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Abstract In this study, the effect of using vortex
generators in the form of semicircular plates with different
angles and at different longitudinal distances in the
chimney of a laboratory furnace with natural gas fuel on
the hydrodynamics of the flow and the rate of heat transfer
from combustion products has been investigated
experimentally and numerically. The investigated
parameters were angles for blades and the number of
blades. In order to properly simulate the process, the
three-dimensional model of the geometry, including the
blades producing the vortex and the middle chamber of the
chimney, has been prepared in the Gambit software and
used in the modeling of the process by the Fluent software.
The governing equations for the flow of combustion
products entered the chimney and passed over the blades
include the equations of conservation of mass, momentum,
energy and kinetic energy of turbulence and its
dissipation. To model the turbulence, the standard k-£
model is used as one of the simplest yet most accurate and
widely used turbulence models in the simulation of
turbulent flows. The results show that vortex generators
with reducing the speed in the central area of the chimney
and increasing the residence time of the combustion
products and also by directing the flow towards the
boundary layer adjacent to the wall, increases the heat
transfer to the chimney. The angle of 55° and the number
of blades 7 was the optimum condition that prevents the
flow of exhaust gases from returning and the concentration
of carbon monoxide was lower than standard level. The
results revealed that in optimum case, by changing the gas
flow rate in the range of 0.5 to 0.75 m%hr, the heat transfer
to the chimney wall increases by 21% on average.

Key Words Vortex generator, Combustion products,
Heat transfer enhancement, Blade angle, Number of
blades.

1- Introduction

Natural gas flame has poor radiation heat transfer
characteristics. Therefore, the heat transfer efficiency of
the flame is low and the combustion products in the

chimney have high temperatures, and heat recovery from
the flow of gases passing through the chimney will prevent
heat loss in gas combustion systems. Installation of twisted
tapes and vortex generators is the most common method
for improving heat transfer in internal flows. Twisted tapes
by creating rotation in the flow and the rotational
movement of the flow on the surface increase the contact
surface and contact time between the fluid and the surface,
leading to higher heat transfer.

The low thermal efficiency of gas-burning equipment
produced in the country, including wall-mounted gas-
burning water heaters, explains the necessity of optimizing
this equipment to save on the consumption of natural gas
as the cleanest source of fossil fuel. As mentioned, the use
of vortex generators is one of the most optimal ways to
enhance the heat transfer coefficient and the rate of heat
transfer to the wall in internal flows. Considering that in
wall-mounted gas water heaters, the resulting combustion
products are from the burning of natural gas while passing
through the central chimney of the water heater. They
exchange heat with the wall of the tank, increasing the
temperature of the water inside the tank. Therefore, the use
of these vortex-producing vanes in the flow path of the
combustion products passing through the chimney can
increase the heat transfer coefficient of the combustion
products and the heat transfer rate to the wall of the water
heater by creating turbulence, reducing the flow speed in
the central area of the chimney, and increasing the flow
speed in the boundary layer adjacent to the chimney wall.
Consequently, in the present research, the effect of using
vortex generators as semicircular plates with different
angles and at diverse length distances in the chimney of a
natural gas wall-mounted water heater on the
hydrodynamics of the flow and rate of heat transfer from
combustion products is investigated. Moreover, the
optimal arrangement for the vortex blades in terms of the
number and angle of the blades was obtained by combining
the results with the laboratory data.
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2- Numerical simulation

In order to simulate the effect of using vortex generator in
the middle chimney of the water heater, a three-
dimensional model, including the vortex vanes and the
middle chamber of the water heater chimney was prepared
in Gambit software and was used in process modeling by
Fluent software. Figure 1 shows the geometry of the
problem consisting of the chimney and vortex blades and
Table 1 shows the geometric quantities and dimensions of
the problem.

Chimney outlet Vortex generator
Blade angle E—
/ |

Chimney inlet
Internal wall

Figure 1. Geometry of chimney and vortex generator

Table 1. Dimensions of chimney and vortex generator

Chimney length 720 mm
Chimney diameter 110 mm
Blades radius 50 mm
Blades number 3-4-7
Blades angle 300-45°-55°
Blades thickness 3mm

The boundary conditions used in the simulation include
the velocity inlet boundary condition at the entrance of the
combustion products to the chimney, the out flow
boundary condition at the exit of the chimney, and the wall
boundary condition for the fins and the chimney wall. It
should be noted that due to the lack of boundary conditions
at the exit of the chimney, the out flow boundary condition
was used. This boundary should be used more in the
simulation of developed flows, and the development of the
boundary is acceptable considering the geometry of the
problem and the entangled regime of the flow caused by
the vortex generator. Moreover, the thermal boundary
condition of the type of convection heat transfer on the
external wall of the chimney was used and the convection
heat transfer coefficient “h” was calculated and replaced
from the Churchill and Chu's equation. A standard k-g
model was used to model turbulence. Coupling between
pressure and speed was performed with the help of simple
algorithm. In addition, the discretization of pressure was
performed using the Presto method. The discretization of
other equations was done first by the upstream method of
the first order, followed by the upstream method of the
second order. The following discount coefficients were
applied for energy and eddy viscosity of 0.5 and 0.8,
respectively. The convergence condition of 10* was
considered for all equations except the energy equation.
This value is 10 for the energy equation. To ensure the
accuracy of the simulation and validation of the results
obtained from the modeling, a laboratory sample of the
simulated blades was made and installed inside the middle
chimney of a gas wall-mounted water heater and the heat
transfer flux on the chimney wall in the case of using

vortex generator was determined and compared with the
corresponding modeling results.

3- Results

Figure 2 shows the effect of the number and angle of the
vortex generator blades on the rate of heat transfer to the
chimney wall. As can be seen, an increase in the number
of blades augments the rate of heat transfer to the wall.
Increasing the angle of the blades also raised the rate of
heat transfer to the chimney wall. Furthermore, with the
increase in the number of blades, the effect of blade angle
on improving the heat transfer rate also increases. The
important point is that with a rise in the blades number and
the angle of the blades, the amount of pressure drop
increases, which augments the possibility of flue gas flow
reversal. Consequently, the blade angle of 55 and the blade
number of seven are the optimal mode that prevents the
reverse flow of exhaust gases.
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Figure 2. Effect of the number and angle of blades on the
rate of heat transfer to the chimney wall

Figure 3 shows the heat flux transferred to the chimney
wall with and without the vortex generator and for
different gas flow rates. As can be seen, the use of vortex
generator in the path of combustion products passing
through the chimney increases the heat transfer to the
chimney wall by an average of 21%.
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Figure 3. Effect of gas flow rate on the rate of heat transfer
to the chimney wall

Figure 4 shows the distribution of the flow speed of
combustion products in the chimney using vortex
generator. As can be seen, vortex generator reduces speed
in the central region of the chimney. Moreover, it disturbs
and directs the flow towards the boundary layer adjacent
to the chimney wall which increases the flow speed in the
vicinity of the wall and consequently raises the convection
heat transfer to the chimney wall.
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Figure 4. Combustion products flow distribution in the chimney
using optimal vortex generator

3- Conclusion

The effect of using vortex generators as semicircular plates
with different angles and at diverse longitudinal distances
in the chimney of a gas wall-mounted water heater on the
hydrodynamics of the flow and the rate of heat transfer
from the combustion products to the wall was investigated
experimentally and numerically.

1- Placing a vortex generator reduces flow speed in the
central region of the chimney and increases the residence
time of the combustion products. Furthermore, it disturbs
and directs the flow towards the boundary layer adjacent
to the chimney wall which increases the flow speed in the
vicinity of the wall and consequently raises the convection
heat transfer to the chimney wall.

2- In general, with an increase in the number of vortex
generator blades, the rate of heat transfer to the wall
augments. In addition, increasing the angle of the blades
raises the rate of heat transfer to the chimney wall.
Furthermore, with a rise in the number of blades, the effect
of the angle of the blades on improving the rate of heat
transfer increases.

3- By augmenting the number and angle of the blades, the
amount of pressure drop and the possibility of the return of
the flue gas flow increase. Consequently, the blade angle
of 55 and the blade number of seven are the optimal mode
that prevents the reverse flow of exhaust gases.
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