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This paper presents capabilities of a new drying software package, entitled Simprosys. 

The basic features of this user-friendly software, designed for practicing engineers as well 

as instructors and students in process design courses. Some illustrations are included to 

demonstrate the application of this package. 

1. Introduction 

Drying related process simulation requires intensive calculations of not only 

the states of humid gas for convective dryers, which constitute over 90 percent 

of all industrial dryers, but also special state variables such as wet-bulb 

temperature as well as absolute and relative humidity. Due to the nonlinearity of 

these calculations, humidity charts were developed a century ago and have been 

widely used. However, using the century old humidity charts for drying related 

calculations is obviously inadequate in this electronic age.  

Given the high price of oil during the past few years and the likelihood that 

this will not change, energy conservation technology will once again become a 

focal point for both industry and academia. Thus it is important to design and 

operate dryers optimally and respond to changes in process variable. 

Simprosys, perhaps the first software of its kind, was developed by 

Simprotek Coporation (www.simprotek.com) specifically for drying and 

evaporation based flowsheets.  

2. Motivation and Development of Simprosys 

Hysys is a successful software package for oil and gas related process 

simulations. With Hysys it is easy for engineers to lay out a flowsheet and do the 

necessary heat/mass balance calculations. They can thus easily study the effects 

of input parameters on output parameters in a complex flowsheet that contains 

dozens of unit operations. 

As is well known, Hysys was designed for materials of very well defined 

chemical compositions and its calculations are mainly based on gas state 

equations. Therefore, its foundation, the stream model, is based on temperature, 

pressure, and enthalpy.  It may not readily deal with drying-related simulations 
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since such simulations need specific state variables such as wet bulb 

temperature as well as relative and absolute humidity that are difficult to 

incorporate into the Hysys stream model.  

Simprosys was developed using the most advanced software technology, 

Microsoft .Net and C#, to fill the void of process simulation for materials that do 

not have a clear definition of compositions. It is started with drying and 

evaporation as its typical target processes. However, this does not limit the 

software only to such processes.  

The drying models incorporated in Simprosys are based on extensive 

studies of the most authoritative handbooks by Mujumdar [1], Masters [2] and 

Perry [3] etc. and many advanced drying literatures such as by Kemp [4, 5].  The 

other unit operation models in Simprosys are based on Perry [4], Ibarz and 

Barbosa-Canovas [6] and Chopey [7], Reynolds [8] etc. and many other 

handbooks. 

3. Applications of Simprosys 

Using the unit operation modules provided by Simprosys, one can construct 

any drying and evaporation related process for design and analyze it. One can 

also readily explore different arrangements of unit operations and experiment 

with different operating conditions to optimize alternate designs and operations.  

Two examples are presented here to demonstrate the applications of 

Simprosys.  

 Example 1 -- A Drying Flowsheet with Recycled Exhaust Gas Stream 

The material to be dried is wet solid particles. Feed moisture content = 0.05 

kg/kg wet basis. Feed temperature = 10 
o
C. Product temperature = 50 

o
C. 

Product moisture content = 0.002 kg/kg wet basis. Specific heat of the absolute 

dry material = 1.26 kJ/kg·
o
C. Mass flow rate wet basis = 2000 kg/hr.  

Drying air: Initial pressure = 101.3 kPa. Initial temperature (dry-bulb) = 10 
o
C. Initial relative humidity = 0.3. Mass flow rate wet basis = 6400 kg/hr. 

Drying air goes through an air filter with a pressure drop of 0.3 kPa. 

Assume dust volume concentration is 0.1 g/m
3
, collection efficiency of the air 

filter is 99.8% and filtration velocity is 2.5 m/s.  Drying air then goes through a 

fan (the efficiency is 0.7) to gain 3 kPa static pressure, then through a heater to 

be heated to 90 
o
C before going to the dryer. Pressure drop of air in heater is 0.8 

kPa. Pressure drop of air in dryer is 1.2 kPa. The exhaust air entrains 0.1% of the 

total material. It goes through a cyclone to collect 95% of the entrained dust 

material. Pressure drop of the cyclone is 0.6 kPa. Half of the exhaust gas from 
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the cyclone goes through a fan (the efficiency of the fan is 0.7) to gain 1.8 kPa 

static pressure and then is recycled back to the dryer’s gas inlet. 

The established flowsheet using Simprosys is displayed in Figure 1. The 

simulated result is shown in Figure 2. 

 

 
Figure 1. A Flowsheet with Recycled Exhaust Gas Stream 

 

 
 

Figure 2. Simulation Results of Example 1   

 

With Simprosys it is easy specify the absolute humidity of the fresh air in 

stead of relative humidity, or specify the heating duty of the heater rather than 

the air inlet temperature of the dryer to simulate the flowsheet. One can also 

change the material inlet temperature and/or moisture content to see how the air 

outlet temperature and humidity change. 

 Example 2 -- A Drying Flowsheet with Recycled Material Stream  

The material being dried is solid particles. Initial moisture content = 0.25 

kg/kg wet basis. Initial temperature = 20 
o
C. Product temperature = 75 

o
C. 

Product moisture content = 0.002 kg/kg wet basis. Specific heat of the absolute 

dry material = 1.26 kJ/kg·
o
C. Mass flow rate wet basis = 1000 kg/hr.  
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Drying air has the following conditions: Initial pressure = 101.3 kPa. 

Initial temperature = 20 
o
C. Initial Relative Humidity = 0.3. Mass Flow Rate wet 

basis = 10000 kg/hr 

Drying air needs to go through an air filter first. Pressure drop in the air 

filter is 0.3 kPa. Assume dust volume concentration is 0.1 g/m
3
, collection 

efficiency of the air filter is 99.8% and filtration velocity is 2.5 m/s.  Drying air 

then goes through a fan (the efficiency of the fan is 0.7) to gain 3 kPa static 

pressure, then through a heater with a heating duty of 246 kW. Pressure drop of 

air in heater and dryer is 0.8 kPa and 1.2 kPa respectively. The exhaust air of the 

dryer entrains 0.1% of the total material into the dryer’s gas outlet stream. The 

gas outlet stream needs to go through a cyclone to collect the entrained dust 

material. Collection efficiency of the cyclone is 95%. Pressure drop of air in the 

cyclone is 0.6 kPa.  

The dryer requires that the feed moisture content (wet basis) is less than 

0.15 kg/kg. As is known, initial moisture content (wet basis) of the material is 

0.25 kg/kg. One solution is to mix a portion of the dried material product with 

the fresh material to decrease the moisture content to the required moisture 

content level and then feed the dryer.  

 
Figure 3. A Flowsheet with Recycled Material Stream 
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Figure 4. Simulation Results of Example 2 

 

 A tee is required to split the product material into two streams. One goes 

through a recycle and mixes with the fresh material in a mixer and then 

introduced into the dryer material inlet. The established flowsheet is displayed in 

Figure 3. The simulated result is shown in Figure 4.  

Simulation results indicate that one half of the dry product from the dryer 

needs to be mixed with the original material to satisfy the material inlet moisture 

content requirement.  

With Simprosys the designer can specify the absolute humidity of the fresh 

air instead of the relative humidity, or specify the air inlet temperature of the 

dryer rather than the heating duty of the heater to simulate the flowsheet. It is 

also possible to change the material inlet temperature and/or moisture content, or 

the dry product ratio recycled (e.g. 40% or 60% dry product to be recycled) to 

see how the air outlet temperature and humidity are affected. 

4. Potential Roles of Simprosys in Practice  

Based on design requirements an engineer can quickly layout his/her 

flowsheet and compute heat/mass/pressure balances for their designed plant 

using Simprosys and obtain the necessary process parameters e.g. air flow rate 

to the dryer, the capacity and power requirements of the blower, the heat duty of 

the heater, the exhaust dust concentration of the cyclone or scrubber, etc. He/she 

can then specify appropriate equipment based on the simulation results. 
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A process engineer can simulate an existing plant by easily laying out the 

plant on a flowsheet with Simprosys and input the operating conditions of the 

plant to see how efficient the operation is. Then he/she can try different 

operating conditions and optimize the energy efficiency of the operation.  

University instructors will find Simprosys an efficient teaching tool for 

undergraduate and postgraduate teaching of process design in chemical 

engineering, food and agricultural engineering, etc. With this software package 

students can readily perform extensive what-if analysis which will otherwise 

take an unrealistically long time to accomplish. They can also use Simprosys to 

demonstrate effects of various input parameters on the output parameters for a 

typical plant. Practicing engineers and scientists can use Simprosys as a self-

learning tool.   

5. Concluding Remarks 

Examples presented here show only a very small part of the functionalities 

Simprosys possesses. Interested readers may visit www.simprotek.com to 

download a free trial version of Simprosys and follow the examples in the 

tutorial of the software package.  
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