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Abstract—Economizers are used in conventional coal-fired thermal power plant to reduce the wastage of thermal energy through flue
gases and increase the efficiency of boiler. This helps the industry as there is increase in profit. From the previous numerous research we
have found that, the efficiency of economizer can be increased by using different passive, active and compound techniques. There are a
number of passive techniques which can be used to enhance the heat transfer of an economiser. Some of the commonly used passive
techniques are rough surfaces, treated surfaces, extended surfaces etc. Our project mainly concentrates on the serrated fins +Rough
surface. There have been work on serrated fins extended surfaces in case of heat exchangers but less amount of work has been done in
case of economizers. Our work concentrates on the twisting of blades of serrated fins and the effect it produces on the efficiency of
economizer using CFD model. We will be comparing the CFD result with the industrial data.

Index Terms— Economizer, flue gases, heat exchangers, CFD.

1 INTRODUCTION

Effective utilization of available energy becomes very im-
portant which is possible by using effective devising. When it
is concerned with heat energy the devices are heat exchangers.
A heat exchanger is thermal equipment, which is built for effi-
cient heat transfer between two fluids of different tempera-
ture. The economizer is a mechanical device used to preheat
boiler feed water before it enters the boiler drum by utilizing
the waste heat captured from boiler flue gasses.It is absolutely
necessary that this equipment be used to recover heat. Subse-
quently, this equipment has an important effect on energy use
trends in each industrial sector

These techniques adopted typically increase the fluid
mixing by increasing flow vorticity, turbulence or by limiting
the growth of thermal boundary layer close to the heat transfer
surface. Passive techniques are widely preferred to use for
heat transfer enhancement due to the advantage of simplicity,
easy to manufacture and cost-effectiveness.
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Fig.1. Schematic diagram of the economizer for multi-
passcounter cross flow [2]

2 LITERATURE SURVEY

A.J. Mahmood ET, al [2019]: constructing and test single-
pass and double-pass solar air heaters (SAHs) with four trans-
verse fins. Demonstrate a significant improvement in the

thermal efficiency and outlet air temperature.

Tian et al. [2015]: The comprehensive numerical analysis for
fully developed forced convection heat transfer on a staggered
circular pin fin. Studied on geometric parameters the fin di-
ameter, fin height, and fin number have positive effects on
heat transfer and negative effects on improving thermo hy-
draulic performance.

Bharadwaj et al. [18]determined pressure drop and heat trans-
fer characteristics of the flow of water in a 75-start spirally
grooved tube with twisted tape insert. It is found that the di-
rection of twist (clockwise and anticlockwise) influences the
thermo-hydraulic characteristics (Fig.2.5). Constant pumping
power comparisons with smooth tube characteristics show
that in spirally grooved tube with and without twisted tape,
heat transfer increases considerably in laminar and moderate-
ly in the turbulent range of Reynolds numbers. However, for
the bare spiral tube and for a spiral tube with anticlockwise
twisted tape.

3 METHODOLOGY

The gas - water side heat transfer and pressure drop behaviour
of an inline bare tube economizer investigated in a three-
dimensional numerical study. An attempt was made to model
and analyse the existing economizer using computational flu-
id dynamics (CFD) tool. The numerical results are compared
with industrial data.
3.1 Problem Solving Approach in CFD
The basic steps involved in solving any CFD problem are as
follows:

¢ Identification of flow domain.

e  Geometry Modeling.

e  Grid generation.
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e  Specification of boundary conditions and initial con-
ditions.
e  Selection of solver parameters and convergence crite-
ria.
¢ Results and post processing.
The procedure to set-up and run a successful simulation in
ANSYS Fluent, for a fluid flow problem, consists of a series of
steps that are completed sequentially as outlined below

Idenfification of flow domain “_.‘ Geometry IModelling

Specification of boundary «— Grid generation

3

‘_I—p Results and post processing

Fig:2Flowchart of CFD

a. Construction of the geometrical model using program such
as SolidWorks.

b. Meshing of the fluid domain and setting up boundaries of
the geometrical model into discrete volumes using appropri-
ate meshing parameters and techniques via ANSYS Meshing.
It is advantageous to have smaller volumes near the points of
interest of the model and areas where the physical phenomena
of the fluid will be more prevalent and important.

c. Determination and selection of the appropriate modelling
technique available in ANSYS Fluent that best conforms to the
conditions and phenomena of the flow situation of the prob-
lem.

d. Defining the boundary conditions and fluid properties.

e. Using the chosen solver in Fluent iterate for converged solu-
tions of continuity, momentum, energy and turbulence.
Physical and computational domain:

This research investigates the influence of the existing
design and operating parameters on fly ash particles deposi-
tion in heat exchanger tube bundles of water tube boiler -
economizer. Ash deposition on heat transfer surface is a seri-
ous problem in economizer. In order to evaluate the influence
of fly ash deposition on heat transfer tubes, a numerical analy-
sis on heat transfer performance is carried out on a 96.8 t/h
MCR (Maximum continuous rating) boiler unit. In this study,
thermal performance is investigated using computational fluid
dynamics (CFD) simulation using ANSYS Fluent 15. The foul-
ing factor € and the overall heat transfer coefficient 1 are em-
ployed to evaluate the influence of ash deposition. A numeri-
cal model has been developed based on the steady flow of flue
gas, particle diameter and gas velocity which influence the
deposition ratio. When ash particles impacts the tube wall, the
deposition model have been implemented using descrite
phase model (DPM) to determine the particle’s state and dis-
crete random walk (DRW) model is used to simulate the char-
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acterics of turbulent dispersion. The model demands signifi-
cant computational details for geometric modeling, grid gen-
eration, and numerical calculations to evaluate the fly ash
deposition on thermal performance of an economizer.

4 GOVERNING EQUATIONS

Governing fluid flow equations
To describe the fluid flow characteristics in the 3D computa-

tional domain, the following
Governing compressible fluid flow equations
Continuity equations:

du; dp
—+—=0...1
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Momentum equation:
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Energy equation
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Here o denotes the fluid density, t the time, ui the velocity

component in i direction and xi the Cartesian coordinate, p is

the pressure, gj is the gravitational acceleration, h is the specif-

ic enthalpy, T is the temperature and A is the thermal conduc-

tivity coefficient. Tij stands for the viscous stress tensor.

4.4.2 Governing equations for the incompressible fluid flow equa-
tions

To describe the steady state fluid flow characteristics in the 3D

computational domain.

Continuity equation:

E =

dx;

From the first law of thermodynamics, the energy equation is
derived as the net rate of increase in energy, this equals the net
rate of heat added to fluid plus the net rate of work on the flu-

id. When the fluid flow is considered, the thermal energy is

much higher than the kinetic or potential energy.
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Energy 4.4.3 for an incompressible flow under steady state condi-
tions, the equations

Bluilpes+pl) _ 2@ (.1 - ET)

dx;i dxi

The heat conduction equation solved in the solid is pre-
sented as:

dlpsh) & Ty _
£ —E(}Lsﬁ)—ﬂ .................. ©)

Where h=CT. Here, 0s, Csand Asare density, specific heat and
the possibly anisotropic conductivity of the solid.
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Fig.3 Simulation model with the boundary conditions adopted for
the economizer
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Grid dependency is the term used to describe the improve- "1l
ment of results by using successively smaller cell sizes for the ’
calculations. A calculation should approach the correct answer
as the mesh becomes finer, hence the term grid convergence.
The normal CFD technique is to start with a coarse mesh and ‘ X
gradually refine it until the changes observed in the results are “\
smaller than a pre-defined acceptable error. However, the de- T~
veloped algorithm that diverges very little as the cell size is —
increased making it much easier to obtain the necessary
CONVERGENCE_1983803 cells S
1) Residual RMS Error values have reduced to an ac-
ceptable value (typically 10-%) Fig:6 RMS residual values
2) Monitor points for our values of interest have reached
a steady solution.
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Fig:7 Temperature counters 7
5 RESULTS AND DISCUSSIONS
The simulation is defined for the shell and tube economizer 8.
with the mass flow, static Temperature at the inlet ans average
static pressure at the exit. The steady state solution is obtained 9
up to a convergence of le-5 with high-resolution. The tempera-
ture streamline plots are obtained for complete one tube row
and 20 numbers of tubes in a row.
10.
It can be obtained that the temperature difference and pres-
sure drop of simulation result between the inlet and outlet flue
gas are not in agreement with the industrial values. This is
mainly due to the fact that size of the mesh quality. 11.
The moniter convergence with residual alues 107-5 has
reached tolerance. But after reaching specified residual value 12.
the solver starts oscillating. Further for better accuracy run the
CFD simulation using second order discretization. However
the results presented in this report still under investigation.
Some changes may still place to attend required results by 13
using grid independent. These results consider as a case study
under investigation. 14.
6 FUTURE WORK
Future scope of work as been carried out by aasuming the fin 15.
parameters
1. Twisting of the blades of serrated fins.
2. Meshing of the economizer for 1 tube row.
3. Analysis of the meshed row and comparison with the data 16
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