IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like

- Effect of Polymer Wrapping of Carbon

The effect on cold-end improvement of a 330 MW Black for Pt Utlization of Polymer

Electrolyte Membrane Fuel Cells

turbine unit after capacity expansion and efficiency  samindi Madhusha jayavicirama and

Tsuyohiko Fujigaya

| m p rOVG m e nt - Research on construction quality and
improvement of assembly construction
Fei Cheng

To cite this article: Y Z Zhao and B Wang 2018 /OP Conf. Ser.: Earth Environ. Sci. 188 012091 o )

- Prediction of the settlement associated
with construction on soft clay improved
using rigid inclusions considering the
installation effect
Marco Samy, Ali Abdelfattah, Ayman

View the article online for updates and enhancements. Fayed et al.

@ = DISCOVER

how sustainability

The : ' : intersects with
Electrochemical ¢ ]
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.137.218.230 on 07/05/2024 at 15:21


https://doi.org/10.1088/1755-1315/188/1/012091
https://iopscience.iop.org/article/10.1149/MA2020-02362329mtgabs
https://iopscience.iop.org/article/10.1149/MA2020-02362329mtgabs
https://iopscience.iop.org/article/10.1149/MA2020-02362329mtgabs
https://iopscience.iop.org/article/10.1088/1755-1315/94/1/012092
https://iopscience.iop.org/article/10.1088/1755-1315/94/1/012092
https://iopscience.iop.org/article/10.1088/2631-8695/acc3de
https://iopscience.iop.org/article/10.1088/2631-8695/acc3de
https://iopscience.iop.org/article/10.1088/2631-8695/acc3de
https://iopscience.iop.org/article/10.1088/2631-8695/acc3de
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsv-WSEUzF7IYpjnjS-_6CCNum08zYnbr8YR5fKtTTVx2H1O5UOGEWHK5eHsed52xQekxs1NcdxjBolK4eNWbrNrrAl23Db0jelFaR5V9zDEOMgbotxtov2YcFJ7EDMUNJwiX7ae4j49GhG-dwx5wH-tWM56TGba2EgGrmHCslD_yyGwZsuPUrHki7LBXE13IBsEjgNZ6sqJJ7C946d0YcxG0g5JLtWh4Dry9HcIa7KDd-Td1SaZGbwEGMjLZc4wwgyb4tuloHTI88LjGCbHzmZtrySmqSs5A8EmvKAI_U57Z6nViU-8tNHk4iMRZ2l44QxCPFJ9IwbZhNHxUVauRkLXUTqsIA&sig=Cg0ArKJSzM5Nh8d_QTGe&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

NEFES 2018 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 188 (2018) 012091 doi:10.1088/1755-1315/188/1/012091
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Abstract. Taking a 330 MW steam turbine after capacity expansion and efficiency
improvement as the object, the problems of the cold-end system of the unit after capacity
expansion and efficiency improvement are concluded. In addition, the cold-end system was
improved, and the efficient arrangement of tube bundles of condenser was adopted to increase
the heat exchange areas. The cooling water flow also can be increased by adopting advanced
technology to improve the profile of the cooling water pump. The results show that the exhaust
pressure of the turbine decreases by 1.22 kPa after the improvement of the cold-end system,
compared with before. This kind of the improvement has obvious energy- saving benefits.

1. Introduction

The capacity expansion and efficiency improvement of 300 MW and 600 MW steam turbine
generating units can be carried out with advanced through-flow transformation technology, and the
capacity of the units can reach 330 MW and 660 MW [1]. From the perspective of the unit after the
efficiency improvement, with the advanced through-flow transformation technology and the
improvement of manufacturing installation level, the heat consumption rate of the unit can be reduced
by 2-4% [2]. However, after the capacity expansion of the unit, if the cold-end system is not
synchronously upgraded, a series of problems will occur in operation, which will inevitably lead to the
increase of exhaust pressure [3]. This will also inevitably reduce the economic benefits of through-
flow transformation technology. Therefore, it is necessary to improve the cold-end of steam turbine
unit after capacity expansion and efficiency improvement, which can reduce the exhaust pressure. It is
of great significance to save energy and improve economic efficiency.

In this paper, taking a 330 MW steam turbine after capacity expansion and efficiency improvement
as an example, the problems of the cold-end system of the unit after capacity expansion and efficiency
improvement are concluded. In addition, the cold-end system was improved. Through adopting some
measures such as the replacement of material of cooling pipes, adopting the efficient arrangement of
tube bundles, that can increase the heat transfer areas of the condenser, improve the flow of cooling
water, and improve the performance of cold-end system. The improvement of cold-end system has the
purpose of energy-saving.

2. The design description of unit

The output power of a 300 MW unit reached 330 MW after the through-flow transformation. The
output power under THA is 330 MW, and that is 353 MW under TMCR. After the capacity
improvement of the unit, the condenser and cooling pumps of the cold-end system have not been
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improved. Design parameters of original condenser and cooling pumps are shown in table 1. The type
of condenser is N-17000-2, single shell, double flow, surface type and copper tube. The model of the
cooling pumps is 72lkxe-24.

Table 1. Design parameters of condenser and cooling pumps before the improvement.

content unit  parameter
design parameters of condenser

model / N-17000-2
type / Single shell, dual flow
cooling area m?2 17000
condenser pressure kPa 49

design pressure on the steam side condenser MPa 0.098
design pressure of water side MPa 0.35

design heat load of cooling water kw 389400
design flow of cooling water mé/s 9.5

design inlet temperature of cooling water T 20

average cooling water velocity m/is 2.0

The temperature rise of cooling water C 9.28

design parameters of cooling pumps

model / 72LKXE-24
water flow mi/s  5.46

pump head m 24.1

motor speed r/min 270

shaft power kW 1479
efficiency % 87.2

3. The performance test results before improvement

In order to accurately evaluate the performance index of the condenser before the improvement of
cold-end system of the unit, the performance test of condenser was carried out. The test results are
shown in table 2. Under the test condition, the pressure of condenser is 10.72 kPa and that is 5.55 kPa,
which is 0.65 kPa higher than the design pressure 4.9 kPa after the correction of inlet temperature and
flow of cooling water.

Table 2. The performance test results of the condenser.

content unit  test data
The unit load MW  332.64
the operation of cooling pumps / double pump
the flow of cooling water m3/s 9.23
inlet temperature of cooling water T 33.545
outlet temperature of cooling water C 43.23
the pressure of condenser kPa 10.72
saturation temperature at condenser pressure T 47.19
temperature rise of cooling water C 9.69
heat transfer end difference C 3.96
super-cooling degree T 0.93

the pressure of condenser corrected to design condition kPa  5.55

Through the condenser performance test, the following problems can be found in the cold-end
system of the unit:
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3.1. The heat transfer areas of the condenser do not meet the requirement

The turbine after capacity expansion and efficiency improvement can not meet the corresponding
requirement of the condenser described in this article, the heat exchange areas of original condenser
are 17000 m?, can't meet the capacity of TMCR condition of the unit, the heat exchange areas of the
condenser are insufficient margin.

3.2. The arrangement of the tube bundles of condenser is unreasonable

The arrangement of the tube bundles of condenser in the unit described in this paper does not adopt
calculation optimization and flow field simulation, but only adopted the traditional experience to
arrange tube bundles. The large steam resistance of the tube bundles and local eddy current
phenomenon have resulted in uneven distribution of the heat load of the whole bundle. The overall
heat transfer coefficient is low [4,5].

3.3. The heat transfer performance of the condenser decreases gradually

According to the test results, the condenser pressure which is corrected to the design cooling water
temperature and water flow rate at the rated load condition is 5.55 kPa, higher than the design pressure,
the heat transfer performance of the original condenser decreases gradually.

3.4. The flow of the cooling water is insufficient

The cooling water system of the unit is operated by unit system. The maximum output of cooling
water pump is operated by double pumps. The operating flow is 9.23 m%/s, lower than the design flow
of 9.5 m®s. The original cooling water pump cannot meet the demand of the cooling water under THA
and TMCR conditions after the capacity expansion and efficiency improvement of unit.

4. The improvement of cold-end system

4.1. The improvement of condenser
The original condenser was improved as follows:
® First of all, because the arrangement of tube bundles, the material of pipe, the calculation of
exhaust steam resistance, the heat load distribution of the original condenser are not
reasonable, the study of the above problems of the condenser is done, advanced arrangement
technology of the tube bundles is adopted. The arrangement technology named bionic double-
connected tree was adopted. As shown in figures 1 and 2.

Figure 1. The schematic diagram of bionic Figure 2. Engineering field.
double-connected tree tube bundles.

® Redesigning and changing the tube bundles and water chambers, the original brass are all
replacement for @ 25 x 0.5/0.7 mm TP316L stainless steel pipes, the effective length is10840
mm.
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® The end pipes plate adopt TP316L stainless steel composite pipes, with a thickness of 40
(35+5) mm, the connection between the pipes and the water chambers is maintained in the
original design.

® The expansion between the joint and argon is connected to the cooling pipes and the tube plate,
S0 as to ensure the tension and sealing of the connection.

® Replacing all intermediate baffles and their internal connectors and that can ensure vibration
resistance is qualified.

® Redesigning the water chambers.

® The latest technology was used to improve the arrangement of tube bundles to improve the
heat exchange efficiency. The heat transfer areas are improved by HEI standard.

The technical specifications after the improvement are shown in table 3.

Table 3. The design specifications of improved condenser.

content unit THA
the unit load MW 330
steam load t/h  630.2
water speed in cooling tubes m/s  2.19
inlet temperature of cooling water T 20
outside diameter of cooling pipes mm 25
cleanness coefficient / 0.9
the wall thickness of the cooling pipes  mm  0.5/0.7
total number of cooling pipes / 22000
effective length of cooling pipes mm 10840
heat transfer areas m? 18730

4.2. The improved scheme of cooling water pump

The original cooling pumps were improved as follows:

Replacing the impellers of the cooling pumps to improve the efficiency. There is no need to change
the original inlet and outlet water pipes, foundation and so on. By improving the blade profile, the
flow of the cooling water pumps can be increased as much as possible without increasing the power of
original motor. The design flow of the original cooling water pump is 19656 m’/h, the head is 24 m,
the efficiency of the cooling water pump is 84.5%, the power of the motor is 1800 kW, the design flow
of the cooling water pump after improvement is 22000 m?/h, and the head is 22 m, the power of the
motor is still 1800 kW.

Table 4. The design specifications of cooling water
pump after improvement.

content data

flow 22000m?/h
pump head 22

motor speed 370r/min
pump shaft power =1515kW
pump efficiency >87%
vibration =0.05mm
noise 85db

The drive motor of the original cooling pump was keep without any modification. The connection
pipes between the cooling water pumps and other related equipments is remain unchanged, the stand
shall of cooling water pump is remain unchanged, and the pump housing shall is remain unchanged.
According to the above improvement, the main shaft, axle sleeve, sleeve, shaft seal and other
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supporting parts are redesigned. The performance parameters of the reformed cooling water pumps
must ensure that the motors do not exceed the rated power. Because the original system and the
original motors are not changed, the electricity consumption does not increase. In order to improve the
strength of the blades, the composite impeller structure was changed to the integral casting impeller
structure.

The technical specifications after modification are shown in table 4.

5. The effect of the improvement of the cold-end system

After the improvement of the cold-end system of the unit, performance tests of the condenser were
carried out, and the results were shown in table 5. It can be seen from tables 5 and 2, the maximum
flow rate of cooling water pumps rises from 9.23 m®/s to 11.25 m%/s. The condenser pressure which is
corrected to the design inlet temperature and the design water flow of cooling water was reduced from
5.55 kPa to 4.33 kPa under 330 MW condition. The vacuum of the unit was increased by 1.22 kPa.

Table 5. The test results of condenser after the improvement of cold-end system.

content unit  The test data
the operation of cooling pumps / double pumps
unit load MW  330.75
cooling water flow mi/s 11.25

inlet temperature of cooling water C 29.75

outlet temperature of cooling water T 39.84

the pressure condenser kPa 8.31
saturation temperature at condenser pressure C 2.31
temperature rise of cooling water T 10.08

heat transfer end difference T 242
super-cooling degree C 0.19

the pressure of condenser corrected to design condition kPa  4.33

6. Conclusions

The pressure of condenser of a 300MW steam turbine unit is higher than the design value after the
capacity expansion and efficiency improvement, which is caused by the performance decline of the
condenser, the insufficient heat exchange areas of the condenser and the insufficient flow of cooling
water. The maximum flow of cooling water increased by 2.02 m?s after the improvement of the cold-
end system was adopted. The performance test results of the improved condenser show that the
pressure of the condenser is 4.33 kPa, which is 1.22 kpa lower than that before the improvement. The
energy -saving efficiency is remarkable and this kind of the improvement has certain engineering
application value.
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