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Abstract 

 

In recent years, harvesting methods have had to be pushed to the limits in order to maximise 

agricultural yields. Thus sugarcane is cut closer to the ground, resulting in higher sand 

content in bagasse causing erosion in boilers, especially in the heat recovery equipment such 

as the economiser and airheater. This paper introduces the use of Computational Fluid 

Dynamics (CFD) in designing economic and robust solutions which can be used to minimise 

erosion and increase the lifespan of heat recovery equipment. The study will discuss in detail 

the use of hopper designs to remove the ash from the gas stream before it reaches the heat 

recovery equipment. Furthermore, the paper will discuss other aspects which will have an 

influence on erosion, such as angle of collision between tubes and ash particles, particle 

velocity and ash size distribution.  

 
Keywords: computational fluid dynamics, CFD, water-tube boiler, erosion modelling, fly ash erosion, 

bagasse fired boiler 

 

Introduction 

 

Erosion has always been a problem associated with bagasse fired boilers due to the high sand 

content. This problem is highlighted in regions where the gas is accelerated and passed 

through heat exchangers. A typical example of such an area of concern is in a three-pass 

mainbank where the gas is forced into sharp turns to enter the next section. With the increase 

of sand content in bagasse, designers have to rely more on computational fluid dynamics 

(CFD) than engineering intuition to design gas clean-up areas.  

 

This paper focuses on the use of CFD to minimise erosion of economiser tubes on a bagasse 

fired boiler. CFD was used to study gas flow patterns inside such a boiler ‘as-is’. Thereafter it 

was used to develop a solution to minimise erosion rate on economiser tubes. Two models 

were set up: one for the boiler as-is, and the other for the boiler with proposed modifications. 

Once the high erosion zone was identified, a sub-model was also set up to investigate 

methods of minimising erosion in this area.  

 

 

General 

 

In a bagasse fired boiler, erosion is a major problem as it often results in expensive tube 

failures. Tube erosion is experienced in the mainbank, economiser, superheater and airheater 

tubes. Major parameters that influence erosion rates follow. 
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Particle-tube metal collision angle 

The collision angle between particles and tube metal plays an important role in the tube 

erosion process. Figure 1 illustrates the effect of collision angle on erosion rate at various 

particle concentrations when particle size and velocity are fixed. 

 

 

Figure 1. Particle collision angle (degrees) 

(Zhang et al., 2001). 

 

From Figure 1 it is clear that erosion rate changes with a change in collision angle. Erosion is 

low when the angle is small (i.e. 0-10°). At this low angle, material is removed mainly by 

rubbing and scratching (Figure 2a). Furthermore, it can be observed that erosion rate peaks 

when collision angle is between 20-30°. In this range cutting becomes one of the major 

mechanisms of the material removal (Figure 2b). Beyond 30°, erosion decreases steadily until 

the angle becomes 80°. When the angle increases further, erosion rate again increases.  

 

           

 
Figure 2. Eroded surfaces subjected to different collision angles (degrees) 

(Zhang et al., 2001). 

 

Particle size 

Particle size is a major contributing factor towards erosion. Figure 3 depicts how the erosion 

rate increases with increase in particle size. It can also be seen that particles with diameters 

below 50 µm do not cause erosion. 
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Figure 3. Effect of particle size (Zhang et al., 2001). 

 

Particle velocity 

It is well known that velocity of particles plays a major role in tube erosion. As can be seen in 

Figure 4, erosion rate increases with increase in particle velocity. 

 

 
 

Figure 4. Effect of particle velocity (Zhang et al., 2001). 

 

Particle concentration 

Particle concentration is defined as the mass of the particles per unit volume. The increase of 

particle concentration will result in increase in erosion rate, as more particles within a given 

period of time will remove more material (see Figure 1). 

 

Modelling approach 
 

Introduction to CFD 

CFD can be defined as the science of predicting fluid flow, heat and mass transfer, chemical 

reactions, and related phenomena by solving numerically a set of governing mathematical 

equations such as mass conservation, energy conservation, momentum conservation, species 

conservation and effects on body forces. These equations are solved on a computational mesh 

used to define a control volume. 
 

To successfully utilise CFD software to conduct a study, the user is required to start by 

defining the problem. This entails creating the geometry, and mesh one is interested in 

solving, then defining the boundary conditions and physical models of interest. Thereafter the 

user can solve the problem and finally interpret the result. This process is repeated until 

desired results are obtained. 
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Geometry and computational mesh creation 

The starting point of the study was geometry creation. Boiler geometry is very complex, as a 

result it was simplified and decomposed accordingly in order to obtain a good quality mesh 

and keep the cell count low to minimise computation time. Geometry was created as per 

sectional view shown in Figure 5. 

 

 

Figure 5. Boiler sectional view. 

 

The geometry was split into two sections (shown in Figure 6) to simplify the meshing 

process. Section one (furnace model), from primary air inlet duct to boiler exit and, section 

two (heat recovery model), airheater inlet to economiser outlet. These two sections were later 

combined to be solved as one model.  

 

 

  

Figure 6. Geometry created in computational fluid dynamics program. 
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Based on the geometry above, a computational mesh was generated as shown in Figure 7. 

 

  
 

 
 

Figure 7. Computational mesh created in the 

computational fluid dynamics program. 

 

Hexahedral mesh was used predominantly, with tetrahedral mesh used in areas where it was 

not possible to obtain preferred hexahedral mesh. 

 

Physics setup 

Instead of running a time consuming full combustion model, a model was set up to mimic 

combustion. This was critical as the correct temperature profile will result in the correct gas 

flow profile. The required temperature was achieved by carefully defining a combustion 

region in the furnace with a heat source. Heat was extracted from the gas stream by defining 

tube wall temperatures on all heat transfer tubes. 

 

Research was conducted to obtain an acceptable particle size distribution for bagasse. Table 1 

shows the size distribution used for this study. This size distribution is conservative as it is 

believed that the actual size distribution will be coarser. 
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Table 1. Tangent coefficient values. 
 

Size range (µ) Cumulative % % in range 

  50   5.34   5 

  80 13.05   8 

100 19.59   7 

212 62.18 43 

250 74.08 12 

355 93.36 19 

425 97.94   5 

500 99.53   2 

 

Results 

To ensure that the temperature profile resembled that of a full combustion model, the results 

were compared to that of a full combustion model which has been validated with site data 

(see Figure 8). 

 

 
Figure 8. Temperature profile comparison with validated full combustion model. 

 

From Figure 8 it can be concluded that the two simulations compare well with one another, 

illustrating that the heat source was defined correctly to mimic a combustion model. 

 

With temperature profiles established inside the boiler, particle flow patterns for the boiler as-

is were studied and are shown in Figure 9. 

 

 

Figure 9. Particle tracks coloured by particle diameter (boiler as-is). 
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From Figure 9 it is clear that the mainbank behaves as a grit arrestor causing, heavier 

particles to settling around the mud drum. Since this boiler does not have a mud drum hopper 

which would remove these particles, they settle behind the mud drum and get re-entrained 

into a gas stream. As previously discussed, these large particles will cause major erosion 

problems on equipment downstream. 

 

Resulting erosion rates and patterns on economiser and airheater tubes were then analysed 

(Figures 10 to 12).  

 

 

Figure 10. Economiser tube erosion patterns. 

 

 

Figure 11. Economiser tube erosion rate. 

 

 

Figure 12. Airheater tubes erosion patterns. 
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As can be observed from Figures 10, 11 and 12, there is relatively higher erosion rate at the 

rear of both the airheater and economiser. This is due to the concentration of high velocity 

particles in these corresponding areas. Figure 11 shows that erosion is highest on the top two 

rows of the economiser, as was observed on site. 

 

Having established a good correlation between the CFD model and observations from site, a 

mud drum hopper and a throw-out hopper were then introduced in an attempt to capture the 

larger particles in the mud drum hopper and smaller particles in the throw-out hopper. It was 

envisaged that this would result in a reduced erosion rate as the particle concentration would 

be less. Figure 13 shows the resulting particle tracks. 

 

 

Figure 13. Particle tracks coloured by particle diameter (boiler with hoppers). 

 

The two hoppers were able to capture 13% (average) of total mass flow of particles injected. 

Figure 13 shows a large amount of particles of diameter 150e-6 to 400e-6 µm that are not 

captured. As previously discussed, this size distribution can cause erosion. 

 

In order to capture some of the particles in the range stated above, a ramp was introduced to 

accelerate smaller particles into the throw-out hopper. The secondary objective of the ramp 

was to cause coarser particles to lose momentum and drop out through the mud drum hopper. 

This was achieved by modifying the ducting as shown in Figure 14. 

 

 

Figure 14. Boiler with modified outlet ducting and hoppers. 
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The resulting particle tracks are shown in Figure 15. The large particles are diverted into the 

mud drum hopper. As can be seen, only particles below 200e-6 µm are not captured. The 

total amount of flow captured is 25% (average), thus doubling the amount of particles 

captured when only hoppers are installed. 

 

 

 
 

Figure 15. Particle tracks coloured by particle diameter 

(boiler with hopper and modified outlet duct). 

 

 

The resulting erosion rate and patterns on economiser and airheater were then analysed and 

compared to those on the boiler as-is tubes (see Figures 16 to 18). 

 

 

 
 

 

Figure 16. Airheater tube erosion patterns comparison. 
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Figure 17. Economiser tubes erosion rate comparison. 
 

 

 
 

Figure 18. Airheater tubes erosion patterns comparison. 

 

Erosion rate and peak erosion rate has been reduced by the introduction of hoppers. This 

reduction can be attributed to the reduction in particle concentration, as large diameter 

particles are captured in the hoppers.  

 

The introduction of hoppers and modifying the boiler outlet duct reduces economiser tube 

erosion by 23%. Other downstream equipment such as airheater, cyclones of the grit 

collector, ID fan and inter-connecting ducting will also benefit from removing the 

particulates from gas stream. However, it must be noted that the figures quoted here are 

applicable only to the economiser, as the economiser was the focus of this study. 

 

Also, the 23% reduction in average erosion is believed to be conservative as a conservative 

size distribution was used. It is believed that the actual size distribution is coarser than that 

used for this study. Figure 19 shows the change in amount of particles captured as the size 

distribution becomes coarser. 

 

As can be seen, as the size distribution increases, the mud drum hopper performance 

increases dramatically. It can also be observed that from an average diameter of 425 µm, the 

increase in particles captured in the mud drum hopper actually causes the throw-out hopper 

performance to decrease.  
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Figure 19. Particles captured vs size distribution. 
 

It was observed during the study that, as the amount of particles captured increases, erosion 

rate will decrease. For example, when operating at point B (i.e. if the average particle size is 

425 microns), 52% of the particles will be captured. This will result in approximately 50% 

reduction in erosion. As the sand content in the bagasse increases, it is believed that the 

operating point shifts from the conservative particle size distribution A to the coarser size 

distribution B, therefore the hoppers will be more effective. 

 

An additional study was conducted focusing on the top two rows of the economiser, as they 

were identified as the problem area. It was observed that the velocity of the gas exiting the 

airheater was higher, as a result the particles exiting the airheater were ’jetting’ to the top row 

of the economiser and resulting in a high erosion rate. This jetting effect is shown in 

Figure 20. 

 

 

Figure 20. Particles exiting the airheater. 
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In light of this observation, the gap between the airheater and the economiser was increased 

to allow the particles to lose momentum before entering the economiser, thus reducing 

particle velocity and erosion. The results of this change can be observed in Figure 21. 

 

 

 
 

Figure 21. Increased gap between the airheater and economiser. 

 

 

The higher velocity particle impingement is not present with the increase gap and therefore 

confirms the theory that the erosion would be reduced. This modification combined with the 

installation of hoppers and a modified boiler outlet duct, resulted in 41% reduction in average 

erosion and 70% reduction in maximum erosion rate. 

 

 

Conclusion 

 

With recent advancements in CFD software and computing hardware, John Thompson have 

developed a reliable CFD erosion model which can be solved without the need to use a time 

consuming full combustion model. This model can be used by a designer to develop a robust 

solution which can be implemented to reduce tube erosion in a bagasse fired boiler. 

 

This model was implemented on a John Thompson boiler. Historically, the economiser in this 

specific boiler had erosion problems, as it needed to be replaced every six months. After the 

erosion study was conducted and the solution had been developed, the erosion rate was 

reduced and no economiser tube leaks have been observed to-date. 

 

Using CFD, a designer can conduct a full erosion investigation in a bagasse fired boiler, 

resulting in a robust engineering solution to minimise fly ash erosion and maximise 

equipment life span. 
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