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ABSTRACT 

Experimental particulate fouling studies were carried out for an aqueous suspension of kaolin at a 

concentration of 6 kg/m, flowing at 2.99 x 103 m3/s in a square section horizontal channel and using 

stainless steel deposition plates. Fouling resistance curves obtained for three positions on the bot- 

tom deposition plates showed an initial enhancement of heat transfer, but as the deposition process 

continued, the fouling resistance increased until it reached a constant value. Measurements of the 

mass and the thickness of the dry kaolin deposits on the plates at the end of the experiment (144 days) 

showed that deposition was higher for the bottom plates than for the top ones. 
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INTRODUCTION 

Fouling is a universal problem that affects the design and operation of a diverse range of equip- 

ment by increasing the resistance to heat transfer, thus reducing the efficiency of heat recov- 

ery, and by increasing the pressure drop of the fluids across the apparatus. Systematic inves- 

tigations into fouling have only begun in the last three decades, with a particular emphasis in 

recent years, increasingly due to the concerns about the way fouling affects the environment 

and about the scarce energetic resources. Fouling has several origins, which can be classified 

according to the mechanism responsible for the generation of deposits: crystallisation foul- 

ing, particulate fouling, chemical reaction fouling, corrosion fouling, biological fouling and 

freezing fouling. In particular, particulate fouling is due to the accumulation of solid parti- 

cles, suspended in the fluid, onto the surface in contact with the moving fluid. Many studies 

have been carried out for particulate fouling in conditions of single-phase flow and reviews 

of these works have been presented by Bott (1995). 

Kaolin, a type of clay that is primarily composed of aluminium-silicate, is usually found in 

suspension in the water of rivers, especially in the Northern and Central regions of Portugal 

(Melo (1985)). When this water is used in industrial cooling systems, it presents a significant 

potential for inducing particulate fouling alone or in conjunction with other types of fouling 

(crystallisation, biological and corrosion). 

Fouling studies for kaolin-water suspensions flowing through an annular heat exchanger 

with an inner tube in copper, were performed by Melo and Pinheiro (1988). During the tests, 

the fluid temperature, pH and the particle concentration (2.2 kg/m?) were maintained con- 

stant. Several runs were conducted for different flow rates, with Reynolds numbers based on 

the equivalent diameter varying between 2300 and 11040. The tests lasted for less than 30 
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Mass and thickness of the dry fouling deposit 

At the end of the 144 days of the experiment, the deposition plates were withdrawn and the 

mass of the dry deposit and its thickness were measured. Table 2 shows these measurements 

for the deposition plates 1 to 4 in addition to the calculated density of the dry deposit. 

Deposition Deposition Deposition Deposition 

plate 1 plate 2 plate 3 plate 4 

Mass (kg/m?) 0.3426 0.2737 0.0424 0.0322 

Thickness * 103 (mm) 0.626 0.530 0.204 0.208 

Density of the deposit SA7 517 208 155 

(kg/m?) 

These measurements indicate that fouling is higher for the bottom plates than for the 

top ones, as all the plates had the same area available for the particles to deposit. 

The mass deposited per unit area on the bottom plates was one order of magnitude 

higher than for the top plates. Also, the density of the dry deposit, calculated from the 

mass of deposits and its volume, is higher (more than double) for the kaolin deposits at 

the bottom than at the top of the channel. These effects point out that gravity has an 

influence in the deposition process of the kaolin particles. Yantsios and Karabelas (1998) 

suggested that sedimentation may affect the deposition process of micron-sized par- 

ticles in liquids flowing in turbulent flow. Further investigation of this deposition pro- 

cess is necessary. 

CONCLUSIONS 

In the present work, particulate fouling was studied for a kaolin-water suspension flowing in 

a horizontal square section channel, at a concentration of 6 kg/m and at a flow rate of 2.99 

x 103 m3/s. The following conclusions can be drawn: 

+ for the bottom stainless deposition plates, the curve of Usouting versus time showed an ini- 

tial increase in the overall heat transfer coefficient, followed by a decrease and, finally, Usouiing 

reached a constant value; 

+ the corresponding curves of the fouling resistance showed that initially the resistance 

of fouling reaches negative values, due to an enhancement of heat transfer. This can be 

explained by an increase in the heat transfer coefficient, ho, or in the area for heat transfer, 

due to the presence of the kaolin deposits. Following this, the fouling resistance increased 

and reached a constant level. This behaviour of the fouling curves is a consequence of the 

way Ufouting Changes with time; 

+ from the measurements of the mass and thickness of the dry kaolin deposits on the stain- 

less steel plates at the end of the experiment, it can be concluded that deposition is higher 

for the bottom plates than for the top ones. This indicates that gravity plays a role in the 

deposition process. 
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