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Analyses of Fouling Mechanism using Visualization Techniques in
a Lab-scale Plate-Type Heat Exchanging System
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ABSTRACT: Scale is formed when hard water is heated or cooled in heat transfer equip-
ments such as heat exchangers, condensers, evaporators, cooling towers, boilers, and pipe
walls. When the scale deposits in a heat exchanger surface, it is conventionally called fouling.
The objective of the present study is to analyze the process of the fouling formation in a
heat exchanger according to different types of water using visualization techniques. In order
to experimentally investigate the formation of the fouling, this study built a lab-scaled heat
exchanging system. Using the visualization techniques of Scanning Electron Microscopy (SEM)
and X-Ray diffraction method, the three dimensional configurations of the fouling formation
could be successfully obtained. Based on the experimental results, it was found that the con-
figurations of the fouling formation were different when using tap water compared to river
water.

Key words: Fouling(3}-%9), Hard water(7d <), Heat exchanging system(g@x 3 Al #l) River
water(3}3 ), Tap water(X] )
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Fig. 1 A photograph of fouling.
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Fig. 2 Schematic diagram of lab-scale
experimental apparatus.
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Fig. 3 Photograph of a lab-scale fouling ex- 4 NBZT N DA
perimental apparatus.
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Table 1 Water analyses data from Han-river at different places

Paldang Chamshil Youido Kimpo Tap water
Conductivity ( £S/cm) 162 163 246 306 158
pH 8.7 8.1 8.4 74 74
Ca hardness (mg/L) 50 52 62 62 50
Mg hardness (mg/L) 16 20 10 12 12
Total hardness (mg/L) 66 72 72 74 62
Alkalinity (mg/L) 52 42 74 78 40
Chloride (mg/L) 12 12 28 34 26
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Table 2 Setting values of fouling parameters

Values
Conductivity 2000 ¢#S/cm
Temperatures Cold side : 20TC
Hot side : 95C
. Cold side : 0.5m/s
Velocity Hot side : 3.0 m/s
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(a) Initial image (b) After 50 hr

(c) After 175hr (d) After 218 hr

(f) After 261 hr (h) After 363 hr

Fig. 5 Photographs of fouling history with in-
let temperature of 20°C (magnification=
40X),
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Fig. 6 Variation of fouling resistance with time.
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(a) Tap water (b) River water

Fig. 7 Fouling formations for tap water and
river water (magnification=50X).

(b) River water

(a) Tap water
Fig. 8 SEM photographs.
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(b) Tap water and river water

Fig. 9 Results of X-ray diffraction measurements of scale deposits.
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Fig. 10 Schematic diagrams of fouling formation.
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