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ABSTRACT

We present an experimental methodology that enables accurate measurement of fundamental subcooled flow boiling quantities,
such as nucleation site density, bubble growth and wait time, and bubble departure diameter, up to the Critical Heat Flux (CHF)
limit. The methodology is based on high-speed video and high-speed InfraRed (IR) diagnostics, combined with advanced post-
processing techniques developed in-house. It also provides hitherto unavailable direct estimates of the individual terms of wall
heat flux partitioning in subcooled flow boiling; such information is crucially relevant to the validation of the latest mechanistic
flow boiling heat transfer and CHF models. Experiments were performed using deionized (DI) water, on a rectangular cross-
section channel (3 x 1 cm?), at atmospheric pressure and 10 °C of subcooling, for three mass fluxes (500 kg/m?/s, 750 kg/m?/s,
and 1000 kg/m?/s). For each set of operating conditions, the average heat flux was escalated from single-phase forced convection
up to the occurrence of CHF, and all boiling parameters‘were recorded at each heat flux. The trends of measured wait time,
growth time and bubble departure diameter were succesfully captured by mechanistic models developed or co-developed by the
authors. Measurements of the wall heat flux partitioning have revealed that the contribution of microlayer evaporation increases
monotonically with the increase of the average heat flux, due to the increase of nucleation site density and bubble departure
frequency. However, for our specific heater and operating conditions, the contribution of the micro-layer evaporation barely
exceeds 50% of the total heat flux, right before CHF.
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1. Introduction

Mechanistic models for the prediction of boiling heat transfer coefficients rely on the so-called heat partitioning approach, where
the total heat flux transferred at the boiling wall is represented as the sum of several contributions, each associated with a
different heat transfer mechanism. The best-known heat partitioning model is probably the so-called RPI model [1] , which

comprises three contributions, i.e., evaporation, quenching and single-phase convection, evaluated as follows:
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