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ABSTRACT
Heat transfer enhancement is the process of improving the performance of heat exchanger systems.
Large numbers of attempts have been made to reduce the size and cost of the heat exchangers.
Compact heat exchangers are widely used in many industries like chemical, electronics, aerospace,
HVAC, process industry etc. So the improvement in their performance with respect to reducing
manufacturing costs by using less material or lowering operating cost by reducing energy loss is of
great technical, economical, and, not least ecological importance. The performance improvement is
necessary in heat exchangers having gases as one of the fluid because the thermal resistance of
gases is about 10-50 times as large as of liquids. Achieving higher heat transfer rates through various
augmentation techniques can result in substantial energy savings, more compact and less expensive
apparatus with higher thermal efficiency. This paper suggests a way to enhance the heat transfer rate
by using a heated plate with inclined blocks in a channel along with equilateral triangles as obstacle.
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INTRODUCTION
Compact heat exchangers draw much attention
of engineers because of their applications in
industry. It is essential to transfer heat from these
thermal systems to the surrounding environment
rapidly and effectively to maintain their proper
functions. In many applications due to the space
limitation, the heat exchangers are required to be
as small as possible, for the same heat transfer
performance. During recent years, serious
attempts have been made to apply different active
and passive mechanisms for heat transfer
enhancement in compact heat exchangers for the
automotive industry, air-condit ioning and
refrigerant applications, internal cooling for gas
turbine blades, electrical circuits in electronic
chipsets, etc. Achieving higher heat transfer rates
through various augmentation techniques can
result in substantial energy savings, more compact
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and less expensive apparatus with higher thermal
efficiency.

MATERIAL  AND  METHODS
Many theoretical and experimental attempts
have been made during the recent years to
enhance the heat transfer rate.1 numerically
studied a three dimensional problem in a fully
developed turbulent flow through an equilateral
triangular duct with internal ribbed surface
through two dimensional approaches.2 carried a
numerical investigation of convective heat
transfer between a fluid and three physical
obstacles (blocks). They studied the effect of
the Reynolds number, block spacing and
dimensions and solid to fluid thermal conductivity
ratio.3 experimentally investigated the heat
transfer enhancement by delta winglet vortex
generators in air cooling of a staggered array of
rectangular electronic modules. 4 carried a
numerical investigation which was conducted in
a rectangular channel with heated obstacles
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mounted alternatively on the upper and lower
walls.5 studied Laminar forced convection inside
plate-fin passages which is of interest in the
design of a  low- Reynolds-number  heat
exchanger apparatus.6 studied the effect of the
computational domain length on the multiplicity
of solutions and two-dimensional laminar steady
natural convection in a horizontal channel with
the upper wall maintained cold at a constant
temperature and the lower one provided with
rectangular heating blocks,  periodically
distributed.7 studied the turbulent flow field and
heat transfer enhancement of mixed convection
in a horizontal block-heated channel, using the
Large Eddy Simulation (LES) and SIMPLEC
method coupled with preconditioned conjugate
gradient methods.8 numerically analyzed the
control of laminar, two-dimensional, steady
forced convection heat transfer and fluid flow
in isothermally heated blocks located in a

channel.9 studied the effects of the Reynolds and
Prandtl numbers on the rate of heat transfer from
a square cylinder in the unsteady two-dimensional
periodic flow regime.10,11 Studied the geometry
of a cross-flow plate fin heat exchanger in which
the triangular shaped inserts were used as
secondary fins with vortex generators.
The above literature survey shows that many
attempts have been made to enhance the heat
transfer using passive techniques. Based on the
literature survey, it can be seen that no attempt
so far has been made experimentally in which
heated plate with inclined blocks has been used
along with equilateral triangles as obstacles to
enhance the heat transfer. This paper suggests
a way to enhance heat transfer in a heat
exchanger having inclined blocks and equilateral
triangles as a flow manipulator. The equilateral
triangles can be used as a passive element which
disturbs the flow filed without any extra energy.

Proposed Experimental Set-up

Fig. 1 : Schematic diagram of experimental apparatus



Journal  of  Environmental  Research  And  Development Vol. 6 No. 4,  April-June 2012

1080

A schematic diagram of the proposed experimental
apparatus is presented in the Fig. 1.  The
experimental apparatus consist of a rectangular
duct which can be made of plywood having the
total length of 1750 mm. It consist of four parts,
first part is the inlet section having length of 500
mm, width 200 mm, height 120 mm. A straightener
can be used in the inlet section up to a length of
200 mm to minimize the turbulence in the air and
to keep a uniform air flow before entering the
test section. A port can be made in the top part of
the inlet section for the measurement of velocity
by hot wire anemometer. Second part of the duct
can be the test section having LxWxH,
600x200x120mm. Test section consist of a
rectangular plate along with inclined blocks made
up of aluminum, having dimension of plate
300x150x6 mm and 50x20x12mm of blocks.
Equilateral triangles are suggested as obstacle
.The AC power supply will be the source of power
for the plate type heater with a capacity of 300
W can be used for heating the plate of test section
only in order to maintain a uniform surface heat
flux. Air as the tested fluid in both the heat transfer
and pressure drop experiments, can be directed
in to the system by a compact fan. The operating
speed of the fan can be varied by using a regulator
to provide the desired flow rates. The flow rate
of air in the system can be measured by a hot
wire anemometer (Testo 405). In order to
measure the temperature distributions on the plate,
six thermocouples wires of k- type can be fitted
to the plate at equal distance from the sides of
the plate. The k -type thermocouples can be
installed by using the thimbles and screwing them
to the plate. To measure the inlet and outlet
temperature of air, hot wire anemometer
(Testo405) can be used. The thermocouples
voltage output is fed up in to the k-type
multichannel indicator. Two static pressure taps
can be located at the bottom of the channel to
measure the pressure drop across the test section,
used to evaluate the average friction factor. A
variac can be used to control the wattage of the
heater. Third part of the duct can be the extended
section having dimension of 200x200x120 mm, on
the top of which the hot wire anemometer can be
placed to measure the outlet velocity of the air
and to measure the temperature of the outlet air.
Fourth part of the duct can be the divergent section

having an angle of 8o and of 450 mm length. The
end of the divergent section will consist the square
part of 230x230 mm which can be mounted with
a compact fan of 200 mm in diameter along with
a capacity of 360 cubic feet per minute.
Data Reduction
The components of experimental apparatus and
instruments can be tested as discussed above. The
velocity of the air can be controlled through
regulator, the heat flux can be controlled and
changed by the use of variac and checked by
voltmeter and ammeter. The heater power can
be fixed at certain value until the surface
temperature attained a steady state.
The experiment can be performed to investigate
the heat transfer coefficient. The Reynolds
number based on the channel hydraulic diameter
Dh is given by

Re = UDh/ v  (1)
Where the ‘U’ and ‘v’ are the mean air velocity
of the channel and kinematic viscosity of the air
respectively. The average heat transfer coefficient
‘h’ is evaluated from the measured temperatures
and heat inputs. With heat added uniformly to fluid
(Qair) and the temperature difference of the plate
and fluid (Ts-Tb) where the Ts is the average
surface temperature of the plate and Tb is the
mean temperature of the inlet and outlet air.
 The average heat transfer coefficient will be
evaluated from the experimental data by the
following equations :
Qair = Qconv = VI  (2)
Qconv= h*A*(Ts-Tb)  (3)
in which
Tb = (Ti + To) / 2 (4)
h = Qconv / A (Ts- Tb) (5)
Ts = (T1 + T2 + T3 +T4 + T5 + T6) / 6 (6)
The term ‘A’ is the convective heat transfer area
of the heated plate. The average Nusselt number
Nu is written as;
Nu = h Dh / k  where ‘k’ is the thermal conductivity
of air  (7)
Overall enhancement ratio = [(Nu/Nu0) /(f/f0)1/3]
where Nu, f, Nu0 and f0 are the Nusselt numbers
and friction factors for a duct configuration with
and without obstacle respectively. The friction
factor is a measure of head loss or pumping
power. The Nusselt number is a measure of the



1081

Journal  of  Environmental  Research  And  Development Vol. 6 No. 4,  April-June 2012

convective heat transfer occurring at the surface
where ‘h’ is the convective heat transfer
coefficient and ‘k’ is the thermal conductivity.

RESULTS   AND   DISCUSSION
In this proposed experimental work, heat transfer
analysis will be performed in a channel with
heated plates having inclined blocks with
equilateral triangles as obstacle. The main aim
of this work is to suggest a way to enhance the
heat transfer and to find the pressure drop
because of use of inclined blocks and equilateral
triangles. The use of inclined blocks and
equila teral triangle will cause the flow
disturbances and vortex generation. The changes
in flow field will cause the better mixing of the
fluid stream and causes heat  transfer
augmentation. But these also cause the blockage
to the flow, which will lead to more pressure
drop. The experiments can be performed at
varying Reynolds numbers. The expected results
are At constant heat flux, Nusselt number will
be influenced with the use of inclined blocks and
equilateral triangles. At constant heat flux,
Nusselt number will be influenced with the
increase in the Reynolds number. Pressure drop
will alos be influenced as the Reynolds number
increases .

CONCLUSION
This paper proposes a way to enhance heat
transfer in a heat exchanger device by using
inclined blocks and equilateral triangles as a
flow manipulator. By using equilateral triangular
obstacles and blocks in inclined manner heat
transfer will be enhanced due to the formation
of vortices and proper mixing of fluid stream.
The increase in the heat transfer will reduce
the size of the heat exchanger for same heat
transfer ra te.  This would lead to saving
manufacturing cost. Heat transfer enhancement
will also be accompanied with moderate
pressure loss. The overall enhancement ratio
can be calculated to find the effect  of
enhancement to pressure drop. This proposed
experimental setup is an innovative way to
enhance the heat transfer in heat exchanger
devices.
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