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Abstract. Void fraction of cross section of an internal flow is an important parameter on the analysis of two-phase flow 

systems. The literature about the void fraction prediction methods presents some lacks about the evaluation of these 

prediction methods in small diameter tubes (diameters up to 10 mm). This paper focus on evaluation of three void fraction 

prediction correlation: the homogenous correlation, the drift flux type correlation of Woldesemayat and Ghajar (2007) 

and the slip type correlation of Tibiriçá et. al (2017). Experimental measures of void fraction of air-water flows in a 7 

mm inner diameter and 1.5 m long glass tube using the quick-closing valves (QCV) technique are performed in order to 

assess which correlations are most suitable. At the end of the study, it is concluded that the Woldesemayat and Ghajar 

(2007) and the Tibiriçá et. al (2017) correlations could well predict the void fraction in these tubes 
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1. INTRODUCTION 

 

Void fraction in an internal flow is defined as the ratio of the cross-sectional area occupied by the gas and the cross-

sectional area of the channel. It is an important parameter for the determination of phases velocity (Li and Carrica, 2018), 

heat transfer characteristics and pressure drop (Bamardouf and McNeil, 2009), liquid film thickness (Dalkilic et al., 2009), 

among other characteristics of two-phase flow.  

Applications of two-phase flow are commonly encountered in refrigeration and heating applications, chemical plants, 

pipeline network systems, oil and gas industry, and power generation systems like nuclear and thermoelectric power 

plants. Therefore, an accurate modeling of two-phase systems is imperative. Correct void fraction estimation, as one of 

the main parameters to characterize a two-phase, is also essential. 

Nowadays, two-phase flow application has been suffering a tendency to become more compact. This process has 

brought up the necessity of experimental independent data to confirm the performance of void fraction prediction methods 

in small diameter pipes.  

The purpose of this paper concerns on obtaining of void fraction data in tubes with diameters smaller than 10 mm in 

order to allow the comparison between experimental results obtained with predicted methods mentioned above. Thereby, 

the best performing correlation in such conditions can be selected.  

 

2. LITERATURE REVIEW 

 

Woldesemayat and Ghajar (2007) pointed out in their paper that most of the void fraction correlations have some 

restrictions attached to them. Table 1 shows Woldesemayat and Ghajar (2007) void fraction database. It is mainly 

composed of adiabatic flows in macro-channels. 
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Table 1. Characteristics of database source of Woldesemayat and Ghajar (2007) 

 

Source Physical flow 

configuration/characteristics 

Mixture 

considered 

Measurement 

technique 

No. of data 

points used 

Eaton (1966) Horizontal, ID 52.5 mm 

and 102.26 mm 

Natural 

gas–water (NW) 

Quick-closing 

valves 

237 

Beggs (1972) Horizontal, Uphill 

(5°, 10°, 15°, 20°, 35°, 55°) 

and vertical ID 

25.4 mm and 38.1 mm 

Air–water (AW) Quick-closing 

valves 

 

291 

Spedding and 

Nguyen (1976) 

Horizontal, Uphill 

(2.75°, 20.75°, 45°, 70°) 

and 

vertical ID 45.5 mm 

Air–water (AW) Quick-closing 

valves 

1383 

Mukherjee (1979) Horizontal, Uphill 

(5°, 20°, 30°, 50°, 70°, 80°) 

and vertical ID 38.1 mm 

Air–kerosene 

(AK) 

Capacitance 

probes 

558 

Minami and Brill 

(1987) 

Horizontal, ID 77.93 mm Air–water (AW) 

and 

air–kerosene 

(AK) 

Quick-closing 

valves 

54 and 57 

Franca and Lahey 

(1992) 

Horizontal, ID 19 mm Air–water (AW) Quick-closing 

valves 

80 

Abdulmajeed 

(1996) 

Horizontal, ID 50.8 mm Air–kerosene 

(AK) 

Quick-closing 

valves 

83 

Sujumnong (1997) Vertical, ID 12.7 mm Air–water (AW) Quick-closing 

valves 

101 

 

Table 2 shows some void fraction measurement techniques. 

 

Table 2. Void fraction measurement techniques 

 

Technique 

Quick-closing valves (hold-up) 

Sampling (homogeneous flow) 

Film Thickness 

Acoustic (flow in bubbles) 

Impedance (resistance, capacitance, wire mesh) 

Radiation attenuation (single and multiple beams of gamma rays, X-ray, neutrons, microwaves, infrared) 

Tomography 

Pressure drop 

 

Three void fraction prediction correlations are considered and analyzed in this paper, one is the homogenous 

correlation, which considers gas and liquid phases as a homogeneous mixture flowing with the same velocity, and the 

two other ones are slip ratio correlations, which assume that the gas and liquid phases are separated with different 

velocities. 

Equation (1) presents the homogeneous model: 

 

𝛼 = [1 + (
𝜌𝑣

𝜌𝑙

) (
1 − 𝑥

𝑥
)]

−1

 
 

(1) 
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where α is the void fraction, 𝓍 is the mass fraction of the gas phase, ρv is the density of gas phase and ρl is the density of 

liquid phase. 

Woldesemayat and Ghajar (2007) evaluated a database of adiabatic flows in macro-channels for different inclinations 

and adjusted a drift flux correlation to this dataset. The correlation performed better than 68 compared correlations. 

Equation (2) depicts the correlation: 

 

𝛼 =  
𝑈𝑆𝑉

𝑈𝑆𝑉 (1 + (
𝑈𝑆𝐿

𝑈𝑆𝑉
)

(
𝜌𝑣
𝜌𝐿

)
0.1

) + 2.9 [
𝑔𝐷𝜎(1 + cos 𝜃)(𝜌𝐿 − 𝜌𝐺)

𝜌𝐿
2 ]

0.25

(1.22 + 1.22 × sin 𝜃)
𝑃𝑎𝑡𝑚

𝑃𝑠𝑦𝑠𝑡𝑒𝑚

 
 

(2) 

 

where USV is the superficial gas velocity, USL is the superficial liquid velocity, D is the tube diameter, Psystem is the fluid 

pressure, Patm is the atmospheric pressure, g is the gravity acceleration, σ is the superficial tension between the phases and 

θ is the inclination of the pipe. 

Tibiriçá et al. (2017) identified and optimized a set of correlations for flow boiling and two-phase flow conditions in 

micro-channels, among them, a new slip-ratio type void fraction correlation. Equation (3) presents the correlation: 

 

𝛼 = [1 + 1.2364 × 𝐹𝑟∆𝜌
−0.1082  (

𝜌𝑣

𝜌𝑙

)
0.6899

(
1 − 𝑥

𝑥
)

0.7333

]

−1

 
 

(3) 

 

Fr is the Froude number, defined by Eq. (4): 

 

𝐹𝑟∆𝜌 =
𝐺2

(𝜌𝑙 − 𝜌𝑣)2 × 𝑔 × 𝐷
 

 
(4) 

 

where G is the mass velocity of the fluid.  

 

3. TEST FACILTY 

 

The experimental bench was set up to allow void fraction measurements in air-water horizontal flows in a 7 mm inner 

diameter and 1.5 m long glass tube using the quick-closing valves (QCV) technique, which presents low uncertainty (Qian 

and Hrnjak, 2019), low cost, easy installation and it is the most common experimental void fraction measurement method 

- used in investigations of several researchers like Beggs (1972), Elkow and Rezkallah (1996), Sujumnong (1998), and 

Yashar et al. (2001). 

Figure 1 presents a schematic view of the experimental device, which consists of two main systems: a hydraulic system 

and a pneumatic system. In the hydraulic loop, a hydraulic pump (2) takes water from a large reservoir (1) to a mixer (6) 

through a silicone hose which passes through a needle valve (3) and a water flow meter (4), allowing, respectively, the 

control and the measurement of the desired water flow for different experimental conditions. The pneumatic circuit is 

responsible for transporting compressed gas from an air compressor (7) to the mixer through a needle valve (8) and an 

orifice plate (9) attached to an absolute pressure sensor (10) and a differential pressure transducer sensor (11). In both 

systems, retainers (5) are positioned before the mixer to avoid compressed air from entering the hydraulic structure and 

compromising the water flow measurements as well to prevent water from entering the pneumatic structure and affecting 

the compressed air flow measurements. In addition, temperature sensors are placed for the water reservoir and room 

temperature. 

Two normally open and one normally closed quick-release valves are operated electronically. The first valve (13) is 

located upstream while the second valve (15) is located downstream of the glass tube. These two valves are responsible 

to trapping the air-water mixture in the test tube (14) for analyzing the void fraction, thus they stay open until the flow 

presents itself in permanent regime for the desired experimental conditions and, at this moment, they are closed 

simultaneously. The third valve (12), in the bypass circuit, stays open until the other valves are closed, thereby the not-

trapped fluid can continue to flow, preventing harmful pressure overload on the experimental equipment. 
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Figure 1. Schematic view of the experimental device. 

 

The compressed air flow is measured using the orifice plate technique. The differential pressure transducer sensor and 

the absolute pressure sensor provide the necessary parameters to realize the calculation according to the ASME PTC 19.5-

2004 standard. Following this standard, a diameter of 1.28 mm was chosen for the orifice plate. The measurement of the 

compressed air flow using the orifice plate technique was calibrated with an uncertainty of 5%. 

The turbine flow meter, responsible for measuring the water flow, was calibrated with an uncertainty of 2%. This 

uncertainty was evaluated by the method of propagating uncertainties described by Moffat (1988). 

The necessary parameters for the calculation of void fraction using the homogeneous correlation, the drift flux type 

correlation of Woldesemayat and Ghajar (2007) and the slip type correlation of Tibiriçá et. al (2017), previously 

mentioned, are obtained by the measuring equipment of the experimental bench. 

Experimental data of void fraction is obtained from the calculation of the volume of liquid stored in the test tube, 

which is performed by measuring the length of water stored in the pipe by the quick-closing valves. The calculus of this 

data considers that each valve has an internal volume 32 mL, which corresponds to 84 mm in tube length, silicon hoses 

with 12.7 mm internal diameter were used to connect the glass tube with the solenoid valves. The hose at the inlet is 0.98 

cm length while the one at the outlet is 2.5 mm. Experimental void fraction presents a calculated uncertainty of 2 %. 

 

4. RESULTS 

 

Experimental measurements were conducted at ambient temperature of 19.1 °C and atmospheric pressure of 94 kPa. 

The density of water was 998 kg/m³ All observations were conducted on intermittent flow (plug or slug). 

Table 3 presents the experimental measurement data, where Pv is the absolute pressure upstream of the orifice plate, 

Qv the volumetric flow of compressed air, Ql the volumetric flow of water air and exp the measured void fraction. 

Table 4 shows the void fraction values calculated for the homogeneous correlation, αh, the drift flux type correlation 

of Woldesemayat and Ghajar (2007), αw, the slip type correlation of Tibiriçá et. al (2017), αt, and the experimental void 

fraction calculation, αexp, according the mass fraction of the gas phase, x, of each experiment. 
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Table 3. Experimental measurement data range 

 

Pv (kPa) Qv (m3/s) (10-5) Ql (m3/s) (10-5) αexp 

100 1.385 2.825 0.3105 

102 1.961 2.658 0.3875 

103 2.117 2.608 0.4011 

103 2.380 2.547 0.4298 

105 2.806 2.470 0.4736 

109 4.246 2.570 0.5084 

114 5.153 2.448 0.5431 

122 6.624 2.297 0.5990 

123 6.461 2.008 0.6035 

130 6.898 1.838 0.6352 

133 7.804 2.060 0.6322 

141 7.542 1.875 0.6639 

 

Table 4. Experimental calculates values 

 

x αh αw αt αexp 

0.000585 0.3290 0.3387 0.3092 0.3105 

0.000898 0.4246 0.3951 0.3737 0.3875 

0.000998 0.4480 0.4084 0.3894 0.4011 

0.00115 0.4830 0.4284 0.4130 0.4298 

0.00142 0.5319 0.4566 0.4467 0.4736 

0.00215 0.6230 0.5155 0.5177 0.5084 

0.00286 0.6779 0.5498 0.5597 0.5431 

0.00419 0.7426 0.5940 0.6131 0.5990 

0.00470 0.7629 0.6054 0.6253 0.6035 

0.00579 0.7896 0.6237 0.6476 0.6352 

0.00598 0.7912 0.6297 0.6550 0.6322 

0.00673 0.8009 0.6354 0.6609 0.6639 

 

Figure 2 presents the comparison between the homogeneous correlation, the drift flux type correlation of 

Woldesemayat and Ghajar (2007) and the slip type correlation of Tibiriçá et. al (2017) with the values measured 

experimentally. 
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Figure 2. Comparison of void fraction correlations with experimentally measured values 

 

Analysis of the Fig. 2 shows that Woldesemayat and Ghajar (2007) and the correlation of Tibiriçá et. al (2017) follow 

the experimental behavior for all evaluated vapor title, while the homogeneous correlation presented a good performance 

only for low mass fraction. 

 

5. CONCLUSIONS 

 

This paper conducted an experimental studied on cross-sectional void fraction. 12 new data points were measured for 

an adiabatic air-water, horizontal flow, in a 7 mm glass pipe using the quick closing valves method, with experimental 

uncertainty of ± 2 %. Comparison with literature correlations shows that Woldesemayat and Ghajar (2007) correlation 

predicts well for the conditions tested, while the homogeneous model overestimated the void fraction. Only intermittent 

flows were tested. 

 

6. ACKNOWLEDGEMENTS 

 

This study is financed in part by the Coordenação de Aperfeiçoamento de Pessoas de Nível Superior – Brasil (CAPES) 

– Finance Code 001, Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) and Fundação de Amparo 

à Pesquisa do Estado de São Paulo – Project number 2016/09509-1. The authors would like to thank the technical support 

of Mr. Hélio Trebi and Mr. Jorge dos Santos. 

 

7.  REFERENCES 

 

Bamardouf. K. and McNeil. D.A.. 2009. “Experimental and numerical investigation of two-phase pressure drop in vertical 

cross-flow over a horizontal tube bundle”. Applied Thermal Engineering. Vol. 29. pp. 1356-1365. 

Beggs. H.D.. 1972. An experimental study of two-phase flow in inclined pipes. Ph.D. dissertation. Univerty of Tulsa. 

Tulsa. Oklahoma. United States of America.  

Dalkilic. A.S.. Laohalertdecha. S.. Wongwises. S.. 2009. “Effect of void fraction models on the film thickness of R134a 

during downward condensation in a vertical smooth tube”. International Communications in Heat and Mass Transfer. 

Vol. 36. pp. 172-179. 

Elkow. K. J. and Rezkallah. K. S.. 1996. “Void fraction measurements in gas - liquid flows using capacitance sensors”. 

Measurement Science and Technology. Vol. 7. No. 8. p. 1153. 

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
0.3

0.4

0.5

0.6

0.7

0.8

0.9

x

a

ExperimentalExperimental

HomogeneousHomogeneous

Tibiriçá et.alTibiriçá et.al

WoldesemayatWoldesemayat

Void Fraction



18th Brazilian Congress of Thermal Sciences and Engineering 
November 16-20, 2020 (Online) 

 

Li. J. and Carrica. P.M.. 2018. “An approach to couple velocity/pressure/void fraction in two-phase flows with 

incompressible liquid and compressible bubbles”. International. Journal of Multiphase Flow. Vol. 102. pp. 77-94. 

Moffat. R.J.. 1988. “Describing the uncertainties in experimental results”. Experimental Thermal Fluid Science. Vol. 1. 

pp. 3-17. 

Qiana. H. and Hrnjak. P.. 2019. “Void fraction measurement and flow regimes visualization of R134a in horizontal and 

vertical ID 7 mm circular tubes”. International Journal of Refrigeration. Vol. 103. pp. 191-203. 

Sujumnong. M.. 1997. Heat Transfer. Pressure drop and void fraction in two-phase. two component flow in a vertical 

tube. Ph.D. dissertation. University of Manitoba. Winnipeg. Manitoba. Canada. 

Tibiriçá. C. B.. Rocha. D. M.. Sueth Jr.. I. L. S.. Bochio. G.. Shimizu. G. K. K.. Barbosa. M. C.. Ferreira. S. S.. 2017. “A 

complete set of simple and optimized correlations for microchannel flow boiling and two-phase flow applications”. 

Applied Thermal Engineering. Vol. 126. pp. 774-795. 

Woldesemayat. M.A. and Ghajar. A.J.. 2007. “Comparison of void fraction correlations for different flow patterns in 

horizontal and upward inclined pipes”. International. Journal of Multiphase Flow. Vol. 33. pp. 347-370. 

Yashar. D.A.. Wilson. M.J.. Kopke. H.R.. Graham. D.M.. Chato. J.C.. Newll. T.A.. 2001 “An Investigation of Refrigerant 

Void Fraction in Horizontal. Microfin Tubes”. HVAC&R Research. Vol. 7. No. 1. pp. 67-82. 

 

8. RESPONSIBILITY NOTICE 

 

The authors are the only responsible for the printed material included in this paper. 


