Accepted Manuscript

APPLIED
THERMAL
ENGINEERING

Title: The effects of bend angle and fill ratio on the performance of a naturally
aspirated thermosyphon

Author: Kate Smith, Samuel Siedel, Anthony J. Robinson, Roger Kempers

PII: $1359-4311(16)00079-X
DOl: http://dx.doi.org/doi: 10.1016/j.applthermaleng.2016.01.024
Reference: ATE 7584

To appear in: Applied Thermal Engineering

Received date:  10-12-2015
Accepted date:  10-1-2016

Please cite this article as: Kate Smith, Samuel Siedel, Anthony J. Robinson, Roger Kempers, The
effects of bend angle and fill ratio on the performance of a naturally aspirated thermosyphon,
Applied Thermal Engineering (2016), http://dx.doi.org/doi:
10.1016/j.applthermaleng.2016.01.024.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will
undergo copyediting, typesetting, and review of the resulting proof before it is published in its
final form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



The Effects of Bend Angle and Fill Ratio on the Performance of a Naturally Aspirated
Thermosyphon
Kate Smith®, Samuel Siedel?, Anthony J. Robinson?, Roger Kempers™”

'Department of Mechanical and Manufacturing Engineering, Trinity College Dublin, College

Green, Dublin 2, Ireland

2Univ. Grenoble Alpes, CNRS, SIMAP, F-38000 Grenoble, France

*Corresponding Author Contact Information: Dr. Roger Kempers, Department of Mechanical
and Manufacturing Engineering, Trinity College Dublin, Ireland, kempersr@tcd.ie, +353 87
203 0911

Abstract

An experimental investigation is carried out on a fully passive cooling system for possible
application in cooling tower top Remote Radio Heads (RRHSs). Specifically, the system
implements a reflux thermosyphon to transport the heat from simulated power amplifiers to a
natural convection cooled remote heat exchanger. In this work, the thermosyphon
performance is investigated with changing evaporator orientation, rotating from vertical to
horizontal in increments of 30 degrees. Of course the condenser remains vertical as it is
being cooled by buoyant natural convection. Further to this, the combined influence of fluid
loading and bend angle is considered. For the vertical evaporator orientation and low applied
power and high fill volumes the unsteady geyser boiling regime is apparent which tends to
adversely influence the effectiveness of the two phase heat transfer in both the evaporator and
condenser. Increasing the thermal loading and increasing the bend angle tend to mitigate
geyser boiling and improve the heat transfer. For moderate to high heat inputs the
thermosyphon is fairly insensitive to both bend angle and fluid loading and it is hypothesized
that this is because pool boiling and film condensation are the mechanisms of heat transfer in
the evaporator and condenser sections respectively. However, the failure power was found to
have a strong dependence on bend angle and fluid loading and the mechanisms for this are
discussed. It is concluded that the overall thermal system is appropriate for its target
application with the thermosyphon taking up a very small portion of the overall thermal
budget.
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