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Abstract— Heat transfer by extracting heat from one fluid and
heating other fluid is used for most of heat exchangers This
study is based on usage of joule heating to transfer heat to
other fluid. The helical coil is maintained at potential
difference and other fluid flows across these coils. The effect
on heat transfer rate, fluid outlet temperature is studied using
CFD. The analysis software used is ANSYS CFX. Further
changes are made with material of heating coil to analyze the
effect on heat transfer characteristics.
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I. INTRODUCTION

Joule heating is caused by interactions between the
moving particles that form the current (usually, but not
always, electrons) and the atomic ions that make up the body
of the conductor. Charged particles in an electric circuit are
accelerated by an electric field and have electrostatic
potential energy. When the charged particles collide with ions
in the conductor, the particles are scattered and so their
motion becomes random and therefore thermal, increasing
the temperature of the system as they continue to move
through the circuit. Some Kinetic energy is lost in these
collisions however the drift velocities of these particles is of
the order of mm/h and so kinetic energy loss is negligible and
almost all kinetic energy comes from thermal motion. The
amount of heat generated depends upon current flowing
through coil and potential difference maintained across coil
which is given by the following relationship
p= (VA - VB)|
{\display style P = (V{A}-V_{B}I}

Where

P is the power (energy per unit time) converted from
electrical energy to thermal energy, | is the current traveling
through the resistor or element
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Fig. 1: Electrical heating of helical coil

Il. METHODOLOGY

CFD methods, include numerical solution of mass,
Momentum and energy equations. Also there are another
equations related to problem such as chemical reactions.
Solving by CFD involves 2 main stages. At first fluid area is
divided into small volumes known as continuums or control
volumes, then partial differential equations (Navier Stokes
equation) is applied for all of them. Consequently many

nonlinear equations are obtained that are solved
simultaneously.  The  conservation  equations  for
compressibility flow with turbulence are

The continuity equation
C’%r +div(pU) =0
The momentum equations
p D%)’ =- ‘”%‘ +div(pgradi) + Sy

p’%’ =-0P By div(pgradv) + Sy,

p[)“/D’ = (%: +div(pgradw) + Sy,

I1l. CAD MODEL

The CAD model is developed in CREO 2 software. The
software is sketch based, parametric 3d modeling software
used for complex modeling purposes Helical coil is made of
free length 6000mm and pitch value of 60mm with 10 turns.
A constant potential difference is maintained across these
coils.

Fig. 2: CAD model of helical coil
The shell side is modeled with inner dia 200mm
outer dia 400mm and height 700mm.

Fig. 3: CAD model of shell
The assembly model consists of helical coil and

shell assembled together using set of constraints.
/i

Fig. 4: CAD model of assembly
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IV. SIMULATION

The CAD model is imported in ANSYS CFX. Geometry
cleanup and checks are performed in geometry module. Hard
edges, sharp angles, sleeves are repaired.
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Fig. 4: Importing CAD model in ANSYS
The model is meshed with tetra elements using fine
relevance. Number of nodes 131075 and number of elements
575666, aspect ratio .9, growth rate 1.20
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Fig. 5: Meshed model in ANSYS

Potential difference of 5v, 10v, 15, 20v are applied
for various cases and air as fluid for analysis is taken at
.45m/s, .55m/s, .65m/s for different cases.

Convergence criteria is set to 1le-4 RMS residual
values and maximum iterations set to 100. Domain interfaces
set between air and helical coil and heat transfer is set to
conservative interface flux.
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Fig. 6: Electrically heated coil
The domain for analysis is taken as fluid domain
with air as fluid set to 1 atmosphere reference pressure. The
energy model for simulation is set to thermal energy and
turbulence model is set to k- epsilon model. Here k epsilon
model is selected to analyze swirling flows and fast
computation and is robust model.

¥

o 0.400 0.800 (m) )/I\
]
%

0.200 0.600

Fig 7: Fluid domain
Material | Thermal Conductivity(S/M)
Copper 56.7 *106
Aluminium 36.9 * 106
Table 1: Material

V. RESULTS AND DISCUSSION

Two different material taken for coil is copper with electrical
conductivity and aluminium. Air velocity is varied and
Reynolds number, air outlet temperature and average heat
transfer coefficient is computed from software. Table 1 shows
calculations for copper coil and table 2 shows calculation for
aluminium coil.

Air

Inlet Reynold Air Inlet Air Outlet Averag
Velocit S Temperatu | Temperatu ¢ Htcz
y (M/ Number re (Kelvin) | re (Kelvin) (V\{(/M

Sec) )

.25 5193 300 975.38 3.07

.30 6156 300 923.73 3.15

.35 7120 300 884.14 4.06

40 8089 300 852.10 4.56

45 9063 300 825.97 5.07

Table 2: Average HTC for copper coil
Alr Averag
Inlet | Reynold | Air Inlet Air Outlet
. e Htc

Velocit S Temperatu | Temperatu (W/M?
y (M/ | Number | re (Kelvin) | re (Kelvin) K)

Sec)

.25 5193 300 949.48 3.08

.30 6156 300 895.01 3.57

.35 7120 300 852.87 4.07

40 8089 300 818.58 4.57

45 9063 300 791.13 5.08

Table 3: Average HTC for aluminium coil

OUTLET TEMP(K)
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Fig. 8: Outlet temperature vs Reynolds number for copper
coil
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AVERAGE HTC(W/M’K)
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Fig. 9: Heat transfer coeff vs Reynolds number for copper
coil
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Fig. 10: Heat transfer coeff vs Reynolds number for
aluminium coil
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Fig. 11: Heat transfer coeff vs Reynolds number for
aluminium coil

As is evident from fig 8 and fig 10 which shows air
outlet temperature versus Reynolds number, with increase in
Reynolds number outlet temperature decreases for both
aluminium and copper coils whereas from fig 9 and fig 11
average heat transfer coefficient increases with increase in
Reynolds number. This could be attributed to complex helical
profile of coils which restricts air flow in unpredictable
manner. Comparative analysis for both material is shown in
figure 12 below for temperature versus Reynolds number for
both materials.

TEMPERATURE VS REYNOLDS NUMBER
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Fig. 12: Outlet temperature vs Reynolds number
As is evident from graph that outlet temperature for
copper coil is higher than aluminium for all the Reynolds
number.
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Fig. 13: Temperature contour

The temperature distribution shows that maximum
temperature of coil is generated near air inlet as depicted by
red contours and as we move towards air outlet the
temperature starts decreasing. This is due to forced
convection heat transfer. The velocity decreases from inlet to
outlet as in Fig 14.
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Fig. 14: Velocity contour
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Fig. 15: Velocity vectors

As the Reynolds number increases roughness
elements begin to project beyond the laminar sub-layer.
Laminar sub-layer decreases with increase in Reynolds
number. In addition to this there is local contribution to the
heat removal by the vortices originating from coil which
increases heat transfer rate. This is because the coil geometry
disturbs the development of boundary layer of fluid flow and
increases the turbulent intensity caused by increase in
turbulence dissipation rate and turbulence kinetic energy

VI. CONCLUSION

A detailed study was undertaken to understand the

mechanism of heat exchanger. Effect on heat transfer by

using different material for coils of heat exchanger was

analyzed in detail.

— CFD analysis of heat exchanger using electrically heated
coil is conducted.

—  Outlet temperature of air for copper coil is more than
aluminum coil for all the Reynolds number.

— Heat transfer coefficient for aluminum is marginally
more than copper for all the Reynolds number

VII. FUTURE SCOPE

— Further investigation can be performed for various
design to get better performance of heat exchanger.

—  Experimental studies with these variables will definitely
refine the design of heat exchanger.
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