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Abstract— Boiler efficiency and heat transfer enhancement
method play an important role in various engineering
applications such as boiler, economizer, air conditioning
system, chemical reactor and refrigeration system. Now a
days energy is very important. Energy saving is one of the
important issues, not only from the point of view of fuel
consumption but also for the protection of global
environment. So, it is very important that a significant effort
should be made for conserving energy through waste heat. In
the present scenario most of the production process,
industries consider boiler efficiency is a major factors. Due to
industry demand engineer must continuously focus on
improving the thermal performance of boiler, boiler
efficiency and heat transfer rate. In dairy plant problem will
address heat energy wasted from plant in the form of
condensed water. The main object is to recover waste heat
water from the system to recirculate to the economizer for
efficiency improvement and enhance heat transfer rate of
economizer. Analysis of existing economizer with modified
condition in CFD (Computational Fluid Dynamics). To study
the pressure and temperature inside the tube.
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I. INTRODUCTION

A. Boiler

Boiler is an enclosed vessel that provides a means for
combustion heat to be transferred into water until it becomes
heated water or steam. The hot water or steam under pressure
is then usable for transferring the heat to a process. Water is
a useful and cheap medium for transferring heat to a process.
When water is boiled into steam its volume increases about
1,600 times, producing a force that is almost as explosive as
gunpowder. This causes the boiler to be extremely dangerous
equipment that must be treated with utmost care. The process
of heating a liquid until it reaches its gaseous state is called
evaporation. Heat is transferred from one body to another by
means of radiation, which is the transfer of heat from a hot
body to a cold body without a conveying medium,
convection, the transfer of heat by a conveying medium, such
as air or water and conduction, transfer of heat by actual
physical contact, molecule to molecule.

B. Efficiency of Boiler

There are two method for measuring the efficiency in steam
boilers, direct method (input-output method) and indirect
method (heat loss method). The direct method (i.e., the input-
output method) is the simplest method to determine boiler
efficiency. In this method, the heat supplied to the boiler and
the heat absorbed by the water in the boiler in a given time
period are directly measured. Realizing the direct boiler
efficiency method online would help to to know the operating
condition of boiler. Knowing performance characteristics of

boiler would be optimizing boiler operation, and improving
overall efficiency of boiler and power plant. Using Heat
Input-Output method plant people can evaluate quickly the
efficiency of boilers using few parameters. The indirect
method is the most accurate method to determine boiler
efficiency. In this method, the parameters that effect on
efficiency be measured and different types of losses be
calculated. Three of the most effective parameters are flue gas
temperature, ambient temperature, and the fuel type. The heat
loss method shows reduce the flue gas temperature and
increasing the ambient temperature have a significant effect
on improving the efficiency of steam boiler.

Il. ECONOMIZER

Economizer is a mechanical device. Which helps in preheat
boiler feed water before enter into the boiler. The term
economizer comes from early use of such heat exchanger to
reduce operating costs or economize on fuel by recovering
extra energy from the flue gas. In simple term, economizer is
a heat exchanger. A heat exchanger is a device that enables
the transfer of heat from one fluid (gas or liquid) to another
fluid between without direct contact. In Boiler, ecnomizer
installed for use waste heat flue gases for steam production.
Best way of utilization of flue gas heat is given by transferring
it to the boiler feed water. Hence economizer are designed in
such a way that feed water is allowed to pass the economizer
through pipe. Economizer shell is completely filled with the
flue gasses. There is cross flow heat exchanger process takes
place between boiler feed water is heated up to its boiling
temperature by consuming the heat from flue gas. Hence as
the boiler feed water is alreay preheated this actoin of
economizer helps in economic production of power plants. It
reduces the operating costs of power plant.

I11. CFD (COMPUTATIONAL FLUID DYNAMICS)

CFD is a complicated computationally-based design and
analysis technique. CFD software gives you the power to
reproduce flows of gases and liquids, heat and mass transfer,
moving bodies, multiphase physics, chemical reaction, fluid-
structure interaction and acoustics through computer
modelling. This software can also build a virtual prototype of
the system or device before can be apply to real-world
physics and chemistry to the model, and the software will
provide with images and data, which predict the performance
of that design.

Computational Fluid Dynamics (CFD) is useful in a
wide variety of applications and use in industry. CFD is one
of the branches of fluid mechanics that uses numerical
methods and algorithm can be used to solve and analyse
problems that involve fluid flows and also simulate the flow
over a piping, vehicle or machinery. Computers are used to
perform the millions of calculations required to simulate the
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interaction of fluids and gases with the complex surfaces used
in engineering. More accurate codes that can accurately and
quickly simulate even complex scenarios such as supersonic
and turbulent flows are ongoing research. Onwards the
aerospace industry has integrated CFD techniques into the
design, R & D and manufacture of aircraft and jet engines.
More recently the methods have been applied to the design of
internal combustion engine, combustion chambers of gas
turbine and furnaces also fluid flows and heat transferr.
Furthermore, motor vehicle manufactures now routinely
predict drag forces, under bonnet air flows and surrounding
car environment with CFD. Increasingly CFD is becoming a
vital component in the design of industrial products and
processes.

IV. LITERATURE SURVEY

R. PachaiyappAn, J. Dasa Prakash[1]: On this paper
discussed about different ways to obtain the maximum heat
from the flue gas travelling through the economizer to
improve the boiler efficiency. Economizer are heat transfer
surfaces in which air temperature and water temperature are
raised by transfering heat from flue gas. Hot air is necessary
for rapid combustion in the furnace. The correct optimization
of the combustion air can increase the boiler efficiency by 2-
3%.

Nabil M. Muhaisen, Rajab Abdullah Hokoma[2]:
This paper is about find boiler efficiency by using heating
balanced methode. This showed how the maximum heat
energy which produced from the boiler increases the boiler
efficiency through increasing the temperature of the feed
water and decreasing the exhaust temperature along with
humidity levels of the fuel used within the boiler.

K. Obual Reddy, M. Srikesh, M. Kranthi Kumar, V.
Santhosh Kumar[3]: This paper explains about one of the
ways to increase the heat transfer rate of economiser.
Economizer shell is completely filled with the flue gasses.
There is a cross flow heat exchange process takes place
between boiler feed water and flue gas. Boiler feed water is
heated up to its boiling temperature by consuming the heat
from flue gas. Hence by providing addition area between the
flue gas and boiler feed water we can increase the heat
transfer. Additional area is provided with the help of fins
which are considered as extended surfaces. A CFD
(Computational Fluid Dynamics) analysis is carried with two
cases with and without fins. In this analysis it is found that
heat transfer rate has been enhanced by providing the fins.
They are considered as extended heat transfer surface areas
there is significant increase in heat transfer rate. Because of
fins there is disturbance in its flow, which creates turbulence
into the motion of flue gas. This turbulence energy is
transferred to the fins in the water tube. Due to this more
amount of heat is transferred to the fins. Hence more amount
of heat is transferred in the second case than the first case.
And this heat energy is transferred to water flowing in the
tube. So in this way we experience increased heat transfer
because of the external fins which act as increased heat
transfer area and also due to generation of turbulence.

Krunal P. Mudafale and Hemant S. Farkade[4]: The
aim of this paper is designe economizer is to achieve heat
transfer at minimum cost. This paper presents a simulation

paper The aim of this paper is designed economizer is to
achieve heat transfer at minimum cost. This paper present a
simulation of the economizer zone from thermal power plant
where leakage are found more. The maximum no. of
economizer unit is due to flue gas errosion. The past failure
details revels that erosion is more in U- bend areas of
economizer unit because of increases increase in flue gas
velocity near these bends. But it is observed that the velocity
of flue gas surprisingly increases near the lower bends as
compared to upper ones. The model is solved using
conventional CFD techniques by STAR-CCM+ software. In
which the individual tubes are treated as sub-grid among
them. CFD analysis of economizer can be useful to gain
insight to the gas flow distribution. Efforts are made to
measure the velocity and temperature distributions of flue
gases at the bends of the economizer coil it will be useful to
find the effect of the operating parameter on the tube erosion
rate and velocity and pressure distribution inside the
economizer.

Sampath Kumar Reddy, Dr. B. Veerabhadra
Reddy[5]: This paper calculated the performance and
efficiency of the boiler. The Computational Fluid Dynamics
(CFD) approach is utilised for the creation of a two-
dimensional model of the economizer coil. Using mild steel
material in the economizer part it gives better performance
compared with the carbon steel material. The fluid flow
temperature, pressure is increase and velocity is decrease
field of fluid flow within an economizer tube using the actual
boundary conditions have been analyzed using CFD tool. So
the boiler performance will be increased.

Mukesh M Chopade[6]: A two pass water-tube
boiler is used as waste heat recovery boiler (WHRB). In this
boiler we install economizer for efficiency improvement.
Waste heat recovery economizer uses waste flue gases for
steam production which has wide range of variations in
parameters. By considering these parameters like gas flow
rate, temperature variation, pressure variation, amount of ash
content in flue gases we design the economizer & simulate
this design with the help of KED software for waste heat
recovery boiler. This paper deals with the basic configuration
of economizer for waste heat recovery boiler for coke making
industries application. Design of such equipment to recover
this heat and power savings through that is must be carried
out to improve the efficiency of plant. Waste heat recovery is
an environmental friendly technology for saving fuels.

Nishadevi Jadeja, Sanjaysinh Zala[7]: The aim of
this paper is to improve boiler efficiency by utilize
economizer. It is a combined water and fire tube boiler using
biomass coal as fuel. Boiler efficiency is calculated by direct
method. So Major losses are occurred from boiler are heat
loss due to radiation and convection from non-insulated
surfaces , heat loss due to flue gas, heat loss due to blow down
, heat loss due to incomplete combustion , heat loss due to
unburnt coal in bottom ash and heat loss due to moisture
present in fuel. So Shell and tube type heat exchanger
(economizer) was designed to recover heat loss due to flue
gas by reducing flue gas discharge temperature. Boiler
efficiency was calculated by direct method. In direct method
efficiency is calculated as a ratio of boiler output to boiler
input, without calculating individual loss boiler output is
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equal to enthalpy rise of feed water when it is converted to
superheated steam.

Madhav D. Ramesh L. & Naveen M.[8]: The aim of
this paper to bring a heat recovery system to prevent heat
losses. In industry wasted 4% of hot water as blow down.
Blow down water carries heat in the form of steam. That can
be reused to improve boiler efficiency.

Tai L., Zhenwei G. & Yang G. [9]: The heat of waste
gas emitted to the atmosphere can be recovered to increase
efficiency of boiler. For power plant boiler, if the exhaust gas
temperature decreases by 15~20°C, the boiler thermal
efficiency increases about 1%. In this study a waste heat
exchanger was added, so that large amount of waste heat in
waste gas was recycled.

Mr. Amitkumar G. Tiwari, Mr. Shubham S. Jane,
Mr. Pravin Katoke, Mr. Kunal Talmale, Mr. Kiritesh
Dongre[10]: Boiler efficiency is one of the most important
types of performance of boiler steam power plant. This paper
is concerned with Study on Efficiency of Boiler and Factors
affecting it. Boiler efficiency calculation by indirect method
is the best way to account all the Boiler losses. The important
step to improve the performance of Boilers is the detailed
study of the Boiler in the plant and then performing the
efficiency calculation. The flue gas loss in a Boiler is always
higher than any other loses the stack temperature is to be
monitored and reduced. To reduce the unburnt stack losses
the flue gas analyser should be used to calculate the excess
oxygen required. PH level of boiler water should be
maintained between 8.5 to 9.5 to avoid corrosion. Sodium
Sulphite can be used while internal heat treatment to avoid
corrosion due to oxygen in feed water. Fuel should be ensured
that it is of higher calorific value, low moisture and low ash
content. Much of this loss in efficiency is due to mechanical
wear on variety of components resulting heat losses.
Therefore, it is necessary to check all the equipments
periodically.

V. CONCLUSION

It is concluded that heat energy is wasted from plant in the
form of condensed water. It should recover waste heat in the
form of condensed water from the system to recirculate to the
economizer. Hence by mixing condensed water with boiler
feed water to economizer. Economizer shell is completely
filled with the flue gasses. There is cross flow heat exchanger
process takes place between boiler feed water and flue gas.
Boiler feed water is heated up to its boiling temperature by
consuming the heat from flue gas. It can increase the heat
transfer rate and increase the temperature at outlet of
economizer feed water. The flue gas CFD analysis of
economizer can be useful to gain insight to the gas flow
distribution. Efforts are made to measure the pressure and
ttemperature distribution of flue gases at the economizer tube
it will be useful to find the effect of the operating parameter
on the tube pressure distribution inside the economizer.
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