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ABSTRACT

This paper presents a simulation of the economizer zone, which allows studying the flow patterns developed in
the fluid, while it flows along the length of the economizer. The past failure details revels that erosion is more in
U-bend areas of Economizer Unit because of increase in flue gas velocity near these bends. But it is observed
that the velocity of flue gases surprisingly increases near the lower bends as compared to upper ones. The
model is solved using conventional CFD techniques by FLUENT software. In which the individual tubes are
treated as sub-grid features. A geometrical model is used to describe the multiplicity of heat-exchanging
structures and the inter connections among them. The Computational Fluid Dynamics (CFD) approach is
utilized for the creation of a three-dimensional model of the economizer coil of single column tube. With
equilibrium assumption applied for description of the system chemistry. The flue gas temperature, pressure and
velocity field of fluid flow within an economizer tube using the actual boundary conditions have been analysed
using CFD tool.

This study is a classic example of numerical investigation into the problem of turbulent flows in U bends for the
pressure drop and velocity variation in the flow so that it helps in design the economizer with low pressure
losses for the thermal power plants.
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I. INTRODUCTION

In boilers, economizers are heat exchange devices that heat fluids, usually water, up to but not normally beyond
the boiling point of that fluid. Economizers are so named because they can make use of the enthalpy in fluid
streams that are hot, but not hot enough to be used in a boiler, thereby recovering more useful enthalpy and
improving the boiler's efficiency. Using an economizer can increase feed water temperature and reduce the
amount of heat required in a boiler. The amount of heat that can be transferred and the upper limit of feed water
temperature depend primarily on boiler (steam) pressure and temperature of flue gases discharged from the
boiler. Transferring heat from the flue gases to the feed water will lower flue gas temperature. Economizer
reduces operating costs or economies on fuel by recovering extra energy from the flue gas. The ultimate goal of
economizer design is to achieve necessary heat transfer at minimum cost. A key design criterion for economizer
is maximum allowable flue gas velocity. Higher velocity provides better heat transfer and reduces capital cost.
The control over the fluid flow is absolute to increase the efficiency of the economizer and CFD modelling is a

good tool to study the fluid flow, to improve the efficiency of economizer by reducing the number of tubes of
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existing model. The strategy of how to recover this heat depends in part on the temperature of the waste heat
gases and the economics involved. Large quantity of hot flue gases is generated from Boilers, Kilns, Ovens and
Furnaces. If some of this waste heat could be recovered, a considerable amount of primary fuel could be saved.
CFD has evolved as important tool for modelling of coal fired boiler and it can useful to quantify the fluid flow
field and pressure distribution with the boiler economizer. Hence FLUENT software was used to study the

velocity and pressure distribution of the working fluid inside the economizer.
I1. DESCRIBING THE MODEL AND SIMULATIONS

A three dimensional model of an economizer is model with the standard specifications and dimensions from an
industry, by using the software tool ICEM CFD. In the ICEM CFD, the economizer was modelled and meshed
with the tetrahedral scheme. For this analysis, single unit of economizer is considered and modelled to observe
the flow phenomenon and pressure drop in each step tube and the overall pressure drop of the economizer unit.
It consists of 12 parallel pipes of 30 meters long and 23 C-shaped connecting tubes on either side of the parallel

tube as shown in figl.
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Fig. 1
I11. MESHING & SOLVING

The modelled geometry was under gone discretization process, with the help of Mesh tool available in the
ICEM CFD tool. On meshing the geometry in the ICEM CFD tool, it was observed to had quality of 0.72 in the
relevance standards of the ICEM CFD tool. With the satisfactory mesh quality, it is found that it has:

Fig. 2

Fig. 3
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IV. BOUNDARY CONDITIONS

On discretising the geometry, the specific boundary conditions should be assigned to the surface of the
elements, which decides the behaviour of the element to the solver. The following working and boundary
conditions are to evaluate the performance between the right angled and circular tube pipes. In the fluent solver,
the following boundary and solver conditions are used:

Model: Solve under energy equation with viscosity k-epsilon equation with standard wall function, with the
possibility of viscous heating.

Material: Steel for the pipe wall and water vapour for the volumetric domain (fluid).

Boundary conditions: Inlet as mass flow rate as 71.5572 kg/s; with inlet pressure as 450000; with temperature
531 K; and with turbulent kinetic energy 1 m#/s2; turbulent dissipation rate 1 m2/s3; outlet as default outflow
conditions and the wall temperature as 300 K.
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VI. THERMAL ANALYSIS
Velocities and Pressure Profiles:
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Temperature Profiles:
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VII. SUMMARY

From the obtained results, it is observed that the working fluid is accelerated at the C sections of the economizer
tube. It was also observed from the obtained contour plots, the stream tube of the flow decreases in the C-section
pipe, and resulting in the increase in velocity, which evident to the conservation of continuity equation. It has
the maximum and minimum velocity magnitude as 7.535e-2 and 7.23e-3 respectively. Due to inertia of the
fluid, to change its direction, the stream tube cross sectional area modifies to change its direction. Since
considering working fluid as incompressible fluid, to compensate the change in cross sectional area, the fluid
gets accelerate inside the stream tube, in the physic principle of mass conservation, which in other words, its
satisfied the continuity equation. The pressure drop simulated in the economizer is that, it has the drop of 2.3 Pa,
with reference pressure of 476000 Pa for every pipe. The overall pressure drop is measured 23 Pa across inlet
and outlet.
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