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ABSTRACT 
 

Pool and convective boiling of binary mixtures are 
used in many applications such as in petrochemical 
engineering, chemical engineering, process industries and 
refrigeration systems. Due to their importance in industry, 
a number of studies were performed on flow boiling of 
mixtures in macro-scale channels in the last decades. 
However, several fundamental aspects are still unclear 
due to the fact that most of the studies provide different 
experimental behaviour and were performed under a 
wide range of experimental conditions. These studies also 
generated proposals of heat transfer coefficient predictive 
methods for flow boiling in conventional channels for 
binary mixtures. Most of them consider nucleate and 
convective contributions, see Kandlikar (1998) for an 
extensive review of these predictive methods. However, as 
pointed out by Thome (1996), most of the predictive 
methods available in the literature were based on 
restricted experimental databases and the authors usually 
included empirical factors that were either mixture 
specific, did not include a heat flux effect or have not been 
tested against independent experimental databases. 

In the last few years, flow boiling in micro channel 
heat exchangers has been extensively researched and 
these heat sinks are proposed as a possible solution for 
cooling high and ultra-high heat flux devices such as 
electronics cooling, turbine blades, fusion reactor 
blankets, power electronics in avionics and hybrid 
vehicles, Mudawar (2011), and Fayyadh et al. (2017). 
More recently, in an effort to improve heat transfer rates 
even further flow boiling reports on mixtures in micro-
scale channels have emerged in the literature, although it 
is worth mentioning that the number of papers for 
microchannels is still restricted. Peng et al. (1996), for 
example, performed flow boiling experiments for 
water/methanol mixtures and reported and optimum 
concentration at which the heat transfer coefficient 
reached a maximum value. Surface tension and its 
dependence on temperature and mixture composition is a 
crucial factor, leading to interfacial stress and Marangoni 
effects, which can stabilize/destabilize interfaces or liquid 
films and incite convective flow. According to Fujita and 
Bai (1997), the Marangoni effects may induce an 
additional liquid restoring force to the three-phase 
contact line. Lin et al. (2011), Fu et al. (2012a) and Fu et 
al. (2012b) studied flow patterns, heat transfer coefficient 
and critical heat flux for binary mixtures flowing through 
a diverging microchannel. This research group performed 
experiments for ethanol/water and methanol/water 
mixtures and proposed new correlations for the heat 

transfer coefficient and critical heat flux including 
Marangoni effects.  

A critical review on fundamental issues, physical 
mechanisms, and predictive methods on flow boiling 
characteristics of binary mixtures will be presented. The 
analysis and review will start with studies and predictive 
methods for pool and convective boiling for conventional 
channels for binary mixtures. In the second part, 
emphasis will be placed on the recent developments and 
studies on flow boiling of mixtures in micro-scale 
channels. Available correlations predicting flow boiling 
characteristics in these small to micro scale passages will 
also be presented.  
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