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Abstract: The extent of vaporization droplets of liquid fuel that are sprayed into air stream of turbulent swirling flow in a can
gas turbine combustor appears to have a very high influence on combustion and emissions thereby performance of the
combustor. The investigations containing both experimental as well as numerical in nature was carried out earlier researchers
to enhance the fuel vaporization. In this paper a new method is proposed to predict the effects of inlet air temperature on
combustion characteristics simulated using a taper can type combustion chamber. A sector of this can type combustor was
modelled having an included angle of 51.420 and simulated for combustion process using CFD code star-CD with inlet air
temperature entering the combustor after compression varied from 500 K to 1000 K. The turbulence model used in this
simulation was model along with high Reynolds number by selecting standard wall treatment. Non-premixed type of
combustion method was used for simulation of combustion in the combustion chamber by selecting eddy break-up model
called Magnussen’s (EBU). The tracking of atomised fuel droplets was done by selecting Lagrangian multiphase model as it
contains two phases i.e. liquid fuel droplets injected into turbulent swirling air stream inside the combustion chamber. Reitz
Diwakar model was used as droplet breakup model selected and Bai’s model was used for droplets of fuel colliding with the
wall. Rosin-Rammler method for classifying droplet diameters and probability density functions. All peripheral boundaries of
combustion chamber was taken as adiabatic in nature. All sector walls separated by 51.420 were imposed with Symmetry
boundary conditions. A well-defined three step reaction model was adopted as combustion reaction that involves liquid fuel as
energy source and oxidiser as oxygen with end products of combustion as water vapour and carbon dioxide. As part of grid
independency check the model was meshed. Every meshed model has as specified cell size that commences from 3mm to 8mm
having step size of 1 mm. The results obtained from meshed models of 3mm and 4mm cell sizes were replicating each other.
For less computational time 4mm cell size was used to carry out the investigations. Different cases were run for many inlet air
temperatures starting from 500 K to 1000 K with an increase of 100 K in each step size. The results thus obtained were
displayed as centre section contour plots of temperature, turbulent Kinetic energy drawn along the axial direction till the exit of
combustor. The values obtained at the outlet of combustor are the average values and graphical in nature. From this analysis,
the inlet air temperature had played pivotal role resulting in enhanced liquid fuel droplets evaporation and combustion in the
combustion chambe

Keywords: turbulent swirling flow, Computational Fluid Dynamics, penetration, vaporization, combustion, inlet air
temperature

1. Introduction

The key factors influencing the combustion rate occurring in combustor of the gas turbine is the temperature of
the inlet air. Numerous investigations have been carried out by several researchers over years to assess the
main effects regarding inlet air temperature upon fuel droplets combustion. The role of liquid fuel vaporization is
crucial in combustion, which depends mainly on the temperature prevailing in the engine cylinder region. Liquid
fuel vaporization has been observed to be lower at inlet air temperatures as the vaporization process is an
exothermic process and the further initiation of combustion does not occur easily.

Increased air temperature intake increases the fuel vaporization rate which accelerates combustion initiation. It
was noticed that the gas turbine size was higher leading to increased initial costs and greater operating and
maintenance costs. So inlet air temperature is one of the important parameters for fuel vaporization, combustion
and its effects are to be predicted.

2.Literature Survey

A great amount of research on separated flow model comprises of specified rate of exchange of mass,
conservation of momentum between two phases - liquid and gas phases - are available in a literature on liquid fuel
combustion. The separated flow analysis, as described by Crowe et al.[1], was implemented with the Particle-
Source-In-Cell (PSIC) method. This process involves dividing the complete spray into a representative category of
droplets, with a limited number, and their movement was tracked in the flow field by using Lagrangian method,
while the Eulerian method was used for solving conservation equations in the gas phase. Different methods of
flow model was proposed by Williams[2] called as Statistical or Continuous Droplet Model (CDM). The
formulated the droplets spray by using was modelled according to its approach by adopting conservation
equations through statistic distribution function for temperature, speed, droplet diameter, position, multi-
dimensional space of time etc. This is a complex differential equation with its solution determined to be highly
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expensive in terms of both computing time and also computer storage until some assumptions were made to
simplify the equations like no slip exists between gas and droplets phases. This model was applied by Westbrook
[3], Ganesan and Spalding [4]. One of the other methods for modelling of spray is using a separately flow method
that requires adopting of both liquid phase and gas phase are simultaneously formulated by using conservation
equations (CFM). The motion of both fuel and gas droplets were interpreted as a continuum and the two phases
were solved by using the concept of Eulerian frame. This technique has been used by Mostafa and Elghobashi[5],
Mostafa and Mongia[6] to analyze turbulent jets with droplet vaporizations. After their investigations they
modified the analysis by adopting simpler theory such as constant temperature fluid flow and constant temperature
of droplets. This approach was proposed by Hallman[7] for investigation of turbulent spray of evaporating
droplets with heating. In forecasting spray behavior, Sirignano[8] defined the suitability of variety of formulating
methods, emphasized usage of statistical method in the spray analysis.

Three separate cooling methods in the inlet air viz were compared by Farzaneh-Gord et al.[9]. Mechanical
chiller freezing, evaporative cooling and also new cooling approaches were introduced by using turbo expanders
as compared to traditional methods. It has enhanced the performance of gas turbine by using turbo expanders
resulting im better power output and thereby reduction in payback time. Al-lbrahim et al. [10] studied the various
techniques used to cool the inlet air in the gas turbine to improve the power generating rate. Three different
approaches were found to provide a better solution, such as high-pressure fogging in the inlet, evaporative cooling
and cooling with chilled water. However, using evaporative cooling involves huge amounts of high pressure
water, a large amount of power is needed for inlet fogging. It was then found that the best option possible is by
choosing refrigerant cooling with chilled water is to achieve minimum inlet temperatures with an advantage of
lower power consumption and also lower storage volume requirements.

Amell et al. [11] performed investigation to predict the effect of air cooling at inlet and reported the net output
of power varied directly to the entering air mass flow rate. Also, increase in temperature of inlet air had resulted in
a reduction in mass flow rate. Ibrahim et al. [12] reported that rise in temperature by 1 °C of air at compressor
entry had lowered the combustor performance by 1 percent. The works on spray combustion using separated flow
model with specified mass exchange rate, conservation of momentum, energy between two phases i.e. fluid & gas
phases published by previous researchers are quite large. In the gas turbine combustion chamber, several scientists
have concentrated on numerical flow field calculations. Simulations of strongly swirling flows were carried out in
order to improve flame stability by developing torroidal recirculation zones in the combustion chamber's core,
resulting in proper fuel mixing, increased fuel evaporation, and a shorter combustor length. Owing to the presence
of high turbulence in the fluid, the traditional k-g turbulence model also called as standard k-¢ turbulence model is
used for the majority of simulations pertaining to applications in gas turbines. However, the results show that
when the traditional k- turbulence model with re - circulating swirling flow field was chosen, predictions in some
regions were found to be sub-standard. According to Leschziner and Rodi[13], the results obtained from the
numerical analysis were in good agreement with the experimental values for a strongly swirling jet when
traditional k-¢ turbulence model was used. But under reporting was found in the cases of weak swirling jets about
the swirl influences in the flow field thereby necessitating corrections to be made. It was and observed that non-
inclusion of additional turbulence generated by streamline curvature and anistropic viscosity in traditional k-¢
turbulence model were the reasons for under reporting. Many researchers like Launder et al. [14], Rodi [15],
Srinivasan and Mongia [16], Chen and Chang [17] etc. have suggested changes to the standard k-& model for
better results. However, it was noted that neither variant of the proposed modifications has reported consistent
results for swirling flow fields with wide range intensities from lower to higher ones. Another approach is the use
higher order turbulence models such as the Algebraic Stress Model (ASM) Reynolds Stress Model (RSM).
Sturgess and Syed[18] reported that using ASM to simulate flow fields in swirling recirculation flows in the
combustion chamber was not as effective as using traditional k- turbulence model. The ASM was not suitable for
investigating swirling recirculating flows in the central torroidal recirculating region, according to Nikjooy and
Mongia[19].

The results from RSM were observed to be sufficient to replicate prominent fluid flow features as reported by
Fu et al.[20], Jones and Pascau[21] and Nikjooy and Mongia[19]. However, the complexity of RSM computations
and time usage was quite large. Ramos [22] performed numerical analysis for a swirl stabilized gas turbine
combustion chamber using standard k-e¢ model and reported that consideration of scalar viscosity for freely
flowing and confined flows was not considered. The predictions of swirling flow fields in different configurations
of combustion chamber in gas turbines was made by Rhode et al. [23] Chattree et al. [24], Shyyy et al. [25] and
McGuirk and Palma [26] by using standard k-¢ turbulence model for turbulence estimation. These investigations
offered insight into flow fields in the gas turbine combustion chamber having distinctively recirculation zones
with higher level of precision in predicting the recirculation zones. The modeling of reacting flows requires liquid
fuel within the combustion chamber for simulating the combustion of liquid fuel spray consideration. Onuma and
Ogasawara[27] have demonstrated that liquid fuel droplets in the flames does not burn individually within
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envelope flame but they burn with fuel vapor formed by generation due to the evaporation of droplet surface that
burns as gaseous diffusion flame. Semibo et al. [28] have used the simplified Nukiyama-Tanasawa equation in
prediction of distribution of fuel droplet sizes. They introduced a new theory called Sauter Mean Diameter (SMD)
resulting in new distribution function. The results with this method were better in estimation of droplet size
distributions in particular for two phase flows.. Stauch et al.[29] analysed the role of operating parameters on
ignition delay such as gas phase temperature, droplet temperature, ambient gas pressure and the droplet velocity
by using n-heptane as fuel. It was noticed that delay time in ignition relied on the surrounding gas temperature
and was not based on droplet velocity. Su et al. [30] carried out an analysis of the combustion performance effects
of fuel spray characteristics of gas turbine on parameters such as overall temperature distribution factor and
combustion efficiency. The variation in the fuel injection rate, the fuel injection angle and the droplet mean
diameter were carried out independently. It was found that rise in fuel injection velocity had improved the overall
temperature distribution factor with a small change in combustion efficiency. Movahednejad etc.[31] used the
maximum entropy principle (MEP) to determine the size of droplet distributions and droplet velocity at the end of
the primary breakup zone. The formulation is based on mass, momentum, and energy conservation principles.

Robert Aftel[32] investigated the effects on fuel droplet atomization properties in the stream of air assisted
atomizer. The oxygen existing in the spray gas was found to play a pivotal role in droplets generation and
combustion. Some of the operating parameters like atmospheric gas, velocity, temperature, were taken as constant
and also neglecting ambient air cooling by fuel droplets evaporation and entrainment effects. by many researchers
were and along with training results, were preserved continuously and that the environmental gases were ignored
by spray cooling. Bracco [38] used this type of model to check on the sprays of oxygen ethanol droplet
combustion in a rocket- engine possessing area of cross-section which is constant. Bracco [36] has used this type
of model to analyse droplet fuel spray combustion by using ethanol as fuel and oxygen as oxidiser in a cross-
sectional rocket engine. Som [37] had studied the effects of atomized fuel spray evaporation and subsequently
entropy generation. Ghosh and Natarajan [38] presented a similar result after identical investigation. The fluid
dynamics among the liquid phase and gas phase were considered in one-dimensional models and difficulties in
scattering of droplets in stream of turbulent air were excluded. Faeth [39] said one dimensional models are far
reaching but they require a certain degree of empiricism. Investigations were carried out by different researchers
like Thring and Newby [40], Faeth [41], Khalil and Whitelaw[42], Khalil et.al[43] on the spray flame, burning
rate with homogenous flow model as reference and ignoring the slip between two phases i.e. carrier phase and
dispersed phase. Further thermodynamic equilibrium and dynamic equilibrium pertaining to every point in the
fluid flow field in two phases were presumed to be in phase equilibrium, having same temperature and same
velocity. The report by Faeth[41] using model called homogeneous flow was found to overestimate the droplet
dispersion in the gaseous phase.

A certain amount of fuel is pumped and sprayed into the stream in the majority of applications, which are
denser in nature. As a result, Chiu & Liu[42] introduced the hypothesis of dense fuel sprays in internal
combustion engines and industrial furnaces that use a droplet cloud for group combustion of droplets. According
to this theory, Chiu and Liu [44], Chiu et al. [45], Chiu and Croke [46], Chiu et al. [47], Kim and Chiu [48], and
others investigated the group behaviour of all droplets present in a liquid fuel spray, resulting in the creation of a
rich fuel oxidiser mixture in the liquid fuel spray core region. It was noticed that combustion did not occur in the
core region due to low air penetration. Also the movement of gaseous fuel in radial direction takes place only by
both diffusion and convection that had resulted in inflammable mixture formation in the region which is at some
distance in spray axis.By using a simultaneous study of the heterogeneous inner region and the peripheral
homogeneous gas phase region, group combustion models are used to predict the behaviour of all droplets.

3.Methodology

Secondary Adr Inlst  Dvlution Air Inlst

Crtlat/emit

Figure 1. Gas turbine combustion chamber meshed model

For simulation the CFD code used is Star-CD. The domain was modelled, split to total of 7 segments for 360°
as an axis-symmetric model and each sector model has 162 137 cells with an angle of 51.42° as described in figure
1. The combustion chamber has three air inlets from which air is supplied comprising of primary inlet in the axial
direction. The remaining other inlets are aligned in radial direction referred as secondary and radial dilution air
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inlets. All exterior boundaries were assumed to be adiabatic. The domain considered for investigation is 51.42°
sector and all sectoral boundaries were assumed to be symmetrical. The walls separating each sector was taken as
symmetric in nature. At a pressure of 1 bar, the air enters the combustion chamber and standard k-¢ turbulence
model was used as turbulence model for wall treatment. The thermal model comprises of both static enthalpy and
chemical-thermal option as combustion reaction occurs in the combustion chamber. The eddy break-up (EBU)
model presented by Magnussen was chosen because fuel and air enter the combustor separately and it is a non-
premixed reaction. The resulting oxidation reaction reactants, n-dodecane as fuel and oxygen as oxidiser, are
known as combustion with desired products as water and carbon dioxide. The process is represented as equations
(1) to (3) represents the three-step formulation reaction.

nC12H26 +602 —12CO +13H2 @
2C0 +0, — 2C0, @)
2Hy +09 - 2H,0 3)

The combustion initiation involves a specified layer of cells along the circumference of combustor having
1338 called as ignition cells and they were used to initiate combustion for a limited number of iterations i.e. 100
iterations. After initiation of combustion some undesirable products called named as emissions are generated
during the fuel combustion process in addition to the desired formation of carbon dioxide and water vapor. The
thermal active nitric oxide model has been chosen to monitor the emissions as a standard function. In addition to
this user sub-routines under the name switches and constants were enabled to track both NOx and also Soot
particles. In order to determine Thermal NOy it is defined as 3-step Zeldovich mechanism shown in Equation (4)
to (6).

K,
N, +O< NO+O
K (4)
KZ
N+O , & NO+0O
K- (5)

K3
N+OH«< NO+H

Ka ®)
here K3, K2 and K3z are constants.

The rate constants were calculated based on computational studies [50 - 52]; Baulch et.al [53] had collected
and analysed the data required from these tests. They proposed methods to determine the rate of reaction
coefficients (Eq.(4) to (6)).

Ky =1.8x10" exp(@j mi(kgmolis-
(7)

K_; =3.8x10'° exp(ﬁj ®)

©)

K, =1.8x107Texp(_4f80]

K_p= 3.8x106Texp(@j (10)
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Ky =7.1x10% exp(ﬂ) (11)

K_5=1.7x10" exp(@j (12)

where Kj, Kz and Ks are forward rate constants and where K_1, K and K.; are reverse rates constants (Eq.(7)
to (12). The rate of NOx formation is higher at high temperatures because thermal nitrogen fixation involves the
splitting of a very strong nitrogen bond. This effect is indicated by high energy activation reaction equation (4),
illustrating that this reaction is a rate-limiting stage in the Zeldovich process. Since the activation energy required
for the oxidation of nitrogen is low, a near steady state (quasi-state) can be generated. On this basis, the rate of
NOx formation at any given time is:

2
R = P
B Y
1+ K, —NO
Mo
Yo Y
[KZ v 2 4 K3 MOH J
) ©. ©1 ) kgmol m3 st (13)
2K_1YLO
N _
M M Yo Y,
o N, K, 2 K, OH
) Mon
Y Y Y Y
[K_2_0ﬂ+K_3_Hﬂ]
| Mo Mo My Mo

The radicals O, OH and H concentrations were determined using the combustion model embedded into the
NOx model. Based on various theories and assumptions including Westenberg [54] the concentration of O atom at
equilibrium is calculated from:

[0]=Kp[0, 2 kgmol m?  (14)
Yo =[]0 (15)

P
Where

K 1.255x10°* ( 31090

1/2 m-312
-1 o _TJ (kgmol)2 m (16)
the O atoms concentration can be calculated from equation (14) whereas OH and H are initialised to zero.

The soot modeling has been stated and monitored four methods as mentioned below

Pl Scale — Scaling factor for particle inception rate
SG Scale — Scaling factor for surface growth rate
OX Scale — Scaling factor for oxidation rate.

FR Scale — Scaling factor for fragmentation rate

The transport equation for soot mass fraction is given by

0 0
a(PYs)"‘aTj(pUij):

0 | my 0Ys
an SC'[,S 6XJ

+ps®y  (17)

where Y is the soot mass fraction
soot density ps is 1860 kg/m3.

The source term for soot volume fraction is given by
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where f,, = pYg / pgis the mean soot volume fraction.

The mean source terms are referred from collection of flamelets called flamelet library. These was based on
the combustion solution containing two opposite reacting streams, taking 973 reactions into account and also 121
fuel species as n-dodecane. The temperature of the fuel jet has also been fixed to 350 K, the temperature of the
oxidizer jet has been set to 600 K and entering air pressure at 1 bar. The resultant mean values were determined by
integrating probability density function over the space:

Oy = aiﬁfi(afv'i (f,f()JP(f ,;z)afa;z;i =sg, fr,ox (19)
0o Vv

ot
Where y is the dispersion rate of the scalar. In the above equation, sg is a surface growth, fr is fragmentation,

ox is an oxidation and corresponding scaling factors. This facilitates the user to vary the rates for sensitivity
studies by either increase or minimize based on the requirements or to perform calibration tests. In addition

ol .
ypi =i | | %(afavt'p' i 'i)JP(f 7 pfogi =s.fr,0x (20)
00

where pi represents inception of particle and it is the matching scaling factor. The probability density function
as described above is given by P(f, 7) = P(f)P(}), by treating them as statistically independent. A B

function, equation (20) has been assumed for P(f). In the current work, P(&)is called as delta function.

a-1 b-1
p(f)=-=f) 1)

1
[t ) af
0

The values of B function are determined using two using two parameters, a and b, from the mean mixture
fraction f and the corresponding variance g, that can be defined as

g+ :(f_fz)

Two parameters were solved using transport equations to calculate the probability density function. The

standard equation used for the mean mixture fractionis f and for the variance is g,

For calculation of probability density function, two parameters using transport equations were solved. the
standard equation for the mean mixture fraction is f , varianceis g,
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where oy is called turbulent Schmidt number

Co is called coefficient with default values ranging from 0.9 and 2.0, respectively.

The Lagrangian multiphase model was opted to predict the movement of fuel droplets as both the liquid and
the gas phases were present in the combustor. The droplet parcels injected in the combustion chamber were
specified as 25000. The governing equations such as species concentration, continuity, energy, momentum was
solved. After fuel injection these droplets break and correspondingly Reitz-Diwakar model was chosen and for
droplet wall interactions Bai’s model was found to be most suitable along with boiling option to consider any
droplets adhering to the combustor wall.

There are two ways that the fuel droplets that strike the wall and get evaporated. The temperature of the fuel
droplets in the first method is higher than the evaporation temperature, while the boiling temperature is influenced
by saturation pressure in the second method.

The fuel used for the investigation is n-dodecane which is sprayed in the combustor with fuel air ratio taken as
1:100. The Rosin-Rammler method was chosen to describe the droplet size and density functions that were
calculated using parameters such as X = 4.1E"% and q = 2.5. With a velocity of 13.25 m/s, fuel injection velocity
of 25 m/s, mass air flow of 1.428 E% kg/sec and fuel flow rate of 1.428 E-% kg/sec, 2500 fuel droplet parcels
were allocated at each injection point, the air enters the combustor through three separate inlets. The model was
tested for grid dependency with mesh cell sizes ranging from 3mm to 8mm and 1mm increments.The findings
were nearly similar in nature for cell sizes of 3mm and 4mm. Thus, 4 mm of cell was taken for testing because the
time requirements of computation are smaller than 3mm. At the entrance of combustion chamber multiple points
of fuel injection are chosen at various locations. The last step, the meshed model is simulated and tested for
convergence by limiting the iterations as reported by Srinivasan et al.[55, 56].

4 Validation Of Model

For validation of model the following operating parameters were taken as constant and details are given below.
Inlet air Swirl 0.37, fuel air ratio 1:100 inlet air temperature 600 K, fuel droplet size 123um, air mass flow rate 0.1
kg/sec. fuel injection angle 15°, injected fuel temperature 350 K and the case was run with these parameters. The
outcome of the analysis was compared with findings as given below.

DIAMETER M
LOCAL M= 0,1246E-03
LOCAL NN= 0 214906
0186
01082643
0936504
07608E-04
06251EM
04600604
03136604
0151804
02140805

Figure 2. Penetration of droplets with initial diameter of droplets 123pum

From the figure 2 it can be noticed that presence of fuel droplets with diameter of 123 pm were located beyond
2.25 (Z/D) where Z is represented as combustor length and D is represented as diameter of combustor which is
obtained from the analysis thereby replicating the results as reported by Sharma et al [56] in literature shown in
figure 3 and figure 4.
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Figure 3. Penetration of droplets obtained in the combustor for droplet diameter of 123um
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Figure 4. Penetration of different droplets represented by classes in the combustor

Table 1 Classification of droplet diameters

Drople A B q [ B i G
t Classes
Size 1 3 4 € 1 g 1
pum 8 3 8 8 08 23

5. Results & Discussions

Analysis was carried out to determine the role of operating parameters including turbulence kinetic energy
average temperature, with a change of temperature at inlet. Some of parameters that were kept constant in the
present investigation and the details are as follows:
inlet 0.5087 kg/m?® air mass flow rate 0.1 kg/sec, fuel injection angle 15°. The inlet air temperature was initially
taken as 500K and raised by 100K for subsequent iterations till 2000K. The results obtained from the analysis are

presented as temperature contour plots and turbulent kinetic energy contour plots.

5.1 Temperature Contour Plots

Air swirl at inlet 0.37, fuel air ratio 1:100, density of air at

The contour plots show temperature variations reflected by areas occupied by different regions at various
locations in the combustor. Figure 5 depicts the temperature that occurs in the combustor along its length for
various inlet air temperatures of 500K, 600K, 700K, 800K, 900K, and 1000K as contour plots.

Fig.5.1(a)

ABSOLUTE
KELVN

Fig.5.1(b )

TOTAL TEMPERATIRE

LOCAL D= 1336
LOCAL M= 6001
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Fig. 5.1(a) to Fig. 5.1(f) Temperature contour plots for different inlet air temperatures.

Figure 5.1 (a) to figure 5.1(f) provides the information about the role of inlet air temperature from 500K to
1000K increased by 100K and corresponding changes in temperature at different locations of combustor. The
average and maximum temperatures in the combustor tend to rise as the temperature of the inlet air had increased.
The average temperatures and maximum temperatures prevailing in the combustor appear to increase with rise in
inlet air temperature. In figure 5.1 (a) it is observed that the highest temperature position is initially located
between secondary and dilution inlets and gets strengthened in figure 5.1 (b) accompanied with increase in its
area. From figure 5.1 (c), figure 5.1 (d) it appears this position appear to get shifted to left of secondary air inlet.
For the case of inlet air temperature 900K and 1000K the maximum temperature is identified to be situated at the
axial inlet figure 5.1 (e) and figure 5.1 (f) and the regions containing maximum temperature has decreased as seen
in figure 5.1 (c) and figure 5.1 (f).Also the difference in various regions of temperatures at the exit after
combustion of fuel has decreased as the temperature at the inlet had increased. This can be explained as the rise in
the air intake temperature takes place the temperature adjacent to the fuel droplets is elevated and this had resulted
in higher energy availability to the atomised fuel droplets for better evaporation and formation of near
homogenous mixture.

Average Temperature Vs Inlet

Air Temperature
< 1350
=~ 1300 -
@ 1250 -
2 1200
© 1150 |
@ 1100 |
g— 1050 -
o 1000 -
950
@ 900 |
© 850 |
g 800 —_—
< 400500 600 700 800 900100a100

Inlet Air Temperature (K)

Fig. 5.1(g) Variation of Average temperature with inlet air temperature

The figure can be noticed. 5.1(g) the average temperature appears to rise as the inlet air temperature increases.
Also it can be noticed that with a rise in the air inlet temperature, the vaporization rate of atomised fuel droplets
injected into the combustion chamber had improved. The average temperature increase rate initially for 500 K is
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found to be 363 K, appears to reach a peak value of 381 K, and later decrease significantly with the increase in air
intake temperature.

5.2 Turbulent Kinetic energy contours

The variation of turbulent kinetic energy are presented in the form of contour that provide information about

the areas occupied by various regions and these are located at different positions in the combustor.
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Fig. 5.2(a) to 5.2(g) Turbulent Kinetic Energy contour plots for different inlet air temperatures

It is noted that there is rise in maximum turbulent kinetic energy values, but the areas occupied by these higher
values appear to shrink as inlet air temperature had increased. Also, these regions appear to be same near the
outlet with increase in temperature. Further it can be justified as This can be explained as the differences in
turbulent Kkinetic energy values had decreased due to effects of combustion induced turbulence become uniform
with increase in temperature.

6. Conclusions:

By increasing the inlet air temperatures from 500 K to 1000 K with a 100 K step size, the CFD simulation was
used to predict the effect of air temperature at inlet on fuel combustion. Results obtained for different operating
parameters with 600 K inlet air temperature have better values.

The temperature contour plots reveal that the maximum value of the temperature is 1336 K, while the average
temperature difference computed between the inlet temperature and the outlet temperature was observed to be
maximum of 361 K. The turbulent kinetic energy has maximum value of 29.51 m?/s? and this value appears to be
moderate. But the areas with highest values have dropped as the inlet temperature was raised. In addition at the
outlet the values of turbulent kinetic energy is almost equal in most of the cases.

The analysis thus revealed that the input air temperature of 600 K was best with fuel injection rates of 25 m/s
and a fuel injection angle of 15° as it has maximum overall increase of the average temperature, provides a
moderate value of turbulent kinetic energy in comparison with other temperature cases.
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