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ABSTRACT  

In recent years, the requirements for reliability of machines that perform different technological processes and 
their faults diagnoses have become much stricter on most plants. The individual component models are used to generate the 
source or cause of fault in the engines. The failure of these components poses a great problem to the equipment 
manufacturers and owners. A step to the reduction of the faults led to the execution of this work using gas turbine engines 
as case studies. Component parametric readings collected from a gas turbine engine on industrial duty for power generation 
were used to enunciate steps to solve the problem by simulating likely deterioration in its component data. A computer 
program code in Visual Basic was used to actualize the simulation. The  results obtained show that early detection of faults 
could help to avoid catastrophic downtime. Also the research revealed that the pressure drop across turbine should not 
exceed 11.4 bar for optimum performance.  
 
Keywords: model, gas turbine, component parametric model, pressure ratio, boost pressure, compressor, turbine isentropic efficiency. 
 
INTRODUCTION  

The gas turbine (GT) is a complex installation 
and requires high reliability and availability for the safe 
output delivery. Therefore, there is need for the 
improvement in engine reliability and consequent 
reduction in maintenance cost can be met through 
effective and continual condition and health monitoring of 
the engine. 

Component modeling is the systematic diagnostic 
field test procedures and computer analysis of individual 
components usually needed to define exact causes and 
optimum solution of faults. Component modeling 
therefore reduces the difficulty of diagnosing the 
malfunctions of the engine for the smooth running   
(Bergman, et al, 1993). 

According to Ogbonnaya (1998)  as shown in 
Figure-1, Component models are thus used to generate 
output variables for the effective and efficient health 
monitoring of the engine. This is in case the system 
variable exceeds unacceptable limits. They also help to 
detect imminent failures before limits are exceeded and 
equally assist to predict the time when failures become 
critical. 

Furthermore, component models give 
recommendation for operation and maintenance thereby 
reducing systems cost and promoting its reliability 
(Bergman, et al, 1993). The application of component 
models in monitoring systems therefore offers good 
possibility in describing the relation between the 
component input and output variables on real time online 
basis (Stanatis, et al, 2001). 

The simplest form of the model consists of a set 
of formulae, obtained by curve fitting using test-bed data 
or commissioning measurements. During the 
measurement, the particular component must be in a 
healthy condition as shown in Figure-1. It is also 

important that the monitoring system use the same sensor 
as was used for the determination of the reference model.   
 

 
 

Figure-1. Component model for monitoring 
and diagnosis. 

 
This other type of application comes into use, as 

the system being modeled gets more complex. The general 
component structure that can be used to come up with this 
model in this case is shown in Figure-2. 

The physical process enables the creation of 
model, which is more generally applicable. It is therefore 
sensible to develop a model, which consists of physical 
relation and is tuned to the actual engine on the basis of 
few measurements (Baker, 1991).  
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Figure-2. General component structure. 
 

The application of a component model for a 
particular engine component is limited by physical 
knowledge through its source as a good example to 
illustrate the general model structure. The model enables 
detection of malfunction of the component by means of 
comparing the relationship between actual and reference 
output (Ogbonnaya, 1998).  

According to Alexious and Mathioudakis (2006), 
there is need to achieve real time engine condition 
monitoring and prediction of real time engine health 
prognostics. This enhances maintenance process by 
enabling reduction in maintenance staff hours, 
improvements in diagnostic performance, increasing 
readiness and providing the information required to 
optimize maintenance scheduling based on need and 
current research and development aimed at finding a proof 
of concept.  
 
MATERIALS AND METHODS 

The GT engine is a complex installation. Its 
processes represent all the interaction imposed onto its 
components by the fact that they are linked to form the GT 
plant. So, it became necessary to monitor the individual 
components of a GT so that the complete unit will give the 
required performance without abnormality when running 
at the designed point (Aretakis et al., 2002).  
 Some components of the GT machine considered 
in the course of this work are as follows:  
 

 The compressor  
 The turbine  
 The combustion  

 
The compressor  
 The compressor is one of the major components 
of a GT power plant and was given greater attention when 
thinking of monitoring the condition of the GT engine. 
The GT compressor is of two major types-namely:  
 

a) The axial compressor.  

b) The centrifugal compressor.  
 
 For the purpose of this paper, the centrifugal 
compressor, used in Afam 19 and 20 GT power plants was 
considered (Afam GT manual, 2001). This is usual for 
marine application also. The monitoring of the compressor 
involved a number of mechanical alterations to simulate 
faults on the component. They included the insertion of an 
inlet obstruction, an obstruction in a diffuser passage, 
variation of impeller tip clearance to reduce fouling. Two 
other kinds of measurements normally required for the 
condition monitoring of the compressor of the GT engine 
are sound emission and casing vibration (Azovtsev and 
Barkov, 1988). These are however outside the scope of 
this paper.   

In this work, the major parameters  considered for 
monitoring the GT compressor are pressure ratio also 
known as boost pressure, area/mass flow of air, speed of 
the linking shaft of the compressor to the turbine 
(Ogbonnaya, 2004), compressor outlet temperature and 
compressor efficiency.   

Likewise the performance of the compressor was 
monitored using the following formulae:  
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Where 
 

12T∆  = Temperature rise across the compressor  

1T  =   Air Inlet temperature to the compressor 

2T   =   Outlet temperature from the compressor 

cη  = Isentropic efficiency of the compressor (IEC) 

1P    =       Compressor inlet pressure 

2P  =       Compressor outlet pressure 
γ  =       Isentropic compression constant (ratio of specific 
heats) 

Equation (3) was used to write the program for 
monitoring the compressor health condition. 
 
The turbine 
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The turbine is another major component of a GT 

engine whose deterioration or degradation in service is 
detrimental to the maintenance personnel and also requires 
an efficient diagnostic system to provide detailed 
diagnostic information with the highest possible reliability.  
In this component, the fault diagnosis was directed 
towards finding the deterioration in temperature across the 
turbine, which could be mathematically written as: 
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Where 
 

∆T34 = temperature difference between inlet to the turbine 
and the outlet from the turbine  
 ηt = turbine isentropic efficiency (IET) 
 T3 =   inlet temperature of gas to the turbine  
 P3= inlet pressure of gas to the turbine  
P4 = outlet pressure of gas from the turbine  
γ  = isentropic expansion constant. 
 
To calculate for Network output, combine equations (1) 
and (4), to get  
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Where  
 

Wnet = Wt - Wc and  

 
Wt = CpgMg (T3 – T4)                                               (8) 
 
Wc= CpaMa (T2 – T1)                                               (9) 
then,  
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Where 
 

Cpg = constant pressure specific heat capacity of gas  
Cpa   = constant pressure specific heat capacity of air  
Wnet = Network  
ηm = Mechanical efficiency  
∆T34 = Temperature differential between turbine inlet and 
outlet             
(Klaus and Rainer, 2000; Kurzke, 2002) 
 
The combustion chamber  

Combustion in the normal open cycle GT is a 
continuous process in which fuel is burnt in the air 
supplied by the compressor. An electric spark is required 
only for initiating the combustion process. Thereafter the 
flame must be self-sustaining.  For combustion systems, 
the latter implies the need for high combustion efficiency 
and low pressure losses. Typical values assumed for cycle 
calculations being 99 percent for combustion and 2-8 
percent of the compressor delivery pressure for cooling. 
The effect of these losses on cycle efficiency and specific 
output is not so pronounced as that of inefficiencies in the 
turbo machinery. The combustor is a critical component 
because it must operate reliably at extreme temperature to 
provide a suitable temperature distribution at entry to the 
turbine (Cohen et al., 1998).  

Probably the only feature of the GT that give the 
combustor designers problem is the peculiar 
interdependence of the compressor delivery, air density 
and mass flow. This leads to the velocity of the air at entry 
to the combustion system being reasonably constant over 
the operating range. The GT cycle is very sensitive to 
component inefficiencies. It is therefore important that the 
aforementioned requirement be met without sacrificing 
combustion efficiency. That is, it is essential that over 
most of the operating range, all the fuel injected has to be 
completely burnt and the fuel calorific value realized. Any 
pressure drop between inlet and outlet of the combustor 
leads to both an increase in Specific Fuel Consumption 
and a reduction in specific power output. So it is essential 
to keep the pressure loss to a minimum.  

This was calculated regarding the overall 
stagnation pressure loss as the sum of the fundamental loss 
(a small component which is a function T2/T1) and the 
friction loss mathematically, written as:  
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Note that rather than 2
2

1
1
Cρ , a conventional dynamic 

head is used based on a velocity calculated from the inlet 
density, air mass flow, m and maximum cross sectional 
area, Am of the chamber. Velocity, sometimes known as 
the reference velocity is more representative condition in 
the chamber, and the convention is useful when comparing 
results from chambers of different shapes while K1 and 
K2 were determined from a combustion chamber on a test 
rig from cold run and hot run, respectively. Equation (10) 
is illustrated in Figure-3.   
 

 
 

Figure-3. Variation of pressure loss factor 
with temperature ratio. 

 
Then equation (10) enabled the pressure loss to 

be estimated when the chamber was operating as part of a 
GT over a wide range of condition of mass flow, pressure 
ratio and fuel input.  Secondly, it should be appreciated 
from the viewpoint of cycle performance calculations that 
it is ∆Pv as a fraction of the compressor delivery pressure 
that is the useful parameter. This was related to the (PLF) 
as follows:  
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Where 
 

∆p   = pressure differential 
m    = mass flow rate  
ρ      = air density  
Am   = maximum area 
T1    = inlet temperature  
P1    = inlet pressure  
R     = gas constant    [Nag, 2005] 
 
ANALYSIS AND DISCUSSION OF RESULTS  

The results shown in Tables 1 and 2 were 
generated from a program code whose flowchart is shown 
in Figure-4. This flowchart was used to generate a 
computer program in visual basic. This single-loop 
flowchart is for the compressor, turbine performances, net 

power output and combination of all. The essence of 
presenting the flowchart and thus the program in that order 
was to make sure all the important parameters in the 
equation to write the program were captured in the 
monitoring of the engine. This is a novel introduction that 
will help to improve the performance of GTs. The Tables 
contain values of parameters obtained from operational 
GT19 and GT20 on industrial duty for electricity 
generation in Afam thermal power station in Port 
Harcourt, Nigeria. The design and manufacturing 
characteristics of the plants are shown in Appendix-1.  

It is noteworthy that pressure loss across the 
turbine is equal to 11.4 bar. This shows that the results 
correspond with the manufacturer’s set standard. In the 
case where it is below the set standard, this could be 
attributed to long suction inlet duct of the compressor 
getting blocked. This gave the reduced pressure to the 
combustion chamber and also a higher pressure loss across 
the turbine. 
 

Table-1. Program results obtained from GT UNIT 19. 
 

 
 

Table-2. Program results obtained from GT UNIT 20. 
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Figure-4. Flowchart for the computer code used to 
actualize the model. 

 
From Table-1, the graphs shown on Figures 5 to 

10 were plotted. Figure-5 is a graph of temperature rise 
against isentropic efficiency of the compressor. There is an 
increase in efficiency with gradual increase in temperature 
rise across the compressor from the point of 319 to 
319.2oC of temperature rise after which corresponding 
increase in temperature brings about increase in efficiency.  
The above operational range is the brief region of transient 

analysis that should be avoided in the running of 
compressor.  

Start 

I = 1 

Input T1, T2, T3, T4
P1, P2, T3, P4, Ma, Mg 

 

Opt = P3/P4

IET = (T3 – T4) / T3 * (1- (I/opt) 
 

OPC = P1/ P2
 

(r-1)/8 
TEC =   rpc – 1)n(Te/T1) – 1) 

 

Wnet = mg (pgT34 - (1//ME) ma (Pa T12) 

PRINT T1, T2, T3, T4, P1, P2, P3, P4, Ma, 
Mg, Opt, OPc, IET, IEC, Wnet 

I = I + 1 

Is  
I < = M 

? 
 

Stop 

Figure-6 shows the graph of pressure ratio of the 
compressor against the isentropic efficiency of the 
compressor. There was negligible increase of isentropic 
efficiency of the compressor with increase in pressure 
ratio from 9.644 to 9.684. This is another critical region to 
be avoided in the compressor operation as increase in 
pressure ratio is supposed to accompany increased 
isentropic efficiency. 

Figure-7 is the graph of net power output against 
isentropic efficiency of the compressor of GT Unit 19. 
There is a corresponding increase in net power output with 
increase in efficiency of the compressor.   

A region where increased isentropic efficiency 
does not attract a corresponding increase in net power 
output is to be avoided in the design and operation of GT 
compressors. 

It is observed that a corresponding increase in 
temperature drop brings about corresponding increase in 
isentropic efficiency of the turbine until the point of 
maximum temperature drop across the turbine. This is 
shown in Figure-8. The implication is that a temperature 
drop of 483oC and isentropic efficiency above 16.79% 
need to be avoided in the design and operations of 
turbines. 

It is observed that corresponding increase in 
pressure ratio of the compressor tends to increase with the 
isentropic efficiency of the turbine until the maximum 
temperature drop is similar to that contained in Cohen et 
al., (1998). Figure-9 shows the graph of pressure ratio 
against isentropic efficiency of turbine (GT 19). 

Also, in Figure-10, it is observed that 
corresponding increase in efficiency attributes to the 
increase in net power output of the turbine to the 
maximum point. 

From Figures 9 and 10, increased isentropic 
efficiency of turbines needs to be followed with increase 
in pressure ratio and net power output. 

Figures 11 and 12 are the interface 
operational/performance displays for the compressors and 
turbines of GT 19 and 20, respectively. The salient feature 
of these Figures is that they provide continuous online 
routine assessment of the GT engine parametric 
performance. That is to say a change of one of the 
parameters will bring about a holistic change in the result 
of the entire system. This novel addition to GT condition 
monitoring equally means that fault on any component 
(turbine or compressor) that affect the others would be 
depicted on that interface immediately.  
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Figure-5. Temperature rise against isentropic efficiency of compressor (GT 19). 
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Figure-6. Pressure drop against isentropic efficiency of compressor (GT 19). 
 
 

 
45



                                                      VOL. 5, NO. 3, MARCH 2010                                                                                                            ISSN 1819-6608           

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2010 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

262350

262400

262450

262500

262550

262600

0.215 0.22 0.225 0.23 0.235 0.24 0.245
Isentropic Efficiency of Compressor

N
et

 P
ow

er
 O

ut
pu

t

 
Figure-7. Net power output against isentropic efficiency of compressor (GT 19). 
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Figure-8. Temperature drop versus isentropic efficiency of turbine (GT 19). 
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Figure-9. Pressure ratio against isentropic efficiency of turbine (GT 19). 
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Figure-10. Net power against isentropic efficiency of turbine (GT 19). 
 
CONCLUSIONS 

A computer model for monitoring the operational 
parameters of GT compressor and turbine has been 
propounded through this work. The GT operational 
parameters looked at are the temperature, pressure, net 
power output, efficiencies and airflow rate.  

There is efficient performance of the turbine at 
increased pressure ratios. This attributes to a high 
efficiency of the turbine and the health of a GT engine 
component can be predicted through its pressure drop 
across the turbine. The net power output of the turbine and 

compressor are solely dependent on the efficiency of the 
component. It was observed that the temperature rise 
across the compressor was a good attribute to the 
isentropic efficiency of the compressor.      

Furthermore, it was noticed that beyond the 
maximum temperature drop across the turbine, efficiency 
became constant as pressure drop increased. A step-by-
step analysis of the plant parameters obtained was used to 
develop a computer program to determine the condition of 
the components of the plant.  
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Figure-11. Input/out compressor and turbine operational display for GT unit 19. 
 

 
 

Figure-12. Input/out compressor and turbine operational display for GT unit 20. 
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RECOMMENDATIONS  
 Based on the results obtained in the course of this 
work, the following recommendations are hereby made:  
 

a) High pressure ratio should be aimed at during design 
of GT plants; 

b) There should be a set limit of maximum temperature 
drop during the design of GTs; and 

c) High temperature rise across the compressor should be 
aimed at during the design of GT plants. 
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APPENDIX-1 
 
Engine characteristics  
 
Length of rotor shaft    
 
Compressor shaft = 1308mm 
Turbine shaft = 1990mm 
Generator shaft = 1080.4mm  
 
Mass of rotors   
 
Compressor rotor weight = 61,190N (6,240 kg)  
Turbine rotor weight = 6234 kg 
Area of rotor shaft 36.08m  
Density, ρ  = 7850 kg/m3

(76850N/m2) 
 
Diameter of turbine rotor 
 
No. 1 bearing = 215mm 
No. 2 bearing = 190mm 
Compressor inlet temperature (ambient) = 31oC 
Pressure loss at turbine output = 11.4 bar 
Normal power output = 138.3MW 
Fuel is natural gas   
Lower heating value LHV = 44950 KJ/Kg  
Fuel consumption (flow rate) = 9.3kg/s  
Exhaust gas flow rate = 477kg/s  
Exhaust gas temperature = 553o C 
Exhaust gas enthalpy = 610 KJ/kg 
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