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Abstract— Due to frequent use heat exchangers are subjected
to fouling. Fouling is deposition of unwanted layers on the
heat transfer surface. This unwanted deposition induces a
resistance between heat transfer surface and fluid flowing. It
results in reduction in heat transfer rate. Therefore it is
necessary to remove these depositions by maintenance
procedures. There are several maintenance methods to
remove the depositions. The objective of this work to select a
better maintenance strategy for a ethanol condenser. The
condenser is cleaned by two methods- Pressurized water
jetting and Chemical cleaning by alkaline treatment. Data was
collected from preventive maintenance record of the
condenser for ten weeks before overhauling was done for
maintenance. Then after cleaning was done by both methods
and operation parameters was collected for ten weeks after
the maintenance for each method. From this data performance
parameters were calculated and compared with each other.
After calculations it was found that heat transfer rate after
cleaning- in-case of pressurized-air-jetting was 11802.95021
W which is of 96.23% designed value (22000 W) whereas in
case of chemical treatment it was 21171.122 W which is
87.11% of design value. Recovery in values of LMTD and
overall heat transfer coefficient was greater in case of
pressurized air jetting when compared to chemical treatment.
Hence for the given ethanol condenser pressurized water
jetting is more suitable than chemical treatment.
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I. INTRODUCTION

A. Fouling

The fouling of heat exchangers may be defined as the
accumulation of unwanted deposits on heat transfer surfaces.
Fouling increases the overall thermal resistance and lowers
the overall heat transfer coefficient of heat exchangers and
the narrowing of the flow area, due to the presence of deposit,
results in an increased velocity for a given volumetric flow
rate. Furthermore, the deposit is usually hydrodynamically
rough so that there is an increased resistance to the flow of
the fluid across the deposit surface. Therefore, the
consequences of fouling are, in general, a reduction in
exchanger efficiency and other associated operating problems
including excessive pressure drop across the exchanger. n
some heat exchangers fouling occurs rapidly, in others the
equipment may operate for long periods, perhaps several
years, before a problem becomes apparent. Much depends on
the particular fluid and the conditions under which the
exchanger operates. The nature of deposits is extremely
variable. In some examples, deposits are hard, tenacious and
difficult to remove. Other accumulations are soft and friable
that lend themselves to removal.

1) Fouling Factor-

The fouling factor represents the theoretical resistance to heat
flow due to a build-up of a layer of dirt or other fouling
substance on the tube surfaces of the heat exchanger. Fouling
introduces resistance and usually decrease the performance of
the heat exchangers. The overall effect is usually represented
by dirt factor or fouling factor, or fouling resistance, which
must have included all the resistances along with the
resistances due to scales for the calculation of overall heat
transfer coefficient.

The fouling factor must be determined
experimentally using eq.
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B. Maintenance Methods to Remove Heat Exchanger
Fouling

As fouling is deteriorates the system performance therefore it
is very necessary to remove the heat exchanger fouling. There
are several different techniques that can be employed for the
removal of fouling. All such techniques require, however,
costly system shutdown after a longer period of low
efficiency heat transfer. These mainly include-

1) Pressurized water jet cleaning

2) Chemical cleaning

3) Brush cleaning

4) lce pigging

5) Ultrasonic cleaning

6) Air bumping

7) Thermal shock treatment

8) Ultraviolet radiation treatment

Il. LITERATURE REVIEW

During the research work, various papers of different journals
have been reviewed and their brief overviews are presented.

Michael Leung et al., 2002- In this paper the author
has done performance comparison of a chiller using manual
cleaning and automatic tube cleaning system. The data was
recorded for six months. Chiller using ATC has a temperature
difference of only 2-3°C between the condensing refrigerant
and water outlet due to less fouling and in manual cleaning it
was 10-12°C. The ATC system improved the COP of the
chiller by 12%.

D.P. Ross et al., 2015- In this paper analysis of
saving in power consumption of HVAC system is done.
Decrease in power consumption is calculated after a
automatic tube cleaning is installed in the HVAC system.
Data a was recorded without installing the ATC system and
after installing ATC system for a period of 12 months.
Savings in power consumption of the HVAC after installing
ball ATC ranged between 24.5% to 26.5%.
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Ralph L. Webb., 2011- Here the author has replaced
the smooth tube of boiler of a nuclear power plant by
enhanced geometry corrugated tubes. After this performance
analysis is and economic analysis was done. It was found that
overall heat transfer coefficient of condenser tubes increased
because corrugated tubes have higher friction coefficient
relative to smooth tubes. The enhanced tubes have a higher
free fouling rate than a plain tube. The cost of corrugated
tubes is 30% more than plain tubes but turbine output is
increased by 37MW. Therefore the increased tube cost can
recovered in 5-6 months due to increased power generation.

Branimir jugovic et al., 2008- This paper mentions
about a failure analysis of brass condenser tube. Failure
analysis of brass condenser tube was done. After this it was
found that failure of brass condenser tubes occurred due to
stress corrosion cracking because specific conditions required
for its occurance were fullfilled. A specific corrosive
environment was created by ammonia and nitrogen
compounds present in cooling water. Tensile stresses
(residual or applied) were present in the region of mechanical
joining of the condenser tubes to the backing plate.

Rick A. Scott et al., 2000- This paper mentions
about heat exchanger deposit Removal using Pressurised
Liquid nitrogen. The liquid nitrogen is sprayed at a very high
pressure on tube surface. The depositions removal takes place
by three mechanisms-

1) Mechanical Pressure-5,000 PSI to 55,000 PSI ,

2) Super Cooling - (-160°F to -250°F at the nozzle)
facilitates embrittlement fracturing of semi-porous
fouling deposits.

3) Thermal/Volumetric Expansion - As the high density
vapor penetrates the cracks and crevices of the fouling
deposit, it rapidly converts to a gas expanding nearly 700
times. This causes the fouling deposit to break apart.
Deposits removed from the heat exchanger was
approximately 3.1 tons. Gas side temperature was
reduced from 800°F to 50°F. There was no effect on heat
exchanger tubes. No shrinkages as cleaning speed was
>10ft/min.

M. F. Bady et al., 2013- Here the author has analysed
the effects of using acectic acid in condenser de-scaling on
exhaust emissions and the performance of thermal power
plant. The condenser tubes were cleaned by acectic acid.
After the cleaning process it was found that the maximum
load generated increased from the unit (from 200 MW before
cleaning to 290 MW after cleaning). Fuel consumption
decreased from 249 kg/MWh to 220k g/MWh). Due to
reduced fuel consumption there was reduction in emissions
of CO, CO2, SOx, NOx,

Andrej pregelj et al., 2009- This paper is about the
various leak detection methods used for detecting air leakage
into the condenser. It is found that air leak into condenser
increase the back pressure of condenser which reduces the
power output. Helium Leak test, Ultrasonic Acoustics (UA)
method, Infrared Thermal image method and SF6 leak test are
the major gaseous tracers based methods. Y. G. Zheng et al.,
2014- Failure of the tube occurred due to pitting corrosion
initiated by traces of water in benzene. Benzene also contains
chlorine which act as a catalyst.

Changsha et al., 2009- This paper is about the design
and control on intelligent underwater cleaning robot for

power plant condenser. The robot system structure is
designed which consists of mechanical and electrical
structure. A two-link control method is used for the clean
robot .Firstly, the robot locates the tube nozzle accordingly as
the distribution of condenser tubes. Secondly, it confirms the
water pressure and cleaning time and period automatically.

Then, the robot carries out the cleaning.

E. Nebot et al., 2006 — The author has developed a
model for fouling deposition on power plant steam
condensers. This model takes into account various factors
such as tube material, velocity of water, induction period due
to biological contribution to fouling to predict the rate of
fouling. The mathematical model is then applied to
experimental data of brass and copper tube. After the analysis
it was found that under similar conditions, Titanium has
greater value of fouling resistance than brass. But the rate of
deposition of fouling in titatnium is less than brass. For
slowest rate of deposition, flow velocity should be 1.85
m/sec.

Ralph L. Webb et al., 1999 — In this paper
mechanism of fouling is analyzed for enhanced tubes used in
a cooling tower. Long-term fouling tests for cooling tower
water owing inside enhanced tubes (helical groves. The data
were taken using 800 ppm calcium hardness water over a
period of 2500 hrs. After testing it is found that the fouling
mechanism is a combination of precipitation fouling and
particulate fouling. The potential for fouling increases as the
number of starts and helix angle increases.

Takao Sakamoto et al., 1988- This paper deals with
a new method for cleaning inner surfaces of heat-transfer
tubes in a heat-exchanger. Heat-transfer tubes on its inlet end
is provided with a washing head including a combination of
an ejecting nozzle with an ultra-sonic generator, when
ultrasonic waves are passed in water bubbles are created.
Bubbles rapidly increases in size and implode against the
surface of the surface of tubes. The resulting energy release
lifts off contamination from the surface.

MichaelS. Mazzola et al., 1995- This paper deals
with non-chemical method for removal of biofouling. This
method utilizes pulsed acoustic waves to remove
accumulated scale and/or biofouling from the inside walls of
piping. The pulsed acoustic wave successively removes
accumulated deposits as the arc-discharge source is moved
down the tube by an operator. This technique has the
advantages of chemical removal, namely no physical contact
with the tube walls and the advantages of mechanical removal
that is it has no chemical waste stream. Therefore is no chance
of damage of tube wall.

Rick A. Scott et al., 2000- This paper mentions
about heat exchanger deposit Removal using Pressurised
Liquid nitrogen. The liquid nitrogen is sprayed at a very high
pressure on tube surface. The depositions removal takes place
by three mechanisms-

1) Mechanical Pressure-5,000 PSI to 55,000 PSI,

2) Super Cooling - (-160°F to -250°F at the nozzle)
facilitates embrittlement fracturing of semi-porous
fouling deposits.

3) Thermal/Volumetric Expansion - As the high density
vapor penetrates the cracks and crevices of the fouling
deposit, it rapidly converts to a gas expanding nearly 700
times. This causes the fouling deposit to break apart.
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Deposits removed from the heat exchanger was
approximately 3.1 tons. Gas side temperature was reduced
from 800°F to 50°F. There was no effect on heat exchanger
tubes. No shrinkages as cleaning speed was >10ft/min.

William Taylor et al., 1999- This paper mentions
about electronic descaling Technology for scale removal
.Since hard water in its natural state occurs as dissolved
mineral ion. Water molecules are in cluster form which has
less affinity to salt ions. There this salt ions gets deposited on
tube walls and form scales. An oscillating electric field is
applied on inlet of pipe by a coil of wire. The oscillating field
breaks the water cluster into molecule form which have
greater affinity to mineral ions. As water flows the salt ions
from scale layers are attracted towards the water molecules.
This ions combines to insoluble crystals which floats into
water and are carried away by water stream.

Jenkins et al., 2015- This paper mentions about the
development and initial testing of the ice pig cleaning
method. Ice pig is mixture of ice water and F.P. depressant. It
is semi solid in state. It can be pumped like a liquid and can
apply a shear force on walls of pipe to shear away the
deposits. Ice pig was inserted into a heat exchanger tube. It
can clean any type of complex geometry tube have internal
grooves, bends and projections. It requires 20% less water
than water jet cleaning method. It applies greater shear force
than water jet method.

Numan A. etal, 2008- This paper mentions about
removal of scale deposited on heat-transfer surfaces using
chemical methods. The chemicals used for scale removal
were disodium and the tetrasodium salts of
ethylenediaminetetraacetic acid. At a concentration of 20,000
ppm (EDTA)Na2 at 80 ° C, and it was found that a duration
of 16 h was (having a high percentage of metal oxides (mainly
Zn0, Cu0, and Fe203).)needed to obtain total scale removal
of 2.5-5mm thichness on copper tube.. More removal was
obtained at lower pH. Scale removal rate was high with Re of
about 10,000. Therefore, it is recommended that high Re
values must be maintained to ensure a high percentage of
scale removal.

Tiina Mattila et al., 2012- This paper deals with the
mechanism of bio fouling. Biofilms consist of both microbes
and their extracellular products. The purpose of biofilm is to
protect the microbes. The most common biofilm producers
are Pseudomonas, Enterobacter, Flavobacterium,
Algaligenes, Staphylococcus, and Bacillus. Biofilm cause
energy losses and blockages in condenser tubes. Accelerated
corrosion due to processes in the lower layers of the biofilm
results in material deterioration. Mechanical cleaning is the
most efficient way of removing biofilm such as ball cleaning
and brush cleaning. For chemical cleaning chlorine, bromine,
peraacetic acid and EDTA is used.

Richard E. Putman, 2014- The author has done a
study of major causes for deteriorating condenser
performance. The major cause for deteriorating condenser
performance are-

1) Fouling of tube surfaces
2) Surfaces Circulating water in-leakage
3) Excess ambient air in-leakage

S.Anand et al, 2018- This paper deals with tubing
material selection for nuclear power plant heat exchangers. It
is found that poor selection of the material leads to premature

unexpected failure of tubing and piping materials. Factors
considered while material selection are- Corrosion, Stress
Corrosion Cracking, Galvanic corrosion, Microbiological
Influenced Corrosion, Flow erosion, Strength Vibration
resistance and Thermal conductivity. Based on several
considerations titanium is the best tubing material nuclear
power plant heat exchangers.

Chao Shen et al.,, 2017- This paper mentions a
fouling measument system developed by the author. FMS is
a laboratory-built system for measuring fouling resistance
deposited on the enhanced tubes. It can create an actual
operating condition and cooling water quality. The operating
parameters involving water quality, water velocity, saturation
temperature of the refrigerant can be adjusted and controlled,
to realize a fouling test at different conditions. The FMS can
be used to investigate the fouling deposit factors at different
conditions for different types of tube geometries.

I1l. 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
ethanol which is flows in tube side and being condensed by
cooling water flowing in shell side.

B. Calculation of LMTD ‘AT’ values

C. Calculation of overall heat transfer coefficient ‘U’

IV. RESULTS & DISCUSSION-

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

. .. LMTD value
Operating condition (in-C)) Recovery
Before maintenance
shutdown (10" week) 51.99
. . 30%
After water jet cleaning 68.028 .

increase

0,
After Alkaline Treatment 66.915 .28'70 %
increase

Table 4.1: 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
Pressurized water jet cleaning and Chemical cleaning-

Operating condition (?nHVL?m;/OaICL:le) Recovery
Before maintenance
shutdown (10" week) 112.547
0,
After water jet cleaning 154.85 ?r?é!rsfasﬁ
After Alkaline 142 50 26.61 %
Treatment ' increase

Table 4.2: Recovery in Overall Heat Transfer Coefficient
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Recovery in Heat transfer rate with Pressurized
water jet cleaning and Chemical cleaning-

Operating Condition R:\'tee ah:ﬁ;g;) Recovery
Designed Value- 22000
Heat Transfer rate at
time of shutdown for 11802.95021
maintenance before '
cleaning (10" week
After Water Jet Cleaning 21171.122 79.37%
(1% week) ' increase
After Alkaline Cleaning 19166.128 62.38%
(1% week ) ' increase

Table 4.3: 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
its previous 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 of alkaline cleaning.

V. 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. Overall heat
transfer coefficient 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?°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 to
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 the for
the given ethanol condenser pressurized water is better
maintenance strategy than chemical cleaning
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