TECNOCEREAL 

EQUIPMENTS AND TECHNOLOGIES FOR CEREALS 

PROCESSING AND DERIVED PRODUCTS                                                                                                                         Page 2 din  2            



Constanta, 02.08.2018
To: Kind attention of Mr. Teus TUINENBURG
Subject: Froude Number in pneumatic conveying



Dear Mr. Teus,


Thank you very much for your very appreciative words about my paper. Regarding the speed variation, between a lowest value (that correspond to the SLR=0) and the maximum air speed that is aside the particles and the pipe wall, that is true that increasing the SLR the air speed beside the particle and wall is increasing therefore allowing for lower air speed in the free zone of the pipe, and for the fans this is obvious from fan curves, that are converting dynamic pressure into static pressure for to compensate for the hydraulic resistance increase of the system when SLR increases by moving up on the curve to the corresponding point, increasing static pressure and lowering air flow.

For the overpressure systems, depends on the product permittivity for the air, for almost constant air flow the higher pressure required for higher SLR is automatically covered by the blower (or compressor) by moving up the corresponding point for pressure (higher compression degree in the feeding zone = lower air speed = closer to the clogging regime).   

Still, the main point is the same for both systems: the air speed in the loading point should not be lower to the saltation velocity for the given conditions of SLR and pipe diameter.


And here, in my opinion, is the connection with Froude number. There is a well-known relationship of Barth and Siegel that relates the Critical Mixing Ratio to Froude squared and a constant C of the product. Later some other formulas has been proposed instead of this one as for example the Rizk equation. Instead of the constant C, the Rizk equation consider 1/10^d  (where d in mm is the diam. of the particle) and instead of Fr squared it proposes a Froude at a k power. Both, d and k are linear functions of dp-diameter of the particle. And there are also some many other formulas for to assess the saltation velocity. I have worked only with this one of Mr. Rizk.


In all this relationship Fr is dimensionless. Mixing Ratio that also appear as dimensionless [kg of product / kg of air], still can be interpreted as having a physical meaning. Following this, results that constant C should be expressed in the same way: dimensionless or [ kg of product / kg of air ]. For two different physical dimensions, having the same measuring units, is somehow not ok, they should have the same name (*).


Following all these and some other considerations, I made an extensive study based on the Barth and Siegel equation (BSE). I made an experiment at industrial scale (real system conditions with 22 kw ventilator and 4 stories building) with 9 well defined products from flour milling, on two different pipes (the most used in flour milling). And for each product on each of the pipe I considered 3-4 loading regimes and for each loading regime I registered the air flow and the product flow. Repeated each one for 3-4 times and taking an average value. 

After processing all data, I calculated the constant C using BSE. And I found some very big deviations of +/- 50 % from an average value of the numbers. Further determinations cannot be made since there were no reference value in the literature for this C.


I could not accept such big deviations and, assuming those above at (*), I thought that BSE equation needs some corrections. And I thought to add the influence of S - the cross section of the pipe into the relationship since, as we already mentioned it in our previous message, the ratio of the pipe diameter and particle diameter is influencing the saltation velocity. So, the clogging regime mixing ratio (Miucr) equations become: Miucr = S x C x (Fr^2).


I revised all the C constants with this new approach and to my big surprise, for about 70 % of the constants, the deviations become less than 10 %. All the other were less than +/- 25 % and only one was at +/- 31 %. Later I understood why: it was a very very non-homogenous product. And actually this deviations is meaning the “width” of the dangerous zone around the clogging regime, the 
zone were the clogging can take place at any moment. 


In this way, the C-clogging constant is evaluated as [kg of product/ kg of air / square meter of the cross section of the pipe], that in my opinion expresses much better the meaning of this C, becoming something related to the permeability of the product to air flow and takes into account all the characteristics of the particles (shape, roughness, etc.) and not only the diameter of the particle. 


Calculating the required minimum speed of air as saltation velocity for a clogging regime mixing ratio of let say 3, for a 300 micrometer particle (for a 100 mm diam. pipe that is very usual in flour milling) with Rizk equation one can find it as about 10,224 m/s. 


Using my relationship, for the product that is closer to this size, i.e. midlings defined as k=[54/VII] with an average size of 250 micrometer, for the same pipe and considering the clogging regime as big as 3, it results a minimum air speed of 27 m/s. For these conditions, it results an air flow of about 12,72 Nm3/min for this pipe and this load, that is in good correlation with the reality. Therefore, the maximum capacity of the line would be about 2.770,42 kg/h. 


Reaching the final point, in my opinion, here is the point were we can use the Froude criterion: for to find the clogging regime of the line from the designing phase, using this clogging constants, doesn’t matter we have a vacuum or overpressure system

When using the stepped pipes, were the diameter increase should take place after the so called product acceleration length (actually the product is accelerating continuously on all the pipe length as the air does it), due to the density lowering because of the energy transfer to the product for this acceleration, the clogging regime can be checked again at the inlet of the new diameter. 


More, the relationship should take into account the pressure gradient, and therefore I made some check for some pneumatic system I calculated for flour (20 to/h on 120 m length) with this new approach. 


Thank you very much for the time spent to read this presentation. Hope to have your opinion to further clarify some problems I have in this amazing challenging pneumatic conveying domain. 








With great respect and consideration,









    Tanase TANASE
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