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Abstract: The influence of gas flow rates and nozzle diameters on bubble size and aspect ratio distributions was studied 
using high-speed photography with an image processing algorithm. Results reveal bimodal probability density 
distributions (PDD) of bubble diameter under all nozzle diameters, with one peak near 1.5−2 mm and the another in the 
larger bubble range. Increasing gas flow rates from 0.1 to 0.2 L/min leads to a higher probability density of large 
bubbles, indicating prevalent bubble coalescence. As the gas flow rate rises to 1.2 L/min, the peak shifts to smaller 
bubble diameters, and the bubble breakage becomes dominant. For 1−2 mm bubbles, shape is less influenced by gas 
flow rates, while 3−9 mm bubbles exhibit aspect ratio PDD peaks at an aspect ratio (E) of 0.5 across all gas flow rates. The 
Iguchi and Chihara model can better predict the variation of bubble departure diameter with increasing gas flow rates. 
Key words: bubble size distribution; bubble diameter; bubble aspect ratio; gas flow rate; nozzle diameter; bubble 
column 
                                                                                                             

 
 
1 Introduction 
 

Gas−liquid two-phase flows find widespread 
applications across industries, including chemical, 
energy, and biological processes [1−3]. The 
behavior of bubbles within these flows plays a 
pivotal role in determining the efficiency of mass, 
momentum, and energy transfer between the gas 
and liquid phases. In industrial equipment such as 
vertical pipes and bubble columns, understanding 
the dynamics of bubble size and shape distributions 
is essential for optimizing process performance and 
system design. 

The bubble size distribution (BSD) is one of 
the most critical parameters influencing bubble 
column hydrodynamics. Accurate BSD data are 
indispensable for precise computational fluid 
dynamics (CFD) modeling in bubble columns, with 

the Euler−Euler method relying heavily on precise 
interfacial closure. While traditional methods 
commonly employ the sphere-volume equivalent 
diameter as a fundamental parameter for BSD 
characterization in numerical simulations, the 
population balance model demands a clear 
comprehension of bubble size distribution under 
different conditions to make reasonable assumptions 
and applications [4]. Therefore, investigating 
complex BSD under varying flow conditions is of 
paramount importance, as it will provide intricate 
insights into experimental phenomena, subsequently 
offering detailed information for numerical 
simulations [5]. 

Various factors contribute to shaping the bubble 
size distribution, encompassing operational 
parameters, liquid properties, and sparger 
configuration [6,7]. These factors collectively govern 
the dynamics of bubble formation and distribution. 
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LAUPSIEN et al [8] examined the sensitivity of 
local bubble plume hydrodynamics to viscosity and 
sparger design. ZHANG et al [9] investigated the 
evolving characteristics of BSD during the 
transition from bubbly to slug flow by changing gas 
flow rates, thus illuminating the constraints of 
conventional distribution functions in describing 
this intricate transition. GUAN and YANG [10] 
identified a bimodal BSD distribution, a pattern that 
persists except at low superficial gas velocity of 
0.01 m/s. The first peak becomes more evident by 
increasing 20% internals in the sparger, thus 
showcasing the direct influence of sparger design 
on bubble size distribution. KHANCHEZAR et al 
[11] discerned distinct thresholds of gas flow rates 
that dictate transitions between flow regimes for 
different nozzle sizes. In conclusion, gas flow rate 
and nozzle diameter significantly affect bubble size 
distribution, demanding more research for practical 
and scientific insights. 

Apart from bubble size, the shape of bubbles 
influences the overall hydrodynamics of the system 
as well, since it is closely related to the drag force, 
lift force, bubble wake formation and path 
instability [12−15]. For simulations of gas−liquid 
two-phase flows in industrial equipment, precise 
simulation results will be obtained with an  
accurate representation of the initial bubble shape 
distribution that aligns with reality. Bubble shape is 
often quantified using the bubble aspect ratio (E), 
which represents the ratio of the minor axis (h) to 
the major axis (w) of the bubble along its 
orientation axes [16−18]. Recent research by LIU  
et al [17] has emphasized that the bubble aspect 
ratio is not solely determined by the bubble 
diameter but is substantially influenced by the 
nozzle diameter, indicating the sensitivity of bubble 
dynamics to the detachment process. Additionally, 
the gas flow rate represents another key parameter 
impacting bubble shape, as higher gas flow rates 
intensify bubble coalescence and breakup, further 
affecting the bubble aspect ratio. However, current 
knowledge of the bubble aspect ratio primarily 
relies on studies involving individual bubbles [19−21]. 
The investigation of bubble shape under swarm 
conditions, characterized by complex interactions 
among multiple bubbles, remains an essential 
research direction for further inquiry. 

Various experimental techniques have been 

utilized for bubble size and shape measurement 
[22,23], with non-intrusive methods gaining 
attention for their capability to study flow 
conditions without disturbing the system  
dynamics [24]. In this work, the non-intrusive 
high-speed photography was used to experimentally 
explore the bubble dynamics in a bubble column, 
combined with an image processing algorithm for 
data analysis. The characteristics of bubble     
size and shape distributions under swarm conditions 
are thoroughly investigated across varying gas  
flow rates and nozzle diameters, enhancing 
understanding of the bubble behaviors. 
 
2 Experimental  
 
2.1 Bubble column 

Bubble size and shape distributions are 
measured in a rectangular bubble column with 
dimensions of 0.25 m × 0.05 m × 1.5 m (W × D × 
Hc), as shown in Fig. 1. Choosing a thickness of 
0.05 m for the bubble column was a practical 
compromise to facilitate high-speed photography 
and accurate bubble analysis. The bubble column is 
the same as the one used by LIU et al [25,26]. It is 
equipped with a two-hole sparger made of 10 mm- 
thick stainless steel, in which nozzles with 
diameters of 0.3, 0.6 or 2 mm are installed. The 
specific location of the two nozzles is well 
illustrated on the right side of Fig. 1. Air and 
deionized water were used as the gas and the liquid 
phase, respectively. The liquid height (H) was set to 
be 0.625 m. One of the measurement planes is 
located at a height of 312.5 mm (middle of the 
column), which is used for the measurements of the 
BSD, shape distributions and Sauter mean diameter. 
The motion of the bubble plumes in this region is 
considered to be stable. The other position is 
particularly located at the nozzle tip for the 
measurements of the bubble departure process. The 
bubbles in the bubble column were photographed 
by a high-speed camera (Q-VIT, AOS Technologies 
Co., Switzerland) with illumination from a 240 W 
LED-backlit light source. The sampling frequency 
of the high-speed camera is 250 fps and the image 
resolution is about 70 µm/px. The gas flow rate   
is controlled with a mass flow controller 
(FMA-A2300, Omega Co., USA), varying from 0.1 
to 1.2 L/min. Notably, even at these relatively small 



Hong-jie YAN, et al/Trans. Nonferrous Met. Soc. China 34(2024) 1710−1720 1712 

gas flow rates, the system demonstrates its 
capability to generate a wide range of bubble size 
distributions. During the experiment, the liquid 
temperature was maintained in the range of 
(25±0.5) °C. A total of 18 sets of experiments with 
different nozzle diameters, gas flow rates and 
Reynolds number through the hole were carried out, 
as shown in Table 1. Original bubble images at 
different gas flow rates are shown in Fig. 2. The 
high-speed photography measurement method can 
refer to the detailed description by LIU et al [26]. 
 

 

Fig. 1 Scheme of bubble column and ground plate [26] 
 
Table 1 Combination of nozzle diameter and gas flow 
rate 

No. 
dn/ 
mm 

Qg/ 
(L∙min−1) 

Reth No. 
dn/ 
mm 

Qg/ 
(L∙min−1) 

Reth 

1 0.3 0.1 511.0 10 0.6 0.6 1532.9 

2 0.3 0.2 1021.9 11 0.6 0.8 2043.8 

3 0.3 0.4 2043.8 12 0.6 1.2 3065.7 

4 0.3 0.6 3065.7 13 2.0 0.1 76.6 

5 0.3 0.8 4087.6 14 2.0 0.2 153.3 

6 0.3 1.2 6131.5 15 2.0 0.4 306.6 

7 0.6 0.1 255.5 16 2.0 0.6 459.9 

8 0.6 0.2 511.0 17 2.0 0.8 613.1 

9 0.6 0.4 1021.9 18 2.0 1.2 919.7 

 

 

Fig. 2 Original bubble images at different gas flow rates 
with dn=0.3 mm: (a) Qg=0.1 L/min; (b) Qg=0.4 L/min;  
(c) Qg=0.8 L/min [26] 

2.2 Digital image analysis 
In order to obtain equivalent diameters and 

aspect ratios, a series of operations are performed 
upon the images. The outline of bubbles should be 
carefully captured as the gas flow rate increases and 
the overlap of bubbles occurs. The procedure of 
image processing and the calculation of bubble 
parameters by MATLAB software have been 
illustrated thoroughly by ZIEGENHEIN et al [27], 
ZIEGENHEIN and LUCAS [18] and LIU et al [26]. 
Under the assumption of oblate spheroids, the 
equivalent bubble diameter (deq, Eq. (1)) and the 
Sauter mean bubble diameter (d32, Eq. (2)) are 
calculated based on the experimental data obtained 
by the image analysis. The bubble departure 
diameter (dB,D Eq. (3)) is calculated based on the 
detachment frequency during the bubble formation 
process.  

3 2
eqd w h=                              (1) 

 
3 2

32 eq, eq,

N N

i i i i
i i

d n d n d=∑ ∑                   (2) 
 

1/3
g4

B,D 10
π
Q

d
f

−  
=  

 
                       (3) 

 
Small bubbles retain a spherical or ellipsoidal 

shape, and the aspect ratio is defined and calculated 
by Eq. (4). However, bubbles deform considerably 
with the increase of the bubble diameter. In this 
situation, bubbles no longer maintain a spherical or 
ellipsoidal shape, but deform into an irregular shape. 
In this case, Fig. 3 shows a schematic diagram of an 
irregular deformed bubble, with the corresponding 
major axis (w) and minor axis (h) provided. The 
major axis is defined as the longest distance 
between two points of the projected bubble area, 
and the minor axis is the longest distance 
perpendicular to the major axis.  
E=h/w                                      (4)  

Error analysis is essential for the reliability of 
the bubble size and shape measurement in this study. 
To avoid repetition, a detailed discussion on the 
bubble detection procedure and data uncertainty can 
be found by LIU et al [26] based on the same 
experimental data, including the image number 
error, manual measurement error, and projection 
error. The statistical uncertainty of both bubble size 
and bubble aspect ratio were found to be below 3%. 
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Fig. 3 Schematic diagram of bubble projection profile 
 
3 Results and discussion 
 
3.1 Bubble size distributions 
3.1.1 Influence of gas flow rates and nozzle 

diameters 
The BSD at different gas flow rates with 

nozzle diameters of 2, 0.6 and 0.3 mm is shown in 
Fig. 4. The probability density is calculated by 
dividing the number of bubbles in the interval by 
the total number of bubbles. Interestingly, the first 
peak occurs approximately at deq=1.5−2 mm for all 
gas flow rates and nozzle sizes with bimodal 
patterns. The consistent density peak distribution of 
1.5−2 mm bubbles is influenced by the sub-bubble 
distribution during breakup, particularly under our 
specific experimental conditions. Remarkably, the 
same phenomenon is observed in the experimental 
results of LU et al [28]. This shared phenomenon 
could be attributed to the propensity of larger 
bubbles to fragment into smaller ones, with a 
notable preference for a diameter of 1.5−2 mm. 
Moreover, these small bubbles are relatively stable 
and exhibit a lower probability of coalescing to 
form larger bubbles. Changes in reactor or 
experimental conditions may affect breakup 
dynamics and sub-bubble distributions due to 
potential variations in reactor geometry and flow 
characteristics. The influence of experimental 
setups still needs further investigation. 

For cases with a gas flow rate at 0.1 L/min in 
Figs. 4(a−c), the BSD shows unimodal behavior 
due to the limited occurrence of bubble coalescence 
and breakup effects at such low flow rates. As a 
result, there existed a notably narrow span of 
bubble diameters and a larger peak value. As the 
gas flow rate increases to 0.2 L/min, the BSD 
moves toward higher values due to the coalescence 

 

 
Fig. 4 Probability density distribution of bubble size  
(dB) at different flow rates: (a) dn=2 mm; (b) dn=0.6 mm; 
(c) dn=0.3 mm 
 
of bubbles, which was also experimentally 
confirmed by BESAGNI and INZOLI [29]. The 
phenomenon of a transition from unimodal 
distribution to bimodal distribution agrees with the 
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studies concerning the size of the bubbles and the 
flow regime transition [30] and the findings of 
BESAGNI and INZOLI [31,32]. Similar bimodal 
distributions were also observed in other studies 
from the literature [33−36]. This might be attributed 
to the prevailing of bubble coalescence and breakup 
events with increasing the gas flow rates [34,36]. 
On the one hand, larger bubbles are formed owing 
to the bubble coalescence. On the other hand, the 
intensification of the bubble breakup results in 
much more small bubbles. It is worth noting that 
the BSD changes back to unimodal distribution in 
the small bubble region at Qg=1.2 L/min. This 
indicates that, at high gas flow rates, the bubble 
breakup is intenser than that of coalescence and 
dominates the whole process. The phenomenon 
might be related to the enhancement of liquid 
turbulence intensity, but further investigation is 
needed. 

In Fig. 4(b), the probability density of 
relatively large bubbles for the case with a nozzle of 
0.6 mm is lower than that of the case with a larger 
nozzle of 2 mm except for Qg=0.1 L/min, which is 
straightforward due to that the large bubbles are 
produced by large nozzles. In addition, it can be 
observed that the BSD is narrower with deq in the 
range of 1−8 mm. With a nozzle of 0.3 mm in 
Fig. 4(c), one difference is that the deq at the peak 
decreases with the gas flow rate increasing from  
0.2 to 0.4 L/min, which indicates that the bubble 
breakup dominates the whole process and lots of 
small bubbles are produced in the column. As the 
nozzle diameter increases from 0.3 to 2 mm, the 
probability density of large bubbles increases for Qg 
ranging from 0.2 to 1.2 L/min, while the probability 
density of small bubbles decreases. The peak that is 
located in the region of relatively large bubble  
sizes, shifts towards higher values with increasing 
nozzle diameter. At a gas flow rate of 0.1 L/min, a 
similar behavior is observed that the peak value 
shifts towards larger bubble diameters as the nozzle 
diameter increases. 
3.1.2 Comparison with literature correlations 

The Sauter mean diameter is widely used to 
characterize the bubble equivalent diameter in the 
field of multiphase flow. Figure 5 shows the 
calculated d32 with various nozzle diameters and gas 
flow rates. It can be observed that d32 increases with 
increasing the gas flow rate with nozzle sizes of 2 
and 0.6 mm. However, in the case of 0.3 mm nozzle, 

d32 initially shows a slight decreasing trend, then 
increases as the gas flow rate increases from 0.05 to 
1.2 L/min. According to the investigation by LIU  
et al [17], the smaller nozzle size causes bubbles to 
be more influenced by the nozzle under low to 
medium gas flow rates, leading to a higher 
likelihood of bubble breakup into smaller bubbles. 
This could explain why an inflection point occurs 
with a nozzle size of 0.3 mm. 
 

 
Fig. 5 Bubble Sauter mean diameter 
 

In recent decades, different correlations 
relating the bubble diameter to the gas nozzle 
design parameters (i.e., gas flow rates and nozzle 
diameters) have been proposed. To assess the 
validity in relevant operating conditions, eight 
correlations (Eqs. (5)−(12)) are compared with the 
experimental observation. 

The correlations proposed by POLLI et al [37] 
(Eq. (5)) and MIYAHARA et al [38] (Eq. (6)), 
which relate the dimensionless bubble diameter 
(dw=〈dExp〉{gρL/(dnσ)}1/3) to the parameters of the 
system and the nozzle diameter dn, are expressed by 
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w w1.6722d N=                         (5) 
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The correlations proposed by DAVIDSON and 

AMICK [39] (Eq. (7)), KUMAR and KULOOR [40] 
(Eq. (8)), GADDIS and VOGELPOHL [41] 
(Eq. (9)), IGUCHI and CHIHARA [42] (Eqs. (10) 
and (11)) and JAMIALAHMADI et al [43] 
(Eq. (12)), which relate the bubble departure 
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diameter to the design parameters (the gas flow rate 
Qg and the nozzle diameter dn), are listed as 
follows:  

0.5 0.289
B,D g n0.54( )d Q d=                    (7) 
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Figure 6 shows the comparison of 
experimental data and the correlations [37,38] for 
the dimensionless velocity (Nw=We/Fr1/2) and the 
dimensionless bubble diameter (dw). For values   
of dimensionless velocity less than 12, the 
dimensionless bubble diameters are well estimated 
with the correlation of POLLI et al [37] For Nw>12, 
neither of the correlations can accurately reproduce 
the trend of dw with increasing the dimensionless 
velocity. 

In the following, the Sauter mean diameter is 
compared to the bubble departure diameter in order 
 

 
Fig. 6 Comparison with correlations of dimensionless 
velocity and dimensionless bubble diameter 

to investigate the evaluation of the bubble size. 
Figure 7 and Table 2 show corresponding values for 
both diameters as well as the bubble departure 
diameter predicted by various correlations [39−43] 
with a nozzle diameter of 2 mm. It can be seen from 
Fig. 7 that when the gas flow rate is in the range of 
0.1−0.2 L/min, the values of d32 and the bubble 
departure diameter are nearly identical, indicating 
that the intensity of bubble coalescence and breakup 
is small. As the gas flow rate increases, intensified 
interactions between bubbles and the flow field lead 
to more pronounced coalescence and breakup. This 
dynamic interplay fundamentally alters the 
volumetric mean diameter d32 of the bubble 
population. When d32 is larger than the other, it 
means that more large bubbles are generated in the 
system due to coalescence, indicating a prevailing 
influence of coalescence over breakup processes in 
the system. The existing empirical correlations are 
not accurate enough to predict the change rule of 
the bubble departure diameter with the increase of 
flow rates. The correlation [42] slightly 
underestimates the bubble departure diameter at 
low gas flow rates and slightly overestimates it at 
high flow rates. Among them, the bubble departure 
diameter predicted by the correlation [43] is more 
consistent with the experimental results when the 
flow rate is in the range of 0.6−1.2 L/min. Table 2 
shows that the correlation [42] exhibits the lowest 
mean relative error between the predicted values 
and the experimental data among all empirical 
correlations, which indicates that the correlation can 
better predict the variation of bubble departure 
diameter under the present experimental condition. 
 

 
Fig. 7 Comparison of bubble departure diameter and 
Sauter mean diameter 
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Table 2 Comparison of experimental results and predicted bubble departure diameters  

Source 
Bubble departure diameter/mm Mean relative error to 

departure diameter/% 0.1 L/min 0.2 L/min 0.4 L/min 0.6 L/min 0.8 L/min 1.2 L/min 

Sauter mean diameter 5.98 7.38 8.41 8.92 9.4 10.17 − 

Departure diameter 5.91 7.32 7.77 8.21 8.76 9.83 − 

Eq. [7] 4.96 6.06 7.4 8.33 9.05 10.17 7.7 

Eq. [8] 4.92 6.49 8.56 10.07 11.3 13.29 20.9 

Eq. [9] 5.03 5.81 7.18 8.29 9.23 10.78 9.8 

Eq. [10] 5.37 6.46 7.77 8.65 9.34 10.41 6.5 

Eq. [11] 6.71 8.07 9.71 10.82 11.68 13.01 24.4 

Eq. [12] 5.27 6 7.1 7.94 8.64 9.77 7.1% 
 
3.2 Influence of gas flow rates on bubble aspect 

ratio distribution 
Bubble deformation begins from the onset of 

bubble generation and is influenced not only by 
nozzle size and bubble size but also by local 
parameters such as gas volume fraction and 
turbulence. LIU et al [17] conducted an in-depth 
experimental study on the aspect ratio of single 
bubble rising in water and glycerol aqueous 
solution. Results show that the bubble shape 
changes from spherical to ellipsoidal, oblate 
ellipsoidal, skirted, and finally to strongly deformed 
shape as the bubble diameter increases. According 
to the relationship between bubble shape and aspect 
ratio, bubbles can be categorized roughly into 
spherical (0.9<E<1), ellipsoidal (0.8<E<0.9), oblate 
ellipsoidal (0.6<E<0.8), skirted (0.3<E<0.6) and 
strongly deformed shape (E<0.3). In addition, the 
comparison between experimental aspect ratios and 
predictions of empirical correlations can refer to the 
detailed discussion in the previous paper [26] based 
on the same experimental data. 

In order to analyze the influence of gas flow 
rate on the bubble aspect ratio with different 
equivalent diameters, the bubbles are divided into 
30 groups according to the diameter from 0 to 
15 mm, and each group has a bubble diameter 
coverage of 0.5 mm. As shown in Fig. 8, the 
probability density distribution profile of the bubble 
aspect ratio for diameters ranging from 1 to 9 mm is 
provided. From Fig. 8(a), we can see that the 
probability density distributions of the aspect ratio 
of bubbles with a diameter of 1−2 mm are similar 
when the flow rate is 0.4−1.2 L/min, only a bias 
toward the smaller value side at 0.2 L/min. This 

suggests that the influence of gas flow rate on the 
bubble shape is less pronounced for diameters 
between 1 and 2 mm. For bubbles with a diameter 
of 2−3 mm, the aspect ratio distribution tends to the 
larger value side, as shown in Fig. 8(b). For bubbles 
with a diameter of 3−7 mm, results show that the 
aspect ratio probability density distribution of the 
case with a gas flow rate of 1.2 L/min tends to the 
side with a larger aspect ratio compared to other gas 
flow rates. For other gas flow rates, the peaks of 
aspect ratio probability distributions are all located 
around E of 0.5, which is in consistent with the 
conclusion in the previous study that the bubble 
aspect ratio tends to be a constant value with 
increasing the bubble diameter [26]. 
 
4 Conclusions 
 

(1) When the gas flow rate increases from 0.1 
to 0.2 L/min, the dB corresponding to the peak 
probability density increases as well, demonstrating 
the preponderance of bubble coalescence. As the 
gas flow rate continues to increase to 1.2 L/min, the 
peak shifts to smaller dB, and the bubble breakup is 
dominant. 

(2) With the increase of gas flow rate, a change 
of BSD from unimodal to bimodal is found under 
all nozzles. In bimodal distribution, one peak is 
located in the small bubble diameter of 1.5−2 mm 
and the other is located in the relatively large 
bubble diameter. As the nozzle diameter increases, 
the probability density of large bubbles increases as 
well except for Qg=0.1 L/min. 

(3) Under the condition with a nozzle diameter 
of 2 mm, the Sauter mean diameters of bubbles are 



Hong-jie YAN, et al/Trans. Nonferrous Met. Soc. China 34(2024) 1710−1720 1717 

 

 
Fig. 8 Influence of gas flow rate on probability density distribution of bubble aspect ratio under different bubble 
diameters: (a) 1−2 mm; (b) 2−3 mm; (c) 3−4 mm; (d) 4−5 mm; (e) 5−6 mm; (f) 6−7 mm; (g) 7−8 mm; (h) 8−9 mm 
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larger than the bubble departure diameters in the 
range of 0.1−1.2 L/min. On average, the bubble 
coalescence is stronger than the breakup. Among all 
the correlations, the Iguchi and Chihara model can 
better predict the variation of bubble departure 
diameter with increasing the gas flow rates. 

(4) The bubble shape is less affected by the gas 
flow rate for bubbles within 1−2 mm. When the 
bubble diameter is 3−9 mm, the peak of bubble 
aspect ratio probability distribution is mostly near 
E=0.5 as the gas flow rate increases. 
 
Nomenclature 

2
L ngdBd ρ
σ

=  Bond number 

D/m Depth of bubble column 
d32/mm Sauter mean bubble diameter 
dB/mm Diameter of bubble 
dB,D/mm Bubble departure diameter 
deq/mm Bubble equivalent diameter 

dEXP/mm Experimental mean diameter of 
bubble 

dn/mm Nozzle diameter 
dw Dimensionless mean diameter 
E Aspect ratio 
f/s−1 Bubble formation frequency 

2
th

n

UFr
gd

=  Froude number 

g/(m∙s−2) Gravitational acceleration 
2 3
L n

2
L

d gGa ρ
µ

=  Galileo number 

h/mm Bubble minor axis 
Hc/m Height of bubble column 
Nw Dimensionless velocity 
Qg/(L∙min−1) Gas flow rate 

g th n
th

g

U d
Re

ρ
µ

=  Reynolds number through 
the hole 

Uth/(m∙s−1) Gas velocity through the hole 
w/mm Bubble major axis 
W/m Width of bubble column 

2
L th nU dWe ρ
σ

=  Weber number 

μL/(Pa∙s) Liquid viscosity 
μg/(Pa∙s) Gas viscosity 

ρL/(kg∙m−3) Liquid density 
ρg/(kg∙m−3) Gas density 
σ/(N∙m−1) Surface tension 
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气体流量和喷嘴直径对鼓泡塔内气泡大小和形状分布的影响 
 

闫红杰 1，张河杨 1，刘 柳 1，Thomas ZIEGENHEIN 2，周 萍 1 

 
1. 中南大学 能源科学与工程学院，长沙 410083； 

2. TIV Consultancy, 7th Pl Road 1312, 85281 Tempe, Arizona, United States 

 
摘  要：通过高速摄影结合图像处理算法，研究气体流量和喷嘴直径对气泡尺寸和纵横比分布的影响。结果表   

明，在所有喷嘴直径下，气泡当量直径的概率密度呈现双峰分布，其中第一个峰值接近直径为 1.5~2 mm 的小气

泡区域，另一个峰值位于较大的气泡区域。将气体流量从 0.1 L/min 增加到 0.2 L/min 会导致大气泡的概率密度更

高，表明气泡聚并现象普遍存在。当气体流量增加至 1.2 L/min 时，峰值对应的气泡直径变小，并且气泡破裂占

主导地位。对于直径为 1~2 mm 的气泡，形状受气体流量的影响较小，而 3~9 mm 的气泡在所有气体流量下气泡

纵横比概率密度分布的峰值均位于纵横比 E = 0.5 处。Iguchi 和 Chihara 提出的模型能更好地预测气泡脱离直径随

气体流量的增大的变化。 

关键词：气泡尺寸分布；气泡直径；气泡纵横比；气体流量；喷嘴直径；鼓泡塔 

 (Edited by Xiang-qun LI) 
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