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SUPPLEMENTARY INFORMATION 

A variety of sizes of catalytic combustors were used during the first months of testing.  Each of 

these combustors used the standard Clear Skies Unlimited CS-200 ceramic substrate with a 

noble metal catalyst coating. It was determined during testing that the standard material worked 

extremely well.  However, an additional modification to the ceramic structure was manufactured.  

This modification reduces the number of pores per inch of the reticulated ceramic, along with 

increasing the thickness of the material from 1.0 inch to 1.5 inches.  The amount of the noble 

metal coating has been maintained constant at 15 g/ft3.   

There are a number of reasons for this modification.  First, the reduction in the number of pores 

per inch results in a decrease in the backpressure caused by the reticulated substrate.  Second, 

the increased thickness results in a stronger combustor, but also increases the backpressure.  

The expected overall effect is a stronger combustor that has a similar backpressure to the one 

inch thick combustor.  The combustor is 12-inch diameter and located in the flue system. 

A new nano-platinum catalyst was applied to the Clear Skies Unlimited standard HearthCAT 

substrate material with a 12 inch diameter by 1.5 inch thickness.  This material has a catalytic 

light off temperature of 100C lower than the palladium catalyst used in the early testing and 

that will be much more compatible with the temperatures seen in the hydronic heater and will 

further reduce particulate emissions without a large increase in cost. 

1.1 Task 5.  Testing of Retrofit Kit 

Initial testing leading to the design of the retrofit unit was conducted at our remote test facility in 

southern New Mexico.  Those results visually and through internal temperature measurements 

showed that the retrofit system was removing significant particulates.  To quantify the extent of 

particulate reduction sophisticated measurements are required, that are not possible at the 

remote test facility.  As such, the Hydronic heater (Central Boiler model Classic 5036) was 

moved to our materials development laboratory in Albuquerque, NM and reinstalled.  The 

hydronic heater at our development laboratory location is shown in Figure 1. 
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Figure 1.  Central Boiler hydronic heater in Albuquerque location 

The thermal load on the boiler was accomplished using a water filled stock tank and a heat 

exchanger as shown in Figure 2. 
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Figure 2.  Thermal load for OWB 

Having the large thermal load allowed more rapid cycles between high and low burn periods 

such that a full 100 pound burn could be conducted during a normal work day. 

Dilution Tunnel Design and Fabrication 

It was decided that EPA Method 28 would be closely followed for testing of the OWB.  Method 

28 references numerous other methods, of particular interest is Method 5G for determination of 

particulate emissions.  To get accurate and repeatable measurements from Method 5G, it was 

determined that a dilution tunnel according to ASTM E2515-09 was needed, as shown in Figure 

3.  Such a system, modeled after the one used at OMNI Environmental (Portland, OR) was 

designed and fabricated. 
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Figure 3.  Dilution tunnel setup as shown in ASTM E2515-09 

The dilution tunnel catches the OBW exhaust in a constant airstream, making the measured 

exhaust components independent of the airflow through the boiler.  This allows a strictly time-

dependent data presentation.  Figure 4 shows ATI’s constructed dilution tunnel. 
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Figure 4.  ATI’s particulate measurement 

dilution tunnel 

 

Sample ports were drilled into the dilution tunnel so that particulate and gas measurements 

could be taken, as can be seen in Figure 5. 

 

Figure 5.  Sample ports on ATI’s dilution tunnel 

In Figure 5, the stainless steel cylinder holds the filter paper that collects the particulate 

emissions and the black handle goes to the gas analyzer, these measurements are used in 
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determining the Method 5G equivalent of particulate emissions.  The system consisting of the 

particulate catch nozzle, the filter, the filter trap, the condenser, the water trap, the flowmeter, 

and the vacuum pump is generally referred to as the “sampling train.”  For the sampling train to 

collect particulate matter that corresponds to the overall particulate emissions, ATI had to 

determine the flow rate of the exhaust through the dilution tunnel.  Pressure readings were 

taken using the inclinometer shown in Figure 6.  

 

Figure 6.  Inclinometer used for flow rate measurements 

Pressure readings were taken, averaged, and plugged into an equation to get the flow rate 

through the dilution tunnel.  Once this was determined, the flow rate through the particulate 

catch nozzle was set to match the flow rate of the dilution tunnel.  By matching the flow rates, it 

can be assured that the particulate catch nozzle is not pulling in too much or too little particulate 

matter, this is known as isokinetic sampling.   

Figure 7 shows the flow meters used to read and adjust the flow rate through the particulate 

catch nozzle, also in the picture is the drying system used to keep moisture from plugging up 

the instrumentation.  A vacuum pump was used to produce the flow. 
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Figure 7.  Flow meters and drying equipment 

Figure 8 shows the series CA-6200 combustion analyzer and the SPER temperature recorder 

used for data collection.   

 

Figure 8.  Combustion analyzer and temperature recorder 
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A LabVIEW program developed for previous fire testing was used to record and place all the 

data into a comma separated variable format, for use in EXCEL.  EXCEL was used to do the 

numeric calculations for determining the Method 5G equivalent for emissions. 

ATI’s tests can only be compared within ATI’s testing series, as some differences in setup and 

operation may give results that cannot be compared to emission values from other test set ups. 

Assembly of prototype unit 

The OWB Retro-Fit Unit consists of an inner and outer pipe.  The smaller pipe contains the 

catalytic component.  When assembled, the smaller pipe fits inside the larger pipe to create a 

double wall design.  Both pipe assemblies are the same height, 72” (Figure 9).  

 

Figure 9.  Inner and outer ducts and Venturi of retro-fit kit 

The assembled OWB retro-fit unit is shown in Figure 10.  The wiring for the heater is fully 

integrated into the unit.  The 4” intake pipe appears on the left.  The top and bottom are sealed 

off to create a heat exchanger between the inner and outer wall.  
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Figure 10.  Assembled ducts of retro-fit kit 

Assembly of the unit starts with the lower outer piece (Figure 11).  It is 15” in diameter and it is 

sealed off on the bottom (Figure 12).  
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Figure 11.  Lower piece of retro-fit kit that interfaces with the OWB 

 

Figure 12.  Sealed bottom of lower unit 

The bottom of the lower outer piece (Figure 12) has a metal ring that blocks off the opening 

between the 15” outer and the 8” inner.  The bottom lip of the 8” inner duct extends into the 

exhaust port on the back of the OWB.  The ring is mechanically attached.  RTV is applied to 

seal off the inner and outer circumference of the ring to create an air-tight heat exchanger.  This 
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ring will be a formed part in production.   A gasket is applied to the area around the 8” pipe lip.  

This will be the sealing surface against the exhaust port.  When this section is turned upside 

down, the lower conical piece that makes up the combustor enclosure (Figure 13) is visible.  

This part of the unit is being shipped as one piece.  

  

Figure 13.  Conical section of lower unit 

The combustor and heater are installed as a one-piece unit in a 4” high section of vent pipe.  

Retainers on both the top and bottom hold the heater and combustor in place (Figure 14). 



13 

 

 

Figure 14.  Combustor section with heater coils and retaining clips 

The heater section is installed into the lower outer piece with the combustor on top and the 

heater element on the bottom (Figure 15).  These components will “snap” together in the 

production units, but this prototype has all of the interlocking surfaces flattened out for easy 

assembly and disassembly during fabrication and test.  

  



14 

 

Figure 15.  Combustor section installed in conical lower section 

(heater is underneath the combustor) 

The two electrical connections are lined up with the window opening shown in Figure 16.  

 

Figure 16.  Window for heater electrical connections 

This section is installed into the lower outer piece with the combustor on top and the heater 

element on the bottom.  Again, these components will “snap” together in the production units, 

but this prototype has all of the interlocking surfaces flattened out for easy assembly and 

disassembly during fabrication and test.  The assembled lower unit is shown in Figure 17. 

  

Figure 17.  Assembled lower unit 

The upper conical piece is installed onto the combustor assembly (Figure 18). 
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Figure 18.  Attachment of inner duct to lower unit 

Next, the longest section of the 8” inner pipe is installed.  Again, mechanical detents for 

interlocking pieces have been flattened out.  

Now, the largest conical piece is installed using self-tapping machine screws.  This piece 

transitions from 15” to 12” for the outer pipe (Figure 19) 

 

Figure 19.  Installation of transition section from 15” to 12” 
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Now, the top of the assembly looks like the photo shown in Figure 20.  The area between the 

inner and outer walls is used as a heat exchanger for the supplemental air supply.  The tops of 

each pipe terminate at the same height.  

 

Figure 20.  Top of retro-fit assembly 

The area at the top of the unit between the inner and outer pipe is sealed off with another ring 

similar to the ring on the bottom of the unit (Figure 21).  The ring will rest against the lip on the 

inner pipe.  RTV silicone is used to seal the inner and outer circumference of the ring.  The 

space around the outer circumference of the prototype is larger than it will be in the planned 

production.  This opening must be closed off to create an air tight heat exchanger for the 

supplemental air.  Another length of standard double wall pipe connects to this interface.  There 

are interlocking detents on the inner pipe that have been intentionally flattened out during 

development assembly and disassembly,  therefore, self-tapping screws or other fasteners were 

used to ensure that the piping sections stayed together during the emissions testing.  
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Figure 21.  Top seal of retro-fit unit 

The next step connected the 4” intake pipe that was used for the replenishment air supply.  The 

top of the outer pipe has an extruded connection to attach the 4” 90˚ elbow (Figure 22).  The 

elbow is pre-drilled so the screws should be removed and re-inserted to secure the connection.  

The prototype extrusion is a little short but will be about an inch longer on the production 

models. 
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Figure 22.  Attachment point for 4” makeup air pipe 

The elbow attachment for the 4” makeup air duct is shown in Figure 23.  Naturally, the 90 

degree elbow should be facing down.  RTV can be applied around this joint to seal the 

replenishment air system.  

 

Figure 23.  4” elbow attachment using self tapping screws 

After the elbow is connected, the longer section of 4” pipe is attached (Figure 24).  
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Figure 24.  Long section of 4” makeup air duct in place 

The smaller bottom section of 4” pipe is now attached (Figure 25).  There is a bracket on this 

section that are attached to the larger pipe with self-tapping machine screws.  

 

Figure 25.  Attachment of reduced section of makeup air duct 

The unit is now structurally assembled.  The next step was to connect the electrical wiring to the 

heater.  There is a square opening in the side of the outer pipe as shown in Figure 26.  The (2) 

connectors are be visible. 
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Figure 26.  Beginning of heater wire attachment 

Two screws around the wires on the cover plate secure the wires in place (Figure 27).  The 

upper conical piece is then installed onto the combustor assembly.  

 

Figure 27.  Attachment of heater wires and upper conical section 

In the field, the assembly can be made on the exhaust port of the OWB or it can be pre-

assembled and lifted onto the exhaust port.  Once in place on the OWB, the unit is secured with 

the support strap on the back of the OWB.  The completed unit weighs approximately 55 lbs.  

Testing with Retrofit Unit 

The retrofit unit installed on the OWB is shown in Figure 28. 
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Figure 28.  Prototype retrofit unit installed on OWB exhaust 

Initial test burns of the prototype unit demonstrated the feasibility of the set-up.  The smoke was 

contained in the smoke stack, there is no smoke escaping from either the boiler air feed or the 

venturi feed tube.  The catalyst was observed to reliably light off on every high burn, as 

indicated by a rapid rise in temperature in the smoke stack above the catalyst.  The boiler was 



22 

 

operating as designed, cycling reliably between high and low burn as dictated by the water 

temperature.   

Initial testing with particulate catch was then begun with a baseline (no catalyst) run followed by 

several runs with various catalysts installed in the Venturi.  One variable examined was with the 

supplemental air duct sealed off and/or the Venturi holes plugged.  A summary of the test 

conditions is given in Table I. 

Table I.  Test Summary With Prototype Retrofit Unit 

Test ID Test Date 

Length of Test 

(min) 

Fuel 

Loading 

(lbs) Venturi 

Venturi Baseline - 1 8/5/2011 360 100 Yes 

Thick Palladium - 2 8/2/2011 427 100 Yes 

Thick Nano - 1 8/9/2011 405 100 No - capped 

Thick Nano - 2 8/10/2011 450 100 No - capped 

8in Round Straight Platinum 8/16/2011 487.5 80 No 

Thin Palladium - 2 8/18/2011 375.9 100 Yes 

Thick Nano - 3 8/23/2011 360 100 No - plugged 

Thick Nano - 4 8/24/2011 435 100 No - plugged 

 

To accomplish a full test within the nine hour work day, ATI had to decide on a fuel loading and 

a high burn to low burn time ratio.  ATI decided on a 100 pound loading of wood for all tests 

conducted.  The wood was a variety of types from a tree cutting service that averaged 20 w/o 

moisture.  Some tests had issues where all of the loading did not combust completely; 

calculations were adjusted accordingly based on a visual check of the amount of fuel left at the 

end of the test period.  Through trial and error, a 1:1 ratio was decided on for the high burn time 

versus the low burn time.  Typically, ATI tried to keep both high burn and low burn times 

between 15 and 30 minutes by adjusting the rate of fresh water entering the heat exchanger 

(Figure 2).  This adjustment was done by hand and, as such, the burn times fluctuated some in 

individual tests and from test to test.  
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To setup for a test, at least two particulate filters, the water trap, and the fuel loading needed to 

be weighed out.  The fresh particulate filters were dried for a minimum of 24 hrs at 212°F to 

remove any excess moisture that may have collected on them during storage.  To trap any 

moisture that comes through the sampling train, a drying system (Figure 29) was setup. The 

drying system consists of a chiller, a condenser, a round bottom flask with vacuum takeoff – 

also known as a water trap, and an ice bath. 
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Figure 29.  Drying system for sampling train 

Test fuel cribs, as described in Method 28, were not used as ATI already had access to 

miscellaneous wood.  ATI selected wood for the fuel loading based on the Method 28 

requirement that the moisture content be between 19% and 25% on a dry basis.  Logs of 

varying sizes, from three inches to eight inches in diameter, were selected for each test.  Efforts 

were made to keep the same amount and size of logs for each test.  Figure 30 shows a typical 

loading for test purposes.   

 

Figure 30.  Typical Fuel Loading 

The morning of a test, the unit is typically off as the water jacket will retain its heat if it is not 

circulated through the heat exchanger.  The fire box was cleaned out if there was an excess of 

ash.  Usually there are some coals left over from the previous test to build a warm-up fire on.  If 

there were no coals left from the previous test, the fire box was completely emptied and a new 
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fire started using fresh kindling.  When the unit was turned on, the water jacket was normally 

below 175°F.  A small loading of wood was put into the firebox to get the water jacket up to 

temperature and have a decent bed of coals to start the test on.  Once the water jacket was up 

to temperature and coals were abundant, the unit was ready for testing.  When the unit switched 

to the next high burn phase, 100 pounds of wood was loaded, the temperature loggers were set 

to record, and the sampling train started.  Since the flow rate through the dilution tunnel is fixed, 

the flow rate through the sampling train only had to be adjusted as the temperature of the 

exhaust gasses varied.  This adjustment allows for isokinetic sampling and is done continuously 

throughout the test.   

During a typical test, the OWB cycles to high burn approximately 12 times.  Since ATI decided 

on one loading of fuel, the first four high burn cycles were the highest emission producing cycles 

of the test and the first particulate filter clogs during this time.  The change to a new filter only 

required seconds as ATI had two filter traps available.  The baseline tests clogged the first filter 

within two high burns, while the catalyst tests generally allowed two more high burns before 

clogging the first filter. When the filter clogged, the trap was removed and taken inside for 

disassembly, weighed, cleaned, and set up for the next change over.  The collection tube and 

trap were rinsed with acetone into a weigh boat to obtain any particulates that may have stuck.  

The acetone was evaporated off and the weight of the wash was added to the final particulate 

catch.  Typical first washes for each test are shown in Figure 31. 

 

Figure 31. Typical First Wash 

The filter, retaining ring, and support screen were weighed together when they first came out of 

the trap, because moisture may make the filter stick to the other components.  Once the pieces 

were dried for an hour in an oven at 212°F, they were separated and weighed again.  The final 
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weight of the filter was taken after it was in the oven for 24 hours.  Figure 32 shows a typical first 

filter, the white filter material has a dark particulate covered center. 

 

Figure 32.  Typical First Filter 

The end of a test is called when there does not appear to be any substantial fuel left in the fuel 

box, as in Figure 33. 
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Figure 33.  Fire Box at End of Test 

At the beginning of the test series done at ATI, a high burn vs. low burn baseline test was done.  

For this test, particulate filters were changed when the OWB switched from low to high and 

when the OWB switched from high to low.  The high burn vs. low burn baseline test had two 

separate loadings of fuel, 25 pounds was loaded at the beginning of the test and 25 pounds was 

loaded when the OWB switched to the third high burn.  Table II shows the emissions results 

from the high burn vs. low burn baseline test. 
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Table II.  High Burn Vs. Low Burn Emissions 

 Emissions 

Test ID 
Et total 

grams 

lbs/MMBTU 

Input 
g/kg dry fuel g/hr 

g/hr 10k 

BTU 

1st High 

Burn 

(Fuel 

Loaded) 

10.17 0.31 2.69 20.35 41.55 

1st Low 

Burn 
0.31 0.04 0.33 0.62 1.26 

2nd High 

Burn 
5.48 0.17 1.45 10.97 22.39 

3rd High 

Burn 

(Fuel 

Loaded) 

11.55 0.36 3.05 23.09 47.15 

4th High 

Burn 
4.04 0.13 1.07 8.08 16.50 

 

From the information obtained during the high burn vs. low burn test it is clear to see that the 

majority of particulate emissions occur during the high burn phase and when fuel is loaded.  

These trends are also apparent when visually inspecting the filter papers shown in Figure 34. 
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Figure 34.  High burn vs. low burn test filters 

A test to get emission data from a blank catalyst support failed, because the material plugged 

and the fire could not get enough oxygen to continue burning.  Even though ATI did not get 

emissions data, it was not a complete loss.  This test proved that the blank material alone only 

filters particulates while the other catalyst materials burn off enough particulates to keep them 

from restricting the flow to the point that the fire is extinguished.   

Temperature was measured before and after the catalyst.  Figure 35 shows those profiles for 

one of the runs with the nano-platinum catalyst.  An interesting phenomenon occurs in the 

middle high burns where the pre-catalyst temperature spikes above the post-catalyst 

temperature.  This appears to be due to particulates that are trapped on the front surface of the 

catalyst support burning off. 
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Figure 35.  Thermal profiles before and after nano-platinum catalyst 

 
Figure 36 shows the various catalysts before and after testing, as can be seen the blank 

catalyst is plugged up with particulates and creosote. 

 Blank Palladium Nano Platinum 

New Catalyst 

   

Tested 

(Intake Side) 

   

Tested 

(Exhaust 

Side) 

   

 

Figure 36.  Catalysts before and after testing 

Also seen in  
Figure 36 are the Palladium and Nano-Platinum catalysts.  These combusted much more of the 

particulates and creosote, which led to the OWB being able to flow and operate properly.   

Exhaust gas sampling was done throughout the test to get an understanding of the composition.  

Of particular importance are the CO emissions.  Figure 37 charts the CO emissions for a 
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baseline test and a catalyst test.  The catalyst test had an average CO of 196.4 ppm and a 

maximum of 2005 ppm, while the baseline test had an average of 540.44 ppm and a maximum 

of greater than 5000 ppm.  The maximum for the baseline is higher than 5000 ppm as ATI’s CO 

sensor tops out at 5000 ppm.  The palladium catalyst gave a reduction of 63% for the average 

CO emission and at least a 59% reduction for the maximum. 

 

Figure 37.  Chart of CO emissions 

ATI’s combustion analyzer worked properly for a few tests, but eventually became inoperable 

and was not used for the remaining tests. 

Reductions in emissions were shown in all catalyst tests when compared to the venturi baseline.  

It was determined that the tests could only be compared if the tests had the same geometry.  As 

an example an eight inch empty flue cannot be compared to the venturi system because they 

have differing flows through their geometries.  Working with this restriction we can compare the 

“Venturi Baseline”, the “Thick Palladium”, and the “Nano Platinum” tests.  Table III shows the 

emission results from those tests. 
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Table III.  Particulate Emissions Results 

 Particulate Emissions 

Test ID 
Et total 

grams 

lbs/ 

MMBTU 

Input 

g/kg dry 

fuel 
g/hr 

g/hr 10k 

BTU 

Palladium 86.85 0.27 2.30 12.20 24.25 

Nano 

Platinum 
66.56 0.21 1.76 9.86 14.55 

 

Looking at the values for lbs/MMBTU Input (pounds particulate per million BTU burned), the 

palladium catalyst produced a reduction to 0.27 and the nano platinum catalyst produced a  

reduction to 0.21.  

Another consideration tested was the thickness of the catalyst.  Initially it was believed that the 

catalyst would need to be thicker to accommodate the collection of particulates.  As can be seen 

in Table IV, the thickness of the catalyst did not make much of a difference on the emissions.  

Table IV.  Emissions – Catalyst Thickness Comparison 

 Particulate Emissions 

Test ID 
Et total 

grams 

lbs/ 

MMBTU 

Input 

g/kg dry 

fuel 
g/hr 

g/hr 10k 

BTU 

Thick 

Palladium 
86.85 0.27 2.30 12.20 24.25 

Thin 

Palladium 
77.98 0.26 2.23 12.45 24.02 
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One benefit obtained from the thinner catalyst is the fire burns hotter because it has improved 

airflow.  A thinner catalyst also reduces cost. 

 

1 Conclusions 

ATI’s testing proved that the unique reticulated ceramic substrate produced by 

Clear Skies Unlimited, Inc. significantly reduced particulate matter and carbon 

monoxide emissions from outdoor wood-fired boilers (OWBs).  Particularly, the 

Nano Platinum coated catalyst performed best in reduction of particulate emissions.  

It is recommended to use a thin catalyst, or redesign the support structure, to 

maintain proper flow through the OWB.  Future testing should include geometry 

testing, thermal cycle loading, and flow rate testing.  Geometry testing would be 

testing of support structure, thickness, and diameter.  Thermal cycle loading would 

put the catalyst material through its normal temperature ranges numerous times 

and at differing ambient temperatures to see at what rate the catalyst support 

structure degrades.  Flow rate testing would help determine the optimum flow 

through the OWB and the catalyst material. 

The particulate catch data summary is given in Table IV. 

Table IV.  Particulate Emissions from OWB with Prototype Retrofit Unit 

Test ID 

lbs/MMBTU 

 Input 

g/kg dry 

fuel g/hr Venturi 

 

Thick Palladium – 2*** 0.27 2.30 12.20 Yes  

Thick Nano - 1 0.21 1.76 9.86 No -   

Thick Nano - 2 0.21 1.77 8.91 No -   

8in Round Straight 

Platinum 0.30 2.57 9.56 No 

 

Thin Palladium - 2 0.26 2.23 12.45 Yes  
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2 Appendix (Development) 

 

Test Summary –March - May 2011 

No. Date Catalyst Heater 
Combustion   

Air 

Excess 

Air 
Flue Other 

1 11 Mar 11 9 x 30 in. Internal N/A Draft None 
10 ft 

Single 
 

Significant Smoke 

2 13 Mar 11 9 x 30 in. Internal N/A Draft None 
10 ft 

Single 
 

Significant Smoke 

3 15 Mar 11 9 x 30 in. Internal N/A Blower None 
10 ft 

Single 
 

Significant Smoke 

4 24 Mar 11 7.5 x 30 in. Internal Int Blower (Low) None 
10 ft 

Single 
 

N/A since started with only a half load of wood. 

5 25 Mar 11 7.5 x 30 in. Internal Int Blower (Low) None 
10 ft 

Single 
 

Bad test due to broken heater wire at beginning of test. 

6 30 Mar 11 7.5 x 30 in. Internal Int Blower (Low) None 

10-ft 

Double 

 

N/A since started with only a half load of wood. 

7 31 Mar 11 7.5 x 30 in. Internal Int Blower (Low) None 

10-ft 

Double 

 

Significant Smoke 

8 1 Apr 11 7.5 x 30 in. Internal Int Draft None 

10-ft 

Double 
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Significant Smoke 

9 2 Apr 11 
7.5 x 30 in. Internal 

and 8-in. Flue 

Int   and    

Flue 

Draft 

(Added blower 

later in test) 

Comp Fan 

10-ft 

Double 

 

Smoke went wrong way in ambient air tube 

10 3 Apr 11 

7.5 x 30 in. Internal 

and 8-in. Flue 

Int   and    

Flue 
Blower Comp Fan 

10-ft 

Double 

 

Smoke acceptable 

11 4 Apr 11 

7.5 x 30 in. Internal 

and 8-in. Flue 

Int   and    

Flue 
Blower Comp Fan 

10-ft 

Double 

 

Smoke acceptable but smoke went wrong way in ambient air tube 

12 5 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int   and  

Flue 1 
Blower Blower 

10-ft 

Double 

 

Smoke acceptable but smoke went wrong way in ambient air tube 

 

 

No. Date Catalyst Heater 
Combustion   

Air 

Excess 

Air 
Flue Other 

13 6 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int and  

Flue 1 
Blower Blower 

10-ft 

Double 

 

Smoke acceptable but smoke went wrong way in ambient air tube 

14 7 Apr 11 

7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 
Blower None 

10-ft 

Double 

 

Smoke leaking from all ambient air areas 

15 8 Apr 11 

7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 
Blower None 

10-ft 

Double 

 

Smoke leaking from all ambient air areas 
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16 9 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 
Flue 1 Blower None 

10-ft 

Double 

 

Significant smoke 

17 10 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 
Blower Blower 

10-ft 

Double 

Venturi 

4-in. 

Bad test due to holes from previous configuration still below bottom flue cat  

18 11 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 
Blower Blower 

10-ft 

Double 

Venturi 

4-in. 

Acceptable smoke but takes long time to start up fire  

19 12 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 

Blower     

(1/2) 

Blower 

(1/4) 

10-ft 

Double 

Venturi 

4-in. 

Acceptable smoke but takes long time to start up fire 

20 13 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 

Blower   

(Draft later in 

test) 

None 

(Blocked) 

10-ft 

Double 

+ 5 ft 

Venturi 

4-in. 

Acceptable smoke but takes long time to start up fire 

21 14 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 
Draft Draft 

15-ft 

Double  

Venturi 

4-in. 

Acceptable smoke but takes long time to start up fire 

22 15 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 
Draft Draft 

15-ft 

Double  

Venturi 

4-in. Heat 

Exchanger 

Acceptable smoke and heat exchanger resulted in faster heating  

23 18 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 

Draft   

(Blower later) 

Draft 

(Blower 

later) 

15-ft 

Double  

Venturi 

4-in. Heat 

Exchanger 

Acceptable smoke and heat exchanger resulted in faster heating  

24 19 Apr 11 7.5 x 30 in. Internal Int  and  Draft Draft 15-ft Venturi 
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and 2 x 8 in. Flue Flue 1 Double  4-in. Heat 

Exchanger 

Acceptable smoke and heat exchanger. Adjusted set point with bad results 

 

 

No. Date Catalyst Heater 
Combustion   

Air 

Excess 

Air 
Flue Other 

25 20 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 
Blower Blocked 

15-ft 

Double  

Venturi 

4-in. Heat 

Exchanger 

Massive smoke during first high burn.  No fire re-light at High Burn #6 

26 21 Apr 11 

7.5 x 30 in. Internal  

and 8-in. Flue 

Int  and  

Flue 1 
Draft Blocked 

15-ft 

Double  

 

Poor performance during relighting of fire during high burns 

27 22 Apr 11 
7.5 x 30 in. Internal 

and 8-in. Flue 

Int  and  

Flue 1 
Draft Blocked 

15-ft 

Double  

 

Poor performance during relighting of fire during high burns 

28 24 Apr 11 
7.5 x 30 in. Internal 

and 2 x 8 in. Flue 

Int  and  

Flue 1 

Draft   

(Blower later) 

Blocked 

(Blower 

later) 

15-ft 

Double  

4-in. Venturi 

Fire wouldn’t relight.  3
rd

 unheated cat had large buildup of soot! 

29 25 Apr 11 

7.5 x 30 in. Internal  

and 12-in. Flue 

Int  and  

Flue 1 
Draft Draft 

15-ft 

Double  

4-in. Venturi 

Extraordinary results! 

30 26 Apr 11 
7.5 x 30 in. Internal 

and 12-in. Flue 

Int  and  

Flue 1 
Draft Draft 

15-ft 

Double  

4-in. Venturi 

Extraordinary results!  Smoke on first few high burns but all white 

31 27 Apr 11 7.5 x 30 in. Internal Int  and  Draft Draft 15-ft 4-in. Venturi Time 
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and 12-in. Flue Flue 1 Double  delay of 0 sec later 

Faster relight with no time delay 

32 28 Apr 11 
7.5 x 30 in. Internal 

and 12-in. Flue 
Flue 1 Draft Draft 

15-ft 

Double  

4-in. Venturi Time 

delay of 0 sec 

Faster relight with no time delay 

33 4 May 11 
7.5 x 18 in. Internal 

and 12-in. Flue 
Flue 1 Draft Draft 

15-ft 

Double  

4-in. Venturi Time 

delay of 0 sec 

Too much smoke with no internal heater! 

34 5 May 11 
7.5 x 18 in. Internal 

and 12-in. Flue 
Flue 1 Draft Draft 

15-ft 

Double  

Time delay of 0 sec 

Great results.  Heaters stay on in end when fire can’t relight. 

35 6 May 11 
7.5 x 18 in. Internal 

and 12-in. Flue 
Flue 1 Draft Draft 

15-ft 

Double  

Time delay of 0 sec 

Great results. 

No Date Catalyst Heater Combustion   

Air 

Excess 

Air 

Flue Other 

36 21 May 

11 

6 x 18 in. Internal  

and 12 in. Flue 

Int         

and      

Flue 

Draft Venturi 16-ft 

Double 

4-in. Venturi Time 

delay of 0 sec  

Great results after initial problems with inoperative cooling water pump. 

37 23 May 

11 

6 x 18 in. Internal  

and 12 in. Flue 

Int         

and      

Flue 

Draft Venturi 16-ft 

Double 

4-in. Venturi Time 

delay of 0 sec 

Had to relight fire after it stalled. 

38 24 May 

11 

6 x 18 in. Internal  

and 12 in. Flue 

Int         

and      

Flue 

Draft Venturi 16-ft 

Double 

4-in. Venturi Time 

delay of 0 sec 

 

39 26 May 6 x 18 in. Internal  Int         Draft Half 10-ft 8-in. Truncated 
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11 and 12 in. Flue and      

Flue 

Venturi Double Venturi 

N/A since started with only a half load of wood. 

40 27 May 

11 

6 x 18 in. Internal  

and 12 in. Flue 

Int         

and      

Flue 

Draft Half 

Venturi 

10-ft 

then 14-

ft 

Double 

8-in. Truncated 

Venturi 

Very smoky when started with 10-ft flue.  Added another 4 ft and got great results. 

41 29 May 

11 

6 x 18 in. Internal  

and 12 in. Flue 

Int         

and      

Flue 

Draft Half 

Venturi 

14-ft 

Double 

8-in. Truncated 

Venturi 

Started with water at 145°F.  Great results. 

42 31 May 

11 

6 x 18 in. Internal  

and 12 in. Flue 

Int         

and      

Flue 

Draft Half 

Venturi 

14-ft 

Double 

8-in. Truncated 

Venturi 

Very impressive 2
nd

 high burn.  Excess air intake at level of OWB outlet. 

43 1 Jun 11 6 x 18 in. Internal  

and 12 in. Flue 

Int         

and      

Flue 

Draft Half 

Venturi 

14-ft 

Double 

8-in. Truncated 

Venturi 

Great results by 4
th

 high burn.  Terminated early due to rain storm. 

44 5 Jun 11        12 in. Flue     Flue Draft Half 

Venturi 

14-ft 

Double 

8-in. Truncated 

Venturi 

Unknown problem caused bad test.  Strong storm surge knocked over entire test structure. 

 

 


