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ABSTRACT: A systematic and comprehensive first law analysis of a cooled gas turbine cycle subjected to
vapor compressor inlet air cooling (VC-1AC) has been conducted in our study. Film air cooling technique has
been implemented to cool the gas turbine (GT) buckets. The gas turbine is subjected to variation of various
operating and ambient parameters and the corresponding effect is analyzed to find out the optimal one. The
integration of VC-1AC has been reported to further enhance the plant specific work and plant efficiency of gas
turbine cycle, the enhancement being higher in regions having a hot and dry climate. This increase in cycle
performance due to VC-IAC has been found superior in case of bucket cooled GT cycle when compared to
uncooled one. It has further been witnessed that the plant specific work increases by more than 0.35 % and the
plant efficiency increases by little above 0.1 % for every 1° C drop in CIT. The work ratio representing the
excess of work of turbine over work of compression has been observed to improve when the ratio of inlet
temperatures (rir ) is increased or pressure ratio (rpc) is decreased. For every turbine inlet temperature , an
optimal rp ¢ has been reported to exist at which, the plant efficiency is maximized.

Keywords: compressor inlet temperature; film blade cooling; gas turbine performance; inlet-air cooling; vapor

compression;

I. INTRODUCTION

From the United States energy
information administration (EIA) survey, it has
been reported that Fossil fuels played a significant
role in supplying 80% energy demand of world by
2040 where as the remained demand would be
fulfilled by renewable and nuclear power resources
[1]. International Energy outlook, 2013 revealed
that, consumption of energy demand in developing
countries reported 56% by 2040.So there is a need
for adopting modern techniques which can improve
electrical efficiency as well as specific power
outputs (kJ/kg air) for controlling GHG emissions,
investment cost, operating and maintenance costs
for a sustainable use of the available fuels.

Gas turbines used in plants, mostly faced
an adverse effect in power output when ambient
temperature increased. It has been reported that gas
turbine power generation declined 15% of the rated
power when the ambient temperature increased
from 15° C to 36° C [1]. In order to compensate
such power loss, new technology has been
introduced. Inlet air cooling is regarded as a
promising method for improving gas turbine
efficiency up to 30% at one third cost of new
turbine and half that of a peaking plant.

Inlet air cooling techniques to gas turbine
during combined cycle was addressed a subject
matter to improve plant efficiency. Najjar et al[2]
investigated on inlet air chilling effect in gas

turbine by introducing a cooling coil and reported
that the turbine output improved by 10% and 18%
during cold humid conditions and hot humid
conditions respectively. Amell and Cadavid [3]
have discussed the effect of the relative humidity
on the atmospheric air-cooling thermal load, for
gas powered thermal station installed in Colombia,
when implementing cooling techniques such as:
vapor compression and ice storage. G Srivastava
and R Yadav [] investigated collaboratively on the
influence of relative humidity on the performance
of a combined cycle using vapor compression
refrigeration system. It has been reported that
cooling the inlet air by 20 K using vapor
compression refrigeration system, improves the
plant specific work and plant efficiency by around
4% and 0.39% respectively. Lucia et al. [5] have
investigated on air cooling system and portrayed a
comparative study of Cogeneration of gas turbine
power plant and concluded that in the Italian
climate, the turbine power output may increase by
18% to 19% if the compressor inlet air is cooled to
10°C. This may be due to reducing the loss of
energy due to excess heating. Al-Ansari and Ali [6]
discussed on a hybrid turbine inlet air cooling
(TIAC) system and reported that there was an
enhancement of more than 10% of power. Sanaye
et al. [7] have performed a thermo-economic
analysis of ice thermal energy storage system for
gas turbine inlet cooling application. The addition
of inlet air cooling has been reported to enhance
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power by 3.9 % to 25.7 % and efficiency by 2.1%
t05.2% while the payback period was increased by
3.7 years.

Gord and Dashtebayaz [8], suggested that
the performance and efficiency of gas turbine can
be improved by using turbo-charger. In that
approach, a comparative study between a common
air cooling and a turbo-air cooling method using
turbo-expanders has been portrayed. The
mechanical efficiency of a plant can be increased
using a mechanical Chiller where as efficiency in
electricity production enhanced significantly high
by using turbo-expander as reported. According to
Popliet. al [9] , an absorption cooling system
integrated with a conventional evaporative coolers
and mechanical vapor compression chillers
powered by waste heat produces better power
output. A gas turbine of evaporative cooling system
, power output and energy efficiency has been
enhanced by 4.2% and 1.6% respectively. In
comparison, in a vapor absorption cooling, an
increase of 23.2% by power output and 13% by
energy efficiency has been reported. However,
vapor compression cooling established an annual
saving of 2MW electric power.

Another aspect of increasing the
performance of gas turbine power plant by
increasing the turbine inlet temperature (TIT),
which has been addressed in addition to cooling of
the inlet air. Such improvements in achieving the
active cooling become possible by maintaining the
temperature of the various components of turbine
exposed to hot gases lower by continuous bleeding
of fresh air from air. In addition, such high
pressured bleeding of air extends the life period of
components by controlling the unfavorable
combined exposure to oxidation, creep, and
thermal stresses on them. Bucket cooling is also
another sustainable method of cooling by bleeding
inlet air from compressor flowing through the
internal passages in the buckets. Extensive works
in this area have also been reported by many
researchers [10-23]. Horlock et al. have discussed
the consequence of increased energy losses
associated with the cooling flow rates required due
to increase in efficiency at higher temperature of
inlet air. In addition, high temperature of inlet air
associated with the turbine increase excess NOx
emission. In order to control the NO x emission,
excess mass flow rate of coolant and inlet air
temperature  of turbine, necessary control
mechanism by the integration of inlet air cooling
systems to gas turbines cycle plants must be
employed .

A little work has been reported on
thermodynamic analysis of gas turbines and
combined cycle plants employing combined mode
of inlet air cooling and gas turbine bucket cooling.

As discussed by mohaptra and sanjay [25,27], plant
efficiency and plant specific work has been
improved by 2.29% and 13.9% respectively by
introducing evaporative inlet air cooling and
transpiration bucket cooling. Combined effect of
air humidifier and inlet air cooling to film cooled
gas turbine increases the efficiency. This may be
due to increased work out put at higher ambient
temperature and lower relative humidity [13].
Performance on exergy and emission of a cooled
GT cycle subjected to evaporative inlet air cooling
have also been studied by Anupam[14]. Attempts
have been taken to highlight such three methods
representing substantial improve in plant efficiency
by 11.3% and plant specific work by 19.7% of an
evaporative inlet air cooled gas turbine cycle plant
introducing an air humidifier [28]. Effect of
absorption inlet air cooling on combined cycle
plant performance [29] has been studied and
reported as increase in optimum efficiency of gas
turbine cycle by 7.48% and specific work by more
than 18 %.

After extensive work done on the area of
inlet air cooling, a research gap has been found.
Hence the literature survey pleads for further
research, which has been addressed here in;

e During analysis of combined effect of vapor
compression inlet-air-cooling and air film
bucket cooling on gas turbine cycle ,no where
the performance has been discussed.

e There is a lack of information found while
studying the factors affecting the performance
parameters of air film cooled gas turbine cycle
integrated with vapor compression inlet-air-
cooling like ambient temperature, relative
humidity, compressor pressure ratio and
turbine inlet temperature.

e Incompetency in mapping performance for
designing a vapor compression inlet-air cooled
gas turbine cycle with film cooling of turbine
buckets has been identified.

= Since performance of a gas turbine cycle is
highly influenced by turbine and compressor
inlet temperatures, in order to study the effect
of its variation on cycle performance, the ratio
of inlet temperatures need to be addressed.
Hence the prime objective of reducing the

research gap has been maintained by parametric

analysis of the impact of vapour compression inlet
air cooling to a gas turbine cycle with air film
cooling of turbine buckets.
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Fig 1.Schematic of a GAS TURBINE
configuration with vapor compression inlet air
cooling (VCFCGT) and without vapor compression
inlet air cooling (FCGT)

Il. MODELING OF GOVERNING
EQUATIONS

Fig. 1 depicts a VC-IAC gas turbine
configuration with film bucket cooling. Different
components of the said configuration have been
modelled using appropriate governing equations.
Certain assumptions have also been made during
the modeling of such governing equations.

Gas Model

The specific heat of gas (real)is a function
of temperature and pressure. Howeverin the present
study it is assumed to vary only with temperature
as per the following polynomial.

2 3
C,(T)=a+bT +CT7 +dT> +.in

@)

In the above equation the co-efficient used
in the polynomiala, b, ¢, and d are taken from the

Touloukian and Tadash [17]. another term® fh “has

been introduced to consider the effect of rise in
specific humidity of air across the VC-IAC system
such that

f, =1+0.054,,

2
being the % relative humidity at the outlet of VC-
IAC system.

The heat content of gas termed as enthalpy is
expressed as

=] c,(THT

®)

It is assumed that the air entering the inlet air
cooler has zero enthalpy.

Modelling of Vapor Compression Inlet Air
cooling system.

The process that the ambient air undergoes

inside the inlet air cooler can be represented in the
psychometric chart as shown in Fig 2 ().
As the air enters the VC-IAC and comes out at a
reduced temperature, the path traced by the air in
psychometric chart is as detailed in Fig. 2(a). The
temperature of ambient air starts to drop due to the
rejection of sensible heat and there is simultaneous
rise in relative humidity till it reaches the dew point
(point ‘b’).Any further cooling beyond this point
demands the condensation of water vapor and so
the quantity of heat required to be removed rises
sharply until the required state at point “c” is
attained.

The total amount of heat required to be
removed from the ambient air for the desired state
‘c’ to be achieved is nothing but the summation of
the sensible and latent heat of air.

Hence the refrigerating effect (total cooling load)
can be calculated as under

QcL = m(qsensible + QIatent)

(4)

A vapor compression cycle has been
adopted in the study for the refrigeration process.
The work required to operate the refrigeration cycle
is-derived from gas turbine output.
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Fig. 2(a). Representation of air cooling process on
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psychometric chart

The work of refrigeration needed for
cooling the inlet air has been extracted from the gas
turbine output. Several losses are to be encountered
in the process of refrigeration due to which the
actual power is always greater than the theoretical
one.

The actual power of compression for refrigeration

can be calculated as
w __mig(hg—hc) _ mig(hq—h¢)
comp,ref — -

()

NmMelMvol Neu

Where Dot » M » Ny and are the

volumetric,electricaland mechanicalefficiency
respectively.

The refrigeration work for a selected COP
of vapor compression refrigeration is calculated by
using the following relation

The work of refrigeration for the VC-1AC
system for chosen value of COP can becomputed
as [18]

QcL
w. -—
ref COPyc(1—px)™ey

6)

In the above formulae ‘|’ is a constant
which is chosen depending upon the refrigerant
type and X is the quality ofair at the exit of VC-
IAC. Another empirical constant ‘n’ is selected
based on number of compression and expansion
stages. In this study the value of ‘|, is 0.77 (Freon

22) and the value of ‘n’ is 1 (single stage simple

refrigeration cycle). In general the value of 7]’

is decided by the manufacturer depending upon the
pressure ratio and the compressor type.
The actual COP can be computed by presenting a

term refrigeration efficiency (77ge ¢ ) which can be

defined as
n — COPgctual
ref COPtheoretical
()

e Compressor Model
An axial flow compressor is used in our

study.Aterm polytropic efficiency ( Ty ) is

introduced in the equation relating pressure and
temperature to account for the thermodynamic
losses in the compressor as follows.

dT [ R, ]dp

T p

NptcCpc
p p

(8)

where RC is the gas constant such that

Rc = Cp,c - Cv,c

9)
where
Copec = Cpa + Wq iCpvap
(10)
Copec = Cpa + Wq iCpvap
(11)

where C,, and C,, are calculated from
thebelowmentioned relation [19]:
8.314

Cpa = 5gg7 (3653 = 1337 X 107°T,,, +3.294

X 1076 T2, — 1.913 x 10 T2,

+2.763 X 10713 T4)

(12)
Cya = Cpq — 0.287
(13)

Again prvap and C\,y\,ap are calculated as

follows[16]:
_ 8314 3
Cpvap = m(4.07 —1.108 x 107°T,, + 4.152
X 107°T2, — 2,964 x 1079 T3,
+8.07 x 10713 T2)
(14)

Copap = Cpyap — 0.4614
(15)

The enthalpy at any point can be
calculated using the relations(1), (3), and (8).
The mass and energy balance of the compressor
helps us to find out the work of compression as
follows.

me; =mg, + choolant,j

(16)
-W,. = mc‘e. hc‘e +2 mcoolant,j - Rcootant —
mc,i- hc,i (17)

e  Combustor Model:

The mass and energy balance of the
combustor helps us to find out the mass of fuel
need to be supplied to attain the desired TIT as per
following.

m, = m; +m;
(18)
ms. AH,.. N comp = M. he + M. Ry
(19)
e Cooled Gas Turbine

In this article, the gas turbine buckets have
been cooled by film air cooling model. The mass of
coolant need to be supplied to a row of buckets
isexpressed as [20]:
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me_ g feoe] [ fa ][]
nig Cp,c Cp.g-PgCqg s(Tb—TE,,-)

(20)

where Sg= 2¢, Sy/tcosa=3.0, Fsa = 1.05, o = 45°
(for stator), o= 48° (for rotor), Sti;=0.005.

The specific work output of the turbine can be
determined by mass and energy balance as below:
VVgt = mg.l(hg.i - hg.e) +

[Z mco;)lant (hcoolant,i - hcoolant,e)] - Wref
(21)

PERFORMANCE PARAMETERS
The various parameters to evaluate the performance
of GT cycle is as described below

The gas cycle specific work (W) is given by

[Wc+Wretl
VVgc,net = Wgt - Cn—mef
(22a)
Wplant = . Whplant = TMalt - [Wgt,net]
(22b)

The gas turbine (topping cycle) efficiency (n | t) is
plan
expressed as:

Wi
_p ant 23
nplant rg.AH, ( )

work ratio which is defined as the ratio of turbine
to compressor work is given as [21]

W,
rat — ﬁ (24)
Heat Rate (HR) can be defined as the

energy entering the system (kJ/h) divided by the
work produced(kW).

3600.Q x i
HR = S000-Q x ,

Wplant
(25)
A programme has been written in C++
language for all the models and associated
equations and results have been presented.

Table 1. Input data for analysis [26, 33]

Compressor |i.Polytropic %
efficiency(npc)=92 | %
.0 bar
i.Mechanical

efficiency(nm=98.
5

i.Inlet plenum loss=
0.5% of entry pr.

i.Combustor %
efficiency bar
(ncomb):99-5 MJ/kg

i.Pressure loss
(Pross)=2.0% of
entry pressure

i.Lower heating
value (LHV)=
42.0

Combustor

Gas turbine .Polytropic %
efficiency bar
(Mp)=92.0 K
.Exhaust K
pressure=1.08

i.Exhaust hood
loss=4

i. Turbine  Bucket
Temperature=
1123

Alternator %
efficiency=98.5

Alternator

PARAMETE | SYMBOL UNIT
R
Gas cp=f(T) kd/kg K
Properties: Enthalpy KJ/kg
h= (co(T) dT
Inlet Air [i.Refrigerant R22
Cooling i.Refrigeration %
System Efficiency =45 %
i.Energy use
efficiency  (Meu)
=85

11l. RESULTS AND DISCUSSION

Table.1 depicts the input parameters taken
in our study. The gas-turbines are generally
designed to function at 1SO condition (T, = 15° C
and RH, = 0.6). But here in this article the CIT and
RH, have been altered and ISO state is not possible
to be achieved every time. Nevertheless the
obtained results in this study have been validated
with the features of MS 7001 GT from GE [22] at
off design conditions and with IAC and is found to
relate well.

In the present work the results of VCIAC
have been studied for a cooled GT cycle by altering
various factors and the results attained have been
examined as under:
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Figure 3(a). Effect of ambient temperature and ambient RH on the difference
between DBT and WBT

Effect of ambient temperature and ambient RH
on the difference between DBT
& WBT.

Fig 3(a) demonstrates the influence of
ambient temperature and ambient relative humidity
on the effectiveness of IAC in terms of difference
between DBT over WBT. It has been noticed that
the difference between DBT &WBT rises with
increase in ambient temperature as well as ambient
relative humidity. This variation can be accredited
to the psychometric air property [Fig 2(a)].
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Figure 3(b). Coolant flow requirement with variation in turbine inlet temperature
and compressor pressure ratio

Effect of turbine inlet temperature and
compressor pressure ratio coolant flow
required.

Fig 3(b) shows the required coolant flow
with variation in turbine inlet temperature and
compressor pressure ratio. It has been detected that
the rate of coolant flow increases expressively with
increase in TIT in order to preserve the turbine
bucket temperature within specified limits.
However the variation in rate of coolant flow with
alteration in compressor pressure ratio is not

substantial rather dull. This is because increase in
compressor pressure ratio has no substantial effect
on the temperature of bled coolant.

Effect of vapor compression inlet cooling and
film bucket cooling on plant efficiency and plant
specific work of BGT cycle.

Fig. 4 shows the effect of vapor
compression inlet air cooling and air film bucket
cooling on performance of gas turbine cycle at
Tp=1123 K, rpc=23, T=313 K, RH;=0.2. It has
been observed that the integration of VCIAC
increases the plant specific work and plant
efficiency of BGT cycle. This is because for inlet
air cooled cycle, the CIT is lower resulting in lower
compression work. Also the mass flow rate of air
increases due to increase in density. Both of these
factors increase plant specific work. Though the
fuel energy input increases at lower CIT, it is well
compensated by increase in plant specific work and
hence plant efficiency increases. It has been
observed that the effect of vapor compression inlet
air cooling is more pronounced in case of FCGT
cycle as compared to BGT cycle. At a T, = 313 K,
RHa. = 0.2, rpc=23 and T,= 1123 K, the integration
of vapor compression inlet air cooling increases
the plant efficiency of BGT cycle by 1.54 % and
plant specific work by 8.61 %, against 2.21 %

T,=313K, RH,=0.2, T,=1123K, , =23
400 §—

300 - A Plant efficiency (%) R |
Plant specific work (kJ/kg) | |

)
=3
S

N N

w
©

w
=3

Plant performance parameters

w
@
!

30

[ BGT 4+*VCGT H]-fFCGT —+7 EVFCGT—_—[

Cycle Configuration
Fig. 4. Comparison of plant efficiency and plant specific work of GT cycle
configurations

and 10.99 % respectively for FCGT
cycle. This is because, in case of FCGT cycle, the
addition of vapor compression inlet cooling has the
additional benefit of lowering the bucket coolant
requirement and associated losses.

Variation of refrigeration work w.r.t. ambient
temperature and ambient RH for VCFCGT
configuration

Fig.5 (a) depicts the influence of ambient
temperature on input refrigeration work for
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VCFCGT configuration. The divergence found in
refrigeration  work  explains that ambient
temperature has a desirable effect on refrigeration
work output. This may be due to extraction of large
amount of heat from inlet air resulting increase in
refrigeration effect and work of refrigeration as
well.

Fig.5 (b) illustrates the effect of ambient
RH on refrigeration work for VCFCGT
configuration. The histogram represents the gradual
increase of refrigeration with increase in ambient
relative humidity. This may be due to increase in
cooling load.

20

VCGT Configuration
TIT=1700K, r =23, RH_=0.2, CIT=278K

16

Refrigeration Work(kJ/kg)

283K 288K 293K 298K 303K 308K 313K 318K 323K
Ambient Temperature

Fig. 5(a): Variation of refrigeration work w r to ambient temperature for
VCGT configuration

50 4
VCGT Configuration

TIT=1700K, A =23, T =313K, CIT=278K

Refrigeration Work (kJ/kg)

0.2 0.3 0.4 05 0.6 0.7 0.8

Ambient relative humidity
Fig. 5(b): Variation of refrigeration work w r to ambient RH for VCGT
configuration
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Fig. 6: Effect of CIT on mass of coolant required and mass of
fuel requirement for VCGT configuration
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Fig. 7(a): Effect of ambient conditions on the plant specific work with and
without VCIAC
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Fig. 7(b): Effect of ambient conditions on the plant efficiency with and
without VCIAC

Effect of CIT on mass of bucket coolant
required and mass of fuel requirement for
VCFCGT configuration

Fig.6 shows the potential influence of CIT
on mass flow of bucket coolant as well as fuel
required for VCFCGT configuration. It is observed
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that CIT is almost linearly decreases with decrease
in mass flow rate of bucket coolant. As because,
temperature drop of bled coolant causes decrease in
CIT. However the drop in CIT becomes
undesirable for CC to produce required amount of
compressor power. So in order to maintain the
temperature ,excess amount of heat need to be
supplied to CC from external source.

Effect of ambient conditions on plant efficiency
and plant specific work and of gas turbine
configuration with and without VCIAC

The sensitivity histogram in Fig7(a)
.explains the positive effect of ambient
temperature on specific work output of gas turbine
cycle engaged for with and without inlet air
cooling. The exit temperature of inlet air cooling
system is adhered to maintain a constant at 278K. It
is observed that inlet air cooling gas turbine
produces higher specific work output than that of
cooled gas turbine cycle. This may be due to lower
consumption of compressor work maximizes the
net output of gas turbine.

The sensitivity histogram in Fig7(b)
shows the effect of ambient temperature on the gas
turbine cycle efficiency on FCGT configuration
with and without inlet cooling. It is observed that
turbine gas cycle efficiency increases linearly with
inlet air cooling. Gas cycle specific work output
played a significant role in order to compensate the
energy loss due to higher difference among CIT
and PIT.

It is also observed that higher ambient
temperature and lower relative humidity maximizes
the plant efficiency as well as gross power output
of an integrated inlet air cooling system. Moreover
at higher ambient temperature, effective cooling
can be achieved due to sufficient temperature
difference between DBT and WBT. Similar trend
of higher ambient and RH has been followed in
order to enhance the refrigeration work as
discussed in section4.3 reducing the gain of
increase in plant specific work.

Sensitivity of various components of plant
specific work with CIT for VCFCGT
Configuration

Fig.8 explains the effect of CIT on various
components of specific work output for VCFCGT
configuration. It is observed that work of
refrigeration increases with decrease of CIT that
leads to decrease in compressor work. In addition,
such combined effect of cooling involves increase
in gas cycle work output. It has been reported that
compressor work output is reduced by 13.33 kJ/kg
with a fall of 10 K of compressor inlet temperature.

IV. CONCLUSIONS

Based on the analysis of vapor compression inlet

air cooled gas turbine cycle, the following

conclusions have been drawn:

1. The addition of vapor compression inlet air
cooling has been observed to improve the plant
specific work and plant efficiency of gas
turbine cycle. This improvement is higher at
higher ambient temperature and lower ambient
relative humidity.

2. The difference between DBT &WBT rises
with increase in ambient temperature as well as
ambient relative humidity.

3. The rate of coolant flow increases expressively
with increase in TIT However the variation in
rate of coolant flow with alteration in
compressor pressure ratio is not substantial
rather monotonous.

4. The work of refrigeration increases gradually
with increase in ambient temperature and
ambient relative humidity.

5. It has been observed that as the CIT is reduced,
the bucket coolant mass flow rate decreases
and the mass of fuel energy input increases.
The Bucket coolant mass increases
significantly with increase in TIT.

6. The increase in performance parameters due to
integration of vapor compression inlet air
cooling is superior in case of cooled gas
turbine based combined cycle as compared to
uncooled cycle.

7. It is also observed that higher ambient
temperature and lower relative humidity
maximizes the plant efficiency as well as gross
power output of an integrated inlet air cooling
system

REFERENCES

[1]. https://www.eia.gov/todayinenergy

[2]. M. Jonnson, J. Yan, Humidified gas turbines
—-a review of proposed and implemented
cycles. Energy 30, 1013-1078 (2005)

[3]. M.M. Alhazmy , Y.SH. Najjar,
Augmentation of gas turbine performance
using air coolers. Applied Thermal
Engineering 24, 415-429 (2004).

[4]. A.A. Amell, F.J. Cadavid, Influence of the
relative humidity on the air cooling thermal
load in gas turbine power plant. Applied
Thermal Engineering 22, 1529-1533, (2002)

[5]. G. Srivastava, R. Yadav, Effect of Inlet Air
Refrigeration on the Performance of
Combined Cycle Power Plants. ASME Conf.
Proc. POWER2004 (2004).

[6]. M. Lucia, R. Bronconi, E. Carnevale,
Performance and economic enhancement of
cogeneration  gas  turbines  through
compressor inlet air cooling. Trans. of
ASME 116, 360-365 (1994).

WwWWw.ijera.com 50|Page


http://www.asmedl.org/vsearch/servlet/VerityServlet?KEY=ASMEDL&possible1=Srivastava%2C+G.&possible1zone=author&maxdisp=25&smode=strresults&pjournals=AMREAD%2CJAMCAV%2CJBENDY%2CJCNDDM%2CJCISB6%2CJDSMAA%2CJEPAE4%2CJERTD2%2CJETPEZ%2CJEMTA8%2CJFEGA4%2CJFCSAU%2CJHTRAO%2CJMSEFK%2CJMDEDB%2CJMDOA4%2CJMOEEX%2CJPVTAS%2CJSEEDO%2CJOTRE9%2CJOTUEI%2CJVACEK%2CASMECP%2CJTSEBV%2CJEPOA8%2CJMDEEC%2CJMTDDK%2CJLUTAT%2CJVADDM&aqs=true
http://www.asmedl.org/vsearch/servlet/VerityServlet?KEY=ASMEDL&smode=strresults&sort=chron&maxdisp=25&threshold=0&pjournals=ASMECP%2CAMREAD%2CJAMCAV%2CJBAEAI%2CJBENDY%2CJCNDDM%2CJCISB6%2CJDSMAA%2CJEFIA8%2CJEPAE4%2CJEPOA8%2CJERTD2%2CJETPEZ%2CJEMTA8%2CJFEGA4%2CJFCSAU%2CJHTRAO%2CJLUTAT%2CJMSEFK%2CJMDEDB%2CJMDEEC%2CJMDOA4%2CJMTDDK%2CJNEMAA%2CJMOEEX%2CJPVTAS%2CJSEEDO%2CJOTRE9%2CJOTUEI%2CJVACEK%2CJVADDM%2CJTSEBV%2C00ASME&possible1=INLET+AIR+COOLING&possible1zone=article&OUTLOG=NO&viewabs=ASMECP&key=DISPLAY&docID=24&page=1&chapter=0
http://www.asmedl.org/vsearch/servlet/VerityServlet?KEY=ASMEDL&smode=strresults&sort=chron&maxdisp=25&threshold=0&pjournals=ASMECP%2CAMREAD%2CJAMCAV%2CJBAEAI%2CJBENDY%2CJCNDDM%2CJCISB6%2CJDSMAA%2CJEFIA8%2CJEPAE4%2CJEPOA8%2CJERTD2%2CJETPEZ%2CJEMTA8%2CJFEGA4%2CJFCSAU%2CJHTRAO%2CJLUTAT%2CJMSEFK%2CJMDEDB%2CJMDEEC%2CJMDOA4%2CJMTDDK%2CJNEMAA%2CJMOEEX%2CJPVTAS%2CJSEEDO%2CJOTRE9%2CJOTUEI%2CJVACEK%2CJVADDM%2CJTSEBV%2C00ASME&possible1=INLET+AIR+COOLING&possible1zone=article&OUTLOG=NO&viewabs=ASMECP&key=DISPLAY&docID=24&page=1&chapter=0
http://www.asmedl.org/vsearch/servlet/VerityServlet?KEY=ASMEDL&smode=strresults&sort=chron&maxdisp=25&threshold=0&pjournals=ASMECP%2CAMREAD%2CJAMCAV%2CJBAEAI%2CJBENDY%2CJCNDDM%2CJCISB6%2CJDSMAA%2CJEFIA8%2CJEPAE4%2CJEPOA8%2CJERTD2%2CJETPEZ%2CJEMTA8%2CJFEGA4%2CJFCSAU%2CJHTRAO%2CJLUTAT%2CJMSEFK%2CJMDEDB%2CJMDEEC%2CJMDOA4%2CJMTDDK%2CJNEMAA%2CJMOEEX%2CJPVTAS%2CJSEEDO%2CJOTRE9%2CJOTUEI%2CJVACEK%2CJVADDM%2CJTSEBV%2C00ASME&possible1=INLET+AIR+COOLING&possible1zone=article&OUTLOG=NO&viewabs=ASMECP&key=DISPLAY&docID=24&page=1&chapter=0

International Journal of Engineering Research and Application www.ijera.com ISSN : 2248-9622, Vol. 7,
Issue 7, ( Part -10) July 2017, pp.43-51

[7]1.

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

H.A. Al-Ansari, , M.A. Ali  Impact of the
use of a hybrid turbine inlet air cooling
system in arid climates. Energy Conversion
and Management 75 214-223 (2013).

S. Sanaye, F. Abbasali, M. Masoud,
Thermoeconomic optimization of an ice
thermal storage system for gas turbine inlet
cooling. Energy 362, 1057-1067 (2011).
M.F. Gord, M.D. Dashtebayaz Effect of
various inlet air cooling methods on gas
turbine performance. Energy 36, 1196-
1205 (2011).

S. Popli, R. Peter, E.Valerie. Gas turbine
efficiency enhancement using waste heat
powered absorption chillers in the oil and
gas industry. Applied Thermal Engineering
50, 918-931 (2013).

J.H. Horlock, D.T. Watson, V. Jones,
Limitation on Gas turbine performance
imposed by large turbine cooling flows.
ASME Journal of Engg. For Gas Turbine
and Power 123, 487-494 (2001).

A.K. Mohapatra, Sanjay, Analysis of
Combined Effect of Air Transpiration
Cooling and Evaporative Inlet Air Cooling
on the Performance Parameters of Simple
Gas Turbine Cycle. Journal of Energy
Engineering 141(3), 1-15 (2015).

A.K. Mohapatra, Sanjay, Performance
analysis of an air humidifier integrated gas
turbine with film air cooling of turbine
blades. Journal of Energy in South Africa,
24(4), 71-81 (2013)

A. Kumari, M.K. Sahu, Sanjay, T.
Choudhary, A.K. Mohapatra,Evaporative
Inlet Air Cooled Gas Turbine Cycle:
Parametric Exergy and Emission Analysis.
SAE Technical Paper 2018-01-1271 (2008).
A.K. Mohapatra, Sanjay, Prasad L,
Thermodynamic analysis of the effect of
blade cooling methods on air humidifier
integrated gas turbine cycle. Journal of the
Energy Institute 85, 61-69 (2012).

A.K. Mohapatra, Sanjay, Analysis of
parameters affecting the performance of gas
turbines and combined cycle plants with
vapor absorption inlet air cooling
International Journal of Energy Research 38,
223-240 (2014).

[17].

[18].

[19].

[20].

[21].
[22].

[23].

Y.S. Touloukian, M. Tadash, Thermo-
physical Properties of Matter, Vol. 6, The
TPRC Data Series, IFI/PLENUNM, New
York, Washington, (1970).

AJ. Cleland, D.J. Cleland, S.D. White
Cost-Effective Refrigeration, Short Course

Notes, Institute of Technology and
Engineering, Massey University, New
Zealand (2000)

M.Moran, H.Shapiro, Fundamentals of

Engineering Thermodynamics:,3" edition,
1995 (John Wiley, New York).

A.K. Mohapatra, Sanjay, Analytical
investigation of parameters affecting the
performance of cooled gas turbine cycle
with evaporative cooling of inlet air.
Arabian Journal of Science and Eng. 38,
1587-1597 (2013).

K.C. Weston. Energy Conversion , PWS
Pub Co, ISBN-978-0534938611 (1992).

F.J. Brooks , GE Gas-turbine performance
characteristics. GER 3567H: 2000.

Gas Turbine World, Pequot Publishing Inc.
vol. 32(1).

Dr Alok Kumar Mohapatra “Effect of Ambient and Operating Parameter on the

Engineering Research and Applications (IJERA), vol.7(7), 2017, pp 43-51.

|

| |

| |

: Performance Parameters of Cooled Gas Turbine Cycle” International Journal of |
|

| |

|

o o = = = = = = = = - -

WwWWw.ijera.com

51|Page



	II. MODELING OF GOVERNING EQUATIONS
	 Compressor Model
	III. RESULTS AND DISCUSSION


