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Simple Combustion Reactor with Aspen Plus® V8.0 

1. Lesson Objectives 
 Use RStoic block 

 Determine air flow rate needed for a clean burn 

 Determine heat available from a fuel stream 

2. Prerequisites 
 Aspen Plus V8.0 

 Understanding of enthalpy of combustion 

3. Background 
Natural gas, which is primarily methane, is distributed in underground pipes.  The pressure in these 

pipes varies depending on where in the pipe it is: the closer to the pumping station, the higher the 

pressure.  An industrial customer can expect to get natural gas at around 60 psig, and is typically 

charged per cubic foot of natural gas used.  Methane burns in the following reaction:  

CH4 + 2 O2  CO2 + 2 H2O 

The examples presented are solely intended to illustrate specific concepts and principles.  They may 

not reflect an industrial application or real situation. 

4. Problem Statement and Aspen Plus Solution 

Problem 
Determine how much energy is available from a 5 ft3/h fuel stream that consists of only methane at 60 

psig.  The air feed should be approximated with 80 mol-% nitrogen and 20 mol-% oxygen.  There should 

be 10% excess oxygen in the air stream so the fuel-air mixture is not too rich.  Assume the exhaust is 182 

°C.  Report the air flow rate in mol/h and ft3/h (at 1 atm) in addition to the available heat in kW. 

Mole Balance 
Two moles of oxygen are required to combust each mole of methane.  Oxygen is one fifth of the moles 

in air.  Therefore there will need to be ten moles of air for each mole of methane for a stoichiometric 

mixture.  A 10% excess requires a 10% increase in the relative amount of air, or 11 moles of air for each 

mole of methane. 

Aspen Plus Solution: 
4.01.  Start Aspen Plus V8.0.  Select New | Blank and Recent | Blank Simulation.  Click Create.  
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4.02.  Define components.  In the Components | Specifications | Selection tab enter the following 

components.  Enter the chemical name into the Component name field.  Enter the name you 

wish to identify each component into the Component ID field. 
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4.03.  You can verify that the chemical you have entered is the one you want by checking the chemical 

formula.  Aspen Plus may not immediately recognize chemicals that are used less frequently in 

industry, and so you would have to use the Find button.  The order seen here is the order the 

components will appear in all subsequent tables.  If you wish them to be in a different order, use 

the Reorder button.   

 

4.04.  Define methods.  Go to the Methods | Specifications node on the navigation pane.  Select NRTL 

as the Base method. 

 

 
 

 

4.05.  At this point, you are ready to move to the simulation environment.  To do so, click the 

Simulation button at the bottom left of the screen. 

 

 

 

4.06.  On the main flowsheet create a fuel stream by clicking on the Material button in the Model 

Palette. 
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Drop a material stream to the flowsheet and name the stream by right-clicking the stream and 

selecting Rename Stream or by selecting the stream and pressing Ctrl+M.  Your flowsheet 

should look like the picture below. 

 

4.07.  Click on the small arrow above the material stream button to cancel insert mode.  Double-click 

on the stream in the flowsheet to specify the feed conditions.  Assume the methane is at 25°C 

and available at 60 psig.  Be sure to change the units using the drop-down menu.  Change the 

Total flow basis to be Volume and the units to ft3/h (cuft/hr), and enter 5.  Change the 

Composition basis to mole fraction (Mole-frac), and enter 1 for the methane component (FUEL). 

 

4.08.  Before entering the flowrate for the air stream, you will need to know the molar flowrate for the 

fuel stream.  For this, you will need a stream with results.  Open the Control Panel and run the 

simulation (F5). There are currently no blocks to evaluate, but the stream results for stream 

FUEL will be generated.   
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4.09.  Check stream results.  Go to Streams | Fuel | Results.  The molar flowrate of methane in stream 

FUEL is 0.029415 kmol/hr. 

 

 
 

4.10.  We will now create a second material stream called AIR, which will supply the oxygen required 

for combustion.  The flowsheet should look like the following. 

 

 
 

4.11.  Double click on the AIR stream, or go to Streams | Air | Input to specify the air stream.  Assume 

the air is at 25°C and 1 atm.  Change the Composition basis to Mole-Frac and enter 0.2 for 
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oxygen and 0.8 for nitrogen.  Change the Total flow basis to Mole and enter 0.323565 kmol/hr.  

We know the mole-flow of methane, therefore the mole flow of air will be 11 times that number 

based on the initial mole balance. 

 

 

4.12.  We will now place a valve in order to reduce the pressure of the fuel stream to ambient 

pressure.  Select a Valve from the Pressure Changers tab in the Model Palette.  Connect the fuel 

stream to the input of the valve by double-clicking on the out arrow or by right-clicking and 

selecting Reconnect destination and then clicking the red arrow pointing into the valve.  Create 

an exit stream by clicking the material stream button, clicking on the red arrow coming out of 

the valve, and then somewhere to the right of that on the flowsheet. The flowsheet should now 

look like the following. 

 

4.13.  Specify the valve to have an output pressure of 1 atm.  Double click on the valve or go to Blocks 

| VALVE | Input.  Specify an Outlet pressure of 1 atm. 
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4.14.  Insert reactor.  Select the RStoic block from the Reactors tab of the Model Palette and place it 

onto the flowsheet..  The RStoic block is the simplest reactor model type and requires the 

stoichiometric coefficients, limiting reactant, and extent of reaction.  Connect the feed streams 

to the input of the RStoic block and connect an effluent stream.  Your flowsheet should look like 

the following. 

 

4.15.  Double click the RStoic block or navigate to Blocks | FURNACE | Setup to enter the operating 

specifications.  Enter a Pressure of 1 atm and a Temperature of 180°C.  The temperature field 

specifies the exit temperature. 



RX-008  Revised: Oct 23, 2012 

  8 

 

4.16.  Go to the Reactions tab and click on the New button.  Enter in the reactants and their 

stoichiometric coefficients, and then the products and their coefficients.   Combustion is a very 

favorable reaction and occurs in the gas phase so it is very fast.  Assume the reaction goes to 

completion, so enter a 1 in the Fraction conversion field.  There is excess oxygen by design, so 

the limiting reactant is fuel. 
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4.17.  All required input is now complete.  Open the Control Panel and run the simulation (F5). The 

simulation should complete with no errors.  

 

4.18.  To check results go to Blocks | FURNACE | Results.  Here you can see the calculated heat that is 

being released via the combustion reaction.   

 

 

 

5. Conclusions 
5 ft3/h of methane produces 6.09 kW of heat.  To run a quality, lean mixture there must be 280 ft 3/h of 

air (that is 20 mol-% oxygen) which is 0.32 kmol/h.  The RStoic block is useful for quick simulations with 

well understood reactions.  Reactions with slow kinetics, or complex systems with series or parallel 

reactions are outside the scope of RStoic.  However the simplicity and sparseness of required input 

makes it useful for back-of-the-envelope simulations. 

6. Copyright 
Copyright © 2012 by Aspen Technology, Inc. (“AspenTech”). All rights reserved.   This work may not be 

reproduced or distributed in any form or by any means without the prior written consent of 

AspenTech.  ASPENTECH MAKES NO WARRANTY OR REPRESENTATION, EITHER EXPRESSED OR IMPLIED, 

WITH RESPECT TO THIS WORK and assumes no liability for any errors or omissions.   In no event will 

AspenTech be liable to you for damages, including any loss of profits, lost savings, or other incidental or 

(FAQ) Useful Option To Know: Convention for heat duties 
 
A convention in Aspen is that heat duty goes to the unit operation.  Positive duty indicates 

energy transfer to the equipment; negative duty indicates energy removed from the  equipment. 
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consequential damages arising out of the use of the information contained in, or the digital files 

supplied with or for use with, this work.  This work and its contents are provided for educational 

purposes only. 

 

AspenTech®, aspenONE®, and the Aspen leaf logo, are trademarks of Aspen Technol ogy, Inc..  Brands 

and product names mentioned in this documentation are trademarks or service marks of their 

respective companies. 

 


