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A transport tcmperaturc control apparatus includes a refrig-
eration circuit and a heat cxchan cr having an air inlet and
an air outlet in fiuid coniniunication with a conditioned
space. An evaporator coil extemls through the heat
exchanger he(ween the mist an&I air outlet and is lluidly
connected to the refrigeration circuit. A divider defines a first
portion of the evaporator coil and a second portion of the
evaporator coil. A first fan is housed in the heat exchanger
and is adjacent thc first portion. Thc first fan has a first
operating condition for directing air across the evaporator
coil in a lirst direction anal a lira( non-operating condition. A
second fan is housed in (he heat exchanger an&I is adlacent
the second portion The second fan has a second operating
condition for directing air across the evaporator coil in a
second direction and a second non-operating condition.
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METHOD AND APPARATUS FOR MOVING
AIR THROUGH A HEAT EXCHANGER

FIELD OF THE INVENTION

The present invention relates to refrigeration and air-
conditiomng systems, and morc particularly, to a method
anil an apparatus for controliing the flow of air through a
transport temperature conlrol apparatus. Iu

BACKGROUND OF THE INVENTION

Transport temperature control apparatuses are commonly
mounted on rcfrigcratcd containers, refrigerated straight
trucks, rcfrigcratcd tractor-trailer combinations, and thc like
to maintain cargo, such as foods, bcvcragcs, plants, flowcrs,
and the ftke, at a rfesirerf set point temperature. In other
applmations, temperature control apparatuses can be used io
condition air in a cnnditioned space to imprnve human
comfort, such as for example, in buses and passenger trains co

Typically, conventional tcmpcrature control apparatuses
include a heat exchanger, which extends into the conditioneif
space An evaporator coil extends through Ihe heai
exchanger and is tluidly connected to a reingeranon circuit.
In the refngeratinn circuit, a refrigerant, such as for
example, a chlorofluorocarbon (Cf C) nr a cryogen, is
cooled, comprcsscd, andror stored. Liquid refrigerant front
thc rcfrigcrant cycle is forced into an inlet in the evaporator
coil. Warm conditioned space air is then drawn into Ihe heat
exchanger through an air inlet and is blown across Ihe.

evaporator coil by a fan or blower. The relatively warm
conditioned space air contacts the relatively cool evaporator
coil and is cooled thereby before tieing forced hack into the
conditioned space via a discharge in thc heat cxchangcr. Thc
rcfn crant is then directed out of thc evaporator coil and -"

may be re-i:ompressed anrf re-cooled in the reingeration
circuit to be recycled through Ihe evaporator coil.

Occasionally, water vapor from the conditioned space can
bc scparatcd from thc air and can condense on thc evaporator

ac
coil, forming frost. To minimize thc formation of frost on thc
evaporator coil and to remove frost from thc evaporator coil,
conventional temperature conlrol apparaluses periodically
operate in a defrost mode. In the defrost morfe, hot gases are
directed thrnugh the evaporator coil to heat the coil and melt

as
any frost that may have accumulated on the coif
Altcrnativcly, electric hcatin elcnients can bc used to heat
thc air in thc heat exchanger. To prevent unnecessary heating
of thc comlitioncrl space, air is not directed through the heat
exchanger during operation in the defrost mode. In defrost,

so
airflow is typically restricted using a rfamper Io close Ihe.

discharge while the fans continue to operate

SUMMARY OF THE INVENTION

Accordin to thc present invention, a transport tempera- ..
ture control apparatus operable in a cooling mode and a
defrost mode inclurfes a refrigeration circuit aml a heat
exchanger having an air inlet and an air outlet. The air inlet
and the air outlet are in fluid cnmmunication with a condi-
tioned space An evaporator coil extends through the heat sc
cxchangcr between thc air inlet and thc air outlet and is
fluidly conncctcd to thc rcfrigcration circuit. A divider is
posttioned substannally perpenrficular to the evaporator coil
and ifelines a first portion of the evaporator cod and a seconif
poruon of Ihe evaporator coil. A first fan is housed in the heat es
exchanger and is positioned adjacent the first pnrtion of the
evaporatnr coil. The first fan has a first operating condition

for ihrectmg air across the evaporator coil in a lirst direcuon
and a first non-operating condition A second fan is housed
in the heat exchanger and is positioned adfacent the second
portion of the evaporator coil 'I'he second fan has a second
operating condition for rlircctin air across thc evaporator
coil in a second rlircction anil a second non-operating
conilition. The semind direction is opposite the lirst direc-
lion.

In some embodiments, a damper is positione&f in the air
discharge for selectively preventing air from flowmg
through the air outlet and a heating element is pnsitioned in
the heat cxchan er. The heating clcmcnt can include an
clcctric heater andior a heating coil.

A controller is in electrical communication with thc first
fan and the secoml fan. The controller ahernately operates
Ihe lirst fan m the first operaung condition anil the first
non-operating condition and the second fan m the second
operating condition and the second non-operating condition
The controller operates the tirst fan in the first operating
condition for a first predetermined time anil thc second fan
in the second non-operating condition for the prcdctermincrl
time and then operates Ihe second fan in the secomf oper-
atmg condition for a seconil predetermined time and the first
fan in Ihe lirst non-operating con&fition ior the second
predetermined time Also, the first and second fans alter-
iiately direct air in the first direction and the second direc-
tion.

Thc present invention also inclurlcs a method of condi-
tioning air in a conditioncrl space with thc transport tem-
perature control apparatus. The method incluiles operaun ~

Ihe temperature control apparatus in a cooling mode The
cooling mode includes directing air into the heat exchanger
through the inlet with the first and second fans, transferring
heat from thc air to thc evaporator coil and rlircctin air out
of the heat cxchan cr through the rlischargc with thc tirst anil
second t'ans. Thc mcthorl also inclurlcs operating the tem-
perature control apparatus in a defrost mode. The dei'rost
mode includes activanng Ihe lirst fan anil deacuvaung the
second fan. 'I'he first fan directs air in a first direction across
the first portion and then across the second portion I'he
defrost mode further includes activating the second fan and
dcactivatin thc first fan. The second fan directs air in a
second rlircction across thc scconrl portion and then across
Ihe lirst poruon. Additionally, the defrost mode inclmfes
heaung air in the heat exchanger with a heanng element
positioned in the heat exchanger.

Additional features and advantages of the invention ivill
become apparent to those skilled in the art upon consider-
ation of thc following detailed description, claims, anil
draivings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further ilescnbed with reference
to the accompanying drawin s, which show preferred
embodiments of the present invention. I lowever, it should be
noted that the invention as disclosed in the accompanying
drawin s is illustrated liy way of example only. Thc various
clcmcnts anil conibinations of clemcnts dcscrilied bcloiv and
illustrated in the drawings can be arranged an&i organized
diilerently to result in embodiments which are sill within
the spirit and scope of the present invention.

In the drawings, wherein like reference numerals indicate
like parts

FIG. I is a side view, parually in section, of a vehicle
having a temperature control apparatus embodying the
present invention;
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FIG. 2 is a side view of the temperature control apparatus
according to a tirst embndiment of the present invention;

FIG. 3 is a sirlc view of the teniperaturc control apparatus
accordin to a second embodiment of thr present invention;

FIG. 4 is a sale view of the temperature control apparatus
according to a third embodiment of the present invention;
and

FIG. 5 is a left side view, partially in section, of a vehicle
having a temperature control apparatus according to a fourth iu
embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates a transportation temperature control
apparatus 10 in accordance with the present invention. Thr
tcmpcraturc control apparatus 10 is mounted on a trailer 12
having a conilitionerl space 14. The trailer 12 is pulled by a
tractor 16, as is unilerstood by those sl fled in ihe art. In
other applications, the temperature control apparatus 10 can
alternatively be used on nther vehicles, such as a straight zo

truck, a container, and thc like. Similarly, the temperature
control apparatus 10 can be used to control thc temperature
in thc passcngcr space of a vehicle, such as for cxaniplc, a
bus or the passenger compartment of a trucl .

As used herein and in the claims, the temi "conditioned
space** includes any space to be temperature and/or humidity
controflcd, including transport and stationary applications
for thc prcscrvation of foods, beverages, plants, floivrrs, and
other penshables, maintenance of a proper atmosphere for
the shipment of inilustrial products, space conditioning for
human comlort, and the Itic.

Additionally, as used hcrcin and in thc claims, thc terna
"rcfrigcrant'ncludes any conventional refrigerant
includin, but not limited to, a chloroflourocarbon (CFCs),
hydrocarbons, cryogens (e.g., CO, and Na), aml other
I nown relngerants.

Referring nnw to Fl(l 2, the refrigeratinn system 10
includes an outsirlc housing 18, which is mounted outside
thc trailer 12. Thc outside housing 18 includes a rcfrigera- ao
tion circuit 20 that can include a compressor (not shown) and
a conrtenser (not shown), as is understood by those in the ari.
Alternatively, the refrigeration circuit 20 can include a
storage tank (not shown) which houses a quantity of pres-
surized refrigerant, such as for example, a cryogen

Thc outside housing 18 also includes a prinie mover 22,
such as for cxamplc, an electric gcncrator, a fuel cell, a
battery, an alternator, diesel cnginc, or the like. The prime
mover 22 supplies power to the refrigeranon system 1U anti
is electrically connected to a controller 24, such as for so
example a micrnprocessor, which controls operatinn of the
temperature control unit 10 More specifically, based, at least
in part, upon data rcccivrd by sensors (not shoivn) distrib-
uted through thc conditioned space 14, the temperature
control unit 10, and outside the trailer 12, the controller 24 ss
is programmerl to shift between operanon in cooing,
delrost, and heating modes to maintain a set point tempera-
ture ("SP*') in the conditioned space 14

A heat exchanger 28 extends into the cnnditioned space
14 and includes an air inlet and an air outlet nr discharge 32
Atr cntcrs thc heat exchanger 28 (as illustrated in the figures
by arrows 31) through the inlet 30 and travels across an
evaporator coil 34 before being returned to the conditionerl
space 14 via the air outlet 32 (as illustrated in the ligures by
arrows 33). The evaporator coil 34 is fluidly connected to the as
refngerant circuit 20 via an evapnrator coil inlet 38 and an
evaporatnr coil outlet 40 During operation in the cooling

mode, cold liquiil refngerant is directed from of the refrig-
erant circuit ZU into the evaporator coil 34 via Lhe evaporator
coil inlet 38. Thc relatively warm conditioned space air
warms thc rcfri crant, vaporizing the refrignant The vapor-
ized or mostly vaporized refrigerant is then returned to the
refrigerant circuit 20 to be recvcled or alternativelv is
exhausted Lo the atmosphere. Simultaneously, Lhe comh-
tioned space air is cooled by contact with the relatively gaol
evaporator coil 32. The coolerl air is then returned to thc
conditioncrl space 14 to maintain the dcsircd set point
temperature SP

The evaporator coil 34 includes an evaporator coil divirler
42, which extends across thc evaporator coil 34, dividin thc
evaporator coil 34 into a first portion 44 and a scconrl portion
46 A hrst fan or blower 50 is located in the heat exchanger
28 and is adjacent the tirst portion 44 of the evaporator coil
34. A second fan or blower 5Z is located in the heat
exchanger Zg adjacent the setxind portion 46 of Lhe evapo-
rator coil 34. The first and second fans 50, 52 arc in ekctrical
communication ivith anti are controflcd liy thc controller 24.
In various embodiments, the first and second fans 50, 52 can
be belt driven, electricafly driven, clutch operated, or can be
driven in any other conventional manner.

During operation in the cooling mode, the tirst and second
fans 50, 52 blow air across the evaporator coil 34 and back
mto Lhe condihoned space 14. Occasionally, during opera-
tion m the cooling mode, water vapor lrom the conrliuoned
space 14 can be separated front thc air and can condense on
thc evaporator coil 34, forming frost. To minimize thc
fomiation of frost on the evaporator cml 34 and to remove
frost from the evaporator coil 34, the controller 24 is
programmed to periodically operate the temperature control
unit 10 in thc defrost mode. Thc defrost mode can bc
initiated in any numlicr of cliff'ercnt manners. For cxamphb
the controller Z4 can be programmed to initiate the delrost
mode at umed intervals (e.g., every Lwo hours) Also, Lhe

controfler 24 can be programmed to initiate the defrost mode
if sensors distributed throughout the temperature control
apparatus 10 and the conditioned space 14 supply data to the
controflcr 24 inrlicating that frost has accumulated on thc
evaporator coil 34 or that conrlitions arc right for thc
formation of lrost. Alternatively or in addition, an operator
can manually mituite the defrost mode.

In thc defrost mode, a damper 58 is closed prcvcnting air
from exinn ~ Lhe heat exchanger 28 through Lhe air outlet 32.
Additionafly, a lirst valve (not shown) in the relngerauon
circuit 20 is closed, preventin cold refngerant from flowing
into the evaporator coil 34 A second valve (not shown) is
opened, causing a relatively warm fluid to floiv through the
evaporator coil 34. Thc second valve is fluirfly conncctcd to
a heating circuit (not shown), which cxtcnds into thc outside
housing 18. In some apphcationb the heating circuit
mcluiles a heanng element (not shown), such as lor example
a pan heater, which heats refrigerant from the refri eration
circuit 20 and then supplies the heated refrigerant to the
evaporator coil 34 for heating and defrosting In other
applications, hot gas from the compressor (not shoivn) is
directed through thc heating circuit to the evaporator coil 34.
In sill other embodimentb other warm fluids, including but
not hmited Lo, antifreeze can be directed through a coil (not
shown) adjacent to the evaporator cml 34.

As shown in FIG. Z, Lhe heat exchanger 28 also inclmles
an electnc heater 6U, which is in electrical communicauon
ivith and is controlled by the controller 24 During operation
in the heating and defrost modes, the heater 60 is turned on
to heat the air in thc heat cxchangcr 28.

Regardless of the source, the warm fluid enters the
evaporator coil 34 through the evaporator coil inlet 38 and
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exits through the evaporator coil outlet 4U. The warm
refngeranl heals the evaporator coil 34, melting the frost
formed on thc cxtcrior of thc evaporator coil 34. However,
thc rclativcly cold evaporator coil 34 cools thc warm fluid as
the warm fluid flows through the evaporatnr coil 34 so that
when the warm fluid exits the evaporator coil 34, the ivarm
fluul is significantly cooler than il was al the evaporator coil
inlet 38 Therefnre, to ensure that the evaporator coil 34 is
defrosted evenly and as rapidly as pnssible, the controller 34
is programmed to alternately activate and deactivate the first
and sccoml fans 50, 52. More particularly, when thc defrost
mode is initiated, thc controller 24 shuts down thc second
fan 52 aml continues to operate the first fan 5U. In this
manner, the first fan 50 blows air through the heat exchanger
28 along a first tloiv path 64 (represented by arroivs 64)
across the first portion 44 of the evaporator coil 34 and back
across the secnnd portinn 46 of the evaporator cnil 34 'I'he

controflcr 24 continues to operate thc first fan 50 for a
prcdctcrmincd time period (c.g., two minutes). After thc
predetermined periorf of. time, the controller 24 shuts down
the first fan 50 and starts Ihe secoml Ian 52, directing air
through the heat exchanger 28 along a second flnw path 66
(representerl by arrows 66) 'I'he second fioiv path 66 extends
across the second portinn 46 ot'he evaporator coil 34 and
then across thc first portion 44 of the evaporator coil 34. In,,-
this manner, thc second fan 52 directs heat from thc sub-
stantially ilefrosted Iirst portion 44 onto the second pornon
46, defrosling Ihe second portion 52. Al Ihe same time, warm
refrigerant is flowing through the second portion 46, further
defrnsting the secnnd portion 52

The lirst anil secoml fans 50, 52 also force air across Ihe
heater 60 so that heat from the heater 60 is mnre evenly
distributed throughout the heat exchanger 28 to defrost the
evaporator coil 34. Morc specifically, when thc first fan 50
ts in operation, heated air from thc heater 60 is directed
along thc first flow path 64 across the second portion 46 of
the evaporator coil 34 anrf then across the lirst pornon 44 of
the evaporator coil 34. Similarly, when Ihe seconrf fan 52 is
in operation, heat from the heater 60 is directed along the
secnnd flow path 66 acrnss the first portion 44 and theii so
across thc second portion 46. Additionally, as nientioncd
above, thc damper 58 is closed during operation in thc
defrost mode so that thc heater 60 docs not heat thc
condittoneil space 14.

By pcriodicafly rcvcrsing thc flow of air across the as
evaporator coil 34, thc evaporator coii 34 is defrosted
relattvely evenly. More specifically, the evaporator coil inlet
38 anil outlet 4U are defrosteil al approximately lhe same.
rate. Additionally, because the first and second fans 50, 52
are alternately operated, rather than heing operated
simultaneously, thc prcssure inside the heat cxchan cr 28
rises rclativcly slowly. Conversely, in conventional heat
cxchangcrs 28, when two fans arc in operation at the same
time, Ihe pressure insirfe the heat exchanger 28 nues al a
much higher rale Because the pressure insxle and outside
the heat exchanger 28 is relatively similar in the present
mvention, very little heated air leaks from the heat
cxchan cr 28 into thc conditioned space 14 through cracks
and aps in thc heat exchanger housing. It is particularly
dcsirablc to prcvcnt air from leaking out of the heat stl
exchanger 28 during operation in Ihe rfefrost mode because.
the relatively warm air in the heat exchanger 28 can heat Ihe.

conditioned space air, thereby reducing the efficiency of the
temperature control apparatus 10

The controller 24 connnues lo cycle Ihe first and seconrf ss
fans 50, 52 on and off as long as defrost is required. Once
the controller 24 determines that defrnst is no longer

required or after the defrost mode nmes out, the controller
24 is programmed to close the second valve, stopping the
flow of warm fluid into the evaporator coi134 I'he controller
24 is also programmed to open the first valve, restoring the
flow of refrigerant from thc rcfri cration circuit 20.
Additionally, the controller 24 opens thc damper 58 anil
shuts down the healer 60. The controller 24 then resumes
operation in the cooling mode as required by load conditions
and the ambient temperature

FIG. 3 shows a temperature control apparatus 10 accorrl-
in to a second embodiment of present invention, ivhich is
substantial similar to Ihe previously descnbe&l embodiment.
For simplicity, hke parts have been labeled with like refer-
ence numbers aml only differences between the lirst and
second embodiments ivill be described in detail hereafter

In the second embodiment of the present invention, a
heatin coil 72 extends through the heat exchanger 28
between Ihe lirst and secoml fans 50, 52 aml the evaporator
cod 34. However, in other applications, the evaporator coil
34 can be positioned betiveen the first and seconrl fans 50,
52 and the heating coil 72 The heating coil 72 is fluidly
connected to the heating circuit liuring operation in the
defrost and hcatin modes, relatively warm iiuitl from thc
hcatin circuit cntcrs thc hcatin coil 72 throu h a heating
coil inlet 74 and exits the healing coil 72 via a heanng coil
outlet 76.

In Ihe secoml embothment, when the defrost mode is
initiated, the controller 24 shuts a valve (not shown) pre-
venting refrigerant from entering the evaporator coil 34 and
closes thc daniper 58 so that air docs not icavc thc heat
cxchan cr 28 via thc air outlet 32. The controller 24 also
opens a second valve (not shown) allowing warm fluid to
enter the heanng coil 7Z via the heanng coil inlet 74. The
lirsl aml secoml fans 50, 52 are then cycled on and oif for a
predetermined time period as described above with respect
to the previous embodiment. When the first fan 50 is on and
the second fan 52 is off, air is rlircctcrl along thc first flow
path 64. In the second embodiment, air travelin along thc
first flow path 64 is blown across thc heating coil 72, the first
portion 44 of the evaporator coil 34, the second pornon 46
of. Ihe evaporator coil, and back across the heatin ~ coil 72
When the hrst fan 50 is off and the second fan 52 is on, air
is directed alon the second floiv path 66 In the second
cmbotlimcnt, air traveling along thc second flow path 64 is
blovvn across the heating coil 72, thc sccontl portion 46 of
thc evaporator coil 34, the first portion 44 of thc evaporator
cod 34, and bacl across the heanng cod 72

When defrost is no longer required or when the defrost
mode nmes oul, the controller Z4 shuts the seconil valve,
preventing ivami fluid from entering the heatin coil 72 I'he
controller 24 also opens the hrst valve, reconnecting the
evaporator coil 34 to thc refrigeration circuit 20 and opens
the damper 58 so that air can exit thc heat cxchangcr 28
through Ihe air outlet 3Z.

FIG. 4 shows a temperature control apparatus 10 accord-
mg lo a third embodiment of the present invention, which is
substantial similar to the previously described embodiments
I'or simplicity, like parts have been labeled with like refer-
ence numbers and only differcnccs between thc thirrl
embodiments and the previous cmbodimcnts will bc
describctl in tlctail hcrcafter.

In Ihe third embodiment of the present invention, a first
divider 42 and a second divider 43 extenil across lhe
evaporator coil 34 dividmg the evaporator coi134 into a first
portion 44, a second portion 46, and a third portion 48 I'he

first fan or blower 50 is adjacent the first pnrtion 44, the



U,"& 6.694,765 Bl

seconcf fan or blower 52 is mljacenl the second portion 46,
and a third fan nr blnwer 54 is adjacent the third portinn 48

Dunng operation in the defrost mode, the damper 58 is
closed, and thc first vaivc is closed, preventing refrigerant
from the reftngeration c&rcuil 20 from enlenng the evapora-
tor cot134. Addit&onally, the seconcf valve is openecf io allov,
warm fluid from the healing circuit to enter ihe evaporator
coil 34. I'he controller 24 then cycles the first, second, and
third fans 50, 52, 54 nn and ofF tn move air thrnugh the heat
cxchangcr 28 along at least two flnw paths. in

For example, the controller 24 can be programmed to
activate the lirst fan 50 ancf cfeaclivate the second aml third
fans 52, 54, directing air thrnugh the heat exchanger 28
along a first tlo&v path 80 (represented by arm&vs) I'he first
flow path 80 extends across thc first portinn 44 and back is

across thc second and third portions 46, 48. Thc controller
24 can bc programmed to activate thc first and second fans
50, 52 ancf cfeaclivate the third fan 54, cfirecting air along a
seconcf flow path 82 (represented by arrows). The seconcf
flow path 82 extends across the first and secnnd portions 44, o

46 and hack acrnss the third pnrtion 48. The controller 24
can be prngrammed to activate the first and third fans 50 and
54 and dcactivatc thc second fan 52, dircctin air alon a
third flow path 84 (rcprcsentcd liy arrows). The third flow
path 86 extemls across Ihe Iirsl and thircf portions 44, 46 and
then back across the seconcf portion 46. The mntrolfer Z4
can be prngrammed to activate the second fan 52 and
deactivate the first and third fans 50, 54, directing air across
along a fnurth tlow path 88 (represented by arrnws). 'I'he

fourth flow path 88 cxtcnds across thc secnnd portion 46 and '()

hack along thc first and third portinns 44, 48. Onc having
orcfinary sfnll &n the art will apprec&ale that by alternately
activattng and deactivating the lirst, seconcf, and third fans
50, 52, 54, the controller 24 can direct air along a nmnber of
other air tin&v paths, &vhich for reasons nf simplicity and
brevity have not been described herein Similarly, one
having ordinary skill in the art will appreciate that the
prcscnt invention can altcrnatcly include four, tive, six or
more lans with any number oi: air flow pathways.

&n
When defrnst (s nn longer required nr &vhen the defrost

mode t(mes nut, the controller 24 shuts the second valve,
prcvcntin warm fluid from cntcrin thc evaporator coil 34.
Thc controller 24 also opens the first valve, rcconncctin the
evaporator co&1 34 to Ihe refrigeration circuit 2U and opens as
the cfamper 58 so that air can exit the heat exchanger Zg
through the a&r outlet 32. The controller 24 then act&vates Ihe.

first, secnndhand third fans 50, 52, 54 and begins operation
(n either the cnoling mode nr the heating mode

FIG. 5 shovvs a tcmpcraturc control apparatus 10 accord-
ing lo a fi)urlh embodiment of. present invention, wh&ch is
subslanl&al sim&lar lo the previously descnbecf embochments.
I or simphcity, hke parts have been labeled with like refer-
ence numbers and nnfy difFerences between the fourth
emf&odiment and the previous embodiments &vill be
dcscribccl in clctail hereafter.

In the fourth embod&ment, the temperature control appa-
ratus 1U &s mounlecf on a truck 15 having a cond&uoned space.
14. A heater 60 is positinned in the heat exchanger 28
between the evaporator cnil 34 and the first and second fans
50, 52 Thc hcatcr 60 is an electric heater &vith an internal
heating coil (not shown). Alternately, nnc having ordinary
sfnll in the art will appreciate that in other embocfiments Ihe
evaporator co&134 can be positioned between ihe heater 60
and the lirst aml secoml lans 5U, 52. In still other as
embod(ments, the heater 60 can be fern&ed integrally &vith

the evaporator co(1 34 More specifically, the heater 60 can

mclucle electnc heaung coils (nol shown) which extend
between lins 80 located on the evaporator co&l 34

When the defrost mode is initiated, the cnntroller 24
closes the damper 58, preventing air from exiting the heat
exchanger 28 through Ihe air outlet 3Z. Additionally, the first
valve (noi shown) in the refrigerauon circuit ZU is closed,
prcvcnting cold rcfri crant froni flowing into thc evaporator
coil 34. A heating circuit 82 is in fluid communication with
the truck*s engine 84 and extends intn the outside housing
18 The heating circuit includes a second valve (not shown)
When heaun ~ or defrost is required, the second valve &s

opened, allowing hoi antifreeze from Ihe truck's engine 84
to enter thc evaporator coil 34. The controller 24 cycles thc
first fans 50 on to niove air through thc heat exchanger 28
along the hrst air tlnw path 64, &vhich extends across the first
portion 44 and the second portion 46. After a predetermined
lime (e.g., Lwo minu les), Ihe controller Z4 cycles Lhe lirsL fan
50 off and cycles the second fan 5Z. The secoml fan 52
directs air along thc second air flow path 66, which extends
across the scconcl portion 46 and thc first portion 44. In this
manner, the heater 60 heats air in the heat exchanger 28,
which in turn clefrosts thc evaporator coil 34
Simultaneously, the warm antifreczc flows through the
evaporator coil 34, warmin thc evaporator coil 34 and
melt&ng any frost that has accumulated on Ihe coil 34. After
traveling through the evaporator coil 34, the anuireeze &s

returned to the truck's engine 84 via the heating circuit
When defrost &s no longer required or when the defrost

mode umes oul, the controller Z4 shuts the seconcl valve,
preventing antifreeze from enterin the evaporator coil 34
Also, the controller 24 shuts down the heater 60 ancl directs
the tempcraturc control apparatus 10 to rcsumc operation thc
cooling mode, as determined, at least in part, f)y thc ambient
tempcraturc, thc sct point tempcraturc SP, and thc tcmpcra-
lure of. Ihe cond&honed space 14.

The cmbodimcnts clcscribccl above encl ilfustratccl in thc
drawmgs are presented by way of example only and are noi
intended as a 1&milauon upon the concepts and princ&plea of
Ihe present invention. As such, ii will be apprec&steel by one
having ordinary skill in the art, that various chan es in the
elements and their configuration and arrangement are pos-
sible without departin from thc spirit and scope of the
prcscnt invention as sct forth in thc appended claims.

I'or example, the present inventinn is described herein as
bein used in a trailer 12 having a single conditioned space
14. However, one having ordinary skill in thc art will
appreciate thai ihe present invenuon could also) be used in
trucks or trailers hav&ng multiple cond&lioned spaces 14.

As such, the functions of thc various clement& and assem-
bles of ihe present invention can be changecf to a significant
degree w&thout departing from Ihe spint aml scope of the
present invention

What is claimed is
l. A transport tempcraturc control apparatus operable in a

cooling niode and a defrost mode, the apparatus comprising:
a refrigeration circuit;
a heat exchanger having an air mist ancf an air outlet, the

air inlet and the air outlet being in tluid communication
with a conditinned space;

an evaporator coil extending throu h the heat exchanger
bet&veen the air inlet and the air nutfet and bein fluidly
connected to the refrigeratinn c(rcuit;

a divider substantially perpendicular to the evaporator
coil, the divider defining a hrst portinn of the evapo-
rator coil and a scconcl portion of thc evaporator coil;

a first fan housed in the heat exchanger and being posi-
tioned adjacent the first portion of the evapnrator coil,
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the lira( lan having a first operating cond(non for
dtrecting air across ihe evaporator coil in a lira( direc-
tion and a first non-operating condition; and

a second fan housed in the heat exchanger and heing
positioned adlacent the second portion of the evapora-
tor coil, the second fan having a second operating
condition for directing air across the evaporator coil in
a second direction and a second non-opcratin
comlition, the second direction being opposue the lira(
direction 1(i

2. The transport temperature control apparatus of claim 1,
further comprising a damper positioned in the air discharge
for sclcctivcly prcventin air front flowing through thc air
outlet

3. Thc transport tcmpcrature control apparatus of claim 1,
further comprising a heating element positioned in ihe heat
exchanger.

4 The transport temperature control apparatus of claim 3,
wherein the heating element is an electric heater

5. Thc transport tcmpcraturc control apparatus of claim 3, ao
whcrcin thc heating clement is a hcatin coil.

6. Thc transport tcmpcraturc control apparatus of claim 1,
lurther comprising a controller in electncal communication
with the lira( lan and the seconrf lan, the controller alter-
nately operating the first fan in the first operating condition
and the tirst non-operating condition and the second fan in
thc second operating condition and the second non-operating
condition.

7. Thc transport tcmpcrature control apparatus of claim 6,
wherein the controller operates the lira( fan in ihe lirst
operattng comit(on for a first predeierminerf hme anil ihe
second fan in the second non-operating condition for the
predetermined time and then operates the second fan in the
second operating condition for a second prcdctermincd time
and thc first fan in thc first non-operating condition for the
second prctlctcrminrd time.

8. The transport temperature control apparatus of claim 1,
wherein the lirst anrf secoml lans alternately direct air in ihe.

first direction and the second direction
9. The transport temperature control apparatus of claim 1,

further comprising a first flow path and a second floiv path,
thc first flow path cxtcnding from the first fan to thc first
portion of thc evaporator coil and then across the second
poruon of the evaporator coil, ihe second flow path exteml-
ing from the second fan to the secoml portion of ihe
evaporator coil and then across the first portion of the
evaporator coil, and wherein in the first operating condition
the first fan directs air along the first flow path and in the
second operating condition the second fan directs air along
thc second flow path. so

IU. The transport temperature control apparatus ol. claim
1, lurther comprising.

a sccontl divider coupled to the evaporator coil and bring
substantially parallel io the lirst divider, ihe lira( anil
seconrf dividers rfelining the seconrf poruon of. the
evaporator coil and the second divider detining a third
section ot'he evaporator coil; and

a thirrf lan housed in the heat exchanger anil being
positioned adjacent the third portion of the evaporator
coil, the third fan having a third operating condition for w(

directing air across the evaporator coil and a third
non-operating condition.

11 A method of. comlitiomng air in a conditionerl space
with a transport temperature control apparatus, the tempera-
ture control apparatus inclurfing a heat exchanger having an as
air inlet anil an air discharge, an evaporator coil extending
through the heat exchanger between the air inlet and the air

discharge, a (hvider coupled to ihe evaporator coil and
defining a first portion of the evaporator coil and a second
portion of the evaporator coil, a first fan adjacent the first
portion, and a second fan adjacent the second portion, the
method comprisin:

operahng ihe Lemperaiure control apparatus in a coolin ~

mode, ihe cooing mode including.
directing air into the heat exchanger through the inlet

ivith the first fan and the second fan;
transferring heat from thc air to the evaporator coil, and
directing air out of thc heat cxchangcr through thc

discharge with the lira( fan aml ihe secoml fan; and

operating the temperature control apparatus in a defrost
mode, the defrost mode includin
activating thc first fan and deactivating thc second fan,

thc first fan directing air in a first rlirection across thc
first portion anil then across thc second portion;

activating the second fan and deacuvaung the lirst fan,
the secoml fan ihreciing air in a second direcuon
across the first portion and then across the second
portion, the second direction being opposite the first
direction; and

hcatin air in thc heat exchanger with a heating clcmcnt
positioned in thc heat exchanger

13. The method of. claim 11, wherein the temperature
control apparatus includes a damper positional in the air
discharge, the damper having an open posit(on and a closed
position, the method further comprisin moving the damper
to the closed position during operation in the defrost mode

13. Thc method of claini 11, wherein thc heating clcmcnt
is an electric hcatcr.

14. The method of claim 11, wherein the heating element
is a heatmg coil.

15 'I'he method of claim ll, wherem the temperature
control apparatus includes a controller in electrical commu-
nication with the first fan and the second fan, the mntroller
alternately operating thc tcmpcraturc control apparatus in
the defrost mode and thc cooling mode.

16. The method of. claim 15, wherein the controller
achvaies ihe lirst fan for a first pre&leiermineil ume anil
deactivates the second fan for the predetermined t(me and
then activates the second fan for a semnd predetermined
time and deactivates the hrst fan for the second predeter-
mined tinic.

17. Thc transport tempcraturc control apparatus of claim
1, wherein the temperature control apparatus inclmles a
second (hvider coupled io ihe evaporator coil aml being
substantially parallel to the first divider, the first and second
dividers defining the second portion of the evaporator coil
and the second divider defining a third section of the
evaporator coil and a third fan housed in the heat exchanger
and being positioned adjacent thc third portion of thc
evaporator coil, and wherein operating in ihe defrost mode
mcluiles alternately cycling the third fan on anil oil.

18 A method of conditioning air in a conditioned space
ivith a temperature control apparatus, the temperature con-
trol apparatus including a heat exchanger having an inlet and
an outlet, an evaporator coil extending through thc heat
cxchan cr bctwccn thc inlet and thc outlet, a divider couplcrl
ki the evaporator coil and delining a lira( portion of Lhe

evaporator coil and a second portion of the evaporator coil,
a lira( fan adl scent the lira( poruon, and a secoml fan ad(scent
the second portion, the method comprising:

initiatin a defrost mode;
heating air in the heat exchanger,
preventing air from exiting the air outlet;
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activating ihe lira( fan;
deactivating the second fan bloiving air with the first fan

along a first fiow path, thc first fiow path extending
across thc first portion and then across thc second
poruon;

deactivating the first fan;

activating thc second fan; and

blowing air with the seconrl lan along a seconrl fiow path,
the secoml fiow path extenrling across the second
port(on and then across the first portion

19. The method of claim lg, ivherein the temperature
control apparatus includes a damper positioned adjacent thr

discharge and wherem prevenung air from exiung the air
outlet includes closing thc outlet with the damper.

20 'I'he method of claim 18, ivherein the temperature
control apparatus inclurlcs a heating elcmcnt anil whcrcin
heaung air in ihe heat exchanger includes blowing air across
the heating element.

21 The method of claim lg, ivherein heating air (n the

heat cxchangcr inclurlcs directing a warm fluid through thc
1(i

evaporator coil.


