RESEARCH ON THE APPLICATION OF AND PROBLEMS WITH
USING TWISTED STRIP ON CONDENSERS

Abstract: The effects of using twisted strip on a 150MW steam turbine condenser were studied.
The result shows that reduced water quality of circulating water, obstruction due to impurities, strip
surface scaling, reduction in the helicity of twisted strip, and strip abrasion were the main causes
that decreased the cleaning effects of twisted strip. Twisted strip technology has broad application
prospects based on the solving of these issues.

As the first batch of national key energy-saving technology promotion projects, twisted strip
cleaning technology is one of the more advanced on-line cleaning technologies. It has become
the best choices of condenser anti-scaling energy-saving technologies because it has on-line
cleaning and enhanced heat transfer functions.

1. The principle of twisted strip

1.1 Device Structure

Twisted strip equipment is mainly composed of three parts: the twisted strip, the brackets and
shafts, and the connecting rings and gaskets. The twisted strip is made of polymer materials that
have good strength, stiffness, elasticity, toughness, corrosiveness, high temperature resistance, and
good chemical stability. The strip's material has a larger density than water and can float well in the
center of the heat exchange tube under the multi-directional force of the fluid. The brackets and
shafts are machined from chemically synthesized materials, and have high strength, wear
resistance, and corrosion resistance. The connecting rings and gaskets are made of stainless steel
and have a certain degree of strength.

The bracket, the shaft, the connecting ring, and the gasket mutually cooperate and bear the
longitudinal force load from the twisted strip under the working state.

1.2 The principle of anti-scaling

The twisted strip is automatically rotated in the heat transfer tubes using the flowing of the cooling
water to drive the strip. The running ties change the operating status of the water in the pipe,
expanding the turbulent area, and reducing or eliminating the laminar boundary layer and the
transition layer, so that the scale cannot easily remain on the pipe wall and is pushed out of the
heat exchange pipe. This means the twisted strip can automatically clean up any scale during the
unit's operation.

2. About the application example

From October 2010 to June 2010, the twisted strip descaling technology was tested in the No. 2
condenser at one thermal power plant in Inner Mongolia.



2.1 Overview of the testing unit

This No. 2 steam turbine, produced by Wuhan Turbine Generator Factory, is one of the 150MV
steam turbine series models: unit type:C125/N150-13.24/0.245/535/535, steam turbine type super
high pressure intermediate reheating, single-shaft, double cylinder double row steam turbine. The
No. 2 condenser is model N-8600-1, surface-type cooling, and cooling water for the two-sided
dual-process. The condenser is a horizontal structure, as shown in Figure 1.
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The tube bundles of the condenser are radially arranged, composed of TP316L stainless steel tube.
The specifications for ®28*1*9700 are: 26MM tube diameter, 10470 steel tubes, circulating cooling
water volume of 20000t/h, condenser heat exchange area of 8600m2. The tube of the No.2

condenser was chemically cleaned using inhibiting sulfamic acid as the main cleaning medium in
April 2010.

2.2 Overview of the circulating water system

This factory is located in the mid-west part of Inner Mongolia, and its water resources are
extremely scarce. Therefore, it uses a combination of reclaimed water, shallow groundwater in the
riverbed, and air defense cave pooling water as a supplementary water source for circulating
cooling water.

The water quality analysis for September is shown in Table 1 and Table 2.
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The data reveals that the circulating water compensation water has high chloride content, high
alkalinity, high hardness, and severe changes in indicators. This leads the circulating water to have
a tendency towards scaling. In an attempt to solve the water resources shortage, the
concentration ratio of the water is usually increased. This leads to the condenser water inside the
heat exchanger tube to have a very serious scaling tendency, creating conditions were a hard scale
layer easily forms on the inner surface of the cooling pipe during a long-term operation. The high
chlorine content causes serious inter-crystalline corrosion of the copper tubes, which poses a
significant threat to the safe operation of the heat exchange tubes. At the same time, the
temperature environment of the circulating cooling water system is very suitable for the growth
and reproduction of microorganisms, such as algae and fungi, heightening the risk of biofouling
due to the cohesiveness and stickiness of the inner wall of the heat exchange tube.

2.3 Cleansing effect comparison before and after installation

The test is to install 600 twisted strips in the condenser. Installation position of ties in the
condenser: dispersal of 300 pieces in the middle of the upper water room; and 300 pieces in the
middle of the lower water room, so the distribution of the heat exchange tubes is typical.
Conditions of Device Use: The water speed in the heat exchanger pipe is >0.6m/s, to ensure the
ties can rotate normally; the spiral ties boot pressure head is >0.03Mpa; the condenser inlet
pressure is >0.06MPa; the normal consumption of the twisted strip is 0.02Mpa, but the inlet flow
resistance increases by 10 % pressure; the outlet pressure is basically unchanged; the water should
not have larger particles of debris, so to avoid plugging the nozzle and prevent the flexible strip
winding the tie to affect the rotation of the twisted strip. Before installation of the twisted strips, the
heat exchange tubes in the old condenser must be cleaned. The cleaning effect means the tie will
be able to freely rotate after being installed.



The operating parameters of the twisted strip compared to before and after installation are shown
in Table 2.
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From the data, it is evident that the terminal difference has increased by an average of 2.2 degrees
C in the past 10 months after installation. The operating performance of the condenser has
declined and the cooling effect has decreased. The scaling speed is still relatively faster, but the
anti-scaling effect of the twisted strip is not noticeably apparent.

An overall inspection of the end of the tube sheet found that there was no significant difference in
the heat exchange tube between the mounted ties and the unmounted ties. The inner wall of the
heat exchange tube without mounting ties had a scale about 0.5 mm to 1 mm thick, colored gray
and white, on an uneven surface; however, the inner wall of the heat exchange tube with ties also
had a scale about 0.5 mm to 1 mm thick, while the inner surfaces of the two heat exchange tubes
were very similar. From these findings, it can be inferred that the rotation of the ties is not ideal,
and a phenomenon occurred whereby the ties were not rotating properly due to blocking.

3. Problem analysis

Compared with a region with good water quality, the situation of the local water quality in the
region being studies is rather poor, and circulating water is prone to fouling. Because condenser
heat exchange tubes in large capacity units are longer, generally 10m-14m, the twisted strip
exhibits some problems, in that several small sections are exposed or left unexposed during use,
which has an impact on the anti-scaling effect.



3.1 Twisted strip surface scaling

The twisted strip breaks the retaining layer on the surface of the condenser heat exchanger tube
wall through its side edge, but it cannot break the retaining layer on its own surface. Therefore, the
surface of the twisted strip will inevitably become fouled. With the increase of surface fouling
thickness, the water resistance of the condenser increases exponentially, the circulating water flow
rate decreases, the circulating water temperature rises year-on-year, the exhaust temperature
increases simultaneously, and the vacuum decreases. Simultaneously, the rotation speed of the
twisted strip is reduced, the terminal difference increases, the antifouling function disappears when
the speed of the twisted strip decreases to a certain value, and the unit operation deteriorates. At
that stage, the operators must shut down the processing. The data shows that the water resistance
will more than double when the twisted strip operates for one month in the case of poor quality
circulation water in summer, but will perform better in winter.

3.2 Impurity obstruction

This plant cooling tower uses open type cooling, based on environmental reasons, so the water is
often mixed in with large impurities. The twisted strip rotates as a whole in the heat exchange
tubes, but once there is a large impurity in the cooling water, it will cause the device to fail. Regular
maintenance is necessary to prevent this from happening during operation.

3.3 Helicity reduction

The spiral ties are longer, and because of its weight and ambient temperature, it will cause the
helicity to gradually decrease during operation. In addition, the tangential velocity of fluid to
twisted strip decreases, and then the level of momentum transmitted to the twisted strip also
decreases, so that the rotational speed of the twisted strip will be reduced. This impacts on the
effects of anti-scaling and heat transfer.

3.4 Twisted strip abrasion

The wear of the tie material itself makes the width of the tie decrease slowly during operation.
After decreasing to a certain degree, the rotation torque of the twisted strip is too weak, meaning
it cannot meet the need of overcoming the cleaning resistance torque, and it will lose the function
of rotation cleaning.

These reasons will all cause the twisted strip to stop rotating in the heat exchange tubes. Once the
rotation stops, the twisted strip will become resistant to the water flow. This will not only affect the
fluid flow in the turbulent area, but also become a fouling surface, resulting in more serious scaling
in the heat exchange tubes.



4. Conclusion

The twisted strip method has the advantages of simple installation and maintenance, requiring no
change to the original equipment and process, creating no secondary pollution, conformity to
national industrial policies and environmental protection requirements — all unique benefits in
condenser cleaning technology. However, the problems exposed during its use still require further
research and in-depth discussion. To fully maximize its advantages, a combination of materials,
equipment structures, and system maintenance are necessary. By gradually developing solutions
to these problems, the technology will have a broader application prospects.
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