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INTRODUCTION

 
Plate heat exchanger (PHE) has been widely 

used in the fields of energy transport due to its 
constructive uniqueness, such as high
coefficient, compact size and ease
heat transfer area (Guan-min Zhang,
The fouling is one of the main problems affecting 
Plate heat exchangers using water from natural 
sources (lakes, rivers and sea) as the cooling agent

The presence of mineral salt in
supersaturated usually precipitate out of the solution
when exposed to high temperature because of their 
inverse solubility property and changes in pH of 
water (Leonard, D. et al., 2011; 
2003). The continuous precipitation and 
crystals on heat surfaces lead to decrease in area of 
pipe. In addition, scale deposits have very low 
thermal conductivity. Scaling problems lead to 
decreased operating efficiency, shortened
life, higher maintenance cost and increa
consumption (Leonard, D. et al., 2011; 
G.G. Duffy, X.D. Chen, 2010). 

Various methods are available to clean scales 
formed in heat exchangers. The use of chemicals is
commonly practiced in industries, but their high cost 
and the pollution concern require less costly and 
environmentally friendly clean means. 
physical cleaning devices is a good alternative that
safe and effective. The physical treatment includes 
the application of electric or magnetic fields,
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A B S T R A C T  
The present study is to find the effect of electro chlorination system on the fouling 
mitigation and heat transfer enhancement in a plate heat exchanger (parallel flow). Bore 
well water (500 ppm hardness) was used for the study. The experiment in electro 
chlorination system was conducted using stainless steel as cathode and copper as anode 
and bore well water as an electrolyte at 2V and 4V.  A series of experiments with and 
without an electro chlorinator were performed. For both cases effectiveness were 
calculated and compared. 
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INTRODUCTION  

Plate heat exchanger (PHE) has been widely 
used in the fields of energy transport due to its 

such as high heat transfer 
ease to increase the 

min Zhang, et al., 2013). 
fouling is one of the main problems affecting 

exchangers using water from natural 
sea) as the cooling agent. 

salt in water when 
supersaturated usually precipitate out of the solution 
when exposed to high temperature because of their 
inverse solubility property and changes in pH of 

Cho, Y.I., et al., 
continuous precipitation and hold of salt 

surfaces lead to decrease in area of 
, scale deposits have very low 

Scaling problems lead to 
decreased operating efficiency, shortened equipment 
life, higher maintenance cost and increased energy 

., 2011; Kazi, S.N., 

lable to clean scales 
use of chemicals is 

commonly practiced in industries, but their high cost 
and the pollution concern require less costly and 

means. The use of 
physical cleaning devices is a good alternative that is 

physical treatment includes 
or magnetic fields, 

catalytic surfaces, ultrasound
2009). 

This study focuses on an electro chlorination 
system, a new physical method
(NaClO) is used on a large scale for surfac
purification, odour removal and water disinfection. It 
has various advantages namely simple dosage and 
leaves no residual effluent. Electro synthesis of 
NaClO is preferred due to the environmental h
associated with the storage and tr
liquid chlorine (Asokan, K. and K. Subramanian
2009). 

 
MATERIALS AND METHOD

  
2.1. Electro chlorinator: 

 The electro chlorination system 
preparation of water samples)
each has a dimension of 100 mm × 150 mm and 
thickness of 2.5 mm. The electrodes were immersed 
in the bore well water (hardness 
connected to a DC power supply. For each 
experimental run, a constant electrode spacing of 15 
cm was maintained. 
 
 
2.2 Plate heat exchanger: 

Plate type heat exchanger consists of 
and 2 end plates (arranged to form a network of 
parallel and counter flow channels
asbestos, temperature scanner, geyser
is hot water which is obtained from an electric geyser 
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ultrasound (Tijing, L.D., et al., 

focuses on an electro chlorination 
, a new physical method. Sodium hypochlorite 

(NaClO) is used on a large scale for surface 
removal and water disinfection. It 

ntages namely simple dosage and 
leaves no residual effluent. Electro synthesis of 
NaClO is preferred due to the environmental hazard 
associated with the storage and transportation of 

Asokan, K. and K. Subramanian, 

MATERIALS AND METHOD  

electro chlorination system (for the 
samples) consists of electrodes 

a dimension of 100 mm × 150 mm and 
thickness of 2.5 mm. The electrodes were immersed 

(hardness -500 ppm) and 
connected to a DC power supply. For each 
experimental run, a constant electrode spacing of 15 

type heat exchanger consists of 5 plates 
arranged to form a network of 

parallel and counter flow channels), insulation 
scanner, geyser. The hot fluid 

is hot water which is obtained from an electric geyser 
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and it flow through one plate while the cold fluid is 
cold water flowing through other plate. 

 
2.3 Principle: 

NaClO is electrochemically produced by 
electrolyzing bore well water in batch electrolytic 
cell using copper as anode and Stainless Steel as 
cathode. Electrolysis leads to the generation of 
chlorine at the anode and sodium at the cathode. 
Chemical reaction between the chlorine gas and 
caustic solution results in the in – situ generation of 
NaClO (Asokan, K. and K. Subramanian, 2009). 

At anode: 
NaCl → Na+ + Cl- ; 2Cl- - 2e- → Cl2 (1). 
At cathode: 
H2O → H+ + OH-; 
2 H+ +2e- → H2 ; Na+ + OH- → NaOH ( 2) 
In the tank: 
NaOH+ Cl2 → NaClO +NaCl + H2O 

 
2.4 Experimental procedure: 

In each batch experiment, 6000 ml of bore well 
water was used and the temperature was maintained 
between 25 to 26 °C. When DC current was passed 
through electrolyte (bore well water), electrolysis 
occur. It leads to the production of chlorine at the 
anode and sodium at the cathode and finally sodium 

hypochlorite. Each experimental run was continued 
for at least 1 hour. Bore well water samples were 
collected from the electrolytic cell every 30 min and 
water analyses were made. After completion of 
electrolysis, the treated water was stored in a tank to 
conduct heat transfer test in plate heat exchanger. 

In plate type heat exchanger, the temperature 
scanner was switched on .The flow of bore well 
water (treated) on hot water and cold water side was 
started. Geyser was put on. The flow rate was 
adjusted on hot and cold water side. The flow rate 
was maintained till steady state conditions were 
reached. The temperature on cold and hot water side 
and also flow rates were measured accurately. The 
same procedure was done for untreated case. The 
experiment was repeated by varying flow rates of hot 
and cold water in plate heat exchanger and voltages 
in electro chlorination. The effectiveness for treated 
and untreated water in all cases were calculated and 
compared. 
 

RESULTS AND DISCUSSION 
 
The various parameters of bore well water which 

were analyzed at different time intervals when 
electrolysis voltage 2V and 4V is shown in table 
3.1and table 3.2 respectively. 

 
Table 3.1: Water analyses for 2V: 

Parameter Initial (0 min) 30 min Final (60 min) 
pH 7.97 7.65 7.43 
Conductivity(mS) 3.82 1.5 0.266 
Salinity(ppt) 2.18 1.36 0.17 
TDS(ppm) 2260 758 127 
Hardness (ppm) 510 317 115 

  
Table 3.2: Water analyses for 4V: 

Parameter Initial (0 min) 30 min Final (60 min) 
pH 7.97 7.78 7.51 
Conductivity(mS) 3.82 2.1 0.76 
Salinity(ppt) 2.18 1.54 0.35 
TDS(ppm) 2260 1124 335 
Hardness (ppm) 510 413 166 

 
The experimental data for parallel flow plate heat exchanger for bore well water at 2V and 4V is shown in 

table 3.3 and table 3.4 
 
Table 3.3: Parallel flow(2V): 

 Hot water side Cold water side Effecti
veness Flow rate 

(LPM) 
Inlet temp Thi  
°C 

Outlet temp 
Tho°C 

NRe Flow rate 
(LPM) 

Inlet temp Tci 
°C 

Outlet 
temp 
Tco°C 

NRe 

Treate
d 

2 70 48 679 2 26 35 166.6 0.5 
4 70 53 1444 5.5 26 33 451.8 0.39 

untreat
ed 

2 70 53 722 2 26 33 164.3 0.38 
4 70 57 1521 5.5 26 31 445.8 0.29 

 
Table 3.4: Parallel flow (4V): 

 Hot water side Cold water side Effec
tiven
ess 

Flow rate 
(LPM) 

Inlet temp 
Thi  °C 

Outlet 
temp 
Tho°C 

NRe Flow rate 
(LPM) 

Inlet temp Tci 
°C 

Outlet temp 
Tco°C 

NRe 

Treated 2 70 50 695 2 26 33 168 0.45 
4 70 54 1549 5.5 26 32 458 0.36 

untreated 2 70 54 735 2 26 31 170.1 0.37 
4 70 58 1554 5.5 26 30 451 0.27 
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The effectiveness was calculated by using the 
expression Effectiveness= [m
Tci)/(mhCph(Thi-Tho)]where Cpc and C
heat of cold and hot fluid respectively.

The fouling tests were conducted
(a)the untreated  and (b) the treated 
test served as the reference test, where the 
were compared to view any effects of 
chlorination on effectiveness and water chemistry
represented with respect to time. 

 
 

 
3.2 Effectiveness Vs Reynolds number (

The Reynolds number (cold) for treated and 
untreated cases is plotted against effectiveness to find 
the effect of electro chlorination 

 
 

 
3.3 Effectiveness Vs Reynolds number (

The Reynolds number (cold) for treated and 
untreated cases is plotted against effectiveness to find 

 
 

3.4 Effect of conductivity on time: 
   The conductivity of bore 

different voltage (2 V and 4V) with respect to 
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calculated by using the 
Effectiveness= [mcCpc(Tco-

and Cph are specific 
heat of cold and hot fluid respectively. 

The fouling tests were conducted in two cases: 
and (b) the treated . The untreated 

where the treated test 
were compared to view any effects of electro 

and water chemistry is 

 
3.1 Effect of variation of voltage:

 The Reynolds number (cold) for different 
voltages (2V and 4V) is plotted against effectiveness 
to find the effect of varying vol
which is shown in the graph below. From the graph, 
it is known that the effectiveness
compared to 4V 

 

number (cold) (2V): 
The Reynolds number (cold) for treated and 

untreated cases is plotted against effectiveness to find 
the effect of electro chlorination system on 

effectiveness at 2 V which is shown in 
below. From the graph, it is known that the 
effectiveness varies linearly with Reynolds 
number(cold).

 

number (cold) (4 V): 
The Reynolds number (cold) for treated and 

untreated cases is plotted against effectiveness to find 

the effect of electro chlorination 
effectiveness at 4V which is shown in the graph 
below

 
 
 well water at 

V and 4V) with respect to time is 

plotted. The effect of conductivity on diff
voltages is shown in the graph below

 

Effectiveness Vs  NRe(cold) 

Effectiveness Vs NRe(cold) 
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voltage: 
The Reynolds number (cold) for different 

voltages (2V and 4V) is plotted against effectiveness 
varying voltage on effectiveness 

below. From the graph, 
it is known that the effectiveness for 2V is higher 

which is shown in the graph 
. From the graph, it is known that the 

es linearly with Reynolds 

the effect of electro chlorination system on 
which is shown in the graph 

. The effect of conductivity on different 
voltages is shown in the graph below 
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3.5 Effect of hardness on time: 

   The hardness of bore well water at different 
voltage (2 V and 4V) with respect to 

 

 
 

Conclusion: 
Experiments were conducted on plate type heat 

exchanger with different mass flow rate and voltage 
for electrolysis in parallel flow pattern. The
these parameters on cold outlet 
outlet temperature and individual heat transfer 
coefficients and effectiveness were 
comparison between voltage (2V and 
electrolysis were made and it was found that 
maximum efficiency was obtained in case of 2V.
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