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Figure 1 (Color online) Schematic view of flow boiling experimental system. 1, Heat exchanger; 2, valve; 3, magnetic gear pump; 4, coriolis mass
flow meter; 5, preheater; 6, sight glasses; 7, heat transfer test section; 8, pressure drop test section; 9, vacuum chamber; 10, vacuum pump; 11, heat

exchanger; 12, heating rod; 13, refrierant charge port
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Figure 2 (Color online) Physical experiment system of flow boiling
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Figure 3 (Color online) Photographs of R600a flow pattern. (a) Plug flow; (b) stratified-wavy flow; (c) slug flow; (d) annular flow
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Figure 5 (Color online) Flow pattern data for R600a compared with
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T=304 K
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Figure 6 (Color online) Flow pattern data for R600a compared with the new transition lines. (a) The new I/A transition line under 7.,=282.4 K; (b) the
new I/A transition line under T,,=294.5 K; (c) the new I/A transition line under T,=304 K; (d) the new I/A transition line under T,,=282.4/294.5/ 304 K
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Figure 8 (Color online) Comparison between predicted and experimental data of the frictional pressure drop. (a) The data of frictional pressure drop
in non-annular region compare with Homogeneous model and Xu & Fang model; (b) the data of frictional pressure drop in non-annular region compare
with Gronnerud model and Miiller-Steinhagen & Heck model; (c) the data of frictional pressure drop in annular region compare with Homogeneous
model and Xu & Fang model; (d) the data of frictional pressure drop in annular region compare with Gronnerud model and Miiller-Steinhagen & Heck
model
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Table 2 Deviations between calculated and measured frictional pressure drop
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Experiment investigation of two-phase flow pattern transition
and frictional pressure drop of R600a in a horizontal tube
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With the growing concern of environment problems, there are urgent demands for environment-friendly refrigerants in
the refrigeration industry. As a natural refrigerant, R600a not only has zero ozone depletion potential and quite low
global warming potential, but also has better cooling performance than other refrigerants. Due to its good cooling
performance and environment-friendly characteristics, R600a has been used as an alternative refrigerant in heat transfer
applications such as refrigerators, freezers, and heat pumps. It is known that accurate prediction of two phase flow pattern
transition and frictional pressure drop of R600a in a horizontal tube play an important role in design and optimization of
refrigerators, freezers, and heat pumps. According to this issue, a detailed experimental study was carried out to
investigate the two-phase flow pattern transition and frictional pressure drop characteristics of R600a in a smooth
horizontal tube with an inner diameter of 6 mm. The experiments were performed at conditions covering saturation
temperature from 282.4 to 304 K, mass fluxes from 67 to 194 kg/(m” s). Based on a high speed camera, four main flow
regimes can be observed: plug flow, stratified-wavy flow, slug flow and annular flow. The flow map of R600a has been
drawn and comparisons between the experimental data of flow patterns and transition lines in the literature have been
made. The results showed that with the increase of mass flux, the inception of the annular flow regime occurs earlier. The
intermittent flow regime takes place over a narrow range of vapor quality and annular flow regime occupies a wide range
of vapor quality. In addition, the trend of Barbieri and Ong and Thome I/A transitions lines are consistent with the
experimental data. However, both of them overestimate the inception of the annular flow regime. After taking the
influence of vapor inertia, liquid viscous and surface tension forces into account, a modified Weber number We" has been
introduced to the new flow pattern transition model. Based on the relationship of X, and We', a new correlation has been
proposed and it can well fit with the experimental data of flow pattern. Furthermore, a detailed discuss of frictional
pressure drop of annular flow and non-annular flow has been made. The results indicated that frictional pressure drop
increases with the increases of vapor quality. The tendency of frictional pressure drop presents different the changing
laws in different flow regime. The frictional pressure drop increases slowly in the non-annular flow regime while it
increases rapidly when the flow pattern turns into the annular flow regime. The reason is that the vapor-phase pressure
drop often dominates the total two-phase frictional pressure drop. The annular flow regime owns higher void fraction
than the non-annular flow regime. Nine classic prediction correlations of pressure drop were evaluated and the results
showed that the correlation of Gronnerud and Muller-Steinhagen and Heck give the best fit to the experimental frictional
pressure drop of annular flow and non-annular flow with a mean absolute relative deviation of 38.5% and 19.7%
respectively.

R600a, flow pattern transition, friction pressure drop, correlation
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