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INTRODUCTION 
as turbines are widely used for producing electricity and 

various other industrial activities. The Gas turbine turbine is 

the most satisfactory power developing unit among various 

means of producing mechanical power due to its exceptional 

reliability (Domkundwar, 2011).  A gas turbine is known to be an 

engine design to convert the energy of a fuel into some form of useful 

power, such as mechanical (shaft) power or the high speed thrust of 

a jet [William,  1984] and is globally used by industries today .  it could 

also be seen as  any kind of spinning that use the action of a fluid to 

produce work (Ideriah, 1986). They are prime-movers used for driving 

rotating equipment like pumps, compressors etc, or for generating 

electricity required for process industries or a community. The idea of 

using the axial flow compressors, combustion chamber and turbine 

was conceived as early as in 1872 (Domkundwar, 2011). During the 

period from the granting of the first patent in 1791 to the present 

(William, W. B) the gas turbine has been developed into a very reliable 

and versatile engine with a high power-to-weight ratio. It has been 

widely accepted for electric power generation.  
Industrial gas turbine as widely used engine for public and private 

sector is expected to operate at different environmental conditions. 

It is worthy of note that various environmental conditions such as 

increase in Ambient temperature,  Pressure,  Relative Humidity and 

Intake Pressure recovery  can affect  the performance of gas turbine. 

The effect of these conditions/parameters can show the extend at 

which deviation from the design point of the engine parameters such 

as pressure ratio, mass flow amongst others   can  occur from one  
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ABSTRACT 
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environmental condition to another. This means that the higher the deviation from the Design 
point the higher the effect on the performance of the engine and the lower the deviation the lower 
the effect on the engine performance when operating at the aforementioned  environmental 
conditions. These environmental conditions directly affect the measurement parameters of the 
engine such as mass flow, fuel flow, Pressure ratio, efficiency and Turbine exit Temperature. 
 

Methodology 

The gas turbine used for the analysis is an industrial GE LM2500+ gas turbine engine model as 
shown on figure 1.0 and 2.0 below. This engine produced 29 MW at the dry mode. It drives a 
combined cycle power plant with two once-through steam generators and a steam turbine 
producing 20-25 MW [Tsoustsanis, E ]. It has an additional stage zero blisk on the high pressure 
compressor (HPC), a new stage and variable guide vane. It also has a higher power output rated at 
about 25-29 MW at ISO condition with specific fuel consumption of 235 g/kWh. An accessory gear 
box located on the axial compressor frame takes the HP shaft power. The compressor is made up 
of a 17 stage axial compressor with a fully annular combustor with externally mounted nozzle 
which is bolted to the compressor and wrapping around the turbine stages. 

 
Fig.1.0 GE LM2500+ HSPT [E.Tsoustsanis, (2018)], 

increase in Intake pressure recovery, Relative Humidity, Ambient Temperature and Ambient 

Pressure. The analysis shows the influence of the aforementioned parameters/environmental 

conditions on the engine parameters such as turbine exit temperature (T6), Fuel Flow, Efficiency, 

Rotational speed and mass flow. The software used was PYTHIA, an in-house software of Cranfield 

University, England with the aid of GELM2500+ engine model. From the analysis, the results shows 

that both the ambient temperature and Pressure has a significant effect on the engine 

performance as the deviation of the engine parameters from the design point is much while 

Relative Humidity (RH) and the intake Pressure recovery has little effect on the engine 

performance as the deviation of the engine parameters from Design Point is small. The power was 

the handle for the entire simulation. The engine at Design Point has ambient temperature 

deviation of -2.932, Pressure deviation of -0.032, Relative humidity of 68% and Pressure recovery 

of 0.9949. 

 

Keywords: Design Point, Performance, Gas, Turbine, Environment. 
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This engine has several configurations with respect to the type of combustor and power turbine.  

Each configuration has its own merits and demerits. The final decision is hinged on the customer’s 

need and requirements. 

Single Annular combustor (SAC) with a two stage high speed power turbine (HSPT) is being 

configured with the specific engines. The required rpm   of the main gas generation operates 

around 9,000 rpm while the power turbine is attached to this with a gearbox down to 6,100rpm at 

a frequency of 50Hz. 

 

 
Fig.2.0 GELM2500+ Engine Model [Blinstrub, J. '(2018)], 

 

It is very important to model the engine (GELM2500+) accurately before the performance 

simulation. From the model shown on figure 2.0 above, it has two bleeds coming from the 

compressor side and two intakes. One of the bleed pipes is configured along the gas turbine, its 

length should be taken into consideration so that the temperature decreases slightly, and this is 

modeled by a heat exchanger (HETHOT-HETCOL). The second intake mainly sent out cooled air into 

the heat exchanger then the bleed air of the compressor is cooled. With this, the combustor, NGV 

of the first turbine and second turbine (HSPT) of the engine receive cooling by this Cooling air. 

With respect to the model configuration above, the bleed connects the core gas flow in the mixer 

bricks (MIXEES) in front of the turbine on equivalent or lower pressure level. At the exhaust, the 

pressure loss is modeled by a DUCTER brick which play a vital role in combine cycle. Finally, the 

NOZCON brick which is a convergent nozzle for aero engine has no applicable meaning but is 

important during modeling in TURBOMATH or PYTHIA software. 

Furthermore, the LM2500+ is an aero derivative gas turbines of the General Electric (GE). It 

emanates from the CF6family of GE aero engines useful for land and marine application as LM 

notation stand for. This engine is expected to operate close to its high efficiency closer to its high 

speed design while in the case of aircraft engine it has multiple points of operation such as take-

off, cruise etc. where performance is crucial (Smith, 2002,) .The high thermal efficiency of the gas 

generator of 39% is as a result of the peak cycle pressure ratio gotten in the CF6-6 core (Escher and 

Singh, 1995), 

GELM2500+ has 17 stages compressor with variable stator vane system coupled with a two stage 

high speed turbine. There is improvement in the pressure ratio to 23:1.  The gas generator turbine 
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has two stages drives, compressor and gear box for general drives. The system is air cooled.  six(6)  

stages has the power turbine which is linked to the electric generator. 

The table below shows the performance/ characteristics specification of the GELM2500+ published 

by GE 

Table1.0 GELM2500+ Characteristic specification (GE Aviation) 

PARAMETER VALUE UNIT 

Exhaust 

Gas temperature (EGT) 

518 𝑜𝐶  

 

Exhaust gas flow   
 

 85.9   
 

Kg/s 

Height 2.04 M 

Length 6.7 M 

Power turbine speed 3600 

 

Rpm 

Power out put 30.2 MW 

Sfc 

 

0.354 lb/shp‐ ‐hr 

Weight 

 

11,545 

 

Lb 

Fig. 3.0 below shows the GELM2500+ IN COPARISM WITH GELM2500 

 

 
Figure 3.0 GELM2500+ & GELM2500 (Mathioudakis, 2014) 

 

Engine Modelling 

From the previous work done so far at the Cranfield University, The model of the GELM2500+ using 

PYTHIA has been provided as shown on figure 4.0 below. The model is represented by its 

Turbomatch bricks and station number.  Figure4.0 shows the arranged model for the GE LM500+ 

on PYTHIA.  
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Figure Error! No text of specified style in document..0  PYTHIA engine model for GELM2500+ 

 

The PYTHIA model above represent the engine configuration as shown on Figure 2.0 above 

In order to actualized the performance analysis without manually computing the process, 

mathematical software becomes indispensable. In view of this point, Pythia play the vital role.  

 

Pythia 

This is a program developed at the cranfield university in the United kingdom, which is an in house 

program by Li and Singh ( Li and Singh, 2005) as well as (Mucino  and Li, 2005), ]they both gave a 

better overview over PYTHIA, which is the fundamental program used for the analysis of this 

paper. PYTHIA is based on the gas turbine performance simulation code TURBOMATCH and 

provides a graphical user interface (GUI) as well as various techniques for diagnostic analysis. Both 

programs (PYTHIA and Turbomatch) have been tested globally over many years and confirmed 

usable both for industrial and academic application.  The core of it is TURBOMATCH which was 

developed by Macmillan. ( Macmillan,  1974) 

The code words connect the text file to the FORTRAN source code developed from the 

TURBOMATCH( Pachidis, 2018)  

PYTHIA engine model is gathered with the assemblage of component bricks visually expressed with 

component icons (when mixes and splitters are used) the station vectors shows both the entry 

and exit condition. The various bricks usually corresponds to particular component for example, 

compressor (COMPRE),Nozzle (NOZCON), arithmetical operation(ARITHY) Table 2.0 below shows 

the detail of the brick and their functions.  PYTHIA make use of maps to denote compressor or 

turbine. The individual map is calculated with non-dimensional parameters in order to vary easily 

with respect to variation in ambient condition. 

 

Table 2.0 Engine model brick set-up 

Station 

Number 

Brick Name Interpretation 

1-2 INTAKE Engine intake 

3-4 COMPRE Axial HPC Compressor, 17  stages. 

4-15-7 PREMAS Split total flow into by pass and core mass flow to cool 

Compressor turbine. 

4-16-11 PREMAS Receive percentage air from compressor exit to cool power 

turbine. 

5-6 BURNER Combustion chamber 

7-8 TURBINE Higher pressure turbine  
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11-12 PTURBINE 6 stages power turbine 

13-14 NOZCON Core flow hot convergent nozzle 

 

Station vectors (SV) are use   as interface to link bricks in order to represent a comprehensive 

engine configuration, assumption are usually made during thermodynamic calculation in the 

bricks. They operate based on inlet gas state to generate the outlet gas state. It is this gas state 

that is called the station vector (SV). The sv item is represented by SV (I,J)  I stands for station 

number 1-50 while J is station number 1-8. 

The engine vector and brick data are joined to its input and output. Generally, bricks need some 

data such as efficiency, pressure loss, etc. this does not form part of the SV. They vary from one 

brick to the other. These are called brick data which form a continues set BD (K) for a whole 

assembly of bricks. It should be noted that the bricks that generate output are different from 

station vectors. They are regarded as engine vector EV (k) the value of K ranges from 1-800 

(Pachidis, 2018) 

 The outputs of performance calculations of the software are engine thrust or power, specific fuel 

consumption (sfc) or thermal efficiency, etc., in addition to details of individual component 

performance coupled with the gas properties at various gas path stations within the engine. The 

competence of the software covers both engine performance simulation, adaptation and 

diagnostics but simulation is used for this paper. 

 

Result and Discussion 

The analysis below shows how each of the environmental condition /parameters affect the 

performance of the gas turbine engine i.e. the extend at which the deviation of engine parameters 

such as turbine exit temperature, Pressure ratio, Rotational Speed (PCN), Mass Flow, Fuel Flow 

and Efficiency  occur from the design point. The result shows that the higher the deviation of the 

aforementioned parameters from design point during operation, the higher the effect on the gas 

turbine engine and the lower the deviation the less the effect on the gas turbine engine. 

 

Effect of Ambient Temperature 

 With respect to figure 5.0 & 6.0 below, when there is an increase in the ambient temperature, the 

density of the air decreases, this resulted to a corresponding decrease in the mass flow. In order 

to keep the power output constant, there has to be a significant increase in the Turbine Entry 

Temperature (TET) which directly results to an increase in turbine exit temperature (T6) as shown 

on figure 5.0 below. With this, the thermal efficiency of the engine will decrease (see figure 6.0). 

Also, there will be a decrease in PR while a slight increase in relative speed will be observed as a 

result of combine effect. Hence, the fuel flow increases with increase in ambient temperature as 

shown on figure 6.0.(Walsh and Fletcher, 2004),  from the result as shown on figure 5.0 and 6.0 

below, the ambient temperature has a significant effect on the engine performance because the 

deviation from the Design point is much. This shows that as the ambient temperature increases, 

the output performance decreases.  
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Figure Error! No text of specified style in document..0 Effect of Ambient temperature on engine 

performance 

 

 
Figure6.0 Effect of Ambient temperature on engine performance 

 

Effect of Ambient Pressure 

Considering figure 7.0 below, when the ambient pressure increases, it results to decrease in density 

with a corresponding increase in mass flow. The Turbine Entry Temperature (TET) has to decrease 

in order to maintain the same power output, hence T6 decreases. The PR decreases along with the 

rotational speed. As a result of the decreased PR, with the lower TET, in addition to a higher mass 

flow, there is a decrease in the thermal efficiency. the ambient Pressure has a significant effect on 

the engine performance because the deviation from the Design point is much especially as it 

decreases the T6 which is a determinant factor for an engine to be recommend for a CCGT. 
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Figure 7.0 Effect of Ambient Pressure on engine Performance 

 

Effect of Relative Humidity (RH) 

A range of 0%- 80% was simulated, and the result is shown on figure 8.0 below. It can be seen that 

the Relative Humidity has a little impact on the engine performance. From the analysis, as the RH 

increases the mass flow remain constant, although the specific heat capacity (SHC) increases with 

an increase in mass flow as a result of the higher density of the ambient pressure effect. From the 

analysis, the result shows that the Relative Humidity has a little effect on the engine performance 

because the deviation from the Design point is small. 

 

               
Figure 8.0 Effect of Relative humidity 
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Effect of Intake Pressure Recovery 

Finally, with respect to figure 9.0 below, a range of 96%-100% was simulated; the result shows that 

as the intake pressure recovery increases, the thermal efficiency increases while T6 decreases. 

Since the inlet filter is not inclusive in the pressure recovery, it is constant in many of the time, or if 

it varies in a narrow range say< 0.2% as represented on figure9.0 below. The performance of the 

engine is hardly been affected by this range. In view of this, the Intake pressure recovery can be 

assumed to be constant and therefore will have less effect on the engine performance. 

 

 
Figure 9.0 Effect of Pressure recovery on the engine performance 

 

Conclusion 

Industrial Gas turbine behaviour under the influence of some environmental condition (Increase in 

ambient Temperature, Pressure, Relative Humidity and Pressure recovery) during operation is 

hereby presented. 

Having achieved the engine model, the model was used to carry out the performance simulation 

of the engine in order to observe the effect of increase in the ambient condition such as 

temperature and pressure on the mass flow, PR, Turbine exit Temperature (T6), fuel flow and 

thermal efficiency deviation from their design point.  

Also, to see the effect of Relative humidity and intake pressure recovery on the aforementioned 

parameters deviation from its design point. Turbine exit temperature (T6) deviation from its design 

point is taken into account as the real gas turbine is controlled by this parameter. The power was 

the handle for the entire simulation and therefore was kept constant. The engine has ambient 

temperature deviation of -2.932 and pressure deviation of -0.032 with relative humidity of 68% and 

pressure recovery of 0.9949 all at design point as indicated on figures 5.0 to 9.0. It can be seen on 

the result that no deviation takes place at the design point and that ambient temperature and 

Pressure has greater effect on Gas turbine engine performance than intake pressure recovery and 

Relative Humidity. 
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From the result, it can be concluded that any country that the ambient temperature and Pressure 

is high, the output performance of the engine will drop compare to the place where the ambient 

temperature and pressure is not high all at the same Design Point.  

Also, Relative Humidity and Intake pressure recovery has little effect on engine performance. 
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