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Introduction 
 Optimizing boiler emissions and heat rate 
MATS compliance 
Reduced operating costs 
Reduced maintenance costs 

 



Introduction 
 Many systems to consider for optimization 

 Primary air 

 Coal flow 

 Secondary air 

 Overfire air 

  Additional items not covered 
 Inleakage 

 CEMS accuracy 

 Turbines 

 Compressors 

 



Systems to Consider 
Primary air 

Mill to mill split 

Pipe to pipe split 

Coal flow 
Pipe to pipe split 

Fineness 

 

Secondary air 
Proper flow split 

Uniformity of flow at the burner 

Overfire air 
Proper flow split 

 



Evaluation Tools 
Flow element 
Pitot array 
Airfoil 
Venturi 
Microwave 

Periodic testing 
Modeling 
Observation 
Trial and error 
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Flow Testing Focus 
 Performance 
Flow uniformity 
Flow element calibration 
Air/coal flow rates 
Emissions / species 
Temperature 

 



Flow Testing Focus 
 O&M costs 
Pressure drop 
Chemical costs (NH3) 
Sorbent costs 
Erosion 
Corrosion 
Slagging 

 



Velocity, Temperature, & Pressure 
 Applications – PA, SA, OFA, AH, fans, APC equipment, stacks, etc… 

 
 

 

 EPA Method 1  - Test port quantity and location of traverse points 
 
 

 



Velocity, Temperature, & Pressure 
 EPA Method 2  - Velocity with S-type 

pitot probe 
 



Velocity, Temperature, & Pressure 
 EPA Method 2F  - Velocity with 3D pitot probe 
 



Velocity, Temperature, & Pressure 
 Method 2F vs Method 2, why should I care? 

 Flow misalignment with probe means the velocity measurement is biased 

 Has direct impact on measured flow rate 

 



Coal Sampling 
 Coal pipe testing 

 Velocity with Dirty Air Probe 

 Isokinetic sampling via ISO9931 or ASME style probes 

 



Gas Sampling 
 Evaluate emissions profile at boiler exit 

 Evaluate leakage across the air heater 

 Evaluate conditions in the boiler (H2O cooled probe) 

 



QAQC 
 Is this test data any good? 

 Equipment calibration 

 Leak checks 

 Spatial considerations 

 Operator influence 

 Repeatability 

 



QAQC 



QAQC 



Test Plan 
 Items to consider 

 How many loads to test 

 What does your DCS support 

 How do you typically operate 

 What control authority do you have 
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Flow Modeling 
 Why perform flow modeling? 

 Verify design of new equipment 

 Conduct troubleshooting / optimization of new equipment 

 Save time and $$$ in the long run 

 

 



Computational Fluid Dynamics (CFD) 
 Numerical simulation of flow 
 Utilize high speed computers and sophisticated 

software 
 Calculate flow properties 

 Velocity 

 Temperature 

 Pressure 

 Chemical Species 

 Particle streamlines 
 

 

 



CFD Methodology 
 Set up 

 Geometry (3D CAD) 

 Computational mesh 

 Boundary conditions 

 Solve 
 Analyze 

 Contour plots 

 Flow statistics and integrations 

 

 

 



CFD Mesh Quality 
 Important mesh properties 

 Number of cells 

 Length scale of cells 

 Shape / topology of cells 

 Flow alignment 

 Why? 
 Finer resolution = more accurate results 

 Numerical calculation scheme accuracy is influenced by 
cell arrangement 

 

 

 



CFD Mesh Quality – Cell Topology 
 Not all CFD cells are created equal 

 5 million hex cells = 30 million tet cells 

 Hex cells maintain better flow alignment 

 

 

 

6 Tet cells fit into 1 Hex cell 
of the same length scale 



Physical Flow Modeling 
 Laboratory representation of geometry 
 Typical scale between 1:8 and 1:16 
 “Cold flow” modeling 
 Visualize flow with smoke 
 Measure flow properties 

 Velocity (hot wire or pitot) 

 Pressure (pitot-static probe w/ manometer) 

 Tracer gas (gas analyzer) 

 

 

 



Physical Model Methodology 
 Set up 

 Fabricate (from CAD) 

 Boundary conditions 

 Similarity calculations 

 Test 
 Analyze 

 Contour plots 

 Flow statistics and integrations 

 Flow visualization 
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Case Study – SA Performance 
Airfoils 

Dampers 

Test plane 

From SAH 

OFA 

OFA 



Case Study – Calibration Testing 
 Utility replaced pitot array with airfoils in 

their SA ducts 
 Initial calibration performed at 6 points 

per port with S-type probe 
 Given geometry, appropriate number of 

points is 15 and angular flows are 
expected 
 

 

 



Case Study – Calibration Testing 
 Calibration testing performed at 6 

ducts with airfoils at two loads 
 DCS allows for a single K factor for 

each airfoil 
 K factor generally constant across 

loads except Duct 5 
 Duct 5 dampers constantly 

fluctuating, causing unit de-
stabilization 
 

 

 

Duct 5 



Case Study – CFD Modeling 
 CFD model commissioned 

 Improve flow uniformity 

 Improve flow split to each winbox compartment 

 

 

 

 Baseline model created to compare with test data 
 

 

 



Case Study – CFD Modeling 
 Baseline model 

demonstrated excellent 
agreement with test data 
 

 

 

CFD Test 
Data 

CFD Test 
Data 



Case Study – Design Modifications 

New vanes in duct and at 
compartment inlets 



Case Study – Design Results 

Design Baseline 

 Improved flow uniformity, 
particularly side-to-side 

 Eliminated “run away 
dampers” in duct five 

 Improved flow split 
between ducts, ultimately 
saving pressure by 
reducing damper influence 
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Conclusion 
 Numerous systems affect emissions and heat rate 
 Tools for improvement include modeling and testing 
 Regardless of approach, care must be taken to ensure a 

positive result 
 Modeling 

Realistic boundary conditions 

Quality mesh 

Does it match reality? 

 

Testing 
Use the right equipment for the job 

QAQC 

 



Questions? 

 

Craig Rood 
 

Airflow Sciences Corporation 
crood@airflowsciences.com 

734-525-0300 
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