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I ncl uded hé‘?% . . e hot Insect attractants generated..in the
15 kill the insects. It is also known to use fan mechanisms to generate the suction

flow, and to use lights or air-borne attractants, such as CO. and 1-octen-3-ol
(octenol), to lure the insects to the vicinity of the trap. In some configurations,
such as disclosed in U.S. Patent Nos. 3,196,577 (Plunkett) and 5,157,090
(Cody), a small flow of an insect attractant is exhausted from the device to the
20 outside of a much larger suction stream.

CO, gas used as an attractant is typically provided from a pressurized
canister or by the sublimation of dry ice. The CO, gas thus produced is at
ambient temperature or lower, and is released in a substantially undiluted state

to the vicinity of the trap.
25 Summary of the Invention

The invention provides a stand-alone, portable, self-powered insect trap
that is capable of operating continuously for about one month on a single
twenty-pound tank of propane fuel. The device generates its own insect
attractants of carbon dioxide (CO), heat and water vapor through catalytic

30 conversion of a hydrocarbon fuel in a combustion chamber. The trap device
includes a counterflow insect trapping device of the type disclosed in co-owned
patent application Serial No. 08/718,643, the entire disclosure of which is
included herein by reference. The hot insect attractants generated in the
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exhaust f a5a8 9514t 30k L U CANSE Atractaft B8inBisEd®f the cooled CO. gas near

the trap inlet at a temperature above ambient temperature and below

approximately 115 °F. The attractant can further include any combination of

water vapor, air and an aromatic insect attractant, such as, for example, octenol.
20

The attractant exhaust system can be structured and arranged to release
the insect attractant with a CO, concentration in a range between about 500 ppm
and about 2500 ppm, or, more preferably for attracting mosaquitos that prey on
humans, with a CO. concentration in a range between about 1200 ppm and

25 about 1800 ppm. The combustor can be structured and arranged to provide CO:
gas at a rate of about 300 ml/min to about 500 mi/min.

The CO, gas source can include a combustion chamber having an outlet,
and the attractant exhaust system can include an exhaust pipe communicating
with the combustion chamber outlet. The exhaust pipe has an exhaust pipe

30 outlet near the trap inlet, and an exhaust pipe inlet. The attractant exhaust
system further includes an exhaust fan positioned to cause air to enter the
exhaust pipe inlet and to encourage the insect attractant to flow out from the

exhaust pipe outlet.
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releasing the mixture near the trap inlet at a temperature above ambient
temperature and below about 115 °F. Providing the mixture can include
producing heated CO. gas in a combustion chamber, directing the heated CO:

20 gas from the combustion chamber into an exhaust pipe, the exhaust pipe having
an exhaust pipe inlet open to air and an outlet near the trap inlet, and employing
an exhaust fan to mix air from the exhaust pipe inlet with the heated CO. gas in
the exhaust pipe. Producing heated CO- gas in a combustion chamber can
include catalytically combusting a hydrocarbon fuel.

25 The method can further include the step of employing a suction fan to
draw an inflow of air in an upward direction into the trap inlet, wherein releasing
the mixture includes directing an exhaust flow of the mixture in a direction
downward and counter to the inflow from an exhaust pipe outlet positioned
directly below the trap inlet. The method may also include the step of employing

30 a thermoelectric generator, including a thermoelectric module, to provide electric
power to operate the exhaust fan and the suction fan, wherein the thermoelectric
module is thermally coupled on a hot side to the combustion chamber and is

thermally coupled on a cold side to a heat exchanger. Employing the suction fan
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and mix with heated CO- gas and water vapor entering the exhaust line from the
combustor outlet to create an insect attractant mixture, and to blow the mixture
out from the exhaust line at a temperature above ambient temperature and

20 below approximately 115 °F.

In one feature, the insect trapping apparatus can also include a
thermoelectric generating system providing electric power to the suction fan and
to the exhaust fan. The thermoelectric generating system includes a heat
exchanger and a thermoelectric module, the thermoelectric module being

25 thermally coupled on a cold side to the heat exchanger and being thermally
coupled on a hot side to the combustion chamber. The suction fan blows the
inflow of air on the heat exchanger to cool the heat exchanger.

In another feature, the insect trapping apparatus further includes an
enclosure surrounding the combustor, the thermoelectric generating system and

30 a portion of the exhaust line that is coupled to the combustor outlet.
In yet another feature, the insect trapping apparatus also includes a

wheeled cart supporting the combustor enclosure and the trap enclosure.



In anot her feature, the insect trapping apparatus further includes an

encl osure surrounding the combustor, the thernoel ectric generating system
and 30 a‘&orthon of the exhaust line that is coupled to theceasowsios
outlet. In §%? Aidt her feature, the insect trappi ng apparatus al so includes
a wheeled cart supporting the conmbustor enclosure and the trap encl osure.
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insects are trapped and monthly refilling of the fuel tank. The device is built
upon a wheeled platform, allowing it to be transported easily to a desired
location and left unattended for long periods of time. The thermoelectric

20 generating system provides all the electrical power needs of the trapping
apparatus. It operates both day and night, and does not require sunlight or
proximity to an electric outlet. The trapping apparatus is also very quiet--the fans
are enclosed within the apparatus and the net bag makes no noise--and thus it
will not disturb the natural serenity of any setting where it may be placed. The

25 trapping apparatus is also relatively benign to the environment--a minimal
amount of fuel is burned to produce a moderate amount of CO: gas and water
vapor.

Brief Description of the Drawing

FIG. 1 is a side elevation view of an insect trapping apparatus according

30 to the invention.
FIG. 2 is a front elevation view of the apparatus illustrated in FIG. 1.

FIG. 3 is a section view through line 3-3 of FIG. 2, illustrating details of a

suction trap, an electric power generating system, and a CO, generating system.
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detail below, trapping apparatus 10 generates a supply of CO; gas and water

15 vapor, which is released as an insect attractant, and is also configured to
generate all the electrical power it needs to operate. Trapping apparatus 10 can
operate continuously and virtually unattended for an entire month on a single,
standard 20-pound tank 14 of liquid propane fuel, which is supported on platform
12.

20 Trapping apparatus 10 includes a trap enclosure 16 and a generator
enclosure 18, both of which are supported by an upright, hollow post 20. Post
20 is, in turn, fixed to platform 12. A flexible fuel line 22 connects between tank
14 and a 15 psi regulator 24 mounted on post 20. Tank 14 is secured on
platform 12 by a retaining hook 26 that is bolted or otherwise secured to post 20.

25 Referring now also to FIG. 3, trapping apparatus 10 includes a
counterflow-type insect trap 28 of the type generally described in co-owned
patent application Serial No. 08/718,643. Trap 28 includes a suction tube 30
having an open end 32 extending out from trap enclosure 16. A disposable net

bag 34 for trapping insects is tied to the other, outlet end 36 of suction tube 30
30 inside of trap enclosure 16, with a drawstring 35. A 4.5 inch suction fan 38 is

positioned at an opening 40 of an interior wall 42 of trap enclosure 28 to draw air

and insects in through suction tube 30, through net bag 34, and exhaust air from

trap enclosure 16 into generator enclosure 18.
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exhaust tube extension 54 that extends within generator enclosure 18 is made of
a metal. In the described embodiment, extension is made of 2.375 inch id steel
tube. Suction tube 30 is primarily a vacuum form with a PVC section at open

20 end 32. Suction tube 30 has an inner diameter of about 4 inches. Exhaust tube,
at its open end 48, has an inner diameter of about 2 inches.

An insect attractant that includes CO, gas and water vapor is generated

by burning propane, or any other suitable hydrocarbon fuel, in a catalytic burner
56 located in generator enclosure 18. As described above, the propane source

25 is propane tank 14, which is the same type of tank as is used with gas outdoor
grills. An outlet of regulator 24 (see FIGS. 1 and 2) is coupled to an inlet of a
propane safety valve 58. An outlet of safety valve 58 is coupled to a fuel inlet of
a carburetor 60. Carburetor 60, which can be an inspirated design Venturi,
mixes the propane with air and delivers the mixture to the interior of burner 56.

30 Combustion gases, including heated CO. gas and water vapor, are brought to
exhaust tube 44 through a chimney 62 portion of burner 56. A two inch exhaust
fan 64 is positioned at an open inlet end of exhaust tube 44 to mix air with the

combustion gases and urge the mixture to pass through exhaust tube 44.
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gas grills and gas fireplaces, has a manual push-button 88 mounted through a
front panel 90 of burner enclosure 18. A high voltage insulated conductor 92
connects the piezo generator to a ceramic-insulated electrode 94 mounted
20 through the combustion chamber cover plate 70. Pressing push-button 88
provides a single spark intended to ignite the propane-air fuel mixture within
combustion chamber 68.
A thermoelectric generator includes an array of four bismuth-telluride
thermoelectric modules 102 that are connected in series parallel. Module array
25 102 is mounted between back side 76 of burner 66 and an extruded aluminum
heat sink 104. The output voltage of thermoelectric module array 102 is used to
operate suction fan 38 and exhaust fan 64, as will be described in greater detail
below. Thermoelectric devices produce power by virtue of the Seebeck effect.
The voltage and current generated are a direct function of the number of
30 junctions, the difference in temperature from a hot side of modules 102 adjacent
to burner 56 to a cold side adjacent to heat sink 104, and the heat flux through
modules 102. To increase the temperature gradient between the hot side and

the cold side of modules 102, burner 56 is surrounded by insulating material (not



provides a single spark intended to ignite the propane-air fuel m xture
within conbustion chanber 68. A thernoelectric generator includes an array
of four bhgggg@nggllurlde thernoel ectric nodul es 102 that aceuseserd ed in
series parall Modul e array 25 102 is nounted between back side 76 of
burner 66 and an extruded al um num heat sink 104. The out put voltage of
thernoel ectric nodule array 102 is usedgto operate suction fan 38 and

h t f 64, i1l b eat det L
R o ol cahowe). apgisstion fem Jebouag T ol S0P best fiak 40850800kt ect . The
vol tage aﬁﬁlg%\'g Vg '&Fn@@@teﬁ@éteﬂ%rﬁrtﬁe ?ntgﬂlére&tcofn‘}m%tlbﬂrbr@mﬁé}%@mﬁék §ie30

junctions, e difference I n tenperature froma hot side of nodules 102
adj acent 76@fbummr665®vhlmesp:r@lsdedagelr‘autl"@clewttSId©0ﬁ€mdltb¢sﬁk0204 and the
heat fl ux_through . nodul.e

bet vieen  RRSHOPBPE TBAHGE e, L S AEPaR broNaPR DG ob BRASE o8 e
sur roungledopYo kit §68d 'ﬁ?érﬁfdl@bnfd&ﬂo M@n%?/%@rﬁ‘ﬁh@ﬁ@lhﬁagﬁmﬁ”ﬁ@\t 9

shown), and suction fan 38 blows a flow of air onto heat sink 104 to cool
it. Fi ngelagpris Qiﬁamdtbwelacmgra)mettaiéaarritoﬁrcpw aowalb@ﬁﬁe@ﬂ%tf@ﬁm@pt 66 to

modul o5 169 e B EarlPia el oy EpeEs R 2o g b GeReb ARl ner 56

and heat §anko®tdﬂ6atgnnﬂmt ahfpigng beheviltaspriranivashetsctobmaineain Z6tightd  heat
sink 104. A tla i s obtained bégnl acing a netal bar 106 over a pair
of ears 10BMmMmALripg H}%G"tal cyeling efbeHya®.of casting 66 and above cover

plate Yﬁl eand @ﬁlrﬁﬁggﬁ%%{clpgé Qaggﬂﬁrejsoé% h\%ﬁ@ﬁ;ngéﬁ”éf 104, enpl oyi ng

bel | evi spri during thermal cycling
of the Syebﬁmr-d@sﬁmtan&yeﬁsﬂoctmmwgs arewositienedir &scdlé side ehi ch a pair of

t ant th | ti d sid
£ her nocouMasa asUpleS b RrBPTaBocHas SRRttt ToEmasahRBe e o
are Wi reg;in @gkhgmt(% %ﬁ@q@%’ﬁ%@?@%éﬁﬁtl\?@rﬁ#ﬁétﬁﬁsw%h B0 @hdWidaddty100 and to
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i nput si de of WBB&%tI\Sﬁ! Y&s ABws WYk farie 14 thrbagR t18€ Bk Yshut-off valve and
flexible line 22 to regulator 24, which drops the gas pressure to 15 psi. The gas
continues at 15 psi to the input side of safety valve 58, which is a flame sensing
type of valve. An operator manually energizes valve 58 by pressing a button 110

20 at the front panel 90 of burner enclosure 18. Gas flows from the output side of
valve 58 to a sintered metal disc filter 112 located at an entrance to carburetor
60. Filter 112 is designed to prevent gas contaminants from clogging an orifice
restrictor in carburetor 60. Immediately after passing through filter 112, the gas
escapes to atmospheric pressure through restrictor 113, which has a 0.004 inch

25 diameter orifice. The gas flows through restrictor 113 as a rate of about one
pound of propane in 36 hours. Atmospheric air is inspirated into carburetor 60
by a pressure difference created with two diameters of flow (Venturi principle).
An adjustment screw (not shown) is employed to adjust airflow in carburetor 60
by restricting the area of the air entrance.

30 The air-fuel mixture enters combustion chamber 68 and flows through
screen 78 into catalytic bead bed 84. Screen 78 acts to inhibit reverse
propagation of a flame into carburetor 60. At the top of bead bed 84, the mixture
passes through the second screen 80 and then through slots 83 in baffle plate
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extension 54 of exhaust tube 44. Once combustion is achieved, thermocouples
98 generate a current corresponding to the temperature in chimney 62. After
about ten second of combustion, thermocouples 98 are warmed enough to
20 provide a current sufficient to energize a coil that holds safety valve 58 in an
open position, and push button 110 can be released. Two thermocouples are
used in the described embodiment because the temperature of the exhaust
gases is far lower than the temperature of a flame sensing application where
these valves are generally used. If combustion ceases for any reason,
25 thermocouples 98 cool and allow safely valve 58 to close. Safety valve 58 can
only be reopened manually. In the same circuit, temperature sensitive bi-metal
switch 100 is installed on heat exchanger 104. If, for any reason, suction fan 38
were not to start and the temperature of heat sink 104 rose above about 180 °F,
switch 100 would open, shutting off current flow from thermocouples 98 to safety
30 valve 58, and valve 58 would close.
Initially, combustion gases escape into burner enclosure 18 through an
opening 114 in extension 54 located directly above chimney 62 or through an
open end 116 of extension 54. The combustion gases then pass outside
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internal impedance regulated the output voltage. In this mode, the performance
point would always settle on the wrong side of the inverse parabolic operating
20 curve. The described circuit allows thermoelectric module array 102 to track and
maintain peak power from shortly after start-up to operating temperature.
Suction fan 38 begins to operate when the output voltage reaches 7 Vdc.
This is achieved when the temperature of catalyst bead bed 84 reaches about
150°F. The temperature of bead bed will continue to rise up to a running
25 temperature of about 320 °F. Suction fan 38 generates an inflow of air into trap
28 through suction tube 30, while at the same time cooling the cold side heat
exchanger 104 to increase the temperature difference across thermoelectric
module array 102 to produce more power. The output voltage continues to
increase with greater temperature differences across thermoelectric module
30 array 102 until reaching the set output of controller 120 at 11 Vdc, and the
temperatures are stabilized at their maxima. As the voltage passes about 10
Vdc, a second comparator circuit 127 with fixed hysteresis allows exhaust fan 64

to switch on. The voltage to exhaust fan 64, and thus the exhaust flow velocity
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important that the exhaust temperature not exceed about 115 °F when flowing
out from exhaust tube 44. Mosquitos do not home in on a source that exceeds

20 that temperature.

Trap 28 is configured to provide an inflow of air into suction tube 30 with
an air speed of about 550 ft/min. This speed inhibits most mosquitos from being
able to fly against the inflow and out of trap 28.

Generator circuit uses efficient components to realize maximum power

25 from the minimum amount of combusted fuel. The fuel consumption rate is set
to release about 300 to about 500 ml of CO, per minute. This range is about
what an adult human produces with normal respiration. In the described
embodiment, the fuel consumption rate is adjusted to release about 350 ml CO;
per minute while allowing a twenty pound fuel source to last about an entire

30 month.

Trapping apparatus 10 also includes a bi-metal temperature sensor 130
with its stem 131 inserted through cover plate 70 of burner 56 and with its
indicator face 132 being exposed through front panel 90 of burner enclosure 18.
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suction tube 3hderh diR@bifl delRes!AheBbh et BahB2 Y be @nspleféedithwripess in
capturing different types of insects. For exanple, for capturing comon

Nort h Aneaﬁgd?ormqmleo@oiam ceamg plared withieendoswg: 1% or@n ¢lacte@niepeni ng 32

! A 2 _ _ . Ha

msqui 155 £50 2ppRes tpnit: EliRed ISBBR, MR il BirolBh Bubfbn RiKRPNE! 2
30.

Volatile insect attractant compounds, such as, for example, octenol, can
be used with trap 28. A small open vial 134 (FIG. 3) containing a volatile insect
attractant compound can be placed in either of enclosures 16 or 18. the

20 evaporating compound will be drawn into the exhaust flow by exhaust fan 64.

CO, gas can be provided by a source other than burner 56, and heated
and/or diluted by other means than those disclosed in the specific embodiment
described above. Any insect trap that releases a mixture of CO. gas and air with
a CO; concentration in a range between about 500 ppm and about 2500 ppm

25 and/or at a temperature above ambient temperature and below about 115 °F is
contemplated to be within the scope of the invention.

Other embodiments are within the scope of the following claims.



optim zed at only about 6 inches above the ground. Extension tubes can be
used to adjust the elevation of inlet opening 32. Insect disabling devices
ot her thanypesshag 34 can be enployed with trap 28. For exaapiug9y/q@aisson
can be placed within enclosure 16, or an electronic 15 "bug zapper"™ can be
positioned to receive insects drawn in through suction tube 30. Volatile
i nsect attractant conpounds, such as, fd# exanple, octenol, can be used

with trap 28. | v al 134(FIG 3) contalnlngavolatllelnsect
attract ant corrpgiﬁ% %gﬁa‘f%\%d aced in either of enclosures 16 or 18. the 20

evapor ati ng corrpoundAMhlsebletra#lsmmgappamtuﬂe:ommrwsg fl ow by exhaust fan 64.
CO2 gas can be provided by a source otgg 'd‘t n burne 56 tand heat ed
and/ or diluted By insetramkanduding? FaR Jueldos %E%t(ﬁyp INSFESs peci fi ¢

embodi ment des%r('.?@z ggg%%ﬁ?ce @Qﬁatﬂl@%‘?ﬁoﬁuﬂlﬁﬁ Gd)?éaé RheiRgestetnparsturee of CO2

gas and air wt concentration’'in fange bet ween about 500 ppm and
about 25%albb%%5nlﬁéd’(t@m@éramreemp@rature above anbi ent tenperature and
bel ow about 115 OF is cont

b it hi f
i nvention. Ot herane?ﬁféetar?éﬁ?‘ tgst %rhféﬁ“{e’i‘?ytteghg d@%egi?%%’ﬁrc% gﬁﬁg cl ai ms.
WO 99/ 3714%‘&'3 ﬂéh’?‘gﬂ'{%@sm%be%@trdo‘@ur@ﬁﬂdﬁ@é’rraﬁgedlto évoliheatsd COLagsi ng

apparatus, “conprising nsect trap, including a trap_inlet for the entry
of insects;ana tG@Iame ammseet attaatang C@fnmtsédlcﬂlﬂﬁ@ Cgﬁﬁdg%@ gasingar the

coupt ed. 1o skt gensisniuee ST Yoy BRfhePd FELLATIRY bRty ot o

struct urgd pdbpar ranged to cool heated CO2 gas and to rel ease an insect
attractant conprised of the cooled CO2 gas near the trap inlet at a
t enper at ure above anbi ent tenperature and bel ow approxi mately 10 115 OF.

2. The insect trappi nﬂ}%ﬁ'ﬁﬁ&f&ﬁé@lﬂﬁ d %'ré’fh%’of%e'i Widi8ir{Hé ©O5 ga§our ce

i ncl udes a conbustion n ouflet, and wherein the “attractant

exhaust sys{gitd Hluesa @an@dsaumchanmrmmmmmamletgam wheréio the
conmbusti on chanber outlet, the exhaust pi Re i ncluding an e hau% lﬁ)i pe
out | et attractant exhaust system includes an exhaust pipe communicating with the

15 combustion chamber outlet, the exhaust pipe including an exhaust pipe outlet

near the trap inlet.

3. The insect trapping apparatus of claim 2, wherein the exhaust pipe
further comprises an exhaust pipe inlet, the insect attractant being further

20 comprised of air entering the exhaust pipe inlet.

4. The insect trapping apparatus of claim 3, wherein the attractant
exhaust system is structured and arranged to release the insect attractant with a

CO, concentration in a range between about 500 ppm and about 2500 ppm.

25
5. The insect trapping apparatus of claim 4, wherein the attractant

exhaust system is structured and arranged to release the insect attractant with a

CO, concentration in a range between about 1200 ppm and about 1800 ppm.

30 6. The insect trapping apparatus of claim 4, wherein the combustor is

structured and arranged to provide CO. gas at a rate of about 300 mi/min to

about 500 mi/min.



near the trap inlet. 3. The insect trapping apparatus of claim2, wherein
t he exhaust pipe further conprises an exhaust pipe inlet, the insect
attract antwbaepng4burt her 20 conprised of air entering the erpacauso/pipe
inlet. 4. The insect trapping apparatus of claim 3, wherein the attractant
exhaust systemis structured and arranged to rel ease the insect attractant
with a CO2 concentration in a range bettdeen about 500 ppm and about 2500

ppm 25 5. The insect trapping a f ' ' tract ant
exhaust system{s st&U@t‘rﬁ%ﬂt%‘mPﬁ%&%@ t%fccl'rlgi eag\ght eﬁmﬂgg{&;ﬁtr act ant
with a COg QUL{eR Fifhdrn@ubesas dxéhvetianainsitior=200 qauseaaittcaier 1800
ppm 30 6. The 1nsect trappi ng apparatus of clai rp[4b \é\/?gorﬁl n th?o%gg%ustor
i s struct thecemust pineainig @ndotoRnsALUFRIGHE I§a8CLATacHh oW A

m/mnto bout. 500 nj./m n. WO 99/ 37145 PCTI US99/ 01378 15 7. The insect

trappi ng aBPARURIRPSPUEPY m 4, wherein the attractant exhaust system
further gncludes an exhaust fan positioned to cause air to enter the

exhaust pipe inlet and to encourage the insect attract from
the exhaust piBe oufllhetinsectdrappied ARRIANS Pé‘ﬂﬁ‘nﬁé’ y&ﬁi&éttﬁge%b Ql\é\%tg?% 3,
wherei n the exhaust, f ' LIRESh dup e ahlaehdthside te
thermal |y (‘%Bﬁ\f"@rc?dét?’ny QQH%ﬂ[rﬁ%cﬁggﬁi{cgﬁo{?%gqg%ﬁgést i oﬁ%({]gr?ber and thermally
coupl ed on e 66MBUSIEE chameheat theroalynemimpled on@ cofd sidentea hedt appi ng
apparatus of claim8, wherein a second fan is arranged to blow air on the
heat excham®yehangeie second fan al so being powered by the thernoelectric
nodul e. @5 10. The insect trapping apparatus of claim9, wherein the second

fan is suction fan arranged to draw air in through the tragriﬁg et. 11.
The insect trap@.ng dfEsinsecktrappioy aAppalatusEc@im & NheargRR Bere nis

i ncludes a mesh bag coupled 10, hiS: &¥nBH the ¥blofl RFhIsBbatP BowdRsk

wherein a arranged t
by the thermoelectric module.

15 10. The insect trapping apparatus of claim 9, wherein the second fan is

a suction fan arranged to draw air in through the trap inlet.

11.  The insect trapping apparatus of claim 1, wherein the trap further
includes a mesh bag coupled to the trap inlet via a suction pipe, and wherein a
20 portion of the exhaust pipe extends within and through the suction pipe and

extends out from the trap inlet.

12.  The insect trapping apparatus of claim 11, wherein the trap further
includes a suction fan arranged to draw an airflow in through the trap inlet and
25 out through the mesh bag, the airflow being drawn into the trap inlet being
directed counter to and substantially surrounding the exhaust flow of the cooled

CO, gas being released through the exhaust pipe outlet.

13.  The insect trapping apparatus of claim 12, wherein the suction fan
30 is powered by a thermoelectric module that is thermally coupled on a hot side to
the combustion chamber and that is thermally coupled on a cold side to a heat

exchanger, and wherein the suction fan is arranged to direct the airflow from the

mesh bag towards the heat exchanger.



20 portion of the exhaust pipe extends wthin and through the suction pipe
and extends out fromthe trap inlet. 12. The insect trapping apparatus of
claim1l, wheggimmsthe trap further includes a suction fan acrasgea3t® draw
an airflowin through the trap inlet and 25 out through the nesh bag, the
airflow being drawn into the trap inlet being directed counter to and
substantially surroundi ng the exhaust filow of the cooled CO2 gas being

rel eased through the exhaust pipe outlet. 13. The insect trapping apparatus
of claim 12, wherein the suction fan 30 is powered by a thernoelectric

modul e that i s14her Maklifsenurippthgappabais csﬁdem 93, Whereio st ction Rimanber
and that s thernal Ig coupled on a cold sid a_heat exchanger, and

wher ei n tﬁ’ea"WEEﬁ%W T V@ %iFﬂOé{YlHE@U@'B)”Eﬁ VeEﬂnlﬁhw'ﬂa@rfquﬁlp%wpf Ak nesh

bag towar (g rtlﬁt% 99/ 37145 PCT/US99/01378 16 14. The
i nsect trapp| ng appa?ﬁfﬁsﬁ%@%ﬁ{/fa{}/ﬁ 13, wherein the suction fan is arranged

to drawbthe airfl ow through the trap inlet with a flow velocity of at

| east apprOX| ely . . The insect tr i.n a ratus of
Charm 1 ot ol t hARBIBHI Ser R TRRAIE O AT § BRI SR aRGed t o cool
the C2 dggph s Fseé’fﬂﬁft@r‘e'dr&\&érrﬂﬁ ed'®S 8odIRE CAHAYHs t%oa @@&Y@@&%&m

t enperature. . The insect trapping apparatus of clal her
conpri si ngnose tlna;seboui 30 Combbrd ambiehctemparattrant exhaust system for addi ng
an aromatic conposition to the insect attractant. 17. A nethod of trapping
i nsects, conprising: 15 providing a trap having a trap inlet through which

i nsectggcan enygr rrnmnéé&tﬁarp@m @psﬁafrbmsrksf@am At ‘#ur%ér"t%mb&%%%es C2 gas

and air; and releasing the mxture near the trap inlet at a tenhperature
above antfiS@MOit eaypiedttaithe atitadntexhabsiusysian foraddiog 8. ardeaticet hod of

claim17, [ m xt u r| ses a (02 gas concentration of between
about 5000 BRPEln 13 b AR

17. A method of trapping insects, comprising:
15 providing a trap having a trap inlet through which insects can enter
into the trap;
providing a mixture that includes CO, gas and air; and
releasing the mixture near the trap inlet at a temperature above
ambient temperature and below about 115 °F.
20
18.  The method of claim 17, wherein the mixture comprises a CO; gas
concentration of between about 500 ppm and about 2500 ppm.

19.  The method of claim 17, wherein providing the mixture includes:
25 producing heated CO. gas in a combustion chamber;
directing the heated CO, gas from the combustion chamber into an
exhaust pipe, the exhaust pipe comprising an exhaust pipe inlet open to air and
an outlet near the trap inlet; and
employing an exhaust fan to mix air from the exhaust pipe inlet with the
30 heated CO, gas in the exhaust pipe.

20.  The method of claim 19, wherein producing heated CO, gas
includes producing about 400 ml of CO, gas per minute.



19. The method of claim 17, wherein providing the m xture includes: 25
produci ng heated CO2 gas in a conbustion chanber; directing the heated CO2
gas from t\Wwe 9¢mnfsisti on chanber into an exhaust pipe, the exmnassyopipe
conprising an exhaust pipe inlet open to air and an outlet near the trap
inlet; and enploying an exhaust fan to mx air fromthe exhaust pipe inlet
with the 30 heated CO2 gas in the exhawst pipe. 20. The nmethod of claim
19, wherein producing heated CO2 gas includes produci ng about 400 m of
C02 gas per mnute. WD 99/37145 PCT/US99/ 01378 17 21. The method of claim
19, further coppri sTha nesthbaofregaid Y dUtber cdrapn;tmg(élhwlownglmémawmf air in
an upward direction into the trap inlet, and wh in releasing the mxture

i ncl udes t@nvtocdrawRmnflewheil Al i awPweard disesion '@F%th%tr%p gk A8 WhgreHbwnwar d
d t t | d di tl
el o 1 e gaing B (i BnC R ARG A o s QUbIoFtne RiiRie 8] 1 ect!Y

enpl OyimgdWecttdnﬁddsmmlvantamctcmmtekmtrm inflowi fdmm elnesxthraiust pipseoutted oper at e t he
exhaust fan and B/e suct on fan, .the thernoel ectric nodul e bei ng

t her nal | yp%%ﬁ%m%%l ﬁCt pepwd ﬁératpo'”Me conbustion chanber and being
thermally coupled on a cold side to a heat exchanger. 23. The nethod of
claim 21, wherein the suction fan is arranged to 15 draw the infl ow t hrough
the trap inlet ZSM t thaemhcei‘Wode:If@&ailtrybefuetherl mprisipgrammlqainglay 250 cnl sec.

24. The t hod clal oducin heat

conbust i olermaRSiTg Riotil Bavis AeBbRRFdTo FoRr g Ry lRleloind e
25. Thep nplehasttivh fah b tﬂazrmwe@bmcrmbahm%ln@tﬁérmanzwabﬁed & buitside
releasing the mxture at a t enmperature of no nore than about 30 aF above
anbi ent t enihercarobystiopscgnbaandreetigdhermaliyaconpled onteeeit sidento aiheatir e
further |ncI udes water vapor. 27. An insect trapping apparatus,
conprisin xchanger.

23.  The method of claim 21, wherein the suction fan is arranged to
15 draw the inflow through the trap inlet with a flow velocity of at least approximately

250 cm/sec.

24. The method of claim 19, wherein producing heated CO; gas in a
combustion chamber includes catalytically combusting a hydrocarbon fuel.
20
25.  The method of claim 17, wherein releasing the mixture includes
releasing the mixture at a temperature of no more than about 30 4F above

ambient temperature.

25 26. The method of claim 17, wherein the mixture further includes water

vapor.

27. Aninsect trapping apparatus, comprising:
a trap enclosure;

30 a suction line having a section including a suction line outlet being
positioned inside the trap enclosure, and a downward-facing suction line inlet
communicating with air outside the trap enclosure;

a mesh bag covering the suction tube outlet;



a trap enclosure; 30 a suction line having a section including a suction
line outlet being positioned inside the trap enclosure, and a
downwar d- fwwoispvg7igsiction line inlet comunicating with air egraisdeomie trap
encl osure; a nesh bag covering the suction tube outlet; WD 99/37145

PCT/ US99/ 01378 18 a suction fan structured and arranged to draw an inflow
of air fromoutside the trap encl osureagthrough the suction line inlet and

out from t he. 1 7 SHCETA AL ErutChe s 8RS abieBBefE nEaN o il Al et Astier e, *the
combust or theetrag enslpabietPdugtd thtr oditionnheGolet and then teughitRaPesst bag above
anbi ent tenperature; an exhaust |ine being coupled to the conbustor outlet,

one end ot fre trapeagiasure, A dhBlpwngaid inflovhautiromithe tiap @iclesirgg open to
air, another e : i V] - i t line
outlet positi o%ggmdqdrsg(grt'P§P&G§§%vﬁbhﬁ33£&3&qﬁ%hqrgﬁe I'n sg?’f%‘?qj’t@?aéé?r%ﬁ rap
encl osub eprobicary @hgasthdviny atemperater avalesambientterhperduse air to enter

the exhaust line |nlet. and m x with heated as entering . the exhaust

me T rom the SBExBALEgInagRRINg CoLBled Bane CARBUSLE utiet G B8R OT TSt ur o and

to blow t 1% i : inlyl t ove
Q)@lﬁaﬂls’ftllHé‘1’1avﬁi§t arﬁj%?ﬁé&é’ﬁn@?ﬁl@%‘ﬁélnp d}!i‘elngttoér a‘ﬁ&ﬂ%ﬁérﬁﬁf AR

anbi ent tenperature a ow appr oxi mat ef’y e insect
trappi ng exmausitios having aidowhward-iating exbaustrinei aujled postieneddirectly i ¢ system

provi di ng eII ecthri C owm?.r t.o ihe S c@ig;)n fan and to the exhaust fan, the
t her noel eg‘?le_ct §y5§{°@ﬂ{’i ne g Rﬂtsé&l% tr%‘?(@ﬂcajﬂﬁ\éﬁe’ and a thernpelectric
modul eqg wher ei Qnb&ﬁa&%ﬁ%@ﬂu%ﬁ}réu%m%rfqéostot&ﬁ{sgzéﬁtbé%?ir?éieﬁﬁe)aﬁ a cold

side to the heat exchanger and is thermally coup on a hot si t he
conbust i oline indettand manwitatneatsh Chagaswtenng trenexhiaued linadronmtheow of air on

t he heat exchanger to0 cool 1he heat, K exchanger.. 29. The |nsegct trapping
appar at usSUTBERaT qubgt ErGalrnn dist ALY Mt R fo lRp e bl
surroundi pgt frévd theEXHELSY lind &ea tdinparelredbdve Sblepftetifleratuiddrid on of the
exhaust line that is coupled to the conbustor outlet. 30. The insect

trappi ng bplewaprrexigratelyalth o, further conprising a
15

28.  The insect trapping apparatus of claim 27, further comprising a
thermoelectric system providing electric power to the suction fan and to the
exhaust fan, the thermoelectric system including a heat exchanger and a
thermoelectric module, wherein the thermoelectric module is thermally coupled

20 on a cold side to the heat exchanger and is thermally coupled on a hot side to
the combustion chamber, and wherein the suction fan blows the inflow of air on

the heat exchanger to cool the heat exchanger.

29.  The insect trapping apparatus of claim 28, further comprising a
25 combustor enclosure surrounding the combustor, the thermoelectric system and
a portion of the exhaust line that is coupled to the combustor outlet.

30.  The insect trapping apparatus of ciaim 29, further comprising a
wheeled cart supporting the combustor enclosure and the trap enclosure.
30
31.  The insect trapping apparatus of claim 27, wherein the combustor

is also capable of producing water vapor.



wheel ed cart supporting the conmbustor enclosure and the trap encl osure. 30
31. The insect trapping apparatus of claim27, wherein the conbustor 1is

al so capablveset7ips oduci ng wat er vapor. WO 99/ 37145 PCT/ US99,O1B%H/0138B 32.
An insect trapping apparatus, conprising: an insect trap, including a trap
inlet; a CO2 gas source; and an attractant exhaust system coupled to the
C2 gas source, being 5 structured and af9anged to produce a ni xture of CQ2
gas and air with C0Q . radd bifdl Bomprigimge of about 500 parts per
mllion (ppm tosg'bou’gné@%%%g}%mgn%%vaygf ggseprtﬁgem' xture near the trap
inlet. 33. The igageawect rappinctudippartespuisiedf cl ai m 32, wherein the exhaust
10 systemis further structured gnd arranged to rel ease the m xture near
the trap inlet atCQ: ganpe¥sCuPBlabove anbi ent tenperature and bel ow about
115 OF. 34 An | DRalibAPeXteflid s nPbegiied to EIEO:gasammes, &eiopnpr i si ng
a 15 hydrocarbo LeTe generatihg system providing all the %I e%tél C power
r equi r enest strodtutdtbahd apranged to produce a mixture of CO, gas and air with a CO;

concentration within a range of about 500 parts per million (ppm) to about 2500

ppm and to release the mixture near the trap inlet.

33.  The insect trapping apparatus of claim 32, wherein the exhaust
10 system is further structured and arranged to release the mixture near the trap
inlet at a temperature above ambient temperature and below about

115 °F.

34. An insect trap requiring electric power to operate, comprising a
15 hydrocarbon fueled generating system providing all the electric power

requirements of the trap.



