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Abstract

Boiler consists of several types of interconnected heat exchangers like superheater, re-
heater, economizer and boiler drum in which fluid flow and heat transfer processes takes
place. It is very important to carry out heat transfer analysis and estimate the wall
temperatures of various components for the safer and efficient operation of these com-
ponents. In the present study, the dynamic behavior of flue gases to water/steam heat
exchangers of a typical 500 MW Thermal power plant components are studied using the
mathematical modeling and computer simulation. Various boiler components like super-
heater, reheater, economizer and boiler drum are modeled under connected conditions.
The convective heat transfer coefficient, non-luminous heat transfer coefficient and heat
transfer calculations are done using correlations available in the open literature. In the
sections where radiation is applicable, appropriate amount is considered. The equations
represented in the entire processes of boiler are in the form of ordinary differential equa-
tions. Based on the mass balance, heat balance and heat transfer models, differential and
algebraic equations are formulated. The steady state and dynamic equations thus formed
are solved using Excel along with Visual Basic Application (VBA). Advanced Continuous
Simulation Language (ACSL-X) solver is used for solving the differential and algebraic
equations. All the fluid/steam properties and transport properties for flue gases (with
moisture) are considered under variable temperature conditions. From the simulation,
convective heat transfer coefficient, non-luminous heat transfer coefficient, heat trans-
fer rate for steam/water and gas side, wall/metal temperature at inlet and outlet have
been determined. The deviation between simulation results and tested data was found
within 0% to 1 % in the case of heat transfer coefficients, 2% to 7% in heat transfer rate
and 0% to 0.7% deviation in steam temperature at outlet of superheater and reheater;
which shows very good agreement. Inspite boiler heating sections, we also done modeling
and simulation for turbine casing where similar methodology applied as heating sections
of boiler. The obtained results of turbine casing was also found good agreement with

expected trends.
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Chapter 1

Introduction

1.1 General

1.1.1 Bharat Heavy Electrical Limited (BHEL)

BHEL is an integrated power plant equipment manufacturer and places strong prominence
on innovation and creative development. The Corporate R & D division at Hyderabad
aimed not only at improving the performance and efficiency of existing products, but
also developing new products using advanced technologies and processes. Power plant
dynamics and simulation laboratory has ability in mathematical modeling of system,
control system design and tuning, power plant performance diagnostics and optimization

and development of power plant training simulators and dynamic simulation studies [I].

1.1.2 SIMHADRI power plant

SIMHADRI thermal power plant owned by NTPC is a modern coal fired plant of total
capacity 2000 MW commissioned from 2002. This plant is a combination of independent
generation of four units and each units has a capacity of 500 MW. The quantity of coal
for 1 unit is approximately 340 TPH having calorific value is around 3300 Kcal/kg. It
is situated in the Vishakhapatnam, Andhra Pradesh. 1000 MW Power generated by
the units 1 and 2 is supplied to companies under the government of Andhra Pradesh and

remaining 1000 MW from units 3 and 4 is supplied to Odisha, Tamil Nadu and Karnataka

2.

1.1.3 Need of simulation

Dynamic simulation is the replica of the operations of a actual world processes over time
or we can say that it is an attempt to model a real-life or hypothetical situation on a
computer so that it can be studied to see how the system works. Simulation has to be

done for trained the employees on the computer for their tasks and required operations by



preparing a hypothetical model, which behave same as actual power plant. The tasks like
starting up a plant following an overhaul, and also it helpful to control and maintain the
different parameters of power plant. When the power plant is in running condition then at
that time, parameter of actual plant can not be changed so that first required parameter
tested on simulated model and then apply it to actual plant. So that plant operators
can monitored online easily. Hence, problems can be marked in good time and corrected.
So that the efficiency of power plant can be improved under best possible operating
conditions. But, first an mathemtical model is required to simulate something which
presents the main characterstics, behaviour and functions of the actual plant. Hence, we
can say that model represent the system itself whereas simulation represents operations of
plant with time. Hence, through the resolution of mathematical model we can represent
the behaviour of real process called simulation[3]. The simulation also carried out for
performance optimization, safety engineering, testing, training, education. The models
are accurate in the range of few tenths up to a few thousand of a second as they signify

whole plant.

1.2 Thermal power plant

Thermal power plant generates electricity by converting energy stored in coal into shaft
work which further converted into electrical energy by the help of generator. In the
whole process of thermal power plant first, generation of steam at high temeperature and
pressure in the boiler is take place by burning of fuel which gives energy to water after
it shaft work produces by the turbine due to expainsion of steam at low pressure. In the
condenser, exhaust steam from turbine is condensed by releasing heat to cooling water
in a river or sea and then by the help of pump, the condensed water again sent back to
the boiler, and this cycle is repeated to generate electricity. Figure 1.1 shows the typical

illustration of thermal power plant.
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Figure 1.1: Tllustration of a typical thermal power plant [4].



1.3 Power plant cycle

The basic cycle used in thermal power plant is called rankine cycle which works on dual
(vapour and liquid) phase cycle where water is used as working fluid. In the ideal Rankine
cycle, there are two isentropic and two constant pressure processes. At state 1, water
enters to pump as saturated liquid and isentropically compressed to operating pressure
of boiler hence temperature of water increases due to slight decrease in specific volume of
water. At state 2, water enters to boiler as compressed liquid and exit as a superheated
vapour at state 3. After it superheated vapour enter to turbine where isentropically
expansion takes place and produce work by rotating shaft connected to generator. At
state 4, exhaust steam from turbine enters to condenser where steam is condensed at
constant pressure and reject heat to a cooling medium like lake, river etc. After it, steam
enter to pump by leaving condenser as saturated liquid and complete the cycle. Figure

1.2 shows all the processes of ideal rankine cycle.
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Figure 1.2: Ideal rankine cycle [3].

The actual vapour power cycle is different from ideal rankine cycle due to irreversibility
in various components. The main reason for irreversibility are fluid friction and heat loss
to surrounding, hence pressure and cycle efficiency reduces respectively. For improving
the efficiency of a rankine cycle, reheating and regeneration principles are described. In
the reheating, before going to the intermediate pressure turbine, reheaters are used to
increase the temperature of exhaust steam coming from the high pressure turbine and
removes moisture carried by steam at final stage of expansion process.Whereas according
to regenerative principle, in the subcooled region, the specific heat of water is very high so
that large amount of heat is required in this region. The steam extracted from turbine is

used to heat the condenser water so that water enters the boiler at a higher temperature



and consequently the heat supplied in the boiler is less and thermal efficiency can be

improved [6]. Figure 1.3 descibes all the processes of reheat and regenerative cycle.
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Figure 1.3: Reheat cycle [7] and regenerative cyclelg].

1.4 Boiler

Boiler is used for steam generation which consist of several heat generating units like fur-
nace, boiler drum, superheaters, reheater, economiser, safety valves, drain valves, control
valves etc. To achieve required steam at rated parameter, a complex coordination of all
these units is required [9]. In the present modeling, the classification of boiler as shell and

tube arrangement are as follows:

e It is water tube boiler where steam or water flows in a tube and heat is given from

outside surface by the help of flue gas

e It is a fired type boiler where heat is produced by the help of product of fuel

combustion.
e It is a forced circulation boiler.

e [t is internally fired type because furnace is completely surrounded by water cooled

surfaces.
e The rated efficiency of boiler is 87%.

Hence the simulators should build accurate and refined performance prediction boiler
model to represent the actual processes happening during the operation. Figure 1.4 shows

the layout of boiler.
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Figure 1.4: Layout of boiler [10].

In the above figure, the several components are denoted as below,
1. Economiser.

Boiler drum.

Downcomers.

Water walls.

Water wall platen.

Low temperature superheater.

Panel superheater.

Platen superheater.

e A

Front and Rear reheater.

10. Burners.

11. Tgnitors.

12. FRS is called feed regulating station.



1.5 Major components of boiler

The description of all the main components of boiler are as follows:

1.5.1 Furnace

Furnace is used for generating steam in which chemical energy of fuel is converted into
heat energy which is absorbed by the heating surfaces of boiler. There are two types of
furnace i.e. chamber type (flame) furnace and grate-fired furnace. In the chamber type,
combustion takes place in the space above fuel bed. The size of fuel particles, mixing
of fuel and surface area are the physical factors while concentration of reactants and
temperature are the chemical factors of combustion of fuel in furnace. In a pulverized
coal firing system, the mixture of powdered coal and air is drawn through the burners
into the furnace where coal particles are heated at high temperature flame as a result
volatile matter is distilled off, hence coal particles become very small sponge-like masses
of fixed carbon and ash. Whereas due to mixing of oxygen of air with volatile matter,
quick burning takes place. so that due to reaction of oxygen of hot air with carbon
surface, energy is released. Ash formed due to combustion are partly falls to the bottom
of furnace and remaining taken by gas stream as fly ash to flue gas outlet or set down on
heating surfaces of boiler[d]. Whereas, water is circulated through the water wall tubes
and generates steam. These water wall tubes are joined together in headers and connected

to steam drum.

Through the forced draft fan, atmospheric air is heated in the air heaters and sent to
the furnace as combustion air. Induced draft fan extract the flue gas from furnace and
balance draft in the furnace (-6 to -15mm of water column) with forced draft fan. So
that, various superheaters takes heat energy due to emmission of flue gases and finally
these flue gases goes to the electrostatic precipitator through air preheaters. Hoppers are

take place at bottom precipitator which collected these ash for disposal.

1.5.2 Water walls

These are vertical tubes and connected at the top and bottom to headers inside the
furnace, used for heating and evaporating the feed water supplied to the boiler from the
downcomers. These tubes take water from the boiler drum by means of downcomers
joined between drum and water walls lower header. Absorbed heat by water walls is used
as evaporation of water supplied to boiler. From the top of water walls tubes, mixture of
steam and water is discharged into the upper wall header and then passes through riser
tubes to the steam drum, where steam is separated and water with the incoming feed

water is returned to the water walls through the downcomers [9].



1.5.3 Boiler drum

It is situated at upper front of boiler where separation of water will take place from the
steam generated in the furnace water walls. In a drum, mixture of water and steam enters
where water and steam gets seperated, so steam goes to superheaters and saturated water

comes downward.

Drum is used to store water and steam in sufficient amount to fullfill the need at time
varying load, to maintained circulation ratio, for seperation of vapour from the water
and steam mixture and also for providing sufficient surface area for liquid and vapour

disengagement.

1.5.4 Superheater

Superheaters are used to increase the main steam temperature from saturated condition.
These are the tubular cross-flow heat exchangers. They also increases overall efficiency
and turbine internal efficiency by reducing moisture content in the final stages of turbine.
They required large heating surface area as more than 40% of total heat absorbed in
the generation of steam are happend in superheaters. Their classification is according to
their shape of tube banks and header position. And also according to either they absorbed
heat by convection, radiation or combination of both. Following are the different types of

superheater:

e Pendant superheater or radiant superheater: Pandant superheaters are sup-
ported or hanging from their headers like hanger superheater and waterwall hanger
whereas radiant superheaters are located at top of the furnace and absobs heat by
direct (luminous) radiation from the furnace like platen superheater. Hence, radiant

superheaters are type of pandant superheaters.

e Horizontal superheater or Convection superheater: They are horizontal type
with arrangement of tubes across the boiler and also they are self draining which is
useful during lighting up hence these are used as primary superheater. They absorb
heat mainly due to flow of hot gas around tubes. Example: Low temperature

superheater, superheater cavity, superheater screen|9].

1.5.5 Reheaters

After loosing heat energy in the high pressure turbine, the exhaust steam comes into
the reheater where temperature of steam increases and goes to the intermediate pressure
turbine for further expansion. Hence, the main aim of reheating is to add energy to the

partially used steam. Reheaters increases the capacity of power plant, reduces corrosion



and steam consumption of steam turbine. Their construction and arrangement are alike

superheater[9].

1.5.6 Economiser

Economizer are used in a steam generating unit to add sensible heat to the feed water
by absorbing heat from the flue gas before the water enters into the evaporater of boiler.
Hence, it is a heat exchanger which increases feed water temperature leaving the highest
pressure feedwater heater to saturation temperature corresponding to boiler pressure. It
is located at ahead of airheaters and following low temperature superheater and reheater,
hence they all take place in same casing. In this, water is flow from bottom to top so that
if steam is formed during heat transfer can go along with water hence overheating and

failure of economizer tube can be neglected[9)].

1.6 Circulation of water in boiler

In natural and controlled circulation, water is circulated through the steam generating
surface from the drum and back to the drum after seperation of steam. Through the
downcomers, water leaves the drum where temeprature is slightly less than saturation
temperature. The water flow in the water wall is at saturation temperature whereas heat
absorbed by water in water walls is latent heat of vapourization which forms mixture of
water and steam. Hence, circulation ratio is defined as ratio of weight of water and weight

of steam of the mixture leaving the heat absorption surfaces.

1.7 Gas flow path in boiler

The mixture of fuel and hot air drawn into the furnace where combustion will take place
hence flue gas produced having high luminosity goes to panel and platen superheater. Due
to direct contact of luminosity, the radiation effect is also high in the platen superheater.
After it flue gas drawn on to the front and rear reheater and then goes to low temperature
superheater and economizer. Figure 1.5 shows block diagram of typical arrangement of

heating section of boiler where gas and steam path are clearly shown.
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Figure 1.5: A Typical arrangement of boiler heating sections

1.8 Steam flow path in boiler

In the furnace, flue gas heats the water present in the water walls to form vapour. The
vapour goes to the steam drum, where separation of steam and water will take place. From
the downcomers, the water comes down. The steam present in the drum is saturated steam
which cannot rotate turbine so first it become superheated by the help of several heat

exchangers like superheaters and reheaters.

Hence, after drum the steam goes to the low temperature superheater where small increase
of temperature will take place. Then it goes through the panel and platen superheater

where steam become further superheated and goes to the high pressure turbine. From the



high pressure turbine, the steam sent to the front and rear reheaters section and then sent
to intermediate pressure turbine. After it, the reheated steam can rotate the turbine and
produced work by shaft connected to generator. The spent steam from the low pressure
turbine sent to the condenser, where steam gets condensed and form water. By the help
of pump and deaerator the water sent to the economizer where preheating of boiler feed
water will take place before going to the steam drum. Figure 1.6 gives detailed flow chart

for steam path in the boiler.
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Figure 1.6: Flow of steam through all components of boiler

1.9 Turbine casing

It is modeled as cylinderical pipe inside which flow of steam is take place. Inside the casing
there is a shaft on which moving blades are attached wheres the static blades are at inside
surface of casing. Casing is surrounded by insulation to minimize the heat loss. Broadly
turbine casing are classified in three catogories i.e. high pressure casing, intermediate

pressure casing and low pressure casing.

e High pressure casing: For good sealing against steam leakage, the top and bottom
halves of casing are linked together at flange joint with the help of heat tightened
studs whereas on the nozzle box, four steam chests i.e. two on top and two on sides
are welded. For circulate steam flow to the turbine according to requirement of

load, four control valves are fitted to steam chests[9].

e Intermediate pressure casing: They are made in two parts i.e front and exhaust
part and they connected by vertical joint. Both the parts containing two halves

having horizontal joint which is protect by help of studs and nuts. On the casing
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itself the control valves are take place whereas nozzle boxes are cast with the casing.
Steam is going through the cross over pipes into the double flow low pressure cylinder

from the casing[9].

Low pressure casing: In this, there are three parts i.e. one middle part and
two exhaust parts. By the help of vertical flange, the exhaust and middle casing
are bolted. Through the turbine centre line, casins are seperated in the horizontal
plane. From the top, steam comes into the middle casing and seperates into two
equal, axial and opposed flows and pass through four stages and then steam expands
below to the condenser pressure whereas through the last stages remaining steam is

expands|[9].
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Chapter 2

Literature Review

2.1 General

In this chapter literature pertaining to analysis of thermal power plant components is

presented.

2.2 Literature review

Gomez et al. [II] have done the mathematical modeling and simulation in convective
zone of power generation boiler for calculate shell side, tube side thermal field and tube
wall temperature. For shell side continuity, momentum and enthalpy equations are solved
whereas for tube side only enthalpy conservation equation are solved and for tube wall only
energy conservation equation is solved. Then CEFD simulation is done in which individual
tubes are considered as sub-grid features and validated by comparing with simple heat
exchanger geometries which can be solved with analytical methods then applied to an

actual 350 MW power station boiler. Figure 2.1 described convective zone of boiler.

= Flue gases

Figure 2.1: Schematic of the simulated convective zone
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Mudafale [I12] presented mathematical modelling of reheater section. Because in power
plants, the major losses are take places in heat exchangers like reheater and superheater.
In design of Reheater, spacing of tubes, fuel gas velocity, steam temperature control and
material selection are important parameters. Material used by BHEL in reheater system
are ASTM specification. Model prepared is based on conservation of mass, momentum and
energy principles and explain fundamental physical process that determine interactions
among the input variables like steam temperature, inlet mass flow rate, inlet flue gas
temperature and mass flow rate of flue gas whereas output variables are various thermal
parameters like main steam pressure, temperature etc., so this mathematical model of

reheater can be helpful to reduce the faults.

Li et al. [I3] prepared computer program on drum boiler start-up simulation programme
(DBSSP) for simulate start up process for controlled circulation and natural circulation
boilers in which mathematical model is developed on the principle of mass, energy and
momentum conservation equations. Lump Model is used for both drum and downcomer.
For controlled circulation boiler, downcomer flow rate(WWpe) is determined by balance
between driving force of circulation pump, driving head of natural circulation and pressure

drop of loop.

dWpe [ pdegHpe — fOLT prgSinfdz — AP, — APpc + AP, 2.1)
dt Lpc/ape '
Whereas for natural circulation boiler, there is no circulation pump on downcomer.
dWpe [ pdegHpc — fOLT prgSinfdz — AP, — APpe (2.2)
dt Lpc/ape ’

Also, in downcomer, pressure loss due to friction are calculated, whereas by calculating
mass conservation and energy equation and apply to each subsection of riser, enthalpy of
each subsection is determined. Similarly in drum, drum pressure, mass balance and energy
equations are determined in both liquid and steam zone. Then the programme DBSSP
is applied to simulate the cold start up process of 600MW controlled circulation boiler
and obtained result compare to their simulation results, so that with this programme

minimum start up time can be obtained.

Trojan and Taler [I4] investigated model for superheater taking into account the process
occurs on the side of steam and flue gas. Physical properties of fluid are functions of
temperature, axial heat conduction in tube wall and fluid heat conduction in fluid flow
direction is negligible, temperature and flue gas velocity are constant over channel cross
section before superheater and heat transfer coefficient on inner and outer tube surface
are uniform. Then, heat balance equations for steam, flue gas, tube wall covered with ash

deposit are solved.
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The convection and radiation heat transfer coefficient are also calculated by equation:
hy = he + hy, (2.3)

Where,

NU’C = hc(do+26a)/Kt

1+¢ T -T2
hy = I e B
7 €t<Tg—Tw

So the method is used for modelling operation of superheater under various operating
conditions like ash fouling on flue gas side, scale deposit on inner surface of tube and
non-uniformity of flue gas temperature distribution over duct cross section, changes in
superheater construction, also this method allows calculation of temperature of tube wall
not only in parallel or counter flow heat exchanger but also in mixed flow heat exchanger.
Figure 2.2 gives detailed information about coal fired utility boiler including natural cir-

culation.
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Figure 2.2: Coal-fired utility boiler with natural circulation
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Krishna and Singh [15] have done modeling to calculate heat flux by least square approach
for unsteady state heat transfer over gas turbine wall, steel reheat furnace and ceramic
kiln by assuming flat plate having thermal properties are constant with no heat genera-
tion within metal. For this, the estimated temperature match the measured temperature
as closely as possible over a specified time domain, this estimated temperature are com-
puted from the solution of direct problem by using the estimated heat flux components,
where measured temperature are recorded using a sensor and to ensure optimal matching
between measured and estimated temperature, we require that the least square norm is
minimized with respect to each of unknown heat flux components. Using MATLAB, so-
lution of least square approach is solved for wall of high pressure gas turbine. Equation

for cold side of wall as function of time,

Teont = (T — T’“”) t+ Thor (2.4)
L tinal
The steady state temperature reached after 60sec. and temperature measurement were
taken at four evenly spaced time of 15 sec. i.e. 15,30,45,60 sec., so using these conditions
of starting and ending times, temperature, sensor measurement, MATLAB programme
produced surface heat flux. With continuous monitoring of temperature distribution
and the properties of material, heat flux corresponding to temperature change could be
obtained and thereby heat transfer coefficient at every instant can be estimated. Figure
2.3 shows variation of heat flux with respect to the time for gas turbine and the compare

to the actual heat flux.
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Figure 2.3: Change of heat flux for gas turbine and comparison of actual and estimated

Madajski et al. [I6] developed a numerical model of steam superheater using control
volume based finite element method. Due to high value of pressure and temperature
in boiler, the superheater stages and individual passes are made of different law alloy
steel grade. To select appropriate steel, the maximum wall temperature of tube need

to be determined by the mathematical model in which, to determine wall temperature
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distribution in superheater tube, the control volume FEM were used. The methodology
of CVFEM formulation is based on heat conduction equation.The energy conservation
equation is solved at different nodes to calculate tube wall temperature by gauss seidal
approach. The pressure distribution is calculated by mass conservation and momentum
conservation equation using FDM. Then the model is applied to three different load of
boiler 100,60 and 35% are carried out for steady state calculation and result obtained

were compare with result of CFD simulation using star CCM+ to estimate accuracy of
model based on FVM.

Haq et al. [I7] presented mathematical model and simulation of industrial steam boiler
which describing the thermodynamic process, which take place in furnace using mass,
energy and momentum balance and simulate this model using SIMULINK which concludes
that pressure inside furnace increase linearly and reaches to steady state due to variation
of fuel flow inside boiler and due to law resistance of boiler. Figure 2.4 gives variation of

drum pressure with respect to the time.

Drum pressure [kPa)

Pressure [kPaj
.

time [min] (sec)

Figure 2.4: Variation of drum pressure with time

Chaibaksh and Ghaffari [I8] carried out the mathematical model on steam turbine based
on energy balance, thermodynamic principles and semi empirical equations to characterize
transient dynamic of steam turbine. Then the relevant parameter of developed model is
either determined by empirical relation or they are adjusted by applying genetic algorithm
based on experimental data obtained from complete set field experiment. Dynamic high
pressur turbine model is developed for which pressure, mass flow rate and temperature of
steam at input and output of each section is developed. Reheater model is also developed
based on thermodynamic principles and energy balance. Then the developed model of
turbine is simulate using MATLAB-SIMULINK and comparison between responses of
turbine-generator model with response of real system validate the accuracy of proposed

model in steady state and transient condition.
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Dulau and Bica [19] developed mathematical modeling for behaviour of steam turbine
in which many intermediate variables are neglected and focus only on input variables to
output variables, the model is based on continuity equation. Model is used to determine
simulation diagram for steam turbine with high, medium and law pressure stages. Also
using MATLAB-SIMULINK, the behaviour of output variables are determined like shaft
torque and depending on control valve position high pressur valve and low pressure valve

as input variable with uncertain parameters of process.

Bracco [20] prepared simulation model of steam drum based on heat transfer equation for
calculating the temperature and thermomechanical stress distribution inside the metal and
insulation of high pressure steam drum by the help of Fourier heat conduction equation

in cylindrical symmetry.
o°T 19T 19T
o2 ror  aor

Analytically solve steam drum equation under steady state and transient condition using

(2.5)

laplace equation and separation variable technique respectively and obtained numerical
solution by finite difference backward and forward method, so resultant discretized equa-
tion is,

T?H—At

7

a Ar Ar
= e [ (1 5) - (2 )+ )

Then two simulation model are present for steam drum, both are based on discretized
fourier equation. Both model differ in structure in SIMULINK i.e. first model SIM _CC

has static block structure while SIM_CC _m is more flexible because it has been developed

the discretized fourier equation in vectorial form and validate under steady state and
transient condition. Figure 2.5 shows variation of metal temperature with respect to time

at transient condition.
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Figure 2.5: Variation of metal temperature at transient state.
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Basu [21] investigated modeling approach to superheater of boiler using mass, energy and
momentum balance equation. The nonlinearity in the equation is eliminated using Taylor
series expansion and dynamic model based on obtained parameters have been made using
MATLAB. Figure 2.6 gives time response of specific enthalpy at superheter outlet and

for flue gas whereas figure 2.7 shows time response of superheater mean temperature.
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Figure 2.6: Time response of specific enthalpy at superheater outlet and for flue gas
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Figure 2.7: Time response of superheater mean temperature

Zima et al. [22] have done mathematical model with distributed parameters based on
mass, momentum and energy conservation equation for simulation of heat flow phenom-
ena occurring in water wall tubes of boiler for super critical parameters and for solving
these equations, two methods are proposed, one is by implicit difference method and
other is Runga Kutta method. By first one, on the basis of determined pressure and
enthalpy distribution, fluid density and temperature are evaluated. The second approach
to solve conservation equations by Runga Kutta method. Both method should follow this
condition,

AT < g (2.7)

w
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To verify these methods, the calculation is presented in a lignite coal fired boiler. The
distribution of water wall pipe temperature was determined by the help of CFD and
by comparing the result obtained from two methods and CFD analysis, a satisfactory

convergence was found.

PurbolakSono et al. [23] suggested method for estimating heat flux in superheater and
reheater tubes because it is important parameter to find out efficiency of steam generating
tubes, safety of tubes, boiler tube failures. So by using empirical formula correlating scale

thickness with Larson-miller parameter, the finite element modeling is proposed.

log z = 0.00022P — 7.25 (2.8)

T(C+logt)=P (2.9)

Where, x = scale thickness in mils, t = rupture time (hr), P = Larson miller parameter,
T = absolute temperature in degree Rankine and C' = constant = 20. Heat flux as both
temperature and scale thickness increases over period of time was determine using itera-
tive procedure. Figure 2.8 shows the heat flux and temperature variation with respect to

the time for different tube tube geometries and mass flow rate.
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Figure 2.8: Heat flux and temperature variation with time for different tube geometries
and mass flow rate.

Tzolakis et al. [24] have done mathematical modeling for steady state simulation and
overall thermal efficiency of 300 MW lignite fired power plant in Greece. In flue gas
circuit, mass and energy balance equation were applied for all components and concerning
the furnace and water wall, radiation and convection are the heat transfer mechanism.
Similar equations are used for superheater and reheater. Since the input fluid is a two

phase fluid and temperature is also known, hence by using saturated enthalpies, the two
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mass flow rates can be calculated with combination of mass and energy balance. In the
economizer, to calculate outlet condition for flue gases and water the energy balance, mass

balance and heat transfer equation are used. The overall efficiency calculated as,

Ntotal = Nthermal * 7] (21())

Then by using foreign objects (9P ROM S) number of variables, equations and parameters
of model were reduced. As a result, runtime of simulation was reduced. By the coupling
of two circuit i.e. water-steam circuit and flue gas circuit gave satisfactory result with
error not exceeding 1% and with minimal impact to efficiency of plant and we optimize
its operation to improve the efficiency while maintaining same electric power production,
which shows absolute improvement of 0.55% of overall thermal efficiency. Figure 2.9

compares the efficiencies of various circuits with overall efficiency for 300 MW plant.
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Figure 2.9: Comparison of the efficiencies of various circuits and complete plant efficiency

Makovicka et al. [25] presented mathematical modelling of steam and flue gas flow in
heat exchanger of steam boiler by the help of Euler equation in conservative form in
which we consider thermodynamic relation for enthalpy, continuity, energy and momen-
tum equation. Then numerical solution of system, pipe wall model and thermal transfer
and model of injection cooler suggest variant of finite volume scheme which is cell centred
in mass flow rate and then comparison with theoretically computed temperature profile

for stationary state in heat exchanger by solving system of ordinary differential equation.

Ludowski et al. [20] carried out CFD simulation and numerical model to determine the
temperature distribution of steam and tube wall of superheater tubes in which equation

of conservation mass, momentum and energy are solved using element based FVM and
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combination of Wilcox, k —w and k — ¢ turbulence models. Using ANSYS/CFX velocity,
pressure and temperature of steam and tube wall is computed in which finite element
number ranged from 790,179 to 3789,699 and mesh consisting of 1233,999 elements. Inlet
velocities,U;, = 16.7m/s,where gas side heat transfer coefficient a,= 200w/ (m?k) and for
mesh consisting of 1233,999, following values of heat flow rate were obtained,Q,.; = Qi =
57.266 KW, Relative difference obtained is (-0.656), So if number of element increases to
3789,699, the relative difference is almost the same and equal to -0.656. After it two
inverse problems are described. In first one heat transfer coefficient on flue gas side was
determine based on measured steam temperature at inlet and outlet of three pass steam
superheater and solve using secant method. Whereas in second inverse problem, it is
solved by Lavenberg-Marquardt method. And at every iteration step, a direct conjugate
heat transfer problem was solved using ANSYS/CFX software. Figures 2.10 shows tem-
perature distribution in the tube wall and steam in two cross section for U;,, = 16.7m/s
and a, = 200w/(m?k).
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Figure 2.10: Temperature distribution at distance of 2.8 m and 5.6 m from inlet.

2.3 Conclusions from literature review

The conclusions made from the literature review are as under:

e For the analysis of thermal power plant components, many researcher have done the

mathematical modeling and deveoped many equations.

e These equations are based on the mass, momentum and energy conservation phe-
nomena for calculating relative behaviour of temperatures, heat transfer coefficients

inside and outside surfaces of the components.
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e For simulation, these differential equations are solved using different tools like finite
volume method, finite element method, MATLAB, computational fluid dynamics
(CFD) by different researches.

e These methods when applied in actual power plant take lot of time for analysing

heat transfer processes.

e The present dynamic simulation methodology has capability to give results in real

time mode.

2.4 Objectives of the project

The objectives of the present study are as under:

e To carry out heat transfer analysis and wall temperature estimation of various com-
ponents of thermal power plant like superheater, reheater, economizer tubes, boiler

drum and turbine casing.
e To estimate the heat losses for generic thick walled components.

e To validate the simulation results with the actual data.

2.5 Methodology adopted

The methodology applied to achieve required goals is described below:

e Convective (forced) heat transfer coefficients, non-luminous heat transfer coefficients
and heat transfer will be calculated using correlations available in the literature.
Appropriate amount of radiation as input was also considered for the applicable

sections.

e Required fluid and material property library was used to evaluate the properties

like thermal conductivity, dynamic viscosity, density etc.

e The dynamic and algebraic equations was formulated for a given problem. It is

based on mass balance, heat balance and heat transfer models.

e The steady state and dynamic equations thus formed are solved using FExcel based
solver or ACSL-X solver.

e For all the components listed in the scope of work, one each case study was carried

out.
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Chapter 3

Mathematical Modeling of Boiler

Components and Turbine Casing

3.1 General

This boiler section mainly consists of superheaters, reheaters, economiser and boiler drum.
These components are constructed by a suitable sub models in the area of non-luminous
gas radiation and convective heat transfer. In this chapter, the correlation are used for
calculating all the parameters like convective and non luminous heat transfer coefficients,
inside heat transfer coefficient through steam side, heat transfer rate through steam and
gas side, calculation of wall/metal temperature and also LMTD calculation are shown

from open soures. Similarly the same approach is applied for turbine casing also.

3.2 Tube banks

Inside the superheater, reheater and economizer, there are several assymblies and in each
assymbly, there are several cylinderical tubes arranged in parallel arrangement. These
tubes are as important heat transfer surface used in boiler for steam generation in which
fluid flow normal to them so that they are heated. There arrangement either in-line or
staggered in the direction of flow. In in-line arrangement, without displacement in cross
flow direction, the column of tubes is placed exactly behind the next adjacent column
along the stream wise direction whereas in case of staggered every second column of tube
is displaced in the direction of flow. In our work, we consider the arrangement of tubes
is in-line. The arrangement is characterized by the help of transverse and longitudinal
pitches. Heat transfer related with tube is reliant on its position in the bank. Hence,
for determining the required design, performance and operating parameters, heat transfer
and flow characteristics must be required at every tube position[10]. At outside the tube,

the gas flow will take place whereas inside there is flow of steam. Due to gas film there
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is some temperature drop at outside the tube wall, after it the temperature drop will
take place due to the tube wall. Inside the tube wall there is a film formation due steam
hence again temperature drop will take due to steam film. Figure 3.1 gives heat transfer

philosophy through heat exchangers tubes.
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Figure 3.1: Illustration of heat transfer through tube wall

3.3 Conduction through tube wall

The implementation approach and mathematical equation used for conduction process

occurs in the tube wall are described below:
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3.3.1 Implementation approach

Calculation steps involved in conduction through tube wall, is illustrated in figure 3.2.
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from ASME

¥

Geometrical Calculation

4

Heat flux and Heat transfer coefficient
Calculation using Fourier conduction law

I

Metal Mass Calculation

L

Solve iteratively to find wall

and metal temperature

I
o)

Figure 3.2: Implementation approach for conduction

According to fourier law of heat conduction in the tube wall,

dT
Qmetal - _KAd_
xXr

(To - T’l)

thickness /1000

Qmetal =-KA
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For tubes, overall heat transfer correlation is given by:

Q = UAAT,, (3.2)
1 D D 1D D
- - 4F i e T -
U= T et oqgg T g

Where,
D = Outer tube diameter.

d = Inside tube diameter.

Fyo = Outside film fouling.

Fy; = Inside film fouling.

K = Thermal conductivity.

Total overall heat transfer coefficien’U’ is the summation of inside and outside heat trans-

fer coefflicient

3.4 Convective heat transfer modeling

Convection is a process which is happening due to motion of fluid. In which, cold fluid
takes heat from the hot surfaces. When fluid motion occurs naturally, called free natural
convection and when fluid motion occurs due to external force called forced convection
heat transfer. Both processes occur at different rates, the forced convection is being the
more common and rapid process. In the boiler, the forced convection heat transfer mode
is predominant. Inside the tube, convective heat transfer taking place between the steam
and the tube wall and calculated by required properties of steam whereas outside the tube,
convective heat transfer taking place between the gas and tube wall. The gas properties

are formulated based on the information available from open sources.

3.4.1 Implementation approach

The calculation steps involved in both convective heat transfer and non-luminous heat

transfer modelling, are illustrated in figure 3.3.
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 Calculation of flue Gas « DMean Beam Length
Properties _ Calculation -
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Solve required Parameters
iteratively to average gas
Temperature

Stop

Figure 3.3: Implementation approach for convective and non-luminous heat transfer

3.4.2 Convective heat transfer coefficient through gas side

We know that, total heat transfer coefficient changes with the depth of tube bank hence

if banks’ having ten or more rows in depth and flow is normal to tubes then [10],

Nu = 0.33F R Pro-3 (3.3)
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Where, Fyis factor which is depend on the arrangement of tubes in the bank.
If the banks are less than ten rows in depth then another correction factor Flyis added.
So that,

Nu = 0.33Fy Fy Re" Pr% (3.4)
We know that,
4 Nu.K
h, = M
Or,
: K
h, = 0.33R60'6PT0'335 (3.5)
Therefore,
K
he = 0.33FHFNR60'6P7“0'335 (3.6)
Hence,
he = h,FyFy (3.7)

Rate of heat transfer is also depend on the angle of gas flow with the tubes so another

factor "Iy is takes place. Hence,

he = h,FyFyFy (3.8)

Where,

Fy = factor depends on tube arrangement.

Fyx = factor depends on number of rows.

F4 = factor depends on angle of gas flow.

h,, = Basic convection heat transfer coef ficient.

h. = overall convection heat transfer coef ficient for clean tubes.

3.4.3 Non-luminous heat transfer coefficient through gas side

Radiation through gas side is take place due to luminosity and radiant properties of flue
gas. Hence, luminous radiation means direct contact of flue gas to heat exchanger or
boiler components whereas non-luminous gas radiation means, there is no direct contact
of luminosity of flame gas to the tube wall of heat exchangers. It happens due to radiant
properties of flue gas due to carbon dioxide, water and sulphur dioxide present in the
combustion of gas. Also, emissivity is the major factor of radiation. Partial pressure

exerted by individual gases and the gas layer thickness or we can say beam length are
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other factors which affect properties of radiation and gas temperature, tube surface and

tube wall emissivity are also important factors which included in our calculation. Hottel

and Sharan proposed their method to calculate non-luminous radiation heat transfer

coeflicient|10].

Hottel’s method,

h, = oe ((TﬁfTé,o)/(Tq—Tu,,o)> W /22

0 =D567%107% W/m2p2

And also
e=0.9(1—exp(—kL))
L =1.08 % ((STSL—U.785D2)/D) o~
ko = (08+1.6P,)(1=0.35T3/1000) (Pe-+ Pu) | /Pt Py oL
Where,

h, = Basic non — luminous radiation heat transfer coef ficient.

o = Stephan Boltzmann constant.

L = Radiant beam length.

St = Transverse pitch.

St = Longitudinal pitch.

Pe = Partial pressure exerted by CO,.

Py = Partial pressure exerted by tube wall.

Sharan method,

According to this method[L0], non-luminous heat transfer coefficient through HoO + CO,

at different temperature, beam length and partial pressure is calculated as:

Case 1: When the total pressure is one atmospheric, tube emissivity is 1 and temperature

is 300°C.

T, — 2192

h =P, |1
* 2068.8 — 170.41og,, X

n

Where,

X = L[(Po + Py) Py]™?

29

(3.10)



And
L = ((1.082  S1/p % S1/D) — 0.85) (D in inch/13)

P, = a, + a1z + asx®azz® + agx* + azz®

Where,
a, = 2.1007079 az = 3.39128
a; = 16.185383 ay = —0.538107
as = —9.934423 a; = 0.031373

By substituting values, we obtained P, is 11.442%507%2 Bty / ft>hr°F for 2’ is 0.12 t0 0.8 ft.atm.
with 0.2 % accuracy.

Case 2: If temperature of tube surface also not equal to 300°C', then

T4 e — Thr v T, — 572
K, = [134 bb~ — fgéfi} x [Tg — TM] for Ty < 300°C (3.11)
g,abs. g

1.90 % K, < 572°F) — 4.82
Ktzv 90 * K, < 572°F) 8]+1 for 300°C < Tyy < 600°C  (3.12)

0.25
1
Also, if tube emissivity not equal to 1, then

—_— Ew
B, +A,+ E A,

Wall emissivity 'E;, for oxidized steel is 0.79 and for stainless steel is 0.9. So that, the

K.

(3.13)

non-luminous heat transfer coefficient from radiating gases to the clean surface of tube is,

hn = h K K. (3.14)

Where,

Py = Partial pressure exerted by HyO.

T(g,abs) = Absolute mean gas temperature.

T(M, abs) = Absolute outside metal temperature.

Ty = Outside metal temperature.

K, = Factor associated in correction of hy for wall temperature.

K. = Factor associated in correction of hy for gas absorptivity.
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E,, = Tube wall emissivity.
Ay = CO; and HyO mixture absorptivity.

h,, = Non — luminous heat transfer coef ficient clean tubes.

3.4.4 Total heat transfer coefficient through gas side

Total heat transfer coefficient outside the tube is the summation of convective heat transfer
coefficient and non-luminous gas radiation heat transfer coefficient through gas side[10],

hence,

Where,
h. = convective heat transfer coef ficient.

h, = non — luminous heat transfer coef ficient.

3.4.5 Convective heat transfer coefficient through steam side flow-
ing in a tube
Convective heat transfer taking place between the steam and the tube wall. Where

convective heat transfer coefficient is calculated using the required properties of steam
[10].

Nu = 0.023Re® Pro-4 (3.16)
VD
Re = pre
il
1Cy
pr="22
"TK
Nu.K
h; = llt) in Kcal /hr.m*k (3.17)

Where Nu, Re, Pr are the Nusselt number, Reynolds number and Prandtl number.
And,

p = density of fluid

V =welocity of fluid

= viscosity of fluid

C, = specific heat of fluid

h; = heat transfer coef ficient of fluid
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3.5 Heat transfer rate calculation

Due to convection, heat transfer take place through gas and steam side[27]. To see heat
transfer philosophy refer figure 3.1.
Heat transfer through gas side,

Qg = mng(Tgvin - Tg,out)

Qg = O-/ha:mvo(Tg,avg. - Tw,o) (318)

Heat transfer through steam side,

Qs = mscp(Ts,out - Ts,in)

Qs = ahwmiAi(Tw,z’ - Ts,cng) (319)

Where, o, is the total heat transfer coefficient inside the tube which include combined
heat transfer coefficient due to steam, inside scale over inside surface area. Whereas a,zmo
is the total heat transfer coeflicient outside the tube which include combined heat transfer

coefficient due to gas, outside scale over outside surface area.

AOhami = fsal,tubeAi

Ahgmo = ffaO,tuber
Where,

combined heat transfer coefficient at inside (o tupe) and outside (o tupe) are as follows:

1 1 6,
QT tube hz K

Also,

Inside surface area,

A; = (2 % 1;) * heated tube length
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Outside surface area,

A, = m(2%71,) * heated tube length

or,

(3.20)

heati
Heated tube length = ( eating sur face area)

wD
Note: The calculation for J,; and o, , are in tube wall and metal temperatue calculation
section.

Where,

A; = Inside heating sur face area.

A, = Outside heating sur face area.

fs = 1 (detoriation of heat transfer because of inside scaling)

fr =1 (detoriation of heat transfer because of outside caling)

g = mass flow rate of gas.

ms = mass flow rate of steam.

K = thermal conductivity of wall material.

3.6 Tube wall and metal temperature calculation

For inner and outer tube wall and metal temperature calculation, following procedure
is adopted[27], where cross section and temperatures of the tube are illustrated in the

following figure 3.4.

'.'3-r.f.3

] N

N,

\

\.7.
WImo
“Lmii
i
= . ir
f i
'-KTwaiI.i V4
Tm,r' |
T S j
\ m,o
\ v __?
T A
\
wall, o ™
"
, . /
- , S -
. P
6rgc:

Figure 3.4: Tllustration of cross section and wall/metal temperatures of tube[27|
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Depth of inner zone,

Ori = Tmji — T
Depth of outer zone,

67“,0 =To—Tmo

Inner zone centre radius,

To — T4
2

rm,i:n—l—[ﬁ*( )] 0<f<1

Outer zone centre radius,

e [ (25
’ 2

Also, Outer radius,

7o = (2)/1000

Inner radius,

thickness
s =Ty — e —
1000

Wall thickness,

Tw =To— T
Where,
Boundary between inner and outer zone,

Ty =T + (0 %71y)

Mass of tube metal for inner zone,

M i = Psteer * T * (T? — rf) « (heated tube length)

Mass of tube metal for outer zone,

Mo = Psteet * T * (r}f — 7“5)  (heated tube length)

Specific of metal, C,, = 4200 KCal/k4c
Cm,i = Cm * Mm,i
C'm,o = Cm * Mm,o
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Using iterative method,T},, ;jand T, , are calculated. Hence, Rate of change of temperature

for a given time steps,

dTmﬂ‘ Cm,z’ * (dTmyi/dt)

= 3.27
dt Ch * My o ( )
dTm ) Cm o * (dvao dt)
= = 3.28
dt Ch * My, 0 ( )
Average mid wall temperature,
Tmiierae Tmoierae
Twall,a’ug. = Méterated) _|2— woliterated) (329)
Inner wall temperature,
<Tm o Tm z)
Twa z:Tmz i Tmyi 7 7 3.30
" 7 " (T . ) ' (Tm,o - Tm,i) ( )
Outer wall temperature,
(Tm o Tm z)
Twa OZTmi o~ T'my : : 3.31
i, it (ro — Tmg) * Ep—— (3.31)
3.7 Log-mean temperature difference
From the reference [28], LMTD equation is given as,
ATy — AT
LMTD = ATy, = =0 (3.32)
InT
AT,

Where, ATiand AT, are the temperature differences between two fluids at each end of
counter flow and parallel flow heat exchangers.

For counter flow,
AT T — Teo
ATy =T — T,
For Parallel flow,
AT Ty — Ty
ANy =Ty —Tep

Figure 3.5 and 3.6 gives temperature distribution in counter flow and parallel flow heat

exchangers.
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Chapter 4

Simulation of Boiler Componets

4.1 General

The steady state and dynamic equation (Refer chapter 3) formed based on conductive,
convective and non-luminous heat transfer processes which are formulated in the Excel
based programming tool called Visual Basic Application (VBA) are solved using Advanced
Continuous Simulation Language (ACSL-X). All the minor components have less heating
surface area, that’s why they have low effect on wall and metal temperature hence here
desciption of only major componets are described in detail. But in actual, modeling of all
the minor componets are also done in the present study. Simulation of all the sub-models

of boiler components is described below:

4.2 Superheater

In the superheater section, there are several components like SH-Roof, SH-Cavity, SH-
Screen, SH-Hanger, LTSH, LTSH-Terminal, Panel-SH and Platen-SH (For typical arrange-
ment of superheater, refer figure 4.2). From all of these components, large temperature
rise takes place in the LTSH, Panel SH and Platen SH as there heating surface area is
large around 4750 m? for LTSH and 1695 m? for platen SH while other components have
less heating surface area so temperature rise in steam is less. The approximate outside
tube diameter and thickness are 0.04m and 0.006 m for LTSH whereas for platen SH
0.05m and 0.007 m respectively, similarly longitudinal and transverse pitches are 0.09m
and 0.15m for LTSH while for platen SH 0.06 m and 0.76 m respectively. The number of
assymblies are around 95 in LTSH and 25 in platen SH. Detailed simulated work of LTSH

sub-model was presented below.

LTSH is a low temperature superheater or we can say that it is a primary superheater.
The saturated steam from drum is first comes to this component where steam become

superheated according to its heating surface area so that steam temperature increases
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in small range and small pressure drop will take place. Due to some amount of gas
heat coming from the furnace is used by the steam to become superheated, the drop
in temperature and pressure for gas side. The method used for calculate convective
and non luminous heat transfer coefficient, heat transfer rate and to calculate wall /metal
temperatures is described in chapter 3. Figure 4.1 gives detailed analysis for LTSH, where

gas path is shown by pink color and steam path is shown by brown color.

LTSH ffavg 376 164976
LTSH tWallnner 378 792827

LTSH thl 378 Q26073

LTSH MO 381362502 B
LTSH WalCuter 381 497744

LI%5H fgavg 653 603185 i

- o Bunter33 LTSH Port3 Press -80.00
L T5H HoutResidual 0.000145 LTSH Portd Teamp 71245
LTSH fgouResidual 0.000031 Ere A 1
LTSH dtMibydt 0 000087 LTH Portd Flow 21136129.72
LTSH diMObyd: 0000096

LTSH Port? Press 154 60
LTSH Port? Tamp 388 22
LTSH Port? Flow 145344105

B
-

Boundaryli

LTSHre 28.27

SHE g
TSHm 1423 LTH Part! Press 185,60

LTSH hicnside 633552 LTSH Port1 Flow 1485441 05
LTSH qlasMass 76671482 B
LTSH.qGasHTC 766714 62
LTSH aF luidMass T76714.05 i

LTSH gFLidHTC 77641583 Eordaryld
LTSH qeectionGas 73 60 MiCalir
LTSH qgactiorFluid 7458 MkCaihr LTSH Port4 Press =120 00
LTSH qeectionMetaiass 27728300 ko LTSH Portd Temp 534 77

s i LTSH Portd Flow 2138129.72
LTSHLMID 274 793034

T5H hetal 324 229706

LTSH thetad 230 656730

Figure 4.1: Simulation of LTSH

Similarly, sub-models for all superheater sections were build and simulated, then linked

all together. The core model of superheater is shown in given figure 4.2.
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hit: 35816
fivo: 30,16

SHRoof Porl Press 188,30
SHRoof Por1Tamp 359.50
SHAaof Part] Flow 1484045 B2

SHAoof tyoutResidual 0 000000 JSHEavity tyoutResidual 0.000000

lSHng.PonE. Pross 185,65
SHHgr Pon2 Temp 369 56
SHHyr Po2 Flow 148404582

Bonteyl  Bomd g2 Bongay 33
Port2 Press 18613
SHPogPes (7 (S Po2Prss 656 SHScren
Bl Pt T ; 1SHCaity Po2.Temp 35300 SHScreen Pt Temp 328,12
TEH Rggf PL‘:% Fmﬂﬁ&% g SHoaiyFuldFlw 180580 SHScreen, Pot2 Flow 148404582
T g EHScreen.ic 18,89
SHRoafrc 000 EHCawty.1c8.14 13HScreen qsectiuﬁasﬂ 28 WkCalihr
SHRoof geectionGas 000 MkCalhe | SHC vty gaectionGas 2.97 MkCal
SHRodf Pord Press 6.0 SHCaity Potd Prose 9000 SHScreen Pard Press 60100
SHRoo(Posd Temp 145000 SHCarly.Patd Tamg 72221 |SHSereen Pod Temp 77258
SHRoof Potd Flow 2601209 SHCaty. Pord Flow 213576210 SHScreen Portd Flow 21402633
SHRof foulResidual 0000000 4SHCawty tiouResidual 0000001 |SHSereen foutResidual 0000002

SHScreen tgoutResidual 0000000

SHDesh Port Press 161 32
gSHDesh Portf Temp 450,00
HOesh Port] Flow 1484045.82

SHDash Pori2 Press 181 32
SHDezh Po2. Temp 151.37

SHDesh Por2, Flow 4400 89
SHOesh Port3.Press 181.%2 n
SHDgsh Port3 Tamp 447 98
\SHDesh.Purﬁ.Hm\f1%1?.3?5“”?”“‘

Bouridary 3t
PSH Por2 Press 176.30 {Panel Por? Press 1819
PSH Por2 Temp 30292 Panel Port2. Tamp 450,00
PSHPM2 Flow 140847 pana) Pt Flow 14BAIE R
PSH 2304
P5H qsectiontas 67 37 MkCalir Ei?ell 22:11 ?;:;:]gg ;131

PEH Pord Press -25.00 Panel Par1 Flow 1454005 82

[PSH Partd Temp 104478

PSH.Portd.Flow 2139571 67
P3H toulResidual 0001989
PSH tnoutResidual 0000226

LTSH Part2.Press 184.70
|LTSH Port Temp 378 56
LTSH Port2.Flow 1484045 82

LTSHT Pori2 Press 18341
LTSHT Port2 Temp 3673
LTSHT Part2. Flow 1434045.82

LTSH T 593

J{éﬂﬂgr.rc 1805 LLTSH it B%
HHgrgsechonGas 465 MkCalhr  1LTSH gaectionGas 74.95 MkCallr LTSHT geactonas 1955 MeCally

{5HHgr Pord Press -B0100

{5HHgr Pord.Temp 734 86
SHHy. Pord Flow 2140083 38

SHHor tfautResidual 0000001
‘SHHir igoutResidual -0 0000EG

LT5H Portd Prags -120.00

LTSH Portd Temnp 53258
LTSH Partd, Flow 213912972

1LT3H tioutRasidual .0.000029
1LTSH tgoutResidual £ 000008

LTSH-T Pord Press -70.01
LTSHT Partd Temp 74247
LTSH-T Portd Flow 4026339

FLTSHT foutResidual 0000053
1LTSHT toautResidusl 0.000068

Figure 4.2: Simulation of superheater section

4.3 Reheater

There is large temperature rise in this section as there high heating surface area around
3460 m? for RH Front and 3853 m? for RH Rear. The approximate outside tube diame-
ter and thickness for both RH Front and RH Rear are 0.05m and 0.004 m respectively,
similarly longitudinal pitch is 0.06 m for RH Front and 0.09m for RH Rear. The trans-

verse pitch is around 0.25m for both componets. The approximate number of assymblies
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are also same in both components i.e. 75. This reheater section consists of RH-Front,

WW-Hanger and RH-Rear (For typical arrangement refer figure 4.4.).

From the high pressure turbine the superheated steam comes into the reheater section
where temperature of steam increases in large amount. In the case of reheater front, there
is large amount of radiation effect is takes place due to direct luminosity of flame gas,
emmisivity or combustion of gas where carbondioxide and water present in gas. Hence,
radiation is given externally. The method used for calculate convective and non luminous
heat transfer coefficient, heat transfer rate and to calculate wall/metal temperatures is
described in chapter 3. Gas path is shown by pink color and steam path is shown by

brown color. Detailed simulated work of RH Front sub-model was presented in figure 4.3.

RH Fronk favg 400 575463

RH Fronk ftvalinner 436 763481 SB
FH Fronttd] 436 363373

RH Fronk 40 440 453440 B :
RH Front IWalOuter 440 647333 el
RH Front fgag 973 308051 0

By ] RH Front Pori3 Press -25.00
kH Front Fort3 Temp 1043.00
RH Front Port3 Flow 2139264 43

RH Front tfoutResidual 0.005742
RH Front fgoutRtesidual 0.000843 —
RH Front divibydt 0004367
RH Front dMObydt 0004527

RH Fronf Port2 Press 41.00
RH Front Port2 Temp 464 65
RH Fronk Port2 Flow 133524585

RH Frontm 21,18
RH Front 4357 i
RH Front hiclngide 921.70

RH Front gGashass 1219510.17 B
RH Front qGasHTC 121050275
RH Front gFiadMass 1310981 16 i

RH Fronk gFlidHTC 1311008 87 By

RH Front qsechonGas 91 46 MkCalh?

RH Front Portt Press 42 00
RH Front Port! Temp 336,50
RH Front Port! Flow 1335245 85

rH Front geectionFluid 48 33 MikCalhr
RH Front gsechonMetalMass 58314 81 kg

R Front LMTD 573 313346
R Front thetat 578 353695
RH Fron! thetaZ 568 313302

RH Front Portd Prass -35.00
RH Froet Portd Temp 404 52
RH Front Portd Flow 2139264 43

Figure 4.3: Simulation of reheater front
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Similarly, sub-models for reheater rear and waterwall hanger sections were also build and

simulated, then linked together. The core model of reheater is shown in given figure 4.4.

B | Wik Pot Press 19000
B YWyl Pot!. Temp 1659

g ot Poss 3484 goarivs g Port Fiow 13411719
[WWHngy1 Pt Temp 904 53
Wiy Por3 Flow 212744865
R 3
| i Sieflock 14
RH Rear Pot2 Press 2900 | moegy 1 rron Potd Press 250
RH Rear Port2 Temp 542 28 RH Front Port3 Temp1043.00
RH Rear Port2 Flow 1335007 06 | RH Front Por3 Flow 2127448 65

Boundary112

Boundary223 .
m HFro RH Front Par1 Press 42.00
RH Front Port1 Temp33 50
H RH Front Port1, Flow 1335007 05
' Baundary 141
3 WWingrl Por2. Press 166.00
r \WAWHngr Por2 Temp 17331
WiHngr!.Port2.Flow 1341171.49
Boundarydd3
tRH Rear Portd Press 50 00
lRH Rear. Portd Tamp 801.11 WilkHigr! Por3 Press -34 84
RH Rear Portd Flow 2127448 65 RH Front P! Press 4200 | Wiktingr! Port3 Temp 904 53

RH Frant Port1 Terigd3 50 WWHngr! Port3 Flow 2127448 65

RH Frorit PartFlow 133007 05

RH Fron Port3 Prass -25.00 1RH Rear Por2 Press 39,00

RH Front Port3 Temp! 043,00 1RH Rear Por2 Temp 54225

RH Fronl Poit3 Flow 2127448 85 RH Rear Port? Flow 1335007 05
1RH Reat Paitd Prass 5000
LRH Rear, Pord Temgsﬂl 1

H Rear Partd Flow /127443 65

Figure 4.4: Simulation of reheater section

4.4 Economizer

From the condenser, the saturated water is comes through the various low pressure heaters,

deareater and pump into the economizer. Economizer is used to heat the water so that
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required amount of heated water is gone to the drum hence it required high heating
surface area around 23650 m? hence, gas gives heat to the water in large amount, that’s
why large temperature and pressure drop take place in gas side. The approximate outside
tube diameter and thickness are 0.04 m and 0.005 m, similarly longitudinal and transverse
pitches are 0.07m and 0.10m. The number of assymblies are around 95 in economizer.
The heat transfer is only due to convection, there is no radiation effect in the case of
economizer.The gas path is shown by pink color and water path is shown by blue color.

Detailed simulated work of economizer sub-model was presented in Figure 4.5.

ECO Havg 292 180408
ECO MWallmer 293 50543
ECOB 293 551321
ECOI0 204 640528 B
ECOMWalOder 204 695007

ECO fgang 407 69712 i

ECO Port? Press -120.00

E00 fouesidd D001 PO s 0
ECO divibydt 0000066
E00 iyt D OIS

ECO Port? Press 208.00
EC0 PO Terp 332,10 B
ECO Port2 Flow 1480103.03 *

ECOrc 3759

ECOmO.00

ECOA ST 50

ECO hiclnside 1068775
EC0.qGasMass 130639316
ECO.qGesHTC 150896283
ECO qFhudhass 153221928

ECOPort) Press 210,00
ECOPort! Temp 253.39
ECO Port! Flow 1480103.03

ECO gFluidHTC 153163 81 Burdaryld

ECO geechonGas 144 46 MiCalir . ‘
ECO geectionFluid 147 09 MkCalte ECO Portd Press -150.00
ECO qsechionetalMass 536644 42 ky ECO Port4 Temp 336.14

ECO Portd Flow 2139167, 27
ECO.LMID 150 126348
ECOthetal 246 813406
ECO heta? 82 144331

Figure 4.5: Simulation of economizer
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4.5 Boiler drum

Drum having outer diameter 2.2 m, thickness 0.2m, length 0.02m is situated at upper
front of boiler where steam and water separation will take place, so steam goes to super-
heated in the superheater and saturated water comes to downcomer having length 70 m.
To minimize heat loss, insulation is provided on the surface of drum having thickness
0.1m. The water walls surrounded in furnace having outer diameter, thickness, length
and tube pitching are 0.05m, 0.005m, 80m and 0.06 m respectively. The boiler used for
500MW is forced circulation boiler so pump is used having volume 4 m?2. It is a centrifugal

type pump whose rate flow 16554 and rated pressure rise were 20 K g/cm?

4.6 Simulation of combined model of boiler

After testing all the heating sections of boiler individually and their results are found
to be in agreement with the expected process trends. Now, all the sections are linked

together.

In the combined model, minor componets like SH-Roof, SH-Cavity, SH-Screen, SH-
Hanger, LTSH-Terminal, SH-Panel, WW-Hanger, WW-Screen are also included. Econo-
mizer is connected to the boiler drum through referencerl in the given below figures. The
typical arrangement of overall analysis of all the sections of boiler are shown in figure 4.6
and 4.7.
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From the condensor, deareater and low pressure heaters, the saturated water comes to
the economizer at port 1. From the port 2 of economizer water goes to port 1 of the
drum through valve (V_EcoOut). Whereas water present in the water wall having flow
2957.8TPH. is heated due to flue gas present in the furnace, hence this water in the
form of vapour comes to the drum from the port 3. The amount of heat absorbed by
the waterwall from the furnace is 333.62T PH. Now, the seperation of water and steam
takes place so that form the port 2 of drum the steam goes to superheater section through
valve (V_SH In) and remaining water from the port (4A,4B,4C,4D,4F 4F') comes to the
downcomer (DC1, DC2, DC3, DC4, DC5, DC6). Through the valves and multi junction
(downcomer discharge header and pump suction header), water comes into the pump.
And through the pump discharge header the water goes to the waterwalls. We should

maintained the circulation ratio of formation of steam through water is around 2.

4.7 Results and discussion

In this section, the detailed study of results obtained from simulated model are compared
with testing data. And also study, the behaviour of heat transfer coefficient, heat transfer
rate and wall/metal temperatures is carried out under running condition of model and
also by vary the gas flow and steam temperature at outlet of superheater, reheater and

economizer.

4.7.1 Simulated results and their deviation with respect to testing
data

Based on above case study, the following results are obtained in terms of convective and
non-luminous radiation heat transfer coefficient, total heat transfer coefficient for fluid

and gas side, wall temperature at inlet and outlet and metal temperature at inlet and

outlet. Table 4.1 shows the gas and steam flow in superheater, reheater and economizer.

Table 4.1: Steam flow and gas flow in boiler

‘ Components ‘ Superheaters ‘ Reheater ‘ Economizer ‘
Steam / water flow(Kg/hr.) 1480625 1335000 1480626
Gas flow(Kg/hr.) 2139385 2139385 2139385

Pressure(in Kg/cm?) and temperature (in °C') at inlet and outlet of gas side for major
components of boiler and also deviation of outlet gas temperature with testing data are

shown in table 4.2.
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Table 4.2: Pressure and temperature for gas side

Components (Pyin) | (FPyout) (Ty,in) (Tg,out)obt, D (T} out)
PSH -15 -25.69 1145 1048.32 0.5%

RH Front | -25.69 | -34.64 1048.3 | 899.34 0.3%

RH Rear | -42.59 | -50.51 887.8 801.54 0.9%
LTSH -85.70 | -116.39 698 582.64 0.6 %
ECO -116.39 -150 582.64 | 341.88 0.3%

Table 4.3 shows the deviation of simulated data with testing data for pressure (in Kg/cm?)

and temperature (in °C') at inlet and outlet of steam side for major components of boiler.

Table 4.3: Pressure and temperature for steam side

ComPOIleﬂtS (Ps,in>obt D (Ps,in) (Ps,out)obt. D (Ps,out) (Ts,in)obt D (Ts,in> (Ts,out)obt. D (Ts,out
LTSH 183.46 | 1.1% 182.77 | 1.15% | 361.54 | 0.7% | 386.97 | 0.7%
PSH 179.68 | 0.06 % 176.3 0% 460.89 | 0.9% | 539.14 | 0.1%

RH Front 43 0% 42.26 | 0.37% | 33748 | 0.2% | 461.32 | 0.5%

RH Rear | 42.26 | 0.37% | 41.30 0% 461.32 | 0.5% | 54097 | 0.1%
ECO 193.20 0% 188.29 | 0.005% | 253.4 0% 330.87 | 0.7%

Table 4.4 shows the deviation of simulated data with testing data for convective and

non-luminous heat transfer coefficient (in Kcal/hr.m?.k) and also total heat transfer rate

(in M Kcal/hr.) for gas and fluid (steam/water) side for major components of boiler.

Table 4.4: Hea

t transfer coefficients and heat transfer rate

Components (he) | D (he) | (7n)gpr.| D (hn) hi (Qq)gp.| P (Qg)| (@) | D (@)
PSH 23.06 | 0.2% | 39.2 | 0.3% | 3547.61| 66.4 3% 87.56 4%

RH Front | 25.93 1% 21.32 | 0.8% | 924.51 | 92.77 4% 95.83 2%

RH Rear | 21.31 | 0.8% | 21.71 | 0.8% | 949.71 | 59.55 | 0.9% | 59.58 6 %
LTSH 2847 | 0.2% | 12.65 | 0.4% | 6285.08| 73.54 | 1.8% | 73.54 7%
ECO 37.82 | 0.02% 0 0% | 10752.7| 15047 | 6% | 148.47 | 5%

Note: The testing data for inside heat transfer coefficient (in W/m?.k) is not available.

Hence, deviation for inside heat transfer coefficient is not carried out in the above table.

Table 4.5 shows simulated results of wall and metal temperature (in °C) at inside and

outside of tube for major components of boiler.

Table 4.5: Simulated wall and metal temperature

‘ Components ‘ Ty ‘ T ‘ Tho Tw.o
PSH 520.18 | 521.04 | 536.39 | 537.24
RH Front | 434.63 | 434.82 | 438.21 | 438.40
RH Rear | 520.81 | 520.93 | 522.93 | 523.04
LTSH 377.08 | 377.23 | 379.82 | 379.97
ECO 296.02 | 296.08 | 297.16 | 297.22
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Table 4.6 shows pressure (in Kg/cm?), temperature (in °C') and flow (Kg/hr.) of water
inside the boiler drum through economizer, waterwall and downcomer. And also for steam

going to the superheater from port 2.

Table 4.6: Simulated parameters of drum
’ Port \ 1 | Port \ 3 ‘
[(Pu)inl oo | 18634 | [(Pu);ylyy | 186.34
(Tw)inlpco | 330.79 | [(Tw))yw | 358.23

Flow 1480626 Flow 2957824

| Port | 2 | Port | 4 |
(P.), | 186.34 | [(P.),] . | 190.14
(1), | 358.23 | [(Tw),)pe | 358.71
Flow | 1480625 Flow 493021

4.7.2 Behaviour of parameters at superheater outlet

In the combined model, behaviour of convective, non-luminous and inside heat transfer
coefficient, heat transfer rate, wall and metal temperature, outlet steam temperature, SH

valve flow and its position and also steam flow for superheater are shown in these graphs.

The steam temperature at outlet of superheater should be 540°C', hence when the outlet
temperature is coming more then 540°C, the valve supply more water to coming down
temperature and become 540°C' by oppening its position for supplying water. It means
valve is used as controller to control the steam temperature at outlet by spraying water.
Hence, Figure 4.8 shows behaviour of all the above parameters at superheater outlet in

combined model at real time
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Figure 4.8: Behaviour of various parameters at superheater outlet in combined model at
real time

4.7.3 Behavior of parameters by changing gas flow and steam

temperature

Now, in the case of sub-system or individual model of superheater, reheater and econ-
omizer by changing the gas flow (Kg/hr.) and steam temperature (°C'), the behaviour
of all the parameters like outside (in Kcal/hr.m? k) and inside (in W/m?.k) heat trans-
fer coefficient, heat transfer rate per assymbly (in Kcal/hr.), total heat transfer rate

(in Kcal/hr.), wall and metal temperature(°C') at outlet are shown in these graphs.

4.7.3.1 Behaviour of platen superheater by varying gas flow and steam tem-

perature

Keep inlet gas temperature equal to 1450°C' and gradually vary gas flow from zero to
2139000K g/hr., behaviour of all the parameters are shown in these graphs. As far as
steady state comes at zero flow, the graphs shows behaviour of all parameters due to pre-
viously enthalpy present in the component. In the case of outside heat transfer coefficient
graph, the convective heat transfer coefficient ‘r.’ is zero at zero flow which is gradually
increases with increasing gas flow whereas the non-luminous heat transfer coefficient ‘r,’
is around 40K cal /hr.m?.k at zero flow due to direct radiation or direct luminosity to the
component. Inside the tube, heat transfer coefficient decreases as gas flow increases. ‘h;’
depends on thermal conductivity, Nusselt, Reynolds and Prandtl’s number. The heat

transfer through the gas to the metal and then metal to the steam is take place until both
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gas side and steam side heat transfer rate become equal or up to steady state. Due to
radiation effect, the heat transfer rate through steam side is may be slightly more compare
to gas side. In Platen superheater, there is high radiation effect so the difference between
heat transfer rate through steam and gas sides is large. As gas flow increases, wall and
metal temperature also increases. Figure 4.9 shows behaviour of all the parameters at

superheater outlet by varying gas flow.
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Figure 4.9: Behaviour of various parameters at superheater outlet by varying gas flow

Now, keep gas flow equal to 2139000K g/hr. and vary the inlet steam temperature from
420°C' to 480°C' gradually then behaviour of all the parameters are shown in these graphs.
In the case of outside heat transfer coefficient, the effect of variation in steam temperature
is very less so very less change in 7. and 7, . Whereas inside the tube, due to increase in
steam temperature, steam pressure increases so its specific volume and density decrease
also in the case of superheater, steam pressure is high around 185K ¢g/cm? hence inside heat
transfer coefficient decreases. Initially heat transfer rate shows behaviour due to previous

enthalpy present but after steady state, it vary in small propartion with respect to increase
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in steam temperature but difference between heat transfer rate due to steam and gas is
much more compare to reheater and economizer due to high radiation effect. Wall and

metal temperatures are increases with increase in steam temperature. Figure 4.10 shows

behaviour of all the parameters at superheater outlet by varying steam temperature.
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Figure 4.10: Behaviour of various parameters
temperature

at superheater outlet by varying steam

4.7.3.2 Behaviour of reheater rear by varying gas flow and steam temperature

Keep inlet gas temperature equal to 1068.64°C' and gradually increases the gas flow from
zero to 2139000K g/hr., the behaviour of all the parameters are shown in these graphs.
Initially, as far as steady state comes at zero flow, all the graphs shows behaviour due
to previously enthalpy present in the component. In the case of outside heat transfer
coefficient graph, At zero flow, convective heat transfer coefficient ‘r.’ is zero which is
gradually increases with increase in gas flow whereas the non-luminous heat transfer

coefficient ‘r,’ is around 27Kcal/hr.m*.k due to radiation effect at zero flow. Inside
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the tube, heat transfer coefficient increases with increase in gas flow. The heat transfer
rate through the gas to the metal and then metal to the steam and also wall and metal
temperature are increases with increase in gas flow. Figure 4.11 shows behaviour of all

the parameters at reheater outlet by varying gas flow.
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Figure 4.11: Behaviour of various parameters at reheater outlet by varying gas flow

Now, keep gas flow equal to 2139000K g/hr.and vary the inlet steam temperature from
500°C' to 560°C' then variation in outside heat transfer coefficient is very less, Whereas
inside the tube, due to increase in steam temperature, steam pressure increases so its
specific volume and density decrease and also in the case of reheater, steam pressure is
very less compare to superheater around 40K ¢g/cm?,so that inside heat transfer coefficient
increases. Initially heat transfer rate shows behaviour due to previous enthalpy present
but after steady state, it vary in small propartion with respect to increase in steam
temperature but difference between heat transfer rate due to steam and gas is very less
compare to superheater due to low radiation effect. Wall and metal temperatures are

increases with increase in steam temperature. Figure 4.12 shows behaviour of all the
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parameters at reheater outlet by varying steam temperature.
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Figure 4.12: Behaviour of various parameters at reheater outlet by varying steam tem-
perature

4.7.3.3 Behaviour of economizer by varying gas flow and steam temperature

Keep inlet gas temperature equal to 685°C' for economizer and gradually increases the
gas flow from zero to 2139000K g/hr., the behaviour of all the parameters are shown in
these graphs. As far as steady state comes at zero flow, the graphs shows behaviour of all
parameters due to previously enthalpy present in the component. In the case of outside
heat transfer coefficient graph, the convective heat transfer coefficient ‘r.” is zero at zero
flow which is gradually increases with increasing gas flow whereas the non-luminous heat
transfer coefficient ‘r,,” is zero due to there is no radiation effect takes place in economizer.
Inside the tube, heat transfer coefficient is gradually increases with gas flow. The heat
transfer rate wall temperatures also increase with increase in gas flow. Figure 4.13 shows

behaviour of all the parameters at economizer outlet by varying gas flow.
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Figure 4.13: Behaviour of various parameters of economizer at varying gas flow

Similary in the economizer by keeping gas flow equal to 2139000K g/hr. and vary the
inlet steam temperature from 230°C' to 280°C. All the parameters increases with increase
in steam temperature, where non luminous heat transfer coefficient is zero. Figure 4.14

shows behaviour of all the parameters at economizer outlet by varying water temperature.
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Figure 4.14: Behaviour of various parameters of economizer by varying water temperature
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4.8 Turbine casing

For modeling of casing, It is take as cylinderical pipe which is made up of carbon steel
inside which steam is flowing. The pipe having outside diameter, length and thickness
are approximately 3m,5m and 0.05m respectively. The pipe is surrounded by rockwool
insulation having thickness around 0.05m to minimize the heat loss. The given steam

flow, pressure and temperature are shown in the given table 4.7.

Table 4.7: Flow, pressure and temperature inside casing
’ Inside parameters \ Data ‘
Steam flow (K g/hr.) 1480000
Steam pressure(K g/cm?) 180
steam temperature(°C) 540

4.8.1 Simulation and results obtained for turbine casing

The graph shows the results and behaviour of wall and metal temperatures of casing and
insulation applied under steady state. The simulation of turbine casing is shown in given

figure 4.15.

600 — Pipelnsulated flnsideblet
= Pipelnsulated fwizllinnerhletal

— Pipelnsulated tMMetzl
S B S B Pipelnsulated tMOMetal
M =R = Pipelnsulated fwzllOuterMetal
— Pipelnsulated fOutsideMetal

SBwiinside SBpfinsice SBtfinsidenetal Pipelnsulated finsideRefractory
— Pipelnsulated twallinnerRefractory
Pipelnsulated iMIRefractory
Pipelnsulated tMORefractory
Pinelnsulated. dtMibydtMetal 00000000000 [ ] -5 — Fipelnsulated tv/sllOuterRefractory
Pipelnsulated. dtMObydihetal 00000000000 — Pipelnsulated fOutsideRefractory
Pipelnsulated tnsidenetal 540.00 400

Pipelnsulated tWallnnestal 538.10

Pipelnsulated thiMetal 53792 9

Pipelnsulated tMOMetal 537 58 2

Pipelnsulated tWallOuterMetal 537,38 3

Pipelnsulated fOutsideMetal 490.14 3

Pipelnsulated theta 0.50 e

Pipelnsulated §
g

200

Pipelnsulated. dthlbydtRefractory 00000000000
Pipelnsulated. dthiObydtRefractory 0.0000000000

Pinelnsulated tinsideRefractory 490.14
Pineinsulated tWalllnnerRefractory 442,90
Pinelnsulated thiRefractary 349.15
Pinelnsulated tMORefractary 163.95
Pipelnsulated tWallOuterRefractary 72,48
Pinelnsulated tOutsideRefractory 25,00

=

Pipelnsulated. heatloss ToOutsideFluid21900.77
0 20000 40000 60000 80000 100000
10000 30000 50000 70000 §0000

Time (sec)

Figure 4.15: Turbine casing model
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Note: Here refractory means insulation over casing.

The simulated results of wall/metal temprature of casing and insulation are shown in

given table 4.8.

Table 4.8: Simulated temperature of casing and insulation

’ Temperatures \ (in °C) ‘
Steam temperature 540
Inside wall temperature 538.10
Inside metal temperature 537.92
Outside metal temperature 537.56
Outside wall temperature 537.38
Inside insulation wall temperature 442.90

Inside insulation metal temperature | 349.15

Outside insulation metal temperature | 163.95

Outside insulation wall temperature 72.48
Ambient temperature 25

| Heat loss to surrounding from casing(K cal/hr.) | 21900.77 |

Now, We give inside the pipe steam temperature is 480°C' at same pressure 180K g/cm?
and flow 1480000K g/hr. as previous, so that due to decrease in inside temperature, the
wall and metal temperature start comes down and after almost 5009sec.(1hr.and 22min.)
the wall temperature also equals to inside steam temperature i.e. 480°C". Hence, insulation
temperatures also comes down. The simulated behaviour of temperatures is shown in the

given figure 4.16.
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Figure 4.16: Behaviour of casing by changing steam temperature
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Chapter 5

Conclusions and Future Work

5.1 Conclusions

In the present study, the dynamic behavior of flue gases to water/steam heat exchangers
of a typical 500 MW Thermal power plant components are studied using the mathemati-
cal modeling and computer simulation. Various boiler heating sections like superheater,
reheater, economizer, boier drum and also turbine casing are modeled. The dynamic
and algebraic equations are formulated based on mass balance, heat balance and heat
transfer models.The steady state and dynamic equations thus formed are solved using
Advanced Continuous Simulation Language (ACSIL-X) solver. From the simulation, the
obtained wall/ metal temperature was also found good agreement with expected trends.
The deviation between simulation results and tested data was found within 0% to 1 %
in the case of heat transfer coefficients, 2% to 7% in heat transfer rate and 0% to 0.7%
deviation in steam temperature at outlet of superheater and reheater; which shows very
good agreement. Inspite boiler heating sections, we also done modeling and simulation
for turbine casing where similar methodology applied as heating sections of boiler. The

obtained results of turbine casing was also found good agreement with expected trends.

5.2 Future work

The future work is as under:
e To analyse the flow and temperature distribution in the gas side .
e To analyse the flow and temperature distribution in the steam side .
e To analyse the axial conduction between both the elements of a components.

e To simulate the heat transfer analysis and metal load temperature calculations for

turbine casing of varying thickness.
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