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Abstract

Droplet entrainment rate is one of the important parameters to understand the typical characte-
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ristics of annular flow, and its accurate prediction is of great significance to reveal the thickness of
liquid film, the form of liquid carriage and the calculation of pressure drop gradient in annular
flow field. The existing prediction methods of droplet entrained rate are mainly based on empiri-
cal formulas, which are obtained by fitting experimental data, and their application conditions are
limited. In this chapter, 785 sets of experimental data on a wider range of liquid types, liquid flow
rate, gas flow rate, experimental pressure and pipe diameter were collected, on which a new mod-
el for predicting droplet entrainment rate of annular flow was established. This model is an evolu-
tion of the form of the relationships established by Cioncolini and Thome (2012). The new model
takes into account the effects of gas flow rate, liquid flow rate, pressure, gas density, gas viscosity
and pipe diameter. Compared with the existing 14 models, the new model has higher accuracy and
wider range of applicable parameters.
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Table 1. Existing formula for calculating friction coefficient of gas-liquid interface
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Table 2. The experimental conditions of each experiment

2 BUIKEHKE TR

W #E ERmm)  RGEJi(bara)  RMBRE (M)  RWFEMS) Bl s
Fore & Dukler [13] 50.8 1 0.014~0.06 16~36.2 52
Schadel [14] 25.424 1~14 0.04~0.1 19.5~116 59
Asali [15] 22.942 1~-2 0.006~0.126 20~96 65
Azzopardi 5 A\[16] 20 1.5 0.04~0.14 30~60 32
Azzopardi & Zaidi [17] 38 15 0.02~0.1 10~30 28
Wolf £ \[18] 31.8 2.38 0.01~0.12 25~55 28
Jagota % \[19] 25.4 4.19 0.07~0.47 12~30 27
Andreussi [20] 24 3 0.02~0.44 10~32 33
Jepson 2 A\[21] 10.26 15 0.04~0.14 22.22~75.56 46
Lopez de Bertodano %5 \[22] 10 3.25~5.3 0.05~0.35 5~25 48
Okawa % A\ [23] 5 1.3~7.7 0.08~0.63 23~105 170
Nakazatomi 25 A\ [24] 19.2 1.3~200 0.1~0.5 0.8~15 78
Van der Meulen [25] 127 2 0.0045~0.04 11~20 46
Almabrok [26] 101.6 1.1~17 0.1~1 9~30 26
Bt 5~127 1~200 0.0035~1 0.8~120 785
B Magrini et al.(2012) 76.2mm @ Fore & Dukler(1995) 50.8mm
A Schadel(1988) 25.4,42mm @ Asali(1984) 22.9,42mm
B Wolf et al.(2001) 31.8mm  Jagota et al.(1973) 25.4mm
A Andreussi(1983) 24mm @ Alamu(2010) 19mm
OJepson et al.(1988) 10.26mm < Lopez de Bertodano et al.(2001) 10mm
A Okawa et al.(2005) 5mm O Nakazatomi et al.(1996) 19.2mm
O Azzopardi(2000) 38mm © Azzopardi(1991) 20mm
A Almabrok(2013) 101.6mm OVan der Meulen(2012) 127mm
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Figure 1. Distribution of experimental data on Hewitt and Roberts flow patterns
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Figure 2. The relationship between droplet entrainment rate and gas core Weber number
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Figure 3. Droplet entrainment rate vs We.*"We>™" (4, /4, ) """
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Figure 5. Comparison of experimental values of droplet entraining rate with those calculated by various formulas
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Table 3. Error statistics between the new formula and the existing formula
= 3. AR EN AR ZERIRES T
~ LR R 7E (%) Y75z WRFETE5002 [A] ] L %4 (%)
B 20.02 0.0045 88.98
Aliyu %5 A (2017) 99.52 0.0492 56.23
Paleev & Filippovich (1965) 437.80 1.8188 5.94
Wallis (1968) 107.57 0.1227 44.93
Oliemans %5 A (1986) 70.03 0.0391 69.56
Ishii & Mishima (1989) 57.19 0.0604 38.98
Utsono & Kaminanga (1998) 276.04 0.2953 0.60
Berna %5 A (2014) 510.23 0.0897 4.35
Petalas 1 Aziz (2000) 27791 0.4011 43.62
Pan F1 Hanratty (2002) 51.01 0.0463 63.04
Zhang % A (2003) 74.96 0.0397 66.38
Sawant % A (2008) 40.69 0.0327 70.70
Sawant % A (2009) 61.04 0.0344 53.77
Cioncolini #1 Thome (2012) 35.97 0.0208 71.88
Cioncolini #1 Thome (2010) 35.90 0.0227 71.16
Wallis (1968) 84.96 0.0705 42.32
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