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Abstract: The paper presents the results of research on the vertical falling flow and their analysis.
Methods for calculating the gas volume fraction, which are characterized by high accuracy, and
are often proposed in the literature. Their accuracy was presented, as well as the methods with the
highest computational usefulness when designing devices in which two-phase gas - liquid flow is

used.
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1. INTRODUCTION

Two-phase flow occurs in many branches of indu-
stry. It is also used in many technological processes such
as sedimentation, fluidization, filtration, etc. For this
reason, two-phase flows are the goal of many tests and
analyzes. In the two-phase flow there is simultaneous
flow of the continuous phase, which is a gas or liquid
and a dispersed phase, where it is a solid, liquid or gas.

A characteristic feature of two-phase flow is the
phase separation boundary, which forms and changes
during movement. The individual phases of the two-
phase mixture should be able to be separated mecha-
nically by, e.g. centrifugation, filtration or percolation.

The basic parameters that characterize two-phase
flow are:

— two-phase flow resistance,
— two-phase flow structure,
— volume fraction of one of the phases.

Determining the volume fraction of the gas is very
complicated due to the density of the flowing mixture,
which is related to the value of the gas volume fraction
R or the value of the volume fraction of the liquid 1-
Rg. The value of the volume fraction is influenced by,
inter alia, occurrence of phase slip phenomenon,

which should be taken into mind that both phases flow
at different velocity.

If no phase slip is taken into account, the volume
fraction takes the form (1):

1

= —=7 1
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However, the volume share, taking into account
the phase slip, generally takes the form (2):

1

Ry = i=mme &Y
X Pc W¢

where:

P, — gas density, kg/n’,
pe — liquid density, kg/m®,
w, — gas velocity, m/s,

w, — liquid velocity, m/s.

In the literature various calculation models are
presented: non-slip models, where value w,/w. = 1 and
slip models, in which wg/w, > 1. The calculation models
of the average value of gas volume fraction presented
by the authors often differ not only in the form itself,
but also in the ranges of use as well as the types of
two-phase mixtures.
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2. RESULTS AND DISCUSSION

Based on the literature review [1-16, 18-28], regar-
ding the methods for determining the volume fraction
of gas in two-phase flows, it was noticed that many
methods have particular ranges of their use and various
forms of equations that do not allow for a direct
comparison of individual calculation methods. An
attempt was made to assess the applicability of selected
calculation methods for typical two-phase systems:

— water-air,
— ethanol-air,
— glycerin-air.

The experimental data used for the analysis of
calculation methods was taken from the dataset of
Department Process Engineering of University of
Technology in Opole [17]. The tests were carried out
in vertical cannels with a diameter of 20, 24, 25, 32,
44 and 50 mm, with co-current descending two-phase
gas and liquid flow. The range of apparent gas
velocities (w,) was 0.01-75 m/s and the liquid (w.)
0.01-2 m/s. The preliminary assessment allowed for
the selection of 12 calculation methods (Tab. 1),
determining the gas volume fraction characterizing the
interfacial slip (e.g. the Lockhart-Martinnelli model)
and the different validity of using only in narrow
ranges or for selected two-phase mixtures, e.g. the
Zuber-Findlay method.

The assessment of the accuracy of individual
methods and their usefulness in determining the gas
volume participation consisted in determining the
characteristic ~ statistical parameters including the
determination of the mean value of the relative error
OR, as well as the mean value of the absolute error
| 6R, | (Tab. 2).

Tab. 2. Statistical evaluation of gas volume participation

Value of statistical

Data Method values
OR, % |oR, | %

Armand 28.92 28.92
Bankoff 42.65 42.65
Baroczy 59.68 59.68
Chen 19.36 2343
Harrison 79.41 79.41

Dawydow k,f:rlfﬂl“erﬁl 4592 4592

ethanol-air -
(S:%ee‘jld‘“g’ 44.14 44.14
Stomm 44.81 4481
Thom 74.20 74.20
Turner, Wallis 87.14 87.14
Zivi 86.02 86.02
Zuber-Findlay 36.66 36.66
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— contiuned

Value of statistical

Data Method values

SR, % | R, | %

Armand 23.68 29.28
Bankoff 42.58 42.58
Baroczy 82.11 82.11
Chen 41.96 42.24
Harrison 81.50 81.50
Dawydow k;:nkﬂlaeﬂth 64.44 64.44
glycerin- air cpedding: 3761 3805
Stomm 39.95 39.95
Thom 92.85 92.85
Turner, Wallis 93.26 93.26
Zivi 88.67 88.67
Zuber-Findlay 37.45 37.45
Armand 30.06 30.28
Bankoff 44.36 44.36
Baroczy 60.23 60.23
Chen 20.82 28.37
Harrison 81.06 81.06
Dawydon ookhare 4789 4789
waermair Opedding: 442 4430
Stomm 45.26 45.26
Thom 75.24 75.24
Turne, Wallis 88.03 88.03
Zivi 87.55 87.55
Zuber-Findlay 39.30 39.30
Armand -12.78 19.09
Bankoff 2.95 27.68
Baroczy 0.42 12.48
Chen -18.77 20.83
Harrison 19.24 21.70
N i/?:nkﬂlfﬁl 315 15.10
paerar (ijl’feidi“g’ -6.61 1474
Stomm 59.59 79.15
Thom 1.78 13.13
Turner, Wallis 37.24 37.24
Zivi 18.01 19.75
Zuber-Findlay -3.79 20.69

Armand 16.16 16.40
Bankoff 22.46 22.46
Baroczy 14.09 15.06
Chen 7.09 8.46
Harrison 24.29 24.29
Oshinowo l%fzfrlt(il:lzzfltl; 14.34 14.69
glycerin- air Spedding, 10.19 11.18
Chen
Stomm 80.37 80.37
Thom 8.77 13.32
Turner, Wallis 44.46 44.46
Zivi 18.89 20.73
Zuber-Findlay 14.29 14.32
Armand -12.47 28.46
Bankoff 42.67 42.67
Baroczy 47.19 47.19
Chen -48.45 53.28
Harrison 78.84 78.84
Lorenzi k/?acrlt(ililirltl_i 15.15 3071
water-air (S:[l)licrllding, 972 2931
Stomm 27.02 2747
Thom 79.87 79.87
Turner, Wallis 84.96 84.96
Zivi 90.41 90.41
Zuber-Findlay 43.06 43.06
Armand 1.66 2.03
Bankoff 2422 24.22
Baroczy 0.21 1.07
Chen -0.28 0.93
Harrison 4.26 4.31
Andreussi k’?acrl:ililfltl-i 1.97 201
water-air (S:[l)licrilding, 0.88 113
Stomm 89.35 89.35
Thom -3.74 3.74
Turner, Wallis 16.50 16.50
Zivi -0.43 2.07
Zuber-Findlay 12.11 12.11
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Armand 22.66 22.83
Bankoff 10.00 11.58
Baroczy 27.52 29.44
Chen 6.23 14.11
Harrison 33.03 34.77
Lok b":ﬁﬂi"fh 2024 2227
glycerin- air ?:%Ziding’ 591 15.68
Stomm 66.21 66.21
Thom 27.14 32.89
Turner, Wallis 62.64 62.64
Zivi 29.56 34.93
Zuber-Findlay 8.61 13.89

— contiuned
Value of statistical
Data Method values
OR, % | R, | %
Armand 23.41 23.53
Bankoff 4342 4342
Baroczy 54.57 54.57
Chen -3.04 26.30
Harrison 80.82 80.82
Tisyn h":rlt‘ll;aerfh 3648 3648
water-air 2%:‘31&“& 3271 3349
Stomm 36.38 36.38
Thom 76.58 76.58
Turner, Wallis 87.03 87.03
Zivi 89.17 89.17
Zuber-Findlay 39.03 39.03
Armand 21.84 22.86
Bankoff 43.40 43.40
Baroczy 61.93 61.93
Chen 4.83 27.03
Harrison 81.45 81.45
Tisgn pokhart 39 4239
glycerin- air z]i):;ding’ 3114 033
Stomm 34.78 34.78
Thom 82.47 82.47
Turner, Wallis 88.81 88.81
Zivi 89.89 89.89
Zuber-Findlay 38.79 38.79
Armand 21.77 22.43
Bankoff 42.12 42.12
Baroczy 54.57 54.57
Chen -10.40 28.64
Harrison 79.35 79.35
Tisyn 1%/?:11;1}:111;11 3185 3353
ethanol-air -
gﬁ’l‘;‘idmg’ 30.00 31.94
Stomm 78.05 78.05
Thom 77.85 77.85
Turner, Wallis 86.37 86.37
Zivi 88.71 88.71
Zuber-Findlay 33.46 33.46

Figure 1 shows a graphic interpretation of compa-
risons of computational methods that were characterized
by high accuracy of calculations. The best accuracy with
experimental data is characterized by the Armand and
Chen method (Figs. 2-3) for which approximately
70% of the points are within + 30% of the absolute
error. Both methods are characterized by high accuracy,
because they are based on a slip model that best reflects
the effect of viscosity changes and liquid density on
the value of gas volume fraction. In addition, the
Armand and Chen methods include interfacial slip,
which contains the ratio of the actual velocities of the
individual phases.

70% =
60%
(%]
t VI
s 50%
2 A
S a0% | Bl Bl
=
L] =
< 30%
= _
8 20%
c
Q -
g 10% I
1]
a
0% "
®m Armand ® Bankoff
m Baroczy m Chen
® Harrison ® Lockhart-Martinelli
® Spedding, Chen = Stomm
® Thom u Turner i Wallis
m Zivi = Zuber - Findlay

Fig. 1. Comparison of the accuracy of calculation
methods for the volume fraction of gas in the
falling flow of a two-phase mixture



Czernek K., Okon P. | Journal of Mechanical and Energy Engineering, Vol. 2(42), No. 4, 2018, pp. 293-300 297

The impact of selected parameters on the calcula-
tion results (distribution of points) in the R, ., -R,
system was evaluated. Graphical interpretations of
selected calculation methods for gas volume fraction
for various mixtures are shown in the Figures 2-13.
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Fig. 3. Comparison of measured and calculated values ~ Fig. 5. Comparison of measured and calculated values

of the gas volume fraction using the Bankoff of the gas volume fraction using the Chen
method method
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Fig. 6. Comparison of measured and calculated values
of the gas volume fraction using the Harrison
method
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Fig. 7. Comparison of measured and calculated values
of the gas volume fraction using the Lockhart-
Martinelli method

3. CONCLUSIONS

Determining the volume fraction of gas in two-
phase flow as one of the three most important
parameters is immensely important, so can be found so
many calculation methods that have been proposed by
different researchers. The authors of individual methods
make their accuracy dependent on hydrodynamic
parameters and ranges of applicability. Determining
the volume fraction of gas is necessary to determine
other parameters, including densities of a two-phase
mixture that guarantee the correct design of equipment
and apparatus, where two-phase flows are used.
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Fig. 8. Comparison of measured and calculated values
of the gas volume fraction using the Stomm
method
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Fig. 9. Comparison of measured and calculated values
of the gas volume fraction using the Spedding,
Chen method

After analyzing the results of the volume fraction
of gas using the methods proposed by the authors, it
should be noted that in different ranges the volume
fraction of gas does not coincide with the obtained
experimental results. In a wide range of changes in
flow parameters as well as physicochemical properties
of two-phase mixture components, the highest
accuracy of results is obtained using the methods of
Armand and Chen, and therefore they can be
recommended to calculate the gas volume fraction.
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