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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 decreases sharply from 280 W at the beginning of the freezing process to less than 80
W at the final stages. This was improved when using.the bidirectional flow concept for all examined conditions
so that, the time required for complete solidification was reduced by about 14, 19 and 22% for three heat
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.
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1. Introduction

The increasing need for energy consumption and the
limitations of fossil fuels resources and also
disadvantages of its application necessitate researchers
tor seekw, suitable alternatives for energy sources.
Renewable energies have been recognized as a suitable
alternative and as a result, its utilization and storage
become _wvery “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 whenineeded. 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 rateiis 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 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 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].
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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

Figure 1: Schematic of a part of the heat exchanger for
conventional unidirectional and bidirectional flow
considered at the present study

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 sequation were simplified using
constant physical properties and constant density
assumptions«“Moreaver, 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 pressureat 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.

3. Results and discussions

Figure 3\ 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 thesintensity of’heat transfer to
the air flow in one-directional heat exchanger. As a
result, thermal efficiency of thetheat exchangerreduces
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.
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Figure 3: Variations of the liquid phase percentage
of paraffin with time, Re=5000, 10000, L=1.5m

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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Figure 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 geometry 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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Figure 2: Test of independence of the results from the mesh sizes
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Figure 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

cdl e, slsn slos ids VFR Ss0m o 6, 5l ey el abiime 31 (Bl o szl anld Sily als e ol
sl el o Lol o 4 8 b0 0 Lo 35 bl e i 5 Loo By o lajen 5 w28 e i, ordls
Slod WS (s yiiin a5 (5 5k 20,10 3929 gone il jo 48 5 & a0 sl gjlw oolu v yude (bl o (Jod BB ol .ol
398 5 52778 @S e stz s BB DS 3T ey Ll Bl oo 00,0 VIA ol Joe 5l (29,5 sl ol yz (sl o ammes
Omiize g Cowload 5155 55 [F] a0 995 10 OB LET e 45 03,5 oo oaalive auo ;0 AID ,iSTas liue 4 8l sles (sl
gl Gialesl 5o 1y oapay ol g wiles,S7 553 slazxl glos 1 Ladllyisionile (3 e )l 51 (20 1) B (nl 555 a5
Slodges ol jui ' 8y olo)S

ol -Y

GBgR 53 00D ike dgmed (L 5l (2l Gle w4 e 098 (o0 Ol (JgEe g o 0L ) (b il (i cnl o

Qg S by b Jie SO sl @l Y-

Ol 5o 8,5 8 eoliiul 550 gl CSS Jae (5,0 50 a8 S 18 abaae SO Glo Shig s sl 30 Jelos
ssbre (Glawlre aals plgae 4y oo (nl Gy 9 YL o 485 1,8 aladone 50 5l plaS o 5] (slaess ol yen arlsn (slyzme S (o) 2
Loy 3ol aloyo i e a3 00 53 Slongsss b 3l g oy 5995 bl 35 5 Al (s b 0
wzasl 5l 2 5l ol esgama 5o jalsh sae f jlade dw sl goae Julow plonil b8 5 18 iy 41050 (Gl (o dazeie)
03,5 0 Okt 01 ) (e &5 o 5 Jel (b
Ol L aS 00 g0 adaxDlo . ewloals ools lid aliBre Cas a1 loy S L mle 8L Sless sy S o
eslaidly Gl Gl slezil Ce s o by 4 (LG 51 )l JEST Gl a3 s 4 dpze 09)0 5l 198 (L ke e
b oz &g Loy sleil e s o] 51 (qaasg Ceonsd 50 sloznil al o (Ll 5 £9,8 5 (SasS Gloj 03l sl & il
3B Qo y0 Ol s wig, (o (ol glas VO e A Ve v salan s sae b ol jlade e pu (iol38 S po et ley @uAS

.C,w.,‘ooj.o.l.i Sl é{Lo

! Digital scan calorimeter



100 T T T T T
—6—Re = 15000
80 | —%—Re = 10000 |
—&—Re = 5000
2
3 60 [
2
340
<)
20 -
0 ) \ .
0 40 80 120 160 200 240

t (min)
lgd (63999168 yw duw 5l o) S b oo wuo yo Ol i 1 F ST

Figure 4: Variations of liquid phase percentage with time for three air inlet velocities

ol aaloads ooy las & S Ja soue i ghiealize by wiz glp dll (g5l alrase mhaw 3l gl L Ol s
Celazils  gglate Ol yuss alitre by ylaghe (3l (gl alaass (638 mhaw g lsp o &l LRSI Dl a5 aes oo lis S
ahaie ol 5l al a0 b g 0oy aien (509 abate Dhglore jo &l Jlail ol e s 0,53 (6l Jae IS 4 £9,0 lal o
5l el Gise JelS ol deze Jo a4 cwsSae DlS aig, Jawo HI5 51 SLL ol j0 a5 I 50 00,5 o aiwlS o] o
Sl Salas o pb (09 Gmb 25 5 198 by lizme 4S8 5 SlaaY Had dezie JS 4 uizen 35 oo onalive (3l
Cawlaidl yuals a3 es BB lade a4 leg <3S Llge b a4 ool i &l ST 08lL

600

——t=1min

500 ——t =10 min

—6—1=/50 min

o~ 4004 ~+—t 90 min
£

—+—t/= 130 min

S 300 —=—t=170/min| |
- Q. B ay & > = = N
o
200 o 1
100
0 L L Il
0 0.2 0.4 0.6 0.8

L (m)

Figure 5: Variations of heat flux leaving the surface with time for Re = 10000
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Figure 6: Variations of average heat transfer rate to the air flow with time
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(right side) a) Temperature contours b) liquid phase percentage contours
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Using bidirectional flow to improve thermal efficiency
of plate heat exchangers containing phase change
materials

M. Rahimi?, P. Salimi®

&b Mechanical Engineering Department, University of Mohaghegh Ardabili, Ardabil, Iran

ABSTRACT
Thermal efficiency of a flatsheat 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 decreases sharply from 280 W at the beginning of the freezing process to less than 80
W at the final stages. This was improved when using the bidirectional flow concept for all examined conditions
so that, the time required for complete solidification was reduced by about 14, 19 and 22% for three heat
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.
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