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How to Size an Indirect Paddle Thermal Processor for Drying 
 

Properly sizing a paddle thermal processor is one of many crucial steps necessary to meet proper 
production and quality requirements of a given process. A paddle thermal processor is an indirectly 
heated or cooled, mechanically agitated, highly efficient device for adding or removing energy from a 
process mass. A paddle thermal processor can be used to dry, heat, sterilize, cool, react, torrefy, melt, 
pasteurize, strip solvents, calcine, roast, cook, or crystallize a wide variety of materials such as chemicals, 
pharmaceuticals, biosolids, food, waste, minerals, polymers, metals, and more. In many cases our 
customers use the paddle processor for drying, which can be defined as a process whereby liquid is 
transferred from a solid mass into a vapor phase.  In most cases, the drying process is accompanied by 
the application of heat. This facilitates the phase change and expedites the drying operation. 

 
Indirect drying/cooling is a process of energy transfer where the process mass is heated by a wall via 
saturated steam, thermal fluid, or cooled by a wall via water/glycol mixture. The process mass and 
heating/cooling mediums are kept separated by a barrier. In most cases a stainless-steel wall is used to 
isolate the two sides and is chosen due to its durability and resistance to corrosion.  The heating 
medium’s energy is conducted through the metal wall of the paddle processor to the material on the 
process side of the thermal processor during a drying process, and vice versa in a cooling process. For 
drying, the transfer of energy can be modeled using the following equations; 
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The equation above can be broken into knowns and unknowns when designing a paddle thermal 
processor for drying. There are typically three stages observed in an energy transfer process:  

• Initial sensible heat  
• Latent heat 
• Secondary sensible heat 

 
The initial sensible heat is the amount of energy needed to heat (or cool) the process material to a 
target temperature at which a phase change occurs. The latent heat is the amount of energy needed to 
drive the phase change at a constant temperature. The secondary sensible heat is any additional energy 
needed to increase or decrease the temperature of process material beyond the phase change point of 
the material as well as the final remnants of moisture.  
 
For example, in a drying application, increasing the initial temperature of the process mass to the boiling 
point of the solvent is the first necessary stage because the material must reach the boiling point for the 
liquid solvent to have a phase change. Then, once the solvent boiling point is reached, the material will 
remain at constant temperature until the majority of the solvent is removed. Once the majority of the 
solvent is removed the process material’s temperature will start to increase, and drive off any residual, 
or inner most tightly bonded solvent.  
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There is a log mean temperature difference (LMTD) for each stage of the energy transfer process. The 
LMTD is used to determine the temperature driving force of each stage. This is a weighted logarithmic 
mean of temperature difference between the inlet and outlet of each of the heating medium and 
process material. The LMTD and energy transferred has a proportional relationship, meaning that as the 
LMTD increases the energy transferred increases at a proportional rate. The LMTD can be represented 
by the following equation; 

∆𝑇𝑇𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =
�𝑇𝑇ℎ𝑖𝑖 − 𝑇𝑇𝑝𝑝𝑓𝑓� −  �𝑇𝑇ℎ𝑓𝑓 − 𝑇𝑇𝑝𝑝𝑖𝑖�

ln
�𝑇𝑇ℎ𝑖𝑖 − 𝑇𝑇𝑝𝑝𝑓𝑓�
�𝑇𝑇ℎ𝑓𝑓 − 𝑇𝑇𝑝𝑝𝑖𝑖�
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The overall heat transfer coefficient (U) is the reciprocal of the sum of the thermal resistances to 
transfer heat from one medium to another. This coefficient is influenced by the thermal conductivity, 
thickness of conductive barrier, and fouling resistance of the heating medium jack or wall thickness, and 
process material. The overall heat transfer coefficient is a representation of the ability of how heat is 
transferred from the heating medium to the process material. If the overall heat transfer coefficient can 
be increased, then this will correlate to a lower surface area required for the heating or cooling process. 
In designing a paddle thermal processor, this means a unit with less surface area. The coefficient (U) can 
be modeled using the following equation: 
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ℎ𝑜𝑜 = 𝐸𝐸𝑒𝑒𝑡𝑡𝑒𝑒𝑜𝑜𝑎𝑎𝑎𝑎𝑜𝑜 𝑡𝑡𝑐𝑐𝑜𝑜𝑚𝑚 𝑒𝑒𝑜𝑜𝑒𝑒𝑡𝑡𝑡𝑡𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑎𝑎𝑡𝑡 𝑏𝑏𝑒𝑒𝑡𝑡𝑓𝑓𝑒𝑒𝑒𝑒𝑎𝑎 𝑡𝑡ℎ𝑒𝑒 𝑡𝑡𝑜𝑜𝑜𝑜𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠 𝑚𝑚𝑎𝑎𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒 ℎ𝑒𝑒𝑎𝑎𝑡𝑡𝑒𝑒𝑎𝑎 𝑠𝑠𝑑𝑑𝑜𝑜𝑡𝑡𝑎𝑎𝑒𝑒𝑒𝑒 𝑎𝑎𝑜𝑜𝑒𝑒𝑎𝑎 �
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… = 𝐴𝐴𝑎𝑎𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎𝑐𝑐𝑡𝑡𝑐𝑐𝑜𝑜𝑎𝑎𝑎𝑎𝑜𝑜 𝑜𝑜𝑒𝑒𝑠𝑠𝑐𝑐𝑠𝑠𝑡𝑡𝑎𝑎𝑎𝑎𝑒𝑒𝑒𝑒 𝑡𝑡ℎ𝑎𝑎𝑡𝑡 𝑎𝑎𝑒𝑒𝑒𝑒𝑎𝑎𝑠𝑠 𝑡𝑡𝑜𝑜 𝑏𝑏𝑒𝑒 𝑎𝑎𝑒𝑒𝑒𝑒𝑜𝑜𝑑𝑑𝑎𝑎𝑡𝑡𝑒𝑒𝑎𝑎 𝑡𝑡𝑜𝑜𝑜𝑜 
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Once all the values/knowns are determined one can rearrange the heat transfer equations to solve for 
the required surface area (A). The variable A is the amount of interface the process material must have 
with the heat transfer surface to meet production and quality requirements.  
 
Using this information, Komline-Sanderson can size an appropriate thermal processor to meet process 
specifications. Komline-Sanderson has developed the paddle thermal processors for over 30 years. The 
K-S paddle thermal processor is an indirectly heated or cooled paddle dryer/cooler. The K-S paddle 
dryer/cooler has dual counter rotating agitators with intermeshing hollow wedge-shape paddles that 
result in uniform heating (or cooling) and optimized heat transfer. The use of hollow heated (or cooled) 
paddles and a jacketed trough provides for a large amount of heat transfer area in a compact machine. 
The mixing created from the inter-meshing dual agitators can enhance the heat transfer coefficient. 
Localized mixing around each self-cleaning paddle creates a homogeneous mixture. 
 
In conclusion, heat transfer in a paddle thermal processor can be modeled utilizing heat transfer via 
conduction and convection. Equations can be used to determine the required surface area and the size 
of the dryer required to meet production and quality requirements of the process. The LMTD and overall 
heat transfer coefficient is inversely proportional to the required surface area. The process flow rate is 
directly proportional to the required surface area. The final process temperature also influences the 
required surface as well.  
 
Since its incorporation in 1946, Komline-Sanderson Corporation has provided the highest quality 
equipment for applications including process/production solid/liquid separation, filtration, drying, 
wastewater treatment, sludge processing, and air pollution control. The company and its subsidiaries 
supply equipment to a diverse group of customers around the world including the chemical, wastewater, 
electric power utilities, and a broad range of industrial clients. For additional information or inquires 
please reach out to Komline-Sanderson or visit our website at www.Komline.com.  
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