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bele-Alawa, B.T. and Sodiki, J. (2016) Evalu-

ation of the Influence of Ambient Tempera-  Lhis paper examines the effects of ambient temperature on the Trans-Amadi gas

ture on the Performance of the Trans-Amadi  turbine power station Phase II. The investigation took thirteen (13) months (January
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were studied. The gas turbine (GT) that was under investigation was GT-2: MS5001

Nuovopignone with designed installed capacity of 25.0 Megawatts (MW). The result

2012 to January 2013) during which plant data were monitored and operational
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1. Introduction

The gas turbine in its most common form is a heat engine operating by means of series
of processes consisting of compression of air taken from the atmosphere, increase of
gas temperature by constant-pressure combustion of fuel in the air, expansion of hot
gases and discharge of the gases to the atmosphere. It is thus similar to the spark igni-
tion (S.I) and internal combustion (I.C) engines in working medium but is akin to the
steam turbine in its aspect of the steady flow of the working medium [1] [2] [3]. The

gases expand during the work process and finally exhaust outside. The only difference
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is that, instead of the reciprocating motion as in the case of the internal combustion
(I.C) engines, the gas turbine uses a rotary motion [4].

The axial-thrust responses due to gas turbine rotor blade distortions have been stu-
died [5]. The study showed that the axial thrust imposed on the shaft of a gas turbine
depends upon its rotor blade inlet inclination to the turbine’s axial direction. This in-
clination can change due to the distortions resulting from the blade tip rubbing, erosion
and corrosion, aging, fouling and thermal-fatigue cracks. Meanwhile, relevant influen-
tial parameters of the gas turbine were measured while in operation. Theoretical pre-
dictions for the behavior of the same turbine were obtained from computer simula-
tions. The results of both measured parameters and theoretical prediction parameters
were compared which showed qualitative correspondence. The rotor blade profile dis-
tortions result in significant increases in the axial thrust on the compressor which ad-
versely affects the gas turbine’s thermodynamic performance, reliability and operation-
al life.

The optimization performance analyses of a gas turbine plant were conducted [6].
Their investigation presented exergy based analysis and power inlet temperature drop
practical approaches in the optimization of the plant exergetic efficiency. An investiga-
tion of the exergetic efficiency and destruction in the plant showed that were largely af-
fected by variation in the power turbine inlet temperature. Precisely, for 15% decrease
in the power inlet temperature an 83.71% in exergetic efficiency was achieved.

The effect of compression ratio on the performance of combined cycle gas turbine
was investigated [7]. The work used a complete model of combined cycle gas turbine to
check the effect of the gas turbine compression ratio. The overall efficiencies of the
combined cycle gas turbine were found to be higher than those of the single cycle gas
turbine plant, by utilizing a MATLAB Simulation model.

The influence of Variation of Power Turbine Inlet Temperature on Overall Turbine
Efficiency was studied [8]. In their investigation, data were obtained from control room
logsheets for the period of about sixty (60) weeks and investigated. Key parameters of
pressure, temperature and power output were considered during the data collection.
Appropriate thermodynamic relations and principles were used in the determination of
data that could not be directly collected from the control room logsheets. The values
obtained show that as the power turbine inlet temperature drops from 843.44 K to
779.05 K; the power output rises from 94.65% - 94.76% while the power output rises
also from 13.28 MW - 15.52 MW. Furthermore, irreversibility drops from 63.22% -
61.96%. These have shown that operating a gas turbine power plant at lesser or lower
power turbine entry temperature as the systems tends to reach its rated capacity gives a
better performance.

The investigation of the effect of Evaporative Cooling on the Performance of a Gas
Turbine Plant located in Bayelsa State, Nigeria has been done [9]. The investigation
critically and holistically examined the influence of an evaporative cooler on turbine
inlet air and how the turbine reacts to the compressor inlet temperature. The work

made use of the actual operational conditions like compressor inlet temperature and
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relative humidity in the determination of the following: compressor work, turbine net-
work, specific fuel consumption and the thermal efficiency of the plant. The findings
showed that as the compressor inlet temperature was lowered, the compressor work
reduces, the turbine network increases, specific fuel consumption drops and the effi-
ciency of the plant increases appreciably. Furthermore it was seen that the evaporative
cooling decreased the compressor inlet temperature by 2.4°C leading to a rise of about
0.14% and 2.02 KJ/Kg in the efficiency and network respectively and also 0.002
Kg/KWh decrease in the specific fuel consumption. Hence, the investigation shows that
gas turbine plants work well in temperate region than tropical. Therefore, to enhance
the performance of the existing gas turbine plants in high temperature climates, retro-
fitting of an air cooler that will always reduce the temperature back or close to the de-
sign temperature before compression is necessary.

The Thermodynamic Performance Analysis of a Gas Turbine in an Equatorial Rain
Forest Environment has been done [10]. In the study, steady state monitoring and di-
rect collection of data from MKIV speedtronics system was done. The variation of op-
erating conditions( ambient temperature, compressor discharge temperature, turbine
inlet temperature, exhaust temperature and mass flow rate) on the performance of the
gas turbine thermal efficiency, net power output, heat rate, specific fuel consumption
and compressor work were investigated utilizing various appropriate thermodynamic
equations and formulae. The results show that 1°C rise of the ambient temperature will
cause the following: 1.37% drop in the net power output, 1.48% rise in the power drop,
1.49% drop in the thermal efficiency, 2.16% rise in the heat rate, 2.17% rise in the spe-
cific fuel consumption and 0.3% rise in the compressor work. Moreover, the thermal
efficiency drops by 0.006% for every 1 Kcal/KWh rise in the heat rate and the heat
transfer in the hot gas part was found to rise by 0.16% for every 1°C rise in the com-
pressor inlet temperature. The study revealed that the gas turbine had a large decrease
in the power output due to the influence of site parameters different from design para-
metric data.

The present study is on the effects of ambient temperature on the Performance of the
Trans-Amadi Gas Turbine Power Station Phase II: (GT)-Unit II: MS5001 Nuovopig-
none Engine. The energy balance in the combustion chamber was utilized to compute
the turbine inlet temperature and study the effect of the ambient temperature on the

operating parameters like thermal efficiency, specific fuel consumption and heat rate.

2. Materials and Methods

The research methodology involved collection of data from actual plant operational
logsheets: turbine logsheets, plant-auxiliaries logsheets and generator logsheets for the
months of January 2012 to January 2013. Parameters which could not be directly meas-
ured or determined were derived utilizing appropriate thermodynamic equations and
principles [11] [12].

The primary parameters considered during the data collection are the pressures,

temperatures and mass flow rates at various points in the gas turbine. However, in the
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evaluation and treatment of the data, statistical methods were used to calculate the
mean values of daily parameters. This was done for every month that is under consid-
eration and the average was taken at the end of each month. The actual performance of
the power plant over the period of its installation was determined from their average
parameters: inlet pressures, outlet pressures, inlet temperatures, mass flow rates, outlet
temperatures and compressor works.

The Brayton (Joule) cycle is the thermodynamic cycle upon which this gas turbine
operates and can be analysed using Figure 1:

By applying first law of thermodynamics for an open system, we have:

2 2
Q —Weper =Zm{h+%+gz] —Zm[h+v7+gzj (1)
in in out

out

For the purpose of this analysis, the kinetic energy (v/2) and the gravitational poten-
tial energy (gz) are not significant factors and can be neglected.

The First Law becomes:
0= Q~Wayer +M(hy, —hoye) )

Mathematically, we have the following from Figure 1:
Heat Supplied or Heat Added:

Q =m,C, (T,-T,) (3)
The Heat Rejected or Heat Removed will be;

Q,=mC,(T,-T,) (4)
The Turbine Work is equal to:

W, =m,C,(T,-T,) (5)

The Net Power Output is the power generated by the generator and is given as:

Vi, W, (6)

W,

Net

Therefore, the energy balance in the combustion chamber is expressed as [15]:

3
W,
T(K) P "o, 4
' ' 4
2s 2 B
= WC | Q
2
| : P1 ‘
1
S (KJ/KgK) i

Figure 1. T-S Diagram for Brayton Cycle [13] [14].
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M,C,.T, + 1 x LHV +m,C T, =(m, +m )C,; xT, 7)

g

where: LHV = 47541.6 K]J/Kg [16].

After manipulating Equation (11); the fuel ratio ‘/ is expressed as:
_ﬂ CoaxT3—C,T,

fe—— (8)
m, LHV-C,T,

a
The Total Heat Supplied is expressed as [10]:
Qu :(ma+mf)xcpa (T,-T,)=m; xCV )

Meanwhile, the Isentropic Efficiency of the Turbine will be:

Actual Work T, T,

- : - (10)
Isentropic Work T, -T,,

ts

Therefore, T,¢can be defined as:

Tye=—"—+ (11)

P,=P,and P,= P,
Turbine Pressure Ratio = P,/ P, and the Compressor Pressure Ratio = 2,/ P,.
The Compressor Work is calculated from the mass flow rate and enthalpy change

across the compressor as follows:
W, =m,C,. (T,-T,) = p,v,C, (T, -T)) (12)

a™~’pa

Thermal Efficiency: The gas turbine efficiency is the percentage of the total fuel

energy input that appears as the net work output of the cycle.

~ Net Work _ Wit
Total Heat Supplied Q.

TTn (13)
where: the network is the power output and is given by Equation (6).

Specific Fuel Consumption: The ratio of fuel used by a machine to a certain force
such as the amount of power in the machine produced. And it can be determined by
the equation:

3600 m,

SFC = (14)

Net
Heat Rate: This is a measure used to determine how efficiently a generator uses heat
energy. It can be expressed as:

HR = Heat Supplied 1

= = (15)
Power Generated 7,

Stoichiometric equation: This is the ideal combustion process in which minimum

amount of air (Stoichiometric or theoretical air) is needed to completely burn a fuel.

C.H, +(m +%)oz +3.76(m +2] N, — mCO, +%H20+3.76(m+%j N, (16)
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Also the Specific Fuel Consumption can also be calculated with the following formu-

la:
SFC =000 (17)
AFR xW,,
Therefore, Air Fuel Ratio:
AFR = I._HV (18)
'Added

3. Results and Discussions
3.1. Results

The parameters in Table 1 were obtained directly from the operational manual of
MS5001 Nuovopignone Gas Turbine. The values in Table 2 are the compressor exit
temperature , exhaust temperature , power output or average power generated, com-
pressor exit pressure and mass flow rate of the fuel which were obtained directly from
the turbine logsheets, generator logsheets and plant-auxiliaries logsheets ,while the
values for turbine inlet temperature , compressor work, turbine work, net work , total
heat supplied or added , air fuel ratio , thermal efficiency, specific fuel consumption
and heat rate were obtained by calculation: using Equations ((5), (6), (8), (9), (12),
(13), (15), (17) and (18)) respectively. Table 3 contains the values of the actual para-
meters such as power output (average power generated), thermal efficiency, specific
fuel consumption and heat rate compared to their respective design values [10].
Finally, the effects for every 1°C rise in the ambient temperature with the power
output, power differential, thermal efficiency ratio, specific fuel consumption and heat
rate were determined and plotted using Excel Software as shown in Figures 2-6 respec-

tively while Figure 7 shows the effect of the heat rate on the thermal efficiency.

3.2. Discussion

Figure 2 represents the effect of ambient temperature on the power output. It shows

Table 1. Design parameters and their values.

S/N Parameters Units Design Data
1 Power Output MW 25.0
2 Thermal Efficiency % 26.6
3 Heat Rate Kcal/W-h 2.833
4 Specific Fuel Consumption Kg/KW-h 0.308
5 Ambient Temperature °C 25.0 - 45.0
6 Specific Heat at Constant Pressure of gas KJ/KgK 1.155
7 Specific Heat at Constant Pressure of Air KJ/KgK 1.005
8 Isentropic Constants for air None 1.40
9 Isentropic Constants for gas None 1.33
10 Mass Flow Rate of air Kg/s 122.9

K
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Table 2. Turbine working parameters (from January 2012 to January 2013).

. . SFC
L C Conﬁ)lce:ssor Tﬁ;ile Le (k:/f s) W KW) W (KW) (i":;“) (IZV\:\;) /11&1135 74%) (kg/KWh) HR (MW)
S/N  Ambient Exit Inlet Exhaust e Compress Turbine Heat Net Fuel The1rmal Specific (KCal/W-h)  Power
Temperature Temperature Temperature Temperature Supply or Work ~ Work supplied Work Ratio Efficiency . Fuel . Heat Rate  Output
onsumption
1 25 240 1017 378 2.60 26,556 1670 98,002 24,886 0.485 25.39 0.298 3.94 11.14
2 26 242 1025 382 2.62 26,679 1693 98,774 24,986 0.481 25.30 0.300 3.95 11.14
3 27 244 1032 384 2.64 26,803 1719 99,420 25,084 0.478 25.23 0.300 3.96 11.13
4 28 246 1041 385 2.66 26,926 2015 100,319 24,911 0.474 24.83 0.305 4.03 11.13
5 29 247 1045 387 2.67 26,926 2029 100,706 24,897 0.472 24.72 0.306 4.05 11.13
6 30 248 1049 390 2.68 26,926 2040 101,093 24,886 0.470 24.62 0.308 4.06 11.13
7 31 250 1054 392 2.69 27,050 2054 101,479 24,996 0.470 24.60 0.308 4.06 11.12
8 32 254 1092 394 2.80 27,420 2257 105,863 25,163 0.449 23.77 0.319 4.20 11.11
9 33 257 1101 388 2.82 27,667 2322 106,638 25,345 0.445 23.77 0.319 4.20 11.10
10 34 258 1127 400 2.90 27,667 2435 109,867 25,232 0.432 22.97 0.330 4.35 11.09
11 35 260 1135 389 2.92 28,451 2516 110,643 25,935 0.430 23.44 0.322 4.27 11.08
12 36 262 1156 388 2.98 28,591 2643 113,099 25,948 0.420 22.94 0.330 4.36 11.07
13 37 265 1165 379 3.00 28,849 2724 113,877 26125 0.418 22.94 0.330 4.36 11.04
Table 3. Parameters compared to percentage of design.
Ambient Percentage Power Percentage Percentage of Specific Fuel Percentage of
SIN Temperature of Power Differential of Thermal Consumption (SFC) Heat Rate(HR)
Q) Output (%) (%) Efficiency (77) (%) (%) (%)
1 25 44.56 55.44 95.45 96.75 139.08
2 26 44.56 55.44 95.11 97.40 111.90
3 27 44.52 55.48 94.85 97.40 139.78
4 28 44.52 55.48 93.35 99.03 142.25
5 29 44.52 55.48 92.93 99.35 142.96
6 30 44.52 55.48 92.56 100.00 142.31
7 31 44.48 55.52 92.48 100.00 142.31
8 32 44.44 55.56 89.36 103.57 148.25
9 33 44.40 55.60 89.36 103.57 148.25
10 34 44.36 55.64 86.35 107.14 153.55
11 35 44.32 55.68 88.12 104.54 150.72
12 36 44.28 55.72 86.24 107.44 153.90
13 37 44.16 55.84 86.24 107.44 153.90

that the power output decreases as the ambient temperature increases. It also shows
that as the ambient temperature increases from 29°C to 35°C, the power output de-
creases from 44.52% to 44.33%. In real terms, the power output decreases from 4.96
MW to 4.91 MW.
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Figure 2. Effect of ambient temperature on the power output.
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Figure 7. Effect of heat rate on the thermal efficiency.

Figure 3 represents the effect of ambient temperature on the power differential. It
shows that the power differential increases as the ambient temperature increases. It also
depicts that as the ambient temperature increases from 29°C to 35°C, the power diffe-
rential increases from 58.44% to 58.79% and in real terms, the power drop increases
from 6.17 MW to 6.20 MW.

Figure 4 shows the effect of ambient temperature on the thermal efficiency ratio. It
shows that the thermal efficiency ratio decreases as the ambient temperature increases.
It also illustrates that as the ambient temperatures increases from 28°C to 33°C, the
thermal efficiency ratio decreases from 94.60% to 88.60%. In real terms, the thermal ef-
ficiency increases from 23.49% to 21.06%.

Figure 5 depicts the effect of ambient temperature on the specific fuel consumption.
It shows that the specific fuel consumption increases as the ambient temperature in-
creases. It also shows that as the ambient temperature increases from 30°C to 33°C, the
specific fuel consumption increases from 98.60% to 102.80% and in real terms, the spe-
cific fuel consumption increases from 0.304 kg/KWh to 0.328 kg/KWh.

Figure 6 shows the effect of the ambient temperature: compressor inlet temperature
on the heat rate. It shows that the heat rate increases as the ambient temperature in-
creases. Figure 6 further shows that as the ambient temperature increases from 30°C to
37°C, the heat rate increases 144% to 156%. In actual analysis, the heat rate increases
from, 5.85 Kcal/W-h to 6.80 Kcal/W-h.
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Finally, Figure 7 represents the effect of the heat rate on the thermal efficiency. It
shows that the thermal efficiency decreases as the heat rate increases. Figure 7 also de-
picts in real terms that as the heat rate increases from 3.94 Kcal/W-h to 4.36 Kcal/W-h,
the thermal efficiency decreases from 25.4% to 22.58%.

4. Conclusion

The result of the study shows that the ambient temperature has effect on the perfor-
mance of the gas turbine and that a 1°C rise of the ambient temperature is responsible
for the following: 0% - 0.12% decrease in the power output, 0% - 0.12% increase in the
power differential, 0% - 1.17% decrease in the thermal efficiency, 0% - 27.18% increase

in the heat rate and 0% - 3.57% increase in the specific fuel consumption.
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Nomenclature

AFR Air Fuel Ratio

G, Specific Heat Capacity of the Product KJ/KgK
Cn Specific Heat of Air at Constant Pressure KJ/KgK
Cyy Specific Heat of Gas at Constant Pressure KJ/KgK
cv Calorific Value of the Fuel

di% Change in energy within the control volume over time
z Summation

F Fuel Ratio

g Acceleration due to Gravity g = 9.81 m/s’

GT Gas Turbine

h Specific Enthalpy KJ/KgK

HR Heat Rate Kcal/KW-h

LHV  Lower Heat Value KJ/Kg

MwW Meggawatts

7 Mass Flow Rate Kg/s

7, Mass Flow Rate of the Product Kg/s

nit,, Mass flow rate of air Kg/s

1, Mass flow rate of gas Kg/s

Tty Mass flow rate of fuel Kg/s

n Thermal Efficiency %

R Isentropic Efficiency of Turbine %

P Pressure bar

P,., Atmospheric Pressure bar

Ppr Power Differential MW

Poupue  Power Output MW

P, Compressor Inlet Pressure: Atmospheric Pressure bar
P, Compressor Outlet Pressure bar

P, Turbine Inlet Pressure bar

P, Thermal Energy MW

P, Turbine Outlet Pressure bar

£ Density of Air Kg/m’®

Q Quantity of Heat Transfer KJ/Kg

Q.ieqc  Heat Added or Heat Supplied K]J/Kg

s Specific Entropy KJ/KgK

SFC Specific Fuel Consumption Kg/KW-h

T Temperature °C or K

T; Temperature of Fuel "C

T Ambient Temperature °C

T, Compressor Exit Temperature “C

T, Turbine Inlet Temperature "C
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Exhaust Temperature °C

Exhaust Isentropic Temperature °C

Velocity m/s

Specific Volume of air aspirated by the compressor m’/kg
Compressor Work KJ/Kg

Turbine Net Work KJ/Kg

Wearr Shaft Work Transfer KW or KJ/Kg

Wy Turbine Work KJ/Kg

Isentropic index

L= S S
§§ £

z Distance m
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