Accepted Manuscript
APPLIED
THERMAL

Research Paper ENGINEERING

Analytical investigation of heat transfer and classical entropy generation in mi-
croreactors - the influences of exothermicity and asymmetry

Graeme Hunt, Nader Karimi, Mohsen Torabi

PII S 1 359_43 1 1(16)32608-4 DESIGN . PROCESSES . EQUIPMENT . EcONOMICS
DOI: http://dx.doi.org/10.1016/j.applthermaleng.2017.03.057
Reference: ATE 10061

To appear in: Applied Thermal Engineering

Received Date: 20 October 2016

Revised Date: 4 February 2017

Accepted Date: 12 March 2017

Please cite this article as: G. Hunt, N. Karimi, M. Torabi, Analytical investigation of heat transfer and classical
entropy generation in microreactors - the influences of exothermicity and asymmetry, Applied Thermal
Engineering (2017), doi: http://dx.doi.org/10.1016/j.applthermaleng.2017.03.057

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.


http://dx.doi.org/10.1016/j.applthermaleng.2017.03.057
http://dx.doi.org/10.1016/j.applthermaleng.2017.03.057

Analytical investigation of heat transfer and classical entropy generation in microreactors - the
influences of exothermicity and asymmetrgl
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® The George W. Woodruff School of Mechanical Engineering, Georgia Institute of Technology, Atlanta, GA
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Abstract Heat transfer and entropy generation are analysed theoretically in a thermal model of microreactors
accommodating processes with large heat of reaction. This includes an asymmetric, thick wall, partially-filled
porous microchannel under local thermal non-equilibrium. The system features exothermicity/endothermicity
within the solid and fluid phases to represent heat of chemical reactions and absorption-of microwaves by the
microstructure. For constant but uneven temperature boundary condition, analytical solutions are developed for
the temperature profiles, Nusselt number (Nu) and local and total entropy generation. The influences of the
system configuration and thermal specifications upon the heat transfer and. irreversibilities are, subsequently,
examined. This reveals the strong effects of the wall thicknesses and thermal asymmetry on the heat transfer and
entropy generation of the microreactor. Most importantly, it is shown that for given exothermicities in the
system there exist optimal wall and porous insert thicknesses that result in the maximum Nu and minimum total
entropy generation. The presented analyses are therefore of practical significance and demonstrate the
possibility of developing thermal and entropic optimal designs of the microstructure of microreactors.
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Nomenclature

Interfacial area per unit-volume of Inner temperature of the lower solid materiall,

st porous media, m™ Tw
Bi Biot number T, Tem.perature of the solid phase of the porous
medium, K
Br Brinkman number T, Temperature of the lower solid material,
Da Darcy number T, Temperature of the upper solid material, «
. . Dimensionless velocity of the fluid in the

h, Height of the microchannel, m U porous medium

n Fluid-to-solid heat transfer coefficient, U Dimensionless velocity of the fluid in the
sf W.m2.K? f1 porous medium

p Reference thermal conductivity for U Dimensionless velocity of the fluid in the
1 lower solid material, W-m™-K™ f2 porous medium

K Reference thermal conductivity for U Velocity of the fluid in the porous medium,
2 upper solid material, W-m™-K™ f1 m-s

Effective thermal conductivity of the

ker  fluid phase of the porous medium, .,  Velocity of the fluid in the clear fluid, m-s™
wW-m*.-K*
Effective thermal conductivity of the

ks solid phase of the porous medium, Greek symbols

W-m*-K*

Ratio of the porous medium thermal Dimensionless  volumetric  internal  heat
Ke1 conductivity to the lower solid material wy  generation rate for the fluid phase of the porous

thermal conductivity medium

Ratio of the porous medium thermal Dimensionless  volumetric  internal  heat
Koo conductivity to the upper solid material Ws generation rate for the solid phase of the porous

thermal conductivity medium
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