
Limitations to boiler steam production often stem from issues with fuel feed,
combustion air supply, or ash removal. Sometimes, however, the last element 
in line, the boiler stack and stack inlet ducts, can present a roadblock. Jansen 
recently completed a project involving stack and inlet ducting modifications for a 
steam plant in the western United States to enable increased steam generation.

The plant in question supplies steam to the buildings of a major city’s downtown core 
for heating purposes. This steam is generated by several natural gas fired boilers. Flue 
gas from three of these boilers exits through a combined stack consisting of an inner 
stack and an outer annular stack. Flue gas from one of the three boilers exits 
through the inner stack while the flue gas from the other two boilers exits through the 
annular outer stack.

Steam production from the two boilers that exhaust through the outer annular stack 
was limited by high back pressure in the flue gas system at the stack inlet. The lower 
stack section was also severely degraded from corrosion and insufficient drainage 
capacity which caused pooling of condensate at the stack bottom.

Jansen implemented an evaluation of the existing stack arrangement, including 
Computational Fluid Dynamics (CFD) modeling. The modeling revealed high inlet 
velocities and excessive pressure drops in the existing constricted arrangement 
of the flue gas ducting supplying the outer stack. Alternative arrangements that 
modified the stack inlet ducting to increase flow areas, reduce flue gas velocities, 
and promote uniform flow delivery were evaluated. CFD modeling results for the 
existing arrangement and an alternative arrangement showed that the alternate 
arrangement allowed increased flue gas flow and improved velocity uniformity. The 
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Stack Inlet Duct Redesign 
Increases Plant Output

CFD Modeling of Existing (left) and Redesigned (right) Stack Supply Ducting

Continued on page 2
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significantly lower velocities of the new arrangement and resulting reduced flue gas side pressure drop will 
allow both boilers to simultaneously operate at their design loads without limitations.

Following the evaluation, Jansen has been contracted to upgrade the flue gas ducting to the outer stack with 
the design guided by the CFD modeling. The new stack design will incorporate a stainless-steel base as well 
as adequate drain lines and piping to convey condensate away from the stack bottom. The stack and ducting 
upgrades will be installed in the fall of 2021 so the plant will be ready to reliably supply increased steam flow 
during the upcoming winter season.

Contact Jansen to learn how our CFD and design capabilities can assist in identifying and overcoming 
capacity limitations in flue gas and combustion air delivery systems. 

Resolving Discrepancies in Boiler Steam and 
Feedwater Flow Instruments
Having accurate measurement of boiler steam and feedwater flows is an important factor in maintaining optimal mill 
operation. But when boiler data suggest that one or more flow instruments is returning wrong data, how can the issue 
be resolved? Jansen recently completed a study on a kraft recovery boiler in which on-site flow measurements and 
steam generation calculations were utilized to pinpoint discrepancies in the boiler instruments.

The subject boiler is located in the southeastern United States and has 
a design steam flow of just over 420,000 lb/hr. In recent operations the 
reported feedwater flow exceeds the reported total steam generation by 
an average of around 10%. Considering that blowdown flow typically 
accounts for only a 2% difference between steam and feedwater flows, 
such a large difference indicates flow metering issues.

Jansen engineers measured the feedwater flow using ultrasonic flow 
monitoring (UFM) technology, a non-intrusive method of measuring 
single phase fluid flows. UFM involves clamping transducers to a pipe. 
Each transducer sends ultrasonic signals to and receives signals from the 
other transducer. The flow computer then converts the signals received 
by each transducer to average velocity readings based on the signal 
difference and transducer spacing.

In addition to the flow measurements, samples of black liquor and 
smelt were collected for laboratory analysis. The analysis results were 
used with boiler operating data in boiler performance calculations to 
determine the expected steam and feedwater flows based on the known 
liquor firing rate. With the flow measurements and calculation results, 
reported and calculated flows could be compared to identify potential 
errors in the boiler instrument flow metering.

Jansen’s analysis indicated reasonable agreement between the UFM 
measured feedwater flow and the value indicated by the combustion heat 
and mass balance calculations. Compared to the combustion calculations, 
the steam flow meter was shown to be reading around 7% high, while the feedwater flow meter was reading 18% 
high. With both flow meters in error, the next step for the facility is to consider flow meter recalibration or replacement.

UFM technology is applicable to various flow-related issues, from determining accuracy of flow instruments to evaluating 
the adequacy of line sizing either for troubleshooting or to prepare for a capacity increase. Besides application on 
feedwater and attemperator pipes, flow measurements can be made on boiler pipes such as downcomers and furnace 
wall tubes in order to diagnose natural circulation-related issues. This makes UFM technology a valuable part of 
Jansen’s boiler evaluation toolbox.  

Typical UFM Setup on a Boiler Downcomer

Continued from page 1
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Boilers C and D, also stoker fired and located in the upper 
midwestern United States, are identical units that fire 
biomass and coal with occasional natural gas co-firing. The 
owner reported that the boilers’ char reinjection systems, 
similar to the one shown in the figure, experienced 
pluggage during the winter months, when boiler loads were 
high. Jansen’s evaluation of the boilers focused on the 
capacity of the char reinjection system and pressures and 
temperatures of the reinjection system air supply. The 
recommended solution was to redesign the supply air 
ductwork so that it would draw from the existing OFA 
booster fan rather than the air heater outlet. This 
modification was projected to increase reinjection air supply 
by as much as 23% without negatively impacting OFA system 
performance.
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Typical Char Reinjection System
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Recent Power Boiler Evaluations
Since our Spring 2021 issue, Jansen engineers have been busy with a wide range of feasibility evaluation projects on 
power boilers in North America. Here are some highlights:

Boiler A is a stoker fired unit located in the eastern United States, designed for a maximum steam load from biomass 
of 350,000 lb/hr. The owner is seeking to maximize renewable steam generation. Jansen’s evaluation indicated 
achievable steam loads of 418,000 lb/hr from biomass with minimal natural gas co-firing, along with recommendations 
for upgrades to the boiler’s overfire air (OFA) system and fuel distributors. The evaluation also included CFD 
modeling, which showed that achieving the target NOx emission limits would be feasible with a Jansen two-level 
sidewall OFA system.

Boiler B, located in the upper midwestern United States, is a power-generating circulating fluidized bed unit. The owner 
is interested in switching from lignite coal to creosote-treated hogged railroad crossties. Jansen evaluated the boiler and 
its auxiliaries to determine their adequacy to accommodate this change in fuel, and provided estimates of achievable 
boiler loads, crosstie fuel demands, and resulting emissions when firing crossties. The client is now using these results for 
the next steps in acquiring crosstie fuel inventory, reviewing design changes in the fuel handling systems, and obtaining 
regulatory approvals.

Other projects currently in the works include greenhouse gas reduction studies for facilities in the Pacific Northwest and 
western Canada, and a combustion evaluation for a biomass plant in western Canada with a focus on improving fuel 
burnout. Contact Jansen to learn how we can address your power boiler issues, from tuning to performance evaluations 
to equipment upgrades. 
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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 waste fuel-fired boilers. In addition, the program will include opportunities for troubleshooting and 
problem solving discussions of challenges that attendees bring to the workshop. Participants will benefit by: 1) learning from 
experts in the industry about current retrofit technology for biomass boilers and associated equipment; 2) seeing how other mill 
operations solve their biomass boiler area problems; and 3) discussing potential solutions for their specific problems. Attendance 
to the workshop 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:

Fall 2021 Biomass Boiler Workshop

Nashville, Tennessee | November 4-5, 2021
Seats are still available!
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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 Doug Giarde at 425.952.2825 or by e-mail at doug.giarde@jansenboiler.com, or Samit Pethe at 425.952.2838 
or by e-mail at samit.pethe@jansenboiler.com. Additional information and specific project references can be found on 
our website at www.jansenboiler.com. 

A collection of boiler house cartoons  
by Gordon Stevens shown previously in our newsletter 
can be viewed on our website: www.jansenboiler.com.
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