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Introduction

There has been considerable efforts to experimentally
investigate heat transfer behavior in plate and frame
heat exchangers. Plate and frame heat exchangers
are modular and effective and widely used in a large
number of industrial applications. Plate and frame heat
exchangers have exceptional heat transfer properties
that allow for more compact designs than shell and
tube exchangers because of their much larger surface
area in a very small volume which can be modified
simply by adding more numbers of plates. In general,
plate and frame heat exchangers are designed in
number of corrugated plates in a frame or micro
channel, and the hot and cold liquid flow through
the channels. Plates are essential parts of these heat
exchangers and have a critical role on the exchanger
efficiency [1-5]. According to the available data, there
is no credible research on investigating the effect of
expanding surface area via a nanofin array copper coat
on the copper plate as a substrate on the heat transfer
coefficient. Copper, which had been used as one of
the most efficient heat conductors with a high thermal
conductivity coefficient, has remarkable characteristics
for heating exchangers that are strong in their efficiency
and resistance to corrosion. Present research is focused
on the investigation of a microchannel heat transfer,
both with and without a nanofin array structure. The
micro channel is designed to be composed of six
copper plates, resembling the conventional plate
and frame heat exchangers and water is used as the
circulating fluid in both hot and cold loops. The heat
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transfer coefficient is then measured to compare the
effect of nanofin arrays.

Materials and Methods

Chemicals and Synthesis of Dendritic Nanofin Arrays
The micro channel was made of six corrugated high
quality copper plates (Alfa Aesar, 99.8%,). The plate
diameter was 46 mmx 46 mm with 17 stripes with
2 mm height. The anode was a graphite electrode
(Height:100 mm x Width:10 mm) and the distance
between two electrodes was 15mm. In a solution
consisting of CuSO4 (0.6M), H2S04 (0.4M), dendritic
copper nanofin array grew. The current started from
1.2 to 4.8 A/cm? stat in 300 seconds [7].

Experimental Set up and Procedure

In this research, an experimental set up was designed in
order to investigate the effect of nanofin arrays on heat
transfer coefficient. The set up includes a microchannel
with six corrugated plates, two inlets and two outlets,
equipped with separate K-type thermocouples, two
water circulation units equipped with a reservoir tank,
connected to a valve for balancing the flow, a pump, a
manometer and two filters. The temperature difference
and heat transfer coefficient were measured without
coating the dendritic nanofin arrays and after coating
procedure. In three different sets of tests, a circulator
for the hot loop provides the temperature to start
entering the micro channel at 45°C, 50°C, 55°C from
the hot inlet (Di: lmm , Do: 1.3mm). The temperature
for circulating in the cold inlet was set to be 7°C (Di:



Imm, Do: 1.3mm).

Results and Discussion

Copper nanofins were placed in optimal conditions
in order to investigate different effects. Dendrites first
started to grow on the initial spherical balls and little by
little small branches started to appear on the previous
balls. Since the electro-deposition process follows the
cumulative particle diffusion model, the mechanical
strength of dendritic nanofine arrays depends on the
amount of migration of copper ions in the solution. As
the migration of metal ions increases, more deposition
occurs on the surface and this causes thicker nanofins
with fewer branches to be created. Less migration
of ions will lead to the creation of narrower nanofin
arrays with more branches [8]. Therefore, it can be
concluded that there is a direct relationship between
the solution concentration and the migration of metal
ions. AAS test was performed to determine the degree
of adhesion of dendrites and the possibility of their
tearing from the surface into the fluid. The wat low
level of copper (29.89 ppb) in this fluid in the test
indicates that the dendrites are not separated from the
surface.The temperature was measured in the four
different points; the temperatures of cold and hot inlet
and cold and hot outlet separately. Three sets of tests
(nine runs for each) were designed with the cold inlet
temperature of 7°C as minimum temperature and hot
inlet temperatures of 45°C, 50°C, 55°C respectively.

Conclusions

In this research, the copper plates forming a
microchannel, similar to plate heat exchangers,
were surface modified by electroplating method and
in a device designed with two cold and hot inlets,
with the aim of investigating the increase in the
heat transfer coefficient H were placed the surface
modification consisted of applying a synthesized
nanofin coating on six grooved copper plates with
dimensions of 4.6 cm by 4.6 cm. Electrochemical
deposition method using a standard two-electrode
glass cell with a graphite electrode as the opposite
electrode and a solution containing CuSO4 (0.6M),
H,SO, (0.4M) with increasing current from 1/cm22
to A/cm2 4/8 was done at room temperature for 300
seconds. Morphology results showed dendritic nanofin
arrays with expanded surface using FeSEM scanning
electron microscope technique. Then the temperature
difference and heat transfer coefficient of cold and
hot inlets were measured at different flow rates. The
results showed a growth of 40 to 62 percent in the heat
transfer coefficient compared to the same parameters
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without covering the plates. Also, considering the
case of application of dendritic nanofins and their
widespread use in industry, considering the possibility
of their application in larger systems, despite the fact
that this research was conducted in a closed system, It
is possible to carry out similar studies in open systems
by applying nanofluid to the same system and applying
it to larger scale systems.
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