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Attorney Docket No.: 7355228060100

CONFIRMATION OF ASSIGNMENT

This Assignment is by:

1. Steven M. NOTINGER, Receiver for Iee Code, LLC
‘Donchess & Notinger, P.C.
547 Amberst Sireet, Suite 204
Mashua, New Hampshire 03063

{referred to in this Assigniment as “Assignor™), who resides at or bas a mailing address as listed above.
This Assignment i3 t0:

Assignee: John S, CHEN
Address: P.O. Box 33
362 Canaan St
Canaan, NH (03741

{referred to in this Assignment as “Assignee™).

Whereas, Assignor zcguired title and interest in 1L, Patent Application Serial No. 12/961,797, filed on December 7,
2010, and entitled “Mechanical Scraper System with Synchronized Pulse Electrothermal Deicing” and any
nonprovisional, continuation, division, renewal, extension, substitute, reexamination, reissue or continuation in part
thereof, all treaty and convention rights and all rights of pricrity arising thersfrom, all patents, utility models, invention
registrations or any other form of legal protection issuing thereon, and the right to sue for past, present and future
infringement thereof, by way of Assignment entered into on ’ﬁiﬂ lzgﬁ_lﬁdnd made pursuant to Orders of the Grafton

County, New Hampshire, Superior Court in the matters of Valer] Kozlyuk v. JceCode, LLC, Case # 215-2011-CV-00203

and Michiva Higa v. IoeCode, LLC, Cass # 213-2011-CV-00284,

Whereas, Assignor acquired title and interest in U.S. Patent Application Serial No. 12/953,271, filed on November 23,
2010, and entitled “System and Method for Energy-Saving Inductive Heating of Evaporators and Other Heat-
Fxchangers,” and any nonprovisional, continuation, division, renewal, extension, substitute, reexamination, reissue or
continuation in part thereof, all treaty and convention rights and all rights of priority arising therefrom, all patents, ntility
models, invention regisirations or any other form of legal protection issuing thereon, and the right to sue for past, present
and future infringement thereof, by way of Assignment entered into on 2 2.2?_}@{3 and made pursuant to Crders of the
Grafton County, New Hampshire, Superior Court in the matters of Valeri Kozlyuk v. JeeCode, LLC, Case # 215-2011-
CY-00205 and Michiya Higa v. IceCode, LLC, Case # 215-2011-CV-00284.

Whereas, Assignor transferred ownership and sold its entire right, title and interest in and to the invention or
improvernents disclosed in U.5. Patent Application Serial No. 12/961,797, filed on December 7, 2010, and entitled
“Mechanica] Scraper System with Synchronized Pulse Electrothermal Deicing” to Assignee, and whereas Assignor
conveved to Assignes the entire right, title and interest for all countries in and fo all inventions and improvements
disclosed in the aforesaid application, and in and to the said application, ali divisions, continuations, continuations-in-
part, or renewals thereof, all Letters Patent which may be granted there from, and all reissues or extensions of such
patents, and in and io any and ail applications which have been or shall be filed in any foreign countries for Letters
Patent on the said inventions and improvements, including an assignment of all rights under the provisions of the
Intemational Convention, including all rights in and to any PCT Application, and all Letters Patent of foreign countries
which may be granted therefrom by way of “Bill of Sale” entered into on January 14, 2014, a copy of which is attached
hersto.

Whereas, Assignor transferred ownership and sold its entire right, title and interest in and to the invention or
improvements disclosed In U.S. Patent Application Serial No, 12/953,271, filed on November 23, 2018, and entitled

i
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Attorney Docket No.: 735522860100

“System and Method for Energy-Saving Inductive Heating of Evaporators and Other Heat-Exchangers,” to Assignes,
and whereas Assignor conveyed o Assignee the entire right, title and interest for all countries in and to all inventions
and improvemerds disclosed in the aforesaid application, and in snd to the said application, all divisions, continuations,
continuations-in-part, or renewals thereof, all Letters Patent which may be granted there from, and all reissues or
extensions of such patents, and in and to any and all applications which have been or shall be filed in any foreign
countries for Letters Patent on the said inventions and improvemenis, including an assignment of all rights under the
provisions of the Internations] Convention, including all rights in and to any PCT Application, and all Letters Patent of
foreign countries which may be granted therefrom by way of “Bill of Sale” entered into on January 14, 2014, a copy of
which is attached hereto.

Whereas, Assignor and Assignee desire 1o memorialize the transfer of Assignor’s right, title and interest in and to the
inventions ot improvements disclosed in U.S. Patent Application Serial No. 12/961,797 and U.5. Patent Application
Serial No. 12/953,271 and related rights to Assignee, including without limitation assxgnmant of rights in and to the
following U5, Patent Appiications filed in the United States of America:

Serial No.: 12/961,797 Filing Diate: December 7, 2010
Serial No.: 12/953,271 Filing Dater November 23, 2010

Now, therefore, this confinmation of assignment hereby confinms that pursuant to the Bill of Sale dated fanuary 14, 2014
with regard to the inventions or improvemenis disclosed in U.S. Patent Application Serial No. 12/961,797 and U.S.
Patent Application Serial MNo. 12/833,271, for good and valuable consideration, the receipt and sufficiency of which are
hereby acknowledped,

1. Assignor hereby confinms that Assignor has or hereby does sell, assign, transfer and st over, to Assignes, its
successors, legal representatives and assigns, its entire right, fitle and interest in and to the above-mentioned inventions,
applications for Jetters patent {mdudmg without limitation 1.8, Application Serial MNos, 12/961,797 and 12/953,271},
and any and all letters patent or patents in the United States of America and all forelgn countries which may be granted
therefor and therson, and in and to any and all provisionals, divisions, continuations, continuations-in-part and
substitutions of said applications, or reissues, re-examinations or extensions of said letters patent or patents, and all rights
under the International Convention for the Protection of Industrial Property, the same to be held and enjoyed by
Assignee (including any right to institute actions and to recover for past, present and future infringement), for ifs own use
and the use of its successors, legal representatives and assigns, 1o the full end of the term or terms for which letters patent
or patents may be granted, as fully and entirely 25 the same would have been held and enjoyed by Assignor, had
Assignor’s sale and assignment not been mads.

2. Assignor hereby confirms that it shall promptly sign and execute all papers and documents, take all [awiul
oaths, and do all acts necessary, requived or useful for the procurement, maintenance, enforcement, defense or otherwise
to secure title theveto to the Assignee, at the sole cost and expense of Assignes, its successors, legal represeniatives and
assigns, in sach case inchuding, without limitation, arising from or relating to (2} said inventions, or said application for
letters patent; (b) letters patent for said inventions in any country, including any reissue, re-examination or extension of
or interference proceedings; or (o) any provisional, division, continuation, continuation-in-part, or substitutions of any
application for letters patent or any reissues, re-examinations, extensions or interference proceedings involving any
letters patent, to be obiained thereon. To be clear, for purposes of this paragraph, “desirable” shall include, without
limitation, any act necessary or useful in copnection with United States laws and/or international conventions.

3. Assignor hereby confirms that it has and hereby does authorize and reguest the Commissioner of Patents in the
United States to issue the above mentioned lefters patents of the United States to Assignes as the assignee of said
nventions and the letiers patent to be issued thereon for the sole use of Assignss, its successors, tegal representatives and
assigns.

4. “J hereby grant Assignee's aitorneys, all of Morrison & Foerster LLP, the power o insert on this assignment any
further identification which may be necessary or desirable in order to comply with the rules of the United States Patent

3
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Attorney Docket No.: 735522800100

and Trademark office for recordation of this document, including the power to insert on this assignment the application
number and filing date of said application when known.”

In witness whereby, execujed b?he undersigned on the date opposite the u o

Date: g “? ; y Signature: S G ULy & ¢
{ ! SteVen M. MNotinger, Receiver for Ice Coam?’"’b

STATE OF NEW HAMPSHIRE
COUNTY OF MERRIMACK
The foregoing instrument was acknowledged before me this 7th day of May, 2014 by Steven M.

% ./LFMM

Cheryl WM@oﬁ‘éy, Notary Pubiégg
My comunission expires:
Tuly 11, 2007
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BiLL OF SALE
BILL OF SALE (“this Bill of Sale”) executed and delivered to John Chen (the “Buyer”) by

Steven M. Notinger Receiver for lce Code, LLC.

CERTAIN DEFINITIONS AND REFERENCES

1. “Seller” means Steven M. Notinger Receiver for Ice Code, LLC.
2. "Patents” means those bwo patenis listed or described in Exhibit A.
3. "Notice” means the Notice of Public Sale given o the Debtor and all other

necessary parties for an on-line auction by Paul Mclnnis, Inc., which terminated on January 8,
2014,

4, "Purchase Price’ means the sum of $800.00.

BIiLL OF BALE

FOR AND IN CONSIDERATION of the payment of the Purchase Price and other good
and valuable consideration, the Seller hereby assigns, ssilis and/or transfers all right, title and

interest in and 1o the Patents to the Buyer.

The Buyer acknowledges that (1) the conveyance of the Patents is being made by the
Secured Party AS IS, WHERE i8 and WITH ALL FAULTS and WITHOUT OTHER EXPRESS
OR IMPLIED WARRANTIES OF ANY NATURE WHATSOEVER INCLUDING, WITHOUT
LIMITATION, THE SO-CALLED IMPLIED WARRANTIES OF MERCHANTABILITY and
FITNESS FOR A PARTICULAR PURPOSE and that (2) the Buver has purchased and accepted
such Patents from the Secured Parly subject 1o the foregoing disclaimers affer having had an

opportunity to inspect the same {0 the Buyer's salisfaction.

TO HAVE AND TO HOLD the Patents unto Buyer and Buyer's heirs, executors,
administrators, successors, legal representatives and assigns subject {o the terms, conditions

and covenants hereof.

HACLIENTSWCECCDEBILLOFSALE.DOCX - Pg. 1
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IN WITNESS WHEREOF, the Seller and the Buyer have executed this Bill of Sale as a
sealed instrument within the State of New Hampshire as of the Effective Date.

EFFECTIVE DATE: 1/14/4
SELLER:

Steven M. Notinger, Receiver for lce Code, LLC

/ {, g
WESS Sy jg:é/ /) e 3 y .f
/ Steven M. Netarager Esq. g
M Lo e

BUYER:

By: S
WITNESS: Johp€hén
fz,wi Mldeoeo 7
_,.J

HACLIENTS\WCECODEBILLOFSALE DOCX - Pg. 2
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oo United States
a2 Patent Application Publication g pub. no.: TS 2011/6132588 A1

Petrenkeo ef al. {43; Pub. Date: Jun. 9, 2011
{54} SYSTEM AND METHGD FOR Publication Classification
ENERGY-SAVING INDUCTIVE HEATING OF (51 Intc1
EVAPORATORS AND OTHER T FRF (2006.01)
HEAT-ESCHANGIRS AROS)
A 1657181
{73} Invensors: Victor F, Petrenks, Lebanon, NI
(US): Cheng Chen, White River 57 ABSTRACT

Junction, VT (US); Fedor V.

o The presenl invention provides 8 povel fins-op-nthes tvpe
Petreske, Lebanon, NH (US) f 7

eviporatorfhest exchanger system st is oplimized for

. . energy-saving inductjve heating thereod, for example by way

larks T . TR 5t Lebanon . N - " L v
{73) Assignes: ;{Séjﬁga £ LLC, West Lebagon, of application of Pulse Blectra-Thermal Deising/Mefrosting
(US) {PETDY} or equivalent technigue theretc, by configuring it
. increasing itz resistance 1o a valne at which the system’s

2 pph No. 2/853.2 - P - ;

21} Appl. No. 12853.0m reactance itz working Irequeney ig comparable 10, or Jesg
. thag, its electrical resistance, Advantageously, the inventive

(27 Filed: Nov, 23, 2014 o HESISTAn Beously, the inves :
R System may be advantageously configured comprise the
; . s same form factor and interfuce as g conventional fng-op.

Helated 1.5, Application Data ame form .

tubes Type evaporator/ieal exchanger component, such that
(60} Provisional application No, 61/263,550, filed on Nov. the inventive evapuratorfhear exchanger sysiem may be
23, 2009, readily wiilized for replacemen; thereof,

{Exemplary Embodiment}
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US 2011/0152588 A1

SYSTEM AND METHOD FOR
ENERGY-SAVING INDUCTIVE HEATING OF
EVAPORATORS AND OTHER
HEATEXCHANGERS

CROBS REFERENCE 1D RELATED
APPLICATIONS

{0083}  The present patent application claims priornity from
the sommenly assigned co-pending 11.5. provisional patent
application $1/263,550 eptitled “Bystem and Method for
Enesgy-Saving Inductive Heating of Bvaparstors and Other
Heat-Exchanger™, filed Nov. 23, 2000,

FIELD OF THE INVENTION

[8002)  The presem invention relates generally (o fins-an-
wbes type evaporator and heat exchanger systems, and more
particnlarly 1o fios-on-tubes iype evaporator and heat
exchanger systems oplimized for Energy-8aving inductive
heating thereol

BACKGROUND

[0003]  Bvaporators and ofher best-exchanger systems are
in widespread use in an enormeous vaniety of cooling, refrig.
eration, HVAL, and other apphications in virtually zvery mar-

ket and market semipr ranging from residential, vehicular,

vommercial, to medical, scientific and industrial,

18004]  The most common fype of conventional BVapoLs-
tors/beat exchanges is a fins-on-tube cenfiguration (such as
shown by way of example in FIG, 5). During normal opera-
tinn, such Svaporators accureulate frost on the surfaces of the
fins and twbes over time which increaping restricts the airfiow
through the evaporator and decreases its performance,
[0085)  As aresuh, Svaporatons must be subiscted to regular
defrost cycles {usually severs! times per day) (o remove the
undasired fost from the fins, A variety of defmsting tech-
nigues are well known in fhe art, most of which typioally
involve henting the Svaporators over an extended period of
time, either directly, ar indirectly (e.g., by directing heated ajr
orother heated gas over them). However, such defiost cycles
are Gime consuming and thus also consume 8 great deal of
energy and aiso produce undesimble hest within the space
being refrigerated, such a3 a freezer compartument,

{0006} Accordingly, virmally al} conventional evaporators
have a low fin density o allow sufficient spacing between
sach fin so that frost would et coempletely block airflow
through the evaporatr before the pexi defrost cycle, How-
ever, a lower fin density alie lowers the performance snd
efficiency of the evaporaios,

1007 In recem YOEEE, ¥ new lechnology knowsn as Pulse
Elertro-Thermal Deicing/Defrosting (PETD, has been suc-
cessfully introduced and implemented in varigus defrosing
applications. Specifically, PETD milizes rapid resistive heat.
ing of particwlar element for fast and efficient defosting
thereof, However, in order for PETD to work properly, the
working clasment to be defrosted must bavz & suitable mini-
mum resistunce valve, Rut noiwithstanding this requirement,
the use of PETD in defrosting applications is particularly
advantageous, because the jower overall energy usapefand
much shorter duration of 8 PETD defost cycle allows more
frequent but efficient and energy-taving defrosting cyoles,
which enables PETD-equipped evaporators 1o be constructed
with a greater fin density, and thus 1o be configured with &

Jun. 9, 2011

significartly Jower volume than a corresponding conven.
tional evaporsior with similer cooling performance charac-
ieristics,

10008] Unfortunately, while PETD can be readily wiilized
with specially constructed PETD-enabled evaporators, if is
virmally impossible 1o use PETD with conventional fins-op.
twbes evaporeiors/heat exchanges. This is becanse copver-
tional fins-on-tubes cvaporators/heat exchangers have ap
extrepuely Jow elecwrical resistance {(e.g., 10 40 1o 100u0.
Such a jow resistance value means that in order to uilize
PETD therewith 1o heat the SVaporaioy, extremely high elec-
tric currents would nesd to be applied thereto (e.g., 10,000 4,
wonld need 10 be applied o o 10ul? resistance EVEROIAOT 10
penerate s necessary value of 1 kW of heating power). Nuty-
rally, it is difficull and quite expensive to pravide a power
supply for the evaporator that iy capable of delivering such a
high current.

[6909]  Even worse, the valne of an inductive reactance of
copventional evaporaiors excesd their electrical resistance by
more than one order of magnitude. As a result, the volage
value required to induce the above-mentioped hiph cwrent, is
over 16 fimes than the value of volia ge that would be neceg-
sary in the sbsence of that undesisahle inductancs,

JBE18Y  Thus, B would be desirable ¥ provide an evaporator/
heat exchanger systemn based on a conventiopal fins-and-
tubes desigu, but that is configured for advantageous utiliza.
tion of inductive enelgy-saving rapid hesling/defrogt
fechmigues. It would also be desirabie 0 provide an avapora-
for/beat exchanger systom baged on & conveptiona! fins-ang-
tubes desipn, that is optimized for wse of inductive BRErgy-
saving rapid heating/defrost technigues therewith, but that ig
insxpensive, easy fo marufactre, and that is capabie of 1:]
replacement of correspondingly sized conventiona) evapora-
tor/best exchanger components. t would further be desjrable
fo provide s method for modifyiag/mcvnﬁgming & conven-
tional fins-and-tubes ovaporator/best exchanger sysigm, to
optimize that system for wiilization of inductive BOETEY-5ay-
ing rapid hesting/defrost fechriques (such as PETD} there-
with,

SUMMARY OF THE INVENTION

{0011} The various exemplary embodiments of the presant
tovention provide a nove) fins-on-tubes ryps evaporator/heat
exchanger system that is optimized for ensmgy-savip g induc-
tive heating thereot, for exampls by way of application of
Pulse  Electro-Thermal Deicing"D&fmsiiug (PETD} ar
equivalent technigue thereto, by configuring it 1o increasing
115 resistance 10 3 valne at which the sysiem’s reactance g1 its
working frequency is comparable to its electrical resistance,
0612} Advantageously, the imventive systemm may be
advagtageously confignred 1o comnprise the same form factor
and inferface a5 8 conventiogal fins-on-tubes fype evaporator/
heat exchanger component, such that the inventive EVIPOTH-
tor/heat exchanger system may be readily utifized for replace-
ment Herecf The inventive eveporaiorhest exchanger
system inchades 3 sef of tubes configured for fow of cooling
material (such as refrigerant fnid or gas) therethrough, and
alse includes 2 set of fing positioned and disposed perpen-
dicular 1o, snd along, the tubss, in such g way thet at least a
portion of the fins comprise N pumber of longitoding| exci-
sions therein, each of a predetenmined lenpth, and each ox-
ented in » direction paralle] o the tybes.

{80131  Inapreferrsd embodiment of the present invention,
the excisions are positioned and configured 10 parition the

PATENT
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Us 201 170132588 A1

inventive evaporatorfheat exchanger system intn ap Nei
number of sequemial EVApOIATOX Sectinns, such that the wheg
form ap electrical series connection between the sequential
Svaporator sections, and such that the eXCisions cause ap
increase in the electrical resistanee of the evapurator sysiam
by about a factor of (N4 ¥, thersby faciliating wiilization of
energy-saving inductive ealingy mesns (such as PETD)
therewith,

18914]  Other objects and features of the present invention
will become apparent from the Tollowing detailed description
considered in conjunction with the Accompanying dawings,

tis fo be undersiood. however, that the drawings are desigmed |

solely for purposes of ilhwstration and 50t us 2 definitivn of the
Limits of the invention, for which reference should be made to
ihe appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  In the drawings, wherein like reference characiers
denole comesponding or similar slements throughow the
various figures:

16816] FIG, 14 shows s dagraty of an exemplary first
erabodiment of an inventive evaporator/heat exchanger con-
figured for advantageous utilization of inductive energy-sav-
Ing rapid beating/defrost techniques, and supplied with a
PETD defrost system by way of example; ’
10817} FIG. IB shows a diagram of ap exemplary second
embodiment of an igventive evaporatoifhent exchanger cop-
figred, by way of sxample, 5 a PETD egableg evaporator
bavieg wwo electrically conductive sectinne connected in
series, and two cooking material flow cironiss connected in
parallel;

3018} FIG. 1C shows 2 Siagram of an alternate exerplary
embediment of an wentive evaporator/bear exchanger con.
figured, by way of =xample, a5 8 PETD enabled evaporaior
having two electrically conductive sactiogs conveciad in
series, and four cocling material flow cirouii connected in
parallel; .
[8019]  F1G.24 shows 2 frons longitudinal view of an exem-
plary embodiment of the inventive evapuraionhest exchunger
which has been configured to comprise one seriss electric
creuit formed by separate sequential evaporator sectiong
resulting from st least ope excision made in at least ope
predetermined fin, and a separate st least one paralis] cooling
smaterial flow cironit, formed by the rbes and the U-tuns;
18620 FIG. 2B shows 2 back ongitdingl view of fie
inventive evapormior/hest exchanger embodiment nf FIG. 2A;
{0021} FIG. 3 shows an exemplary wbing orjentation and
cxcmplary cooling material fow through multipie paraliel
cooling material flow circuis of the inventive evapomiorheu!
exchanger;

{8622]  FIG. 2A shows a front Isometiic view of the jnven.
tive cvaporator/hoat exchanger embodiment with & plurality
of paraliel cooling materia} fiow cireuits;

16023} FIG.4Bshowsa rear ispmetric view of the Inventive
evaporaior/heat exchanger embodiment of F13, 44

10024} FIG. 4C shows a side cross-sectional view of the
Inventive evaporator/eat exchanger embodiment afFIG, 44;
i9025]  FIG. 4D shows a fom longiudinal view of the
Inventive evaporator/heat exchanger embodiment of FIG. 4A;
10826} FIG. 4E shows arear lonpitudinal view of the inven-
Tive evaporator/heat exchanger embodivacot of FIG. 44; apd
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W0Z7] FIG. 8 shows an fsometric view of a prior a1 con-
ventional fis-on-tubes evaporator/hear exchanger.

DETAILED DESCRIPTION

{3028} The present invemson provides variows advapia-
Zeous embotiments of & poves fins-on-tubes rype evaporatos/
heat exchanger sysiem that is optimizad for EREIEY-saving
rapid industive heating thersf, for exaple by way of appfi.
cation of Pulse Rlectro- Thermal fJeicinngefrasﬁng (PETD)),
orequivalenttechnique thereto, by configurin f a0 evaporatoy/
beat exchangey to COMpIise A target resistance vajue suitable
for efficient hieatj ng by inductive currents. In accordance with
the present invention, for Systems employing al ternating cur-
rent slectrical power supplies, this warger electrical resistance
value is preferably of & magnimde that is at Jeasy pg hiph as a
magnitede of an inductive reactance valie of the inventive
Svapuratorfhest-exchanger syster,

{86291 The preven invention provides a novel, but simple
and efficient techmique for significantly increasing an evapo-
rators” resistance while keeping its inductance and a refiiger-
ant pressure drop at approxitzately the same stable vaine, or
even reducing it. The application of the inventive technigues
described herein, o modify  conventional evaporators,
reduces the current reguired for high-power heating (such as
PETDY) by at least severs] orders of magnitnde, and furiher.
more greatly increases the efficiency of such heating,

8834} Advan?ageously, the mventive Bysiem may be con-
figured to comprise the same formm factor apd interface as
varions  conventional fing-on-tbes type svaporator/heat
exchanger compounents, such tat the inventive evaporator/
heat exchanger system may be readily utflized for replace-
ment thereof,

19031} Referring now w FIG, 1A 10 FIG. 48, the inventive
evaporatorfheat exchapger svstem includes 3 sel of tubeg
configured for enbling flow of cooling material (such a5
refrigerant fluid or gas) therethrongh, and alse inchudes a set
of fins posiionad and & eposed perpendicular to, and alon 2,
the tubes, in such a way that at Jeast » portion af the fins
comprise N numbey of longitading) excisions theretn, where
N=1,2,3 ... efc, each of 5 prederermzined Jength, and each
oniented in a directiog paralie] to the tubes,

10032]  Inwprefered embodimen! of the present nvention,
the excisions are positioped and coufigured o partition the
invergive evaporatorfheat exchanger sysiem imo an Nei
number of sequential electrically conductive SVAPOTSICT 5Eg-
tions, such that the miher form ap electiically conductive
series connection betwesy the sequential evaporator secti ans,
and such that the excisions cauge a1 increase in the electten]
resistance of the evaparator system by a factor of abot H+1)
4 thereby facilitating utilization of enerpy-saving inductive
heating means {vuch as PETD) therewith,

[0033] It should be nowed, that the above-mentioged ulili-
zation of excivioms or cuts configered and positionad 10
modify the evaporator fins to thereby split the fnventive Y&~
e into phiral sequential electrically conductive evaporator
sections, is not intended as 5 limitation to any other type of
modifieations o the BVaporainr components that may be
made, 85 4 mater of design choice and without depariing
frorm the spirit of the presem inveniion, to achieve the sama
purpose of forming » series “slectrical CIrCuit” comprising
sequential pantitioned secvions of the evaporawr/hest
exchanger system, that greatly increases the systern’s elgctri-
cal resistance,
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[0034)  Referring now 10 FiG, 1A, which an exemplary
inventive evaparaiorfheat exchanger gystern 10 is shows, the
evaporatoheat exchanger system 10 includes the cooling
maierial fow tubes/conductve fins componert 12, with each
fthe wbes' Aow inlets and outlets being connected 1 sle.
wically conduciive el emenmts 14 (eg. bus bars, 1.}, The
system 10 may also include g primary power supply 18, such
a4 & conventional 115 VAC/HS Ha or 230 VAC/S0 Hz elecir-
cal power line, connected 1o the electrically conductive ele.
ments 14, and may optionally also include line current
incréasing companent 16, cpermble to increass the line cnyp-
rent 1 2 magnitude sufficient 1o heay the evapomtor 1 5
desirable wmperature over Hembed tme intereal, The fine
Current increasing composent 16 may bea conventingal slep-
down wransformer, or an imermittent-action step down rang.
former (which is smaller ang cheaper than @ conveatiogg)
transformer), or an electronic ransformer thay includes either
an AC-AC jnverter or an AC-DC inverler,
(G435} Inat least one embodiment of the systein 14 of the
present invention, the power supply 18 may also include an
electrical switch 20, and may further include ag optiona)
resopans eapactios 22 fhat i operable to compensate for ap
indnctive reactance of the evapormtonheat exchanger system
16.
{9836]  Referriog now to FIG, 1B, a second embodiment of
the inventive evaporstorheat exchanger system is shows ag
ap exemplary evapomtor/heat exchanper syster 56, baving a
mufti-part main component 52 comprising cacling matenial
How tuber 56 agg conductive fins 54, configured with muyj-
tiple electrically conductive syEern sections conpected in 3
series elecuically conductive configuration, 35 well as mnl-
tiple cooling material flow circuits configured iy a paraile]
confipuration (rwo decwically conductive sections and two
cooting material fow circoily are shown by way of example
only). The evaporaiorhent exchagger sysiem 59 i readily
configured to fimetion with various electrical POWEr systems
and optionally with cugrent increasing components {and
optional subcomponenis), such as compaonents 16 o 22 of
FIG. 1A, above, in a similar manner as the system 16, except
in o different comnection conbignration, as provided below,
{8837]  The evaporator/heat exchanger syster 86 includes
the cooling tubes 56 faw infets 584 and fow outless 588
being connected 1o 2 first o eetrically condoctive element 604
{e.z2., bus bar, efc.} that is preferably connerted 1o the ground
and one electrical potential of » line Current incrensing eom-
povent (such as component 1§ of FIG. 14} (eg., o o low
poteniial end of a transformer's secondary winding), and also
includes a second electrically conductive element §0B (e.g.,
bus bar, etc.), positioned substantially ar a midpoint of the
mulii-part main component 52, thatis preferably connscted in
e ground and 10 another electrical potential of the Jine
current increasing componeat {such as component 16 af FiG,
3A) (e w2 high potentizl and of a ransforrmer's secondary
windmg).
{0038]  Innmcoordance with the present inveation, when myl-
tiple separate paraliel cooling material flow circyits are being
uiilized, for optimal system peclormance, it is prefersbie 1o
ensure that 2l of the svsiem cosling material flow ciseuits are
mainizined in substagtially similar thermal sonditons,
{60391 It should be noted. thay while the use of dislactre
unions in evapomtorheat exchanger systems brings 3 number
of drawbacks and challenges in terms of increased manufag-
mring complexity, greater expenss, and reduced long-term
relisbility, in certain cases, the inventive systern may employ

material fow ciren

ary evaporatosf
ing # multi-part main componer 102 comprising cooling
material fow fubes 106 and conductive fing 104, configured
with rmultiple electrically conductive sysiem sections cog-
nected 10 & series slectrically conductive configuration, ag
well as multiple cooling material flow circuits configurad in a
on. The evaporator/hest exchanger system
figired 1o fanction with Various electrical
systems and optivnally with current increasing corg-
ponenis (and optional subcomponents), such ag COIpOnLnTS
1610 2207 FIG. 1A, above ina similar manper ag the system
10, except in a different connection configurations and agdi.
tional elements 1184, 1108 ang 114, ag provided below,

{0041} The evaporaior/heat exchanger syetem 106 includes
acouling material flow inlet 1 84 sonnected 10 cooli ng maie-
rial flow whes 106 How inlets by way of a firgt conductive
flow dirtribufiog manifold 1104 {(Bunctioning as a first eles.
trically conductive element) that is preferably connected 1o
the ground apnd ope electrical potential of & line cugrent

parallel confBgian
108 is readily con

1988 connected
lets by wayofas

cal resistance, R,
a5 the one showy

known evaporator s
tor 560 in FIG. 5,

10043} Asisknowninte artofrefiigeration, the mmberof
parailel quid circwits available for Row of reftrigerant has o
very significan effect og fhe magnitude of a cooling material
{hereipafier referred
he BVApOIRIo, and
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dielectric vmions on & bmited basis to provide an advanta.
geous embodiment of the presemt invention in which the
cooling material pressure drop betwaen multiple conling
its could be very significantly reduced.

G040} Referring now 1 Fig, 3C, an ahernate embodiment
of the invamive Evaporator/heat exchanger Bystem is shown

.
}

Beat exchanger systern 1 09, hav.

4+

incressing component {such as Fomponent §6 of FIG. 14)
{eg, w0 alow potential end of 8 transfommer's secondary

5

3 and also inchudes a cooling materal flow outiet
 cooling material flow whes 166 flow owt-
scond conductive Aow distribution manifold
110B (functioning a5 & second electrically condnctive sle-
ment) that is preferably connecied o another electrical poten.
tel of a Yine current incressing component {such a5 compo-
zeat 16 of FIG. 14) {2, o a high poteniial end of a2
ansiomer's secondary winding), However, unlike the gy~
tems 18, and 50 of FIGS, 1A and 1B, respertively, preferably
the system 198 includes at Jeast one dietectric tming 114
positioned between the electrical connection of the second
conductive manifold 1108 and the vest of the system 100,

{8842]  The various sbove-mentionad e emplary embodi-
novel evaporatorhesr exchanger system {in
3}, would have N+1P=6%<3 65 times higher electy-
a0 that of a conventjonal evaporator, such

@ FIG. 5. Because the heating pewer gen-
erated by an electric cugrent I ; 15 equal to P=F.F, the curvent
required {0 heat the inventive exemplary evaporators, is gix
imes less than that required for a conventinpal previcusly
hown, by way of example, as an evapora-

to a8 “refrigerant”) pressure drop across

on fhe overall evaporator beat-sxchange
rate, For thay ressen, is very desimble 1o be able to vary the
number of the liquid refii gerant flow circuits withou: redue.
ing ahigh election] resistance ofthe avaporator achievable by

seen from FIG. 24 t0 FIGL 4B it s possibie o
& matter of design choice, apd without departing

from the spirit of the invention, the desired nugher of paralle]
cireuits for flow of the refi; geranl, without, requiring any
changes 1o the electrical serjes connections of the evaporator/
exehanger sections, For instance, by way of example
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anty, FIGS. 1A, and 2.4, 28 show exernplary embodiments of
the inventive evaporaiorsfhest exchangers 10, 150 having
one. two and four fow cirenits for the refs gerant respeciively,
while FIG. 3 shows an alterate embodiment of the inventive
evaporator 209 baving three paralle] cooling material fow
cireuits with all three inlets ang oit three outlats conpected 1o
the same elecirically conductive bus bar 102, This wrangs-
ment is parficularly advanitageons because it eliminates the
need for using any dislecinic unicns which raise systemn
expenss (and manuiscring complexity), 55 well as reduce
Jong vem reliability.

[D045}  Yet another alternate embodiment of the inventive
evaporalor havigy six parallel refigerant flow circuits is
showr, in various views, in FIOR. 44 o 4E as an evaporaton/
heat exchanger 250,

{0046}  Additional advaniageous results cas be acdkiaved by
using at least one dielectric nnion {or any equivalent carnpo-
nent or element suitable for the same ar similar purpose) to
cross-fink the evaporator tubes. Such cross-links do ot effect
the electrical parametars {such as resistance) of the evapora-
tor, butallow to design the evaporalor with a desirabie amount
of paralle] Houwid circuits, Referring sow o FIG. 24 1 FIG.
4E, exemplary confimurations of multiple paraljel cooling
material flow circuits are shown by way of iHustmtive
examples,

188473 Advantageously, the inventive evaporatorfaeaf
exchanper sysiem snnble wiilization of very efficient Tapid
defiosting techniques, such as FETD, w efficiently and
guickly defrost evaporators/heat exchangers with only mins-
mal changes w the existing manuiscturing processes,
{8048}  Thus, while there have hesn shown and described
and pointed ot fandamental novel feanres of the inveniive
3pparmats 35 spplied fo preferred embodiments thereof, it will
be nnderstond that various omissions and substiuions and
changes in the form and details of the devices and methods
illustrated, and in their operation, may be made by thoss
skilled in the art without departing from the spirit of the
invention. For example, it s expressly intended that all com-
binations of those elements andfor method sieps which per-
form substamtially the same functiog in substontially the same
way 10 achieve the same results are withis the scope of the
invention. It is the intention, therefore, t be Hmited only as
indicated by the scope of the claims appended herato,

What in claimed i ‘

1 A fins-on-tubey evaporator/hest exchanger systern, hav-
g 2 predetemmined clecticnl resisisnce, configured for
inductive energy-saving heavog therpof compriging:

a phurality of wbes configired for fiow of cocling material
therethrough, comprising a phurality of separate cooling
material fow cirewits connected iy parailel 1o ope
another;

a plurality of fins disposed perpendicular 1o, and along,
said ploral wibes, wherein at least 2 porion of said plural
fins are configured 1o partition the system into a plurality
of sequential electrically eonduetive system sections
having an elecwical series connection therebetween,
thus cauising an increase in the predetermined electrical
resistance of the syster 1o at jeast said larget electrical
resigtance vahia,

2. The evapormator/heat exchanper system of claim 1. fur-
ther comprising enrrent inducing means for inducing an ejec-
tric enrrent therein.

3. The evaporatorfhest exchanger system of glaim 2,
wherein when said corrent inducing means is configired 1w
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induce an alternating electric current, said target electrical
resigtance comprises a value baving & magnimde tha i at
lesstashighasa mapnitude of an inductive reactance valueof
the svstem.

4. The evaporavarfheat exchanger system of claim 1,
wherein said plusal configured fins comprise a N nurber of at
{zast one Jongitudinal excisione {herein, sach of 3 predeter.
mined length, orented in a direction paralie] o smd plural

wbes, whereln said plursl excisions are positioned and con-

figured 1o form am Nal pumber of seguential plurs) electr-
cally conduetive Sysiem sections, interconnectsd by said plu-
ral twbes, such that said plural tabes form an electiical series
connectionp between said sequential plral electrcally cor.
durtive sysiem sections, and such that said plural excisions
cause an increase in said predetermined electrical resistance
of the evaporator 5ySiem by a8 factor of sbout {(N41Y, therehy
facilitating wtilization of energy-saving inductive heating
means with the evaporator sysiem,

5. The evaporatorfhear exchanger system of claim 2,
wherein at Jeast a portion of said pheal wbes are intercog.
nected with at Jeast one Uty seciion, thus forming a desir.
able fisst predetermined quaptity of said plura} parailel cool-
ing; maverial How circuits by the system,

fi. The evaporatorfhest exchanger system of ¢laim 5, com-
prising:

cross-Hoking means for cross-Hoking af Jeast s poriion of

suid plural mber 10 one another, such that the sysiem

comprizes:

said first predetermined guantity of said phiral parsilel
cooling material flow cireuils; and

& crosi-linked second predetermined quantity of said
phural series electrically conductive ByStem sections,

7. The evaporator/heat exchanger sysem of claim 8,
wherein said cross-linking means comprises a phnality of
electrically conductive linking elements,

8. The evapomator/heat exchanger system of claim 7,
wherein said pliral electrically conductive linking elements
comprise one oft

& phurality of clectrically conductive hug bars, and

a plurality of electrically conductive manifelds operabls to

collect 2 single eooling material fow cirewit 1o plusal-
ity of cooling material How cirowts,

8. The evaporator/heat exchanger svstern of claim 8 com-
prising & system vooling material fiow inlet apd g system
cooling matedal fow outlet, wherein seid plural parallel cool-
ing material Aow ciroudts comprise a plurality of fiow circuit
wlets and 5 rhuality of fiow cireyit outlers, whereig:

at least one first sgid ploral slecwically conductive mani-

Told is connerted between said System cooling material
flow indet and at leasta portion of said plural fiow cirenit
inlets; and

at least one second gaid plueal electrically conductive

manifold is connected betwesn said Rystem cnoling
material Aow outler and least a portion of said ploral fow
circuit outlets;

said systern further comprising at Jonst one dielectric union

connested between at least one of:

said at least one first ploral electrically conductive magi-

fold and said system cooling material fow inier: and
said a1 le=st ome second plwal elecirieally conduciive
menifold and said syster cooling material fow outlst,

16. The evaporator/hest exchanger system of claim 7,
wherein said cwrrent inducing means comiprises means for
inducing ag electric current ofa magmitde that is suffcient to
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heat the systerm in & predetermined desired temperamre over
4 predetennined desired tme imerval, the system further
comprising at Jeast one slectrical switch,

11, The evaporstorfhent exchanger system of clajm 7,
wherein said svstem comprises a phurality of sequential eler-
wrically conductive Sysiern sections having an electrica] series
connection thereberwaen, ang wherein;

& first portion of sajd plural electrivally conduetive Hoking

slements is positoned at, and electrically copneciad 0,
o first pluraj electzically condnctive system section; snd
a second portion of said phura] electrically conductive jink.
ing elements is positioned at, and elecirically conpestad
0. & last phoral electrically condnctive system sectinn.

12, The evaporatonheat exchanger system of claim 2

wherein said currend inducing means compriges at least one
ransformer selected from a group of # step-down traps.
Jormer, and an intermitten- sctivn twansivrmer,

13. The evaporatonhest exchanger of claim 12, whersin

said at Jeast one tramsformer COmprises at feast one primary

winding, and one #econdary winding, further cornp
SR8t one resonant capacitor, tonpected in series with said at
ne primary winding of said at lezst one wansformer,
operabls 1o compensate for the system's inductance.
14, The evaporatorhem exchanger systerm of claim 2,
wherein said current inducing means comprises a1 least ope
transformer, comprising o Jeast one inverter
ected from 2 grovp oft an AC-AL imverter, and 5o AC1C

baving at least one

15. The evaporator/heat exchanger of claim 14, wherein

said at Jeast one fnverier Comprises an owiput transformer
prizary winding, the system further com.
ing at least ope resonapt CRPACHor comnected in series
th said a1 least one primary winding of saig inverter outpuy
transfonmer o compe

16. The evaporato

usate: for system's inductance.

r/heat exchanger of clajm 14, whereip at
least one electronic transformer is an intermitiens ~action elec-
ronic tansformer.
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oxn Patent Application Publication (o

s Pub. No.: US 2011/0259880 A1
Petrenks et al, (43) Pub, Date; Oct. 27,2011
(54} MECHAMNICAL SCRATER EYSTEM WITH Publication Classification
SYNCRRONIZED PULSE 1) Int CI,
ELECTROTHERMAL DEICING HOSE &/04 (2008.01 )
HY3E 104 (2006.01)
(75)  lovemors: Vietor ¥ Petrentio, Lebanon, NH {(52) US.Ch.... e 2194660: 219201 2107203
{US}: Charles Suiivan, West ~ .
Lebuanon. NH (US) (57} ABSTRACT
A mechanical scraper with synchronized pulse elecirother.
(73)  Assignee: ICECODE, LLC. West Lebanon, mal deicing inchudes a heating element that is coupled o a
NH (U8) power supply and that is operable 10 conver power from the
power supply imo hesting energy. A controller controls the
. o o o maguitude and duration i which power is applied o the
1) Agpl. No: 12861,797 heating element, such thet only an jnierfacia) layer of ice af an
ice-objeet imerfuce is disrupied for a sufficient period of time
(22) Filed: frec. 7, 2010 to allow the scraper to move or remove the dislodged jce/
snow. A scraper then worls aver the surface to be deiced, thus
Related (1.5, Application Dats wemoving the jce hefore the interfacial layer re-freezes,
Agother method of the present iovention electromuppetically
induces current at the ice-to-object interface, to mell inerfa-
(80} Provisional application Mo, 61/267.406, filed an Dec. cial ice, using coils and a high freguency power supply dis-
7,2009. posed prozimal to the BCTApET.
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MECHANICAL SCRAPER SYBTEM WiTH
SYRCHRONIZED PULSE
ELECTROTRERMAL BEICING

CROBS REFERENCE TD RELATED
APPLICATION

{0001} The present patentapplication claims priorivy, undey
33 UE.C. §119e), from the commonly assigned co-pending
U.8. Provisional Patent Application Ser, No. 61/267.406,
entitled “MECHANICAL SCRAPER SYSTEM WITH
SYNCHRONIZED PULSE ELECTROTHERMAL DEIC.
ING™, filed Deac. 7, 2005

FIELD OF THE INVENTION

10002} The presem invemion relues generally o jce
removal, and in particular ig systems and methods for remov-
ing ice throngh mechanical and Pulse Elecothermal Deicing
(PETD).

BACKGROUND

10863} lee presenss many problems to a variery of indug-
tries, including transportation industriss such ag aviation and
ground wensportation, For cxample. ice formed upon airport
rumways, parkiog lots, bridpes, overbead cables for uerul
frams, bighways and train facks or rails can crests a hagard.
ous environment for drvers ang passengers of afromf or
vehicles, as well as any proximate pedestrians. joe Tormed
upon & swisce of a wransportation vehicle, such a5 3 wing.
shield, may create addivnnsd hazards conditions. For
example, if ice formed upon 2 vehicle windshield 5 may
impair the vebicle eparator's vision to the point that the opera.
tor will o longer be able 1o properly navigate the vehicle,
Removing the ice from such Siructures or surfaces can migi-
mize hazardous conditions,

{8004] Deicingisa process in which imterfacial ice attached
10 a struchure or surface is either melied or broken Joose from
the structure, Systems for melting jce include electrio heaters
that apply power to resigtive elemients 1o generate heat, and
chemicals that depress ice melting point, thug forcing the jee
o melt. Blectric hesiers apply 2 magpiiude of POWEr 10 3
resistive elemant to directly and proportionally melt alf e
Trom the surface in conmmet with the ejectric heaters. These
hesters may melt all of the jee from fhe surface of direat
contact; however, this is accomplished a1 considerable plec.
trival expense. Chemical solutions may dissolve all PrOXi-
mEe fce, but do not Yest for extended periods of time and may
contaminate the nstural environmen;, These sysiems are inef.
ficient since they seek 1o completely melt all of the ice,
I0885]  Present methods for breaking ice from a sirucinre
include using a mechanicaj scrapper, Mechanica) SCrapers are
Trequently used o dislodge ice bound ip an object's suriice,
Although scrapers ey provide a solution i the elecirical and
envirommesta) costs of electrical and chemical ice removal,
they are ofien hand-held and frequently umwi eldy to operae.
Furthermore. mechagica) Scrapers are not always effective in
removing ice and may damage surfaces 1o which jce isbound,
{8006] Over the years, 3 number of attempts have been
made w address the gbove-desoribed challenges in the imple-
mentatios of mechanical ie-removal - but none have achievad
any rueasurable corpmercia) success, and each suffered fror
significant disadvantages and drawbacks,

{0007)  For example, .5, Pat. Na. 3.964,183, exritied
“METHOD AND APPARATUS FOR DETACHING CoaT-

]
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INGS FROZEN ON TO SURFACES", izsved on Jun, 22,
1976, weacher an appavatus and method of freeing g coating of
ice, snow or frost frozen on 1o the surface of a manufectiyed
material (e.g. 5 man-made strocture suchas s building, a4 road,
ste., by concenirating an igtense beam of visible light on 10
the interface between the jee coating and the surface adenuate
10 raise the emperstare 21 the inlerfucia) wons 1o the meling
poim and thereafier ulilizing a swucture for immediately
breaking and removing the ice coating. This approach is guite
inefficient and slow bacause s tught by the ‘183 patent,
radians light-based heating is appled indirectly fo the surface
being de-iced separately from application of 3 conventional
mechanical structwe for bx'e‘a}cing/removing ice and thus
TEQUITeS 1 very significunt amoutt of energy and s great des]
of time to disrupt the farget inferfacial Jayer, Furthermure, the
effectiveness of the radiant beating techmique is significansly
dependent on reflectivity and other Eight absorprion/mefiec.
tion/refraction properties of the surfsce being deiceg,
{6008] In another example, U.8, Pat. No. 4,571,860,
entitled “METHOD AND APPARATUS POR REMOVING
ICE FROM PAVED SURFACES™, issued on Feb, 25, 1986,
reaches g vary uarowly focused apparams and method spe-
cifically configured for BWOVing ice and suow from pave-
ment bavisg a carbonacenus top swface, by passing a very
high freguescy (ie, 915 M-Hz} micio-wave geEnerator with
wave guide over the jce g he melted, followed closely by a
Scrapez, such that ostensibly the radiating high Trequency
ICIO-Waves pass through the ice, while the carbanaceoys top
surface of the pavement absorbs the micro-waves and
becomes heated therehy, meting fhe interfacial layer of the
ice, thus allowing the ice 1o be scraped off withont damaging
the pavement. Atthe autset, it is clear that the approach tavght
by the "860 patent suffers from the same disadvaniages as are
discussed above, in tonnection with the '183 patent. How.
ever, the *B60 patent’s techniques have significant additions)
disadvantapes and limitations that make coramercial imple-
mentation thereot highly vnpractical. Firet, the *860 patent’s
technigues are Hmited for use only on pavements, and not on
any other structures dueio the dangers poged by its utilization
of kigh fraquency radisting microwaves, Second, svent with
respect o pavements, the ‘860 patent techaigues unly wor,
when the pavement 1o be deicedcomprises a (1) reflactive, (2)
heat-ingulating and (3} carbonsceous corsposition oy top-
coay, specifically uoting that ANy pavement without al} three
of these properties will require s special op-conting before
utilization of its proposed solution. Moreover, the dangers
posed by & vehicle equipped with such 2 powerful radiating
miCTOWave generator and wave guide cannot be § gnored (for
exawple, the risk of radiating microwsves being diroeted
towards Hving beings orother vulnerable arpets if the vehicle
equipped with the generatar averurns ar otherwise becomes
unbalanced.

9968} Clearly, the above-described previously known
anempls to supplament mwechagical ice removal with ragist-
ing energy techniques sre quite Aawed and are not candidates
for practical implementation,

{6020] However, the aforementioned drawhbacks and fimj-
tations of directed raciunt energy jee-melting approsches are
not shared by a powerfo) deicing technique thar may be
sdvantageously milized in the process of breaking jce from a
surface—PETD) (Pulse Elecirothermal Deicing}—such 4y
described in commonly owned, U5, Pat. No. 6,870,139, filed
11 Feb. 2003, which is berely expressly incorporated herein
by reference,
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031§ Briefly. PHTD
by thermally modifying interfacial ice a1 the interface
between an object and jee {80 referred 1o herein ag “ice.
abject imsrface™). Heating energy may be apphed 10 the
interface 10 meh ap imterfacial layer of iee; such appliemion
may be limitad i duration so thas heating energy upplied o
the Interface hus u bewt diffesion disiance withis the ics tha
extends no more than through the thickness of either the ice,
or the coresponding subsirate,

{8812)  However, while PETD provides efficacious, energy-
saving disruption of the fce-objeet bond, removal of dig-
lodged ice must 5131} be sccomplished, Thic is often achjeved
by simple gravine: however, Bravity does not always provide
u desired solution, And wherens, (here exist certain advaniy-
2eous wohniques that may be readily used in conjunction
with application of PETD 10 asgist in removal of dislodged ice
{such as tanght in the Sommonly assigned co-pending 1.8,
Provisional Perent Application, entitjed "Systemn  And
Method For leemaker And Ajrcraft Wing With Combined
Blectromagretic And Resistive Pulse Deicing”, Ser. No,
61/152,621, Rled Fab, 13, 2009, which, inter alia, teaches
synchronization between vtilization of PETD and spplication
of an electromagnetic pulse 10 remave ice, such techniques
are of fimited usz ip many ice/snow remeval applications in
which physizal removal of dislodged ice is the only practics
option.

provides ice removal, for exumple,

SUMMARY

{8013} Inone exemplary erobodiment of the preseni inven-
Gon. # mechagical scraper (such as a plow, brush, shovei,
blade, scraper, windshisld wiper or other mechanical ice
removal apparatus) is combined with FETD for dejving, The
scraper is synchronized with energy pulses such that each
region of the surfucs recejves o pulse just prior to application
of the scraper. Such s combination fenwers both electrical and
mechapical energy requirements associated with ice removal,
Less elevtrical energy js required, since only s thin interfacia)
fayer of ice is heated and melied, Less mechanica) power {for
exagiple, push- or pull-power) is required 1o remove the iee
from a pulsed surface than froma surface that has not received
apulse, since the pulse disrupts adhesion of ice 1o the surface,
The mechanica] scraper combined with PETD may be effer.
tively used to remove jee from an upward-f ng horizontal
surface,

H034]  in another exemplary embodiment of the presen
invention, the PETD rysiem iz comained with the chiectto be
deiced, at or near the surface upon which ice it adhered fie,
the “target surface™), The PETD syslem may inchude a heat.
inp. element. such s 8 mewl, or another an electricaliy cop-
dustive materal, A pulse of power is applied 1o the ice-ohiest
interfuce of the objeut [0 be de-iced, vis (he henting slemen,
Thepulse disrupts the ice-object interface, (i.e., by melting ap
imerfacial layer of ice) thus facilimting  removal by o
mechanical seeaper as it moves over the surface, The Targel
swrface may be copfigured in a variety of differem ways, for
example, the surfave may COmpIIse one o more of the fol.
lowing: a thin conductive layer such as 2 motal sheet, metal
foil, conduciive composite maierials such a8 cunductive
asphall. conductive cancrete, conductive polymer entnposite,
andfor conductive paint, Such elecuically conductive com-
posite materals can contain metalic powder, metal wires,
graphite fibers, carbon black, and/or carbon nano-tpbes. Sur-
faces ibat are aleeady sonductive—such as metal bridpe
deeks, car hoods and rools, metal mofs, milroad rails and

fa]
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raijroad azrial eonduciors, conductors of tram and frofley hus

lines, power rails ang
lile or no modification,
{415

calemary power cables—may reguire

In yel another exemplary embodiment nfthe present

invention, the heating element may be confipured as 5 past of

2 novel scraper assembly

that incorporates a PETD s¥Siem

{e.g.. the heating element may be within, or incorporated intg,
one or more predetermined ieofsnow comtact or “primuary™
surfaces of the scraper). The novel sceraper also includes a
recondary surfuce, connecred 1o the primary surface, config-

wred for removal (or repositioning, e} of the
lodged by the primary surface,

icelsnow dig-

[0016]  Preferably, the joe comact seraper swrface is config-
ured such that it is the region of the overal} serapey assembly
thast infuially contaces with (he ice 10 be scraped. Far crample,
i a “pushing” forward-mounted scraper configuration, the
loe comtact scraper surface would be positioned in (he Rurthest
Iront and bottom-mogt region of the seraper assembly, in 4

“pu}ling"/“dragging" rear-mounted seraper
the ice contact scraper surface would

confipuration,
be positioned ip the

furthest back and bottom-maos region of the SCFAPEY assem-
bly, in a “wiper blade” scraper configuration, the ice contact

seraper suface would be positioned along the

longitudina)

edge of the wiper blads, while in & “bruga” sraper configu-
o, the ice contacy scraper surface would comprise & phi-

rality of scraper bragh bristles,

16817] During tperation of the inventive sCrup

power is applied o (he ice-object

er, & pulse of

interface vig the prisary

surface of the scraper, The rulse interrupts the ice-object
mnterface, thes facilitating ice remova) by the secondary sup-

face of the scraper as it

moves aver the ived ohject. In one

ahemare inventive embodiment, the primary and secondary
surfaces are confipured as the same surface, such that the
novel scraper may move unimerruptedly over the ebject as the

pulse is upplied. In another examplary alemate

embodiment,

the: two surfaces are different; and there may be a pavse (i.o.,

the scraper may pause) between application of

the pulse by

the primary surface and removal of the ice by the secondary
surface. It is further possible to integrate these fwo surfaces

with a mechunical apparatus for removing snow

the deicing, and/or with an airflow
surfsee after it is deiced,

10 precede

sysiem for drying the

{B018] The primary surface may also be heated by electrn.-

magnetic induction of curremt

within the surface, in onpe

#mbodiment of the pressm invention, the seraper includes o
power source and copper coils, which couperatc to induce ap
electromagnetic currem in the surface of the objeet {conduc-
tive or coated with conductive layer} & be deiced. The Con-
ductivity of the obiect permits electromagmetic induction of
current therein. The curren: produces beat snergy ai the pri-
mary surface, thus melting an interfacial layer of ice ai the

toe-object interface,

{86191 The induciion heating system may also be ineopo-
roted with o mechanica) scyaper. For example, in s further
embodiment of the prosent invention, a mechanica] scraper is
confipurad to nchide an electrically conductive soraping sur-

foce, Current
verted to heat, and melts the

induced in the scraping surface is then cogp.
interfacial laver of ice at the

ire-objest inverface. Following mehing, the scraper is run

over the surface of the object 1o remove the jee,

H028]  Other objects and festures of the present inventign
will become apparent from the following detaijed description

considered ix conjnnntion

with the accompanying drawings.

R iz to be understood, however, that the drawings are designed
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solely for parposes of ilustration and ot as s definition of the
fimnits of the invention, for which reference should be made to
the appended claims.

BRIBF DESCRIPTION OF THE DRAWINGS

0021} In the drawings. wherein like reference characiers
¥

denomw corresponding or similar elements thronghowt the -

various figures:

[8622] PIG. 1is a flow chart illustrating one exemplary
process embodiment for perforniig & synchronized pulse elen.
Unthermal detcing (PETD) with 3 mechagical scraper;
19923} FIG. 2 shows age exemplary embodiment of BYn-
chronized PETD with a mechanical seraper;

[0024] PIGS. 34 and 3R depict a further exemplary
embodiment of synchronized PETD with a mechanica)
scraper,

[0025] PIGS. 44 apd 4B show a0 exemplary embodiment
of synchronized PETD with 5 meshanical scraper for use an
a surface with a canductive substrate;

{0026 FIG. 5 tepicts an sxemplary embodiment of ¥~
chromized PETD with 2 mechanical scraper, including an
additional spow removing device and a drier; and

180271 FIG. 6 depicts an exemplary aftemate embodiment
of the inventive system of FiG. JA-FIG. 5

.DETAILED DESCRIPTION

{0628] Before proceeding with thadetaileddescripiion, itis
1o be appreciated thar the present ieaching is by way of
example, not Hoitation, The concepls herein are not lmdfed
© use or application with o specific type of mechanica]
scraper with synchronized pulse elecirotherma) deicing,
Thus, although the instrumentatities described herein are for
the convenience of explanation, shown and described with
FeEpect by exenplary embodiments, it will he apprecigted that
the principals herein may be squally applied in other embodi-
ments of mechanical scrapers with PETD. 1t should also be
boted that various embodiments of the presem invention may
be resdily utifized in cogjunction with removal of icelsnomw
from & wide variety of surfaces/objects, inchuding, bui not
limited to: mireraft struciwres  and components  theraof,
vehicles (and components thereaf, such as windshields, wip.
dows, headlights, mirrors, sun- and moon-rools, ate.), mir-
rors, light fixtures and structures for mounting thereof, gep-
erally flat open surfaces {e.g., patios, decks, parking jots,
et ). bridges, roads {and equivalen surfaces—e.g rupways,
highways, driveways, sidewalks, cte.), building sructures
and components thereo! {roof, stair, windows, skylights,
eic. ), overhaad cables of trams, trolley buses, and trains, rain
and ram tracks or rails. ag well as decks, rige, walkways. and
other stroctures of ships, boats and of other marine vehicles
and platforms,

{6029} FIG. 1 ilustrates a Aow chart of ap exemplary pro-
ces5 100 for performing mechanical seraping with PETD, In
this exemplary process, alter powering on, block 182, power
is supplied to a heating elemem in thermal commmsication
with an jce-chiect imerface, block 104, The power scurce
mHEy be a battery, an electrizal outled or other recognized
power source, The heating slement converrs power o heat,
block 104, In ope example, block 106, (he beating elememn
vonverts power to beat by electrical resistance. In block 108,
the hest melts an imerfacial laver of jce at the ice-object
interface, thus facilitating removal of the jce with a scraper,
blocks 118-112. The interfacial layer is vsually hetwsen

abowt one micron and one millimeter thick: however, the
interfucial layer may slso be thicker, far example, abour ]
centimeter thick,

{03403 Advantageously, the synchronization of application
of PETD during wilization of the mechanical scraper over-
comes 3 significan challenge of the relatively short 1ime.
frame in which the ice-object interface will re-freeze (3 time-
frame which grows shorter g lower ambient temperatures and
In view of other relevant factors), hecause the SCraper in
confimired io remove the dislodged ive/snow fiom the target
surface almost immediately afier the dislodgement thereof,
thereby virmally eliminating the risk of the ice-object inter-
face re-freezing.

{08311 While in most deicing applications PRTD i imple-
mented through applicavion of 4 high power “pulse 1o the
target region, it should be nred that in accordance with the
present invention, and as described in preater detail below i
sonnection with FIGS. 7 1o 5, rather that applying 4 single
“pulse” fo the entire ice-ubject inferface, the inventive sysiem
applies “high frequency induction” heating power continy.
ously, but only during specific short time periods having
durations that approvimately equal to the size of the heating
Slement divided by the Scraper velocity. Thus, short heating
“pulses™ are effectively appled 15 each region of the objecy/
surface being deived, aven though the luventive sysiem’ is
continuousty drawing powser during its operation, Among the
advamapes of the wilizatiog of the novel “pulse induction
heating™ technique a5 notegt abave, and &s discugsed in greater
detail below is the fact that there is o need for costly system
cerponents such as bus bars nnd lids that waonld otherwise be
necessary with previously kpowsn sohitions,

[H033]  The processes deseribed in blocks 102198 repre-
sent an exemplary embodiment of PETD in accordance with
the prasent invention, However, PETD may be applied in
oiher applications, as deseribsd below,

18033 FIG.2showsan exemplary system 206, System 260
inclodes scraper 207 with Power supply 282, controller 204,
ard heating element 243, Pawer supply 202 is coupled to
heating element 263, disposed within or upon 8 surface 201 4
of scraper 281. Power supply 202 supplies pulse hoating
power to hesting, element 203 1g interrupt i 2., melt) interfa.
cial ice 207 at the ice-object interface {t.e., the jmerface
betwean bulk ice 265 ang object 206), while scraper 201 is
worked overa surface 2064 of okjert 206 1o remove the bulk
fee 245, 1t is undersiood that seraper 201 Hidy psuse uy enerygy
pulses are delivered at the ice-object interface. or scraper 201
may cominuelly move gver the surface 2864 of object 246 as
pulses are delivered. Reganze energy pulses are delivered vig
bower supply 202 and through beating element 203 of scraper
281, scraper 283 a3y concentrale upon one specified ares af
& time of the surface 2054 of ohiect 264, Scraper 267 may,
however, be of sufficient size tor dejee the entine chiect 206
with onc serape,

{9834] Consider scraper 281 25 o plow, System 200 is
capable of selectively pulsing power 1o chosen areas of
soraper 281, M may be desirable to further conserve elentriva)
energy by pulsing only selecied #reas of the ice-object inter-
face, thus weakening the overall hond betwesn ice 205 apd
object 286 by mienupting (e, melting) selecied areas of
interfacial ice 207, Mechanical ice remova) by scraper 201 is
thus facilitated while elentricn] BIEIgY 18 comserved,

{0635] Power supply 262 may be configured for generating
power with a magnimde thar ig substantially inversely pro-
portional to 2 magninde of coergy wsed w melt interfacia) jce
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7. Heating element 303 is coupled to power supply 02 1n
canver! the power into hear a1 the ice-object interface, Cop.
trolier 204 is coupled w the power supply 202 to lmit o
duraticn in which heating element 203 converts the power
inta heat. The duration in wiich heating element 203 copverts
the power into beat is, in this example, substamially inversely
propertivnal 1 8 square of the magnitude of the power,
{90361 Controller 284, by way of exampie, controls the

ime o which power is deiivered 10 heating element 203
‘aecording to the bllowing relationship:

R LA — By -1
re ""‘g‘a;no—*i Ydhigie: + e, }

where

{0837 T, isanice meling iemperatore, T is an ambient
iemperature, A is & thermal eonductivity coefficien, f s the
material density, and ¢ is the material heat capacity (subscrips
“i" denotes ice and/or snow and subseript “s™ denotes sub-
strate material) and W is 5 power PEr square meter,

18038]  Comwoller 204, byway of example, alse controls the
magnitade of power that 35 deliverad to heating element 283
such that enesgy Q a1 the fce-ohject imterface is inversely
proportional fo the magritude of power. In one example,
controller 284 controls the magnitude of power aceording the
following refationship:

L1 )

s ST
@ Wt m e [NamAl + Ve [ s

Agcordingly, to reach a2 desired femperature fe.p., fo melt
interfacial ice 207 atthe ice-object interface) with less energy,
one increases hesting power W while applying the heating
power over 3 shoster period of time. The shove eguations are
particularly wsefol for shor power pulses when a heat diff.-
sion length 15 jess than the target ohject thickness {e.g. the

sickness of iuterfacial jce 287), In some embodiments, 2
more accursle approximation can be found by adding the
energy used o melt 2 very thin layer of interfacia) ice, Q...

s Jouie Eq. -3
Biin = g3y w4107 s, b

where

d; is melted layer thickness, p, is fce density, and g, s ice Jaten
heay of fasion. Accordingly, in ope example, controlier 14
controls the magninde of power sccording the following
relationshin:

ge W= T | e B -4

(i

{00351 Iu should be noted that &g 1-1 weq. 1-4 are appli-
cable only when hesi-penetration length is less thap thickness
of the ice and the subswate (i.e.. when the system i¢ in the
PETE mode),

10040] In ilustrative operation, system 200 may for
example be wsed with an amomobile 1o remove iee 205 from

O¢

s

[

7,

I

(i

Semnt
pa—

a windshisld as object 206, In fig example, heating element
203 i embedded in seraper 201 (e, a windshield wiper)
where power supply 202 and commolier 284 cooperate 1o
provide power that is sufficient o mell interfacial ice 207 a1
the jce-object interface in aocordance with Eqs. 1-1 and 1.2,
1 is undersiond at, in o further embodinent, heating ele-
ment 203 may be embedded i the windshield. Power supply
202 and controllar 204 are thug part of the car’s electrical
system and in electrical connection with heating eleniem 203
{e.g., power supply 202 is the electrical system of the vehicle,
connected with heaming elemen 203 via controller 264), i
provide power that is sufficient 1o mels interfacial ice 207 a1
the ive~nbject interface i accordance with Bos, 1-1 and 1.2,
084311 To firther Hlustrate operation of system 200, con-
sider the properties of joa:

AR WK pstng g N N

§=333.5 kg, {Eq. 1-5}
#642]  The properties of 4 typical windshislg {e.8.. 2 sub.
prop: 3% LE8

straie) are:

Bosd WimK4, w3000 Jgmm2, o154 kikg g4, {Eq. 3-53

{8843 According to Eg. 1-1, the time it takes i reach the
ive melting point (§° C.)startingal ~10°C, and at power e
of 100 kWi’ is w004 second with a glass or plass-fike
subgirate (as object 206), The mehing time from Bq.1-3 may
add about 0.04 seeonds o the duration, 4 corresponding total
de-icing energy G 8t We100 k'W/m? and ~10° C. may thug be
defined as:

= 100 KWim® 000 soc 4.4, ol gEoe.
me 22

b}

By, 1-7)

At the same femperature of ~10° C. and a fower power of
W10 kWim®, however, the energy Q may be defined as:

- o Joule
@ =10 kWim® .4 sec ¢ 4. 10¢ e
et

e
o)k

Jor

SEER AR

One advaniage of the Toregoing example is that it decreases
deicing energy, as compared © prior an sysiems by about ome
order of magnitde by increasing the power rate by abowd one
order of magnitude while shortening the time of apphed
pawer by about two orders of magxitude. By Yimiting the time
power is applied 1o the ice-ubject interface, the drain of hea
evergy inio the environment and into bulk ice 205 is imied,
Instend, more “uergy remains conformed 1o the ice-objecy
interface for meltinp interfarial ive 207 a5 result of shorier
power pulser, As shown in fhe above-incorporated *130
patent, the €Rergy-saving, advantage of the PETD method
becomes readily apparent when the power density, W,
excends 1.75 kWi, Notce tha s usual range of power
density used in the PETD lays in between §.75 ¥Wim® and
IMW/n®,

{8844 In FIG. 2, Comroller 204, power supply 202 and
heating slement 203 are, for example, shows disposed within
orupon soraper 208, It is 1o be undersiood and eppreciated
that conoller 204, power supply 202 and heating element
283 may likewise be disposed upon or within the obiect to be
deiced, such as described above.

[8043]  In the embodiment of FIG3S. 3A and 3B, » high-
frequency {HF) power supply 302, fur example, a 50 kFz
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power supply. is electrically connected to coils 303 (eg.,
copper spiralg), Power supply 302 and coils 363 are berein-
after referred 1o as induetion heating apparatus 304, Power
supply 302 pulses EBeIgY 1o coils 303, which in nurg glectro-
magnelically communicate with conductive laver 308, gis.
posed on 2 surface 30464 of olject 306 w e}ectromagneticnﬂy
induce current within the surface 3064 of object 308, In the
embodiment of PIG. 3, ohject 306 i5 3 substraie such as
asphalt or glass, and surface 3064 of obiect 306 includes oris
coated with 3 conductive layer 308, Induction of ] eciromag-
hetic cugrent in the surface of ubject 366 disrupts an imerfa.
cial layer of e 387 at the ie-ohiect interface {i.e., the intey-
face between conductive object 406 and jce 308}, dor
example, by melting, Ag showan, synchromized syslem 38§
includes seraper 301 - which connects to or includes induction
hesting apparatus 304 Subsequent 1o pulse deicing via inter-
ecticn of induction beating appararns 384 with conductive
leyer 368, seraper 307 runs along surface 3064 of obiect 304,
removing ice 305, In af Jeast ome exernplary embodiment of
the presem invention, the frequency of the FIF -power supply
miry be selected o be i 2 typical range of frequency used in
induction heating {e.g.. between 1 Kz and 1 Mz}, In acsor-
dance with ancther advantage of the wilization of the nove}
“pulse induction heating” technique, for embodiments ofthe
present nventios in which conductive material sheets are
utilized, a greater degrree of overall System efficiency may be
readily achieved by appropriately incrensing {or otherwize
modifying) the resistsnce thermaf by adjusting the frequency
of the alternating current deliversd thereto fas 2 result of the
“skin-effect™), This technigue is particularly effective when
2 conductive shests comprise ferro-magnetic materials,
such as steel,

8046} FIGS. 4A ang 4B depict an embodiment of synchro.
aized PETD with a mechugies) Scraper as synchronized yys.
tem 409, where the sbject to be dejced js o conduciive object
406, In such case, the need for additicnal conductive layer
308 {FIG. 3} is elimicated, Iz symchronized system 480,
induction heating apparats 304 Interacts directly with con-
ductive object 4B6 1g induce electromagnetic current and
disrapl merfacinl ioe 307 g the ice-object imerface, Scraper
301 then moves over the surface 4064 of conductive object
406, removing theice 305, Ag shown in FIG3S. 3 ang 4, 8 lsver
of water 310 may result from mejting of interfacisl ice 307 a
the iue-ohject imerface. I o further embodiment, & drier 4
provided to dry the mrface of conductive olject 406, thus
preventing re-freezing a1 the surface 4064 of conductive
object 406 afier deicing,

{88477 FIG. S ifustrates an embodiment of synchronized
FETD with s mechanica) scraper, including both the afore.
mentioned diier and an additional mechanical snow-removal
apparmtus, confighred 10 remove saow from the surface of ag
object pior o deicing. Synchropired deiting systemn 508
meludes soow removal “ppatatus 501, power supply 302,
coils 303, fan 562 and ducr 584, Fan 587 and duct 504 age
collectively referred 10 as drier 583 Bnow and ice remaoval
beging as snow removal appararus 5381 rung over the surface
3864 of object 366. As shows in FIG. 5, object 306 includes
condustive layer 388 disposed upon surface 3064, It will be
understond and appreciated thar deicing system 508 may
equally he applied 1 2 conductive surface that does not
include 1 separate conductive Isyer, for example, conductive
object 406 (FIG, 4.

10048]  Bubsequent to remeval of snow 305 by snow
yemoval apparats 383 (winch may be, for example, 8 snow

BIUW), power supp

37 art the jce.obj
319 on the surface
moves over the surface 3064 of obiect 304, removing the ice
305, Drier 503 then dries the surface 3064 of ohject 364, For
example, fan 502 may genzrate air flow past cojls 303, much
that coils 303 wares air 505 a5 it uavels 1o duct 504, Duzt 54
teen directs warmed
386, thus facilitating evaporation of Water 314,

jua49] Referring finally  FIG. 6, ay exempiary alternate
embodiment of the inventive system of FIG. 3A-FIG. § is
depicted, as a system 600, for removing ice 708 from m
obisct 658 (comprising a road 652 with a conductive layer
654 (as 3 eoating, on the mag 652, or embedded in the road
Lis deployed in a mobile platform 602 (such as
shows in FIG, ¢ by way of example onjy},
Alternately the mobile platform 662 may be scalably impile-
Buman operated {ocally or remotely), or come
puter-operated mobile vehicle/system, as a matter of choice,
without departing from the spirit of the invention,

00501 The mobile platform 602 includes 5 primary scraper
584 (such 23 4 snow plow, ete), mounted at the {front theraof
and positioned and configured foward the aperative direstion
(i.e.. forward), such that the primary soraper
sentially removes surface spow {and any debris) from
the ice 700 as the mobile platform 662 moves forward, and
also inchudes an industion system 608 oriented towsrg the
object 650 (and roward the ice 780 thereon), such as 5'ger of
induetion coils andior other novel pulse induction heating
above in connection with FIGS. 34 to 5,
ected 1o, and powered by, a wansportshle pOWer
&8 3 penerator or other high Output power
generator, high frequency generator)) also
mounted on the mobile platform 642 Preferably, the power
source 616 is selected to he of sufficient capacity to outpur the
necessary level of time-power over z region of the ice 700
corresponding with the clecuothermal indoction pulse heat-
Ing owtput ares ofthe induciion system 608 {forexample only,
10-100 Kw per square meter},

Finally, the mobile Flatform 602 slso includes a
Secondary scraper 606 (such as an iee soraper, et0.), monmied
in the rear region thereof, sequentia} to the indurtion system
, and positioned and configured toward the operative
direction of the System &00 (i.z., forward), such that as the
mobile platform 682
iirst rexmoves surface
1 system §8% then disrupis un interfacial layer of
ice T8 a1 the ice-obiect interface (i.e., the inerfaee berween
¢ object 658 and ice 708), for exarple, by melting
ching the ice 700 therafiom, and the secondary
scraper 606 thersafter mechanically remaoves/dispiaces the
Setached Javer of joz 708 {for example by sconping/brenking
up/Tedivacting, st ) before the joe 70¢ can form another band
with the object 650,

0052)  Finally, it should be noted that in varions above-
described embodiments of the presem vention, “mechan;.
cal” scrapers and etuivalent components are shown and
described a5 having strucruraily Figid “active elements” {eg,

ofthe system 600

elements deseribed

source 616 (such
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plow, a brush, a shovel, or other apparatus for remaoving
Iy 302 supplies POWwer 10 coils 383, Col-
power supply 382 and coils 393 are again referred 1o
Systern 304, As described herein above, induc-
t2m 384 induces current iy the surface 3064 of object
306, thronph electromagneric intzraction with conductive
layer 308, An fnterfucial Jeyer of jee, such ag interfacial ice
ect interface is thng melted, leaving water

3064 of object 308, Scraper 301 thep

air 506 onto the surfuce 3864 of ohject

moves forward, the primary scraper 604
snow (and any debris) from the ive 708,
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hlades or other elemens configured for direct contact with the
suowfice being straped and potentially with the surface pfthe
object(s) being de<iced) by way of exaraple only, and should
not limit the configuration and/or the Various possible fupnc.
donal elements thereof that may be operable 1 achieve the
desired mechanical seraping funcrions. For example, »
Seraper active elemeni may be readily replaved by a directed
rressurized finid (water or niher liguid. air, gas, eic.) stream
Somponent or equivalent thereof that is sperable Yo provide
physical seraping fonctioniality thar may be particularly
advamageous with relatively fragile andior irregular target
object surfaces, such.as sirerafi wings/hullsfother compa-
Bents, complex ohientz syck ag stairs, Hght fixturss, s, s 5
matier of cholee without departing from the spirit of the
invention,

{8053]  Thus, while there have beeg showen and described
and pointed o fundamental nove! features of the inventive
apparatus a5 applied to preferred embodiments theress, i wil]
be undersiond hat various omissions and substintons and
changes in the form and denails of the devices and methods
usirated, and in their operation, may be made by those
skilled in the art withour departing from the spirit of the
invention. For example, it is expressly intended that al} com.
binations of those elements and/or method steps which per
form substantially the same fapetionin subgiantially the same
way 1o achieve the same resulis are within the scope of the
nvention, It is the intention, thersfore, to be limited only as
indicated by the scope of the claims appended hereto,

What 15 claimed is;
1. A mechanica} scmaper sysiem with synchronized pulse
electrothermai deicing, for removing ice and/or snow foom at

least ane targef surface of ay obiect, comprising;

@ power supply operable 1o Bénerate elestrical power,

abeating element coupled to the powey supply, operable to
convert the power inio heat a1 an ice-10-nbjecy nterface,
thereby selectively providing electrical heat thereio gt »
predetermined temperatore and for a predefermined
duration;

a controller coupled to the power supply, operable to cop.
trol & magnitude and duratiog in which power iz applied
w0 the hesting element 1o thereby sedectively controf said
predetermined femperature and  gaid predetermined
duration: and

2 scraper, positioned proximal fo said beating, elemen,
operable to rhvsically remove ee/snow from g targes

2, The svitem of clgim 1. forther compr sing & snow
removal apparatns configured forremoving excess snow from
the 1arget sweface of the object to be deiced.

3. The system of cluim 2, wherein said snow Temoval
apparatus if selected fropm the Zroup consisting of a plow, 5
brush, 5 blade, a shovel, 2 snow blower. g tractor bucket, g
windshield seraper, 4 broom, a pressurized fuid siream. and &
windshield wiper,

4. The system of claim 1, farther COmprising an airfow
apparatus configured for drying af leas portion of the targer
surface afier deicing,

§. The sysiem of olaim 4, wherein the airfiow spparatug
comprises a fan and a duct.

6. The system of claim 1, whereiy controller is operabla to
selectively contro) said magritude of power applied, such that
said power is applied at 2 magnitude sufficiant 1o only meltan
imterfacial layer of jce at waid ice-to-abiect interface,

7. The rystem of claim 1
coupled ta said comroller for
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+ further comprzing s switch
receiving 4 cormrn] signal from

said comroller 1o Jimit pajg duration in which saig power g
applied 10 said beating element, such tha pulses of energy

may be applied

8, The system of elaim 1. smid pawer supply, heating ele-
ment and controlier being configured with an object thai
forms said iee-t-abject interface, said ohject being selecied

from the Broup consisting sg
snd components thereof:
vehicles apd components
windshields,
lighss,

sertially of airerafy structures

thereaf, cemprising 2l least

-

windows, mirrors, roof plass, and head-

Hght fxtures und struciyses for mousting thereg,

generally fiat apen surfacey susceptible to ice and snow
accumulation theresn, COmprising at least one oft stadi-
ums, rigks, parks, patios, decks, parking lots, rouds,
naths, runwayg, highways, driveways, and sidewalks;

bridges and components thereof,

building structires and components thereof, comprising at
least: roofs, slairs, windows, and skylights;

overhead cables of elecire
train and tram tracks
train and tram rails,

ally-powered vehicles,

marine vehicle swurtures ang components thereof, com-
prising at least dacks ; and

marine platform structures

and components thereof, com-

orising a1 least decks, rips, and walkvays,
8. The system of claim 1. saig heating clement compg; sing

cenduciive material, operable 1o transfer hegt from said heat-
ing elersent 1w suid interfice to disropt an interfucial layer of

ioe at said inferface,

10. The system of claim 1, said comtrolier being configured
1o be operable to selectively control said magnitude and dura-
ton of power spplied to varions sectors of said heating sle-

e,

11. A mechanica) Scraper system with synchromized pulse

elecirotherms) deicing, comp

Tising:

2 high frequency power supply: and
at least ope electrically condnctive coj] coupled o s3ig
puwer supply, for ekﬁctrmm@f:tical@ indveing cugen

n 3 conductive material

ofan object, to heat an interfa-

cial Jayer of jee on the olject.

12. The sysiem of claim 11; said conductive materal being
selected from e Eroup consisting egsentially of: a coating
#pplied to the object. a metal, 3 conductive paint, aconductjve
cemposite material, 8 conduptive asphalt, and a conductive

concrate,

13. The system of claim i1,
in contact with & scraper,

14. The system of claim 1

wherein said coils are disposed

12, said seraper being selected

from the group sonsisting essentially of: ablade, 2 windshield

craper. a windshield wiper, o

brush. a shovel, a snow blower,

& tractor bucket, 2 pressurized Auid Fusam, and 5 plow,
18, A method of using 2 mechanica) SCIApEr system with

fynchronized pulse electroth
gleps of:

ermal deicing, comprising the

applying PETD af an ive-object interface to disrupt an
imerfacial loyer of jee m said ice-objert interfage, by
supplying power to a keating element in thermal com-
munication with said iee-nbject interface, converting the
power to heat af said hesting lement, melting an inter-
facial layer of ice at sajd ice-obiect inierface; and
applying a scraper 1o remove e jce therefrom.

PATENT
REEL: 041837 FRAME: 0043



US 201170259880 A1 Oct. 27, 2011
7
6. The method of claim 15, Wherein 8216 step of convert- 21. The methnd of claim 20, wherein said step of electro.
ing power io heat a1 said heating element, comprises & step of’ magretically inducing somyprises Supplying high Trequency
uillizing electrival resistance ar said heating element, powes to at leasi one conduciive coij positioned within suffi-
17. The method of claim 15, wherein said sepof supplying  clent proximity o the surface of the objery.
poWer 10 3 heating element, COMPHSEs & step of applying Z?,.".{hemethcd of claim Zl';wher-;am e power supply am?
power ia 2 hieating element wirhin fhe object. the a1 Jeast ope conductive il are disposed a1 feag proxmal
18, Ve method of cluim 15, wherels said step nfsupplying 10 fzﬁ Scraper, £ ot 20 e .
POWEr to & heating element comprises pulsing power 10 said *3. The method of claim 26, wher en sa:d step of electro-
heating element. magnetically inducing currens, cOmprises a step of nduning

bt FE cnid o . . - current in a condoctive coating applied w {he ohieet,

18. The method of claim 15, said step of meling an inter-- 24. The method of claim 24 wherein sid con dﬁ”iivemn?m
acial layer of ice at said jos-object imerface further compris- (3 ot e : ‘, e o
{ . ial 33 7{‘}&“? 3 area:z i‘s'ﬁ 3 totel j‘p terfacial In ke’r 0?‘.% a2l of the objert comprizes predetermined resistance value,
;ife&ug;}j\;asof id tota] oo cbiect ntcm’a"; Pyeraly wherein said stop of clecomagnetically inducing curregr,
! seieeted o o oma iotal jcc-abj L enae. . compriser 4 step of inducing current at 2 predefined aliernat.

26. A methodof removing ioe from the surlsve ofan object, ing current frequency, furthar comprising the step of modify-
comprising the steps “{‘ . ) o ing said predetermined resisiance value 1o a differens desired
eiestmma@eﬁacaﬂym.duaasxg curren ma conductive mate. resistance value, by making a cortesponding adjustment 1o
nal of the ohjeet, to gencrate heat m an interfacial laver said predefined alternatiog surrent frequency.
ofice between the object und the jee: apg

applving 2 scraper to remove The ice therefrom, A
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