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ABSTRACT: Thermal efficiency of a flat heat exchanger containing phase change material (PCM)
was investigated numerically at the present study. A new idea was proposed in which air flow through
the passages embedded between the PCM chambers was modified as bidirectional flow. Three different
lengths of 0.5, 1 and 1.5 m were assumed for the heat exchanger and both of one-directional and
bidirectional flow modes were examined in each case. Three values of 5000, 10000 and 15000 were

considered for the Reynolds number of the airflow. Transient numerical analysis was conducted using

Fluent 6.3 software. For Re=10000, it was found that the average heat transfer rate to the air flow  Keywords:
decreases .sharply. from 280 W at thf: beginniﬁg. of Fhe freezing process to less than. 80 W at .t}.le final - Change Materials
stages. This was improved when using the bidirectional flow concept for all examined conditions so Heat/Cold St
. . ‘g . cal (0] orage
that, the time required for complete solidification was reduced by about 14, 19 and 22% for three heat &
Air Heat Exchanger

exchanger lengths, respectively. According to the results, the positive effect of bidirectional flow on the

efficiency of the heat exchanger was greater for the lower air velocities and the larger lengths.

Bidirectional Flow

Convective Heat Transfer

1- Introduction

The increasing need for energy consumption and the
limitations of fossil fuels resources and also disadvantages
of its application necessitate researchers to seek suitable
alternatives for energy sources. Renewable energies have
been recognized as a suitable alternative and as a result,
its utilization and storage become very important. One
of the methods of renewable energy storage is the use of
phase change materials (PCM). In this method, using heat
exchangers containing PCM, heat/cold could be restored at
PCM to be released when needed. It has been shown that
the thermal efficiency of this type of exchangers depends
mainly on the geometrical parameters, the velocity and the
temperature of the ambient air flow passing through the
exchanger [1-3]. Numerous experimental and numerical
researches have been conducted to study and improve the
efficiency of this type of exchangers and the details could be
found in published review papers [4-6].

The results of the several published studies reveal that
for a specified geometry and also for prescribed air flow
conditions, the heat transfer rate is higher at the vicinity of the
inlet section of the plate heat exchangers. As a result phase
changing process is first completed at this region so that the
heat transfer rate between the exchanger surfaces and the air
flow reduces considerably as time proceeds. This reduces the
overall thermal performance of the heat exchanger. In order
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to improve this deficiency by stablishing nearly constant heat
transfer rate in the heat exchanger, a new idea was proposed
in which, the usual one-directional flow was replaced by a
reciprocating bidirectional flow. In the proposed design,
which is carried out with constant air flow rate, the air flows
from the top of the PCM chamber towards the end of the heat
exchanger and then it is returned back from the bottom side
of the chamber towards the beginning of the heat exchanger.
The effect of this new proposed idea on the thermal efficiency
of a plate heat exchanger was investigated numerically at the
present study.

2- Methodology

Figure 1 shows a schematic of several chambers
containing PCM and the air passages embedded between
them. The usual one-directional flow and the proposed idea
of bidirectional flow are presented in part (a) and (b) of this
figure, respectively. Three lengths of 0.5, 1, and 1.5 m were
assumed for the heat exchanger. The thickness of the PCM
(paraffin) inside each chamber was supposed to be 20 mm and
the wall thickness of the chamber made from steel sheet was
considered to be 1 mm. The air gap between the chambers was
also assumed to be constant and equal to 10 mm. Three values
of 5000, 10000, and 20000 were considered for the Reynolds
number (in the turbulent flow range) based on which the
average air flow velocity through the duct was evaluated. The
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a) Schematic of a part of the common plate heat
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b) The idea of bidirectional flow for this part of
the heat exchanger

Fig. 1. Schematic of a part of the heat exchanger for
conventional unidirectional and bidirectional flow con-
sidered at the present study.

initial temperature for all components of the heat exchanger
was assumed to be 30°C and the inlet air temperature for
solidification process of the paraffin was assumed to be 19°C.
It should be mentioned that all the geometric dimensions and
the thermal values were specified based on the information
provided by Rajagopal et al. [2].

For the air flow shown in Figure 1, the conservation
equations of mass, momentum, and energy were considered
in wo-dimensional form in Cartesian coordinate. These
equation were simplified using constant physical properties
and constant density assumptions. Moreover, the effect of
gravity and the viscous effect was also ignored. Boundary
conditions were specified as the prescribed velocity and
temperature at the inlet, no slip velocity components at the
wall and the ambient pressure at the exit surfaces. Thermal
boundary condition between the air duct and the PCM
chamber was coupled and the energy conservation equation
was only solved in the PCM side. The latent and sensible heat
values were taken into account in the energy conservation
equation so that the percentage of the liquid and solid phases
of the PCM was specified in each time.

Based on the grid independency procedure, a suitable
grid was adopted for the computational domain including the
PCM chamber and the air duct. Governing equations with
appropriate boundary conditions were solved using Fluent
6.3 software. In the transient analysis, the pressure-based and
implicit method was used. The convergence of the solution
was ensured at each time step by performing sufficient
iterations. Results and discussions

The results of analysis as the variations of the exit air
temperature and the temperature at end section of the PCM
chamber were compared with the experimental results
provided by Rajagopal [4] and a good consistency was
observed between the results.
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Fig. 2. Variations of the liquid phase percentage of
paraffin with time, Re=5000, 10000, L=1.5 m.

3- Results and discussions

Figure 2 presents the paraffin liquid phase percentages
with time proceeding in the solidification Process for both
one-directional and bidirectional flows. These results show
that the paraffin solidifies very slowly at the final stages of the
solidification process, due to the reduction in the intensity of
heat transfer to the air flow in one-directional heat exchanger.
As a result, thermal efficiency of the heat exchanger reduces
significantly at this stage. Similar results obtained for
bidirectional flow presents approximately linear variations
for the liquid percentage by time even at the final stages of
solidification process. This is related to the air flow pattern
established within the heat exchanger so that the average heat
transfer rate to the air flow is almost constant.

4- Conclusions

It can be concluded that the idea of bidirectional flow can
improve thermal efficiency of plate heat exchangers. This
improvement effect is considerable for lower air velocities
and longer heat exchangers. Based on the results, the time
required for complete solidification were reduced by 16.6, 19
and 23 percent for Re=5000 and for 0.5, 1 and 1.5 m of heat
exchanger lengths using bidirectional flow pattern.
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Fig. 1. Schematic of a part of the heat exchanger for conventional unidirectional and bidirectional
flow considered at the present study a) Schematic of a part of the common plate heat exchanger ge-
ometry b) The idea of bidirectional flow for this part of the heat exchanger.
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Table 1. Thermophysical properties of RT27 paraffin adopted from reference [4]
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Fig. 2. Test of independence of the results from the mesh sizes
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Fig. 3. Validation of the numerical results of the present study with the reference experimental
results [4] Re = 15000, Ti = 30°C, Ta-in = 19°C.
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Fig. 4. Variations of liquid phase percentage with time for three air inlet velocities
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Fig. 5. Variations of heat flux leaving the surface with time for Re = 10000.

K gopb gl o Cuslasl Salate ol s slayle; 5o
3959 e ©yglre 3 Oyl JU Gud oy 035 (gl e
S )3 .33,5 o atulS ol s I alatie ol 5l 93 b g 03g) At
O dacxie > 4y (pwgSan MlS g Jae )51 SLL olye 0 oS
deoxie J3 a (imen 9o odalie (Ll I ol ise JalS
Colin o pd (39 b 35 9 l9m by (liome 4 S sl Y (ad
@ olo) cuddS L lge gl 4 ead Jime oyl IS bl )l

alazily ialS amg b e

ary

oy o3l slistol & ppizmen Caslaidl Ll ol sleos] ey dga
oy | ) oy Ceand 3 slal dlopo (bL 5 £95 5 SosS
5 s a3l S e i oy IS |y s gy Ly i Slasl
Olyoss B9y )0 (93b; glay Ve e ey Vv v 5Wainydae b Joleo ylade
Cawlodgess Dbl @le 5B o)
oles 2 lp ohl ol daie gaw Sl ()l 5l Sl
ol UG cpl coslosds ooy lis & S o (eoxe ool calizes
Ohl sl e (6313 maw g Igp G )l JUT ad o amd oo



200

120

T T T

—6—Re = 15000
—%—Re = 10000
—8—Re = 5000 |

0 40 80

120
t (min)

oboy CuddS Ulgd by o bwgio Oyl o JWEGT O i o & S
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