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Summary 

 The article presents the results of preliminary tests concerning the determination of operating 

characteristics of the examined engine in steady states. The study concerned main propulsion 

engines of an Oliver Hazard Perry class frigate operated by the Polish Navy. The propulsion 

system of that frigate consists of two LM2500 marine gas turbine engines, reduction gear, shaft 

line and a controllable pitch propeller (CPP). The tests were conducted in the ship's engine room 

when the ship was at sea. Operating characteristics were determined on the basis of the 

measurements recorded over the entire load range of the engine, from minimum to rated load. 

During the tests, the load of both engines of the ship was simultaneous and balanced. In order to 

facilitate the comparison of the operating characteristics of the tested engines, as well as to make 

a reference to various weather conditions, the data obtained was reduced to standard day 

conditions. For the aforementioned characteristics approximation relations were determined using 

statistical analysis. The relations obtained may be utilized in technical diagnostics and for further 

studies concerning  the engines examined in the present research study. 
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BADANIA OKR TOWEGO TURBINOWEGO SILNIKA SPALINOWEGO LM 2500 

W ASPEKCIE WYZNACZENIA CHARAKTERYSTYK OBROTOWYCH 

 

Streszczenie 

 W artykule przedstawiono wyniki bada  dotycz cych opracowania charakterystyk obrotowych 

obiektu bada , w stanach pracy ustalonej. Obiektem bada  by y silniki nap du g ównego fregaty 

typu Oliver Hazard Perry b d cej na wyposa eniu Marynarki Wojennej RP. Uk ad nap dowy 

sk ada si  z dwóch okr towych turbinowych silników spalinowych LM 2500, przek adni 

redukcyjnej, linii wa u oraz ruby nap dowej o skoku nastawnym. Badania przeprowadzono 

podczas wyj cia okr tu w morze, w warunkach si owni okr towej. Do opracowania charakterystyk 

wykorzystano wyniki pomiarów zarejestrowane w zakresie obci e  silników od minimalnego do 

nominalnego. Podczas bada  silniki zosta y poddane jednoczesnemu i równomiernemu 

obci eniu. W celu umo liwienia porównywania charakterystyk badanych silników, jak równie  

odniesienia ich do ró nych warunków atmosferycznych, wyniki pomiarów na podstawie których 

je wyznaczono, sprowadzono do tzw. unormowanych warunków atmosferycznych. Dla 

przedmiotowych charakterystyk dokonano wyznaczenia zale no ci aproksymacyjnych                  

z wykorzystaniem analizy statystycznej. Otrzymane zale no ci mog  by  wykorzystywane na 

potrzeby diagnostyki technicznej oraz dalszych bada  rozpatrywanego obiektu bada . 

 

S owa kluczowe: okr towy turbinowy silnik spalinowy, okr towy uk ad nap dowy, 

charakterystyka obrotowa. 

 

1. INTRODUCTION 

 

 In practical operation of naval power plants, 

including marine propulsion systems, there is 

a need for analyzing them and comparing various 

solutions as well as for evaluating their technical 

condition. Such analyses usually concern the 

aspects of economics, operation and energy.  

Economy of operation is in the case of a marine 

power plant usually of secondary importance 

because of the fact that the intended role of a given 

naval ship is to perform specific tasks. Operational 

indicators of a naval power plant show its 

reliability, possibility of overloading main 

propulsion engines, ship's maneuverability, time 

between overhauls (TBO), etc. Energy-related 

indicators on the other hand, e.g. efficiency, 

individual fuel consumption, power and torque 

determine the ship's speed through the water, its 

range, etc. [1,2,6]. 

 The specifics of operating naval gas turbine 

propulsion systems is different from operating 

conventional marine piston engines. This is due to 

differences in design and construction, the use of 
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different thermodynamic cycle, the implementation 

of a continuous transformation of internal energy 

and a large variation range of operating parameters, 

especially engine speeds. In the most general terms, 

a naval gas turbine consists of a gas generator and 

a free power turbine. The function of the gas 

generator, just as its name suggests, is to produce 

the working medium (gas) having predefined 

parameters whereas the task of the power turbine is 

to drive the load. There is no mechanical coupling 

between the wheels of the gas generator and those 

of the power turbine. The coupling between those 

components is of thermal gas-dynamic nature. 

Because of that the gas generator and the free 

power turbine work independently from each other. 

Consequently, the working mass accumulates in the 

flow channels between the gas generator and the 

free power turbine, which at too high load of the 

latter (accompanied by reduction of its speed) may 

lead to undesirable processes that may, in turn, lead 

to engine damage (due to compressor stall). To sum 

up, it is that  dynamic coupling of thermo-gas-

dynamic nature that has the greatest impact on the 

different operating specifics of naval gas turbine 

engines.  The Polish Navy currently has two types 

of ships equipped with gas turbine propulsion 

systems. These are Tarantula missile corvettes and 

Olivier Hazard Perry missile frigates [3, 6]. 

 Operation of naval gas turbines requires the 

knowledge of their operating parameters, which are 

dependent on the load resulting from the speed of 

the ship through water. The relationships mentioned 

above are illustrated by engine operating 

characteristics, on the basis of which areas of 

application of a given engine may be identified, and 

its performance and economical operation analyzed 

[1, 2, 5, 6]. With regard to naval gas turbine, those 

operating characteristics result from the interaction 

between fluid-flow machines that are the major 

components of the engine. They include: the 

compressor, the combustion chamber and the 

turbine. Moreover, as it has already been 

mentioned, the naval gas turbine contains the free 

power turbine, which is not mechanically coupled 

to the gas generator, but the connection between 

them is of  thermo-gas-dynamic nature [3,6]. 

 The article identifies the object of the research 

study and presents the test results concerning the 

determination of the operating characteristics in 

steady states of the LM2500 naval gas turbine being 

a component of the Oliver Hazard Perry class 

frigate. Preliminary tests were conducted in the 

ship's engine room when the ship was at sea. 

Operating characteristics of the engines were 

determined on the basis of the measurements  

recorded over the entire engine load range, from 

minimum to rated load. 

 

 

 

2. CLASSIFICATION CHARACTERISTICS 

OF NAVAL GAS TURBINE 

 Operating characteristic can be best defined as a 

graphical or an analytical presentation of  the 

relationship between the basic values which define 

the engine performance, as well as the working 

medium parameters measured in the specific engine 

cross-sections, and the values characterizing the 

working conditions of the engine mated with 

a specific load [3,5,6]. 

 The engine's (gas generator's) load state, being 

its current performance in terms of energy, depends 

on the values of the energy-related parameters 

whose values are dependent on the position of the 

engine (fuel jet) control lever (ECL) and directly 

affecting the engine power output (gas stream of 

enthalpy). In the case of a dual rotor naval gas 

turbine, such parameter is the gas generator speed 

whereas in the case of a triple rotor naval gas 

turbine - with a separate power turbine rotor and 

a dual rotor gas generator - it is most commonly the 

speed of the high pressure rotor. The basic energy-

related parameters characterizing the work of every 

engine are: power output, torque, rotor speed and 

specific fuel consumption. The values of those 

parameters, depending on the engine load state, 

may be maximum, rated, working and minimum    

[1, 2, 3, 5, 6, 8]. Additional parameters 

characterizing engine operation may also be 

distinguished. As far as naval gas turbines 

concerned, those parameters include: 

temperature and absolute pressure of the 

working medium in specific engine cross-

sections corresponding to the nodal points of 

the engine's thermodynamic cycle. 

Temperature and absolute pressure may be 

static or total (impact); 

streams of air mass, fuel and exhaust gases; 

compression ratio of the compressor. 

 The following engine load states may be 

distinguished in the naval gas turbine operation: 

steady, in the range from minimum (informally 

called "idle run”) to maximum power, 

including particular states: maximum, rated 

(calculated), partial (working), and minimum 

power; 

unsteady (transient), including: engine start-up 

and shut-off as well as acceleration and 

deceleration. 

Consequently, operating characteristics of marine 

gas turbine engines can be classified as [6]: 

static: 

rotational; 

full-load; 

mating engine with load; 

dynamic (transient): 

start-up; 

acceleration and deceleration; 

general or universal (multiparameter). 
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 The article presents functional dependencies of 

rotational characteristics of the examined engine, 

which represent the dependence of engine operating 

parameters on the gas generator speed, while 

maintaining the free power turbine speed resulting 

from its mating to a load in the form of 

a controllable pitch propeller (CPP). Having the 

rotational characteristics available, it is possible to 

determine on their basis the full-load characteristics 

and the characteristics of the engine operation when 

mated to a given load. 

3. PRELIMINARY TESTS 

 

 The objective of the preliminary tests was to 

measure the operating parameters of the examined 

engine with regard to determining functional 

dependencies of its rotational characteristics. The 

study concerned LM2500 marine gas turbine 

engines used as main propulsion engines of the 

Olivier Hazard Perry class missile frigate. The tests 

were conducted onboard such a frigate in service 

with the Polish Navy for steady load states, 

determined on the basis of the gas generator speed 

over the entire load range of the engine, from 

minimum to rated load. Engine was loaded in 

accordance with the propulsion system control 

program, which - depending on the preset speed of 

the ship - selects the optimum setting of propeller 

pitch and fuel flow and controls the angle of attack 

of six stages of Variable Stator Vanes (VSV) in the 

engines' axial compressor. 

 The parameters were measured when the load of 

both engines was simultaneous and balanced. The 

measurements were made using the portable 

measuring-recording system, Multichannel 

Recorder, type 908416161C and, additionally, the 

operating parameter values were read and recorded 

from digital displays on the main control panel in 

the engine control room. The measurements were 

made for 60 seconds at specific load settings ,with 

the sampling rate of 2Hz, and then averaged. 

Measurements were preceded by the calibration of  

individual measuring circuits including the 

assessment of their uncertainties. 

 The propulsion system of the Olivier hazard 

Perry class missile frigate (Fig. 1) consists of three 

basic components: main propulsion engines 

LM2500 with automation module, the reduction 

gear, the shaft line and the controllable pitch 

propeller (CPP) [8]. 

 

 

 

 
Fig. 1. Propulsion system of Oliver Hazard Perry 

class frigate [8] 

 

 Main propulsion engines are two LM2500 naval 

gas turbines manufactured by General Electric. 

General Electric LM2500 engine (Fig. 2) has dual-

rotor design, with axial flow of the working mass. It 

consists of two main components: a gas generator 

and a free power turbine making the complete 

engine. The gas generator consists of a 16-stage 

axial flow compressor, an annular type combustor 

equipped with 30 injectors and a two-stage high 

pressure turbine. Downstream of the gas generator 

there is a 6-stage power turbine coupled with the 

gas generator in a thermo-gas-dynamic manner [8]. 

 
Fig. 2. Cross-section of LM2500 naval gas    

turbine [8] 

 

4. RESULTS OF PRELIMINARY TESTS 

 

The results of the measurements concerning 

operating parameters of the examined engine at 

specific ranges of steady-state operation were 

reduced to SI units or their multiples. Ambient 

pressure was taken into account when determining 

absolute pressures. In order to facilitate the 

comparison of the operating characteristics of the 

tested engines, as well as to make a reference to 

various weather conditions, the data obtained was 

reduced to standard weather conditions. Standard 

weather conditions are: barometric pressure 

Pap WZ 1013250
, absolute temperature

 
KT WZ 15,2880

 and absolute humidity 0 [1,3,6]. 

 Operating characteristics of the examined 

engine were determined on the basis of the 

measurement results. Operating characteristics 

present functional dependencies of between engine 

operating parameters and the gas generator speed, 

while maintaining the free power turbine speed 

resulting from its mating to a load being 

a controllable pitch propeller (CPP). Because of the 

simultaneous and equal load of both engines during 

the tests, the results of measurements recorded on 
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both engines were utilized in order to determine the 

said characteristics. 

 Subsequently, the characteristics obtained were 

analyzed to determine approximating dependencies.  

Statistical analysis was used to that end. Statistical 

analysis is the method of processing data (results of 

measurements performed according to an assumed 

program of tests) in order to find regularities in the 

examined phenomena and to interpret them using 

the methods employed in mathematical statistics. 

This facilitates establishing the mathematical 

function of the examined object, which may also 

constitute its mathematical model. The results 

obtained by means of statistical analysis are the 

basis for obtaining useful information concerning 

the examined object and for drawing conclusions 

from the conducted research. The most common 

measure of relating the obtained function of the 

examined object to the measurement results is the 

coefficient of determination R2 and the average 

approximation error (y) (also known as standard 

deviation). In addition to the statistical analysis, 

a substantive analysis of the test results was also 

carried out. That analysis concerned particularly the 

validation of the mathematical model obtained for 

its compliance with the physical phenomena 

occurring within the relevant examined engine, 

taking into consideration both theoretical 

foundations and the principles of operating the 

engine [4, 7]. 

 In order to approximate the rotational 

characteristics, least-squares method (LSM) was 

used, making use of polynomials. The rotational 

characteristics of the examined engine, together 

with their functional dependence, coefficient of 

determination R2 and the average approximation 

error (y), are shown in the graphs below. 

 

 

Fig. 3. Approximation function and the results of the measurements of gas generator inlet air 

temperature T1 and power turbine inlet air temperature T4.1, recorded for steady-state operation of 

LM2500 engine, in relation to gas generator speed nGG 

 
Fig. 4. Approximation function and the results of the measurements of compressor inlet air 

pressure p1 and compressor discharge pressure p2, recorded for steady-state operation of LM-2500 

engine, in relation to gas generator speed nGG 
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Fig. 5. Approximation function and the results of the measurements of power turbine inlet pressure 

p4,1 and fuel manifold pressure pfuel, recorded for steady-state operation of LM2500 engine, in 

relation to gas generator speed nGG 

 

 

Fig. 6. Approximation function and the results of the measurements of power turbine speed nPT 

and compression ratio of compressor , recorded for steady-state operation of LM2500 engine, in 

relation to gas generator speed nGG 

 

 

Fig. 7. Approximation function and the results of the measurements of torque M and engine power 

output P, recorded for steady-state operation of LM2500 engine, in relation to gas generator speed 

nGG 
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 Analyses of the functions describing operating 

characteristics of the examined engine show that 

variation range of the studied operating parameters 

is in compliance with the specification given by the 

ship's documentation. The operating characteristic 

graphs point out to the nonlinear character of the 

relationships between operating parameters and the 

engine load. The non-linear character of the said 

relationships results from the fact that the power 

turbine is mated to a controllable pitch propeller 

(CPP). Only the characteristic of the compressor 

inlet temperature (CIT) is linear. It is also 

noticeable that the curves are linear in the range 

from minimum load to the load at which maximum 

propeller pitch angle is reached. Maximum 

propeller pitch angle occurs at the gas generator 

speed of approximately 7000 RPM. The 

characteristics also show that a significant increase 

in engine power output occurs after reaching the 

maximum propeller pitch angle, when the free 

power turbine is mated with the propeller set at its 

maximum steady pitch angle. Upon reaching the 

maximum propeller pitch angle, the engine delivers 

an output of approximately 1400 kW, with 

a maximum power output of 18500 kW. 

 

5. SUMMARY 

 

 The possibility of determining engine operating 

characteristics facilitates their use in the process of 

diagnostics in its broad sense. Owing to that, there 

is a possibility of conscious operation of equipment 

according to its technical condition. Observing the 

trends present in the changes of the operating 

characteristics and selected diagnostic symptoms 

facilitates obtaining data which may be used in the 

decision-making process related to equipment 

operation in order to ensure naval combat readiness, 

as well as to maintenance, adjustment or 

replacement of engine components and, finally, to 

repairs. That data may also be used to design new 

engines or upgrade the existing models. 

 The determined functional dependencies of the 

LM2500 naval gas turbine will facilitate analytical 

determination of engine operating parameters on 

the basis of gas generator speed, for any ambient 

parameters. The values of engine operating 

parameters determined on the basis of the 

aforementioned dependencies are approximate but 

their accuracy is sufficient for engineering 

applications to meet the need of further research 

concerning this type of engine. 

 Knowledge and experience related to operating 

characteristics are also used in the process of 

education and training people responsible for 

operating of such engines, carried out at the 

Department of Mechanical and Electrical 

Engineering of the Naval Academy in Gdynia. This 

is particularly important because incorrect 

operation often leads to serious failures, which 

affect the combat readiness of the ship, and also 

generate large and unexpected costs in the process 

of ship's operation. 
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