International Journal of Trend in Scientific Research and Development (IJTSRD)
Volume 6 Issue 4, May-June 2022 Available Online: www.ijtsrd.com e-ISSN: 2456 — 6470

L 4

L g

Heat Transfer Analysis of a Plate Heat Exchanger
with a Combination of Ribs and Dimples using CFD

Prof. Pushparaj Singh', Navin Kumar?

'Professor, M Tech Scholar,

"“Rewa Institute of Technology, Rewa, Madhya Pradesh, India

ABSTRACT

The advancements and improvements in all heat transfer equipment’s
are primarily intended to save energy and reduce project capital
investment expenses (energy or material). A better heat exchanger is
one that can transfer a high heat rate while using a low pumping
power and at a cheap cost. Passive heat transfer enhancement
techniques have various benefits over other heat transfer
enhancement techniques, including low cost, ease of fabrication, and
installation. Rib turbulators can enhance heat transmission
significantly, but they generally come at a considerable cost in terms
of pressure loss. Dimple techniques have lately gained popularity
because to their ability to promote heat transmission while imposing
a minor pressure penalty. When dimple surfaces are mixed with
nanofluids, some studies have seen increased heat transmission, but
the key concern is an increase in the system's friction factor, which is
also regulated within acceptable ranges. The thermal characteristics
of a heat exchanger with a combination of dimple ribs were evaluated
using a 3-dimensional numerical (3-D) simulation. The subject of this
study is the handling of air flow velocity through the channel, which
was changed from 3.97 to 5.80 m/s. The simulation programme
ANSYS 19.2 was used to investigate the heat transfer physiognomies
of a heat exchanger managing a combination of dimple ribs. The
numerical findings revealed that the combination of dimple ribs
greatly improved heat transmission over the dimple alone. In
comparison, the average Nusselt number of a channel with dimpled
Plate is 4.28 percent more than that of a channel with dimpled ribs.

KEYWORDS: Surface enhancement, dimples and ribs, heat transfer
characteristic, friction factor, Nusselt number, thermal performance,
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L. INTRODUCTION
As aresult of the global energy crisis, which is one of
the most critical problems due to the large and

used for functions

refrigeration, central heating
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such as air conditioning,
systems, cooling

continuous increase in consumption, the increasing
scarcity of energy resources, and the high cost, many
researchers have worked to improve the efficiency of
thermal systems and reduce the size and thus energy
consumption rates.

The process of improving a system's heat transfer rate
and thermohydraulic performance via the use of
diverse tactics is known as heat transfer enhancement.
Heat transfer enhancement methods are used to
improve heat transfer without significantly affecting
system performance, and they are applicable to a
wide range of applications where heat exchangers are

automotive components, and many other applications
in the chemical industry.

Heat transfer enhancement techniques are classified
into three types: passive, active, and compound.
Passive approaches, on the other hand, do not
necessitate the use of extra energy to increase the
system's thermohydraulic performance. Active
techniques require external power to enter the
process; nevertheless, active methods do not require
any extra energy to increase the system's
thermohydraulic performance.
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Passive techniques do not require external power;
rather, the geometry or surface of the flow channel is
changed to optimize the thermohydraulic
performance of the systems. Inserts, ribs, and rough
surfaces are utilised to promote fluid mixing and
turbulence in the flow, which increases the total heat
transfer rate. Passive heat transfer enhancement
techniques have various benefits over other heat
transfer enhancement techniques, including low cost,
ease of fabrication, and installation.

Rib turbulators can enhance heat transmission
significantly, but they generally come at a
considerable cost in terms of pressure loss. Dimple
techniques have lately gained popularity because to
their ability to promote heat transmission while
imposing a minor pressure penalty. When dimple
surfaces are mixed with nanofluids, some studies
have seen increased heat transmission, but the key
concern is an increase in the system's friction factor,
which is also regulated within acceptable ranges.

II. LITERATURE REVIEW

Several studies have reported on the formulation of
nanofluids using various types of nanoparticles, as
well as their capacity to conduct convective heat
transfer.

Maxwell (1873) was the first to report the thermal
conductivity enrichment of ordinary fluids in the
presence of the problems of sedimentation, plugging,
and erosion in flow tracks [1]. Masuda et al. (1993)
then investigated the augmentation of thermal
conductivity with the inclusion of micro-sized solid
particles into the base fluid (single phase), but they
met the same difficulties of sedimentation, increased
pumping power, erosion, and clogging [2].
Hamilton-Crosses (1962) also made a contribution
by expanding on Maxwell's work and developing a
more precise model to predict the thermophysical
characteristics of particles floating in fluids [3].

Choi's work transformed the world of heat
transporting fluids in 1995 when he created
nanofluids with superior thermal transport capabilities
and higher stability than fluids containing milli and
micro sized solid particles [4].With this invention,
researchers started to investigate the nanofluids with
great interest.

Pak and Cho (1998) conducted heat transfer and
friction factor experiments for Al,Os/water and
TiO,/water nanofluids in the Reynolds number range
from 104 to 105 and the particle concentration
ranging from 0% to 3% and observed heat transfer
enhancement compared to the base fluid (water); they
also propose newly-developed Nusselt number
correlation [5].

Wen and Din (2004) conducted heat transfer
experiments for Al,Os/water nanofluid in a tube
under laminar flow and they observed heat transfer
enhancement of 47% at 1.6% volume fraction as
compared to the base fluid (water) [6].

Williams et al. (2008) reported convective heat
transfer enhancement with alumina/water and
zirconia/water nanofluids flow in a horizontal tube
under turbulent flow [7].

Duangthongsuk and Wongwises (2010) found heat
transfer enhancement of 20% and 32% for 1.0% vol
of TiO,/water nanofluid flowing in a tube at Reynolds
numbers of 3000-18000, respectively [8].

Ghozatloo et al. (2014) obtained heat transfer
enhancement of 35.6% at a temperature of 38 °C for
0.1 wt% of graphene/water nanofluids flow in a tube
under laminar flow [9].

Chandrasekhar et al. (2017) experimentally
investigated and theoretically validated the behavior
of Al,Os/water nanofluid that was prepared by
chemical precipitation method. For their
investigation, Al,Os/water at different volume
concentrations was studied. They concluded that the
increase in viscosity of the nanofluid is higher than
that of the effective thermal conductivity. Although
both viscosity and thermal conductivity increases as
the volume concentration is increased, increase in
viscosity predominate the increase in thermal
conductivity. Also various other theoretical models
were also proposed in their paper [10].

Rohit S. Khedkar et al. (2017) experimental study
on concentric tube heat exchanger for water to
nanofluids heat transfer with various concentrations
of nanoparticles in to base fluids and application of
nanofluids as working fluid. Overall heat transfer
coefficient was experimentally determined for a fixed
heat transfer surface area with different volume
fraction of Al,Os nanoparticles in to base fluids and
results were compared with pure water. It observed
that, 3 % nanofluids shown optimum performance
with overall heat transfer coefficient 16% higher than
water [11].

AKkyiirek et al. (2018) experimentally investigated
the effects of AlL,Os;/Water nanofluids at various
concentrations in a concentric tube heat exchanger
having a turbulator inside the inner tube.
Comparisons were done with and without nanofluid
in the system as well as with and without turbulators
in the system. Results were drawn and a number of
heat transfer parameters were calculated on the basis
of observed results. Various heat characteristics such
as change in Nusselt number and viscosity with
respect to Reynolds number, behaviours of nanofluid
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at various volume concentrations, changes in heat
transfer coefficient, effect of the difference of pitch of
turbulators on the heat transfer of nanofluid etc. were
studied. They concluded that there exists a
relationship between the varying pitches and the
turbulence in the flow caused i.e. when the pitch is
less there is more turbulence and vice versa [12].

Dimpled surfaces are recommended as a typical heat
transfer enhancement passive approach because to
their light weight, low pressure drops values,
simplicity of production, and cheap maintenance
costs. The potential of dimple surface approach in
diverse thermal systems has been investigated via
several experiments and computer analyses.

Griffith et al. (2015) The rate of heat transfer in
rotating rectangular cooling channels was explored,
and it was observed that channel orientation had a
different impact, with the trailing-edge channel
growing in Nusselt at the same rate as the orthogonal
channel. Furthermore, the dimpled channel performs
similarly to a 45-degree angled rib channel in terms
of spanwise heat transmission, but with less variation
[13].

Lauffer et al. (2017) Heat transfer studies were
carried out utilising heater foils and a steady-state
apparatus with liquid crystals on a rectangular
dimpled channel with a 6-aspect ratio. Localized rib
designs were revealed to boost heat transmission in
these important locations while decreasing strain
dramatically [14].

Chang et al. (2019) For four sets of dimple fin
channels with rectangular cross sections, a channel
aspect ratio (AR) of 6, and three varied fin length (L)
to channel hyd, heat transmission and friction factor
were evaluated. Using Reynolds numbers ranging
from 1500 to 11,000 and Re on heat transfer upon
channel with dimpled fins, Da (d), ratios (L=d) 8.9,
6.2, and 3.5, respectively. For both Re and L=d, the
convex—convex dimpled fin channel showed the
maximum Heat Transfer Enhancement [15].

Josephine et al. (2019) the experimental analysis of
the influence of dimpled layouts on flow and heat
transfer properties is presented in this paper. Three
plate surfaces (smooth, equally distributed spherical
dimples, and irregularly distributed spherical dimples)
were created and put in a channel one after the other.
The average Nusselt number increases with the
Reynolds number as a result of heat interaction with
the airflow. Over the smooth channel, the equally and
unevenly dimpled plate channels experienced a 75.7
percent and 91.8 percent increase in Nusselt number,
respectively. The flow friction coefficients of the
uniformly and unevenly dimpled plate channels were
only 0.59 percent and 0.67 percent higher than those
of the smooth plate channel, respectively [16].

III. METHODOLOGY

The thermal characteristics of a heat exchanger with a
combination of dimple ribs were evaluated using a 3-
dimensional numerical (3-D) simulation. The
objective of this study is the handling of air flow
velocity through the channel, which was changed
from 3.97 to 5.80 m/s. The simulation programme
ANSYS 19.2 was used to investigate the heat transfer
physiognomies of a heat exchanger managing a
combination of dimple ribs.

The geometry of the Plate Heat Exchanger utilised in
the simulation study was collected from one of the
research scholars, Josephine et al. (2019), with
specific measurements. The plate was made of mild
steel and measured 220mm in length, 140mm in
width, and 10mm in thickness. On the upper surface
of the plates, eleven rows of spherical dimples with
print diameters of 15 mm and depths of 5 mm were
generated in a stream-wise orientation with a
longitudinal pitch of 19.5 mm. On the upper side of
the plate, eleven rows of spherical dimples with print
diameters of 15 mm and depths of 5 mm were
generated, with a rib on the lower side of the plate.
ANSYS was used to construct the model (fluent).

0.000
L

0.100 (m)
1

0.oss

FlgurelGe(;metry of the Plate Heat Exchanger with spherical dimples created on the upper side of
the plate (Josephine et al. (2019).
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MMMMMMM [Erint Preview |
Figure 2. Geometry of the Plate Heat Exchanger with spherical dimples created on the upper and

having rib on the lower side of the plate (Proposed work).

Table 1. Mesh details
Josephine et al. (2019 Work 21157 and 99258
Proposed Work 30411 and 145212

To compute, the Fluent 19.2 program was used. A finite element method was used in experiments to distinguish
the governing equations. The researchers used a simpler algorithm for this convective term, and the second order
upwind method was used to relate pressure and velocity calculations.

Turbulence was solved using a regular k-epsilon equation in conjunction with flow and energy equations.

The velocity of the input air flow through the channel was varied between 3.97 and 5.80 m/s. The discretized
flow domain was configured with suitable boundary conditions. Inlets were assigned input air flow boundary
conditions, while outlets were assigned pressure outlet boundary conditions. Plate is heated using 400 W heating
element.

IV.  RESULTS AND DISCUSSIONS

Computational models provide thorough and well-founded results. Numerical representations of physical
measurements, on the other hand, must be verified. The dimpled plate model is used to validate the numerical
model, and the findings are compared to data by Josephine et al. (2019), who investigated flow and heat transfer
in a channel with a dimpled plate.

4.1.  Contours for channel with dimpled plate at different air flow velocity = 3.97 m/s

Figure 3. Temperature contour view 1 at air flow velocity = 3.97 m/s for channel with dimpled Plate.
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Figurgz. Tempeljature:contour at air flow velocity = 4.58 m/s for channel with dimpled Plate.
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Figure 5. Temperature contour at air flow velocity = 5.19 m/s for channel with dimpled Plate.
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Figure 6. Temperature contour at air flow velocity = 5.80 m/s for channel with dimpled Plate.

To compute the Nusselt number value at different flow rate of inlet, CFD measurements were used. The Nusselt
number of the CFD modeling have been compare to the values of the Josephine et al. (2019) measurements.

Table 2. Numerical Nusselt number comparison with experimental result from Josephine et al. (2019)
Nusselt Number

ALPILOGA G (L), Exp. Josephine et al. (2019) Present work
3.97 545 550.50
4.58 975 975.24
5.19 1140 1145.21
5.80 1540 1540.04

The experiment and the numerical results of the Nusselt number values agree well. As a result, we should state
that the corrugated channel CFD model is right here.

4.2. Effect of spherical dimples on the upper and having rib on the lower side of the plate
The velocity of the input air flow through the channel was varied between 3.97 and 5.80 m/s. Plate is heated
using 400 W heating element.
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Figufg7; Temperature contour channel with spherical dimples on the upper and having rib on the
lower side at air flow velocity = 3.97 m/s.
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Figufe 8. ’féiilpeféfilre contour channel with spherical dimples on the upper and having rib on the
lower side at air flow velocity = 4.58 m/s.
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Flgure9 f:ﬁzf)er;lture contour channel with spherical dimples on the upper and having rib on the
lower side at air flow velocity = 5.19 m/s.
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Figure 10. Temperature contour channel with spherical dimples on the upper and having rib on the
lower side at air flow velocity = 5.80 m/s.
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Table 3. Comparison of Nusselt number for previous work and proposed work
Nusselt Number

Air flow velocity (in m/s) Exp. Josephine et al. (2019) Proposed work
3.97 545 565.65
4.58 975 1023.45
5.19 1140 1178.70
5.80 1540 1602.34
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Figure 11. Comparison of Nusselt number for previous work and proposed work.

Table 4. Comparison friction factor for previous work and proposed work

. o Nusselt Number
ALPILOGAEIE (L), Exp. Josephine et al. (2019) Proposed work
3.97 0.2552 0.2550
4.58 0.2565 0.2562
5.19 0.2566 0.2563
5.80 0.256 0.2557
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Figure 12 Comparison of friction factor for previous work and proposed work

V. CONCLUSIONS

The current study investigates the ability of a
commercial CFD code to predict flow and heat
transfer characteristics on a Plate Heat Exchanger
with spherical dimples created on the upper and rib
on the lower side of the plate, air is used as the
working fluid, and the flow through the channel was
varied between 3.97 and 5.80 m/s. A 400 W
standardized heat stream was introduced.

The following are the study's findings:

1. The numerical findings revealed that the
combination of dimple ribs greatly improved heat
transmission over the dimple alone.

2. In comparison, the average Nusselt number of a
channel with dimpled Plate is 4.28 percent more
than that of a channel with dimpled ribs.

3. In contrast, the friction factor of a channel with
dimpled Plate is 8.12% lower than that of a
channel with dimpled ribs.
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