	Some Thoughts on Chute Design Philosophy 
	


The flow patterns of bulk materials in chute's placed at transfer points in a bulk conveying system often have mine engineers baffled. What flows well one day, flows badly or clogs the next. As we learned from Pierre Laurent, Projects Manager of Osborn, coal can be particularly problematic.
"Materials Handling & Logistics Today" asked him for a few pointers along the way to proper chute design, some of which have been compiled here, but abbreviated for practical rather than theoretical discussion.
As Pierre Laurent says, it is relatively easy to obtain a smooth "fluid like" flow when transferring material in-line with small transfer heights. This becomes more complex as the transfer height increases, accompanied by a rapid increase in vertical component. Belt damage, wear on skirts, spillage and dust will result.
The vertical component has to be translated into a new horizontal velocity matching the downstream belt as closely as possible. One method of achieving this is to provide a curved flow path, which offers an infinitely gradual change in direction and speed. Although costly, this is a very effective method when minimising degradation. The sliding friction is high and chutes must be lined.
Dead boxes are used when the vertical component is effectively arrested to zero and the resultant jump of material is guided in a new trajectory with a significant horizontal component. This minimises chute and belt wear caused by sliding and impact friction. The method can, however, only be used where degradation is not a concern.
A prime consideration is that the risk of allowing the material velocity (energy) to fall beyond a critical value will be dependent on the material characteristics, friction coefficient between material and liners, as well as moisture content. These parameters can vary rapidly. Allowing the material to accelerate too fast will increase degradation, dust and wear.
In the absence of sophisticated computer simulation, simple material trajectories placed on a large scale, and superimposed on the chute drawing, will provide a good start when identifying possible impact points and/or blockage risks. From this the correct liners can be selected, e.g., UHMWPE to handle sticky scrapings and shallow angles, ceramics to handle sliding friction, and exotic hard metals such as chromium carbide to handle impact.
As Pierre Laurent points out, all too often we attempt to rectify dust and spillage problems by fitting expensive high maintenance equipment, when we' should be putting in more time and effort into designing chutes correctly.
Some consideration of the materials themselves
One immediate concern is the influence of surface friction and adhesion of materials on the chute design. The wall yield loci (WYL) for most bulk solids and lining materials tend to be slightly convex upward in shape and, as is usually the case, each WYL intersects the wall shear stress axis, indicating cohesion and adhesion characteristics as indicated in Fig 1 below:



Fig. 1: Wall friction and adhesive characteristics
The wall friction angle ø is defined by
ø = tan-1 [τW/σW]
where:
τW = shear stress at the wall
σW = pressure acting normal to the wall
Due to the cohesion and convexity of the WYL, the wall friction angle decreases as the normal pressure increases (Fig 2). This characteristic has a significant effect on mass-flow hopper and transfer chute design. With respect to mass-flow hoppers, the wall friction angle is highest in the region of the outlet where the normal wall pressures during flow are the lowest.



Fig. 2: Characteristic surface or wall friction variation with normal friction
Since the pressures increase in the upward direction, the wall friction angle decreases in this direction and this permits the hopper half-angle to be increased. In the case of transfer chutes, the pressures are normally quite low, which means that the friction angles at the boundaries will be high; hence problems may arise as a result of high friction, cohesion and adhesion.
Adhesion and cohesion
Briefly, it must be noted that the nature of adhesion and cohesion is quite complex. It is known, for example, that cohesion and adhesion generally increase as the wall surface becomes smoother relative to the mean particle size of the adjacent bulk solid. Furthermore, adhesion and cohesion generally increase as moisture content of the bulk solid increases, particularly so in the case of very smooth surfaces. It is probable that in such cases, surface tension has a significant influence.
Cohesion and adhesion can cause serious flow blockage problems when corrosive bonding occurs, such as when moist coal is in contact with carbon steel surfaces. The bonding action can occur after relatively short contact times. Impurities such as clay can also seriously aggravate the behaviour due to adhesion and cohesion.
This has been found to occur in practice after only a few hours of operation. Problems of this type have occurred, for example, in conveyor feed chutes in coal screening operations. (Fig 3).



Fig. 3. Build-up of cohesive bulk solid such as coal on screen house conveyor feed chute.
The momentum of the coal particles failing from the screen is usually not sufficient to cause scouring of the chute surfaces and, as a result, build-up and complete blockages have been known to occur.
When determining chute slope angles, account must be taken of the variation of friction angle with change in consolidation pressure, or more particularly, with change in bed depth.
Fig 4 shows - for a typical coal - the variation of wall friction angle with bed depth. As indicated, considerably higher friction angles can occur at low bed depths, with decrease in friction angle being significant as the bed depth increases.



 Fig. 4. Wall friction angle versus bed depth for black coal on stainless steel 

As a "rule-of-thumb", the slope angle for a chute should be at least 5° larger than the minimum friction angle measured. However, allowance should also be made for the drag imposed by the chute sidewalls. Moist solids will often adhere initially to a chute surface, but as the bed depth increases, the corresponding decrease in friction angle will cause flow to be initiated. In some cases, flow commences with a block-like motion of bulk solid. (Fig 5)



Fig. 5. Block-like flow down chute.
By far the largest component of the drag force in a chute occurs along its bottom. The side walls contribute to a lesser extent. Where possible the side wall should be tapered out- wards with gussets in the corners. (Fig 6)



Fig. 6. Recommended chute shape 
Recommendations
· In order to maintain accelerated flow, it is recommended that transfer chute be inclined at an angle of at least equal to the minimum angle defined below:
ε = tan-1 [tan ø(1+Kv HO/B)]
where ε = 90° - q = Angle of measurement from horizontal 

· A chute of circular cross-section may he used. In this case provision should be made to rotate the chute from time to time, for example by means of flange connections, to even out wear. 

· Alternatively, a chute of rectangular cross-section has certain advantages in that a suitable wear resistant lining material may be readily fixed. In this case it is recommended that gussets be installed (as in Fig 6). 

· It is desirable that the chute cross-sectional dimension be selected so that shallow bed conditions are obtained. Referring to Fig 7; H should be less than B along the chute and preferably H should be less than B/2. This also applies to chutes of circular cross-section. In the case of the latter, once continuous stream flow is established, it is particularly important that the chute never run more than half full. In this way, should deceleration occur due to flow interruption, the drag forces on the chute surface are kept within limits and there is a chance it will clear itself once the cause of the flow interruption has been removed. 




Fig. 7. Chute cross-sections  
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