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PREFACE  
 
The manual “Process Simulation Using DWSIM” presents a set of eleven basic exercises 

using a free and open source chemical process simulator “DWSIM” and can be utilized to 

establish process simulation laboratory as part of undergraduate chemical engineering degree 

or in allied degree curriculum. Simulation covers topics across the broad spectrum of 

chemical engineering courses covering mixing, reaction, phase equilibrium, heat and mass 

transfer operations. The problem statements are rightly placed at the beginner’s level with 

each exercise complete in terms of sufficient instructions that enable the learner to perform 

the exercise with ease on their own. Supplementary self-learning exercises are also provided 

for simulation experiments to further aid a curious learner. This manual is the second version 

brought out by the SASTRA FOSSEE Centre, a partner with FOSSEE, IIT-B. At this 

juncture, I thank Prof Kannan M. Moudgalya, Professor, IIT-B for initiating me into FOSSEE 

tools and helping to establish the FOSSEE at SASTRA. I also owe my sincere thanks to my 

earlier students G. Jayaram and A. S. Ragul, who interned at FOSSEE and developed the 

version 1 of this manual. I believe the manual is helpful and can meet its intended objective. 

Care is taken to ensure the manual is free from factual and typological errors. However, I 

request the users to debug the exercises given in the manual and if you find any errors or 

discrepancy in using the manual, you can feel free to bring to my notice.  

 

Thanks 

Naren          
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PROCESS SIMULATION USING DWSIM: A FREE AND 

OPEN SOURCE CHEMICAL PROCESS SIMULATOR 
 

PREAMBLE 
 

DWSIM is an open-source CAPE-OPEN compliant chemical process simulator. It features a 

Graphical User Interface (GUI), advanced thermodynamics calculations, reactions support 

and petroleum characterization / hypothetical component generation tools. DWSIM can 

simulate steady-state, vapor–liquid, vapor–liquid-liquid, solid–liquid and aqueous electrolyte 

equilibrium processes and has built-in thermodynamic models and unit operations 

(https://en.wikipedia.org/wiki/DWSIM ). It is available for Windows, Linux and Mac OS.  

 

The objective of the course is to create awareness of the open source process simulator 

“DWSIM” among prospective graduates and practicing process engineers. The course will 

cover basic aspects of create flow sheet in DWSIM and simulation of simple units such as 

Mixer, Heat Exchanger, Equilibrium reactor, CSTR, Distillation column.  

 

Target Audience 

 III / Final year B. Tech. Chemical Engineering students 

 M. Tech. Chemical Engineering students 

 Practicing Process Engineers 

 

Prerequisites 

 Participants should have pursued the following courses as part of their degree 

program / have good working knowledge in (i) Fluid mechanics (ii) Chemical 

Reaction Engineering (iii) Chemical Engineering Thermodynamics (iv) Heat and 

Mass Transfer (v) Numerical analysis  
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INSTALLATION GUIDELINES FOR WINDOWS OS 
 

System Requirements for DWSIM on Windows Platform  

OS:             Windows: 64-bit x86 XP/Vista/7/8/10 

    Linux: 64-bit x86 Ubuntu 12.04 or newer / 32-bit armhf Raspbian/Ubuntu MATE 

    macOS: 10.7 (OS X Lion) or newer 

Software: Microsoft .NET Framework 4.5 or newer (Windows)  

    Mono Framework 5.0.0 or newer (Linux/macOS) 

CPU:   1.0 GHz dual-core processor (minimum) 

Memory:         1 GB RAM 

Graphics Card: 128 MB with OpenGL hardware acceleration 

Display:        a 1280x800 display resolution is recommended as a minimum. 

Disk space:  300 MB for program files 

 
Steps to be followed for installing DWSIM Version 5.1 (Windows) 
 
1. Download the latest version of DWSIM (DWSIM version 5.1) from 

http://dwsim.inforside.com.br/wiki/index.php?title=Downloads  

2. Once downloaded the executable file “DWSIM_bin_v51u6_setup”, right-click the file 
and select “Run as Administrator” option. 

3. Once you click it, you will be alerted with a dialog box asking for installer language. 
Choose English  

4. Then DWSIM 5.1 Setup wizard appears. Click Next to continue. 

5. Then click I Agree followed by Next. Now you will be asked to choose components to be 
installed by showing a list of 5 components [DWSIM, ChemSep 7.15, CAPE-OPEN type 
libraries for 32-bit and 64-bit Windows, Register type libraries]. Make sure that you check 
all the checkboxes in the list (i.e, choose all 5 components) and click Next to continue. 
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6. To install in different folder, you can change the destination but please remember the 
location of the destination file.  

7. Click Next to continue and click Install to begin the installation. 

8. The installation begins and waits till you encounter a ChemSep 7.15 LITE Setup wizard. 
Now just click I Agree button [retain the default installation option: “Install for anyone 
using this computer”] and click Next till you see Install button and then click it to begin 
the installation of Chemsep. Follow the screen instructions till you finish the installation.  

9. Once ChemSep 7.15 installation is complete setup wizard for CAPE-OPEN type libraries 
will show up. Follow the instructions on screen and complete the same.  

10. Once installation is completed without error, click Next and click Finish to close the 
wizard. You will notice two icons in the desktop titled “DWSIM (Classic UI)” and  
“DWSIM” 
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Additional Guidelines to enable updates in DWSIM  

1. Locate DWSIM file from installed location and open DWSIM v5.1 (Classic UI) in your 
computer (Right click the DWSIM icon and run as administrator). 

2. Close the welcome screen 

3. Locate Edit in the menu bar at the top and click on it.  

4. Under Edit menu, select General Settings  

5. A wizard appears. Select Other tab (last tab in the top) in the wizard 

6. At the bottom, one can see an option called Check for updates on startup. Click it or 
enable it.  

7. Similarly, one can see an option called Enable automatic updates. Click it or enable it.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: 

DWSIM requires Microsoft .NET framework and Visual C++ 2015 Redistributable. If it is 

not installed in your system, you can download the same and install  

 https://www.microsoft.com/net/download/windows    

https://www.microsoft.com/en-us/download/details.aspx?id=52685    
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DWSIM INSTALLATION FOR OTHER PLATFORMS 
 
DWSIM is also available for other platforms such as Linux, mac OS and Raspberry pi. 

Instructions for the same are available at 

http://dwsim.inforside.com.br/wiki/index.php?title=Downloads  
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OBJECTIVE 

 To enable students to simulate different process units using a process simulator tool 

and there by facilitate performance analysis of different units.  

 

LIST OF SIMULATION EXPERIMENTS/ TUTORIALS   

1. Mixing of ideal liquid streams 

2. Determination of thermo-physical properties of pure components 

3. Generation of VLE data of binary component system 

4. Determination of equilibrium conversion of reversible reactions 

5. Material balance on reactor based on yield/conversion data 

6. Simulation of an CSTR for liquid phase reaction  

7. Simulation of a flash column 

8. Simulation of a distillation column  

9. Determination of heat duty  

10. Shortcut Simulation of heat exchanger to determine outlet stream temperature  

11. Detailed Simulation of heat exchanger 

 

REFERENCES 
Ghasem, A. and R. Henda. Principles of chemical engineering processes. Boca Raton: CRC 

Press, 2009.  

Jana A. K. Process simulation & control using ASPEN, 2/e. New Delhi: PHI Learning Pvt. 

Ltd., 2012. 

S. I. Sandler. Using Aspen Plus in thermodynamics instruction – A step-by-step guide. New 

Jersey: John Wiley  Sons, Inc., 2015.  

Schefflan, R. Teach yourself – The basics of Aspen Plus. New Jersey: John Wiley & Sons, 

Inc., 2011. 

Seider, W. D., J. D. Seader, J. D. and D. R. Lewin, D. R. Product and process design 

Principles, 2/e. New York: John Wiley and Sons, Inc., 2008 
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USEFUL LINKS 
 

 http://dwsim.inforside.com.br/ 

  http://dwsim.fossee.in/  

 http://spoken-tutorial.org/  

 http://forums.fossee.in/  

 https://sourceforge.net/p/dwsim/discussion/  

 http://dwsim.inforside.com.br/wiki/index.php?title=Category:Tutorials  

 https://sites.google.com/site/prnarenportal/dwsim  
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Experiment No. 01 

Mixing of Ideal Liquid Streams 

 

Objective 

Develop a simple process sheet to mix two liquid streams and estimate the flow rate 

and composition of outlet stream.  

 

Data 

Inlet stream 1:  10 mol % Methanol solution flowing at 20 kmol/h 

Inlet stream 2: 80 mol % Methanol solution flowing at 10 kmol/h 

Both the streams are at 30 oC and at 1 bar pressure 

The liquid streams can be considered as ideal  

 

DWSIM Blocks Used 

Mixer 

 
Procedure 
 
1. Start a new DWSIM Simulation (DWSIM VER 5.1 - CLASSIC UI). Click on 

“New steady state Simulation” as a template for new simulation 

2. The simulation configuration window will be opened. It shows a specification 
page. Add components required to solve the problem statement. In the present 
case, add Water and Methanol. Ensure all components are added from the same 
property database. For instance, in this case, both components are added from 
“ChemSep” database.  

3. Specify the thermodynamic package as Raoult’s law.  

4. Customize the system of units for the simulation and click “Next”. 

5. The flowsheeting section of simulation window will be opened. First, let provide 
input and output streams for the unit operation to be performed. Drag and drop 
two Material streams available at the right, in the object palette. Rename them 
stream as “Inlet-Stream-1”and “Inlet-Stream-2”. These serve as input streams. 

6. On clicking the “Inlet-Stream-1” and “Inlet-Stream-2” stream, general 
information about the stream will be displayed on the left side of screen. Specify 
the feed compositions, temperature and pressure for the inlet streams. Once 
credentials are specified for the inlet streams, the color of stream turns blue. 
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Specification for the inlet streams 

Stream Molar 
Flowrate 
(kmol/hr) 

Mol 
fraction 
MeOH 
(-) 

Mol 
fraction 
Water 
(-) 

Temperature 
oC 

Pressure 
bar 

Inlet Stream1 20 0.1 0.9 30 1 

Inlet Stream 2 10 0.8 0.2 30 1 

 

7. Add one more Material stream i.e. Drag and drop it into the flow sheet. Rename 
the stream as “Outlet Stream”. This serves as output stream.  

8. Below the Unit Operation tab on left, locate the Stream Mixer block. Drag and 
drop into the flow sheet. Rename it as “Mixer”. 

 

 
 

 
 

9. No separate specification is required for the “Mixer” block.  
 
10. Now, all necessary credentials required for simulation are added. It should be 

connected in a proper sequence. Click on “Mixer” block, the general information 
about the block is displayed on the right. Under “connections” tab, for all streams 
click the dropdown button and select the necessary connections. If all the 
connections are given correctly, all the blocks will turn blue. 

 
11. Run the simulation by pressing “Solve flow sheet” button on the top corner of the 

screen. 
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12. To analyze/display the results, select on “Master property table” icon on the tool 
bar. A box will appear which is double clicked to modify it further. Select the 
streams which have to be shown in output and click “OK”. The property table will 
be opened showing all the results as shown in the figure below. 

 

Results 

Stream Results  

 
 
 
Self-Learning Exercises 

1. How to modify the simulation, if pure methanol is mixed with water to form 

solution? 

2. What if enthalpy of mixing is not negligible?   
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5 | P a g e  
 

Experiment No. 02 
 

Determination of Thermo-physical Properties of Pure Component  
 
Objective 
Determine the thermo-physical properties of pure component as function of 
temperature and pressure. For instance, determine the specific heat capacity of liquid 
water at 1 bar from 30 oC to 90 oC  
 
Data 
Fluid: Water  
Thermodynamic model: Ideal  
 
DWSIM Block 
No blocks required 
 
Procedure 
 
1. Start a new DWSIM simulation (DWSIM VER 5.1 - CLASSIC UI). Click on 

“New steady state simulation” as a template for new simulation 

2. The simulation configuration window will be opened. The specification page will 
appear. Select the component required for the simulation. In this case Water is 
added. 

3. Select and add the property package (Raoult’s law) and click “Next”. Add the 
default flash algorithm for the simulation. Click “Next”. 

4. Choose the desired system of units for the simulation and click “Next”. 

5. The flow sheeting section will be opened.  

6. In the top menu, under the “Tools” tab, click on “Pure component property 
viewer” to generate thermo-physical property data.  
 

7. On clicking the tab, pure component property window will appear. Select the 
component for which the thermo-physical data has to be generated. In this case it 
is water. 

 
8. Once you selected the component, the appearance of window will be changed as 

shown in figure. 
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9. Below the component tab, identify a tab named “Liquid-phase”. On clicking this 
tab, a graph for temperature versus specific heat capacity of water will be 
generated. 
 

 
 

10. To view the results in tabulated form, click on “Data-table” option where, all the 
thermo-physical properties are tabulated. 
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Results 
 

 
 

 
Self-Learning Exercise 

1. Determine the thermal conductivity and viscosity of liquid water and in vapour 

phase.  
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Experiment No. 03 

 
Generation of VLE Data of Binary Component System 

 
Objective 
Generate vapour-liquid equilibrium data (VLE) for a binary component system 
 
Data 
Fluid components: Benzene - Toluene 

Pressure = 1 atm 

Thermodynamic model: Ideal  

 
DWSIM Block 
Material Stream 
 
Procedure 
 
1. Start a new DWSIM simulation (DWSIM VER 5.1 - CLASSIC UI). Click on 

“New steady state simulation” as a template for new simulation 

2. The simulation configuration window will be opened. The specification page will 
appear. Select the components required for the simulation, namely “Benzene” and 
“Toluene”. Ensure, components are added from same property database. In this 
illustration, both components are added from “ChemSep” database.  

3. Select and add the property package (Raoult’s law) and click “Next”. Add the 
default flash algorithm for the simulation. Click “Next”. 

4. Choose the desired system of units for the simulation and click “Next”. 

5. The flowsheeting section will be opened.  

6. To generate binary VLE, at least one material stream is required in the 
flowsheeting section. Hence, click on material stream object at the object palette 
and drag it to the flowsheet section.  
 

7. Click the “material stream” to open its specification window. Next to the object 
name, you will find an icon, click it to attach utility and under utility add an 
“Binary Envelope” as shown in the figure below 
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8. A new window opens. Enlarge it. Use the different pull down menus available in 

the window to generate the Txy and VLE plot for Benzene and Toluene at given 
pressure. Provide settings as shown below and click at “Calculate” to see the Txy 
plot   

  
Settings to generate Txy at given pressure 
Compound 1 Benzene 
Compound 2 Toluene 
Envelope type Txy 
Txy diagram options VLE 
X axis basis Mole fraction 
Pressure  1 atm 
Property package PP_1 (Raoult’s Law) 

 

 
 
 

Settings to generate xy (VLE plot) at given pressure 
Compound 1 Benzene 
Compound 2 Toluene 
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Envelope type (T)xy 
Txy diagram 
options 

VLE  

X axis basis Mole fraction 
Pressure  1 atm 
Property package PP_1 (Raoult’s Law) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Self-Learning Exercises  

1. Generate P-x-y data at T = 120 oC for benzene toluene system. 

2. Generate T-x-y at P = 5 bar and compare your results with 1 bar to make suitable 

observations  

3. Generate the T-x-y data for Water-Ethanol system at 1 bar using “Ideal” and 

“NRTL” or “Peng Robinson” method. What differences are observed? 
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Experiment No. 04 

Determination of Equilibrium Composition 
 
Objective 
Develop a simple process flow sheet to determine the equilibrium composition for the 
given reaction stoichiometry at specified reaction temperature and pressure  
 
Data 
Reaction: Water-gas shift reaction  

       2g g 2 g 2 gCO H O CO H    

Inlet stream:  20 kmol/h of stoichiometric ratio of CO and H2O.  
The inlet stream and the reactor is at 800 K and 1 bar pressure 
CO2 and H2 not present in the inlet stream 
 
DWSIM Blocks Used 
Equilibrium reactor 
 
Procedure 
1. Start a new DWSIM Simulation (DWSIM VER 5.1 - CLASSIC UI). Click on 

“New steady state Simulation” as a template for new simulation 

2. The simulation configuration window will be opened. Add 4 components required 
for the simulation- Carbon monoxide, Carbon dioxide, Hydrogen and Water 

3. Ensure that all the components are added from same property package. Example: 
All the components are selected from Chemsep database. Click “Next” button. 

4. Select and add the property package and click “Next”. Add the default flash 
algorithm for the simulation. Click “Next”. 

5. The flowsheeting section of simulation window will be opened. Drag and drop the 
Material stream from the object palette. Rename the stream as “Feed”. This serves 
as input. 

6. On clicking the “Feed” stream, general information about the block will be 
displayed on left of the screen.  

7. Specify the feed compositions, flow rate, temperature and pressure for the inlet 
streams. Choose “Temperature and Pressure” as the flash specification method for 
the inlet material stream. Once composition and flow rate are specified for the 
inlet streams, the color of stream turns blue. 
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Specification for the inlet stream 

Quantity Value 
Temperature, (K) 800 
Pressure, (bar) 1 
Molar Flowrate (kmol/h) 20 
Composition (mol fraction) CO: 0.5 

CO2: 0 
H2: 0 
H2O: 0.5 

 

8. Add two more Material streams i.e. Drag and drop it into the flow sheet. Rename 
them as “Vapor” and “Liquid”. These serves as output streams. 

9. Add an energy stream from the object palette 

10. Locate the Equilibrium reactor block. Drag and drop into the flow sheet. Rename 
it as “EQ-React”.  

11. Under “Tools” tab in select “Reaction Manager” tab. choose the type of reaction 
i.e. “Equilibrium reaction” for this problem. A dialogue box will appear. Give an 
appropriate name and description about the reaction. Select the checkboxes 
adjacent to the component names, which has to be included in the reaction. Give 
the stoichiometry of the reaction and choose appropriate base component.  In this 
case the base component is “Carbon Monoxide”. Once base component is chosen 
and stoichiometry is specified, a text “OK” appears in the stoichiometry tab. By 
default, the basis is activity and liquid phase. Change it to partial pressure and 
specify the phase as “vapour” and click “OK” 

12. Click on “EQ-React” block. The general information about the block is displayed 
on the left. Under “connections” tab, click the dropdown button and select the 
necessary connections. If all the connections are given correctly, all the blocks 
will turn blue.  
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13. Run the simulation by pressing “Solve flow sheet” button on the top corner of the 
screen.  

14. To analyze/display the results, select on “Master property table” icon on the tool 
bar. A box will appear which is double clicked to modify it further. Select the 
streams which have to be shown in output and click “OK”. The property table will 
be opened showing all the results as shown in the figure below. 

Results 

Stream Results  
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Self-Learning Exercises 

1. How to run the simulation to obtain equilibrium conversion at 1000 K and 2 bar 

pressure?  

2. Modify the simulation to compute equilibrium composition involving multiple 

reactions, say for instance, methane steam reforming along with water-gas shift.   
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Experiment No. 05 

Material Balance on Reactor Based on Yield - Conversion Data 

Objective 

Develop a simple process sheet to determine the exit composition from a reactor 

based on conversion (or yield) data and given stoichiometry  

 

Data 

Reaction: Ammonia Formation   

     2 2 3g g gN 3H 2NH   

100 kmol/h of gaseous stream containing 25 mol% N2 and rest H2 at 25oC and 1 atm 

enters a reactor operating at 25oC, 1 atm. Conversion of nitrogen to ammonia is 20%. 

Determine the composition of exit stream from the reactor.  

 

DWSIM Blocks Used 

Conversion Reactor  

 
Procedure 
1. Start a new DWSIM Simulation (DWSIM ver 5.1 - Classic UI). Click on “New 

steady state Simulation” as a template for new simulation 

2. The simulation configuration window will be opened. It shows a specification 
page. Add the three components for Ammonia formation reaction, namely, 
Nitrogen,  Hydrogen and Ammonia. Ensure that all the components are added 
from same property package. Example: All the 3 components are selected from 
Chemsep database. Click “Next” button. 

3. Specify the thermodynamic package as Raoult’s law. 

4. Customize the system of units in which the simulation has to be carried out and 
click “Next”. 

5. The flowsheeting section of simulation window will be opened. It is necessary to 
provide input and output streams for the unit operation to be performed. Drag and 
drop the Material stream available at the right, in the object palette. Rename the 
stream as “Feed”. This serves as input stream. 

6. Double click the “Feed” stream. The general information about the stream will be 
displayed on the right side of screen. Specify the feed compositions, flow rate, 
temperature and pressure for the inlet streams once composition and flow rate are 
specified for the inlet streams, the color of stream turns blue. 
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7. Add two more Material streams i.e. Drag and drop it into the flow sheet. Rename 
those streams as “Vapour-Outlet” and “Liquid-Outlet”. These serves as output 
streams.  

8. Add an energy stream from the object palette to the flowsheet section.   

9. Below the Unit Operation tab on left, locate the “Conversion Reactor” block. Drag 
and drop into the flowsheet.  
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Specification for the inlet stream 

Quantity Value 

Temperature, (oC) 25 

Pressure, (atm) 1 

Molar Flowrate (kmol/hr) 100 

Composition  

(Mol fraction) 

Nitrogen: 0.25 

Hydrogen: 0.75 

Ammonia: 0  

 

10. Under “Tools” tab in select “Reaction Manager” tab. Towards the left of the 
screen locate a green colored button to choose the type of reaction i.e. Conversion 
reaction for the given problem. A dialogue box will appear, in which name of the 
equation and description about the equation can be mentioned. Select the 
checkboxes adjacent to the component names, give the stoichiometry of the 
reaction and choose appropriate base component. In this case the base component 
is “Nitrogen”. Once base component is selected, stoichiometry is properly 
specified, a text “OK” appears in the stoichiometry tab. Change the phase to vapor 
phase and specify the given value of conversion in percentage and click on OK. 

 

11. Now, all necessary credentials required for simulation are added. It should be 
connected in a proper sequence. Click on “Conversion Reactor” block in the 
flowsheet section. The general information about the block is displayed on the 
right. Under “connections” tab, for all streams click the dropdown button and 
select the appropriate streams. Under “Calculation Parameters” choose the 
Reaction Set and set Calculation Mode to “Isothermic” If all the connections are 
given correctly, all the blocks will turn blue.  
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12. Run the simulation by pressing “Solve flow sheet” button on the top corner of the 
screen.  

13. To analyze/display the results, select on “Master property table” icon on the tool 
bar. A box will appear which is double clicked to modify it further. Select the 
streams which have to be shown in output and click “OK”. The property table will 
be opened showing all the results as shown in the figure below. 

 

 

Results 

Stream Results  

 
 
Self-Learning Exercises 

1. Can you determine the heat duty for the reaction? 

2. Check if the backward reaction can be included? If so, assume, 2% of Ammonia 

formed dissociates to form Nitrogen and Hydrogen and determine the exit 

composition       
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Experiment No. 06 

Simulation of a CSTR for Liquid Phase Reaction 

Objective 

Develop a simple process sheet to determine the exit composition from a Continous 

stirred tank reactor (CSTR)  

 

Data 

Reaction: Ethylene glycol production in CSTR: Ethylene oxide reacts with water to 

form Ethylene Glycol  

     2 4 2 2 6 2l l lC H O H O C H O   

Inlet stream:  26 m3/h of aqueous solution of Ethylene oxide with a mol fraction of 

15% and rest water. Reaction carried out at 55 oC under atmospheric condition in 

CSTR of 2 m3 

Reaction rate: EOr kC   

Where CEO: Molarity of Ethylene oxide; k: rate constant = 0.005 1/s  

 

DWSIM Blocks Used 

Continous Stirred Tank Reactor (CSTR) 

 

Procedure 
1. Start a new DWSIM Simulation (DWSIM VER 5.1 - CLASSIC UI). Click on 

“New steady state Simulation” as a template for new simulation 

2. The simulation configuration window will be opened. Add 3 components for the 
simulation - Ethylene oxide, Ethylene Glycol and Water 

3. Ensure that all the components are added from same property package. Example: 
All the 3 components are selected from Chemsep database. Click “Next” button. 

4. Select and add the property package and click “Next”. Add the default flash 
algorithm for the simulation. Click “Next”. 

5. The flowsheeting section of simulation window will be opened. Drag and drop the 
Material stream from the object palette and rename the stream as “Feed”. This 
serves as input. 
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6. On clicking the “Feed” block, general information about the block will be 
displayed on the left of the screen.  

7. Specify the feed compositions, flow rate, temperature and pressure for the inlet 
streams once composition and flow rate are specified for the inlet streams, the 
color of stream turns blue. 

                                    Specification for the inlet stream 

Quantity Value 
Temperature, (oC) 55 
Pressure, (bar) 1 
Volumetric Flowrate (m3/h) 26 
Composition  
(mol fraction) 

Ethylene oxide: 0.15 
Ethylene glycol: 0 
Water: 0.85  

 

8. Add one more Material streams i.e. Drag and drop it into the flow sheet. Rename 
it as “Product”. This serves as output stream.  

9. Add an energy stream which is available in the object palette below the Material 
stream.  

10. Below the Unit Operation tab, locate the “Continous Stirred Tank Reactor” CSTR 
block. Drag and drop into the flow sheet. Rename it as “CSTR”. 

11. Under “Tools” tab in select “Reaction Manager” tab. choose the type of reaction 
i.e. “Equilibrium reaction” for this problem. A dialogue box will appear. Give an 
appropriate name and description about the reaction. 

12. Select the checkboxes adjacent to the component names, which has to be included 
in the reaction. Give the stoichiometry of the reaction and choose appropriate base 
component.  

13. In this case the base component is “Ethylene Oxide”. Once base component, 
stoichiometry is specified, a text “OK” appears in the stoichiometry tab. Specify 
the rate constant of the reaction. 

14. By default, the basis is activity and liquid phase. In this case it has to be changed 
to Molar concentration and specify the phase as liquid.  

15. Specify the rate constant of the reaction and click “OK”. 

16. Click on “CSTR-REC” block, the general information about the block is displayed 
on the right. Under “connections” tab, for all streams click the dropdown button 
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and select the necessary connections. If all the connections are given correctly, the 
blocks will turn blue.  

 

17. Run the simulation by pressing “Solve flow sheet” button on the top corner of the 
screen.  

18. To analyze/display the results, select on “Master property table” icon on the tool 
bar. A box will appear which is double clicked to modify it further. Select the 
streams which have to be shown in output and click “OK”. The property table will 
be opened showing all the results as shown in the figure below. 
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Results 

Stream Results  

 

Self-Learning Exercises 

1. If the CSTR is replaced by PFR of same volume of 64 m length and 20 cm 
diameter, determine the exit composition   
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Experiment No. 07 

Simulation of a Flash Column 

 

Objective 

Develop a simple process flow sheet to estimate the liquid and vapour composition of 

multi-component mixture undergoing partial vaporization.  

 

Data 

Components: n-pentane, n-hexane, and n-heptane 

Feed composition: 25 mol % n-pentane, 45 mol% n-hexane, and 30 mol% n-heptane  

Basis: 100 kmol/h 

Operating conditions  

Temperature = 69 °C 

Pressure = 1.013 bar 

 

DWSIM Blocks Used 

 Gas-Liquid Separator  

 
Procedure 
1. Start a new DWSIM Simulation (DWSIM ver 5.1 - Classic UI). Click on “New 

steady state Simulation” as a template for new simulation. 

2. The simulation configuration window will be opened. It shows a specification 
page. Add the three components - n-pentane, n-hexane, and n-heptane. Ensure that 
all the components are added from same property package. Example: All the 3 
components are selected from Chemsep database. Click “Next” button. 

3. Specify the thermodynamic package as Raoult’s law.  

4. Customize the system of units for the present simulation and click “Next”. 

5. The flowsheeting section of simulation window will be opened. It is necessary to 
provide input and output streams for the unit operation to be performed. Drag and 
drop the Material stream available at the right, in the object palette. Rename the 
stream as “Feed-In”. This serves as the input stream. 

6. On clicking the “Feed-In” stream, general information about the stream will be 
displayed on the left side of screen. Specify the feed compositions, flow rate, 
temperature and pressure for the stream, once composition and flow rate are 
specified for the inlet stream, the color of stream turns blue. 
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7. Add two more Material streams i.e. Drag and drop it into the flowsheet. Rename 
those streams as “Vap-Out” and “Liq-Out”. These serves as output streams.  

8. Below the unit operation tab on left, locate the Gas-Liquid Separator block. Drag 
and drop into the flow sheet. Rename it as “Flash Column”. 

Specification for the inlet stream 

Quantity Value 
Temperature, (oC) 69 
Pressure, (bar) 1.013 
Molar Flowrate (kmol/h) 100 
Composition (mole fraction) n-pentane: 0.25 

n-hexane:  0.45 
n-heptane: 0.30 

 

9. Now, all necessary credentials required for simulation are added. It should be 
connected in a proper sequence. Click on “Flash Column” block, the general 
information about the block is displayed on the right. Under “connections” tab, for 
all streams click the dropdown button and select the necessary connections. If all 
the connections are given correctly, all the blocks will turn blue. 

10. Run the simulation by pressing “Solve flow sheet” button on the top corner of the 
screen. It will be in the shape of Triangle. 

11. To analyze/display the results, select on “Master property table” icon on the tool 
bar. A box will appear which is double clicked to modify it further. Select the 
streams which have to be shown in output and click “OK”. The property table will 
be opened showing all the results as shown in the figure below. 
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Results 

Stream Results  

 
 
Self-Learning Exercises 

1. Re-run the simulation using SRK or PR thermodynamic model. Predict the 

percentage change in the vapour and liquid composition  

2. Determine the following 

a) Operating pressure at which the feed is completely vaporized at 69 oC    

b) Operating temperature at which the feed is completely vaporized at 1.013 bar 

3. Is a flash column object really necessitated to perform a flash operation in 

DWSIM? Explore Material stream and answer 
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Experiment No. 08 

Simulation of a Distillation Column 

Objective 

Develop a simple process flow sheet to estimate distillate and bottom composition of 

a distillation column  

 

Problem statement  

100 kmol/h of an equimolar mixture of benzene and toluene at 70oC and 1 atm 

pressure is to be separated by staged distillation column. A reflux ratio of 3 is used.  

Composition of benzene in the distillate should be 99% (by mol) toluene in the 

bottom should be 99% (mol). A total condenser and reboiler, both at 1 atm pressure 

are used. Determine the actual no. of stages, minimum reflux ratio and the minimum 

no. of stages for the operation.  

 

DWSIM Blocks Used 

Shortcut Column 

 

Procedure 

1. Start a new DWSIM Simulation (DWSIM VER 5.1 - CLASSIC UI). Click on 
“New steady state Simulation” as a template for new simulation 

2. The simulation configuration window will be opened. Add the two components 
required for simulation - Benzene and Toluene. Ensure that all the components are 
added from same property package. Example: All the 2 components are selected 
from Chemsep database. Click “Next” button. 

3. Select and add the property package and click “Next”. Add the default flash 
algorithm for the simulation. Click “Next”. 

4. The flowsheeting section of simulation window will be opened. Drag and drop the 
Material stream from the object palette. Rename it as “Feed”. This serves as input 
stream. 

5. On clicking the “Feed” stream, general information about the block will be 
displayed on the left of the screen. Specify the feed compositions, flow rate, 
temperature and pressure for the inlet streams. Once composition and flow rate are 
specified for the inlet streams, the color of stream turns blue. 

Specification for the inlet stream 
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Quantity Value 

Temperature, (oC) 70 

Pressure, (atm) 1 

Molar Flow rate (kmol/h) 100 

Composition (mole fraction) Benzene: 0.5 

Toluene: 0.5 

 

6. Add two more Material streams i.e. Drag and drop them into the flow sheet. 
Rename them as “Distillate” and “Bottoms”. These serves as output streams. 

7. Add two energy streams, one is for condenser duty (C-Duty) and the other is for 
re-boiler duty (R-Duty).  

8. Below the Unit Operation tab, locate the “Shortcut Column” block. Drag and drop 
into the flow sheet. Rename it as “DC”. 

 

9. Click on “DC” block, the general information about the block is displayed on the 
left of the screen. Provide calculation parameters as shown in the screenshot given 
below 
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10. Under Column configuration select “connections” tab. Click the dropdown button 
and give appropriate connections. If all the connections are given correctly, the 
blocks will turn blue.  

11. Run the simulation by pressing “Solve flow sheet” button on the top corner of the 
screen.  

12. To analyze/display the results, select on “Master property table” icon on the tool 
bar. A box will appear which is double clicked to modify it further. Select the 
streams which have to be shown in output and click “OK”. The property table will 
be opened showing all the results as shown in the figure below. 

 

Results 
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Self-Learning Exercises 

1. Simulate the column with feed given at (i) Stage 5 (ii) Stage 15 of the distillation 

column. Make inferences appropriately.  

2. Simulate the column at reflux ratio of 2. Discuss your results  
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Experiment No. 09 

Determination of Heat Duty of Heater 

 

Objective 

Develop a simple process flow sheet to determine the heat duty required to heat a 

fluid to a desired temperature  

 

Data  

Fluid: Water 

Inlet mass flow rate: 50 kg/h 

Inlet temperature: 25oC 

Outlet temperature: 90oC 

Pressure: 1 bar 

 

DWSIM Blocks Used 

Heater 

 
Procedure 
1. Start a new DWSIM Simulation (DWSIM ver 5.1 - Classic UI). Click on “New 

steady state Simulation” as a template for new simulation 

2. The simulation configuration window will be opened. It shows a specification 
page. Add the component “Water”   

3. Specify the thermodynamic package as Raoult’s law.  

4. Select the system of units for the simulation and click “Next”. 

5. The flow sheeting section of simulation window will be opened. Drag and drop 
the Material stream available at the right, in the object palette. Rename the stream 
as “Flow-In”. This serves as input stream. 

6. Double click the “Flow-In” stream. The general information about the stream will 
be displayed on the right side of screen. Specify the feed compositions, flow rate, 
temperature and pressure for the inlet streams once composition and flow rate are 
specified for the inlet streams, the color of stream turns blue. 

7. Add one more Material stream i.e. Drag and drop it into the flow sheet. Rename 
the stream as “Flow-Out”. This serves as the output stream.  
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8. Add an energy stream from the object palette to the flowsheeting section.  

9. Below the Unit Operation tab on left, locate the Heater block. Drag and drop into 
the flow sheet. Rename it as “HEATER”. 

Specification for the inlet stream 

Quantity Flow-In 
Temperature, (oC) 25 
Pressure, (bar) 1 
Mass Flowrate (kg/h) 50 
Composition (mass fraction) Water: 1 

 

 
10. Click on “HEATER” block, the general information about the block is displayed 

on the right. Under “connections” tab, for all streams click the dropdown button 
and select the necessary connections. Under calculation type choose “Outlet 
Temperature”. If all the connections are given correctly, all the blocks will turn 
blue.  

 

11. Run the simulation by clicking on “Solve flow sheet” icon / button on the top 
corner of the screen.  

12. To analyze/display the results, select on “Master property table” icon on the tool 
bar. A box will appear which is double clicked to modify it further. Select the 
streams which have to be shown in output and click “OK”. The property table will 
be opened showing all the results as shown in the figure below. 

Results 

Stream Results  
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Self-Learning Exercises 

1. Determine the heat duty required to completely vaporize the water entering the 

heater at 25oC and at 1 bar pressure? What is the temperature of the vapour 

generated?  

2. Is it possible to use the same heater block to determine the heat rejected, when hot 

fluid stream is cooled, say water from 90oC is cooled to 25oC at 1 bar?  

  



 

36 | P a g e  
 

  



 

37 | P a g e  
 

Experiment No. 10 

Simulation of Heat Exchanger Using “Heater” and “Cooler” Blocks  

 

Objective 

Develop a simple process flow sheet to simulate heat exchanger using “heater” and 

“cooler” blocks and determine the heat duty and exit temperature of a stream  

 

Problem statement (Adapted from Example 13.7, Seider et. al., 2008) 

Hot Stream      

Fluid: Styrene 

Molar Flow rate = 150000 lb/h 

Inlet Temperature = 300 oF 

Exit Temperature = 178 oF 

Pressure = 50 psia 

Cold Stream      

Fluid: Toluene 

Molar Flow rate = 125000 lb/h 

Inlet Temperature = 100 oF 

Pressure = 90 psia 

 

DWSIM Blocks Used 

Heater and Cooler 

 

Procedure 
1. Start a new DWSIM Simulation (DWSIM VER 5.1 - CLASSIC UI). Click on 

“New steady state Simulation” as a template for new simulation 

2. The simulation configuration window will be opened. Add two components 
required for the simulation - Toluene and Styrene. Ensure that all the components 
are added from same property package. Example: The 2 components are selected 
from Chemsep database. Click “Next” button. 

3. Select and add the property package and click “Next”. Add the default flash 
algorithm for the simulation. Click “Next”. 
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4.  The flowsheeting section of simulation window will be opened. Drag and drop 
the Material streams from the object palette. Rename them as “Hot-In”, “Hot-
Out”, and “Cold-In”, Cold-Out”.  

5. Insert an Energy stream from the object pallet and Rename it as “Q-Stream”. 

6. On clicking any of these streams, general information about the stream will be 
displayed on the left of the screen. Specify the feed compositions, flow rate, 
temperature and pressure for the inlet streams. Once composition and flow rate are 
specified for the inlet streams, the color of stream turns blue. 

Specification for the inlet streams 

Quantity Hot-In  Cold-In 
Temperature, (oF) 300 100 
Pressure, (psia) 50 90 
Molar Flowrate (lb/h) 150000 125000 
Composition (mass fraction) Styrene: 1 

Toluene: 0 
Styrene: 0 
Toluene: 1 

 

7. Below the Unit Operation tab, locate the “Cooler” block. Drag and drop into the 
flow sheet. Rename it as “Cooler”. 

8. On clicking the cooler block, the information about the block will be displayed. 
Under “connections” tab, click the dropdown button and select the necessary 
connections. In calculation parameter, specify the calculation as “Outlet-
temperature”  

 

9. Now, locate the “Heater” block. Drag and drop into the flow sheet. Rename it as 
“Heater”. 



 

39 | P a g e  
 

10. On clicking the Heater block, the information about the block will be displayed. 
Under “connections” tab, click the dropdown button and select the necessary 
connections. No need to give a separate energy stream for heater. The “Q-stream” 
itself serves as energy stream for this also. In calculation parameter, specify the 
calculation as “Energy stream”  

11. Once all the connections are given correctly, the blocks will turn blue.  Run the 
simulation by pressing “Solve flow sheet” button on the top corner of the screen.  

12. To analyze/display the results, select on “Master property table” icon on the tool 
bar. A box will appear which is double clicked to modify it further. Select the 
streams which have to be shown in output and click “OK”. The property table will 
be opened showing all the results as shown in the figure below. 

Results 
 

 

Reference 

Seider, W. D., Seader, J. D. and Lewin, D. R. (2008). Product and Process Design 

Principles, Second Edn., John Wiley and Sons, Inc., New York.  
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Self-Learning Exercises 

1. Determine the exit temperature of hot (styrene) and cold (toluene) streams, if heat 

duty removed from hot stream is 3 MW 

2. How to perform simulation for a counter-current heat exchanger using two heaters?   

3. Find out the inlet temperature of toluene if toluene should be heated to 250 oF using 

the available styrene feed  
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Experiment No. 11 

Detailed Simulation of a Heat Exchanger 

Objective 

Develop a simple process flow sheet with a shell and tube heat exchanger. Given the 

configuration details of a shell and tube heat exchanger and operating conditions of 

inlet streams, perform detailed simulation of the heat exchanger to determine the 

outlet temperature of fluid streams, shell and tube side pressure drops and the heat 

duty 

 

Problem statement (Adapted from Example 13.7, Seider et. al., 2008) 

An existing 2-8 shell and tube heat exchanger in a single shell is to be used to transfer 

heat to a toluene feed stream from a styrene product stream. The toluene enters the 

exchanger on the tube side at a flow rate of 125000 lb/hr at 100oF and 90 psia. The 

styrene enters on the shell side at a flow rate of 150000 lb/hr at 300oF and 50 psia. 

The exchanger shell and tubes are carbon steel of thermal conductivity 31 BTU/h oF 

ft. The shell has an inside diameter of 39 in. and contains 1024 tubes of ¾ in., 14 

BWG, 16 ft long on 1 in. square pitch. 38 segmental baffles are used with a baffle cut 

of 25%. Fouling factors are estimated to be 0.002 (hr ft2 oF/BTU) on each side. 

Determine the exit temperatures of the two streams, the heat duty, and the pressure 

drops. 

 

DWSIM Blocks Used 

Rigorous Heat Exchanger  

 
Procedure 
1. Start a new DWSIM Simulation (DWSIM ver 5.1 - Classic UI). Click on “New 

steady state simulation” as a template for new simulation. 

2. The simulation configuration window will be opened. It shows a specification 
page. Add two components namely “styrene” and “toluene”. Ensure that all the 
components are added from same property package. Click “Next” button. 

3. Specify the thermodynamic package as Raoult’s law.  

4. Customize the units for the present problem (mass flow rate in lbm/h, Pressure in 
psi and Temperature in oF and so on as per problem statement) and click “Next”. 
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5. The flow sheeting section of simulation window will be opened. Provide input and 
output streams for the unit operation to be performed. For heat exchanger two 
inlet and two outlet streams are required to be drawn.  

6.  Drag and drop two Material streams available at the right, in the object palette. 
Rename the stream as “Styrene-In” and “Toluene-In”. These serves as the input 
streams. 

 

7. On clicking the “Feed” block, general information about the block will be 
displayed on the right side of screen. Specify the feed compositions, flow rate, 
temperature and pressure for the inlet streams once composition and flow rate are 
specified for the inlet streams, the color of stream turns blue. 

                                           Specification for the inlet stream 

Quantity STYRENE-IN TOLUENE-IN 

Temperature, (oF) 300 100 

Pressure, (psia) 50 90 

Molar Flowrate (lb/hr) 150000 125000 

Composition (mass fraction) Styrene: 1 

Toluene: 0 

Styrene: 0 

Toluene: 1 
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8. Add two more Material streams i.e. Drag and drop it into the flow sheet. Rename 
those streams as “Styrene-Out” and “Toluene-Out”. These serve as the output 
streams.  

9. Below the Unit Operation tab on left, locate the “Heat Exchanger” block. Drag 
and drop into the flow sheet.  

10. Click at the “Heat Exchanger” block in the flow sheeting window and connect the 
inlet and outlet streams to the heat exchanger appropriately. Under calculation 
parameters change the calculation parameters to “Shell and Tube Exchanger 
Rating” and specify the specifications for the  heat exchanger by clicking at “Edit 
Shell and Tube Exchanger Properties” as shown below:  

 

11. Run the simulation by pressing “Solve flow sheet” button on the top left corner of 
the screen.  

12. To analyze/display the results, select the “Master property table” icon on the tool 
bar. A box will appear which is double clicked to modify it further. Select the 
streams which have to be shown in output and click “OK”. The property table will 
be opened showing all the results as shown in the figure below. 
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Reference 

Seider, W. D., Seader, J. D. and Lewin, D. R. (2008). Product and Process Design 

Principles, Second Edn., John Wiley and Sons, Inc., New York.  

Results 

Results from heat exchanger block 

 

 
 


