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Abstract: This paper presents energy and exergy analysis results of whole gas turbine set and all its components. From the energy viewpoint,
combustion chamber has the lowest energy loss (21.31 MW) and the highest energy efficiency (97.20%) of all gas turbine set components.
Exergy analysis shows totally opposite trend in comparison to the energy analysis. From the exergy viewpoint, turbocompressor and turbine
have low exergy destruction (both around 12 MW) and very high exergy efficiencies (92.43% for turbocompressor and 96.12% for turbine)
at the base ambient state. Simultaneously, at the base ambient state combustion chamber has an exergy destruction of 159 MW and low
exergy efficiency of 73.29% only. The combustion chamber is the most sensitive to the ambient temperature change of all components from
the gas turbine set — the ambient temperature change of 10 °C will result with combustion chamber exergy efficiency change of
approximately 0.67%. Whole gas turbine set (plant) has an energy efficiency of 34.40% and exergy efficiency of 33.08%.
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1. Introduction flow rates, pressures and temperatures. Produced combustion gas in
. . . . the combustion chamber is delivered to the gas turbine through

Gas turbine sets are nowadays widely used in various aspects of  \hich it expands. After expansion in the turbine, remaining
human life. They can be used as mechanical power producers in  combustion gas is delivered to the environment through turbine
many power plants [1, 2], they have application in marine power  exhaust (operating point 5, Fig. 1).
systems [3, 4] and they are the dominant propulsors of various The first function of the gas turbine in any gas turbine set is to
passenger airplanes [5]. Internal combustion engines today  produce sufficient mechanical power and deliver it through the shaft
dominantly uses turbocharging processes and in that process  for the turbocompressor drive, while remaining mechanical power
turbochargers are actually special variant of a gas turbine set [6, 7]. produced in the gas turbine (useful mechanical power) which is not

Gas turbine set can be an open cycle and closed cycle [8]. Inopen  ysed for the turbocompressor drive, is used for the drive of any
cycle gas turbine set, turbocompressor and turbine have a direct  other mechanical power consumer [14]. In the analyzed gas turbine
connection to the environment (all‘ is taken from the environment se’[, useful mechanical power is app“ed for the electric genera’[or
and combustion gas is released to the environment) [9]. In closed  {rive.

CyCIe gaS turbine Set, there is no any connection to the environment Gas turbine set analyzed in this paper is very similar to many
(inside closed cycle gas turbine set circulate always the same gas  other industrial gas turbine sets [15].
which did not have any connection to the environment) [10].

Base gas turbine set consists of one turbocompressor, combustion
chambers and one gas turbine. However, in practical exploitation
can be found various complex gas turbine sets with many
improvements and modifications [11, 12].

In this paper is analyzed industrial base gas turbine set (and all its
components) from the energy and exergy viewpoint. It was
interesting to observe which differences in the dominant
conclusions offer both types of the analyses, because applied energy
and exergy analyses consider a different kind of losses. Exergy
analysis of all gas turbine set components is performed at the base
ambient state and during the ambient temperature change, so it is
investigated and presented which component is the most sensitive to
the ambient temperature change.

‘Combustion
chamber

Electrie
generator

2. Description of the analyzed gas turbine set Fig. 1. General scheme of the analyzed gas turbine set along with
marked operating points required for the energy and exergy
General and simplified scheme of the analyzed gas turbine set analyses

along with operating points required for the energy and exergy
analyses is presented in Fig. 1. Gas turbine set presented in Fig. 1 is
a constituent component of the combined cycle power plant [13]. In
this paper, gas turbine set will be observed independently of all
other components and systems from the combined cycle power
plant.

Observed gas turbine set consists of three components: air
turbocompressor, combustion chamber and gas turbine.

Air turbocompressor takes air from the environment (operating
point 1, Fig. 1), increases its pressure (and simultaneously increases
its temperature) and delivers compressed air to the combustion
chamber (operating point 2, Fig. 1). In the combustion chamber air
from the turbocompressor is mixed with fuel (used fuel is natural
gas, operating point 3, Fig. 1), fuel and air mixture burns and
combustion gas obtained at the combustion chamber outlet is
delivered to the gas turbine (operating point 4, Fig. 1). It should be
highlighted that analyzed gas turbine set has several combustion
chambers — in Fig. 1 is presented only one due to simplicity, while
the operating parameters related to the combustion chambers and
used in the calculations are taken for all combustion chambers
because each combustion chamber operates with the same mass

Observing all components from the analyzed gas turbine set (gas
turbine set is considered as the entire plant), it should be explained
how the energy and exergy analyses are performed.

Exergy analysis of each component (turbocompressor,
combustion chamber and turbine) is performed by using operating
parameters from real exploitation process which are found in the
literature [13]. Therefore, in the exergy analysis are considered real
(polytropic) air compression process in the turbocompressor and
real (polytropic) combustion gas expansion process in the turbine.
Actually, exergy analysis of the whole gas turbine set and each its
component consider fluid operating parameters from the real
exploitation conditions only.

Energy analysis of each component from the observed gas
turbine set is performed by using some simplifications. For the
combustion chamber, energy analysis is performed in the standard
way (combustion chamber is considered as mixing heat exchanger).

For the turbocompressor and turbine, isentropic analysis is
considered as energy analysis. For both turbocompressor and
turbine energy (isentropic) analysis is performed by comparison of
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the real (polytropic) and ideal (isentropic) air compression and
combustion gas expansion processes, Fig. 2.

Real (polytropic) air pressure increase process in
turbocompressor (process between operating points 1 and 2, Fig. 2
(a)) is characterized by the increase in air specific entropy. Increase
in the air specific entropy represents losses which occur in the
turbocompressor stages. ldeal (isentropic) air pressure increase
process in turbocompressor (process between operating points 1 and
2s, Fig. 2 (a)) did not consider any losses in turbocompressor, so air
specific entropy remains the same during the ideal pressure increase
process. In both turbocompressor processes (ideal and real) inlet
and outlet air pressures are the same. Turbocompressor is
mechanical power consumer, so in the ideal (isentropic) air pressure
increase process, turbocompressor will consume the lowest possible
mechanical power, while in the real (polytropic) air pressure
increase process turbocompressor will consume higher mechanical
power in comparison to the ideal process (due to losses
consideration).

Real (polytropic) combustion gas expansion process in turbine
(process between operating points 4 and 5, Fig. 2 (b)) is
characterized by the increase in combustion gas specific entropy.
Increase in the combustion gas specific entropy represents losses
which occur in the turbine stages. Ideal (isentropic) combustion gas
expansion process (process between operating points 4 and 5s, Fig.
2 (b)) did not consider any losses in the turbine, so combustion gas
specific entropy remains the same during the ideal expansion
process. In both turbine processes (ideal and real) inlet and outlet
combustion gas pressures are the same. Turbine is a mechanical
power producer, so in the ideal (isentropic) expansion process,
turbine will produce the highest possible mechanical power, while
in the real (polytropic) expansion process turbine will produce
lower mechanical power in comparison to the ideal process (due to
losses).

Operating points of the turbocompressor and turbine presented in
both Fig. 2 parts are consistent with operating points from Fig. 1.

(b)

Fig. 2. Ideal (isentropic) and real (polytropic) compression
processes of air turbocompressor (a) and expansion process of gas
turbine (b) required for the energy analysis

3. Energy and exergy analyses equations

The main difference between energy (isentropic) and exergy
analyses is that energy (isentropic) analysis did not consider the
parameters of the ambient (ambient pressure and temperature)
inside which observed component or system operates [16], while
exergy analysis considers that ambient parameters [17]. This means
that variation of the ambient parameters (especially variation of the
ambient temperature) can have a notable influence on the exergy
analysis results of any system or component [18].

Both energy (isentropic) and exergy analyses are “black box”
methods because they did not consider the inner structure of neither
one observed component [19]. Energy (isentropic) and exergy
analyses equations of the components and whole gas turbine set are
defined according to the literature [10, 14] and by using operating
points presented in Fig. 1 and Fig. 2.
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3.1. Energy analysis equations of the components and whole
gas turbine set

Turbocompressor energy loss and energy efficiency:

Enyosstc = Rerc — Bare = i (Bp-hy) — iy (Ips-hy)

Pid Tc
MenTC = 5

(¢))
@

where P is mechanical power, re is an index of real (polytropic)
process, id is an index of ideal (isentropic) process, m is fluid mass
flow rate, A is fluid specific enthalpy, n is efficiency, En is marking
for the energy analysis and TC is an abbreviation of
turbocompressor. These markings remain the same also in other
equations which follow below.

’
re, TC

Combustion chamber energy loss and energy efficiency:

Enyoss,cc =y hp+ 13- LHV — my by (3)
4

where LHV is used fuel (natural gas) Lower Heating Value and
CC is an abbreviation of combustion chamber.

T1g by

NEn.CC = ot g LAV

Turbine energy loss and energy efficiency:
Enyosstur = Rarur — Betur = My*(By-hss) — iy (hy-hs) , (5)

Pl"E,TUR (6)

where TUR is an abbreviation of turbine. Whole gas turbine set
(plant) energy efficiency is:

MEn, TUR Paror’

ReTur— PreC
NEn JPlant —

3 LHV

@)
3.2. Exergy analysis equations of the components and whole
gas turbine set

Turbocompressor exergy destruction and exergy efficiency:
ExXpes,rc =M'€1 + Rerc — ey (8
9)

where ¢ is fluid specific exergy and Ex is marking for the exergy
analysis. These markings remain the same also in other equations
which follow below.

_impeg—ime;
Mex,tc == 5 —
re,TC

Combustion chamber exergy destruction and exergy efficiency:
(10)

EXDes,CC =m2£2+m3LHVEC - 1'774'84 y
1Myg4

— (1)
my-€x+13-LHV-EC

NEx,cc =

where EC is an exergy coefficient, which is equal to 1.04 for
natural gas [20] based on the lower heating value.

Turbine exergy destruction and exergy efficiency:

EXpes,TUR =1M4°€4 — IM5°€5 — ReTuR (12)

MEx, TUR = % . (13)
Whole gas turbine set (plant) exergy efficiency is:

NEx Plant = SemuR_Ferc (14)

Jn3'LHV-EC

4. Air and combustion gas operating parameters
required in the energy (isentropic) and exergy
analyses

Operating parameters of air and combustion gas for the real
(polytropic) process are found in [13] and presented in Table 1.
These operating parameters are fluid temperature, pressure and
mass flow rate. Other fluid operating parameters presented in Table
1 are calculated by using NIST-REFPROP 9.0 software [21].
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Combustion chamber of the analyzed gas turbine set uses natural
gas as a fuel (natural gas LHV is presented in Table 1).

Ideal (isentropic) compression and expansion processes assume
always the same fluid specific entropy, while retaining the same
pressures and mass flow rates as in the real (polytropic) processes.
Isentropic specific enthalpies for ideal compression and expansion
processes are presented in Table 2.

Exergy analysis of any system or component requires definition
of the base ambient state [22]. In this paper, the base ambient state
is defined by the ambient temperature of 25 °C and ambient
pressure of 1 bar.

Table 1. Air and combustion gas operating parameters for the real
(polytropic) process

Specific Specific

0.p.x | Temp- PressureiMase 1o | pypgloy | entropy

9 (kJkg) | (KI/kg'K)

1 25.0 1.01 402.4 424.44 3.8826

2 402.6 | 13.25 | 402.4 813.83 3.9815
3 - - 9.1 47574.00** -

4 1254.0 | 1259 | 4115 1796.10 4.9289

5 6215 | 1.01 4115 1053.40 5.0295

* 0. P. = Operating Point (in accordance to Fig. 1 and Fig. 2)
** Fuel LHV (Lower Heating Value)

Table 2. Air and combustion gas operating parameters for the ideal
(isentropic) process

. Isentropic
« [Pressure| Mass flow Specific specific
O.P. (bar) |rate (kg/s) le(gflr(oﬁz enthalpy
(RIkg'K) | 1 3/kg)
1 1.01 402.4 3.8826 424.44
2 13.25 | 402.4 3.8826 750.01
3 - 9.1 - -
4 1259 | 4115 4.9289 | 1796.10
5 1.01 4115 4.9289 967.31

* 0. P. = Operating Point (in accordance to Fig. 1 and Fig. 2)
5. Results and discussion

The results of energy (isentropic) analysis of all components and
whole gas turbine set (plant) are presented in Fig. 3.

From the energy viewpoint, combustion chamber has the lowest
energy loss of all components (21.31 MW), lower than
turbocompressor and turbine, while the turbine has the highest
energy loss (35.43 MW). Observing energy efficiency, the highest
one is obtained for the combustion chamber (97.20%) of all
components, what led to conclusion that the combustion chamber is
almost ideal from the energy viewpoint. Turbine has higher energy
efficiency in comparison to turbocompressor (89.61% in
comparison to 83.61%), regardless of the higher energy loss.
Finally, observing all the components in the gas turbine set, it can
be concluded that all of them are highly efficient, while the
combustion chamber is close to the ideal from the energy
viewpoint.

Whole gas turbine set (plant) has an energy efficiency of 34.40%,
what is in the range of similar comparable gas turbine sets from the
available literature [23]. In addition, useful mechanical power
produced by the gas turbine set, which is used for the electric
generator drive is equal to 148.93 MW.
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Fig. 3. Energy (isentropic) analysis results of all components and
gas turbine set (plant)
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Exergy analysis results of all components and whole gas turbine
set (plant) at the base ambient state show some notably different
conclusions and trends in comparison to the energy analysis results,
Fig. 4.

From the exergy viewpoint, turbocompressor and turbine have
low exergy destruction (both around 12 MW) and very high exergy
efficiencies (turbocompressor exergy efficiency is 92.43% and
turbine exergy efficiency is 96.12%). Simultaneously, combustion
chamber is the component which shows the worst performance
from the exergy viewpoint of all gas turbine set components.
Combustion chamber has an exergy destruction of 159 MW what is
notably higher in comparison to both turbocompressor and turbine
as well as notably lower exergy efficiency than turbocompressor
and turbine (combustion chamber exergy efficiency is 73.29%
only), Fig. 4. The same conclusions obtained in this analysis can be
found in the literature — from the exergy viewpoint, combustion
chamber is the holder of the highest exergy destruction and the
lowest exergy efficiency in the entire gas turbine set [23].
Therefore, regardless of extraordinary energy performance,
combustion chamber shows the worst performance in the entire gas
turbine set when the parameters of the ambient are taken in the
consideration.

Whole gas turbine set (plant) has exergy efficiency of 33.08% at
the base ambient state, what is also in range of other comparable
gas turbine sets from the literature [23]. Moreover, it can be clearly
seen through a comparison of Fig. 3 and Fig. 4 that due to the
additional losses, exergy efficiency of the whole gas turbine set
(plant) is lower in comparison to plant energy efficiency.
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Fig. 4. Exergy analysis results of all components and gas turbine
set (plant) at the base ambient state

This analysis also involves observation of the gas turbine set
components during the ambient temperature change. Components
are observed in the ambient temperature range from 5 °C up to 45
°C in steps of 10 °C, Fig. 5, while the ambient pressure remains the
same as at the base state at any ambient temperature. In real gas
turbine set exploitation, the ambient pressure change is small and it
did not have a notable influence on any component exergy
parameters.

It should be highlighted that the ambient temperature increase
simultaneously increases exergy destruction and decreases exergy
efficiency of all components from the analyzed gas turbine set.
From the ambient temperature viewpoint, for all gas turbine set
components will be the most beneficial to operate at the lowest
possible ambient temperature.

Observing exergy efficiencies of all gas turbine set components,
Fig. 5, it can be concluded that the combustion chamber is the most
sensitive to the ambient temperature change — ambient temperature
change of 10 °C will result with combustion chamber exergy
efficiency change of approximately 0.67%. Simultaneously, turbine
is the component from the observed gas turbine set which exergy
efficiency is the lowest influenced by the ambient temperature
change — ambient temperature change of 10 °C will result with
turbine exergy efficiency change of approximately 0.12%.
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Fig. 5. Exergy analysis results of gas turbine set components during
the ambient temperature change

Further research related to the gas turbine set and all its
components will be based on the usage of various artificial
intelligence methods and processes which have many interesting
applications in the energy sector [24-26].

6. Conclusions

This paper presents energy and exergy analyses of gas turbine set
and all its components. Exergy analysis is performed at the base
ambient state and during the ambient temperature variation. As
energy and exergy analyses consider a different kind of losses, in
each analysis are obtained different conclusions about the observed
components. The most important highlights of the performed
research are:

- From the energy viewpoint, combustion chamber has the lowest
energy loss (21.31 MW) and the highest energy efficiency (97.20%)
of all gas turbine set components.

- Observing all the components in the gas turbine set, it can be
concluded that all of them are highly efficient, while the
combustion chamber is close to the ideal from the energy
viewpoint.

- From the exergy viewpoint, turbocompressor and turbine have low
exergy destruction (both around 12 MW) and very high exergy
efficiencies (turbocompressor exergy efficiency is 92.43% and
turbine exergy efficiency is 96.12%) at the base ambient state.

- Combustion chamber has an exergy destruction of 159 MW as
well as notably lower exergy efficiency than turbocompressor and
turbine (combustion chamber exergy efficiency is 73.29% only) at
the base ambient state. From the exergy viewpoint, combustion
chamber is the holder of the highest exergy destruction and the
lowest exergy efficiency in the entire gas turbine set.

- The combustion chamber is the most sensitive to the ambient
temperature change of all components from the gas turbine set — the
ambient temperature change of 10 °C will result with combustion
chamber exergy efficiency change of approximately 0.67%.
Simultaneously, turbine is the component from the observed gas
turbine set which exergy efficiency is the lowest influenced by the
ambient temperature change — ambient temperature change of 10 °C
will result with turbine exergy efficiency change of approximately
0.12%.

- Whole gas turbine set (plant) has an energy efficiency of 34.40%
and exergy efficiency of 33.08%, what is in the range of similar
comparable gas turbine sets from the literature.

7. Acknowledgment

This work was supported by the Croatian Science Foundation
under the project number IP-2022-10-2821.

8. References

[1] Qu, Z., Xu, J., Wang, Z., Chi, R., & Liu, H. (2021). Prediction
of electricity generation from a combined cycle power plant based
on a stacking ensemble and its hyperparameter optimization with a
grid-search method. Energy, 227, 120309.
(doi:10.1016/j.energy.2021.120309)

[2] Andeli¢, N., Lorencin, 1., Mrzljak, V., & Car, Z. (2024). On the
application of symbolic regression in the energy sector: Estimation
of combined cycle power plant electrical power output using
genetic programming algorithm. Engineering applications of

37

artificial intelligence,
(doi:10.1016/j.engappai.2024.108213)
[3] Martelli, M., & Figari, M. (2017). Real-Time model-based
design for CODLAG propulsion control strategies. Ocean
Engineering, 141, 265-276. (doi:10.1016/j.0oceaneng.2017.06.029)
[4] Andeli¢, N., Baressi Segota, S., Lorencin, 1., Poljak, 1., Mrzljak,
V., & Car, Z. (2021). Use of Genetic Programming for the
Estimation of CODLAG Propulsion System Parameters. Journal of
Marine Science and Engineering, 9(6), 612.
(doi:10.3390/jmse9060612)

[5] Richter, H. (2011). Advanced control of turbofan engines.
Springer Science & Business Media.

[6] Baek, S., Lee, H., & Lee, K. (2021). Fuel efficiency and exhaust
characteristics of turbocharged diesel engine equipped with an
electric supercharger. Energy, 214, 119049.
(doi:10.1016/j.energy.2020.119049)

[7] Mrzljak, V., Jeli¢, M., Poljak, 1., & Medica-Viola, V. (2023).
Exergy analysis of supercritical CO2 system for marine diesel
engine waste heat recovery application. Pomorski zbornik, 63, 39-
62.

[8] Kostyuk, A., & Frolov, V. (1988). Steam and gas turbines. Mir
Publishers.

[9] Liu, Z., & Karimi, I. A. (2020). Gas turbine performance
prediction via machine learning. Energy, 192, 116627.
(doi:10.1016/j.energy.2019.116627)

[10] Mrzljak, V., Poljak, L, Jeli¢, M., & Prpi¢-Orsi¢, J. (2023).
Thermodynamic Analysis and Improvement Potential of Helium
Closed Cycle Gas Turbine Power Plant at Four Loads. Energies,
16(15), 5589. (doi:10.3390/en16155589)

[11] Giampaolo, T. (2020). Gas turbine handbook: principles and
practice. River Publishers.

[12] Boyce, M. P. (2011). Gas turbine engineering handbook.
Elsevier.

[13] Cavalcanti, E. J., Ribeiro, T. J., & Carvalho, M. (2021).
Exergoenvironmental analysis of a combined cycle power plant
fueled by natural gas from an offshore platform. Sustainable Energy
Technologies and Assessments, 46, 101245.
(doi:10.1016/j.seta.2021.101245)

[14] Mrzljak, V., Poljak, 1., Prpi¢-Orsi¢, J., & Jeli¢, M. (2020).
Exergy analysis of marine waste heat recovery CO2 closed-cycle
gas turbine system. Pomorstvo, 34(2), 309-322.
(doi:10.31217/p.34.2.12)

[15] Mrzljak, V., Poljak, L., Orovié, J., & Prpi¢-Orsi¢, J. (2019).
Numerical analysis of real open cycle gas turbine. In IV
International Scientific Conference: High Technologies. Business.
Society (pp. 51-54).

[16] Poljak, I., Mrzljak, V., Senci¢, T., & Pastor¢i¢, D. (2024).
Isentropic and exergy analyses of marine steam turbine segments at
several loads. Scientific Journal of Maritime Research-Pomorstvo,
38(1). (doi:10.31217/p.38.1.8)

[17] Poljak, 1., & Mrzljak, V. (2023). Thermodynamic Analysis and
Comparison of Two Marine Steam Propulsion Turbines. NASE
MORE: znanstveni ¢asopis za more i pomorstvo, 70(2), 0-0.
(doi:10.17818/NM/2023/2.2)

[18] Kopac, M., & Hilalci, A. (2007). Effect of ambient temperature
on the efficiency of the regenerative and reheat Catalagzi power
plant in Turkey. Applied Thermal Engineering, 27(8-9), 1377-1385.
(doi:10.1016/j.applthermaleng.2006.10.029)

[19] Khaleel, O. J., Ismail, F. B., Ibrahim, T. K., & bin Abu Hassan,
S. H. (2022). Energy and exergy analysis of the steam power plants:
A comprehensive review on the Classification, Development,
Improvements, and configurations. Ain Shams Engineering Journal,
13(3), 101640. (doi:10.1016/j.asej.2021.11.009)

[20] Szargut, J. (2005). Exergy method: technical and ecological
applications (Vol. 18). WIT press.

[21] Lemmon, E. W., Huber, M. L., & McLinden, M. O. (2010).
NIST Standard Reference Database 23, Reference Fluid
Thermodynamic and Transport Properties (REFPROP), version 9.0,
National Institute of Standards and Technology. R1234yf. fld file
dated December, 22, 2010.

133, 108213.

YEAR X, ISSUE 1, P.P. 34-38 (2025)



INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD"

WEB ISSN 2534-8493; PRINT ISSN 2367-8399

[22] Mrzljak, V., Zarkovié, B., & Poljak, I. (2017). Energy and
exergy analysis of sea water pump for the main condenser cooling
in the LNG carrier steam propulsion system. Mathematical
Modeling, 1(3), 144-147.

[23] Ibrahim, T. K., Basrawi, F., Awad, O. I., Abdullah, A. N.,
Najafi, G., Mamat, R., & Hagos, F. Y. (2017). Thermal
performance of gas turbine power plant based on exergy analysis.
Applied thermal engineering, 115, 977-985.
(doi:10.1016/j.applthermaleng.2017.01.032)

[24] Baressi Segota, S., Mrzljak, V., Andeli¢, N., Poljak, I., & Car,
Z. (2023). Use of Synthetic Data in Maritime Applications for the
Problem of Steam Turbine Exergy Analysis. Journal of marine
science and engineering, 11(8), 1595. (doi:10.3390/jmse11081595)
[25] Ebrahimgol, H., Aghaie, M., Zolfaghari, A., & Naserbegi, A.
(2020). A novel approach in exergy optimization of a WWER1000
nuclear power plant using whale optimization algorithm. Annals of
Nuclear Energy, 145, 107540. (doi:10.1016/j.anucene.2020.107540)
[26] Andeli¢, N., Segota, S. B., & Mrzljak, V. (2025). A
comprehensive study on symbolic expressions for fault detection-
classification in photovoltaic farms. Applied energy, 383, 125370.
(doi:10.1016/j.apenergy.2025.125370)

38

YEAR X, ISSUE 1, P.P. 34-38 (2025)



	9_Hub_tm25
	12_Vinogradov TMA
	16_Girbacia TMA
	11_Guzanová Inno
	18_Bulgakov_MSS
	06_Tomić-Petrović TMA
	08_Kavtaradze TMA
	18_Papić TMA
	02_Mrzljak TMA



