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Abstract 
Gas turbines are used for a variety of purposes ranging from power generation to aircraft engines. 
Their performance is dependent on ambient conditions such as temperature and pressure. Gas 
turbine manufacturers often provide certain parameters like power output and exhaust mass flow at 
well-defined standard conditions, usually referred to as ISO-conditions. Due to the aforementioned 
dependency, it is necessary for buyers to be able to predict gas turbine performance at their chosen 
site of operation.  

In this study, a thermodynamic model for power generating gas turbines has been constructed. It 
predicts the power output at full load for varying ambient temperature and pressure. The 
constructed model has been compared with performance data taken from Siemens own models for 
varying temperatures. No performance data for varying pressures could be obtained. 

The constructed model is consistent with the Siemens models within certain temperature intervals, 
which differ depending on the size of the gas turbine. For smaller gas turbines, the interval where the 
constructed model is consistent is greater than for larger gas turbines.  
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Sammanfattning 
Gasturbiner används i en mängd olika sammanhang, från kraftgenerering till flygplansmotorer. 
Prestandan hos gasturbiner beror på omgivningstillstånd såsom temperatur och tryck. 
Gasturbintillverkare förser ofta vissa parametrar, exempelvis uteffekt och massflöde i avgaserna vid 
väldefinierade standard tillstånd, ofta refererade till som ISO-tillstånd. På grund av det tidigare 
beskrivna beroendet är det nödvändigt för köpare att kunna förutspå prestandan vid platsen där 
gasturbinen ska användas.   

I denna studie har en termodynamisk modell för kraftgenerande gasturbiner konstruerats. Modellen 
förutspår uteffekten vid full belastning för varierande omgivningstemperatur och omgivningstryck. 
Den konstruerade modellen har jämförts med prestandadata från Siemens egna modeller, vid 
varieande temperatur. Prestandadata för varierande tryck kunde inte erhållas.   

Den konstruerade modellen är konsekvent med Siemens modeller inom vissa temperaturintervall 
vars längd beror på den utvärderade gasturbinens storlek. För mindre gasturbiner är 
temperaturintervallet för vilken den konstruerade modellen är konsekvent längre än för större 
gasturbiner.   
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Nomenclature 
Parameter Symbol Unit  
Mole coefficient of air a   𝑘𝑘𝑘𝑘 
Mole coefficient of oxygen in 
the combustion product 

b   𝑘𝑘𝑘𝑘 

Specific heat capacity at 
constant pressure for air  

,p airc  𝐽
𝑘𝑘𝑘

 

Specific heat capacity at 
constant pressure for the 
combustion gases  

,p gasc  𝐽
𝑘𝑘𝑘

 

Specific heat capacity at 
constant pressure for air in an 
isentropic process 

, ,p air isc   𝐽
𝑘𝑘𝑘

 

Specific heat capacity at 
constant pressure for 
combustion gas in an isentropic 
process 

, ,p gas isc  𝐽
𝑘𝑘𝑘

 

Molar heat capacity at constant 
pressure for a component i   

,p ic  𝑘𝐽
𝑘𝑘𝑘𝑘𝑘

 

Compressor power  �̇�𝐶  𝑘𝐽/𝑠 
Turbine power �̇�𝑇 𝑘𝐽/𝑠 
Net power output 

totE   𝑘𝐽/𝑠 

Net power output at ISO-
conditions 

,tot ISOE   𝑘𝐽/𝑠 

Net power output for the 
Siemens models 

,siemenstotE   𝑘𝐽/𝑠 

Gravitational acceleration  𝑘 𝑘
𝑠2

 

Compressor inlet enthalpy 
1h   𝐽

𝑘𝑘𝑘
 

Compressor outlet enthalpy 
2h   𝐽

𝑘𝑘𝑘
 

Enthalpy of formation at the 
standard reference state for 
component i  

0
, ( , )f i ref refh T p  𝑘𝐽

𝑘𝑘𝑘𝑘
 

Sensible enthalpy change from 
standard reference 
temperature to any 
temperature T  for component 
i   

, (T)s ih∆  𝑘𝐽
𝑘𝑘𝑘𝑘

 

Absolute enthalpy at 
temperature T  of component 
i   

, ( )tot ih T   𝑘𝐽
𝑘𝑘𝑘𝑘

 

Molar mass of component i   
iM   𝑘𝑘

𝑘𝑘𝑘𝑘
 

Mass flow of air 
airm  𝑘𝑘/𝑠 

Mass flow of fuel 
fuelm  𝑘𝑘/𝑠 

Mass flow of combustion gas 
gasm  𝑘𝑘/𝑠 
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Mass flow of combustions gas 
at ISO-conditions 

,gas ISOm  𝑘𝑘/𝑠 

Mole of component i as a 
reactant 

,RiN   𝑘𝑘𝑘𝑘 

Mole of component i  as a 
product 

,i PN  𝑘𝑘𝑘𝑘 

Pressure  p   𝑃𝑃 
Compressor inlet pressure 

1p  𝑃𝑃 

Compressor outlet pressure 
2p  𝑃𝑃 

ISO compressor inlet pressure 
1,ISOp  𝑃𝑃 

Compressor pressure ratio 
rp   − 

Standard reference pressure 
refp   𝑃𝑃 

Reduced pressure 
redp   − 

Critical point pressure of air 
kp   − 

Universal gas constant 
MR   𝐽

𝑘𝑘𝑘𝑘𝑘
 

Gas constant R  𝐽
𝑘𝑘𝑘

 

Temperature T   𝑘 
Compressor inlet temperature 
 

1T  𝑘 

Compressor outlet 
temperature 

2T  𝑘 

Turbine inlet temperature 
3T  𝑘 

Turbine outlet temperature 
4T  𝑘 

Compressor inlet temperature 
at ISO-conditions 

1,ISOT  𝑘 

Compressor outlet 
temperature at ISO-conditions 

2,ISOT   𝑘 

Turbine outlet temperature at 
ISO-conditions 

4,ISOT   𝑘 

Compressor outlet 
temperature if the process 
from point 1 to 2 is isentropic 

2,isT   𝑘 

Turbine outlet temperature if 
the process from point 3 to 4 is 
isentropic 

4,isT   𝑘 

Guessed compressor outlet 
temperature in iteration 

2,guessedT   𝑘 

Calculated compressor outlet 
temperature from iteration 

2,calculatedT  𝑘 

Guessed turbine outlet 
temperature in iteration  

4,guessedT  𝑘 

Calculated turbine outlet 
temperature from iteration 

4,calculatedT  𝑘 

Standard reference 
temperature 

refT   𝑘 
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Reduced temperature 
redT   − 

Critical point temperature of air 
kT   𝑘 

Volume V  𝑘3 
Volume flow of air  

airV   𝑘3

𝑠
 

Compressor inlet velocity 
1w  𝑘/𝑠 

Compressor outlet velocity 
2w  𝑘/𝑠 

Turbine inlet velocity 
3w  𝑘/𝑠 

Turbine outlet velocity 
4w  𝑘/𝑠 

Compressor inlet height 
1z  𝑘 

Compressor outlet height 
2z  𝑘 

Turbine inlet height 
3z  𝑘 

Turbine outlet height 
4z  𝑘 

Compressibility factor 
rz  − 

Compressor bleed flow 
coefficient 

bleedb   − 

Turbine efficiency 
Tη  − 

Compressor efficiency 
Cη  − 

Ratio of specific heat capacities 
for air  

airκ  − 

Ratio of specific heat capacities 
for the combustion gas 

gasκ  − 

Fuel-air ratio φ  − 
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1. Introduction 
A power generating gas turbine is an internal combustion engine, in which atmospheric air is ignited 
together with fuel in order to produce power. A cross-sectional view of a gas turbine can be seen in 
Figure 1. 

 

Figure 1 - Cross-section of a gas turbine  

(Breeze, 2014) 

Atmospheric air flows through the air inlet and is compressed inside the compressor. The resulting 
high pressure air is then ignited together with fuel inside the combustion chambers. The combustion 
gas then flows through a turbine generating both power to the compressor and excess power that 
can be used for a multitude of applications. 

1.1 The Joule-Brayton cycle 
Gas turbines operate on the Joule-Brayton cycle which is made up of four processes.  Adiabatic 
compression followed by heat addition at constant pressure, an adiabatic expansion generating 
power and a heat release at constant pressure. The four processes are shown in Figure 2. 

 

Figure 2 - Entropy-Temperature (a) and Volume-Pressure (b) diagram for a Joule-Brayton cycle  

(Desmond E. Winterbone, et al., 2015). 

Under ideal conditions, air is compressed isentropically from point 1 to 2. From point 2 to 3, the air is 
ignited together with fuel, raising the temperature in an isobaric process. From point 3 to 4 the 
combustion gas consisting of water, carbon-dioxide and excess air which did not react in the 
combustion is allowed to expand through the turbines in an isentropic process, thus rotating the 
turbine shaft and generating power. Point 4 to 1 is made up of an isobaric compression. 
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In practice, however, gas turbines work on an open Joule-Brayton cycle, meaning that air entering 
the cycle is taken from the environment. Assuming the cycle to be closed is possible because the air 
entering the cycle is considered to be an infinite resource with very little change to its properties. 
Therefore, point 4 to 1 is achieved by the environment. (Desmond E. Winterbone, et al., 2015) 

1.2 Applications 
Gas turbines are used in a wide variety of applications that range from aircraft propulsion to heat and 
power generation depending on the design of the gas turbine. In Figure 3, the various applications 
for which gas turbines can be used are plotted against the power output of the turbine. 

 

Figure 3 - Gas turbine application vs power output  

(Jansohn, 2013) 

One can design gas turbines with pure electricity production in mind, where the turbine shaft is 
connected to an electric generator. Some gas turbines however, like Aero-engines, are mainly used 
for aircraft-propulsion. 

It is common for gas turbines to be used in Combined Cycle Power Stations (CCPS). These use the 
exhaust heat produced by a gas turbine in a steam cycle, reducing waste heat and thus raising the 
efficiency. This is, arguably, the most important application for power generating gas turbines. In 
addition to being relatively cheap, they can achieve efficiencies as high as 60%, surpassing most fossil 
fuel based power generating systems. (Breeze, 2014)  

1.3 Gas turbine performance 
Due to the wide variety of possible applications for gas turbines, they can be seen in many different 
environments. However, differences in air temperature, pressure and humidity have been shown to 
have a profound effect on gas turbine performance. Therefore, buyers cannot rely on the operational 
specifications provided by manufacturers because that data is obtained by testing the gas turbine at 
ISO standard conditions, presented in Table 1. 
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Table 1 - ISO temperature, pressure and relative humidity 

 (De Sa, et al., 2011) 

Parameter Value Unit 

1,ISOT  288.15 𝑘 

1,ISOp  1.013 ∗ 105 𝑃𝑃 

Relative humidity 60% − 
 

These parameters affect the density of air. Since gas turbines are volumetric machines, the volume 
flow of air is constant. Therefore, air with higher density contains more mass per volume and the 
mass flow of air through the machine increases. This, in turn, affects (increase) the performance of 
the gas turbine. By the same token, air with lower density leads to a decrease in the performance. 

In a study that analyzed the power production from gas turbines in Turkey, a loss between 0.71 and 
2.87% in electricity production compared to performance at ISO-conditions occurred in regions 
deemed “hot”. In “cold” areas however, an increase of 1.32-7.85% was observed. (Erdem , et al., 
2006)  

Due to this effect, various air inlet cooling technologies have been developed specifically to lower the 
compressor inlet temperature. However, the variety of technologies available for this purpose is 
wide and some technologies are better than others for various climates. (Ibrahim, et al., 2011).  

In the Sri Lankan city of Colombo, where temperatures typically vary between 25 and 32 degrees 
Celsius, the operational performance of a gas turbine power plant is well below the specifications 
provided by manufacturers. A study examined the possibility of adding a compressor inlet cooling 
technology called “absorption refrigeration” and concluded that the pay-back time on the 
investment of adding the technology would be 11 years based on fuel savings alone. It is likely that 
the pay-back time would be even shorter due to the resulting increase in annual power production 
by more than 20%. (Kodituwakku, 2014) 

It is important for buyers of gas turbines to know, or at least be able to predict the performance of a 
gas turbine at any environmental conditions. Before installing a gas turbine or investing in an air 
cooling technology for instance, the need for reliable gas turbine performance models are key. There 
are a few models available in the open literature (Ranasinghe, et al., 2014). It is also possible to 
purchase gas turbine simulation software (Gas Turbine Simulation Program). 
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2. Objectives and problem 
There are many gas turbine performance models, both in scientific papers and in programs available 
for purchase. However, to the author’s knowledge, none of these present the calculations made to 
obtain the model. This limits users when considering upgrading a gas turbine. Moreover, most 
models constructed in reports are focused on specific types of gas turbines and are difficult to 
generalize.  

The purpose of this study is to create a thermodynamic model that predicts the power output of any 
given power generating gas turbine at full load with varying compressor inlet temperature and 
pressure. Certain parameters that are often provided by manufacturers will be used in the analysis. 
The model will be tested in numerical software and compared to data from gas turbine 
manufacturers. It should also be easy to adapt and develop further by gas turbine users for it to fit 
their specific gas turbines or possible modifications that they might want to implement. For instance, 
adding air inlet cooling technologies. 

The objectives of this study are as follows 

• Construct a thermodynamic model that predicts the power output of power generating gas 
turbines at full load 

• Compare the model with available performance data 
• Discuss potential inconsistences in the comparison 
• Provide suggestions for further development of the model 
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3. Methodology  
In Figure 4, a schematic of a gas turbine is shown. Point 1 denotes the compressor inlet, point 2 the 
compressor outlet, point 3 the turbine inlet and point 4 the turbine outlet.  

 

Figure 4 - Schematic of a gas turbine 

The following model is designed to obtain all the necessary parameters for calculating the net power 

output, totE , using (Ekeroth, et al., 2013) 

 , 3 4 , 2 1( ) (T )tot gas p gas air p airE m c T T m c T= − − −

    (1.1) 

The procedure used for calculating the net power output of a gas turbine is to first calculate an 

approximate 3T  when 1 1,ISOT T=  and 1 1,ISOp p=  (defined in Table 1). This 3T will be held constant for 

varying 1T  and 1p . It is also possible to calculate airV at ISO-conditions, which is constant for any given 

compressor at varying compressor inlet temperatures and pressures. This makes it possible to 

calculate airm for varying 1T  and 1p . The composition of the combustion gas can then be obtained for 

any 1T  and 1p by first calculating 2T  and then setting up a balance for total enthalpy over the 

combustion chamber. With the gas composition known, 4T  can be calculated. Finally, together with 

the mass flows through different sections of the gas turbine determined with the help of the 

previously calculated airV , the net power output can be calculated using (1.1). The procedure is 

summarized in Figure 5. 

 

Figure 5 - Procedure for calculating the power output 

1 Compressor 2 Combustion 
chamber 3 Turbine 4 

Approximating 𝑇3 
at ISO-conditions Calculating �̇�𝑎𝑎𝑎  

Calculating 
combustion gas 

composition 
Calculating 𝑇4 Calculating power 

output 

Calculating 
𝑇2,𝐼𝐼𝐼 

Calculating 
𝑇2 

1 2 3 4 5 
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In Table 2, parameters that are often given by gas turbine manufacturers are presented. However, 

since varying 1T  and 1p affect the gas turbine performance, these values are true only for ISO-

conditions. The one exception is the compressor pressure ratio, which is constant for all conditions. 
(Saravanamuttoo, et al., 2001) 

Table 2 – Parameters given by manufacturers at ISO-conditions used in this study 

Parameter Symbol Unit 
Net power output at 
ISO-conditions 

,tot ISOE  𝑊 

Compressor pressure 
ratio 

rp  − 

Mass flow of 
combustion gas at ISO-
conditions 

,gas ISOm  𝑘𝑘/𝑠 

Turbine outlet 
temperature at ISO-
conditions 

4,ISOT  𝑘 

 

These parameters are essential for the calculations in this study and will be assumed to be known for 

any evaluated gas turbine. The values for Tη , Cη and Db  assumed throughout the calculations are 

presented in Table 3. 

Table 3 - Values for isentropic efficiencies and bleed flow coefficient used in the model 

Parameter Value Unit 

Tη  0.87 − 

Cη  0.83 − 

bleedb   0.15 − 

 

3.1 Approximating 𝑻𝑻 at ISO-conditions  
The energy equation for the compressor can be derived from the first law of thermodynamics as  

 2 2
2 1 2 1 2 1( ) ( ) ( )

2
air

C C air air
m

Q E m h h w w m g z z= + − + − + −


 

    (1.2) 

Assuming 2 1w w= , 2 1z z= , that the compression is adiabatic and that the air is an ideal gas, (1.2) 

simplifies to 

 , 2 1(T )C air p airE m c T= −

   (1.3) 

where ,p airc  is the corresponding specific heat capacity at the mean temperature between 1T  and 

2T .   
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Another way to express the work output of the compressor is  

 , , 2, 1
1 (T )C air p air is is
C

E m c T
η

= −

   (1.4) 

where 2,T is is the compressor outlet temperature if the process from point 1 to 2 (in Figure 4) is 

isentropic and , ,p air isc is the corresponding specific heat capacity at the mean temperature between 

1T and 2,T is  (Saravanamuttoo, et al., 2001). Assuming 2, 2isT T≈ , the difference between , ,isp airc  and 

,p airc  becomes negligible. Thus, (1.3) and (1.4) can be rewritten as 

 ( )
1

1
2 1 1

air

airr
C

T
T T p

κ
κ

η

− − = −  
  (1.5) 

and the ratio of specific heats, airκ , can be calculated with (Havtun, 2013) 

 , ( 1)
air M

p air
air air

R
c

M
κ
κ

=
−

  (1.6) 

Since airκ varies with the temperature rise over the compressor, an iterative approach must be used 

to calculate 2T . First, a starting temperature 2,guessedT is guessed, and the corresponding ,p airc  as the 

mean value between 1T  and 2guessedT  is taken from a data table (Turns, 2000). Then, it is possible to 

calculate airκ using (1.6). Inserting airκ  into  (1.5), 2,calculatedT  can be obtained. If

2, 2,guessed calculatedT T T− < , where 10T K= , 2 2,calculatedT T= is set and the iteration is terminated. If 

not, 2, 2,guessed calculatedT T= is set and the next iteration begins. The iteration process is shown in Figure 

6. By setting 1 1,ISOT T=  in (1.5) and using the described iteration process, the obtained 2T  is denoted

2,ISOT . 
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Figure 6 - Iteration process for calculating T2 

By deriving the energy equation for the turbine from the first law of thermodynamics and assuming 

that the expansion over the turbine is adiabatic, 3 4w w= , 3 4z z=  and that the combustion gas is an 

ideal gas, an expression for the power output is obtained as 

 , 3 4( )T gas p gasE m c T T= −

   (1.7) 

Assuming that bleed flows in the compressor for cooling are equal to the mass flow of fuel added in 
the combustor; gas airm m=  . Furthermore, assuming that ,airpc  and ,gaspc  are constant with values 

which have been found to be sufficiently accurate for comparative calculations (presented in Table 

4), an approximate 3T  can be calculated using (1.1) where ,ISOtot totE E=  , ,gas gas ISOm m=  , 4 4,ISOT T= , 

2 2,ISOT T=  and 1 1,ISOT T= . 3T  is referred to as approximate due to the fact that the assumptions

gas airm m=  and the values for ,airpc  and ,gaspc are not made throughout the rest of the model and 

can be considered quite crude.  

It will be assumed that 3T  is being held constant by a control system for varying 1T and 1p , a common 

design choice by gas turbine manufacturers due to its positive effect on thermal efficiency 
(Jayasuriya, 2015). 

Guess a 𝑇2 ≔ 𝑇2,𝑔𝑔𝑔𝑔𝑔𝑔𝑔  

Calculate corresponding 𝜅𝑎𝑎𝑎 

Calculate a 𝑇2 ≔ 𝑇2,𝑐𝑎𝑐𝑐𝑔𝑐𝑎𝑐𝑔𝑔 with (1.4)  

𝑇2,𝑔𝑔𝑔𝑔𝑔𝑔𝑔 − 𝑇2,𝑐𝑎𝑐𝑐𝑔𝑐𝑎𝑐𝑔𝑔 < 𝑇 

No 

𝑇2,𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑇2,𝑐𝑎𝑐𝑐𝑔𝑐𝑎𝑐𝑔𝑔 

𝑇2 = 𝑇2,𝑐𝑎𝑐𝑐𝑔𝑐𝑎𝑐𝑔𝑔 
Yes 

Stop 
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Table 4 - Approximate values for specific heat capacities used in comparative analysis 

 (Saravanamuttoo, et al., 2001) 

Parameter Value Unit 

,p airc   1005 𝐽
𝑘𝑘𝑘

 

,gaspc   1148 𝐽
𝑘𝑘𝑘

 

3.2 Calculating �̇�𝑽𝑽𝑽 
Assuming that air is an ideal gas, its properties at the compressor inlet can be expressed with an 
expansion of the ideal gas law  

 1
1

M
air air

air

T R
p V m

M
=

   (1.8) 

Where airM is the molar mass of air and MR  is the universal gas constant (Ekeroth, et al., 2013). 

Letting 1 1,ISOT T= , 1 1,ISOp p= , taking values for MR  and airM from  Table 5 and assuming 

,air gas gas ISOm m m= =    due to bleed flows in the compressor, airV can be calculated using (1.8). 

Table 5 - Numerical values for the universal gas constant and molar mass of air  

(Turns, 2000) 

Parameter Value Unit 

airM  28.97 𝑘𝑘
𝑘𝑘𝑘𝑘

 

MR  8314.3 𝐽
𝑘𝑘𝑘𝑘𝑘

 

 

Since gas turbines are volumetric machines, airV  through the compressor is constant for varying 1T  

and 1p . 

3.3 Calculating the combustion gas composition 
Assuming pure methane as fuel and no dissociation (for the sake of simplifying the calculations), the 
combustion process can be described with the chemical equation 

 4 2 2 2 2 2 2( 3.76 ) CO 2 3.67CH a O N H O bO aN+ + → + + +   (1.9) 

where air is assumed to consist of only oxygen and nitrogen, a  is the coefficient of mole of air and 
b  is the coefficient of mole of oxygen left after the combustion. No dissociation is assumed due to 
the fact that it only has a significant effect on the combustion process for relatively high 
temperatures (Turns, 2000). 

In Table 6, a standard reference state is defined by introducing numerical values for refT and refp . 
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Table 6 - Standard reference state 

Parameter Value Unit 

refT  298.15 𝑘 

refp  1.013 ∗ 105 𝑃𝑃 

 

In Table 7, the different components in (1.9) are defined together with parameters used for 
calculating the combustion gas composition.   

Table 7 – Parameters for each component in the combustion process  

(Turns, 2000) 

i  
iM  [𝒌𝒌𝒌𝒌/𝒌𝒌] ,i RN   ,PiN  , ( , )O

f i ref refh T p

� 𝒌𝒌
𝒌𝒌𝒌𝒌

� 

4CH  16.0 1  0 -74831 

2O  32.0 a   b   0 

2N  28.0 3.76a   3.76a   0 

2CO  44.0 0 1  -393546 

2H O  18.0 0 2   -241845 

 

In defining the reference state according to Table 6, the concept of total enthalpy for each 
component i  is introduced: 

 , , ,( ) ( , ) ( )O
tot i f i ref ref s i refh T h T p h T= + ∆   (1.10) 

where , ( )tot ih T is the total enthalpy of component i  at any temperatureT and refp .  

Assuming that the components can be viewed as ideal gases, (1.10) can be formulated as  

 , , ,( ) ( , ) (T T )O
tot i f i ref ref p i refh T h T p c= + −   (1.11) 

where ,p ic  is used at the mean temperature between refT and T . Since no dissociation is assumed, 

(1.10) and (1.11) is applicable for any pressure, not only refp  (Turns, 2000).  

The relationship between the enthalpies of the reactants and products of (1.9) can be expressed as  

2 2 2 2 2 2,CH 2 ,O 2 ,N 2 ,CO 3 ,H 3 ,O 3 ,N 3(T ) (T ) 3.76 (T ) ( ) 2 ( ) ( ) 3.76 ( )
rtot tot tot tot tot o tot toth ah ah h T h T bh T ah T+ + = + + +   (1.12) 

from the definition of the constant pressure adiabatic flame temperature (Turns, 2000). 
Furthermore, b  can be expressed as 

 2b a= −   (1.13) 
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by using the conservation of oxygen atoms in (1.9).   

Utilizing (1.11), (1.13), Table 6 and Table 7, a can be obtained through (1.12).  

Thus, the combustion gas composition is known and its molar heat capacity ,p gasc  can be calculated 

as (Ekeroth, et al., 2013) 

 , , ,
,P

1
p gas i P i p i

ii i
i

c N M c
N M

 =  
 
∑∑

  (1.14) 

 where ,p ic for each component i  is taken from a data table (Turns, 2000). Furthermore, the molar 

mass of the combustion gas, gasM , can be calculated as (Havtun, 2013) 

 
,

,

i P i
i

gas
i P

i

N M
M

N
=
∑
∑

  (1.15) 

The specific heat capacity for the gas, ,gaspc  , can be obtained with (1.14) and (1.15) as 

 ,
,

p gas
p gas

gas

c
c

M
=   (1.16) 

through dimensional analysis.  

3.4 Calculating 𝑻𝑻 at varying conditions 
The power output of the turbine can be expressed as 

 , , 3 4,( )T T gas p gas is isE m c T Tη= −

   (1.17) 

where  4,isT denotes the turbine outlet temperature if the process from point 3 to 4 (in Figure 4) 

would be isentropic and , ,p gas isc the specific heat capacity of the combustion gas at the mean 

temperature between 3T  and 4,isT  (Saravanamuttoo, et al., 2001). It is further assumed that

4 4,isT T≈ , 3 2p p=  (since the combustion is considered isobaric) and 4 1p p=  since the exhaust gas 

is succumbed to atmospheric pressure. Combining  (1.7) and (1.17) yields  

 

( )
3 4 3 1

11
gas

gas

T

r

T T T
p

κ

κ

η −

 
 − = − 
 
 

  (1.18) 

and the ratio of specific heats gasκ  can be calculated with (Havtun, 2013) 

 ,gas ( 1)
gas M

p
gas gas

R
c

M
κ
κ

=
−

  (1.19) 
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Since gasκ varies with the temperature drop over the turbines, an iterative approach must be used to 

calculate 4T . First, a starting temperature 4,guessedT is guessed and the corresponding ,gaspc is calculated 

for the mean value between 3T  and 4,guessedT with (1.16). It is then possible to calculate gasκ using 

(1.19). Inserting gasκ  into (1.18), 4,calculatedT  can be obtained. If 4, 4,guessed calculatedT T T− < , where 

10T K= , 4 4,calculatedT T=  is set and the iteration is terminated. If not, 4, 4,guessed calculatedT T=  is set 

and the next iteration begins. The iteration process is shown in Figure 7. 

 

Figure 7 - Iteration process for calculating T4 

3.5 Calculating power output 
Since airV is known and constant, it is possible to calculate airm  with (1.8) for any 1T  and 1p . Applying 

mass flow balance over the entire gas turbine while taking bleed flows into account, gasm can be 

expressed as 

 gas air bleed air airm m m mb φ= − +      (1.20) 

where φ  is calculated using dimensional analysis as 

 41 CH

air

M
a M

φ =   (1.21) 

Guess a 𝑇4 ≔ 𝑇4,𝑔𝑔𝑔𝑔𝑔𝑔𝑔 

Calculate corresponding 𝜅𝑔𝑎𝑔 

Calculate a 𝑇4 ≔ 𝑇4,𝑐𝑎𝑐𝑐𝑔𝑐𝑎𝑐𝑔𝑔 with 
(1.18)  

𝑇4,𝑔𝑔𝑔𝑔𝑔𝑔𝑔 − 𝑇4,𝑐𝑎𝑐𝑐𝑔𝑐𝑎𝑐𝑔𝑔 < 𝑇 

No 

𝑇4,𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑇4,𝑐𝑎𝑐𝑐𝑔𝑐𝑎𝑐𝑔𝑔 

𝑇4 = 𝑇4,𝑐𝑎𝑐𝑐𝑔𝑐𝑎𝑐𝑔𝑔 Yes 

Stop 



20 
 

The mass flow of combustion gas, gasm , can be calculated using (1.20) and (1.21) for the value of 

bleedb  defined in Table 3. 

Now, since all necessary parameters have been obtained, the power output of the gas turbine for 

any 1T  and 1p can be calculated with (1.1) where ,p airc  is chosen for the mean temperature between 

1T  and 2T  while ,p gasc  is chosen for the mean temperature between 3T  and 4T .  

3.6 Sensitivity Analysis 
The values for Tη  and Cη  assumed in Table 3 have a major influence on the calculated totE  in both 

(1.5) and (1.18). Unlike for bleedb , where the assumed value is common for gas turbines 

(Saravanamuttoo, et al., 2001), the assumed Tη  and Cη have little scientific basis. Therefore, a 

sensitivity analysis will be done by observing how totE  varies with changing values for Tη  and Cη . 
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4. Results and discussion 
The gas turbines used for comparison are all from Siemens and their relevant parameters are 
presented in Table 8. These gas turbines were chosen due to their differences in size (where SGT-400 
is the smallest and SGT-800 the largest) and the fact that they each have a performance graph for 

how totE varies with 1T , based on Siemens own performance calculations (Siemens AG). 

The calculations have been done in the numerical computing programming language MATLAB. The 
code written is presented in Appendix 1: MATLAB-code used for calculations.  

Table 8 - Siemens gas turbine parameters  

(Siemens AG) 

Siemens gas 
turbine 

,tot ISOE [𝑴𝑴] 2

1

p
p

[−] ,gas ISOm �𝒌𝒌
𝒔
� 4,ISOT [℃] 

SGT-400 14.32 16.8 39.4 555 
SGT-700 32.82 18.7 95 533 
SGT-800 50.5 21.1 134.2 553 

 

4.1 Pressure results 
Using the values for SGT-400 in Table 8 with the model constructed in this study, it is possible 

calculate totE for varying 1p . In Figure 8, totE  for the constructed model is shown to increase linearly 

with increasing 1p .  

 

Figure 8 – Plot of power output with varying ambient pressure 
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This linear relation also applies to SGT-700 and SGT-800 and so these plots will not be shown in this 
report. No data for pressure variation comparison was available for any of the three gas turbines. It is 
therefore not possible to state with certainty whether or not the model is applicable to gas turbines 

for varying 1p . However, the only time in the Methodology when 1p affects the performance is in 

(1.8), where airm  is calculated. It is evident from that equation that airm and 1p  have a linear relation, 

which is reflected in Figure 8.  

4.2 Temperature results 
Using the values in Table 8 together with the constructed model, it is possible to calculate totE for 

varying 1T  . In Figure 9, totE for the constructed model is compared with totE for the model Siemens 

uses for SGT-400, for varying 1T  and constant 1 1,ISOp p=  (Siemens AG, 2009) 

 

Figure 9 - Comparison of the constructed model and the Siemens model for SGT-400  

In Figure 10, totE for the constructed model is compared with totE for the model Siemens uses for 

SGT-700 for varying 1T  and constant 1 1,ISOp p= . (Siemens AG, 2009) 
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Figure 10 - Comparison of the constructed model and the Siemens model for SGT-700 

In Figure 11, totE for the constructed model is compared with totE for the model Siemens uses for 

SGT-800 for varying 1T  and constant 1 1,ISOp p= . (Siemens AG, 2014) 

 

Figure 11 - Comparison of the constructed model and the Siemens model for SGT-800 

For all the evaluated gas turbines, the model constructed in this study shows results “consistent” 
with the Siemens models for totE at temperatures above 0℃. However, at sub-zero temperatures, 
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the constructed model displays quite significant inconsistency with the Siemens models. Whereas the 

power output from the Siemens models, ,tot SiemensE , converges while totE from the constructed model 

seems to grow indefinitely.  

It is also evident that the constructed model works better for smaller gas turbines from comparing 
Figure 9 with Figure 11. The comparison shows that the power output calculated with the 
constructed model is more consistent with the Siemens model in a greater temperature range for 
SGT-400 than SGT-800.  

When evaluating the work the compressor needs, CE , and the work the turbine produces TE , it is 

clear that CE varies very little for varying 1T  and 1p , whereas TE varies significantly. This effect is 

presented in Table 9 for SGT-400 where CE and TE for the constructed model is displayed for 

certain compressor inlet temperatures. The net power output is also displayed as totE which is 

compared to ,tot SiemensE  at the same temperature.  

Table 9 - Compressor work required and turbine work produced for SGT-400 with varying compressor inlet temperature 
for the constructed model 

1T  [℃] CE [𝑴𝑴] TE [𝑴𝑴] totE  [𝑴𝑴] ,tot SiemensE  [𝑴𝑴] 

-20 16.9 33.7 16.8 14.6 
-15 16.9 33.0 16.1 14.7 
0 16.9 31.0 14.1 14.4 
15 16.8 29.2 12.4 12.6 
20 16.8 27.7 10.9 11.9 
 

If CE is approximately constant for different temperatures, then TE needs to become smaller for low 

temperatures. The fact that it keeps rising for low temperatures might be a consequence of the 
following assumptions made in the Methodology section: 

• The assumption that 3T  is constant for all 1T  and 1p   

• The assumption that air and the combustion gas are ideal gases 
• The assumption that no dissociation occurs in the combustion 

• The assumption that 1 2w w=  and 3 4w w=   

4.3 The assumption that 𝑻𝑻 is constant for all 𝑻𝑻 and 𝒑𝑻  
The assumption that 3T is constant for varying 1T  and 1p  might be one of the reasons for the 

discrepancy between the model constructed in this study and the models used by Siemens. A low 1T  

leads to a low 2T , which in turn demands a higher temperature rise to 3T . At a low enough 1T , the 

temperature rise might be impossible to achieve for the combustor (for instance, because of size 

limitations) and that would constitute an upper limit for 3T . A modified assumption to reflect this fact 

can be introduced; if 1T T< , where T is some compressor inlet temperature, the assumption that 

the approximated 3T  is constant is changed to the assumption that the temperature rise 3 2T T−  is 
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constant. This would lead to a lower 3T  for low enough 1T  - values. Using this modified assumption in 

Methodology, totE  is compared with ,tot SiemensE  for SGT-400 in Figure 12 

 

 

Figure 12 -Comparison of the constructed model with the modified assumption that the temperature rise over the 
combustor is constant and the Siemens model for SGT-400 

 

However, when comparing Figure 12 with Figure 9, the constructed model with the modified 

assumption still grows indefinitely for decreasing 1T . Thus, the issue is likely not with the assumption 

that 3T  is constant.  

4.4 The assumption that air and the combustion gas are ideal gases 
Ideal gases are defined as gases whose thermodynamic state can be described with  

 pV mRT=   (2.1) 

for any pressure p , volumeV , mass m , gas constant R and temperature T . It is often a good 
approximation for high temperatures and low pressures. However, at low temperatures and high 

pressures (compared to the critical temperature kT   and pressure kp  of a gas), this approximation 

can become invalid (Ekeroth, et al., 2013). To compensate for inconsistencies in the approximation, it 
is possible to introduce a compressibility factor into (2.1) defined as (Ekeroth, et al., 2013) 

 r
pVz

mRT
=   (2.2) 
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Furthermore, the concept of reduced temperature is defined as 

 red
k

TT
T

=   (2.3) 

and reduced pressure as 

 red
k

pp
p

=   (2.4) 

The values for critical temperature and pressure for air are presented in Table 10. 123T K= is 

assumed, and kT in Table 10 is used in order to obtain 0.9redT =  from (2.3). Further, 1,ISOp p= is 

assumed, kp is taken from Table 10 and used in (2.4) to obtain 0.03redp = . Using these values in the 

generalized compressibility chart (Appendix 2: Generalized Compressibility Chart (Havtun, 2013)) 

shows that 1rz ≈ , which means that the ideal gas approximation is good even for temperatures as 

low as 123 K  (Ekeroth, et al., 2013). Thus, the assumption that air is always an ideal gas is valid in 

the case of this study.  

Table 10 - Critical-point properties for air 

Parameter Value Unit 

kT   132.5 𝑘 

kp   37.7 ∗ 106 𝑃𝑃 

 

The combustion gas is considered ideal due to it consisting mostly of air since the fuel-air-ratio is 
usually 0.02φ ≈ in real gas turbines (Saravanamuttoo, et al., 2001). Furthermore, for such high 

temperatures the ideal gas approximation is applicable since, for any redp , redT  is a vertical line and 

1rz = in Appendix 2: Generalized Compressibility Chart.   

4.5 The assumption that no dissociation occurs in the combustion 
Dissociation occurs in high temperature combustion and results in that the chemical products in (1.9) 

break down into other components (for instance 2CO  could dissociate to CO ). If dissociation is 

taken into account, the composition of the combustion gas would look different to the one evaluated 

in Methodology. This would affect the specific heat capacity of the gas, ,p gasc , which in turn would 

affect the calculation of 4T  through (1.18) and the iteration process described in Figure 7. For further 

research into this topic, taking dissociation into account is a recommended measure. 

4.6 The assumption that 𝒘𝑻 = 𝒘𝒘 and 𝒘𝑻 = 𝒘𝑻 
The difference in temperature of atmospheric air at rest and at velocity 1w  can be calculated as  

 
2

1
1

,2 p air

w
T T

c
− =   (2.5) 



27 
 

where T denotes the temperature that would be obtained if the velocity was taken into account, 

while ,p airc  denotes the specific heat capacity at the mean temperature between T  and 1T . 

(Saravanamuttoo, et al., 2001) 

 If ,p airc  is to be chosen for 1,ISOT  (Turns, 2000) and inserted into (2.5), the temperature difference 

obtained for various 2w  is presented in Figure 13. This shows that high velocities contribute 

significantly to the temperatures in the gas turbine.  

 

Figure 13 - Temperature difference obtained between neglecting and taking into account gas velocities 

For further research, a way to surpass this problem could be by introducing a concept known as 
stagnation enthalpy which incorporates the velocities (Saravanamuttoo, et al., 2001). 

4.7 Sensitivity Analysis 
By choosing different values for Tη  and Cη  according to Table 11, and calculating totE  with 

Methodology, the graphs shown in Figure 14 and Figure 15 are obtained.  

Table 11 - Values for isentropic efficiencies used in sensitivity analysis 

Cη  Tη  Figure 

0.83 0.90 Figure 14 
0.83 0.84 Figure 14 
0.86 0.87 Figure 15 
0.80 0.87 Figure 15 
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It is evident that the isentropic efficiencies have a substantial influence on the net power output of a 

gas turbine.  When 0.86Cη =   and 0.87Tη = (Figure 15), the constructed model exhibits much 

better consistency with the Siemens model than if 0.83Cη = and 0.84Tη = (Figure 14).  

 

Figure 14 - Comparison of the constructed model and the Siemens model for SGT-400, different turbine efficiencies 

 

Figure 15-Comparison of the constructed model and the Siemens model for SGT-400, different compressor efficiencies 
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4.8 Fuel-air ratio 
The constructed model gives unreasonably high values for the fuel-air ratio, usually 0.09φ ≈ . The 

reason for this might be that in approximating 3T , a value close to a real turbine inlet temperature is 

obtained. Since 3T is assumed to be constant and since a higher fuel-air ratio leads to a higher 

temperature rise over the combustor (Saravanamuttoo, et al., 2001), low values for 2T  lead to higher 

fuel-air ratios in order to match 3T . Since no regard was taken to velocity differences over the 

compressor, the values for 2T calculated in this model are generally too low and in turn, the fuel-air 

ratio becomes too high to compensate for this.   
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5. Conclusions 
The constructed model can predict the net power output of a gas turbine with varying compressor 
inlet temperatures and pressures. However, no available performance data for how the power 
output varies with pressure could be found. It is therefore not possible to say how accurate the 
prediction is for pressure variations.  

In terms of compressor inlet temperature, the constructed model shows consistency with compared 
models developed by Siemens at “high” temperatures. For smaller gas turbines the model shows 
even greater consistency.  

Some issues remain, however. No regard was taken to dissociation in the combustion chamber and 
to velocity differences throughout the gas turbine. Both these factors are thought to potentially have 
a profound effect on the power output and further research into this topic is encouraged. 
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Appendix 
Below all appendices will be presented. 
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Appendix 1: MATLAB-code used for calculations 

close all; clear all; clc 

ISO conditions 

%Gas turbine parameters 

Etot = 12.90*10^3;      % Total power output [kW] 

pr=16.8;                % Compressor pressure ratio [-] 

T4I = 555+273;          % Turbine exhaust temperature [K] 

mdotgas=39.4;           % Exhaust gas mass flow [kg/s] 

 

%Ambient conditions 

T1=15;                  % Ambient temperature [°C] 

p1=1.013;               % Ambient pressure [bar] 

p2=p1*pr;               % Compressor outlet pressure [bar] 

RM=8314.3;              % Universal gas constant [J/(kmol*K)] 

Mair=28.97;             % Molar mass air [kg/kmol] 

Rair=RM/Mair;           % Gas constant air [J/(kg*K)] 

 

%Efficiencies 

etaK=0.83;             % Compressor efficiency [-] 

etaT=0.87;             % Turbine efficiency [-] 

 

%Values for calculating T3 at ISO 

cpa = 1.005;            % Specific heat air [kJ/(kg*K)] 

cpg = 1.148;            % Specific heat gas [kJ/(kg*K)] 

mdot = mdotgas;         % Mass flow [kg/s] 

Varying conditions 

T1_var=15+273; 

p1_var=1.013;                               % Ambient pressure [bar] 

p2_var=pr*p1_var;                           % Compressor outlet pressure [bar] 

disp(['T1 = ',  num2str(T1_var), ' K']) 

Compressor: Calculating T2 at ISO 

%Calculating T2 

Tcpair=[100:50:1000 1100:100:2500];                           % Air temperatures for different 

specific heats [°C] 

cpair=1000*[1.032 1.012 1.007 1.006 1.007 1.009 1.014 1.021 1.030 1.040 1.051 1.063 1.075 

1.087 1.099 1.11 1.121 1.131 1.141 1.159 1.175 1.189 1.207 1.230 1.248 1.267 1.286 1.307 1.337 

1.372 1.417 1.478 1.558 1.665]; 

cpairInterp = interp1(Tcpair,cpair,1:2500);                   % Interpolated specific heat air 

[J/(kg*K)] 

 

T2_guess=300+273;                                             % Guessed compressor outlet 

temperature [K] 

Tav12 = 1/2*(T2_guess+(T1+273));                              % Average compressor temperature 

[K] 
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cpav12 = cpairInterp(round(Tav12));                           % Average air specific heat 

[J/(kg*K)] 

kappaAir = ((cpav12*Mair)/RM)*(((cpav12*Mair)/RM)-1)^-1;      % Air specific heat ratio [-] 

dT12=((T1+273)/etaK)*(pr^((kappaAir-1)/kappaAir) - 1);       % Compressor temperature rise [K] 

T2_calc = (T1+273) + dT12;                                    % Calculated compressor outlet 

temperature [K] 

 

while abs(T2_guess-T2_calc)>10 

    T2_guess=T2_calc; 

    Tav12 = 1/2*(T2_guess+(T1+273)); 

    cpav12 = cpairInterp(round(Tav12)); 

    kappaAir = ((cpav12*Mair)/RM)*(((cpav12*Mair)/RM)-1)^-1; 

    dT12=((T1+273)/etaK)*(pr^((kappaAir-1)/kappaAir) - 1); 

    T2_calc = (T1+273) + dT12; 

end 

T2_ISO=T2_calc;     % Final calculated compressor outlet temperature [K] 

disp(['T2_ISO = ',  num2str(T2_ISO), ' K']) 

Calculating a fixed T3 and Vdotair at ISO-conditions 

T3_ISO=((Etot/mdotgas)+cpa*(T2_ISO-(T1+273))+cpg*T4I)/cpg;            % Turbine inlet 

(combustor outlet) temperatre [K] 

Vdotair = ((RM*(T1+273.15))/(p1*10^5*Mair))*mdotgas; 

Compressor: Calculating T2 at varying conditions 

%Calculating T2 

Tcpair=[100:50:1000 1100:100:2500];                           % Air temperatures for different 

specific heats [°C] 

cpair=1000*[1.032 1.012 1.007 1.006 1.007 1.009 1.014 1.021 1.030 1.040 1.051 1.063 1.075 

1.087 1.099 1.11 1.121 1.131 1.141 1.159 1.175 1.189 1.207 1.230 1.248 1.267 1.286 1.307 1.337 

1.372 1.417 1.478 1.558 1.665]; 

cpairInterp = interp1(Tcpair,cpair,1:2500);                   % Interpolated specific heat air 

[J/(kg*K)] 

 

T2_guess=300+273;                                             % Guessed compressor outlet 

temperature [K] 

Tav12 = 1/2*(T2_guess+T1_var);                                % Average compressor temperature 

[K] 

cpav12 = cpairInterp(round(Tav12));                           % Average air specific heat 

[J/(kg*K)] 

kappaAir = ((cpav12*Mair)/RM)*(((cpav12*Mair)/RM)-1)^-1;      % Air specific heat ratio [-] 

dT12=((T1_var)/etaK)*(pr^((kappaAir-1)/kappaAir) - 1);        % Compressor temperature rise 

[K] 

T2_calc = T1_var + dT12;                                      % Calculated compressor outlet 

temperature [K] 

 

while abs(T2_guess-T2_calc)>10 

    T2_guess=T2_calc; 

    Tav12 = 1/2*(T2_guess+T1_var); 

    cpav12 = cpairInterp(round(Tav12)); 

    kappaAir = ((cpav12*Mair)/RM)*(((cpav12*Mair)/RM)-1)^-1; 

    dT12=((T1_var)/etaK)*(pr^((kappaAir-1)/kappaAir) - 1); 
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    T2_calc = T1_var + dT12; 

end 

T2=T2_calc;                                                   % Final calculated compressor 

outlet temperature [K] 

disp(['T2 = ',  num2str(T2), ' K']) 

disp(['T3_ISO = ',  num2str(T3_ISO), ' K']) 

 

T3=T3_ISO; 

disp(['T3 = ', num2str(T3), ' K']) 

Combustor 

Tcp=[200 298 300:100:2000];                                   % Temperatures at specific heats 

for the gas components [°C] 

cpN2=[28.793 29.071 29.075 29.319 29.636 30.086 30.684 31.394 32.131 32.762 33.258 33.707 

34.113 34.477 34.805 35.099 35.361 35.595 35.803 35.988]; 

cpO2=[28.473 29.315 29.331 30.210 31.114 32.013 32.927 33.757 34.454 34.936 35.270 35.593 

35.903 36.202 36.490 36.768 37.036 37.296 37.546 37.788]; 

cpH2O=[32.255 33.448 33.468 34.437 35.337 36.288 37.364 38.587 39.93 41.315 42.638 43.874 

45.027 46.102 47.103 48.035 48.901 49.705 50.451 51.143]; 

cpCO2=[32.387 37.198 37.28 41.276 44.569 47.313 49.617 51.550 53.136 54.360 55.333 56.205 

56.984 57.677 58.292 58.836 59.316 59.738 60.108 60.433]; 

 

cpN2Interp = interp1(Tcp,cpN2,1:2000,'linear','extrap');      % Interpolated/extrapolated 

specific heat N2 [kJ/(kmol*K)] 

cpO2Interp = interp1(Tcp,cpO2,1:2000,'linear','extrap');      % Interpolated/extrapolated 

specific heat O2 [kJ/(kmol*K)] 

cpH2OInterp = interp1(Tcp,cpH2O,1:2000,'linear','extrap');    % Interpolated/extrapolated 

specific heat H2O [kJ/(kmol*K)] 

cpCO2Interp = interp1(Tcp,cpCO2,1:2000,'linear','extrap');    % Interpolated/extrapolated 

specific heat CO2 [kJ/(kmol*K)] 

 

%Enthalpies of formation, 

Tref = 298;                      % Reference temperature [K] 

HfO2 = 0;                        % [kJ/kmol] 

HfN2 = 0;                        % [kJ/kmol] 

HfCH4 = -74831;                  % [kJ/kmol] 

HfCO2 = -393546;                 % [kJ/kmol] 

HfH2O = -241845;                 % [kJ/kmol] 

%Molar masses 

MN2 = 28.013;                    % [kg/kmol] 

MO2 = 31.999;                    % [kg/kmol] 

MH2O = 18.016;                   % [kg/kmol] 

MCO2 = 44.011;                   % [kg/kmol] 

 

%Combustion: CH4 + a(O2 + 3.76N2) -> CO2 + 2H2O + bO2 + 3.76aN2 

MCH4 = 16.04;                    % [kg/kmol] 

 

%Moles 

NCH4 = 1;                        % [kmol] 

NCO2p = 1;                       % [kmol] 

NH2Op = 2;                       % [kmol] 

 

 

Tavref3 = 1/2*(T3+Tref);                    % Average reference temperature at T3 [K] 
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Tavref2 = 1/2*(T2+Tref);                    % Average reference temperature at T2 [K] 

 

%Product speicif heats 

cpavN2 = cpN2Interp(round(Tavref3));        % Average N2 specific heat [kJ/(kmol*K)] 

cpavO2 = cpO2Interp(round(Tavref3));        % Average O2 specific heat [kJ/(kmol*K)] 

cpavH2O = cpH2OInterp(round(Tavref3));      % Average H2O specific heat [kJ/(kmol*K)] 

cpavCO2 = cpCO2Interp(round(Tavref3));      % Average CO2 specific heat [kJ/(kmol*K)] 

%Reactant specific heats 

cpavN2r = cpN2Interp(round(Tavref2));       % Average N2 specific heat [kJ/(kmol*K)] 

cpavO2r = cpO2Interp(round(Tavref2));       % Average O2 specific heat [kJ/(kmol*K)] 

 

%Moles air and methane [kmol] 

taljarea=(NH2Op*cpavH2O+NCO2p*cpavCO2)*(T3-Tref)-(2*cpavO2)*(T3-Tref)-(NCH4*HfCH4-NCO2p*HfCO2-

NH2Op*HfH2O); 

namnarea=(cpavO2r+3.76*cpavN2r)*(T2-Tref)-(cpavO2+3.76*cpavN2)*(T3-Tref); 

a = taljarea/namnarea; 

 

%Moles 

NN2r = a*3.76;                  % [kmol] 

NO2r = a;                       % [kmol] 

b = a-2; 

NO2p = b;                       % [kmol] 

NN2p = NN2r;                    % [kmol] 

 

 

mgas=MCO2*NCO2p+MH2O*NH2Op+MO2*NO2p+MN2*NN2p;   % Mass flow gas [kg/s] 

Mmgas = mgas/(NCO2p+NH2Op+NO2p+NN2p);           % Molar mass gas [kg/kmol] 

cpgasstreck = (1/mgas).*((MCO2*NCO2p).*cpCO2Interp + (MH2O*NH2Op).*cpH2OInterp + 

(MO2*NO2p).*cpO2Interp + (MN2*NN2p).*cpN2Interp); 

cpgas = 1000*(cpgasstreck/Mmgas);               % Specific heat gas [J/(kg*K)] 

Tcpgas=[1:1:2000];                              % Temperatues for different gas specific heats 

[K] 

Turbine 

%Calculating T4 

p3_var=p2_var;                      % Turbine inlet pressure [bar] 

p4_var=p1_var;                      % Turbine outlet pressure [bar] 

T4_guess=500+273;                   % Guessed turbine outlet temperature [K] 

Tav34 = 1/2*(T4_guess+T3);          % Average turbine pressure [K] 

 

cpav34 = cpgas(round(Tav34));       % Average compressor specific heat [J/(kg*K)] 

kappaGas = ((cpav34*Mmgas)/RM)*(((cpav34*Mmgas)/RM)-1)^-1;       % Gas specific heat ratio [-] 

dT34=((T3)*etaT)*(1-1/(pr^((kappaGas-1)/kappaGas)));             % Turbine temperature 

decrease [K] 

T4_calc = T3 - dT34;                                             % Calculated turbine outlet 

temperature [K] 

 

while abs(T4_guess-T4_calc)>10 

    T4_guess=T4_calc; 

    Tav34 = 1/2*(T4_guess+T3); 

    cpav34 = cpgas(round(Tav34)); 

    kappaGas = ((cpav34*Mmgas)/RM)*(((cpav34*Mmgas)/RM)-1)^-1; 

    dT34=((T3)*etaT)*(1-1/(pr^((kappaGas-1)/kappaGas))); 

    T4_calc = T3 - dT34; 
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end 

T4=T4_calc;                                                      % Final calculated turbine 

outlet temperature [K] 

disp(['T4 = ',  num2str(T4), ' K']) 

 

Mass flow 

%Calculating mass flows and fuel-air ratio 

FAR=(1/a)*(MCH4/Mair);                                           % Fuel-air ratio [-] 

syms mdotair 

mdotair_bleed = 0.15*mdotair;                                    % Bleed air mass flow [kg/s] 

mdotfuel = FAR*(mdotair-mdotair_bleed);                          % Fuel mass flow [kg/s] 

Eqn = mdotair + mdotfuel == mdotair_bleed + mdotgas;             % Mass flow balance equation 

 

mdotair=double(solve(Eqn,mdotair));                              % Compressor inlet air mass 

flow [kg/s] 

%Vdotair=((Rair*(T1+273))/((p1*10^5)))*mdotair;                   % Compressor inlet air 

volumetric flow [m³/s] 

mdotfuel=FAR*mdotair;                                            % Symbolic to numeric 

conversion 

 

mdotair_var = (Vdotair*(p1_var*10^5))/(Rair*(T1_var));           % Varying compressor inlet 

air mass flow [kg/s] 

mdotair_bleedvar = 0.15*mdotair_var;                             % Varying Bleed air mass flow 

[kg/s] 

mdotgas_var = mdotair_var*FAR-mdotair_bleedvar+mdotair_var;      % Varying exhaust gas flow 

[kg/s] 

Power output 

E_Tot=mdotgas_var*cpav34*(T3-T4)-mdotair_var*cpav12*(T2-(T1_var));      % Total power output 

[W] 

Ecomp = mdotair_var*cpav12*(T2-(T1_var)); 

Eturb = mdotgas_var*cpav34*(T3-T4); 

disp(' ') 

disp(['The fuel-air ratio = ', num2str(FAR*100), '%']) 

disp(['The power output = ', num2str(E_Tot*10^-6),' MW']) 

disp(' ') 

disp(['Compressor power input = ', num2str(Ecomp*10^-6),' MW']); 

disp(['Turbine power output = ', num2str(Eturb*10^-6),' MW']); 

disp(['Volume flow into the compressor = ' ,num2str(Vdotair),' m3/s']); 

disp(['Air flow into the compressor = ' ,num2str(mdotair_var), 'kg/s']); 

disp('-------------------------------------------------------------------------') 

 

Published with MATLAB® R2014a 
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Appendix 2: Generalized Compressibility Chart  

 

 (Havtun, 2013) 
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