Heat Exchanger Cleaning Systems

1. Introduction

The worldwide installation of heat
exchangers increased enormously
after World War I when power
stations, chemical plants and refi-
neries needed to be rehabilitated
and reconstructed.

In the early fifties, TAPROGGE
managed (o make a breakthrough
in the field of cleaning of heat
exchangers without  disrupling
operation by introducing its auto-
matic tube cleaning system using
sponge rubber balls as cleaning
agents. The global application of
almost 12,000 units of such
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systems throughout the recent
decades has led to the acknowled-
gement of this process as state-of-
the-art for turbine condensers and
many other applications. For the
most part, TAPROGGE Systems are
already being prescribed in (he
project stage.

Precondition for the smooth, con-
tinuous circulation of the sponge
rubber balls is free tubes and tube
sheets, which is why debris filters
for the coarse filtration of cooling
water were developed at the
beginning of the sixties, whose
cffectiveness  was  permanently
being enhanced up to today's
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fourth generation. Also the pre-
screening system 4s preliminary
stage of effective filtration was
clearly optimized by TAPROGGE
through new developments which
are reflecied in the IN-TA-CT®
concept.

For the continuous control of heal
transfer of turbine condensers,
TAPROGGE has developed the
Condenser  Monitoring  System
(CMS). It serves for monitoring
the heat transfer of single conden-
ser tubes, so that tube fouling is
detected immediately and the
cleaning frequency of the sponge
rubber balls can be adapted
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accordingly. The last step in this
process is the remote data trans-
fer via satellite to the TAPROGGE
Service Department whereupon
the necessary recommendations
will be signalled directly to the
end user.

For heat exchangers in the sector
of air conditioning and chemical
production of small capacities,
special concepts were developed
to respond to industrial needs.
The cleaning systems CCS and 1CS
can he operated stationary as well
as mobile, and partly also in the
Loff-line** sector for difficult pro-
ducts (high pressures and tempe-
ratures, aggressive) in the heat
exchanger tubes. For this field,
too, the automatic backwash fil-
ters FC and DYNAMIC with finen-
esses of up to 50 pm can be
installed.

In the following, we will give brief
descriptions of the basic problems
of heat exchangers in terms of
fouling and macrofouling,

By means of practical examples,
various  solutions and selected
components will be presented.

The design of heat exchangers has
to allow for a certain fouling on
the inner tube surface. By using
the so-called Fouling Factor, the

heat transfer surface will be
increased  correspondingly  to
make good for the fouling to be
expected. In the USA (') the theo-
retically necessary heal transfer
surface is increased by 10% up to
500%, with an average value of
approx. 35%. Such calculations
start from the assumption that
fouling will impair the heat trans-
fer of one or hoth sides of the
transfer surfaces,

The heat (ransfer surfaces are
often reduced by macrofouling,
such as mussels, fish, algae, pie-
ces of wood, leaves, grass, stones,
or internal construction parts of
cooling towers. Reductions of
transfer surfaces also occur if
cooling tubes, which are perfora-
ted by corrosions, have to he
plugged in order to avoid mixing
of substances. For such problems
there is 2 modern solution by the
installation of bar screens with
prescreening  systems  installed
upstream as per the IN-TA-CT®
concepl (graph).

The second type of fouling which
[requently occurs is microfouling. It
is caused by mud, sand, clay, micro
organisms, bioslime, corrosion
products and inhibitors. A further
important lype of fouling is the so-
called scaling. In this case, solution
equilibriums are surpassed as a
consequence of increased lempera-
tures in the cooling water which
leads to precipitations of calcium
carbonate, silicates, caleium sulfa-
tes and magnesium salts. For such
problems, automatic ball cleaning
systems with elastic sponge rubber
balls have been applied most suc-
cessfully for nearly five decades.

Tube clogging and fouling layers
wtause considerable cost by neces-
sary overdoses, energy loss and
reduced thermal efficiencies, hig-
her pressure loss, cleaning and
installadon costs and production
loss during down times of plants

for cleaning” (*).

According to (*'), for the design of
turbine condensers fouling resi-
stances of 0.020 to 0,050 m*K/kW
are recommended for copper
alloys, and of 0,015 10 0.032
mK/kW for stainless steel and lita-
nium,

Layers in cooling tubes not only
reduce the heat transfer coeffi-
cient, bul are frequently also the
source of tube corrosion if copper
alloys and stainless steel are used
4s cooling tube materials.

ling water. One method {o avoid
layers is the use of a tube cleaning
system, Such a system is part of
loday's state of the art and should
always be present” (*4).

... the danger of corrosive attacks
underneath mineral or organic
fouling is especially imminent in
the case of stainless steel. Because
of the possible crevice corrosion,
the use of continuously operating
tube cleaning systems, generally
with sponge rubber balls, is
urgently recommended for (ube
materials of this group, having
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The following recommendations
and explanations for avoiding tube
corrosion are given in (**) for
copper alloy, and in (**) for stain-
less steel,

Layers in condenser tubes (made
of copper alloys) considerably
impair the protective film formati-
on, or they can destroy an existing
protective film by corrosion as a
result of the formation of differen-
tial aeration cells, That is why it
has to be safeguarded so that lay-
ers are avoided. They can develop
by the separation of suspended
solids from the cooling water, by
the precipitation of suspended
substances once the limits of solu-
hility have been reached, and by
the growth of micro organisms.

In this connection il is recommen-
ded to regularly analyze the coo-
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PRE (= .Pitting Resistance
Equivalent”) formulas of W <
35% [% Cr + (3,3 x % Mo); W-
Nr. 1.4401, 1.4439] and opera-
ting in cooling waters with higher
contents of salts and suspended
solids. Compared therewith, cor-
rosion underneath deposits has
up to now been unknown in
connection with titanium surfaces,
so that this material is very well
suited for heat exchangers that
shall be operated with cooling
water containing high suspended
solids. The higher susceptibility to
biofouling of copper-free materi-
als may call for occasional or
regular cleaning treatment during
which special cleaning balls are
used in the cleaning system, e.g.,
balls with plastic granulate or
corundum coating, or balls filled
with pumice powder* [see picture
6]. Unsuitable cooling tubes made
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of brass showed stress corrosion
cracking near the rolling-in spots
al the tube sheets which was cau-
sed by the formation of ammonia
as a result of the decomposition of
organic substances,

In the vicinity of coarse particles
which got stuck in cooling tubes,
tube perforations due to turbulent
flows and destroyed protective
films developed very quicldy, and
in the case of stainless steel there
is the risk of crevice corrosion
between coarse particles and coo-

ling tubes (pic. 3). By installing

debris filters and tube cleaning
systems (pic. 4) the heat exchan-
gers are kept free from clogging,
and the cooling tubes free from
layers.

The supplier of such systems gua-
rantees clean heat transfer sur-
faces on the cooling water side.
pic 4
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The automatic tube cleaning
system for shell and tube heat
exchangers has the task to

keep the cooling tubes free
from layers

so that

o the heat transfer coeflicient
remains constant

= (ube corrosions through layer
formation are avoided.

5.1 Operational Principle of
the Tube Cleaning System

The elastic sponge rubber balls
are poured into the collector of
the ball recirculating units (see
picture 7) from where they pass
into the cooling water inlet pipe of
the heat exchanger. Transported
by the cooling water flow they
pass through all cooling water
tubes without impairing the ope-
ration of the heat exchanger. The
cleaning balls are in constant cir-
culation and, during their lifetime,

pass through the tubes thousands
of times. The driving force that
moves the cleaning balls through
the tubes results from the diffe-
rential pressure of the heat

-exchanger which forces the ball

through the tubes without additio-
nal energy.

Via a strainer section (see picture
8) the balls are screened off the
cooling water circuit after each
passage. The louling of the screen
is monitored by a differential
pressure measuring systen. Once

the pressure drop reaches the
pre-sel value, the balls are caught
in the ball collector, and, during
operation, the screen turns (o
backwash position, so that the
rear screen surfaces are in flow
direction. Via the ball recircula-
ting unit the balls are again fed
into the cooling cireuit. According
1o customer’s requirements, all
processes are generally perfor-
med automatically.

The number of the balls in circu-
lation amounts to between 10 and



pic 7
ball recirculating unit

30% of the number of cooling
tubes of one pass. This number is
sufficient to safeguard smooth
heat exchanger operation.

To make sure that all bes are
cleaned and not only certain sec-
tions of the tube sheel, special
measures are laken for an even
distribution of the balls. On one
hand, sinking or rising balls are
developed to influence the specific
weight of the sponge rubber balls.

On the other hand, an even distri-
bution of balls is effected by the
installation of orifices or distribu-
lors. The simple proof of the
effectiveness of the procedure is
furnished by the heat exchanger
reaching its original terminal tem-
perature difference again hecause
it now has at ils disposal the full
exchanger surface.

pic 8:
CICS-strainer section

pic 9:
Tube analysis after application of a
tube cleaning system, titanium with
manganese layers.
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3.2 The Cleaning Ball

The cleaning halls must in any
case have 4 larger diameter than
the inner diameter of the cooling
tube. This means that balls with-
out such an oversize will not have
a cleaning effect. Only due to this
size are deposits detached and
carried away, The detachments do
not penetrate into the balls, nor
do they foul them, but are deta-
ched by means of a hydraulic jel
which is created in front of the
ball, and are driven through the
tube.

In the course of numerous ball
passages, the balls wear down and
get smaller. Once they are smaller
than, or equal lo, the lube inner
diameter, they have 1o be repla-
ced. Depending on the kind and

degree of fouling, this may be
necessary afier about four fo six
weeks, @ mean value which may
considerably be surpassed, but
also remained under.

The selection of the optimum
cleaning ball depends on many
factors:

e tube material

o kind and degree of fouling

o lemperature

s design of waterboxes

= cooling water velocily in the
tube

= type of inhibitors, etc.

To respond to different demands,
numerous ball types have been
developed: there are halls with
and without special coatings, such
as plastic granulate, corundum, or

special polishing balls, as well as
high-temperature  balls. Al of
them are available in different
hardness degrees.

Figure 6 shows from left to right:

* standard sponge rubber ball

e sponge rubber ball with low
sinking velocity

e sponge rubber ball for parti-
cularly high demands

¢ sponge rubber ball with pla-
stic granulate coating

¢ sponge rubber ball with addi-
tion of polishing agent

= two sponge rubber balls with
corundum coating.

Should the heat exchanger be
used for different tasks, the clea-
ning system can be adapted by
switching to suitable cleaning
balls.

pic 6:
various types of cleaning balls

The following picture shows that
already microbiological layers in
the tubes of 0.15 mm causes
capacity loss of 20 MW at a 1300
MW unit, and of 6.6 MW at a 740
MW unit.

After the application of TAPROGGE
corundum halls over a period of
3.5 hours, the condenser pressure
decreased by 16 mbar, and accor-
dingly the turbine performance
rose by 20 MW

Capacity gain of 20 MW at a 1300
MW-Unit after the application of
corundum balls over a period of 3,5
hours
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Upstream of plate-type heat exchan- | 4.1 Problems the limited cooling water fow in

filters

The automatic  backwash
have the task to mechanically clean
the cooling water, so that cooling
tubes and tube sheets of the heat
exchanger installed downstream
remain free from obstructions, the
tube cleaning system works impec-
cably, and tube corrosion caused by
clogging is avoided.

gers, backwash fillers with a filter
fineness of 1-2 mm are installed,
often in combination with back-
wash devices for (he plate-type heat
exchanger itsell. At a filtration gra-
de of 200 — 300 pm, 4 backwash
device can be renounced on. The
filters essentially reduce the sus-
pended solids contained in the coo-
ling water, so that the exchanger
surface fouls more slowly and
manual clezaning can be performed
at longer intervals,

There is 2 great risk to tubular, or
particularly to  plate-type  heat
exchangers [rom coarse particles
contained in the cooling water.
Those particles block the cooling
tubes or canals in the plate-tvpe
heat exchangers partially or com-
pletely.

Clogged tubes and canals reduce
the available heat transfer surface
of the heat exchangers. Through

the blocked tubes, the growih of
microfouling is particularly foster-
ed. Cleaning of such tbes by
sponge rubber balls is possible
only (o a limited extent, il possible
at all, Tn addition to that, erosion
and crevice corrosion may be
initiated in the vicinity of the jam-
med coarse particles.

Already 15% of clogged tubes
increase the specific heat con-
sumption per kWh by o=



approx. 0.15% and reduce the
turbine capacity by approx. 1.5
MW (in the case of 2 800 MW
unit).

From tbe cloggings, cleaning
balls are retained, so that the
number of circulating balls beco-
mes correspondingly smaller. The
fouling of the heat exchanger sur-
face and thus the condenser pres-
sure increases accordingly.
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4.2 Operational Principle of
the Cooling Water Debris
Filters

All substances in the cooling water
that are larger than the perforati-
on diameter in the filter section or
the gaps in the filter cartridges are
retained in the filier. From the
increasing fouling load of coarse
debris or suspended matters on
the filter surfaces, the pressure
drop increases. Once the differen-

Bild 1%.1:
Fine Filter PR-BW 100-FC
50pm — 1000pm

tial pressure across the filler sec-
tion or the filter cartridges rea-
ches the limit value pre-set at the
differential pressure manometer,
the backwash valve is opened in
the automatic backwash filters,
and the backwash rotor is set in
operation.

Due 10 the differential pressure
between the filter and the end of
the backwash pipe, a4 partial volu-
me flow of the already filtered
cooling water flows from the filter
section or the filter cartridge to

the end of the backwash pipe,
transporting the macrofouling and
suspended matters that have accu-
mulated there out of the filter,

The backwash time of the automa-
tic backwash filter amounts to bet-
ween approx. 30 seconds and
several minutes. In the case of lar-
ger perforations, the backwash
flow is about 3% of the entire coo-
ling water volume; if the filter per-
foration is smaller, this value
increases correspondingly.

The backwash procedure is com-
pleted by switching off the back-
wash rotor and closing the back-
wash valve.

Via conventional prescreening
systems (e.g.: drum screens, travel-
ling band screens with safety val-
ves) which wear down quite quick-
ly. macrofouling enters into the
main cooling water pipes.

Mussel larvae are transported inlo
the piping system and have the
opportunily to grow in zones of

pic 13:
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lower velocity, all the more so 45 2
continuous food flow is passing
along,

In addition, corrosion products
escape from the cooling water
pipes which may be several hun-
dreds of metres long, and gel in

front of the condenser.That is the
reason why cooling water debris
[ilters, whenever possible, are
installed immediately upstream of
heat exchangers or condensers.

The equipment of turbine conden-
sers with automatic baclowash filters
and tube cleaning systems Lo reach
a better vacuum resulted in amelio-
ratlons of the terminal temperature
difference of 0.5 up to 3%.

In many power plants, the addition
of biocides could be reduced or
completely avoided. Manual clea-
ning of condensers could be elimi-
nated.

Through the application of high-
performance debris filters, the
installation of drum screens and
travelling band screens was avoi-
ded in some plants, with only bar

and [ine screens being necessary

for prefiltration.

Due 1o different parameters, such

as cooling water composition,

plant configuration and demands
on availability, the economic



application of debris filters and
tube cleaning systems for heat
exchangers and their grade of
automation is to be checked for

each individual case,

The INTEGRATED  TAPROGGE
CONCEPT (Fig. page 1) compri-
ses, in addition Lo the components
tube cleaning systems and auto-
matic high-performance debris fil-
ters as mentioned before, also the
TAPROGGE products

1. TAPIS®
TAPROGGE Air Powered
Intake System

and

6. CMS
Condenser Monitoring System

which will briefly be described
hereinafter. The sections 5 ,Tube
Sheet Cladding” and 7 ,IEddy
Current Testing" are also part of
the entire concept but will not be
treated here.

b AR ]

6.1.1  Tasks of TAPIS®

The TAPROGGE Air Powered
Intake System TAPIS® serves for
the extraction of cooling water oul
of the sea, a river, a canal or a
harbour. In contrast to conventio-
nal concepis where the cooling
water inlake is realized in several
steps, i.e. in form of rakes and/or
travelling hand screens / drum
screens, TAPIS® combines the
mechanical cooling water (reat-
ment upstream of the cooling
water pumps in only one step.
Therefore, TAPIS® replaces the
traditional prescreening system.

The genuine conceptional idea
leading to the development of
TAPIS® originates in the fact that
the condenser/heat exchanger to
be cooled requires cooling water
that is free of coarse debris — a
demand which had to be covered,
Whereas conventional systems try
to meet this by removing from the
cooling water coarse particles in

form of fish, jelly fish, pieces of
wood, polystyrene, mussels, algae
etc., which subsequently require
disposal, with TAPIS® those par-
ticles remain in the water — coo-
ling water is withdrawn from the
mixture ,.coarse particles - water"
and nol vice versa.

6.1.2 Functional Description

For the extraction of water from
the sea, rivers or lakes, polvhedral-
ly shaped sereens are installed
below water level and connected
to a closed pump well via supply
pipes. The intake velocity of the
water into these polyhedral screens
is only <0.5 nv/s, thus selected low
enough to ensure that marine
organisms, like fish, algae or jelly
fish, are not impacted.

The screen design, as supporting
construction, consists of stainless
steel (1.4430 for seawater, 1.4401
for fresh water), and serves to
incorporate the screen elements
which are selected specifically for
the fouling 1o be expected, Those
elements arve preferrably made of
plastic DELRIN with cling-free scre-
ening media. Based on our experi-
ence, only cling-free offers the best
protection from fibrous debris.
That is why seagrass, algae etc., jel-
ly fish, mussels, starfish, pieces of
wood, or man-made debris such as
plastic bhags, loils or cans, do not
present any problem for TAPIS®,

When water is withdrawn from a
river, lake or the sea, TAPIS®
allows a reliable water passage o
the cooling water system by hol-
ding back all debris of sizes larger
than the perforation.

To remove this accumulated
debris, the physical property of air
in water is made use of, which
means that by way of a compres-
sor, 4 certain volume of air is
compressed in an air receiver (o
10 bar, and is then transported
into the inside of the polyhedral
screen in the form of an air pulse.

Led through the specially arran-
ged air nozeles, the air removes
the debris from the screen surfa-
ce, first by 4 pressure impact and
secondly by the lifting force of the
air cloud. The current of the sea
or the river will iransport the
debris away from the intake scre-
en; however, the volume ol air
also ensures a widely spread dis-
tribution of the air-backwashed
debris.

Once the pressure inside of the air
receiver has fallen below a certain
value (in accordance with the
installation depth of the intake
screens), the pneumatic valves
close and the compressor starts
filling the air receiver, When the
pressure inside of the air receiver
has reached 10 bar, the compres-
sor stops, @ signal lamp on the

control panel indicates . ready for
flushing”, and the process may be
restarted.

Economy is achieved through the
simple design that results in a
screen  without moving  parts,
minimum maintenance require-
ment and simplified installation.

Environmentally [riendly, TAPIS®
prolects aquatic life and renders
compliances with environmental
regulations casier.

Retrofit possible, that is to sav exi-
sting, traditional intake machinery
systems can be replaced by
TAPIS®.

pic 141
Polyedral intake screen















