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ABSTRACT: 
 
This paper describes a simple but efficient process for converting sludge and other miscellaneous 
liquid/solid mixtures into a very dry powder form. Its simplicity lends itself to ease of use, 
mobility and cost effectiveness. The operation of this process does not present any unreviewed or 
new environmental issues and accommodates Best Available Treatment requirements. The 
process provides an opportunity for the treatment of small or large quantities of sludge and other 
existing hazardous wastes to create a dry product that is more easily handled, disposed of or 
otherwise dispositioned. 
 
PULSE DRYING 
 
What is it? 
 
Pulse drying is a relatively new but simple technique for rapidly drying high moisture/medium 
solids feed streams into a much more manageable dry powder form. 
 
How does it work? 
 
The basis for the technology is the use of a pulse combustion burner. The burner, which is 
similar to the pulse burner used in the Fulton Boiler Company Industrial heaters, is 
aerodynamically designed to produce a pulsating gas flow within the burner system, which along 
with the heat release, is used for particulate dispersion and evaporation of moisture. The 
divergent exhaust nozzle amplifies the discreet detonations into an approximately 250 hertz 
waveform in the downstream hot exhaust gases. This combination of pressure waves and heat is 
used for drying free flowing, high moisture and medium solids feed streams. 
 
The shockwave (>mach 0.75) atomizes the raw feed liquid into many finely divided slurry and 
water particles, acting to shear the bond that the water has to the solids. Since this occurs in a > 
25000 F heat zone, flash evaporation takes place. The residence time in the drying section of the 
divergent nozzle is only a few milliseconds and the continuous evaporation keeps the particulate 
temperature low, typically 1250 F – 1350 F. This process is continuous. Some research has been 
performed and empirical data obtained for many sludge type materials.  
 
Energy consumption, in the form of propane, natural gas or diesel fuel, is about 3900 kJ/Kg 
(1500 Btu/lb) of feed liquid and the process feed-rate is up to 0.3 L/s (3 – 5 gpm). 
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What will it accomplish? 
 
The availability of systems and equipment for remediation of contaminated sludge in particularly 
developing and economically depressed nations is limited and in some places non-existent. There 
are many reasons for this, mostly of an economic nature. The availability of sites for 
development in the developing nations and the emergent economies is also limited because many 
potential sites are contaminated by radioactive sludge or chemical and mineral wastes. Before 
any development can take place it is first necessary to clean up these unusable sites.  This needs 
to be done using a cost effective system, which can be relocated to these sometimes 
technologically, and logistically isolated areas. The high-tech approaches commonly utilized and 
under development in the US are unavailable to these locations because of their high operating 
and disposal costs and their complexity of operation.  This paper introduces a much simpler and 
less costly alternative capable of processing a large proportion of these wastes. 
 
HISTORY 
 
The first mention of pulse combustion dates back to about 1800 when Byron Higgins observed 
the phenomenon of combustion-driven oscillations in the velocity field during pulse combustion.   
The first pulse combustor was built in France in 1906 and used as a gas generator for driving a 
power turbine. In 1931 Paul Schimdt obtained a German patent on the pulse combustor. Ten 
years later, Germans used the pulse engine for propelling the V-1 buzz-bomb. The major 
development in the field of pulse combustors was made in the 50’s when mechanical valves were 
replaced by an inertial gas valve. 
 
Not much attention was given to the drying aspects of the technology until the Sonodyne 
Company advanced the state of the art in valveless pulse combustion and applied the technology 
commercially. Most of the available research materials indicate a heavy concentration on the 
efficiency of the burners and the potential for application to heating systems (Lennox and the 
Fulton Boiler Company) and the incineration of wastes. In fact the Sonodyne approach did just 
the opposite; it maintained product temperature at low values throughout the process thus 
preserving the chemical characteristics of the materials. This approach made the commercial 
applications in food processing and materials recovery viable. 
 
RECENT DEVELOPMENTS 
 
With the emergence of strict controls on mixed waste and the disposal of organic materials, the 
treatment for disposal of sludge and other moist wastes has received considerable attention. The 
late Molten Metal (QCEP) process, the ongoing massive programs for vitrification and the 
numerous “incinerators” attest to this effort and the desire for one process to resolve the 
problems presented. 
 
It is apparent that within this framework a place exists for the alternative approach presented by 
Pulse Drying, namely the reduction of the material to a dry powder form that renders it amenable 
to a wide range of packaging options and/or additional treatments prior to final disposal. As a 
minimum this process can create a much safer and more easily handled product. As a practical 
matter the process minimizes the discharge of gaseous pollutants since the final discharge 
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consists of mostly water vapor. The temperature at discharge of the gaseous component is above 
condensation temperature by a comfortable margin yet low enough throughout the process to 
avoid volatilization of organics. The off-gas treatment systems available off the shelf are not 
challenged by these conditions and monitoring is much simplified. Again the particulate product 
is collected by off the shelf equipment backed up by simple filtration and finally HEPA filters. 
For high-level radioactive materials there would be additional requirements as also for fissile 
materials however the simplicity of the system reduces the economic impact of such special 
requirements significantly. 
 
Fig.1 illustrates a schematic for a typical Pulse Drying System 

 
 

Fig.1 
 
Mobile units which are completely self contained have been utilized quite recently and are 
presently proposed at a number of non-nuclear sites varying in application from the treatment of 
polluted water to the recovery of valuable minerals. Fig.2 shows a used mobile unit. Fig.3 shows 
an existing stationary unit. 
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Fig.2 Transportable Pulse Dryer 
 
 

 
 

Fig.3 Fixed Base Pulse Dryer 
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RESEARCH SUMMARY 
 
As previously indicated the bulk of the research performed has been related to the burner 
efficiency and related aspects of the combustion process. For example, the understanding of 
flame stabilization mechanisms was pursued in the applications involving heaters. It was 
determined at an early stage that scaling was technically possible.  
 
Work attempted by the Gas Research Institute and presented in the mid 1980’s involved 
presenters such as Battelle Laboratories, Georgia Institute of Technology and Sandia National 
Laboratories. The results of this work were encouraging and presented a number of concepts and 
conclusions. 
 
Little documented information exists for the drying process performance characteristics. There is 
a wealth of empirical data and type testing for a large spectrum of feed materials. Table 1 below 
provides a list of commercial applications. 
 

TABLE 1 
 

Table of Typical Installations 
 

Industrial Name Material Throughput Tons/day 

Pulse Drying Systems Test facility 25 
TEPA Corporation Fish meal 25 

Ocean Proteins Fish meal 50 
Tektronix Electro plating waste 50 

3M Corporation Iron oxide waste 25 
Thiele Kaolin Kaolin clay development 25 
Geosone Inc. Brewers yeast 50 

Nuclear Metals Inc.* Uranium oxide waste 25 
Brinkerhoff Signal Corp. Drilling mud waste 50 

 
 
* The only known nuclear application of the process, involved in the drying of depleted uranium 
oxide since 1985. 
 
POTENTIAL FOR ADDITIONAL DEVELOPMENT 
 
As previously indicated this process is becoming established as an efficient drying technology 
with advantages over the alternatives available of simplicity and low cost. The available 
equipment is based to a large extent on empirical data. It would be desirable to perform a series 
of research projects in order to evaluate the sonic effects on the feed materials in the zone 
downstream of the burners, this divergent section sometimes referred to as the “resonance 
chamber” is important to the degree of dispersion of the particulate and the release of associated 
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water molecules. It is postulated that the higher the mach number achievable the more efficient 
the process. In addition there is room for improvement in mechanical and other separation 
techniques that could be applied to this process to more refine the product. Fig 4 below shows 
the simplicity of the burner arrangement (two burners shown). 
 

 
  

Fig. 4 Two  ton/hr evaporation rate Pulse Combustors 
 
SUMMARY 
 
The motivation to produce this Paper was the perceived lack of a relatively simple and cost 
effective process for stabilization of hazardous sludge which exists globally in large quantities in 
a variety of forms. The Pulse Dryer will provide at least an interim alternative to isolate and 
control these hazardous substances. The powder form is easily packaged, lends itself to 
automated handling and in some cases is directly disposable by conventional means. The Pulse 
Dryer is easily mobilized and can go just about anywhere. Since there is no chemical change 
imposed on the sludge by the process (except sometimes those required for pH adjustment), the 
product is a known quantity. 
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