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Abstract 

 

There are numerous well documented phenomena that plague boiler combustion, and 

specifically stable boiler combustion. Some of the key parameters identified that influence 

stable boiler combustion are fuel moistures, critical air temperatures, overall air distribution 

and fuel spreading.  

 

This paper concerns itself with the latter mentioned phenomena, namely air distribution 

throughout the boiler and fuel spreading. The effects of poor fuel spreading and exacerbated 

combustion air distribution are investigated with the aid of Computational Fluid Dynamics 

(CFD). A well-documented boiler with combustion problems is modelled with CFD. The 

model boundary conditions are measured in situ with the anemometer and optical pyrometer. 

 

An optimised fuel spreader is proposed to spread the fuel uniformly on the grate, which 

decreases drying/devolatilising time. Alterations to the air distribution are found to have 

drastic effects on the combustion stability by inducing adequate mixing at an optimal level. 
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Introduction 

 

The objective of this research was to investigate the effects of fuel and air distribution on 

boiler performance. The boiler performance was measured by the heat flux absorbed in the 

furnace, CO concentration at the furnace outlet and average temperature in the furnace.  

 

The methodology followed was to simulate an existing boiler with commercial CFD software 

and investigate the effects of undergrate air distribution, fuel spreaders and overfire air on the 

combustion performance. The CFD model accounts for all the physics related to combustion 

and aerodynamics and are an extension of the model used by Du Toit and Van Der Merwe, 

(2014).  

 

The boundary conditions such as velocities into the boiler and air distribution on the grate 

were measured during boiler operation. 
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General 

 

The geometry and dimensions of the boiler were known and were created in the three-

dimensional volume as depicted in Figure 1. The model included a dumping grate, bagasse 

spreaders, furnace and secondary air nozzles.  

 

 

 
Figure 1. View of a three-dimensional model of the boiler 

as utilised in the combustion simulations. 

 

 

The three-dimensional combustion model was solved for a single geometry as depicted by the 

following case permutations: 

 

 Datum case – with geometry and combustion controls as is in the current state as depicted 

by Figure 2. 

 Additional secondary air case (Figure 3) – added higher level secondary air to introduce 

mixing. 

 Increased lower level secondary air case (Figure 4) – additional mixing on grate level. 

 Altered undergrate zone (Figure 5) – added baffles to the undergrate zones to aid the even 

air distribution on the grate. 

 

Sub-models were solved for the following cases: 

 

 Spreader geometry to investigate alterations. 

 Undergrate zone to determine the pressure drop over the grate.  

 

Bagasse inlet 
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inlets 
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Figure 2. The air distribution for the  

combustion modelling datum case. 

 

 

 

 
 

Figure 3. The air distribution for the 

additional secondary air case. 
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Figure 4. The air distribution for the increased 

lower level secondary air case. 

 

 

Figure 5. The air distribution for the altered undergrate zone case. 

 

 

Results of CFD modelling 

 

The boundary conditions were measured on site during normal boiler operation. Prior to the 

combustion modelling the undergrate air distribution predicted by the CFD were validated as 

depicted by Figure 6(a), (b). Combustion parameters considered were CO, average furnace 

temperature and heat flux to the furnace.  
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Combustion results 

The datum case was solved for the air distribution settings as depicted by Figure 2. The 

resulting combustion temperature contours are shown in Figure 7. Although adequate 

combustion, the simulation showed high CO concentrations leaving the boiler. The high CO 

concentration noted in this simulation is typical for the amount of secondary air used. 
 

In the case with secondary air added to the rear wall higher level with air settings as depicted 

in Figure 3, combustion was improved from the datum case. Combustion showed increased 

temperatures throughout the furnace as depicted by Figure 8. The CO concentrations were 

also decreased when compared to the datum case. 
 

 
Figure 6(a) Velocity contours as calculated by the computational fluid 

dynamics (CFD) in [m/s] (b) Velocity contours as measured on site in [m/s]. 

 

 
Figure 7. Contours of static temperature through a plane 

of the boiler in [K] for the datum case. 

(a) (b) 
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Figure 8. Temperature contours for the case with 

added higher level secondary air in [K]. 

 

 

The case with increased secondary air on the lower level, with air settings as depicted by 

Figure 4, showed similar levels of CO concentrations on the furnace outlet. The average 

furnace temperature was higher than the previous case and subsequently resulting in a higher 

heat flux to the furnace walls. The temperature contours of the resulting combustion are 

depicted by Figure 9. 

 

The addition of a perforated baffle in the undergrate zone as depicted by Figure 5, showed 

similar temperature contours as the previous case depicted by Figure 9. However the most 

notable difference was in the CO concentration, heat flux absorbed and average furnace 

temperature (Table 1).  

 

 
Table 1 Comparison between the combustion cases performance parameters. 

 Datum case 
Additional 

secondary air 

Increased lower 

level secondary 

air 

Altered 

undergrate 

zone 

CO concentration [ppm] 10 300 4320 4700 3720 

Heat flux [kW/m2] 48.12 54.98 62.80 67.50 

Ave temp [K] 1278 1311 1363 1383 
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Figure 9. Temperature contours for the case with 

increased lower level secondary air in [K]. 

 

 

 

Sub-models 

The pneumatic spreaders installed in the boilers have been modified and included an 

unnecessary air slot. Simulations of the spreader showed that the spreading velocity could be 

increased by 16% when the slot is closed. Figure 10 shows the difference between the slot 

open and closed. With the slot closed the spreading can be increased drastically, thereby 

decreasing evaporation and devolatilisation time.  
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Figure 10. Velocity comparison between the case with the bottom nozzle open 

and the other where the nozzle is closed (a) = nozzle open, (b) = nozzle closed. 

 

Conclusions 

 

The effect of additional secondary air was paramount to reduce the CO concentration and 

increase the combustion temperature. The increased mixing in the furnace brought by the 

additional secondary air increased the combustion temperature and increased the heat flux to 

the furnace, as shown in Table 1.  

 

The importance of an adequate air distribution over the grate is also highlighted by this paper. 

All the solutions presented in this paper will aid furnace stability and could increase boiler 

efficiency. The importance of spreader air velocity is also highlighted and can contribute to 

combustion stability.  

 

This paper presented a solution to increase the efficiency and stability of the combustion. The 

solutions investigated were cost effective solutions that introduced the biggest gains in 

combustion efficiency and stability. The CFD is an instrumental tool in determining the 

position of the undergrate baffle as well as to quantify the performance gains.  
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