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Al-Khirat gas power plant in Iraq experiences significant reductions in power output and
efficiency during the hot and dry summer season as an effect of a decrease in air mass flow
rate resulting from rising ambient temperatures. To address this issue, upstream cooling
systems are implemented and their performance is evaluated through energy and exergy
analysis. This study tends to do a comparative study of a gas turbine performance with and
without upstream cooling systems with power output, thermal efficiency, exergy
efficiency, specific fuel feeding, consumed fuel mass flow rate, and exergy destruction
rates. The findings show that upstream cooling systems (UPCS) can effectively mitigate
the negative effects of high ambient temperatures on gas turbine performance, especially
in Iraqg's hot, dry summers. Our study found that higher air temperatures led to a significant
drop in gas turbine efficiency, with a 35 K increase in inlet air temperature reducing power
production by 27.4%. However, implementing UPCS increased thermal efficiency by

11.5% and exergy efficiency by 11.2%.

1. INTRODUCTION

Gas turbine systems are generally transforming thermal fuel
energy into mechanical output. Plants that transform thermal
energy into mechanical energy through the burning of fuels are
known as gas turbine systems. To meet the electrical needs of
homes, businesses, and factories, the mechanical energy
powers a generator, which in turn feeds electricity into the
national grid via distribution power lines. A gas turbine differs
from other types of engines in that the working fluid is always
flowing through it. In order for air to enter the combustion
chamber [1], it must first undergo temperature and pressure
compression via an axial or centrifugal compressor, or both
(Figure 1(a)). The overall performance can be greatly affected
by numerous critical aspects, such as the following:
Compression ratio, ambient temperature and pressure,
humidity, temperature at the turbine inlet [2-4]. Whoever, Ust
et al. [5] presented that an increase of just 10 degrees Celsius
in the input temperature of a compressor, for instance, can
diminish the power output of various gas turbines by 7 to 11
percent. Therefor this study describes the impact of
temperature settings as illustrated in Figure 1(b), where a
temperature-entropy (T-S) curve that the functioning of a basic
open-cycle gas turbine unit. To clarify how temperature
impacts, The diagram shows that the work done by the
compressor increases as the ambient temperature rises. The
rising contours of the constant-pressure areas inside the
compressor demonstrate this (1-4). A decrease in the
compressor's output pressure is thus likely to happen if the air
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temperature outside continues to climb. Furthermore, the air's
density keeps decreasing as its temperature keeps rising when
it enters the compressor. Because of this, the mass flow rate
drops, which in turn reduces the power output.
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Figure 1. Simulated gas power plant model
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To overcome the effect of temperature, especially in high
ambient temperature conditions, several studies [6-31] have
investigated methods to improve gas turbine cycle
performance. Like Alhazmy and Najjar [6] There was an effort
to find out how a gas turbine would fare in extremely hot and
humid environments. a rise in output power of10% in cold
humid conditions and an increase of 18% in hot humid
conditions were observed, a 0.57% increase for every 10
degrees Celsius decrease in ambient air temperature. While
Lamfon et al. [7] gained a 2% in thermal efficiency, a 1%
decrease in specific fuel consumption, and an 11% increase in
power generation when cooled air was fed into the compressor
inlet. This objective can be accomplished by employing a
range of cooling strategies. Air conditioners that evaporatively
cool, mechanically chill, or absorb heat are the most efficient.
Additional technological benefits and more alternatives for
system performance strategy selection are provided by ice
storage, which is another option to consider [8-10]. Gas
turbine power plants' increasing efficiency was the subject of
research by Shukla and Singh [11-13], who looked at the
effects of film cooling, steam injection, and intake air cooling.
While comparing models that were applicable to the film
cooling technique, Mishra and Sanjay [14, 15] came up with a
new model for gas turbine blade cooling that could be used to
evaluate the mass fraction of blade coolant. According to
Mohanty et al. [16] as referenced in Intake air cooling using
an absorption chiller was the subject of an analysis about the
efficiency of gas turbine cycles. Results showed that the same
gas turbine power plant could produce 11% more electricity
after reducing the ambient air temperature of the cycle input to
15 degrees Celsius, an increase of 8-13% in power production.
When studying the efficiency of a basic gas turbine cycle in a
hot and humid environment, Shukla et al. [17] relied on vapour
compression inlet air cooling. Results show that ambient air
temperature significantly affects the cycle's efficiency. For
every 1 degree Celsius increase in air temperature, the specific
work production of the cycle decreased by 0.5-0.9 percentage
points, to be more exact. nonetheless, El-Shazly and his group
of to test [18] how well a gas turbine that ran on natural gas
performed, thermodynamic simulations were utilised. In both
cases, they compared the results to a baseline without and with
an input air conditioning system. Evaporative and absorption
cooling methods were both studied. The study found that an
absorption chiller with a regenerator may raise power
production and efficiency by 25.47% compared to an
evaporative cooler, which can boost both values by 5.56% and
1.55%, respectively. In addition, a power system for
evaporatively cooled steam-injected gas turbines was
evaluated by Shukla and Singh [19]. Optimal intake
evaporative cooling, steam injection, and film cooling were
the targets of this study, which aimed to improve the power
output of a basic gas turbine cycle. Findings demonstrated a
3.2% improvement in thermal efficiency at a steam-to-air ratio
of 5% when the compressor inlet temperature was lowered.
According to the study, one possible approach to improve
efficiency and power output is to combine film cooling, steam
injection, and input evaporative cooling. Bidi and Noroozian
[20]. In order to reduce the intake temperature of the gas
turbine unit, research was conducted on the usage of a
mechanical chiller that was powered by a natural gas turbo-
expander. The impact of input air cooling systems on plant
efficiency was investigated using thermodynamic and
energetic simulations. In hot weather conditions, the results
demonstrated a 3.2% decrease in temperature, an improve in
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net output power, and a 1.138% improvement in thermal
efficiency after the installation of a cooling system. Mohapatra
and Sanjay [21] analyzed data from the vapour absorption inlet
air cooling system. According to the study's predictions, the
combustion chamber is where the majority of the system's
exergy loss happens and total exergy destruction reduced as
the compressor intake temperature was dropped and the
temperature that inlet to turbine was raised. The exergy
destruction of all components is negatively affected by both
ambient temperature and relative humidity, it was also found.
Research on a technology for hybrid inlet air cooling, which
combines evaporative units with mechanical chillers, was
carried out by Al-Ansary et al. [22]. According to the results,
this method might boost the gas turbine's output power by 10%.
Another study looked at the possibility of a ground-to-air heat
exchanger cooling the air before it entire to the compressor
[23]. After implementing this cooling system, the results
demonstrated a 4.8 percent increase in thermal efficiency and
a 9.0 percent boost in output power. In their study, conducted
in Riyadh, Baakeem et al. [24] compared the impact of
different input air conditioning systems on gas turbine
performance metrics. We advised the ideal intake temperature
and cooling capacity. In comparison testing, the researchers
demonstrated that both the multi-stage mechanical vapour
compression refrigeration system and the single-effect LiBr-
H20 absorption system operated admirably. Deng et al. [25]
look into the effects of cooled intake air on Combined Cycle
Power Plant efficiency. The results showed that the fogging
cooling system improved the CCPP performance by up to 17%.
However, a very smaller performance boost of only 4% was
achieved with the usage of evaporative cooling.

Sohani et al. [26] looked at the potential efficiency gains
from installing an indirect evaporative cooler in a gas turbine
power plant. After a cooler was added to Iran's Montazer
Ghaem power plant, researchers there found that annual net
electricity generation went up by 6.02%. Abdel Rahman et al.
[27] used a solar-assisted absorption chiller to boost an already
effective intake air cooling setup. In Dhahran, KSA, they
tested the efficiency of a combined] power plant with and
without a new cooling system, as well as with a traditional
absorption chiller. Monthly net output power was evaluated to
see how the surrounding air affected it. In July, the numbers
revealed a decline in production power from the previous
month, from 267.878 MW to 226.361 MW. The combined net
output power of a conventional chiller plus a solar-assisted
chiller was found to be 34.964 MW (or 37.999 MW). The
study conducted by Barigozzi et al. [28]. Researchers in
Phoenix, New Orleans, and Abu Dhabi (UAE) looked at the
technical and financial aspects of thermal energy storage in gas
turbine combined-cycle power plants. The findings indicate
that capital cost increases in wet regions due to the demand of
higher thermal storage. Locations with high temperatures and
low relative humidity (RH) also fare better economically and
technologically year-round. Where Fallah et al. [29] conducted
an extensive study on the steam injection gas turbine cycle, to
find out what part each part plays and how they interact with
each other to destroy exergy in the steam injection gas turbine
with an evaporative inlet air cooler cycle, the researchers used
complicated exergy analysis and compared it to other cycles,
such as the simple gas turbine and the gas turbine with
evaporative inlet air cooler. The impact of inlet air cooling on
the operation of a real-world gas turbine power facility in
Nigeria was investigated by Oyedepo and Kilanko [30]. The
findings reveal that the plant's net output power increased by



approximately 5-10% for every 5°C drop in incoming air
temperature. Additionally, the building's thermal efficiency
increased by a small margin. Taking into account the local
climate conditions, Ahmadzadeht and Rashidi [31] undertook
a simulation to assess the possible enhancements to the
performance of gas turbine power plant unit in Iran.
Throughout the course of a year of operation, the study
carefully analysed the effects of several inlet air cooling
systems, including evaporative media, fogging, mechanical
chillers, and thermal energy storage. According to the results,
the power generated improved by around 10.62% when a
mechanical chiller was installed.

Utilising exergy in analytical studies has recently become
more popular, with a focus on calculating losses in each
component of the system [32-35], and it found that the
maximum exergy destruction accurses in the combustion
chamber [36, 37].

This study focuses on improving Iraqi power plants during
hot summers to enhance efficiency. It investigates how
changes in ambient air temperatures and humidity affect the
performance of gas turbine cycles with upstream inlet air
cooling. This approach aims to address challenges such as
limited capacity and high production costs. The study also
highlights the potential of exergy analysis for a comprehensive
evaluation of gas power plant performance.

2. THE UP STREAM COOLING SYSTEM (USCS)

The upstream cooling system (UpS) is ideal for retrofit
installations, offering an efficient solution without the need for
expensive filter house modifications. The system reduces the
risk of water or foreign objects damaging the compressor and
does not require on-site water treatment. The cooling process
of the system involves two key steps:

Water Spray: Air is first passed through a fine mist of water.
This step facilitates cooling through evaporative cooling,
where the water absorbs heat from the air as it evaporates.

Mesh Media: Following the water spray, the air flows
through a large surface area of mesh media known as the
Upstream Mesh. This mesh is constructed from carbon-
stabilized Polypropylene (PP) and is manufactured using
injection molding. The Upstream Mesh serves to separate
water droplets from the air, preventing them from entering the
filter. This ensures that the air remains clean and does not
cause damage to the filter or other system components.
Injection molding is employed to create a precise and durable
mesh media for the system. A droplet separator downstream
of the Upstream Mesh ensures that no liquid water enters the
air intake. The droplet separator, also made of carbon-
stabilized PP, is manufactured using an extrusion process with
profiles spaced at 30 mm intervals. The airflow with liquid
droplets must follow the curvature of the profiles, but the
droplets, due to their stronger inertia force, collide with the
profiles and are drained out. The goal is to remove all droplets
larger than 28 mm, which requires an air velocity of over 4
m/sm? [38], as shown in Figure 2.

In the Al-Khairat Gas Power Plant with a GE Frame 9E, the
nominal air flow rate is 336 m®/s. The Upstream Mesh has a
calculated area of 122.3 m?, resulting in an air velocity of 2.75
m/s. To meet the requirement that the area of the droplet
separator must be smaller than 84 m?, the droplet catcher area
is reduced to 81.1 m?, as shown in Figure 3, resulting in an air
velocity of 4.1 m/s [38]. The upstream cooling system faces
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operational challenges such as maintenance, scaling, and water
quality requirements. These challenges are managed through
specific design elements that ease maintenance and reduce
scaling problems. diameter [um)].
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Figure 2. The upstream droplet separator

Figure 3. Al-Khairat gas power plant unit with upstream
cooling system

Maintenance: Regular upkeep is vital for the USCS's
effective functioning. This involves cleaning the mesh media
and ensuring unobstructed water spray nozzles. The system is
designed with accessible points and removable components to
simplify maintenance tasks, allowing maintenance staff to
inspect and clean the system efficiently.

Scaling: Scaling happens when minerals in the water
accumulate on the system's surfaces, decreasing its efficiency.
The USCS is designed with features like mesh filters and water
treatment systems to prevent scaling. Mesh filters remove
large particles from the water, reducing scaling risks.
Additionally, water treatment systems treat the water before it
is sprayed, preventing mineral buildup.

Water Quality: Water quality is critical for the USCS's
efficient operation. Poor water quality can result in scaling,
corrosion, and other problems. To ensure water quality, the
system is equipped with filtration and treatment systems.
These systems eliminate impurities from the water,
guaranteeing that only clean water is used in the cooling
process. and it requires 1.7 liters/s of water. These challenges
are addressed through design features that enable easy
maintenance, external access for cleaning, and mesh filters to
prevent scaling. The system's water consumption varies based



on size and operating conditions but is generally efficient
compared to traditional evaporative systems. Environmental
and economic implications include the need for water
treatment and disposal, but the system's energy savings and
improved efficiency can offset these costs.

3. MATHEMATICAL MODEL

The paper details a gas turbine mathematical model that
incorporates an upstream cooling system (UpSC). It measures
how well the system works in comparison to a regular gas
turbine that doesn't use upstream air cooling. Among the many
assumptions made by the model regarding the plant's
efficiency and operation is the effect of Wet Bulb Temperature
(WBT) on air saturation. The UpSC is a power plant-based
system that uses evaporative cooling to cool hot, dry
surroundings. It improves comfort and has the ability to
increase gas turbine power by as much as 12% [39] by cooling
the air using the latent heat of vaporisation.

According to the model:
all apparatuses have adiabatic boundaries.
the plant's performance is under ISO environments.
the Air/fuel combustion products have ideal properties.
kinetic besides potential energy components are ignored.
In the upstream, the air pressure has dropped by less than
50 Pascals relative to the surrounding atmosphere.
o outflow humidity ratio of 60%.

3.1 Energy analysis

The mass balance equation, when applied across the
boundary of the up stream control volume, yields [40].
Wge = Wq,; T My,

(1
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Figure 4. Displays a simplified illustration of an upstream
cooling system for a gas turbine cycle
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Figure 5. A process on the psychometric chart
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Figure 4 shows how the incoming air temperature can be
estimated after cooling [40]:

Ty = Tyo + € (Tho — Tiwo) (2)

where, Tyo is dry bulb temperature, Two is wet bulb temperature,

in addition, is the efficiency of cooling system.
The UPSC system's cooling requirements cause [41]:

Qcooting = Ma * ¢p.a(To —T1) 3)

wherever, a m, is air mass flow rate.
p=p[1]/(0.287*T1) 4
tha= p *(V) [kg/s] )

From this psychometric chart (see Figure 5), we may
calculate the total enthalpy of the air in the atmosphere.
assuming an isentropic efficiency n. & n; and using the ideal
gas relation, the fluid's exit temperature from the compressor
T, and from the turbine T4 can be calculated according the
following equation [41]:

Y
[r,v-1 -1] (6)
T
TZ = T]_ +
c,is
Te=Ts* (Lnmi*(Lrp 1) (7

However, in our project, the value of compression ratio (rp)
was evaluated from experimental testing of Al-Khairat system
according to the following equation.

r,=9+(3/50) * (50-T1) (8)
We=rha *Cpa* (T2-T1)mc )
v the specific heat ratio y =Cpg/Cyq.
The total mass flow rate of moist air is specified [39]:
Mpg = Myq + WMy = (1 + w)My, (10)

Using mass flow rate also enthalpy change across
compressor, one may determine the amount of effort required
to compress humid air traveling between states [41]:

W, =m,(1+ w) Cpa(TZS —T1) + w(hys — hy) (11)

The turbine's output of energy, gained by the expansion of
heated gases, is defined as [41]:

Wy = 1it, * cpg (Ts — Ty) + w0 (hs — hy) (12)

my = Mg + My, + 1My =Me(1+ w0+ f)

(13)

m
where, f = m—f
a

The electric power produced by the gas turbine is expressed
as [41]:

Wnet = WT - VVC (14)



The thermal efficiency of the gas turbine is provided as [41]:

Wnet
Qcc

(15)

Nen =

The calculation of specific fuel consumption for a gas
turbine involves:

3600 * 1y
SFC = ——— kg/kWh

net

(16)

3.2 Exergy analysis

An exergy analysis is a method of assessing the
effectiveness and durability of energy conversion processes. It
examines the energy quality and availability within a system
and detects points where energy is lost or wasted. By
identifying these areas, exergy analysis helps to enhance the
efficiency of energy systems and reduce energy waste and
losses. The exergy equations [40]:

2= Ym, (17)
Q — W =XYm,ychoy — Xy hy (18)
EQ"'Zin miX;, =W + Yout MX e + Eg (19)

% (1-)Q +%im ( Xgn =W+ Zour (M X)oue + 5
d

3.2.1 Upstream cooling system

An upstream cooling system is a device utilized in a gas
turbine power plant toward a lower temperature of the
incoming air before reaching the compressor stage. Its purpose
is to improve the overall performance, efficiency, and power
generation capability of the gas power plants.

Xupl'Xup0= m air(l + w) Cp (Ti— To)+ w(hy —

21
ho) (21)
(Tfl air To (51_ 50)+ mwTo (Slw_ SOW)) (22)
Q: m air(l + w) Cp Tl_ m air CpT0+ w(hl - hO) (23)

3.2.2 Compressor

A compressor is a mechanical apparatus that boosts the
pressure of a gas by decreasing its volume. It compresses
incoming air to high pressures prior to its entry into the
combustion chamber.

XCZ - XCZ: mair(l + w)cpa (TZ_ T1)+ w(hZS - hl)

. 24
(M Ty (S S+ 1T, (S Si) @9
T2 Py

where, S;— 51= Cpq In () -RIn (55).
Ty P
The exergy destruction rate in the air compressor:
Xd: WC+XC1_XC2 (25)

The specific heat capacity is obtained by polynomial form
as a function of temperature given by:

Cpav= ot PTHy T2+ 3 T3 (26)
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The values of, B, v, and  are constant features of considered
gas obtained from standard tables.

3.2.3 Combustion chamber

The combustion chamber in a gas turbine power plant is
where the process of combustion occurs. It is a critical
component where fuel is mixed with compressed air and
ignited to produce high-temperature, high-pressure gases that
drive the turbine. We assume that crude oil is heavy diesel fuel,
The combustion of heavy diesel fuel can be represented by the
following balanced chemical equation:

CiagHass + 21(0; + 3.76N,)

- 14.6 CO, + 12.4H,0 27)
+21(3.76N,)
X+ Xopn + Xoen = Xspn + Xsen+Eq (28)
where, ¢:;—fv.
Xopn = ¢ Cpg (Ty = To)+ @(hy — hy)-Tolcpg In (;—j) 09)
Rin (2]
Kspn = 1y Cpg (T5-T1)*+ w(hs = hy)-Tolepg In () - 0
Rin ()]
Xen= (A*xp)+((thg-A) x,4) @31
where, A =(AF.-AFw) * mr and AFsera=ma/mhys.
Q=nigir (1 + f) (cpgTs — cpal2) (32)

3.2.4 Turbine

Gas Turbine: A gas turbine is the primary component of a
gas power plant, which converts the chemical energy of
natural gas into mechanical energy. The gas turbine's energy
analysis includes evaluating its efficiency, which is typically
around 30-40% for modern gas turbines.

XT3 - XT4= Mer(1+ w + f)cpg (T:—

T4)+ w(h3s - h4) _( mairTo (53_ S4)+ mwTo (33)
(S3w - S4w))
Table 1. Reference data and assumptions
Parameter Value
I1SO condition 15°C, 60%RH, 101.3 kpa
H(com,T)is 0.95
nr 0.9
nG 0.95
N com 0.8
\Y% 336 m’/s
E 0.7%
Fuel Heavy diesel
LHV 42500 kJ/kg
Firing temperature 1280 k
AFw 15.6%
Exergy ratio 1.04
Egr =Xr3 = Xra Wr (34)

The exergy efficiency of the gas power plant is given as:



Ny = Wnet
11 Xf

(35)

The mathematical model was initialized using EES, real
data from the Al Khairat Gas Power Plant was input, and the
model was run to perform energy and exergy analyses,
calculating compressor and turbine efficiencies and pressure
ratios, as shown in Table 1 with the reference data and
assumptions.

3.3 Validation

The model's predictions were validated by comparing them
with experimental data from Al-Khairat gas turbine systems
with an upstream cooling system. The comparison showed that
the model closely matched the experimental results for power
output, mass flow rate, and temperatures, validating its
accuracy (Table 2).

Table 2. Al-Khairat experimental data and EES program data
with upstream cooling system

To (k) 313 318 323 328

Whet Model 89.33 87.34 8579 84.82
(MW)  experimental 90 88 86 85
nig Model 695 6.88 6.82 6.79
(Kg/s) experimental 6.9 6.8 6.8 6.7

1 (K) Model 300.4 302.8 304.6 305.8
experimental 301 304 305 307

T2 (K) Model 609.6 611.8 6134 6145
experimental 612 614 615 619

T4 (K) Model 7915 793.7 7954 796.5
experimental 790 792 795 798

The model in this study has limitations, relying on
simplifying assumptions and idealized conditions for gas
turbine and cooling system representations. Its accuracy
hinges on input data accuracy and assumption validity. The
model's scope is specific, potentially overlooking real-world
complexities. While validated against experimental data, its
validation is constrained by specific conditions and data sets.
Lastly, its complexity may require a deep understanding for
use.

The model proposed for analyzing gas turbine performance
with an upstream cooling system (UpSC) has practical
applications in real-world scenarios. Engineers and operators
can use it during the design phase of gas turbine power plants
to optimize UpSC configurations. By inputting parameters
such as ambient temperature, humidity, and turbine
specifications, the model can predict improvements in
efficiency, power output, and specific fuel consumption (SFC)
resulting from UpSC implementation.

Moreover, the model can assist in operational decision-
making. Operators can assess the impact of different operating
conditions on UpSC performance, aiding in decisions
regarding system operation, maintenance schedules, and
potential upgrades. For instance, the model can determine the
most efficient UpSC operation settings based on current
environmental conditions, maximizing performance while
minimizing energy consumption and operational costs.

4. RESULTS AND DISCUSSION

Machines operating at a fixed speed maintain a consistent
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airflow rate. However, with rising ambient temperatures, the
density of air decreases, leading to a decrease in the mass
passing through the machine and an increase in the
compression ratio. Therefore, the output power drops.

In this study, we used the Engineering Equation Solver
(EES) computer code to evaluate the gas turbine's energy and
exergy performance, and we used relative humidity values that
are proportional to temperature and are close to the actual
standards in Iraq. The resulting outcomes were subsequently
compared to the actual performance values of a GE MS9001E
model, both with and without an upstream cooling system.
4.1 Compressor ambient
temperature

inlet temperature versus

In Figure 6, the inlet temperature of the compressor is
displayed when a UPSC system is employed. The upstream
cooler reduces the ambient air temperature to a point where it
is nearly identical to the wet bulb temperature. A direct
correlation exists between the upstream cooler's efficiency and
the degree to which the wet bulb temperature and the
compressor inlet temperature match. The temperature at which
the compressor takes in air must never exceed that of the wet
bulb, regardless of how near the two temperatures are.
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Figure 6. Temperature at the compressor's inlet against
outside temperature with and without an upstream cooling
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4.2 Pressure ratio versus ambient temperature

Pressure ratio and ambient temperature are inversely related,
as can be seen from the data in Figure 7. There is a negative
pressure ratio when the surrounding temperature rises. On the
other hand, a higher pressure ratio is observed when a (UPCS)
is used.

4.3 The impact of changes in ambient air temperature on
the output power

In each case, we tested Al-Khirat gas turbine's output power
at varying ambient temperatures to see how effective an
upstream cooler was. Figure 8 shows that the gas turbine's
output power was enhanced by lowering the intake air
temperature using the upstream cooler.

120
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Net Power MW
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+Wnei e=0.7
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60 -
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Figure 8. The impact of changes in ambient air temperature
on the output power with and without an up stream cooling
system

4.4 The effect of changes in ambient air temperature on the
thermal and exergy efficiency

From ISO circumstances (T=15C), the gas turbine's thermal
and exergy efficiency significantly decreases as the ambient
air temperature rises. At a temperature of 320 k, an upstream
cooler improves thermal efficiency by 5.2% and exergy
efficiency by 2.51%. As can be seen in Figure 9, the thermal
efficiency failed to capture the true nature of gas turbine
performance when upstream cooling systems were included.
This disparity raises the possibility that exergy efficiency or
particular fuel usage might be better indicators of UPCS's
effect on total efficiency.
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Figure 9. The effect of changes in ambient air temperature
on the thermal and exergy efficiency with and without an up
stream cooling system
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4.5 The influence of changes in ambient air temperature on
the specific fuel consumption

Specific fuel consumption is a way to quantify the quantity
of fuel utilised in power generation. The output of the gas
turbine decreases as the ambient temperature increases.
Consequently, the particular fuel consumption of the gas
turbine increases. However, in the case of a gas turbine with
an upstream cooling system (UPSC), Figure 10 illustrates that
the UPSC initially has a negative impact on SFC below 310K
due to increased fuel usage exceeding the net power increase.
However, above this temperature, the UPSC significantly
improves performance by decreasing SFC, with a 17.5%
decrease observed at 320K.
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Figure 10. The effect of changes in ambient air temperature
on the specific fuel consumption with and without an
upstream cooling system
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4.6 Observations of significant destruction in combustion
chamber, compressor, turbine and exhaust gasses

Figure 11(a) presents the destruction observed in the Gas
turbine system, including the combustion chamber,
compressor, and turbine, in addition to the exergy loss to the
environment by hot gasses, at different ambient temperatures.
Comparing the three components, it is evident that the hot
gasses and combustion chamber experience more significant
destruction compared to the compressor and turbine.
Furthermore, it is observed that the destruction in the hot
gasses decreases as ambient temperature increases. However,
when a gas turbine utilizes a (UPSC) Figure 11(b), the intake
air temperature is cooled. This cooling effect leads to a high
decrease in the hot gasses destruction with little increase in a
combustion chamber leading to a high drop in all destruction.

5. CONCLUSION

The changes in performance, especially the notable
decrease in efficiency and power output as the inlet air
temperature rises, underscore the crucial influence of ambient
conditions on gas turbine functionality. These changes can be
evaluated against industry norms and anticipations:

Efficiency Decline: The substantial reductions of 11.5% in
thermal efficiency and 11.2% in exergy efficiency with a 35 K
increase in inlet air temperature are noteworthy. While some
efficiency decline in hotter conditions is expected, these
decreases may exceed typical industry standards. This
suggests either a heightened sensitivity to ambient conditions
in this turbine or a requirement for more efficient cooling
mechanisms.

Power Output Reduction: The 27.4% decrease in power
production with rising temperature is significant. While some
power loss is anticipated in higher temperatures, this reduction
may be more pronounced than average. This highlights the
critical role of effective cooling systems in sustaining power
output in hot environments.

Impact of Upstream Cooler System: The introduction of the
upstream cooler system, leading to a 15 MW increase in power
output, is impressive. While specific figures can vary based on
turbine models and setups, a 15 MW enhancement represents
a substantial improvement, showcasing the cooling system's
effectiveness in boosting performance.

Efficiency Gains with Cooler System: The thermal
efficiency improved by 5.2%, and there was a 2.5% increase
in exergy efficiency. with the cooler system are positive
outcomes. These enhancements align with expected benefits
of such systems, indicating the effective operation of the
cooler system in improving overall turbine performance.

When the air temperature around the gas turbine rises, the
turbine's efficiency drops dramatically. Power production
drops by 27.4 percent, thermal efficiency drops by 11.5
percent, and exergy efficiency drops by 11.2 percent when
inlet air temperature rises by 35 K. Ambient temperature was
kept at 320k and relative humidity was kept at 15% to facilitate
extensive testing across a wide temperature range. The gas
turbine has an output power of 72 MW without upstream inlet
cooling. A significant boost of 15 MW is achieved when an
upstream cooler system is added, bringing the total output
power to 87 MW. A gain of 5.2% in thermal efficiency and
2.5% in exergy efficiency.

Practical Implications and Recommendations: The results

1018

of the study have practical implications concerning gas turbine
operation in hot, dry climates like Iraq. It is recommended to
use high-efficiency, low-cost cooling systems tailored to Iraq's
climate to mitigate the impact of dry and high temperatures on
gas turbine performance.

Future Research Directions: Future research should focus
on advanced, low-cost cooling techniques to enhance cooling
efficiency and mitigate the impact of high ambient
temperatures in hot, dry climates. These efforts can contribute
to the development of more efficient and affordable gas
turbine systems for such environments.
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NOMENCLATURE
A access air
AF air to fuel ratio
Cp specific heat at constant pressure, kJ/kg K
Eq exergy destruction
h enthalpy, kl/kg
LHV  fuel lower heating value, kJ/kg
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m mass flow rate, kg/s

Qu Up-stream heat, kW

R universal gas constant, kJ/kg K
RH relative humidity, %

Ip pressure ratio

S entropy

SFC specific fuel consumption, kg/kW h
T temperature, K

\Y volumetric flow rate, m%/s
\\% work, kW

X exergy

v The specific heat ratio
APiniec  inlet pressure loss, N/m?
Greek symbols

€ UPSC effectiveness

n efficiency

N energy efficiency

p density, kg/m?

¢ exergy ratio

® moisture content, kgvapor/kgair
Subscripts

1 across comp

2 across turbine

a actual, air, average

com compressor

cc combustion chamber

da dry

db dry bulb

e exit

f fuel

g exhaust gasses

ha humid

is isentropic

loss hot gasses

T turbine

tot total

w water

wb wet bulb

Abbreviations

UPSC stream cooling system
ISO International Organization for Standard





