Accepted Manuscript
APPLIED

THERMAL
An Open Source DNS solver for the simulation of Active Magnetocaloric Re- ENGINEERING

generative cycles

Ibai Mugica, Sébastien Poncet, Jonathan Bouchard

PII: S1359-4311(18)30867-6

DOI: https://doi.org/10.1016/j.applthermaleng.2018.06.007

Reference: ATE 12278 DESIGN . PROCESSES . EQUIPMENT . ECONOMICS
To appear in: Applied Thermal Engineering

Received Date: 6 February 2018

Revised Date: 10 May 2018

Accepted Date: 3 June 2018

Please cite this article as: I. Mugica, S. Poncet, J. Bouchard, An Open Source DNS solver for the simulation of
Active Magnetocaloric Regenerative cycles, Applied Thermal Engineering (2018), doi: https://doi.org/10.1016/
j-applthermaleng.2018.06.007

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.


https://doi.org/10.1016/j.applthermaleng.2018.06.007
https://doi.org/10.1016/j.applthermaleng.2018.06.007
https://doi.org/10.1016/j.applthermaleng.2018.06.007

An Open Source DNS solver for the simulation of Active Magnetocaloric
Regenerative cycles

Ibai Mugica®*, Sébastien Poncet®, Jonathan Bouchard®

“Mechanical Engineering Department, Université de Sherbrooke, 2500 boulevard de I’ Université, JIK 2R1, Sherbrooke, Canada
bLaboratoire des Technologies de | ’Energie (LTE), 600 avenue de la Montagne, GON 7N5, Shawinigan, Canada

Abstract

This paper describes the development of a new versatile multiphysics solver, whose final objective is to characterize
Active Magnetocaloric Regenerative (AMR) cycles. The description is followed by a thorough validation divided in
two parts. First, the separate simulations of the constituent physics are validated (porous geometry generation, fluid
flow, Conjugated Heat Transfer and magnetic field). Then, the whole AMR code is compared to a measured prototype.
The results are in all cases close to published numerical or experimental data. Also, two coupling mechanisms are
studied, the temperature dependency of the viscosity of the Heat Transfer Fluid (HTF), and the influence of the
magnetic permeability on the internal magnetic field of Gadolinium metal. Both effects prove to be negligible to
compute the temperature field of a Magnetic Regenerator (MR). Moreover, by neglecting these effects the magnetic
and flow fields of the MR can be computed beforehand, which reduces substantially the computational load at run
time. Finally, the speed-up of the parallel multiphysics solver is evaluated.

Keywords: Magnetic refrigeration, multiphysics solver, Active MagnetoCaloric Regenerative, porous medium,
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1. Introduction 21 erant is a solid with magnetocaloric properties. Ki-
22 tanovski et al. (2015) recently published a book that
2s  covers most of the engineering aspects surrounding this
2 technology. Similar to vapor-compression, AMR cycles
VY 4 ; o 25 use a phase transition to create a thermodynamic cy-
te.ch.nollogy. The objective of this research d(.)mam 15 1o 2 cle based on Magneto-Caloric Materials (MCM). This
m1r.11m1.ze the drawbacks of V?lpor—comp.ressmn.Cycles, 27 magnetic phase transition happens around the Curie
Whl_Ch include: .ozone depletion potentla!, toxicity of 2s  temperature of the material (7¢), where relatively small
refnger?nts, | apd energy consumption. Several 29 variations of temperature or magnetic field cause a tran-
alternative tec.hnologles. have be.en ranked by Goetzler » sition between para- and ferromagnetic states. This
(20144 atTendlng to their Pote.ntlal to substlFute. vapor- magnetic phase transition abruptly changes the entropy
corppressmn cycles: The likeliness for s.ubstltutlon was o cate of an MCM. As a consequence other thermodsy-
Yo by the criteria of energy savings and devel- s hamic properties, such as heat capacity, experience an

opme nt status. The ﬁrst.ﬁve technologies i,n the rank- s abrupt change too. This effect modifies the thermal
mne 1nclud.e: Elastocaloric (or Thermpelastm), Evapo- s equilibrium of the MCM with its environment, caus-
rative fleswcant, Me.mbrane Absorptlgn, and Magne- s ing the Magneto-Caloric Effect (MCE). Predominantly,
tocaloric cycles. It is yet unclear which could.be the a7 when the internal magnetic field of an MCM increases,
next mass marketed technology, as they all require fur- s its temperature increases too and vice versa (although

ther rfasearch.. . . . s there are some MCMs with an inverse effect, see Krenke
This publication focuses on Active Magnetocaloric o etal. (2005))

Regenerative (AMR) cycles, where the working refrig-

Part of the general research on refrigeration technol-
ogy is focused on the development of alternative refrig-
eration cycles to the well established vapor-compression

4 The temperature increase (or decrease) produced by
*Corresponding author .2 the MCE is generally too small to be used in conven-
Email address: i.mugica@usherbrooke.ca (Ibai Mugica) s tional refrigeration cycles . Aprea et al. (2015b) esti-

Preprint submitted to Applied Thermal Engineering May 3, 2018



Download English Version:

https://daneshyari.com/en/article/7044978

Download Persian Version:

https://daneshyari.com/article/7044978

Daneshyari.com


https://daneshyari.com/en/article/7044978
https://daneshyari.com/article/7044978
https://daneshyari.com/

