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Nomenclature Greek symbols
2 o sensible heat transfer coefficient [W m2K™]

A surface area [m?] . P
B R (ained i T, (5) op mass transfer coefficient [kg m—s]

" o total }712ea7t1 transfer coefficient for wet case
b slope of saturated humidity ratio line (W m™K7] .

K] B parameter deﬁ.ned in Eq. (6) [K]
, apecific hieat IR K] £ thermal effec.tlveness -]

> n thermal efficiency [-]

G mass flux [kg m™s7] A thermal conductance [W K]
Hs fin height [m]
hy, latent heat of water condensation Subscripts

D kgl a air
k conductivity [W m™ K] g centroid of wall cell
1 distance between two wall cells [m] dp dew point
Le Lewis number [-] f fin
m mass flow rate [kg s Jic} fin base
NTU number of transfer units [-] i fluid cell index
P perimeter [m] j wall cell index

heat transfer [W] k direction index
q heat flux [W m™| It lower tube
RH relative humidity [%] ma moist air
S length in the forward direction of a fluid [m] N,S,W,E directions of neighbor wall cell
SH superheat = Ty—Ti [K] s surface of wall cell
T temperature [°C] sat saturated
T modified moist air temperature [°C] tot total
t thickness [m] ut upper tube
Uk overall heat transfer coefficient for

wet case [W m?2K7] Superscripts
W humidity ratio [kgw kgsa ] in inlet
X,V Z spatial coordinates [m] out outlet

The impact of these assumptions on the air-side perfor-
1. Introduction

Currently, several models or simulation tools for heat exchang-
ers are available in the literature: for conventional-channel
(Liang et al., 2001; Corberan et al., 2002; Domanski, 2003; Jiang
et al., 2006; Singh et al., 2008; IMST-ART, 2010); and for
minichannel (Asinari et al., 2004; Gossard et al., 2013; Huang
et al., 2015; Martinez-Ballester et al., 2011; Ren et al., 2013; Wu
and Webb, 2002; Yin et al., 2015; Zhao et al., 2012).

To allow for good and accurate modeling of the heat ex-
changers, a discretization process is required. The tubes of the
heat exchanger are divided into a number of segments, usually
along the refrigerant flow direction, with its corresponding fins.
Each segment represents an individual heat exchanger that
could be evaluated by classical global methods, i.e., the loga-
rithmic mean temperature difference (LMTD), logarithmic mean
enthalpy difference (LMHD), e-NTU, and so on. However, on the
other hand, those segments could be additionally discretized
into a number of cells using finite volume method (FVM) or
finite element method (FEM). For each, cell heat and mass bal-
ances are implemented. The main difference between the two
methodologies is that the classical global methods have several
implicit assumptions resulting in less freedom to describe the
actual processes. These include, for example, no heat conduc-
tion between tubes along the fin (adiabatic-fin-tip assumption),
negligible effect of longitudinal heat conduction (LHC), and
uniform air temperature along the fin height.

mance of minichannel gas coolers and condensers were
extensively discussed by Asinari et al. (2004), Martinez-Ballester
et al. (2011), and Yin et al. (2015). However, more assump-
tions are employed when modeling minichannel evaporators
under dehumidification, such as:

¢ Uniform humidity ratio along the fin height. This assump-
tion is a consequence of using the fin theory, which also
assumes a uniform air temperature profile within the same
direction. Martinez-Ballester et al. (2011) concluded in their
study that a notable air temperature gradient exists near
tubes, which also extends far from the boundary layer region.
This fact could have an important impact on local effects
controlling the heat and mass transfer, e.g. dehumidification.
¢ No consideration of partial fin dehumidification. When the
heat exchanger is used as an evaporator, its wall surface
temperature is usually below the average dew point of the
surrounding moist air. This results in simultaneous heat and
mass transfer. However, some locations on the fin surface
could be wet, and some others could be dry, due to the fin
temperature gradient. The fin temperature profile and, there-
fore, the local dehumidifying condition depend on the local
dew point of surrounding air, fin roots temperatures, and
fin efficiency. To identify the surface area below or above
the dew point along both the tube and the associated fin
is considered to be a challenge in modeling evaporators for
simulation tools. Thus, most of evaporator models in the
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