RTube × δ − δ2) ≈ 2 × π × RTube × δ (4) 

Or can be obtained by subtracting the Taylor bubble cross-sectional area from the tube cross-

sectional area as shown: 

 ALf = ATube − ATb (5) 

where ALf  is the Liquid film cross-sectional area, δ is the Liquid film thickness. 
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 3.4Theoretical Liquid Film Thickness (δ) 

The liquid film thickness can be calculated mathematically using any of the following 

relationships. 

 3.4.1Taylor Bubble Reynolds Number (ReTb) 

The Taylor bubble Reynolds number is defined as [19] : 

  (6) 

Where ReTb is Taylor bubble Reynolds Number, VTb is the Taylor bubble velocity, µwater is the 

water viscosity. 

 3.4.2Dimensionless Inverse Viscosity Number (Nf) 

By combining the Eötvös number and the Morton number, the dimensionless inverse viscosity 

number can be obtained [20] [21]. 

  (7) 

Where Eo is the E¨otvo¨s number ( ) , M is the Morton number 

 is the water surface tension. 

 3.4.3 Nusselt Correlation (δ′
ns) 

  (8) 

Where  is the dimensionless liquid film thickness predicted by Nusselt[22]. 3.4.4 

Karapantsios and Karabelas correlation (δ′
kar) 

  (9) 

Where δkr
′ is the dimensionless liquid film thickness obtained from the correlation of 

Karapantsios and Karabelas [23]. 

 3.4.5 Lel et al.b ( ) 

  (10) 

Where  is the dimensionless liquid film thickness obtained from the correlation of Lel et al. 

[24] . 
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 3.4.6Dimensional and Dimensionless Liquid Film Thickness 

The correlations shown above predict the dimensionless liquid film thickness δ′. To compare it 

directly with experimental measurements, it needs to be changed into the dimensional film 

thickness by incorporating δ′ with the tube radius RTube, as shown below: 

 δ = δ′ × RTube (11) 

 3.5Upward and Downward Flow Rate (QTb) 

 3.5.1Taylor Bubble Flow Rate (QTb) 

Using the Pulse-Echo Ultrasonic System, a very slight increase in the upward velocity of the 

Taylor bubble was observed. This velocity is proportional to the size of the Taylor bubble, as 

shown in Table 2. This behavior is expected because the larger bubble rises faster than the 

smaller one, and the slight increase in the Taylor bubble’s velocity cannot be ignored. 

Mathematically, the Taylor bubble flux is calculated using the following equation. 

 QTb = ATb × VTb (12) 

where QTb is the upward water flow rate induced by Taylor bubble, VTb is the Taylor bubble 

velocity 

 3.5.2 Liquid Film Flow Rate (QLf) 

It was also observed that there was a slight increase in the liquid film velocity determined by 

the Pulse-Echo Ultrasonic System, as shown in the table 3, which is directly proportional to 

the size of the Taylor bubble. However, the flow rate of increase by the liquid film is less than 

the rate of increase in the Taylor bubble. The important point we want to emphasize is that the 

liquid film around the Taylor bubble does not fall solely due to gravity but also due to the 

suction effect induced by the high velocity below the Taylor bubble. 

Therefore, the liquid film falls at a very high velocity. Mathematically, the flow rate of the 

liquid film is calculated using the following equation. 

 QLf = ALf × VLf (13) 

where QLf is the downward water flow rate of the liquid film, VLf is the velocity of the falling 

liquid film. 

 3.6 Bottom Pressure (P) 

 3.6.1 Static Pressure (P0) 

The pressure in this case is the hydrostatic pressure at the bottom of the tube under static 

conditions, prior to the injection of the Taylor bubble. The measured values show excellent 

agreement with the theoretical predictions. This pressure can be calculated using the following 

formula: 

 P0 = ρwater × hwater × g (14) 
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Where P0 is the static pressure, ρwater is the water density, hwater is the height of the water in the 

tube, g is the gravitational acceleration. 

 3.6.2Transient Bottom Pressure (Ptr) 

When a Taylor bubble is injected into the tube, the pressure around the bubble changes in a 

small area, which directly affects the bottom pressure. As the bubble rises, it induces an upward 

motion of the liquid, while a downward flow simultaneously forms along the thin liquid film 

surrounding it. Because these two opposing flows do not establish instantaneously and differ 

slightly in magnitude, a temporary imbalance arises. This imbalance results in a transient 

pressure drop at the bottom of the tube, as the pressure gauge does not instantaneously sense 

the entire water column, even though no liquid escapes the system. Consequently, the bottom 

pressure during this transient phase can be described mathematically by the following 

relationships. 

 

or 

  (15) 

Where K is the instantaneous counter-flow imbalance coefficient. This coefficient describes 

the transient bottom pressure, which can be represented by the following equation. 

 Ptr = K × P0  (16) 

If  Qupward = Qdownward, K = 1 Ptr = P0  

If  Qupward > Qdownward, K < 1 Ptr < P0  

where Ptr is the transient bottom pressure 

 4 Result 

Table 1: Measured hydrostatic pressure response to the injected volume of single Taylor 

bubbles of air, with three repeats for each volume. 

N V olTb 

(mL) 

LTb (cm)  Pm (Pa)  Average 

Pm (Pa) 
Run 1 Run 2 Run 3 

1 0 0 6500 6500 6500 6500 

2 3 4.6 6370 6372 6366 6370 

3 4 6.1 6344 6348 6347 6347 

4 5 7.6 6326 6324 6324 6325 

5 6 9.2 6299 6297 6299 6298 
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6 7 10.7 6283 6277 6276 6279 

7 8 12.2 6258 6259 6256 6258 

8 9 13.8 6233 6232 6233 6233 

9 10 15.3 6208 6211 6213 6211 

10 11 16.9 6188 6190 6191 6190 

11 12 18.4 6165 6163 6163 6164 

12 13 19.9 6144 6140 6140 6141 

 

Figure 3: The average hydrostatic measured pressure from the three tests, with an R-squared 

value of 0.9997 

Figure 3 shows a strong negative linear relationship between the volume of the injected Taylor 

bubble and the hydrostatic pressure measured in the tube. Every point on the graph denotes the 

average pressure collected from three different trials, demonstrating minimal standard 

deviation and narrow error bars, therefore indicating that the data is highly exact and 

reproducible. These results demonstrate the function of the Taylor bubble in mechanically 

decreasing hydrostatic pressure, rather than solely through reduced density. 

Table 2: Measured diameters of the Taylor bubble and liquid film using the pulse-echo 

ultrasonic system 

V olTb 

(mL) 

 DTb (m)   δ (m)  

Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 
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0 – – – – – – 

3 0.00913 0.00913 0.00913 0.00043 0.000434 0.000436 

4 0.00913 0.00913 0.00913 0.000435 0.000437 0.000436 

5 0.00913 0.00912 0.00913 0.000437 0.000438 0.000436 

6 0.00912 0.00912 0.00913 0.000438 0.000438 0.000437 

7 0.00912 0.00912 0.00912 0.000439 0.000439 0.000438 

8 0.00912 0.00912 0.00912 0.000440 0.000439 0.000440 

9 0.00912 0.00912 0.00912 0.000440 0.000441 0.000441 

10 0.00911 0.00912 0.00912 0.000443 0.000442 0.000441 

11 0.00911 0.00911 0.00911 0.000443 0.000443 0.000443 

12 0.00911 0.00911 0.00911 0.000444 0.000443 0.000444 

13 0.00911 0.00911 0.00911 0.000445 0.000446 0.000444 

 

Table 3: Average velocities of the Taylor bubble and liquid film measured using the 

ultrasonic system 

V olTb 

(mL) 

 vTb (m/s)   vLf (m/s)  

Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 

3 0.1075 0.1076 0.1076 0.5281 0.5280 0.5287 

4 0.1084 0.1086 0.1084 0.5297 0.5293 0.5296 

5 0.1096 0.1093 0.1094 0.5307 0.5308 0.5301 

6 0.1105 0.1104 0.1101 0.5319 0.5311 0.5318 

7 0.1111 0.1112 0.1114 0.5323 0.5324 0.5330 

8 0.1121 0.1122 0.1120 0.5339 0.5335 0.5333 

9 0.1131 0.1132 0.1128 0.5348 0.5345 0.5343 

10 0.1141 0.1141 0.1136 0.5353 0.5356 0.5354 

11 0.1149 0.1149 0.1146 0.5365 0.5364 0.5361 

12 0.1158 0.1158 0.1155 0.5373 0.5373 0.5370 

13 0.1167 0.1167 0.1165 0.5384 0.5379 0.5378 
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Figure 4: The slight increase in Taylor’s bubble velocity recorded by the pulse-echo 

ultrasonic system versus the increase in bubble size (buoyancy). 

Although Taylor and Dumitrescu used the same formula to determine the rising velocity of a 

Taylor bubble in a tube, their assumptions about the Froude number were different. Dumitrescu 

used a value of 0.351, while Taylor chose 0.328. The proper value of the Froude number has 

been the subject of much discussion among researchers as a result of this disparity. Further 

research has demonstrated that the Froude number is dependent on the buoyancy force acting 

on the bubble rather than being a universal constant. A higher rising velocity is the outcome of 

the Froude number increasing in proportion to the buoyancy force. However, the 

buoyancydriven acceleration stops when the Taylor bubble reaches its terminal (final) rising 

velocity, and the Froude number reaches a fixed value that corresponds to this steady-state 

regime [25]. Ultrasound measurements have shown a slight variation in the rising velocity of a 

Taylor bubble, directly proportional to its size, despite constant tube diameter. This is logical 

because the rising velocity of a larger bubble exceeds that of a smaller bubble due to their 

differing buoyancy forces. 

 

Figure 5: The slight increase in falling liquid film velocity recorded by the pulse-echo 

ultrasonic system versus the increase in bubble size. 



International Journal of Applied Mathematics  

Volume 38 No. 12s, 2025  

ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)  
 

Received: August 06, 2025  2631 

The liquid-film velocity depends on both gravity and the suction effect induced by the Taylor 

bubble below it. Therefore, as the Taylor bubble increases in size, its buoyancy increases, and 

its speed increases, thus increasing the suction effect below the bubble. The liquid film then 

falls at a high speed to compensate for this decrease in volume beneath the rising Taylor bubble. 

 

Figure 6: shows the difference between the upward water flow rate (Taylor bubble flow rate) 

and the downward water flow rate (liquid film flow rate) 

The upward water flow rate induced by a Taylor bubble is greater than the downward flow rate 

of the liquid film falling around it. This occurs because the bubble experiences friction only at 

the liquid-film interface, whereas the liquid film experiences friction at both the tube wall and 

Taylor bubble interfaces. Therefore, there is a decrease in volume compensation below the 

rising Taylor bubble, which manifests as a pressure drop, i.e., the suction effect is evident. 

 

Figure 7: Convergence between the measured and theoretical hydrostatic pressures 
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Figure 8: Convergence between measured and theoretical hydrostatic pressures (Regression 

= 99.94) 

Figures 7 and Figure 8 These results show that experimental and theoretical hydrostatic 

pressure values are very close to each other, with an agreement of about 99.9%. This shows 

that the model is reliable and that the measurements can be repeated very well. 

 

Figure 9: The buoyant force rises in a straight line as the volume of the Taylor bubble rises, 

showing a strong positive connection over the range (3–13 mL). 

Figure 9 shows the upward buoyant force created by the Taylor bubble. This force increases 

almost linearly with bubble volume between 3 and 13 mL, which means that a larger volume 

of air displaced in the tube means a stronger buoyant force. This behavior shows that making 
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the Taylor bubble bigger makes it better at moving and raising the water, which lowers the 

hydrostatic pressure. 

 

Figure 10: A comparison of the measured liquid film thickness with classical theoretical 

correlations (Nusselt, Karapantsios–Karabelas, and Lel et al.) 

Figure 10 shows that the thickness of the liquid film increases steadily as the Taylor bubble’s 

ascending velocity increases, as shown by ultrasonic system. To get this upward acceleration, 

the bubble tends to pull away from the wall of the tube, which makes the liquid film around it 

thicker. The experimental values for film thickness lie between the predictions of the Nusselt 

and Karapantsios–Karabelas relationships, whereas the Lel et al. relationship tends to 

overestimate the thickness within the examined velocity range. 

5 Discussion 

Bigger Taylor bubbles have a stronger upward driving force because they have a stronger 

buoyant force. This means they rise faster. Along with this rise in speed, the bubble’s cross-

sectional area gets a little smaller. At the same time, the liquid film around it gets thicker and 

moves faster. But even with these changes, the fast-rising Taylor bubble still causes more water 

to flow up than down through the liquid film. 

This behavior aligns with classical observations documented by He [26], who indicated that 

the measured ascent velocity of elongated Taylor bubbles surpasses the Davies–Taylor 

prediction by approximately 10%. Moreover, longer Taylor bubbles demonstrate increased 

buoyancy, resulting in elevated Froude numbers, as indicated by Zhou and Prosperetti [27]. 

This phenomenon elucidates the observed rise in the Froude number in correlation with the 

Archimedes number within a buoyancy-dominated regime. 

6 Conclusion 

The mathematical model and experimental data demonstrate that the Taylor bubble works 

mechanically to lower hydrostatic pressure. This effect gets stronger as the volume of the 
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Taylor bubble increases, because a larger volume creates a stronger buoyant force that allows 

the bubble to move and rise more easily. According to Bernoulli’s principle, this happens 

because the fluid’s speed increases, which lowers the pressure. At first, the water column and 

hydrostatic pressure stayed the same. But after the Taylor bubble entered the water column, the 

water speed changed. This study shows that the quick spread of kicks in drilling operations and 

the success of gas-lift production can be partially explained by how the Taylor bubble works 

mechanically. It lowers hydrostatic pressure and pushes the liquid up. 

7 Recommendation 

1. It is recommended to conduct further experiments using different pipe diameters, based on 

the experiment in this study, to investigate the effect of Taylor bubble size on the reduction of 

hydrostatic pressure, ensuring that no water is displaced outside the system during the 

experiments. 2. It is recommended to investigate the effect of injecting multiple Taylor bubbles 

through the pipe in order to assess the cumulative reduction in hydrostatic pressure caused by 

the presence of several bubbles, and to compare this with the single-bubble case. During such 

experiments, it is important to ensure that no water escapes from the pipe. 
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