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The present paper focuses on the unified modeling suite for annular
flow that the authors have and continue to develop. First, the unified
suite of methods is presented, illustrating in particular the most recent
updates. Then, results for convective evaporation of refrigerants in
non-circular multi-microchannel configurations for microelectronics
cooling are presented and discussed. The annular flow suite includes
models to predict the void fraction, the entrained liquid fraction, the
wall shear stress and pressure gradient, and a turbulence model for
momentum and heat transport inside the annular liquid film. The
turbulence model, in particular, allows prediction of the local average
liquid film thicknesses and the local heat transfer coefficients during
convective evaporation and condensation. The benefit of a unified
modeling suite is that all the included prediction methods are
consistently formulated and are proven to work well together, and
provide a platform for continued advancement based on the other
models in the suite. Annular flow is of fundamental importance to the
thermal design and simulation of micro-evaporators and
micro-condensers for compact two-phase cooling systems of high heat
flux components for the thermal management of computer chips,
power electronics, laser diodes and high energy physics particle
detectors. In micro-evaporators, annular flow is even more
conspicuous than in macrochannels, since annular flow relegates
bubbly and slug flows to only the first 3-10% of the vapor quality
range. In convective condensation, annular flow is established almost
immediately at the inlet of the channel and persists over most of the
condensation process until the condensate floods the channel.
The purpose of the present paper is to present the unified modeling
suite for annular flow that the authors have and continue to develop,
focusing in particular on the prediction of the pressure drop and the
heat transfer coefficient during convective evaporation in not only
circular but most of all in non-circular multi-microchannels that are
typical of microscale heat sinks. Presently, the unified annular flow
modeling suite includes methods to predict the entrained liquid
fraction, the void fraction, the walls shear stress, the frictional and total
pressure gradients, and a turbulence model for momentum and heat
transport inside the annular liquid film that allows one method for the
prediction of the local average liquid film thickness and the local heat
transfer coefficient during both convective evaporation and
condensation ([1]-[8]). The practical advantage of a unified modeling
suite is that all the included prediction methods are consistently
formulated and are proven to work well together.
The heat transfer methods have been adapted to non-circular
(rectangular and square) microchannels as well as the microchannels in
a multi-port aluminum tube, without changing of the underlying
equations but just stretching of the liquid film around the larger
perimeter. Some examples of comparisons to the data are as follows:
Costa-Patry et al. ([9], [10]) for R245fa and R236fa flowing in 135
high aspect ratio silicon multi-microchannels is shown in Fig. 1. The

channels were 85 μm-wide, 560 μm-high, aspect ratio of 6.56,
hydraulic diameter of 136 μm, 12.7 mm-long, and separated by 47
μm-wide fins. Their heat transfer coefficients measured under
non-uniform heat flux conditions are compared with the annular flow
models predictions in Fig. 2, where both hot-spot and hot-row heat flux
profiles have been tested.
Szczukiewicz et al. ([11], [12]) investigated two-phase flow
evaporation of refrigerants R245fa, R236fa and R1234ze(E) flowing in
67 square cross section, silicon multi-microchannels, as shown in Fig.
3. The channels were 100x100 μm size, aspect ratio of 1.0, hydraulic
diameter of 100 μm, 10.0 mm-long, and separated by 48 μm-wide fins.
The agreement between measured data and predictions is quite
satisfactory for R236fa and R245fa, while the R1234ze(E) data are
somewhat underpredicted.
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