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Computational Fluid Dynamics 
Modeling of Particle Capture in 
Fly Ash Hoppers
Jansen’s expertise in CFD modeling of furnace combustion conditions 
in power boilers and recovery boilers is well established. Beyond the 
furnace, Jansen has frequently employed this tool in the optimization 
of other boiler-related processes. Two projects highlight the use of 
modeling in improving fly ash capture in hoppers downstream of a solid 
fuel-fired furnace.

The first project (Boiler A) involved a refuse-derived fuel boiler in the upper Midwest. 
The boiler’s economizer was equipped with an ash hopper, but particle retention 
in the hopper was poor. This led to excessive ash loading in the scrubber further 
downstream, to the point that ash slurry accumulated in the bottom of the scrubber. 
Jansen was contracted to develop conceptual modifications of the hopper to 
improve ash capture.

Jansen devised five potential modifications to the hopper, including changes to the 
hopper outlet duct and the addition of internal baffles. Inputs to the CFD model of 
the hopper were derived from Jansen’s model of furnace combustion. The results 
showed a more than five time increase in particle capture in an arrangement with 
a relocated outlet duct and two internal baffles compared to the existing hopper.
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In the second project (Boiler B), the connecting duct between the boiler’s generating bank and economizer included 
a hopper with a fairly narrow entrance and a horizontal shelf just downstream of the hopper. A large portion of the 
ash leaving the furnace would collect on the shelf rather than falling into the hopper, necessitating more frequent 
shutdowns for cleaning. Options for modifying the duct or hopper were limited by structural steel on the downstream 
side of the hopper. Still, Jansen’s modeling showed that changing the slope of the duct’s lower surface to remove the 
shelf and widen the hopper opening could yield a significant 27% increase in ash capture.

Jansen has more than 35 years of experience in CFD modeling and has employed modeling to investigate dozens of 
boiler processes. Besides furnace combustion, other applications have examined localized “hot spots” of high flue gas 
velocity in flue gas ductwork and the erosive potential of flue gas leaving a biomass furnace. The modeling is based on 
a commercially available software package that Jansen has enhanced by developing proprietary subroutines for use in 
modeling furnace combustion. And as always, Jansen’s CFD modeling is performed 100% in-house by Jansen employees.

Overfire Air Upgrades: From Concept to Reality
Jansen has designed and supplied overfire air (OFA) upgrades for over 85 boilers of various sizes and 
burning various types of biomass and other solid fuels. Although no two air systems are alike in design, 
each is developed via a multi-step process that brings together fundamental combustion principles, 
advanced computer modeling, and creative design engineering.

OFA system design begins with calculations to determine total combustion air demand for the given steam load. Once 
the total air demand is established, it is apportioned between OFA, undergrate air, and other air levels as needed. Fuel 
quality is an important consideration in defining OFA demand, with drier and finer fuels generally requiring more air 
supplied above the grate and therefore a larger OFA system than wetter and coarser fuels. The initial design step also 
determines whether the boiler’s existing combustion air fan is adequately sized to supply the OFA system, or whether 
a fan upgrade or installation of a new fan will be required.

Once the system is sized, its arrangement is refined through further calculations. Jansen uses CFD modeling to 
optimize the size, number, and location of OFA nozzles based on possible improvements in furnace combustion 
conditions. CFD modeling provides the flexibility to examine competing design ideas, for instance whether a single-
level system or dual-level system provides better performance. It can also address important operational questions 
such as compliance with air pollution limits.

Jansen’s design team then steps in to create the physical equipment layouts and arrangements for the OFA system. 
Minimizing system cost while maintaining its functionality is always a main concern. Can the system be supplied from 
existing combustion air ducts rather than installing new ducts? Can the OFA nozzles be installed without relocating 
furnace downcomers? In addition, the design team has to consider the locations of non-boiler obstacles in creating 
system layouts. This often requires creative solutions to route ductwork around structural steel and even elevator shafts.

Jansen’s OFA system design process reflects our commitment to custom solutions. Unique challenges require solid 
engineering knowledge as well as adherence to the client’s goals. Contact Jansen to find out how we can improve your 
boiler’s operation.

Jansen Multi-Level OFA Nozzles
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Increases in Steam Generation by 
Lower Furnace and Grate Expansion
Jansen has recently completed two studies focused on 
increasing steam generation from existing stoker power 
boilers by increasing biomass firing. The primary drivers 
for these projects were higher steam demand as well as 
high prices and limited availability of auxiliary fuels such 
as oil and natural gas. In these cases, Jansen’s proposed 
solution was to expand the lower furnace and install a 
larger grate to support an increase in grate fuel firing.

Boiler A was installed in the 1970s with a maximum steam flow 
of 550,000 lb/hr on oil firing, or an upper biomass steam load 
of 290,000 lb/hr. The boiler typically generates 288,000 lb/hr of 
steam from grate fuels. Jansen’s analysis concluded that, with 
the expanded lower furnace and a larger grate, the boiler could 
increase steam generation from grate fuel firing to 451,000 lb/hr, 
a 57% increase.

The new grate would be a 25-feet deep Detroit Stoker air-cooled 
vibrating grate. Pressure part modifications would be necessary to 
integrate the new grate in the lower furnace, including modifying 
the furnace downcomers and the front wall to achieve increased 
furnace depth. The grate conversion would also include upgraded 
fuel distributors and installation of the latest version of Jansen’s 
Multi-Range OFA system, plus upgrades to the boiler’s fuel and ash 
handling systems. The project scope would trigger a new source 
emission limit, which would require pollution control upgrades, 
including a wet electrostatic precipitator, an SNCR system, and a 
new ID fan.

Boiler B, located at the same facility as Boiler A, is a 1990 unit 
designed for a maximum steam generation of 685,000 lb/hr on oil 
firing and up to 450,000 lb/hr on biomass firing. Current typical 
steaming rates are around 600,000 lb/hr on a similar grate fuel 
mixture as in Boiler A plus natural gas co-firing. With a new larger 
grate and lower furnace expansion, predicted steam flow from 
grate fuels was roughly 27% higher with no auxiliary fuel co-firing. 
Other required modifications for Boiler B include the latest version 
of Jansen’s Multi-Range OFA system, two new OFA booster fans, 
and new fuel distributors.

Jansen’s evaluation of Boiler A included CFD modeling of furnace 
combustion. The results showed that the recommended upgrades 
could lead to reduced CO emissions and improved char burnout 
even after the significant increase in grate fuel firing. Although the 
costs of the upgrades for both boilers are steep, generating the 
predicted additional steam with a new boiler would be substantially 
more expensive. These evaluations illustrate Jansen’s ability to 
implement in-depth and comprehensive end-to-end evaluations 
of boiler operation and future performance gains.

CFD Modeling Geometry for Boiler A

CFD Modeling Results for Boiler A
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News Briefs
Jansen’s experience in the pulp & paper, forest products, agricultural, and waste-to-energy industries and with 
independent power producers is extensive. Services recently provided to our customers include the following, many 
of which are in progress:

• Engineering evaluations of biomass, chemical recovery, waste-to-energy, and coal-fired boilers.
• Chemical recovery boiler capacity and condition assessments.
• Combustion air system upgrades.
• Economizer and superheater upgrades.
• Boiler steam/water-side circulation studies.
• CFD modeling of biomass, chemical recovery, and waste-to-energy boilers.
• Emissions control evaluations (CO, NOx, TRS, and PM).
• Boiler operational tuning and optimization support.
• Boiler MACT compliance review and operational tuning.

For further information on Jansen’s projects and capabilities, contact Mark McCabe at 425.736.9758 or by e-mail 
at mark.mccabe@jansenboiler.com. Additional information and specific project references can be found on our 
website at www.jansenboiler.com.

Boiler News is published regularly by Jansen 
Combustion and Boiler Technologies, Inc. to provide 
information to Owners and Operators of boilers.

Reproduction of the information contained in this 
newsletter is only allowed with proper reference to 
the source.

Inquiries should be directed to:
Editor, Boiler News

11335 NE 122nd Way, Suite 275
Kirkland, WA 98034
425.825.0500
jansen@jansenboiler.com
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A collection of boiler house cartoons by Gordon Stevens shown previously in our newsletter can be 
viewed on our website: www.jansenboiler.com.

http://www.jansenboiler.com
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Spring 2023 Biomass Boiler Workshops
This spring, Jansen is offering a workshop in Europe and another in the United States: Prague, Czech Republic on 
March 29-30, and Surfside Beach, South Carolina on May 3-4.

Since Jansen’s workshops began in 2000, they have been attended by over 1,000 engineers, operators, and managers 
from numerous plants in the pulp & paper, forest products, energy-from-waste, independent power, and food 
processing industries.

The workshops consist of presentations about new technological developments and results of upgrades to improve 
the operating performance, burning capacity, thermal efficiency, and fuel economy of biomass- and other solid fuel-
fired boilers. In addition, the program will include opportunities for troubleshooting and problem-solving discussions. 
Participants will benefit by:

  Learning from experts in the industry about current retrofit technology for biomass boilers and associated 
equipment.

 Seeing how other boiler owners solve their boiler problems.

 Discussing potential solutions for their specific issues.

Attendance to the workshops is free of charge, but space is limited.

For sign-up and to receive a detailed program of the technical presentations, workshop location, and hotel information, 
please contact Cathy Thomas by phone at 425.952.2835 or by e-mail at cathy.thomas@jansenboiler.com.

The workshops are presented and co-sponsored by:


