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Abstract

This edition of the Science and Technology for the Built Environment (STBE) presents eight selected articles 
that were also presented at the 17th International Refrigeration and Air Conditioning Conference held at 
Purdue University, West Lafayette, IN, USA during July 9-12, 2018. All eight articles were required to 
include additional technical content with respect to the conference paper version. The eight selected 
articles of this special issue cover a wide range of topics related to recent cutting edge research and new 
technologies in heat and mass transfer processes of refrigeration and air conditioning systems. An 
overview of these eight articles is given in the present editorial article. 
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Overview of selected articles from the Purdue 2018 Refrigeration and Air Conditioning Conference

This special edition of the Science and Technology for the Built Environment (STBE) presents eight selected 
articles that were also presented at the 17th International Refrigeration and Air Conditioning Conference 
held at Purdue University, West Lafayette, IN, USA during July 9-12, 2018. All eight articles were required 
to include additional technical content with respect to the conference paper version and they received 
additional reviews before being finally accepted for publication in this special issue of the STBE. The eight 
articles in this special issue cover a wide range of topics from low global warming potential (LGWP) 
refrigerants condensation and evaporation to phase change material storage for personal cooling 
systems, from frosting on hydrophilic and hydrophobic coated surfaces to geometry optimization of heat 
exchanger fins. These articles describe cutting-edge research and feasibility studies of new technologies 
that were recently investigated for refrigeration and air conditioning applications. 

Four articles focused on LGWP refrigerants condensation and evaporation. Hirose et al. (2019) 
experimentally investigated the condensation heat transfer and pressure drop characteristics of 
refrigerant R1234ze(E) inside horizontal tubes with small OD diameter of 4.0 mm and with three different 
geometries of internal microfins. A smoot tube with similar OD diameter was also tested in their work as 
benchmark. It appeared that the type of microfin did not affected the frictional pressure drops. At low 
refrigerant mass velocities, the internal microfins had a measurable effect on the condensation heat 
transfer while such effect was not recorded at high mass velocity regions. Fins height controlled the 
condensation heat transfer characteristic at high mass velocities while the effect of the number of fins 
was larger than that of fin height and helix angle under low mass flux conditions. Existing correlations 
predicted the data for the small-diameter microfin tube with about 30% error band. Kondou (2019) also 
investigated the heat transfer and pressure drop of a new LGWP refrigerant mixture in horizontal tubes 
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with small OD diameter of 6.0 mm with internal microfins. In their paper, they compared the heat transfer 
coefficients of a LGWP refrigerant mixture of R1123 and R32, in 40/60% mass concentration, with those 
of the pure refrigerant R32. The LGWP mixture had low zeotropicity and it was investigated as potential 
drop-in replacement for R410A refrigerant. The LGWP mixture had lower heat transfer coefficient and 
pressure drop with respect to R32 during condensation. The pressure drop were also lower than that of 
R32 during evaporation while the mixture and the R32 refrigerant heat transfer coefficients data were 
similar for the in-tube flow boiling process. Kondou suggested that the lower surface tension of the 
mixture enhanced nucleate boiling and this made up for the potential heat transfer degradations that 
depended on the volatility difference of individual components of the mixture. 
Jin et al. (2019) used printed transparent plate heat exchanger sections to experimentally investigate two-
phase R-245fa flow in a plate heat exchanger. This technique revealed unique micro and macroscale flow 
morphologies in the plate heat exchanger flow channels. Although there remains no successful universal 
correlation for heat transfer and pressure drop in plate heat exchangers, this work provides valuable 
information on flow regime based on Reynolds number, surface tension, and viscosity. Oh et al. (2019) 
investigated the condensation heat transfer characteristics and pressure drop of refrigerants R410A, R22, 
R32, and R290 (propane) inside the multiport minichannel tube. The hydraulic diameter was 0.83mm and 
the tube had 18 rectangular channels. The data showed that R290 heat transfer coefficient was higher 
than that of the other refrigerant considered in Oh et al. work but the results were also dependent on 
vapor quality, mass flux, and heat flux. The effect of heat flux on the pressure drop was insignificant. Oh 
et al. discussed the comparison of their experiment data of condensation heat transfer coefficient with 
six correlations available in the public literature. These showed relatively large errors in the predicted heat 
transfer coefficients and the authors explained the discrepancy being due to the flow pattern and tube 
geometry differences. 

Two articles focused on heat and mass transfer processes in fin surfaces with different wettability for frost 
control and in the analysis, modeling, and optimization of refrigerant-to-air heat exchangers. These two 
articles are summarized next. One article suggested using hydrophilic and hydropbobic coatings to control 
and mitigate frost growth on the fins of the heat exchanger (Adanur, et al., 2019). Adanur et al. provided 
data of frost nucleation and freezing time for six flat plates operating in frosting conditions with external 
air forced convective flows. The plates had hydrophilic and hydrophobic coatings, and a combination of 
these two coatings interlaced to each other in series, in parallel, and in alternate fashion with respect to 
the direction of the air flow.  The frost density and the time-dependent air-side heat transfer coefficients 
were also reported and discussed in their paper. Frost thicknesses followed “S” shaped like profiles due 
to transitions of droplets to ice beads, to crystals growth, and to initial frost accretion on the top of the 
ice beads. The surface wettability characteristics affected the elapsed time and the initial thickness of the 
frost before the droplets froze on the plates. Adanur et al. results indicated that the hydrophobic 
characteristics of a surface dominated the frost nucleation process and, during early frost formation 
stages, the airside convective heat transfer coefficients were about 60 to 70% lower than that of steady 
state wet-test values. In another paper, film rupture and partial wetting over flat surface with variable 
distributor width were investigated (Niccolo et al., 2019). A film rupture condition criterion was defined 
analytically, based on the principle of minimum energy. The model was able to estimate the hysteresis in 
wetting with increasing and decreasing mass flow rates, as demonstrated experimentally for flow of liquid 
water across a planar aluminum surface. 



Finally, two papers investigated phase change materials for thermal energy storage or for personal cooling 
systems. A brief overview of these articles is given next. Dhumane et al. (2019) provide an evaluation of 
options for how to handle condenser waste heat in a personal cooling device. The device provides cooling 
to a user, while storing condenser heat in a phase change material. This must then be regenerated (i.e. 
dump its heat) when not in use. An experimentally validated dynamic model including a phase change 
material component and refrigeration cycle components was used to evaluate scenarios for passive 
(thermosyphon) and active (heat pump) regeneration. The active heat pump regeneration reduced 
regeneration time by up to 70%, while reducing system efficiency by 18-29%. Mai (2019) provided a 
straightforward analytical expression to guide the expectation of system efficiency of HVAC systems 
integrated with thermal energy storage. It has been widely acknowledged that, when thermal energy 
storage is charged by the vapor compression system during more favorable ambient conditions, efficiency 
benefits can be realized. The expression derived in this work provides a convenient and direct 
quantification of the benefit, as a function of the phase change material’s phase change temperature, and 
the heat source and sink temperatures during charging and discharging. 

Concluding Remarks

Eight articles were selected to be part of this special edition of the Science and Technology for the Built 
Environment (STBE) from the papers that were presented at the 17th International Refrigeration and Air 
Conditioning Conference held at Purdue University, West Lafayette, IN, USA during July 9-12, 2018. All 
eight articles were required to include additional technical content with respect to the conference paper 
version. 

The eight selected articles of this special issue cover a wide range of topics related to recent cutting edge 
research and new technologies in heat and mass transfer processes of refrigeration and air conditioning 
systems. Four articles focused on boiling, evaporation, and condensation of low Global Warming Potential 
(GWP) refrigerants. Two articles focused on heat and mass transfer processes in fin surfaces with different 
wettability for frost control and in the analysis, modeling, and optimization of refrigerant-to-air heat 
exchangers. And two papers investigated phase change materials for thermal energy storage or for 
personal cooling applications. This editorial article provided a brief quick glance of these eight selected 
articles. 
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