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The influence of steam extractions operation dynamics on the turbine efficiencies and losses
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Abstract: In this paper are presented results of a low-pressure steam turbine energy and exergy analysis during turbine extractions
opening/closing. All possible combinations of extractions opening/closing are observed. The highest mechanical power which can be
produced by this turbine (when all steam extractions are closed) is 28017.48 kW in real and 31988.20 kW in an ideal situation. For all
observed steam extractions opening/closing combinations is obtained that energy efficiency and energy losses range is relatively small (from
87.56% to 87.94% for energy efficiency and from 3360.46 kW to 3970.72 kW for energy losses). Trends in energy and exergy losses
(destructions) are identical for all observed extractions opening/closing combinations. Analyzed turbine efficiencies (both energy and
exergy) will decrease for a maximum 1% during the steam extractions closing. Turbine steam extractions closing decrease turbine

efficiencies and increases turbine losses (destructions), what is valid from both energy and exergy aspects.
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1. Introduction

A variety of steam turbines can be found in the power plants
worldwide. Main steam turbines are usually complex steam turbines
which consist of several cylinders connected to the same shaft [1,
2]. Auxiliary steam turbines are usually used for the additional
mechanical power producing or for a direct drive of various
mechanical power consumers [3, 4].

It should be highlighted that nowadays, steam turbine is not the
mechanical power producer only, it is also a machine for steam
delivery (heat energy delivery) to various heaters inside the power
plant [5, 6]. Steam delivery to the heaters is performed through
steam turbine extractions. Complex multi-cylinder steam turbines
usually have few steam extractions from each cylinder [7, 8], while
auxiliary steam turbines usually did not have any steam extraction
[9]. Therefore, steam extractions are essential part of recent steam
turbines and they can notably influence steam turbine performance.

Steam turbine performance during various extractions operation
dynamics can be investigated by using several possible techniques —
two of such techniques are energy and exergy analyses [10, 11],
which are applied in this paper.

In this paper is performed analysis of low-pressure steam turbine
developed power, energy and exergy efficiencies as well as losses
for each possible steam extractions opening/closing combination.
Steam extractions closing will surely increase turbine developed
power, but it is interesting to observe what will happen with turbine
efficiencies and losses in such operating regimes.

2. Description of the analyzed steam turbine

Scheme of the analyzed low-pressure steam turbine along with
operating points required for the analyses, is presented in Fig. 1.

Low-pressure turbine analyzed in this paper is the last cylinder
of a complex, two cylinder steam turbine. Both cylinders (high-
pressure and low-pressure cylinder) are connected to the same shaft
which drives an electric generator. Between mentioned cylinders is
mounted re-heater. Details related to the whole described turbine
and power plant in which it operates can be found in [12].

Steam re-heater delivers superheated steam to the analyzed low-
pressure turbine. The turbine has four steam extractions (operating
points 2, 3, 4 and 5) which are used for steam delivery to the
components of low-pressure feed water heating system (deaerator
and low-pressure feed water heaters) [13]. The remaining steam
mass flow rate, which expand through all the stages of the observed
turbine, is finally delivered to steam condenser for condensation
[14].

The observed steam turbine is analyzed as an independent
component (the influences of steam extractions opening/closing on
other power plant components or on the entire steam power plant
are not considered). Due to simplicity, it is considered that each
steam turbine extraction can be fully opened or fully closed
(partially opened extractions are not observed).
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Fig. 1. Scheme and marked operating points of the analyzed low-
pressure steam turbine

Ideal (isentropic) and real (polytropic) steam expansion
processes through the analyzed turbine are shown in Fig. 2
(operating points are in accordance to Fig. 1). Real (polytropic)
steam expansion process is marked with numbers from 1 to 6, while
ideal (isentropic) expansion is marked with numbers from 1 to 6i.
Ideal (isentropic) process assumes that steam specific entropy
remains constant during expansion [15]. Steam extractions are
marked with red arrows (operating points 2, 3, 4 and 5).

Fig. 2. Steam real (polytropic) and ideal (isentropic) expansion
processes through the analyzed turbine in h-s diagram

3. Equations for the low-pressure steam turbine
energy and exergy analysis

3.1. General energy and exergy equations and balances
The main energy and exergy balance equations are [16]:

Qin +Pin +ZEnin = Qout +Pout +ZEn0ut +EnLl (l)
Xin +Pin +ZExin =Xout +Pout +ZExout + Eva (2)



