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Abstract
The study presents further Computational Fluid Dynamics (CFD) numerical
analysis for two models of plate heat exchangers. Comparatively was studied
the influence of geometric characteristics of plates on the intensification
process of heat exchange. For this purpose, it was examined the distribution of
velocity and temperatures fields on active plate height. Heat transfer
characteristics were analysed through the variation of mass flow on the
primary heat agent.
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Introduction

Heat exchangers are key components of many products available in the marketplace,
and their application are important in an extremely wide range of industrial processes. The
effective design of heat exchangers can have substantial impact on industrial process
efficiency and their relevance to the problem of conservation of energy resources. [1 - 3]

The easiest way to enhance heat transfer is to increase the heat exchange surface
between working thermal agents. Plate heat exchanger with gaskets provide flexibility in

varying heat transfer surface by adding or removing plates from the device frame, depending
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on the technological process needs. For a fixed number of plates from a device, increasing the
heat exchange surface can be done by increasing the channel height of the active height of a
plate. Increasing this dimension leads both to increase heat transfer area and to create
turbulence in the flow channels formed between two consecutive plates [4 - 6].

Plate surface must be designed to enhance turbulent flow of fluid through channels
formed between two adjacent plates, knowing that turbulence leads to increased heat transfer
that is reflected in the overall heat transfer coefficient characterizing the device. Heat transfer
characteristics are dependent on hydraulic diameter, heat transfer surface, number of channels
and especially of the tilt angle B of the wavy channel. This last factor () characterizing plate
geometry influences the flow regime by creating vortices and vortex areas [7 - 9].

The geometric shape of the active area of plates directly influences the thermodynamic
parameters that characterizing heat exchangers.

The aim of the present work was to examine the influence of geometrical parameters
of plates’ heat exchanger on overall heat transfer coefficient and the heat flux by varying the
mass flow on the side of hot thermal agent. The two models were analysed numerically using

fluent software.

Material and method

For this purpose, using Solid Works software were developed two different models of
plate, shown in Figure 1 [10]. The difference between the two models consist in changing the
value of the tilt angle formed between the main direction of flow of the working fluid and the
vertical axis of symmetry of corrugated channel, angle f = 30° has a value for the first model
(Figure 1a) and 3 = 45° for the second model (Figure 1b).

Plate geometry is composed of 3 zones as follows: Zone 1 and 3 input and output of
working agent in and from the channel formed between two plates one is located normal and
the other one is rotated 180", and Zone 2 which is the active plate, characterized by a variation
of the flow channel section. Geometric parameters of the plate, shown in Figure 2 are: total
length of the plate L = 70 mm, including Zone 2 is 40 mm, and the areas 1 and 3 to 2 x 15
mm, active width w = 20 mm plate, step wavy p = 10 mm, height of waves formed channel h

=3 mm. It is considered constant plate thickness of 0.5 mm.
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a) B = 30°

b) B = 45°

Figure 2. Geometric parameters corrugated channel

Computational fluid dynamics ANALISYS
Fluent software allows choosing one of the available turbulence models, as follows:
RSM (Reynolds mediation), LES (large eddies simulation), DES (detached eddies simulation)
model (k-¢) model (k-w) [11, 12, 13].
For this study was used (k - ®) SST (Shear Stress Transport) turbulence model,
because for this type of geometry must be modelled in detail both: flow areas near the wall

plate and that witch are close to the axis of the current flow created between the plates. The
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model is a complex combination of the other two models (k - ) and (k - €), with a function
that activates model (k - @) in areas of wall and (k - €) model in central areas, thus benefit
from the advantages of the two models into one, [4].

Underlying equations for (k, ®) SST (Shear Stress Transport) turbulence model [14,
15] are the continuity equation (relation 1), the mass conservation equation (relation 2), the
transport equation (relation 3), kinetic energy transport equation (relation 4) and the transport

equation for turbulent dissipation rate (relation 5):
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where: u — fluid velocity, in [m/s]; p — fluid density, in [kg/m’]; p — fluid pressure, in [N/m’];
v — cinematic viscosity, in [mz/s]; X, y, z - cartesian coordinate system is used; G - is the
generation coefficient of turbulent kinetic energy due to gradients of medium velocity; G, -
represent the specific rate of dissipation for turbulent kinetic energy; I'x si I',, represents the
effective diffusion of k, respectively o; Yi si Y, are the effective difusion of k and w; D, - is
a diffusion coefficient.

The mesh of the field studied, presented in Figure 3, was achieved with approximately

13.8 million tetrahedral elements for each model, being rare in the central areas of current

flow and denser both in the narrowed flow channel and curvature areas.
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Imposed boundary conditions were the same for both models studied so it was
considered constant inlet temperature for both agents: for hot water at 80°C and for the
secondary agent (cold water) 20°C. To simplify the model was considered that the primary
agent (hot water) passes through the space formed between the two plates and the plates have

secondary agent water temperature (cold water).

Results and discussion

Velocity field shown in Figures 4 and 5 shows that speed vectors are mainly oriented
throughout central axis of the flow channel, following the wave shape of the channel, and
their intensity increases considerably both in narrowed channel areas and in areas of curvature
drawing at maximum height. Vortex created in these areas lead to increasing the heat flux
submitted to the secondary heat agent. Although the channel length that runs of these vortices
is higher for the geometry with tilt angle B = 30°, so that the hot fluid stays longer in contact

with the plate, velocity vectors still have more time to settle before leaving the flow channel,
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which slowing the turbulence effect on active plate height.

a. b.)
Figure 4. Velocity field in the middle section between the two plates
a. p=30°b.p=45°

a. p = 30°

b. B =45°

am

Figure 5. Velocity field in longitudinal section between two plates

At the geometry with the tilt angle B = 45° is observed that the working fluid shows
sudden changes in flow direction, causing change of velocity direction and forming more
turbulent centres with a higher intensity of heat transfer that break the fluid in short areas,

adding intensity to vortex created. Shorter corrugated channel length from centre to the edge
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of the plate does not allow stabilization of the velocity vector and involves an increase in flow

velocity on plate active height.

a.) b.)
Figure 6. Temperature field in the middle section between the two plates
a. p=30°b.p=45°
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a.) b.)
Figure 7. Temperature field in longitudinal section between two plates
a. p=30°b.p=45°

In Figures 6 and 7 is shown the temperature field in the liquid layer formed between
two adjacent plates. This is presented in the middle section of the plate in the (x - y) plane
(Figure 6) and in longitudinal section in Figure 7. For the model with B = 30° value of tilt
angle the primary flow enters the space from the bottom, while the second model (f = 45°)
hot fluid enters through the top. The main agent temperature at the entrance in flow area is
80°C (represented in red colour map). During heat flow mainly in active plate height, the fluid
is cooled, succumbing heat to plate material. The best heat transfer was achieved for p = 45°
model, where the working fluid was cooled from 80° C to about 56°C, so a difference of
temperature of 24°C, while for B = 30° geometry, the final temperature of the fluid reach
about 62°C so the cooling is only 18°C.
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In figure 8 is represented the influence of mass flow and tilt angle on the overall heat
transfer coefficient (k). According to the chart, for each model analysed, there is a
proportional increase of overall heat transfer coefficient with increasing mass flow. The
geometric model with the largest value of tilt angle submit the working fluid to more abrupt

changes in the velocity and in flow direction, thus increasing the vortex and heat transfer.
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Figure 8. Overall heat transfer coefficient (k) depending on the mass flow

In Figure 9 is shown the influence of mass flow and tilt angle on the heat flow. Heat
flow equation shows that it is directly proportional to the overall heat transfer coefficient,
meaning that heat flow follows the same trend of increase with increasing of mass flow. This

chart also shows that geometry with 45° value of tilt angle has the best results.
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Figure 9. Heat flow variation depending on the mass flow
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Conclusions

This paper presents a CFD numerical study on plate type heat exchangers. For this
study were design 2 models of plates with [ = 30° value of tilt angles, and = 45°. The plate
geometry with the tilt angle higher than f = 45° creates a larger turbulent area in the interior
of the channels created between two adjacent plates placed one normal and the other rotated
with 180°, and the shorter length of these channels, favour’s the intensification of vortices on
active plate height, while for plates with B = 30° value of tilt angle, channel length creates
additional reassurance that lower intensity areas heat transfer. The intensity of heat transfer is
distinguished both by turbulence created in the areas narrowed flow channel and channel
curvature areas at maximum height (Figure 4) and the degree of cooling is the main heat
about 24°C for B =45° and for B = 30° to 18°C.

With increasing mass flow of hot fluid circulated through the channels, it is recorded
also increase of overall heat transfer coefficient who have superior values for channel

configuration at an angle of inclination B = 45° (Figure 6 and 7).
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