Modeling of Spray Cooling: Effect of Droplet Velocity and Liquid to Vapor Density Ratio on Heat Transfer
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Abstract: Spray cooling is a high flux heat removal technique considered for high power systems. Though several experiments have been conducted using spray cooling in recent years and various designs of spray cooling devices are emerging, theoretical understanding of the spray cooling heat acquisition phenomena is still in its infancy.  A focused effort to develop a comprehensive numerical model is a prime importance to this field.
Spray cooling with phase change has the advantage of relatively large amount of latent heat of vaporization release. The two-phase flow modeling is done using the level set method to identify the interface of vapor and liquid as explained in Selvam et al.. The modifications to the incompressible Navier-Stokes equations to consider surface tension, viscosity, gravity and phase change are discussed in detail. The equations are solved using finite difference method. The effect of liquid droplet velocity on a 44 μm thick liquid film containing vapor bubble in removing the heat is investigated using the computer model. For different droplet velocities the amount of heat removed is plotted in terms of average Nusselt number on the heated plate. The effect of density ratio on heat removal is also investigated. The computed liquid and vapor interface and temperature distributions are also visualized for better understanding of the heat removal.
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