Appendix I
Pigweed. (Amaranthus retroflexus): An erect summer annual that may reach 6 1/2 feet in
height. A single seeded utricle may reach 2 mm in length, wrinkling when dry. Each utricle
splits open in the middle to expose a single glossy black to dark brown seed that is 1 to 1.2 mm
long and ovate (Virginia Tech Weed Identification Guide, 2005). Redroot pigweed begins to
germinate when the temperature is higher than 15 °C. It becomes particularly competitive when
the temperature remains between 20 and 30 °C. It is found in cultivated fields, along roadsides, in
waste areas and in pastures. Pigweed generally produces up to 30,000 seeds per plant but seed
counts can get as high as 100,000 (ACORN, 2001).

Figure 1. Photo of Pigweed growing, Michls

Figure 2. Photo of Pigweed seeds Steve Hurst, 2001

Oxeye Daisy. (Chysanthemum leucanthemum): A perennial from rhizomes with characteristic
'daisy-like' flowers. Oxeye daisy can spread both vegetatively and by seed. Seeds can remain
viable for long periods, but they normally germinate the year they are shed or the following
spring. Studies indicate 90 to 95% germination at 20° C. Light and chilling appear to have no
effect on germination rates and seeds germinate readily on bare soil (Howarth and Williams,
1968). Flowering occurs June to August, with seeds dispersing August to September. Seeds will
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germinate as soon as they are dispersed (Howarth and Williams, 1968). Plants normally produce
1300 to 4000 fruits, but a vigorous plant may yield up to 26,000 (Dolph-Petersen, 1925).
Champness and Morris 1948 found one million seeds per hectare in arable fields and up to 4.2
million seeds per hectare in grasslands.

Figure 3. Oxeye Daisy Flower

Wild Carrot.

Figure 4. Oxeye Daisy seeds

(Daucus carota): Biennial herb originally a native of Southern Europe has

become naturalized throughout the United States and Canada. It prefers a sunny position and
well-drained neutral to alkaline soil. Considered an obnoxious weed by some, it can spread very
quickly. In its second year, from a taproot (the carrot) stems grows to a height of 2-4 feet or
more, they are erect and branched, both stems and leaves are covered with short coarse hairs.
Blooming from June to August, but often continues to bloom flowers much longer. Its root is
small and spindle shaped, whitish, slender and hard, (tender when young), but soon gets tough,
with a strong aromatic smell. Each flower on the umbel produces two seeds turning brown when
mature. Gather seed in fall. The fruits are covered in hooked spines, which aid dispersal by
clinging to the fur of passing animals. Wild Carrot is edible and medicinal, the root is edible
cooked or raw and (Jackson, Deb & Bergeron, Karen, 1997) flower clusters can be french-fried
for a carrot-flavor. The aromatic seed is used as a flavoring in stews and soups. Used for
centuries as an alternative medicine (Photo, Peter Sforza, 1998; Howarth and Williams 1968).
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Figure 5. Photo, Peter Sforza, 1998

Figure 6. Photo, Solvinzankl, 2005

False Brome. (Brachypodium sylvaticum): occupying a lot of habitats from fall sun openings to
regular mature forest stands (Cindy McCain, 2000-2007). False brome reproduces rapidly from
seed and can re-sprout from vegetative fragments. Seeds are only viable for up to one year
within the soil (Mandy Tu, M, 2002). A tall tufted perennial grass growing up to about a 0.9 m
high is most commonly found in forests and woodlands, but may grow in open areas. Its awns are
straight and 6 to 18 mm long.
Figure 8. Greg Fitzpatrick, TNC

Figure 7. Thomas Kaye, TNC

Figure 9. J.P. Lonchamp, 2000-2001
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Proso Millet. (Panicum miliaceum): The millets are a group of small-seeded species of cereal
crops, widely grown around the world for food and feed. Proso millet has a short growing
season; becoming well adapted to varying soil and climate conditions requiring little water
(search.com reference, 2005). It has particularly adapted to dry, sandy soils. The plant is a
fibrous-rooted annual grass with upright stems branching at the base, wide leaf blades, and dense
hairs at the base of the leaves reaching an average height when mature of 100-180 cm (1.0-1.8
m). The spreading, loosely branched flower cluster has numerous small spikelets, each on its
own threadlike stalk producing small seeds 2-3 mm that are smooth, shiny, and olive brown to
black (Weeds BC, 2005). This weed is a vigorous competitor in row crops, especially corn,
beans, and soybeans; and not a problem in rangelands or natural areas.
Figure 11. www.eeob.iastate.edu

Figure 10. agebb.missouri

Figure 12. Gaetan Mercler, 1997

Hairy Nightshade. (Solanaceae) or (Solanum sarrachoides): Hairy nightshade is an annual, 12
to 24 inches tall. Foliage is spreading, hairy, and may feel sticky when handled. Flowers
resemble those of potato and tomato and have 5 white petals, and an enlarging green calyx. They
are arranged in clusters. As the fruit matures, the calyx cups the lower half of the greenish or
yellowish fruit. Hairy nightshade, a native to South America, is a widespread weed of waste
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places and cultivated fields. The plant contains toxic alkaloids, especially in the berries. Hairy
nightshade causes problems in field crops similar to those described for black nightshade.

Figure 13. Ed Peachey, OSU 2007

Figure 14. CDFA Seed Laboratory
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Appendix II

Effects of soil heating on soil properties
The changes that occur due to fire, directly effect changes in aggregate stability, pore size
distribution, water repellency and runoff response, alterations in mineralization rates, biomass
production, microbial species composition, carbon sequestration, changes in C:N ratio, and pH
and nutrient availability (DeBano et al. 1976; Chandler et al 1983; Neary et al 1999; GonzalezPerez etal 2004). Between 100ºC and 200ºC a mass loss of organic carbon starts (Sertsu and
Sánchez 1978) due to volatilization of organic matter constituents, whereas above 200ºC the
organic matter starts to carbonize (Hosking 1938). This can be seen by Chandler et al. 1983 that
at 130 – 190ºC, lignins and hemicelluloses begin to degrade, and at temperatures under 280ºC
the adjacent cellulose strands form bonds between each other in a dehydration process. Heating
the soil at 45 – 160ºC has not shown to change the visual appearance, percentage of organic
matter, or the carbon-to-nitrogen ratio of humus. It has however, been observed that heating
above 160ºC decreased the pH of humus by 0.5 units (Pietikäinen, Janna, 1999). Kitur and Frye
(1983); who suggested that the decreased pH might be due to organic acids released in the soil.
Increased heating brings about continued modifications. At 350ºC structural changes in humic
and fulvic acids are occurring and an increase in aromatic structures, which has been proposed to
increase the resistance of organic matter to microbial attack (Almendros et al. 1990, 1992. The
varying temperatures at which an array of metals and minerals commonly found within soil are
oxidized can be seen in Fig. 15 below (A.S. Khanna, 2002). Table 1 (main paper) shows a wide
range of thermal properties for a variety of oxides (A.S. Khanna, 2002), these are of possible
interest to our study. After heat treatment of soil bands, some of these oxides will reside within
the soil and show to be beneficial or problematic for plants and biological diversity. The table
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depicts the oxide form of these minerals and we will, however, be altering the pure mineral
structure that composes the soil. When the soil is heated, we initially begin to see steam from the
water contained within. In the temperature range of 25-105 ºC, we see loss of the sorbed water,
and

also

hydroxyls,

some
from

compounds containing
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mineral

matter; between 105300 ºC, the sorbed
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Figure 15.
Ellington diagram, showing the variation of free energy
with temperature for various oxides.

of

the

remains; at

water
300-540

ºC, the hydroxyl water of kaolinite, halloysite, montronite, Fe-beideillite, Fe-illite, Fevermiculite, some chlorite and mostly amorphous mineral matter is lost; at 540- 900 ºC, the
hydroxyl water of Al, Mg-montmorillonite, hectorite, Mg-vermiculite, Mg-muscovite, talc and
the remainder of water in the chlorite and amorphous mineral matter (2% lost) (M.L. Jackson,
2005).
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Appendix III
Soil was collected February 2007 and 2008 at OSU Vegetable Farm from a section under a tarp.
Approximately 36 gallons of soil was collected and sterilized at 170 - 220 °F for 2 hours, in the
West Greenhouse autoclave, to eliminate any unaccounted for germination of unknown seeds. The
sterilized soil was spiked with a known amount of wild carrot, nightshade, pigweed, and millet
seed. Seeds were mixed into the soil with a cement mixer at 300 seed of each species in a 2.3 gal
soil sample. Exactly 1.0 L of soil was conserved as an untreated check, while 9 liters were taken
for each soil samples were removed from each 10.0 L sample as a check leaving 9.0 L of soil for
testing in treatment. Due to environmental conditions in 2007, the tractor and device were unable
to be brought into the field. Therefore, soil samples were hand fed into the top of device every few
seconds. In 2008 environmental conditions allowed for the pickup device to be tested in the field,
however, due to mechanical failure we were still unable to get data from the heat chamber. Soil
was once again hand fed into the top of the device at a rate equivalent to the rate soil was
processed through the machine.
In 2007, upon leaving the heat chamber, the soil was directed onto a plastic sheet, and
soil temperature monitored with hobo probes. Soil was allowed to cool, transferred into bags,
and taken to the greenhouse. The soil was split in two for sequential studies. The soil was placed
in two 12” x 24” x 2” plastic sprouting trays on top of 2” of potting mix. Soil from the four heat
treatments was placed in the soil tray next to a smaller sample from the untreated sample. Trays
were watered from below when needed to prevent drying. Germination was recorded every three
days. In 2008, a similar protocol was followed with important exceptions. A small amount of
soil was run through the heating machine before the spiked soil samples were added to give a
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better representation of the temperature that would be encountered in the machine. In 2007 soil
samples were dropped onto a very hot surface which may have caused an overestimation of the
direct-heat effect on weeds seeds. Mechanical Engineering students measured temperature in
each soil sample at 0 ft., 6 ft., and 12 ft. after exit from the machine every 30 seconds up to 2
minutes, then recorded temperatures every minute thereafter using thermacouple wires and a
recording/display (°C/°F) device. The process in 2008 allowed for us to determine how long
temperatures would sustain in the soil after treatment. Soil was transported back to greenhouse
and split into two germinating groups (germinated at different times). The second germinating
group was stored in cold storage until needed. The exact volume of treated and control soil were
measured and recorded, placed in two 12” x 24” x 2” plastic sprouting trays on top of 2” of
potting mix.
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Appendix IV

Project Description
Background
Weeds are a constant problem for farmers, bio-diversity preservation, and restoration of critical
habitat. Weeds are a major concern for farmers given they contribute to poor product quality and
low productivity. Their presence may lead to the destruction of critical native habitat, which
may contribute to a lack of bio-diversity in these fragile areas. To effectively remove non-native
species from natural prairie and grasslands, and improve soil quality for farming; weed seeds
must be eliminated from the seed bank. Invasion of non-native species has effectively choked
out the habitat for many native species, affecting the entire ecosystem. [2]
Farmers constantly look for new solutions due to herbicide restrictions put forth to reduce
negative effects on the environment. Herbicide use has many environmental implications, and
does not kill the seeds that remain in the soil. Removal of grown plants is a labor-intensive
process, and rarely eliminates weeds permanently. However, heat treatment of soil has proven to
be an effective method of weed seed sterilization. [1] The Nature Conservancy, a non-profit
organization who preserves bio-diversity through preservation and restoration of critical habitat,
and the Horticulture department at OSU are very interested in new applications that could
successfully destroy weed seeds.
To successfully eradicate weed seed germination from the soil seed bank, a device will be
built to collect, heat treat, and redeposit soil. The device must provide farmers and individuals
positive and immediate results to the restoration of critical habitat. A similar project, “oven on
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wheels”, was attempted in the 2006-2007, however, the heat chamber was not capable of killing
weed seeds to the extent needed. Their work will be used as a resource towards improvement.
Hopefully collaborative efforts between the Oregon State University College of Engineering, the
Oregon State University Department of Horticulture, and the Nature Conservancy will provide
beneficial alternatives.

Requirements: Pick up Device1
Statement of Needs
The Statements of Need supplied by the customer are as follows:
1) Safe to operate.
2) Pick-up soil from tilled/non-tilled ground.
3) Include a crusher to break clods.
4) Deliver uniform soil particulates size to heating chamber.
5) Deal with rocks and stones.
6) Target ground speed is 1 mph.
7) Budget $1000.

Customer Requirements
The Customer Requirements as determined for this project are as follows:
1) Safe to operate – enclose all belts and moving parts.
2) Pick up soil from tilled or non-tilled ground.
3) Break up dirt clods to particles no larger than ¼”.
1

Chad Clement, Roy Thomasson, John Kusner
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4) Remove large rocks to be deposited to side of device.
5) Remove adjustable depth of soil, minimum of 2”.
6) Easy to attach to tractor.
7) Able to turn on and off from tractor controls.
8) Operates in moist soil.
9) Easy to clean.
10) Does not clog with soil.
11) Repairable with off the shelf parts.
12) Cost effective.
13) Operating speed of 1 mph.
14) Pick up width of 4” minimum.
15) Deliver even distribution of soil thickness to heating platform.

Engineering Requirements
1) Soil treatment width of at least 4”.
This project is mainly being designed for farming applications. The soil treatment width is
dictated by the approximate spacing between crop rows.
2) Soil treatment depth of at least 2”.
Weed seeds are mainly only in the top 2” of soil.
3) 3” range of motion of cutting blade.
The cutting mechanism must be able to move over uneven ground while maintaining a
constant depth of 2 inches. Most agricultural land is leveled to approximately +/-3”. [3]
4) No more than five tractor attachment points.

XII

Most tractors use a standardized three-point-hitch connection to pull and lift devices. A
PTO shaft provides mechanical power, and hydraulic ports provide an additional source of
power. This design should be flexible to be useful on many tractors, yet simple to connect
quickly.
5) No more than three steps to turn on/off.
6) 1.5” Maximum rock diameter entering the rock crusher.
The rock crusher can process particles up to 1.5” in size, so the filter must remove larger
particles.
7) ¼” maximum soil particle diameter coming out of crusher.
The heating chamber device requires a small particle size for optimal heat transfer rates.
8) 50% maximum treatable soil moisture content.
Moisture content of greater than 50% presents challenges for operation of the tractor. This
device should be useable in conditions where other farming operations may be practiced.
9) Linear speed of 1mph.
The pick-up and heat treatment devices must be able to great soil as the tractor moves at
1mph.
10) 90% user access to components for cleaning.
This device will be exposed to environments, which introduce contaminants into the system.
It is important that the operator may access and clean moving parts easily to ensure proper
operation.
11) 50% off-the-shelf components.
Manufacture and repair of this device will be easier to execute and more affordable if
components are available from existing manufacturers.
12) $1000 maximum manufacturing cost.

XIII

Testing Procedures
•

Cut a length of soil on flat ground such that the treated path is accessible from behind the
machine. Use a ruler to measure the length edge-to-edge of the width of the path. Press the
ruler into the soil at the edge of the cut until the ruler touches firm uncut soil and measure the
depth of the cut.

•

Create a path with rises and troughs at a height of 4” above and below the nominal level.
Run device over path, and measure the depth of the cut as defined above.

•

Count all mechanical and hydraulic tractor attachment points.

•

Count number of steps to turn machine on. Count steps to turn machine off.

•

Place a container below rock filter and above rock crusher. Run machine until container
collects approximately 1lb. of particles.

Select largest particles and measure largest

dimension with Vernier calipers.
•

Place a container below rock crusher output chute. Run machine until container collects
approximately 1lb. of particles. Select largest particles and measure largest dimension with
Vernier calipers.

•

Prepare a ten yard length of soil at 50% moisture content. Run machine over prepared length
at a linear speed of 1mph. Turn machine off and inspect machine for soil losses and buildup.

•

Remove all cover panels to prepare for cleaning. Count all parts accessible by hand. Divide
by total number of parts and multiply by 100.

•

Count all parts available for purchase from existing manufacturers. Divide by total number
of parts and multiply by 100.

•

Sum all manufacturing costs.
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Design Selected
Rationale for Selecting this Design
Soil Break-up. A solid-blade cylinder design coupled with a solid cutting blade will

effectively cut the soil to a uniform depth while adequately propelling soil onto
transport device. A well-constructed housing and flat blade will ensure that a minimum
amount of untreated soil escapes break-up and collection. Downforce may be required
to dig into hard soil, and the weight of a solid metal cylinder will help provide the
necessary downforce. Speed of rotation can be easily controlled with hydraulic power.
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Sources for materials have been acquired and machining this part should be
straightforward.
Depth Control.

A single gauge wheel will adequately regulate depth of cut.

If securely

attatched, the load from the machine will be properly supported. The screw mechanism from a
trailer hitch wheel will provide the necessary height adjustment and swivel. Adaptation to a
larger pneumatic wheel is straightforward. .
Soil Transport. The conveyor belt will efficiently transport soil up to the rock filter and rock
crusher. Using existing parts will save money, and the conveyor system is space-efficient. The
length from the front of the blade to the point where the dirt meets the conveyor will be
minimized. New applications will be adapted by alterations to the existing frame and mounts.
Hydraulic power will provide control for the rate of soil transport.
Rock Filter. A single panel vibratory rock filter is easy to manufacture, effective, and requires a
minimum amount of extra machine height. No relocation of the rock crusher is necessary with
this design. The single panel requires less materials and manufacturing than the gabled design.
Rock Crusher. The existing roller crusher device is an adequate machine for the intended
purpose. A jaw crusher is a stronger design, but less consistent and far more complicated to
produce, and the roller crusher is a more compact method.

Design Description

Figure 1: Master Assembly

Figure 2: Master Assembly, Side View
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Soil Breakup
A solid cutting blade will be used to cut under the top two inches of soil while a solid rotating
tiller head with blades actively transports the cut soil to the conveyer belt. A backing plate will
help the tiller blades move the soil onto the conveyer belt. To ensure safe operation of the
device, the entire assembly of tiller head will be covered to prevent soil from being thrown out.
The solid blade will cut soil at the same rate the tractor is
moving. A ramped section will direct soil upwards and
deliver onto the conveyor belt. As shown in figure 3,
there will be six blades spaced evenly apart on the tiller
head. This guaranteed at least one tiller blade would be

Figure 3: Tiller Head Assembly

adjacent to the cutting blade and ramp at all times.
The conveyor belt will be situated immediately behind the ramp, connected via a pin.
This connection restricted motion in relation to the conveyor, but allowed the tiller head to move
up and down with respect to the main trailer assembly and tractor. A slotted plate mated with a
pin on the trailer assembly allowed the tiller head assembly to move vertically at least 3” to
accommodate uneven terrain.
The blades and tiller head cylinder will be made of high-strength steel, with all loadbearing members machined from high-strength aluminum due to material availability and ease of
manufacturing.
Volumetric flow rate for soil picked up will be constant and consistent throughout all
components. The width of the tiller head and the cutting blade is 4 inches to satisfy the
customer’s requirement for width. Required depth to cut is 2 inches and tractor target speed is 1
MPH. The volumetric flow rate at which soil will be processed has a significant impact on the
remainder of individually designed components, because each depends opon the amount of soil

XVII

transported through the device. Below are calculations to determine the volumetric flow rate for
the machine.
Velocity and Volumetric Flow Rate Calculations:

vel =

& soil =
vol

1mile 5280 feet
1hr
*
*
= 88 ft
min
hr
mile
60 min

3
88 feet
1 foot
* (2indepth * 4inwidth )*
= 4.88 ft
min
min
12in

Depth Control
A gauge wheel will be used to keep the device operating at the required
depth of 2 inches. The wheel assembly and tiller head assembly will be
attached since this mechanism adjusts to uneven ground. The gauge
wheel is already set for 2 inches so no calculations are necessary. A
Figure 5: Gauge
Wheel

wheel has been donated for use by the Oregon State Horticulture
Department.
Soil Transport

Once the tiller and blades have picked up soil, it is then moved through the device on a conveyer
belt (figure 6). Design was chosen due to previous success [7] and availability of salvaged parts.
The conveyer belt will process the same volumetric flow rate
of soil that the tiller assembly can transport. The conveyer
belt is 1 foot in width and ribbed to accommodate more soil as
the belt rotates.

Dictated by the dimensions of other

components in the device, the belt will be angled at 57.6°
Figure
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assembly

6:

Intake

Belt

relative to the ground since average soil has a slip angle of about 45 degrees (θS) relative to the
ground.[7] With a 1” rib height and a 4” rib space between each rib, the minimum speed of the
belt was calculated below to be 31.9 revolutions per minute.

Assumptions:
• Soil will be evenly distributed across the belt.
• Soil would have nominal moisture content making the slip angle of the soil 45 degrees
relative to the ground (θS).

vbelt =

& *x
& *x
vol
vol
=
1
volrib
*b * h * w
2

vbelt =

& *x
vol
.5* h * tan (90 " 60 + cos ! s )* h * wrib

vbelt =

4.88 ft

3

*.33 ft
min
= 316.7 ft
min
.5*.083 ft * tan(77.4) *.083 ft *1 ft
Figure 4: Soil distribution on
the intake belt

!belt

ft
vbelt 376.7 min
=
=
= 31.9 rev
min
lbelt
9.92 ft
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Rock Filter
In order to satisfy the design requirements, rocks must be
filtered out of the soil before it is delivered to the heating
chamber. This will be accomplished with a single slanted
vibrating filter that dirt can pass through and large rocks/dirt
clods will fall behind the tiller head assembly shown in

Figure 5: Shaking Filter

figure 5. Particles no larger than 1.5’’ will be able to be processed by the crusher, thus
the size of the mesh on the screen will need to be 1.5’’. The speed of the vibration is not
a critical design element for the overall performance of the device, so the vibration rate
will be dictated by the design of more critical components. Assembly expanded steel
mesh and will be used for the screen and the remainder of components will be machined
from sheet metal and aluminum.
Rock Crusher
Soil particles delivered to the heating chamber are specified to have a maximum size of
¼’’ in diameter. We are using a rolling crusher to reduce the soil to the required particle
size as shown in figure 8. The crusher that was used in
the 2006-2007 device will be sufficient for this project
and will be salvaged for re-use. The crusher uses two
rollers with a spacing of ¼’’. The crusher is able to
handle particles up to six times the size of the spacing,
which means it cannot handle particles bigger than 1.5’’.

Figure 8: Rolling
Crusher Assembly

The crusher must be able to process the same volumetric flow rate of soil as the rest of
the device. Calculations below determine the required rotational velocity to process the
soil. The 3’’ rollers will be 24’’ long and must rotate at 149 RPM.
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Crusher Speed Calculations

!roller =

4.88 ft

3

&
vol
min
=
wgap * " * lroller .021 ft * " *.25 ft * 2 ft

Implementation
Attempted contact with ME students, at time of printing documents were not
made available.

Testing
Attempted contact with ME students, at time of printing documents were not
made available.

Requirements: Heat Chamber2
This project involves the investigation and development of a piece of equipment that will
use propane to generate sufficient heat or flames capable of killing or destroying more
than 95% of weed seeds in the top 2 inches of soil. Students from the BioResource
Research program of Horticulture will assist with seed germination data from previous
studies. This data will help develop the parameters necessary to kill the weed seed’s
germination abilities.
Statements of Need
1) Safe to operate.
2) Adjustable speed (Target ground speed of 1mph). 2006-2007 prototype too fast.

2

Harleigh Doremush and team members
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3) Soil enters chamber from front (as delivered from soil pick-up team’s device). Soil
travels through heating chamber, doubles back, and is eventually deposited at the front
again.
4) Install heaters on top and bottom.
5) Double effective length of heating chamber from 2006-2007 prototype.
6) Insulate soil after treatment (foam?) to retain heat.
7) Budget still to be determined.
Customer Requirements
1) Safe to operate. No bodily harm.
2) Adjustable speed (target ground speed 1 mph).
3) Soil enters chamber from front (as delivered from pick up). Soil travels through
heating chamber, doubles back and is eventually deposited at the front.
4) Very effective, kill 95% or more of weed seeds. Destroy weed seeds ability to
germinate.
5) Efficient use of propane (heat/flame) to burn seeds.
6) Double 06/07 prototype’s heating chamber length.
7) Chamber must heat a 2” deep by 4” wide strip of soil.
8) Two new heaters installed in chamber. On top and bottom of chamber.
9) Possibly insulate soil after treatment.
10) Work continuously and successfully with soil pick up.
11) Reliable
Engineering Requirements
1) Effective Heating Chamber Length: Based on results from last year’s model, the soil
did not spend enough time in the heating chamber, so increasing the length will
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increase the heating time. The target is 12ft or 144 in because the current belt length
is 6 ft.
2) Compact in Size: Minimizing the height and the width of the heating chamber will
minimize heat loss and maximize heating efficiency. The target height is no larger
than 40 inches and no wider than 36 in. These targets were developed from the
dimensions of the 06-07 prototype. We don’t want to make the new device any larger
than it already is.
3) Minimum Number of Components Attached to Tractor: The tractor provides an
excellent source of power through the PTO (power take off) or hydraulics. To
increase safety of the device we would like to use hydraulic motors instead of the
PTO to reduce the amount of belts. The target is 2 motors, one for the soil pick up
apparatus and one for the conveyor power.
4) Variable Conveyor Belt Speed: Adjustable speed is a customer requirement so our
belt speed must be adjustable. This can be obtained easily using hydraulic motors, or
with reduction through belts from a PTO. The target speed of 1 mph to the ground is
directly from the statement of needs.
5) Treated Soil Temperature:

The treated soil that exits the device must be at a

temperature determined from the BioResearch students. The target is 100 ˚C. At this
temperature, the weed seed’s ability to germinate is gone.
6) Soil Treatment Time: The results from the 2006-07 test showed that the soil needed
to be treated much longer. Our target time in the chamber is 22-24 seconds; double
that of the 2006-07 prototype [2].
7) Soil Input Speed: In order for the soil to be deposited back to its original location, the
volumetric flow rates of the soil at the entrance and exit must be equal.
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8) Soil Depth: The soil depth target at the pick up is 2 inches. This depth will be
approximately 0.5 inches once it is spread out in the heating chamber. The soil will
be evenly dispersed along the width of the conveyor belt.
9) Soil Width: The soil width target at the pick up is 4 inches. This width will be
approximately 10 inches after passing through the soil disperser into the heating
chamber.
10) Soil Delivered from Pick Up Device: In order for our device to function properly we
must get all of the required soil from the soil pick up device. Our target is to heat
100% of the soil from the pick up.
11) 06-07 Prototype Components Used: Due to our limited budget, we will try and use as
much components from last year’s prototype as possible. Our target is to use at least
50% of the 06-07 prototype. The 50% includes the frame, conveyor system, and the
radiation heaters.
12) Treatment Area Accessible for Maintenance: The heating chamber will get very dirty
and possibly clogged due to moisture in the soil. We will need to have access to the
heating chamber for cleaning and maintenance. The target is to have 90% of the
heating chamber accessible.
13) Target Fuel Consumption: The propane tank on the 06-07 prototype holds 44lbs of
propane fuel. They found from the heater-manufacturing technicians that the tank
would empty in 2-5 hours, but after 7-8 hours the tank was still 1/3 full [3]. Since we
will have another heater running off the same tank, our target is to use less than 44
lbs.
14) Total Operating Time: This engineering requirement depends on the testing time. It
could change, but the target is 4 hours because that is how long an operator would
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work before taking a break in the work place. If it will be ran for longer, a larger fuel
tank or a refill may be necessary.
15) Manufacturing Cost: Our predetermined budget is approximately $1250. The OSU
horticulture department determined the budget. Salvaging as much as possible from
the 06-07 prototype will make our budget go much further.
16) Insulation Thickness: The 06-07 prototype experienced heat loss without insulation
and saw major improvements when insulation was applied. We have decided to use
Kaowool ceramic blankets as the form of insulation.

Testing Procedures
1) To test for an increase in the effective heating chamber length, we will take
temperature readings of the soil at the entrance and exit of the heating chamber. Data
will be compared to the temperature readings of 2006-07 prototype. Actual length of
heating chamber is designed to be twice the length of the 2006-06 prototype.
2) Test developed procedure to ensure compact size of the heating chamber is to
measure the actual dimensions of the 2006-07 heating chamber and compare to new
prototype. The goal is to maintain or reduce overall heating chamber volume to
increase/improve efficiency.
3) Test procedures to ensure minimal attachments are required for the tractor. We will
count attachments of actual prototype. The design calls for 2 hydraulic motors and a
3-point hitch. Three attachments is our goal.
4) To ensure variable conveyor belt speed in heating chamber, we will compare the
output from the hydraulic motors to the speed at which the belt moves. The hydraulic
motors will be regulated to provide a sufficient belt speed range.
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5) To test for the target treated soil temperature of 100° C, the soil temperature will be
recorded at the beginning, middle, and end of the heating chamber. Comparing the
data to the overall time in the chamber will show how long the soil is at the target
temperature.
6) To test the total time soil is treated, a marker will be placed in the soil initially and
will move through entire chamber until pick up. The time will be recorded.
7) To maintain optimal soil input speed, the volumetric flow rate must be equal at the
heating chamber entrance and exit. Once the device is running and the chamber is
filled with soil, we will collect the soil at the entrance and exit for a set period of
time. Containers of equal volumes will be used to measure the volumetric flow rate
at each end.
8) The required 2 inch depth of soil to be picked up can be ensured through
measurement of the trench depth right after pick up and before depositing. The total
volume of soil picked up could also be measured and compared to the soil pick up
device’s known width. The depth could then be calculated.
9) To ensure the soil is a 4-inch wide strip at pick up, follow the same testing procedure
as above.
10) To test for a 100% delivery rate from the soil pick up device, the soil deposited on the
conveyor belt will be weighed. This weight will be compared to that of soil picked
up, but it will be collected at ground level after initial pick up.
11) To test 50% usability of old components, we will compare prototype components
used from 2006-07 to that of new components needed.
12) To test for 90% access to heating chamber, we will compare area/dimensions
accessible by reach to the overall dimensions of heating chamber.
13) Fuel consumption will be measured and tested by comparing the initial amount of
propane to the final amount after a 4 hour run.
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14) To test for an optimal operating time we will compare results for various time
periods.
15) Total manufacturing cost will be determined by adding up all expenses.
16) The insulation thickness will be tested at the initial thickness calculated in Equation 1.
If the data is not acceptable, thicker insulation may be used.

Design Selected
Rational for Selecting Design
The design was selected due to simplicity of balance and effectiveness. It allowed use of
many parts from previous heating chamber. Without focus on the acquisition of many
new parts and materials, we concentrated on improving and maximizing the effectiveness
of existing heat chamber.
Tests run on the 06-07 prototype yielded valuable results. To effectively destroy
a weed seed, a target soil temperature of 100° C is desired for 5 seconds. Whether the
soil is dry or moist, it takes about 5 seconds for a ¼ inch depth of soil to reach 100°C
when a heat flux is applied to it [10]. A ¼ inch depth of soil needs around 10 seconds to
be heated to the threshold temperature and to have the weed seeds destroyed.
The previous heating chamber eliminated on average about 55% of the weed
seeds, well short of our 95-98% target effectiveness [10]. To increase effectiveness of
design we will improve chamber insulation and extend the time over which soil is
exposed to high temperatures.
Major heat loss was experienced in 2006-07 prototype due to improper insulation
[10]; therefore, our design will focus on increased efficiency of heating chamber. We
will keep the chamber completely enclosed except for necessary openings for ventilation
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and combustion processes to take place. The interior of chamber (except the bottom and
above the radiation heaters) will be installed with higher quality insulation.
The length of heating chamber will be doubled to ensure longer soil exposure.
We can utilize the same conveyor system to pull soil from the rear of the chamber back to
the front where it is deposited. A second steel plate will be installed to heat soil. The
underside of steel plate will be heated with two open flame propane heaters. Due to their
ability for even distribution of heat across plates, these heaters were preferred over openflame torches.

Design Description
Design selection focused on three key aspects of the heating chamber: soil temperature,
soil movement, and increase the efficiency of the chamber. We will observe the heating
process in two phases.
Phase 1: use previous radiation heaters, which produce 40,000 Btu/hr of heat.
Phase 2: use several open flame propane heaters.
Similar heating elements are used in propane BBQs. A series of elements will be
installed directly beneath a 1/8-1/4” thick aluminum plate over which soil is dragged.
Each element (25,000 Btu/hr) will conduct heat through the plate, providing continued
heat to the soil.
Moving The Soil
Soil will enter chamber and be deposited onto the top portion of the conveyor system.
Target depth and width for soil layer are ¼ inches and 24 inches, respectively, achieved
with the use of a spreader bar. The conveyor belt—a steel mesh with square holes in it,
will drag soil 50” across the steel plate. Gears will be driven with a hydraulic motor,
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powered from the tractor pulling device. The optimal rpm for the motor will need to be
about 48, as determined from Equation 2 below.
Equation 2:
1 mile

63360 in

1 hour

1056 in

1 revolution

48 rev.

1 hour

1 mile

60 minutes

Minute

π * 7inches

Minute

Near the rear of conveyor system the soil simply falls through the steel mesh belt,
because the steel plate no longer supports soil. Once soil falls to second metal plate, it is
pulled towards the front of the chamber with the same conveyor belt. Again the plate
will not support the soil and fall through the steel mesh onto a declined chute. The chute
funnels soil to a 4” width and then placed in original location on the ground.
Maximizing The Efficiency
We intend to salvage most of the frame used on the 2006-07 proto-type. Modifications
will minimize exposure of heating chamber to ambient air temperatures. The openings in
the frame will be sized and located to allow sufficient air for combustion processes, and
ventilation. The side opening on the frame will be replaced with doors which open
vertically to allow easy access to the inside of chamber for maintenance and cleaning. A
highly rated and effective insulation, Kaowool, will be used to insulate the chamber. It is
commonly used in pottery kilns and can withstand temperatures up to 1100°C [8].

Testing
Engineering Requirement Testing Procedures
Effective Heating Chamber Length
Physically measure the heating chamber length and compare to the 2006-07 prototype’s
chamber length. We will visually inspect chamber for the two sets of heaters. Without
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soil in heating chamber, six thermocouples were placed throughout to measure
temperature distribution in the chamber over a 40-minute period. The upper level heaters
ran only on high level only while the lower heaters were run at the high flame setting.
The lower plate temperature (where soil contacts) was recorded after 20-minutes of
heating. The temperature distribution will help determine the effectiveness of the heating
chamber.
Compact Size
Physically measure heating chamber volume and directly compare to the 2006-07
prototype’s chamber volume.
Minimum Number of Components Attached to Tractor
Count the components attached to the tractor when the device is in operation.
Variable Conveyor Belt Speed
Mark conveyor belt and time each belt revolution while adjusting the RPM of the tractor
tested this requirement. The RPM of the tractor regulated the speed of the hydraulic
motor that ran our belt. We tested while the tractor was in neutral.
Treated Soil Temperature
The Horticulture department found that the weeds seeds are killed at 90 °C. Use Type K
thermocouples to measure the temperature of soil after treatment. We tested the heating
chamber with soil on four different occasions. Three test sessions were done stationary
(manual addition of soil to the chamber without the pickup) and one test session was
done in the field with the tractor and soil pick up.
The first test was done using regular tilled soil to collect preliminary data for
residency times and soil temperatures. With the chamber stationary the hydraulic motor
attached to the tractor was used to turn the conveyor belt within chamber. We ran
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approximately 15 L of soil through the chamber three times, manually dumping soil in
front end of the chamber. Soil temperatures were recorded with thermocouples at the exit.
The second test session was done with the help of Ed Peachy and his team. We
used approximately 15 L of sterilized soil twice, which contained a known amount of
weed seeds. A blank unit of soil (15L) was sent through before testing the soil with weed
seeds to stabilize the chamber temperature. Although stationary, we simulated the “in the
field” scenario by dragging a tarp underneath the exit chute as treated soil was deposited
into a 4-inch strip. Residency times were calculated with the rate at which tarp was
pulled.

Sterilized soil was sent through and temperatures recorded upon exit. To

establish a cool down curve, soil temperatures were taken over the next 20-minutes. The
two parameters tested were open flame burner height (medium and high) and chamber
residency time (12 sec and 16 sec).
The third test was conducted in the field using the tractor and the soil pick up.
We wanted to record temperatures of treated soil in the field at different residency times
(regulated by tractor RPM) and different open flame burner heights.
The final test session required use of a hand crank to turn the conveyor belt
instead of a hydraulic motor. This testing was done stationary and used the “tarppulling” method. We used the hand crank instead of the hydraulic motor, which allowed
greater accuracy in regulation of belt speed. We treated three separate units of sterilized
soil (15.2 L each), recorded temperature at the exit, and temperatures over 20-minute cool
down period. The belt was turned at .25, .375, and .5 mph. Belt speed was calculated
based on a known amount of crank rotations for one belt revolution and corresponding
residency times were calculated for each belt speed.
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Soil Treatment Time
Previous data from the 06-07 showed necessity for longer soil treatment time. This
requirement was tested by visual inspection while the device was in operation to ensure
soil entered and exited chamber from the proper locations. Placement of a marker in the
soil allowed for us to time each conveyor belt revolution through the chamber and finally
how long a known volume of soil took to go through. We established residency times of
the soil within the chamber with hydraulic powered belts, and manual rotation of the
shaft. To calculate residency times for one rotation of the belt, the hand crank rotations
must be counted along with the corresponding time it took.
Soil Input Speed
This requirement was tested in the field with the soil pick up. We tested at different
tractor speeds to see if the chamber could treat the soil fast (or slow) enough depending
on the tractor’s speed.
Soil Depth
The spreader bar in the chamber spread the soil to the depth of the conveyor belt (.5inches). This requirement is partially ambiguous because the soil pick up team tests the
soil depth at the point of pick up, but the soil depth in the chamber was still measured to
test the requirement.
Soil Width
The spreader bar in the chamber also spreads the soil to a with of 16-inches. The soil
pick up team tests the width of the soil at pick up, but the width of soil in the chamber
was still measured to test this requirement.
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Soil Delivered From Pick Up Device
These requirements were tested in the field by watching for soil build up or leaks in
delivery system.

The amount of soil deposited back into the trench was inspected

visually to see if the volume deposited equal the volume picked up.
2006-07 Prototype Components Used
This requirement is partially ambiguous because we did not go over budget while
building our prototype. Counting the 06-07 components used and comparing to the total
number of components tested this requirement.
Treatment Area Accessible For Maintenance
This requirement was tested by inspection and practical use during the actual soil testing.
We needed to successfully clean out the chamber between soil samples using an air
compressor.
Target Fuel Consumption
We tested the propane rate (gallons/sec) by running the chamber heaters for 10-15 min
while the initial and final tank weights were known. This then could be converted from
lbs/min to gallons/sec and would give us the fuel consumption in a time period.
Total Operating Time
This requirement is ambiguous due to the fact that you can run it as long as the fuel lasts.
This time effects the fuel consumption. The target run time before refueling is 4 hours.
Manufacturing Cost
We were required to stay under budget. Adding up total costs and comparing to our
budget tested this requirement.
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Insulation Thickness
The thickness was determined from heat transfer calculations (Eqn #). Use of this
insulation was visually verified during soil testing.

Engineering Requirement: Test Results
Effective Heating Chamber Length
The 2006-07 prototype had only one level of heating where soil traveled 55 inches. A
second level of heating included to our prototype allowed an additional 48 inches of
distance to be treated. The total effective heating length of our chamber is 115”, which is
more than double that of the 2006-07 prototype.
Temperature data was recorded without soil in the area of the chamber air just
above the metal conveyor belt (table 6.1). Six different Type K thermocouples were
placed throughout the chamber in order to record a temperature distribution. Three
thermocouples were evenly spaced on the upper level, and three thermocouples were
evenly spaced along the lower level. We concluded that the new heaters, along with the
new lower section, double the effective heating chamber length.
Table 6.1: Temperature distribution in heating chamber without soil
Time (min)
6
15
26
32
Time (min)
6
15
26
32
53
Time (min)
20

Temperature at Top Level Thermocouples (Deg C)
Top Rear
Top Mid
Top Front
175
96
230
162
99
260
195
150
295
203
214
294
Temperature at Bottom Level Thermocouples (Deg C)
Bottom Rear
Bottom Mid
Bottom Front
40
55
43
57
68
65
90
98
80
100
107
120
160
Temperature of Bottom Level Plate (Soil Contact Side) (Deg C)
Bottom Rear
Bottom Mid
Bottom Front
150
112
180
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Compact Size
The heating chamber must be compact in size to maximize efficiency. The 2006-07
prototype had a height of 40 in, a width of 36 in, and a length of 72 in. This resulted in a
volume of 60 square feet. We needed to minimize the height in order to decrease the
chamber volume. An insulated ceiling installed at the same height as the radiation
heaters decreased the height dimension down to 16 inches.

Lowering the ceiling

decreased the overall chamber volume to 24 square feet.
Minimum Number of Components Attached To Tractor
After visual inspection, there are two total components attached to the tractor. The
hydraulic motor that turns the conveyor belt is connected to two hydraulic ports on the
tractor. The three-point hitch connects to the tractor for towing and use.
Variable Conveyor Belt Speed
The conveyor belt speed was adjusted from the RPM’s of the tractor’s engine. At the
lowest RPM setting, the conveyor belt took 16.25 seconds to make one full rotation in the
chamber. We tested the belt speed at two higher settings and were able to speed the belt
up to 12.5 sec per rotation and 10.5 seconds per rotation. We tested the speed while the
tractor was in neutral, so the RPM setting was only measured as notches on the control
panel.
Treated Soil Temperature
Four separate test sessions, which treated soil temperatures were conducted. The first
three sessions may be considered preliminary tests for the fourth session.
For test session 1 we concluded the low flame setting did not produce enough heat
to warrant further testing. After residency times were calculated. It was believed an
increase to residency time would be beneficial (table 6.2).
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Residency Time (sec/1 rev)
16.25
16.25
16.25

Bottom Heater Flame Height
Low
Medium
High

Treated Soil Temp (Deg C)
77
85
92

Table 6.2: Test Session 1 results

Test session 2 consisted of various belt speeds and bottom burner flame height.
We also took temperatures of the soil while cooling. The soil temperatures at the exit
chute were about 60-70°C. The soil proved to hold its temperature fairly well as it cooled
to approximately 35°C in 20 minutes. This test session’s success was of poor quality due
to small soil samples and insufficient help. Accurate temperature readings and soil input
rates were not attainable. The spreader bar in the heating chamber was bent backwards
due to the large clumps in the sterilized soil. Damage was incurred to the spreader bar,
because it was not designed to handle large clumps of sterilized soil, which bypassed the
soil crusher. To obtain accurate temperature readings of treated soil, it was decided the
whole device (including moving tractor) must be in full field operation to find the
relationships between tractor and conveyor belt speed.
The tractor and soil pick up ran successfully in the field for only minutes.
At top speed (approx 1.3 mph) the conveyor belt for the soil pick up failed. Only two
tractor speeds were obtained due to shaft failure. Due to fatigue, the chamber’s conveyor
belt was slightly bent. The ¾ inch shaft, which turned the center sprocket, caught on the
chamber’s upper steel plate. This prevented the ¾ inch shaft from rotating, which in turn
caused the chain drive to catastrophically fail due with no shear pin. This forced the
installation of a hand crank to the right side of ¾ inch shaft, which allowed for testing of
sterilized soil to continue. We then proceeded to manually dump soil through the
filter/crusher. Results obtained are seen below in table 6.3.
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Tractor Speed (mph)
Conveyor Belt Speed (sec/rev)
Treated Soil Temp (Deg C)
0.5
18.5
40
0.1
12
51

Table 6.3: Testing session 3 results

Figure 6.6: Field testing with soil pick up

Test Session 4 was very similar to Test Session 3. We used the second half of the
sterilized soil, which contained a known amount of weed seeds per volume. Three 15.2 L
soil samples were run through heating chamber via the hand crank. Residency times
were calculated from crank rotations per second for 1 belt rotation. Six rotations of the
hand crank advanced the soil the entire length of the heating chamber in 12 seconds.
This means that for a residency time of 12 seconds, the crank must be turned at a rate of
0.5 rot/sec. Assuming a pick up volume of 13.5 L (a 4” x 2” area of soil traveling the
103” in the chamber) the device must travel 8.6 ft on the ground to completely fill the
heating chamber. Table 6.4 shows hand crank speed for each residency time and the
corresponding conveyor belt speed (mph).
Hand Crank Speed (rot/sec)
0.5
0.33
0.25

Residency Time (sec /1 rev)
12
18
24

Belt Speed (mph)
0.49
0.325
0.244

Table 6.4: Chamber speed and residency time using hand crank
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The conveyor belt speed was calculated in mph to simulate tractor speed
(assuming the belt turns at a 1:1 ratio with the tractor). When the device was functioning
properly, the conveyor belt turned at a 2:1 ratio with the tractor.
Tests were conducted for residency times of 12, 18, and 24 seconds. Treated soil
temperatures were taken with the “tarp method” at the exit chute (0 feet) and the rear of
the heating chamber (6 feet). The initial soil temperature was 9.5°C. During the 12
second residency time, soil temperature was acquired from 12 feet down the tarp.
Temperatures were taken every minute for 20 minutes to establish the rate of cool down.
The treated soil temperatures can be found in Tables 6.5-6.7.
Table 6.5: Soil Temperature for 12 sec residency time

0 min
0.5 min
1 min
1.5 min
2 min
3 min
4 min
5 min
6 min
10 min
20 min

Treated Soil Temperature
0 ft
6 ft
72
55
49
43
47
43
25
24.5

(Deg C)
12 ft
63.3
53
56.1
53.4
53.5
52.6
51.6
50.6
44.2
36

Table 6.6: Soil Temperature for 18 sec residency time
Treated Soil Temperature (Deg C)
0 ft
6 ft
0 min
70
0.5 min
64
65.6
1 min
50
68.8
1.5 min
65.3
2 min
52
60.3
2.5 min
51
58.2
3 min
49
55.2
4 min
48
54
4.5 min
47
52
5 min
46
51
10 min
35.2
38.1
20 min
34
25
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67.8
68
65.8
64.8
64.2
62.4
60
46.4
33

Table 6.7: Soil Temperature for 24 sec residency time
Treated Soil Temperature (Deg C)
0 ft
6 ft
0 min
0.5 min
1 min
49
74.1
1.5 min
59
80.3
2 min
51.6
81.1
2.5 min
52.6
82
3 min
76.2
3.5 min
73.3
4 min
49.5
70.7
4.5 min
51.2
67
5 min
50.8
65
5.5 min
55.5
60.5
10 min
45.7
49.7
20 min
35
36

We found soil that enters the chamber first becomes very hot by the time it exits
chamber. We saw the metal of the heating chamber become very hot where heat is
transferred from the hot metal to the cooler soil. During the 24 second residency time
test, we recorded a temperature reading of 111 °C at the exit chute.

Figure 6.8: High temperature recorded at exit chute during 24 sec residency test

Soil Treatment Time
After soil enters, it is dragged along the upper plate and dropped down to the lower level
where it is dragged towards the exit chute. This design almost doubled the total treatment
area. The longest chamber residency time using hydraulic power to turn the conveyor
belt was 16.25 seconds as shown in Table (testing session 1). Increased speed of the
tractor proportionally decreased the chamber residency time.
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Soil Input Speed
The volumetric flow rates of the soil were determined to be equal at the input and exit.
During field-testing, treated soil was deposited back in same location taken from upon
exit of heat chamber. Approximately 1 L of soil loss was observed between the pick-up
and exit of chamber.
Soil Depth and Width
The depth and width requirements pertain more to the soil pick up device rather than the
heating chamber. However, we saw the spreader bar evenly distribute soil to the depth of
conveyor belt and a width of approximately 16”.
Soil Delivered From Pick-Up Device
Visually inspecting the device during operation demonstrated the ability to receive all soil
delivered from the pick-up. As discussed before, the treated soil was deposited back in
trench made.
06-07 Prototype Components Used
The overall percentage of 2006-07 components used was estimated to be 40%. The
frame and conveyor belt were the most important reused components. We stayed within
budget.
Treatment Area Accessible For Maintenance
The heating chamber was completely cleaned of soil between various treatments. With
an air compressor all soil was removed from the chamber. Rear and side doors allowed
easy access to 100% of the heating chamber.
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Target Fuel Consumption
Table 6.8 shows the amount of propane used per hour in gallons. The weight of one
gallon of propane is 4.24 lbs. Data was recorded in the form of propane (lbs) used per
unit time for each heater/burner. The equivalent gal/hr rate was calculated using the
weight of one gallon of propane. The total propane usage rate is 1.132 gal/hr. This is
equivalent to a rate 4.799 lbs/hr.
Table 6.8: Propane usage rates
Heater/Burner
Top Radiation Heaters
Bottom Rear Burner
Bottom Front Burner

Elaspsed Time (hr)
0.25
0.16667
0.16667

Propane Use (lbs)
0.6
0.2
0.2
TOTAL

Propane Usage Rate (gal/hr)
0.566
0.283
0.283
1.132

Total Operating Time
Based from the top heater’s rate (0.566 gal/hr), a 20 lb propane tank used for each burner
would allow operation for 35.34 hours. Our target run time before refueling was 4 hours.
Manufacturing Cost
Our original budget was $1000. Another $50 was added during testing phase, however,
we still came out under budget at $986.30.
Attempted contact with ME students, at time of printing documents were not
made available.
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