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1. Introduction

Experimental investigations of high-pressure steam
condensation heat transfer are limited due to technical
requirements and construction costs of experimental
facilities. Applying fluid-to-fluid scaling methods is a
possible way to overcome those difficulties. Performing
experiments with simulant fluid, Freon, for instance,
allows testing at low pressure, low temperature and with
low power requirements compared with the water-based
prototype. Fluid-to-fluid scaling criteria for modeling
high-pressure steam condensation have been developed
[1]. It was shown that to guarantee the similarity between
the prototype and the model, the liquid-to-vapor density
ratio, the Froude number, and the vapor Reynolds
number should be preserved. Preserving those three non-
dimensional numbers allows quantities allows having
control of the four degrees of freedom usually available
during experimentation, the mass flux, temperature,
pressure, and geometry.

By studying the condensation phenomena in
horizontal tubes, the flow regimes are categorized into
two main patterns, gravity dominated, and shear
dominated [2]. The gravity dominated flow, or the
stratified or the stratified-wavy flow, is characterized by
a thick condensate layer flowing along the bottom of the
tube, while a thin liquid film forms on the wall in the
upper part. For this flow regime, the heat transfer
coefficient is characterized to be dependent on the
temperature difference between the flow and the tube
inner wall. For the shear dominated flow, or the annular
flow, which is characterized by the axial flow of the
condensate along the channel. The forced convective
condensation is the dominant heat transfer mode, and the
heat transfer coefficient is characterized by the
dependence on the mass flux and the flow quality.

In this paper, the improvement of the application of the
developed scaling criteria [1] on the gravity dominated
flow (the stratified flow) regime will be discussed.

2. Scaling Criteria Improvement

Based on the scaling criteria, the following relations
should be satisfied.
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Accordingly, the diameter and mass flux scaling factors
have been defined as:
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And the scaling of the heat transfer coefficient is based
on the Nusselt number,
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All the terms will be defined in the nomenclature section
of this paper.

However, when applying the scaling criteria for the
stratified flow regime, an additional requirement should
be added to address the temperature difference
dependence of the heat transfer coefficient of this flow
regime. Therefore, a heat flux additional criterion should
be added to the previous requirements.

Two approaches, relate the prototype and the model,
have been defined to develop the additional criterion,
both of them will be derived, tested and the best, in terms
of the similarity between the prototype and the model,
will be chosen as the best approach for the heat flux
similarity criterion.

The first approach is based on the non-
dimensionalization of the boundary conditions on the
heated surface; the scaling factor is defined as:
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The second approach is based on Nusselt film
condensation. The stratified flow regime heat transfer
coefficient dependence on temperature difference comes
from the condensation on the upper wall of the tube,
where the flow of condensate film from the top of the
tube towards the bottom due to gravity. This film is
considered laminar and usually heat transfer of this film
is analyzed by the Nusselt film condensation. The
Nusselt film heat transfer coefficient is defined as:
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The heat flux scaling factor is developed by forming a
relation between prototype and model. The scaling factor
is defined as follow:
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3. Criteria Validation
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Based on the scaling criteria, the model design
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Fig. 2 (a-d) Scaling criteria validation for benchmark

problem 1.
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For the second benchmark problem:
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Fig 3.c
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Fig 3.a Fig. 3 (a-d) Scaling criteria validation for benchmark
problem 2.
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