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Abstract

The double tube heat exchanger is a device in which the inner tube carries the hot fluid. Phase Changing Material is the energy storage
device is used for Solar heater applications to maintain the constant temperature, in the present study of this work is CFD Analysis of
plain tube heat exchanger with Phase Changing Material (PCM) and without Phase Changing Material (PCM), Charging time, liquid
volume fraction with the various Heat Transfer Fluid (HTF) inlet temperature 70, 75, 80 deg Celsius and various flow conditions of
laminar flow of 2000 Re, Transition flow of 4000 Re and Turbulent flow of 10,000 Re
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The Thermal Energy Storage System (TESS) is one which r g
employs as a heat stabilizer in the heat transfer applications. In

general, the thermal energy can be efficiently stored by means of
Latent Heat Thermal Storage System (LHTSS) with use of Phase

1. Introduction

Changing Materials (PCM). The PCM has storage to volume ratio )

at approximately constant temperature. PCM changes its phase O~ )\
from solid to liquid when it exposes to heat and transfer it phase ) CL

liquid to solid while heat transfer vice versa. Recently, some of the Fig. 2: Model of tube of DPHE with PCM

investigations were reported. [1] reported by numerical
investigation that the 146% penetration, reduction of melting time
of PCM by 14.6% cab be achieved by including the nano-particles
up to 5% in volume in a shell tube heat exchanger during the
melting. [2] Discussed the various possibilities of augmentation of
performance of LHTSS and the significance of PCM heat
exchanger to achieve the best result among the other four LHTSS.
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[3] Ensured by numerical study followed by experimentation on
melting and solidification in a shell and tube LHTSS that
temperature field hasn't reached steady state during the
experimentation due to water as heat transfer fluid and its high
value of Prandtl number. The Heat transfer has also slowed and
low, but the velocity field fully developed in a short period of
time. [4] Presented review about LHTESS. [5] reported after

ALL DIVENSIONS ARE NI studied numerically and experimented that the inlet temperature

Fig. 1: The inner tube of DPHE with PCM of heat transfer fluid and the tube radius influence more than mass

@ ® Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://creativecommons.org/licenses/by/3.0/

International Journal of Engineering & Technology

163

flow rate of heat transfer fluid and thickness of the tube, in the
process of melting and solidification of PCM in the a shell and
tube type heat exchanger. SS and about PCM. The literature [2,4]
motivated this research using PCM in double tube heat exchanger.
[6] experimented with wax as PCM and studied about its melting
and solidification while HTF flows in side the tube and concluded
that both the processes are conquered by natural convection while
melting and conduction while solidification. [7] introduced the
PCM embedded in a graphite matrix in LHTSS of double pipe [7]
experimented and numerically evaluated the melting behavior of
PCM of paraffin wax in a cylindrical capsule. The study reports
that the factor like capture radius and HTF inlet temperature
influencing more. The temperature of phase change of material
melting behavior must be considered in range from start and finish
of such phase change took place. [8] suggested including
nanoparticle for augmenting the PCM performance in a three-
dimensional cavity [9] examined the melting performance of
Phase changing material in different shape of the container of
LHTSS like cylindrical, rectangular, shell and tube and reported
that storage of thermal energy is almost same irrespective of shape
of the container of LHTSS but the cylindrical shape gave faster
melting rate out performs and mass of PCM proportionate to the
energy stored in the LHTSS. [10, 11] investigated the influence
PCM added tube type such as bare tube and finned-tube on
melting and solidification of PCM at various mass flow rate, at
various inlet temperature of heat transfer fluid and at various fin
pitch and reported that finned tube did not sensibly affect the
melting and solidification of PCM than bare tube heat exchanger.
In this research the tube and shell formed a double tube heat
exchanger. The PCM packed in between the minimum radius of
the outer tube and maximum radius of inner tube. The PCM RT50
is preferred for the investigation, the objective of this work to
study the melting and solidification of PCM based heat exchanger.

2. Numerical Approach

Governing Equations

The tube with PCM model of double pipe heat exchanger is shown
in the figure 2. The unit length of 1 meter considered for analysis.
The PCM is filled (solid phase) in the gap between the diameters
of 50.8 mm and 76.2 mm in the tube throughout of its length. The
ends of the pipe sealed for the PCM well. The common heat
transfer fluid, the water is preferred. The water flows in the inner
shell of the tube diameter 50.8 mm. the RT50 grade PCM was
preferred and its selected properties furnished in the Table 1.

Table 1: Properties of Phase Changing Material — RT50

Description of Properties Quantity
Density 780 Kg/m3
Heat capacity at constant pressure (Cp) 2000 J/Kg K
Thermal conductivity (K) 0.2 W/mK
Dynamic viscosity (u) 0.006 Kg/m S
Latent heat (L) 168000 J/Kg
solidification Temperature (Tsolidus) 318 K
Liquefaction (Tliquidus) 324 K

The enthalpy porosity method employed for simulating the phase
changing material RT50 in which it was set that the porosity in
each cell equal to the liquid fraction in that cell [39-40]. The
Navier—Stokes equation used for viscous incompressible flow
representation, the thermal energy equation used for describing the
annulus space and the viscous dissipation term was neglected. It
was assumed that the heat transfer fluid velocity is fully developed
and the fluid properties are constant and independent of
temperature changes. As per notation of [7] the following
equations ate furnishes

The Continuity equation assumed that V.V =0 Q)

The Momentum equation for the heat transfer fluid may be written
as

2+ V= % (-VP + pV2V+pgB(T —T ref ))+5 ©
The Energy equation for the heat transfer fluid may be termed as
an
e +

L 4v.(P)=V. (Lp vh) ®)

The total enthalpy of the material is the sum of the latent heat and
its sensible enthalpy
H=h+AH 4)

Where sensible enthalpy can be obtained from the following
equation

h:href+fTTreprdT (5)
and the latent heat of the material is

AH =)L, 12-12:30 6 - 6:30 6)

Where the latent heat (AH) of the PCM varies from zero to L.

The value zero assigned for solid state and the L for liquid state.
Hence the liquid fraction of PCM can be defined with following
boundary conditions.

When

A=(AH/L)=0if T<T; ™
A=(H/L)=1if T> Triquia (8)
A= (BH/L) = (T = T)/ (Tuiquia — Ts) 1T Ts <T < Tiquia 9)

On convective heat transfer, the momentum equation is to be
added for considering the phase effect. Hence the same can be

termed in terms of Darcy’s law damping term (_S))
$={1 =1 /A MpusrV (10)

At present the mushy zone constant ()

The amplitude of the velocity damping or the coefficient of mushy
zone is nowadays considered as 106. So the same was executed in
this study.

Boundary Conditions and Initial Conditions

The entire system is initially assumed at 300°K temperature ( T).
The flow parameter i.e. Reynolds Number (R,) considered three
levels as 2000, 4000 and 10,000. The system is insulated i.e., there
is no heat transfer from the system to surrounding vice versa. The
water inlet temperature(T;,) varied in three levels as 70°, 75° and
80°). At these temperatures, the flow velocities are observed and
investigated.

Numerical Procedure and Validation

The finite volume method is employed to numerically solve this
kind of problem. This is transient 3D problem by SIMPLE (Semi-
Implicit Pressure-Linked Equation) algorithm may be used to
solve the pressure-velocity coupling equations and the pressure
correction equation by PRESTO scheme.The QUICK differencing
scheme used for momentum and energy equations. After
investigated numerical solution for independency, the grid size of
16,000 is found adequate for this study from the available like
9,000, 13,000, 16,000 and 19,000 cells. The convergence criterion
for energy is 107, for momentum equation is 10~° and for the
continuity equation is 10>,
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Fig. 4: Liquid fraction with respect to time at inlet temperatures at flow of
a) At Re = 2000 b) at R. = 4000 c) R, = 10000

The Figure 4 depicted the liquid fraction trend with respect to time
at different inlet temperatures of the water. The heat transfer rate
is depends on temperature difference and hence the higher the
temperature will cause the higher heat transfer rate. Refer the
figure 4, The heat transfer rate in the descending from 80°C to
70°C. and the cooling curve shoe in opposite direction.
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Fig. 5: Liquid fraction Vs flow velocities (heating)
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Fig. 6: Liquid fraction Vs Flows velocities (cooling)

The figure 5 illustrates the liquid fraction‘s variation at various
flow velocities with respect to time when the water inlet
temperature of 70°C at the turbulence the heat transfer is better
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than laminar and the nter mediate flow. Hence the flow condition
with Reynolds number of 10000 highest, heat transfer than others.
That is the melting rate of the Phase Changing Material RT50 is
found high. The figure 6 explains that liquid fraction with respect
to time for different flow conditions (that is Re values) while
cooling. The heat transfer either heating or cooling the highest
flow velocity that is at turbulence will be higher. So the flow with
Re of 10,000 yielded faster cooling rate that the solidification rate

of phase changing material RT50. [12][13]
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Fig. 7: Temperature hike performance with respect to time for various
flow conditions at water inlet temperatures

The Figure 7 depicts the temperature performance with respect to
for different flow condition at different water inlet temperatures
while heating and for cooling performance is depicted in Figure 8
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Fig. 8: The fall of temperature with respect to flow velocities while
cooling

Figure 8 shows the temperature with respect to flow velocities for
cooling of the PCM. The cooling rate is not much affected by the
flow velocity of the fluid. The cooling rate slightly increases with
the increasing flow velocity.

3. Conclusion

The Investigation heating and cooling time of PCM in the double
pipe heat exchanger tube with PCM is analyzed. The analysis
included the inlet temperature variation (as 70°C, 75°C and 80°C)
of the Heat transfer fluid (water), flow velocity variation (Re
values 2000, 4000 and 10,000) were considered at three levels and
analyzed. According to the results of this numerical investigation
and in general the phase changing material RT50 increases the
heat transfer rate better and smooth.The other specific conclusions
are:

e The influence of water inlet temperature is most significant
than the flow velocity in the melting of PCM RT 50.

e The increase the flow rate of water in the tube increases the
melting rate of PCM and area of melting too because of
turbulence of flow increases.

e The increase of inlet temperature of the water increases the
potential to melt the phase changing material RT50
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temperature and drastically reduced the melting time i.e.,
26.5% time reduction when increase the water inlet
temperature from 70°C to 75°C and melting time reduction
by 39.1% when raising the water inlet temperature from 70°C
to 80°C.

The influence of flow rate found less in the melting rate of
PCM RTH50, i.e., increases from R, =2000 to R.=4000 the
PCM RT50 melting rate increased from 0.039 to 0.079. if
the flow rate increased from R,=2000 to R,=10,000 the PCM
RT50 melting rate increased from 0.039 to 0.1977 and the
reduction of melting time 15% and 24.5% respectively.
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