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Abstract— Heat exchanger is equipment used to transfer heat
from one fluid to another. It has extensive domestic and
industrial applications. The proper performance of the
condenser is critical to minimizing the operating costs of a
turbo generator unit, in terms of both heat rate and generation
capacity. After reviewing the major causes for deteriorating
condenser performance, a distinction is drawn between those
causes that are cyclical or predictable and those that occur at
random time intervals. In the first category, the fouling of
condenser tubes and/or tube sheet can be corrected by
cleaning, the intervals between which can be optimized.
Extensive technical literature is available on heat exchanger
maintenance, but it is widely scattered throughout the
industrial bulletins, industrial design codes and standard,
technical journals, etc. The purpose of this paper is to
consolidate into basic background and preventive
maintenance and to calculate the effectiveness after
maintenance of heat exchanger closely related to the
industrial practices.
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I. INTRODUCTION

Heat exchangers are designed to optimize the surface area of
the wall between two fluids to maximize the efficiency, while
minimizing resistance to fluid flow through the exchangers
within constrain of material cost. The performance of heat
exchanging surfaces could be enhanced by the addition of
corrugations or fins in heat exchanger, which increase surface
area and may channel fluid flow or induce turbulence.
Efficiency of industrial heat exchangers could be online
monitored by tracking the overall heat transfer coefficient
based on its temperatures which tends to decline over time
due to fouling. Potential damage towards equipment caused
by formation of scale can be very costly if processed water is
not treated correctly. Chemicals are commonly used to treat
the water in the industry. A total of 7.3 billion dollar worth
chemicals per year in the U.S. is released into the air, dumped
in streams and buried in landfills every year. Forty percent of
these chemicals are purchased by industry for control of scale
in cooling tower, boiler and other heat transfer equipment.
This percentage also represents more than 2 billion dollar of
toxic waste which contribute to trillion of gallon
contaminatedwater disposed annually into the earth which
belongs to all of us.

Maintenance of fouled tubular heat exchangers can
be performed by several methods such as acid cleaning,
sandblasting, high-pressure water jet, bullet cleaning or drill
rods. In large scale cooling water systems for heat
exchangers,water treatment such as purification, addition of
chemicals, catalytic approach, etc., are used to minimize
fouling of the heat exchanging equipments. Other water
treatment processes are also used in steam systems for power
plants to minimize fouling and corrosion of the heat
exchanger and other equipment. Most of the chemical and

additives used for fouling and corrosion mitigation are
hazardous to the environment. So, the days have come to
apply chemicals of approaches benign to the environment. 1.1
Fouling:

Fouling is defined as deposition of unwanted layers
in heat transfer surfaces. Fouling increases the overall
thermal resistance and lowers the overall heat transfer
coefficient of heat exchangers. Due to depositions the area
of flow also decreases which increases the flow velocity of
fluid. Thus dueto fouling, the heat transfer efficiency of heat
exchanger is reduced and other operating parameters are
affected such as reduction in pressure drop. The duration of
fouling also varies. Sometimes it may be very quick and
sometimes it may occur rapidly. The rate of deposition
generally depends on the nature of fluid flowing and
operating conditions under which the heat exchanger is
working. The nature of depositions also varies. It may be hard
and difficult to remove or it may be soft and easily removable.
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Fig. 1: Mechanism of fouling

The growth of these deposits causes the heat transfer
performance of heat exchanger to decline with time. This
problem affects the energy consumption of industrial
processes and eventually causes industrial breakdown due to
the heatexchanger failure as seen in this figure:

Fig. 2: Heavy build-up of deposition on heat exchanger
piping
Il. CORROSION:

Environment features such as soil, atmosphere, water or
aqueous solutions commonly attack general metal and alloys.
The deterioration of these metals is known as corrosion. It is
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agreeable that corrosion happens due to electrochemical
mechanism. Premature failures in various equipment are
caused by corrosion in most commercial processes and
engineering operations, leading to unwanted issues. This
includes pricey breakdown, un-schedule shutdown and
increases in maintenance cost. This downtime worsens in
fields such as chemical industries, oil refining, sea and land
electric power plant, paper manufacture, air conditioning,
refrigerator, food and liquor manufacturing. Hence, general
info and mechanism of corrosion will bring great interest to
public and industry.
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Fig. 3: Factors affecting corrosion.

1. PREDICTABLE MAINTENANCE PROBLEMS:

Almost every condenser experiences some kind of tube or
tube sheet fouling, most condenser circulating water sources
contain dissolved solids that can precipitate and become
deposited on the inner surfaces of the tubes, so adversely
affecting the unit heat rate and/or limiting generation
capacity.These deposits can also contribute to various types
of corrosion and, if not removed periodically, the corrosion
may eventually penetrate the tube wall, allowing circulating
water to leak into and contaminate the condensate.

Fouling can affect not only unit heat rate but also
the ability of the turbine to generate its design load capacity.
In fossil- fired plants, an increase in heat rate is reflected in
higher fuel costs for a given load and increases of 2% are not
uncommon. In both fossil and nuclear plants, if the fouling
becomes severe, it will cause the backpressure to rise to its
upper limit, forcing a reduction in generated power. There
are reports of up to 20 Mw having been recovered by the
removal of severe accumulations of deposits.

IV. RANDOM MAINTENANCE PROBLEMS:

Circulating water in-leakage: Circulating water in-leakage
canresult from penetrations through the tube walls, from
joints between tubes and tube sheet that have developed
leaks, or from other penetrations between the water box and
condenser shell that have lost their integrity. The
contaminants in the circulating water change condensate
chemistry and/or pH, tending to increase boiler or steam
generator corrosion; or result in an increased consumption of
water treatmentchemicals in the attempt to compensate for
the change inwater chemistry. Poor water chemistry can also
cause stress corrosion cracking of steam turbine components.
Even a smallcirculating water in-leakage into the condensate
can be damaging to the unit as a whole and is often the cause
of an unscheduled outage. The length of that outage will

depend on the means adopted to locate the source of the leak
quickly, theon-line and off-line use of tracer gases (helium or
SF6) being the preferred method. The EPRI Condenser In-
Leakage Guideline explores these problems in detail and
shows how the use of the tracer gases referred to above can
be used to rapidly locate the source of either water or air in-
leakage, allowing the problem to be corrected quickly.

V. CONDENSER TUBE CLEANING METHODS:

Regardless of the tube material, the most effective way to
ensure that tubes achieve their full life expectancy is to keep
them clean. Each time the tube deposits, sedimentation,
biofouling and obstructions are removed, the tube surfaces
are returned almost to bare metal, providing the tube itself
with a new life cycle, the protective oxide coatings quickly
rebuilding themselves to repassivate the cleaned tube.

The majority of cleaning procedures are performed
off-line, themost frequently chosen and fastest method being
mechanical cleaning. Among other off-line methods is the use
of very high-pressure water but, since the jet can only be
moved along the tube slowly, the time taken to clean a
condenser can become extended. Great care must be taken to
avoid damaging any tubesheet or tube coatings which may be
present; otherwise the successful removal of fouling deposits
may become associated with new tube leaks or increased tube
sheet corrosion, only observable after the unit has been
brought back on-line.

Chemicals are also used for the off-line cleaning of
condenser tubes. Several mildly acidic products are available
and will remove more deposit than most other methods; but
it is expensive, takes longer for the operation to be completed,
and the subsequent disposal of the chemicals, an
environmentalhazard, create its own set of problems. It has
also been found quite frequently that some residual material
still needs to be removed by mechanical cleaning methods.

Very few on-line methods are available to clean
condensertubes but the best known is the Taprogge system,
which uses recirculated sponge rubber balls as the cleaning
vehicle. These systems often operate for only a part of each
day and, rather than maintaining absolutely clean tube
surfaces, tend to merely limit the degree of tube fouling.
Unfortunately, although the tubes may become cleaner if
abrasive balls are used, tube wear can now become a problem.

Fouling control strategies: A number of strategies
are applied for fouling control. In operating condition
additives are added. On-line or off-line surface cleaning
techniques are other options. To control fouling under
different consequences are consolidated by some researchers
as stated in this table:

On Line Techniques
Use and control of appropriate
additives:
Inhibitors, Antiscalants,
Dispursant, Acids.
Air jet On-line cleaning,

Off Line Techniques

Disassembly and
manualcleaning:
Lances: Liquid jet,
SteamAir jet

Sponge balls, Brushes, Sonic Clggﬁfnhéngﬁllls
horns, Soot blowers, Chains and g '
Scrapers

scrappers, Thermal shock, Air
bumping
Table 1: Various techniques adapted to control fouling

Chemical cleaning
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VI. MAINTENANCE OF HEAT EXCHANGER BY OFFLINE
CLEANING METHOD:

An alternative to online cleaning is to stop operation and
clean the heat exchanger. Offline cleaning can be classified
into offline chemically cleaning or by mechanical means.
The cleaning method preferred without the need to
dismantle the heat exchangers, but usually it is necessary to
have accessto the inside surfaces. It would be prudent to
consider the installation of a “standby” heat exchanger,
thereby providing the opportunity to clean the fouled heat
exchanger while at thesame time maintain the production.

A. Offline Mechanical Cleaning

1) Tube drilling and rodding

Devices may be applied to the rotating shaft including drills,
cutting and buffing tools and brushes that may be made from
different materials, for example, steels or nylon, brasses
depending on the tube material and the nature of the deposit.
2) Cleaning with explosives

Used of controlled explosions, where the energy to remove
the deposits, is transmitted by a shock wave in the air adjacent
to the surface to be cleaned or by the general vibration of
tubes brought about the explosion. It is a relatively new
innovation introduced in boiler plant cleaning. It is possible
tobegin the cleaning process, while the structure is still hot.
Heat Exchangers — Advanced Features and Applications.

3) Thermal shock

Changes in temperature particularly rapid changes, cause
cracking of foulant layer with the possibility of flaking. This
technique is similar to steam soaking. The water flushing
carries away the dislodged material and it is repeated until
clean surfaces are obtained.

B. Offline Chemical Cleaning:

1) Inhibitor hydrofluoric, hydrochloric, citric, sulphuric
acid or EDTA (chemical cleaning agent) for iron oxides,
calcium/magnesium scales (foulant), etc. cleaning.
Inhibitor hydrofluoric acid is by far the most effective
agent but cannot be used if deposits contain more that
1% wi/vcalcium.

2) Chlorinated or aromatic solvents followed by washing
are suitable for heavy organic deposits for example, tars
and polymers (foulant).

3) Alkaline solutions of potassium permanganate or steam-
airdecoking are suitable for cleaning carbon (foulant)
deposition.

VIlI. METHODOLOGY:

A. Data collection-

Data was collected from preventive maintenance record of a
ethanol condenser. Values of shell inlet & outlet temperature,
heat transfer coefficients of shell side and tube side were
collected. Data collected is given below. The condenser is
counter flow type heat exchanger. Here the hot fluid is
ethanolwhich is flows in tube side and being condensed by
cooling water flowing in shell side.

Calculation of LMTD ,, AT* values

Calculation of overall heat transfer coefficient ,,U*

VIIl. RESULTS & DISCUSSION:

Recovery in LMTD with Pressurized water jet cleaning and
Chemical cleaning-

LMTD
Operating condition value | Recovery
(in°C)
Before Maintenance shutdown
(10" week) 51.99
0
After water jet cleaning 68.028 | . 30%
increase
0,
After Alkaline Treatment 66.915 .28'70 /0
increase

Table 2;: Recovery in LMTD
Recovery in LMTD value in case of water jet
cleaning is 1.30% greater than that of alkaline cleaning. After
jet cleaning the LMTD has increased 30% of its previous
value while in case of chemical cleaning it is 28.70%.
Recovery in Overall Heat Transfer Coefficient with
Pressurizedwater jet cleaning and Chemical cleaning-

Operating condition (%HV-\I_//Cm\ﬁlge) Recovery
Before maintenance
shutdown (10th week) 112.547
0
After water jet cleaning 154.85 i3n7<;?§as/g
After Alkaline 142 50 26.61 %
Treatment ) increase

Table 3: Recovery in Overall Heat Transfer Coefficient
Recovery in Heat transfer rate with Pressurized water jet
cleaning and Chemical cleaning-

Operating Condition RHate:t(itr:?Nm:ti;) Recovery
Designed Value- 22000
Heat Transfer rate at time
of shut down for
maintenance before 11802.95021
cleaning (10th week)
After Water Jet Cleaning 21171122 79.37%
(1st week) ' increase
After Alkaline Cleaning 62.38%
(1st week) 19166.128 increase

Table 4: Recovery in heat transfer rate

Recovery in heat transfer rate value in case of water
jet cleaning is greater than that of alkaline cleaning. After jet
cleaning heat transfer rate has increased 79.37 % increase of
itsprevious value while in case of chemical cleaning it is
62.38%.The heat transfer rate recovered to 96.23% of
designed value in case of water jet cleaning and 87.11% in
case ofalkaline cleaning.

IX. CONCLUSIONS:

From above analysis it is clear that better LMTD values after
cleaning are obtained in pressurized water jet cleaning.
LMTD value just before maintenance was 51.99°C which
raised to 68.028°C after jet cleaning and 66.915°C in case of
chemical cleaning. Recovery in LMTD value in case of water
jet cleaning is 1.30% greater than that of alkaline cleaning.
Better overall heat transfer coefficient values after
cleaning are obtained in pressurized water jet cleaning.
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Overall heat transfercoefficient just before maintenance was
112.547 W/m? °C which raised to 154.85 W/m? °C after jet
cleaning and 142.50 W/m?2 °C in case of chemical cleaning.

Recovery in overall heat transfer coefficient value in
case of water jet cleaning is 10.97 % greater than that of
alkaline cleaning. Better heat transfer after cleaning is
obtained in pressurized water jet cleaning. Design value of
heat transfer is 22000 W which had fallen to 11802.95021 W
just before the time of maintenance shutdown.

After water jet cleaning it raised t0 21171.122 W and
19166.12 W in case of alkaline cleaning. The heat transfer
rate recovered to 96.23% of designed value in case of water
jet cleaning and 87.11% in case of alkaline cleaning. From
above data analysis we can conclude that for the given
ethanol condenser pressurized water is better maintenance
strategy than chemical cleaning.
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