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Abstract: In this paper is performed energy analysis of the dual-flow dissymmetrical low pressure steam turbine, which operates in a coal-

fired power plant. Based on the measured operating parameters during exploitation it is calculated and presented an ideal and real power, 

energy losses and energy efficiencies of a whole turbine and both of its cylinders. Right cylinder of the analyzed turbine develops higher real 

(polytropic) and ideal (isentropic) power in comparison to left turbine cylinder. The first steam extraction of each cylinder dictates cylinder 

power (both ideal and real). Right cylinder has a higher energy loss and energy efficiency in comparison to left cylinder - the difference in 

energy loss is notable (5735.74 kW in comparison to 5447.23 kW), while the difference in energy efficiency is low, almost negligible 

(92.371% in comparison to 92.357%). Percentage differences between observed turbine cylinders show that left cylinder has approximately 

5% lower real (polytropic) as well as ideal (isentropic) power and simultaneously approximately 5% lower energy loss.
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1. Introduction
Steam power plants and systems are the dominant electrical

power producers worldwide [1, 2]. Along with its dominant 
function, steam power plants and systems can be used for various 
other purposes, for example as marine propulsion plants [3, 4], for 
simultaneous production of electrical power and heat [5], as a part 
of complex combined plants [6, 7], as a part of complex industry or 
marine plants [8-11], etc. 
    In the majority of steam power plants and systems, main steam 
turbines are composed of several cylinders, usually mounted on the 

same shaft [12]. Therefore, the main steam turbines are usually 
complex ones, while steam turbines with only one cylinder are in 
the most of the cases used as an auxiliary turbines [13, 14]. Steam 
produced in steam generators (or nuclear reactors in nuclear power 
plants) is in the most of the cases delivered directly to all turbines 
which exist in the plant [15]. 
    Steam turbine cylinders can be single-flow or dual-flow 
cylinders. In dual-flow steam turbine cylinder, steam enters into the 

cylinder in its center and expand simultaneously through its left and 
right side [16]. Such dual-flow cylinders are beneficial from the 
viewpoint of steam axial force self-balancing. Also, such cylinders 
are nowadays dominantly used in nuclear power plants due to high 
steam mass flow rate produced in nuclear reactors [17]. 
Conventional steam power plants in the most of the cases use dual-
flow cylinders as a low pressure cylinders (before main steam 
condensers). 

    In this paper is performed energy analysis of the dual-flow 
dissymmetrical low pressure steam turbine from a coal-fired power 
plant. Due to unequal extractions from left and right cylinder of the 
observed steam turbine, it was interesting to compare real and ideal 
power, energy efficiencies and losses of both cylinders. It is 
observed that, for the analyzed turbine, first steam extractions from 
each cylinder dictates all the obtained differences.  

2. Description and characteristics of the dual-flow

dissymmetrical low pressure steam turbine

    The whole analyzed LPT (Low Pressure Turbine) is presented in 
Fig. 1. LPT is a dual-flow steam turbine, composed of two 
cylinders: LPC-L (Low Pressure Cylinder-Left) and LPC-R (Low 
Pressure Cylinder-Right). In Fig. 1 are also presented operating 
points required for the energy analysis. A steam mass flow rate 
which enters into LPT (operating point 1) is equally divided, so one 
its half expand through LPC-L and second half expand through 

LPC-R. Analyzed LPT is dissymmetrical turbine because of its 
extractions – in operating points 2 and 3 from the turbine cylinders 
are extracted different mass flow rates at different pressures.  
    All LPT extractions lead steam to low pressure condensate 
heating system [18], Fig. 1, while remaining steam mass flow rate 
after expansion in both cylinders (operating point 6) is delivered to 
steam condenser [19].  
    It should be highlighted that cumulative steam mass flow rate in 

operating points 4 and 5 is composed of two mass flow rates 

extracted from LPC-L and LPC-R at the same pressures for each 
operating point, Fig. 1. It is assumed that cumulative steam mass 
flow rate in operating point 4 is equally divided on the extraction 
from LPC-L and LPC-R. In a same manner is assumed that 
cumulative steam mass flow rate in operating point 5 is equally 
divided on the extraction from LPC-L and LPC-R. 

    At each cylinder outlet will be determined steam mass flow rate 
balances, because cumulative steam mass flow rate measured in 
operating point 6 is not equally divided on both LPT cylinders. 

Fig. 1. Scheme of the analyzed dual-flow dissymmetrical low 
pressure steam turbine along with required operating points 

    Steam expansion processes (real and ideal) for both LPT 
cylinders are presented in h-s diagram, Fig. 2. In Fig. 2 can clearly 
be seen the difference between LPC-L and LPC-R real (polytropic) 
processes in the superheated steam area. For the LPC-L should be 
noted that the first extraction (operating point 2) occurs much 

earlier (at higher steam specific enthalpy) than the first extraction in 
LPC-R (operating point 3). At each extraction cylinders losses a 
part of the steam mass flow rate, therefore, LPC-L will earlier lose a 
certain amount of steam mass flow rate in comparison to LPC-R. 
Real (polytropic) steam expansion process of LPC-L is marked with 
operating points 1-2-4-5-6, while real (polytropic) LPC-R 
expansion process is marked with operating points 1-3-4-5-6, Fig. 2. 
Operating points for the real (polytropic) steam expansion processes 

in Fig. 2 are in accordance with operating points from Fig. 1. 
    Both LPT cylinders have the same ideal (isentropic) steam 
expansion process marked with operating point’s 1-2is-3is-4is-5is-
6is, Fig. 2. Ideal (isentropic) steam expansion process assume 
always the same steam specific entropy as at the LPT (or any 
cylinder) inlet, while the pressures remain the same as in the real 
process. 
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Fig. 2. Real (polytropic) and ideal (isentropic) steam expansion 
processes of the LPC-L and LPC-R in h-s diagram  

3. Equations for the energy analysis

3.1. General equations and principles 

    In comparison to exergy analysis, which takes into consideration 
parameters of the ambient inside which component or system 
operates [20, 21], energy analysis did not take into consideration 
any parameter of the ambient [22, 23]. General energy balance 
equation, valid for any system or component, can be written as [24, 
25]: 

Q 
inlet

+Pinlet+ En inlet  = Q 
outlet

+Poutlet+ En outlet (1) 

    It should be highlighted that in the general energy balance 
equation, Eq. 1, potential and kinetic energies are disregarded [26]. 
    In a standard operation of any system or a component, mass flow 
rate leakage did not occur, so mass flow rate balance is: 

 m inlet = m outlet (2) 

    Total energy power of any fluid stream in Eq. 1, is defined 

according to [27] as: 

E n = m ∙h (3) 

    Overall definition of any system or a component energy 
efficiency can be written as: 

η
en

=
cumulative energy outlet

cumulative energy inlet
(4) 

    In the equations above and throughout the paper text, P is used or 

produced power in (kW), Q  is heat transfer in (kW), E n is the total 

energy power of any fluid stream in (kW), m  is the fluid mass flow 

rate in (kg/s), h is fluid specific enthalpy in (kJ/kg) and η is 
efficiency. 

3.2. Equations for the energy analysis of low pressure steam 

turbine and both of its cylinders 

    Equations for the energy analysis of the whole LPT and both of 
its cylinders (LPC-L and LPC-R) are based on the operating points 
presented in Fig. 1 and Fig. 2.  

LPT left cylinder (LPC-L)

- Mass flow rate balance:

m 6,Left=
m 1

2
-m 2-

m 4

2
-

m 5

2
(5) 

- Real (polytropic) power:

Pre,LPC-L=
m 1

2
∙ h1-h2 + 

m 1

2
-m 2 ∙ h2-h4 +

m 1

2
-m 2-

m 4

2
∙ h4-h5 + 

m 1

2
-m 2-

m 4

2
-

m 5

2
 ∙ h5-h6 

(6) 

- Ideal (isentropic) power:

Pid,LPC-L=
m 1

2
∙ h1-h2is + 

m 1

2
-m 2 ∙ h2is-h4is + 

m 1

2
-m 2-

m 4

2
∙ h4is-h5is

+ 
m 1

2
-m 2-

m 4

2
-

m 5

2
∙ h5is-h6is (7) 

- Energy power loss:

E nLoss,LPC-L=Pid,LPC-L-Pre,LPC-L (8) 

- Energy efficiency:

η
en,LPC-L

=
Pre,LPC-L

Pid,LPC-L

(9) 

LPT right cylinder (LPC-R) 

- Mass flow rate balance:

m 6,Right=
m 1

2
-m 3-

m 4

2
-

m 5

2
(10) 

    Energy analysis of LPC-R is performed with a same equations as 
for LPC-L (from Eq. 6 to Eq. 9), by using this modifications: 

- In all the equations from Eq. 6 to Eq. 9, index LPC-L should be
changed with LPC-R, 

- In Eq. 6, m 2 should be replaced with m 3 and h2 should be

replaced with h3,

- In Eq. 7, m 2 should be replaced with m 3 and h2is should be

replaced with h3is. 

Whole LPT (WLPT) 

- Mass flow rate balance:

m 6=m 6,Left+m 6,Right (11) 

- Real (polytropic) power:

Pre,WLPT=Pre,LPC-L+Pre,LPC-R (12) 

- Ideal (isentropic) power:

Pid,WLPT=Pid,LPC-L+Pid,LPC-R (13) 

- Energy power loss:

E nLoss,WLPT=Pid,WLPT-Pre,WLPT (14) 

- Energy efficiency:

η
en,WLPT

=
Pre,WLPT

Pid,WLPT

(15) 

Comparison of LPC-L and LPC-R 

    Comparison of both LPT cylinders is performed as a percentage 
difference of calculated values:  

Difference (%) = 100 - 
calculated value for LPC-L

calculated value for LPC-R
∙100 (16) 

4. Steam operating parameters

For the analyzed LPT, steam operating parameters in each 
operating point of Fig. 1 were found in [28] and presented in Table 

1. According to the steam operating parameters from Table 1 are
calculated all the other operating parameters in each operating point
of Fig. 1 required for the analysis.

Table 1. Steam parameters in each operating point of Fig. 1 [28] 

O.P.* 

Mass 

flow rate 

(kg/s) 

Pressure 

(bar) 

Specific 

enthalpy 

(kJ/kg) 

1 183.38 8.600 3144.39 

2 10.39 3.600 2946.62 

3 6.43 1.300 2758.30 

4 6.96 0.600 2635.89 

5 8.06 0.250 2506.11 

6 151.56 0.065 2339.02 

* O.P. = Operating Point (according to Fig. 1)

    From known steam pressure and specific enthalpy in each 
operating point of Fig. 1 (Table 1) are calculated steam temperature, 
steam specific entropy and steam quality by using NIST-REFPROP 

9.0 software [29] and presented in Table 2. 
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Table 2. Calculated steam operating parameters in each operating 
point of Fig. 1 

O.P.* 
Temperature 

(°C) 

Specific entropy 

(kJ/kg/K) 

Steam 

quality 

1 342.14 7.3490 Superheated 

2 240.61 7.3939 Superheated 

3 142.00 7.4512 Superheated 

4 85.93 7.4839 0.993 

5 64.96 7.5009 0.953 

6 37.63 7.5598 0.905 

* O.P. = Operating Point (according to Fig. 1)

    Ideal (isentropic) steam expansion process assumes always the 
same steam specific entropy as at the LPT inlet (pressures during 
such expansion remains the same as in the real expansion process). 
For LPC-L and LPC-R ideal expansion process is the same, Figure 
2. Isentropic specific enthalpies, required for the calculation of ideal
(isentropic) power of the LPT and both of its cylinders, are also
calculated by using NIST-REFPROP 9.0 software [29] (according
to Fig. 2) and presented in Table 3.

Table 3. Calculated steam operating parameters for the ideal 
(isentropic) expansion 

O.P.* 
Pressure 

(bar) 

Specific 

entropy 

(kJ/kg/K) 

Isentropic specific 

enthalpy (kJ/kg) 

1 8.600 7.3490 3144.39 

2is 3.600 7.3490 2923.80 

3is 1.300 7.3490 2716.90 

4is 0.600 7.3490 2587.50 

5is 0.250 7.3490 2454.80 

6is 0.065 7.3490 2273.50 

* O.P. = Operating Point (according to Fig. 2)

5. Results and discussion

As noted in the description of Fig. 2 and in Table 1, LPC-L has
first extraction in operating point 2 at the higher pressure in 
comparison to first extraction from LPC-R (operating point 3), Fig. 
1. This element results with a fact that the LPC-L will earlier lose a
certain amount of steam mass flow rate and after the first extraction
throughout LPC-L will expand lower steam mass flow rate in
comparison to LPC-R. The result of such extractions in both of the
cylinders is that the LPC-R develop higher real (polytropic) and

ideal (isentropic) power in comparison to LPC-L. Real and ideal
LPC-L power are equal to 65828.14 kW and 71275.36 kW,
respectively, while the real and ideal LPC-R power are equal to
69444.86 kW and 75180.61 kW, respectively, Fig. 3.
    The whole LPT develops real (polytropic) power equal to 135273 
kW, while ideal (isentropic) power of the whole LPT is equal to 
146455.97 kW, Fig. 3. 
    From the considerations above can be concluded that the first 

steam extraction of each LPT cylinder dictates cylinder power (both 
ideal and real). The lower pressure and lower quantity of extracted 
steam mass flow rate in the first extraction of any cylinder will lead 
to higher power. 

Fig. 3. Real (polytropic) and ideal (isentropic) power of LPC-L and 
LPC-R as well as of the whole observed LPT 

    A comparison of both observed cylinders shows that the LPC-R 
has higher energy loss and higher energy efficiency.  The difference 
in energy loss between LPC-L and LPC-R is notable (5447.23 kW 

in comparison to 5735.74 kW), while the difference in energy 
efficiency between two observed cylinders is low, almost negligible 
(92.357% in comparison to 92.371%), Fig. 4. 
    Energy loss of the whole observed LPT is equal to 11182.97 kW 
and its energy efficiency equals 92.364%, Fig. 4. The final 
comparison in observed operating parameters between LPC-L and 
LPC-R will be presented in Fig. 5. 

Fig. 4. Energy loss and energy efficiency of LPC-L and LPC-R as 
well as of the whole LPT 

    As can be seen from Fig. 5, comparison of differences between 
LPC-L and LPC-R shows that the LPC-L has approximately 5% 
lower real (polytropic) and ideal (isentropic) power as well as 

approximately 5% lower energy loss in comparison to LPC-R. The 
percentage difference in energy efficiency between two observed 
cylinders is almost negligible. 

Fig. 5. Percentage difference in calculated power, energy loss and 
energy efficiency between LPC-L and LPC-R 

    Further research of the analyzed dual-flow dissymmetrical steam 
turbine and comparison of the obtained results with other dual-flow 
dissymmetrical steam turbines will be based on the results of energy 
and exergy analyses (turbine and both cylinders power, efficiencies 

and losses). The intention will be to create a sufficient dataset on 
which will be applied artificial intelligence techniques and methods 
already developed by our research team [30-35]. As a final result, 
the goal will be to obtain accurate and precise algorithm for a fast 
prediction of differences between cylinders in any dual-flow 
dissymmetrical steam turbine. 

6. Conclusions

This paper presents an energy analysis of the dual-flow
dissymmetrical low pressure steam turbine. Unequal extractions 
from left and right cylinder of the observed steam turbine makes 
various differences between observed cylinders. Based on the 
measured operating parameters from exploitation it is calculated 
ideal and real power, energy efficiency and energy loss for both 

cylinders and a whole turbine. The main conclusions obtained in 
this analysis are: 

- The first steam extraction of each LPT cylinder dictates cylinder
power (both ideal and real). The lower pressure and lower quantity
of extracted steam mass flow rate in the first extraction of any
cylinder will lead to higher power.
- LPC-R develops higher real (polytropic) and ideal (isentropic)
power in comparison to LPC-L. The real and ideal power of LPC-L

are equal to 65828.14 kW and 71275.36 kW, while the real and
ideal power of LPC-R are equal to 69444.86 kW and 75180.61 kW,
respectively.
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- LPC-R has a higher energy loss and higher energy efficiency in
comparison to LPC-L. The difference in energy loss is notable

(5735.74 kW in comparison to 5447.23 kW), while the difference in
energy efficiency is low, almost negligible (92.371% in comparison
to 92.357%).
- Comparison of differences between LPC-L and LPC-R shows that
the LPC-L has approximately 5% lower real (polytropic) and ideal
(isentropic) power as well as approximately 5% lower energy loss.
The percentage difference in energy efficiency between two
observed cylinders is almost negligible.
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