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1

TFVIPKRATURE C:ONTROI. SYSTIiM
HAVIV('EAT KX(.'HAV('K MODULliS

IVITII Ilx DIRECT EXPANSION COOLING
AND IV-TURK ELECTRIC

HKATLN('ROSS-RLilTRL'NCL

I'0 RL'LATED
APPI,IC'ATIONS

This application is a non-provisional of U.S. Provisional
PatentApplicaiionNC 60/II62,&42.ftlcdonOct.21„2006,the ta

entire contents of u.hich are hereby uicorponited by refer-
cllcix

SUMMARY

In one embodiment, the present invention provides a tmn-
pcrature control system for a container tvith nniltiplc com-
partments. The temperature control system includes a refrig-
cmtion circuit lmving a primary fluid circulating therein and a

secondary tluid circuit in comimmication with a first coin- sa

partment of the contmner and a second compartment of the
container. The secondary tluid circuit has a secondary tluid
separate from the pnmary fluid circulating therein The sec-

ondary tluid circuit includes a first heat exchange module in
comnumication with an inmrior load space of die first com- "

parttnent and a second heat exchan e module in commuaica-
tion v;itb an interior load space of the second compartment.
Fach o I'he first and second lmat exchange modules includes
a pump conhgured to pump the secondary fluid, a heater
selectively operable to heat tlm secondary fluid. a heat sa

exchanger positioned uithin the respective uiterior fond
space. and a tlu ee-way valve configured to control the flow of
the sccondan fluid tluougb tl)e respective heat exchal1gc
module. A heat exchange uiterlbce between the refngeration
circuit and the seconcary tluid circuit is operable to transfer "»

heat from thc seciindary fluid to the primary fluid
In another embodiment, the invention provides a tempem-

nirc control system for controlling the temperature within a

continner The tcniperaturc control system includes a rel'rig-
emtion circuit lmving a primary fluid circulating therein. A ac

scmondary fluid circuit has a secondnry fluid circulating
therein, the secondary fiuid bein in heat exchange commu-
nication ivith the primary fluid and also u ith an interior load
space of ihc cmitainer. The secondary fluid circuit includes a

heat exchanger positioned witlun the interior load space, a s.

piunp configured to pump the secondary fluid through the
heat exchanger, a heater selecuvely operable to heat the sec-
onthsty fluid. and a tluee-way valve configured to control the
linis ol'tbe secondary fluiil iviibin the,secimdary fluid circuit
A heat exch uige interface betv'een the refngeration circuit u

and the secondary fluid circuit is operable to transfer heat
I'rom the svcondary fluid to the prinrary fluid Thc tluee-way
valve is movable between a tirst position. in which the sec-
onoary tluid is directed from the lmst exclmngcr to the heat
exchange interfiace and a second position, ui which thc scc 1

oncary fluid is substantially recycled tluough the heat
exchanger isithout icing directid to the heat exchange inter-
face

In yet anotlmr embodiment, the invention pmvides a tem-

perature control system for contmlling tlm ti:mperature ai
within a container. The temperature control system utcludes a

lmst exchanger positioned within an interior load space of the
container. a heater in senes with the heat exchan er alon a

fluid circuit loop, a pump in series v, ith the heater and the heat
cxchangm along tlm fiuid circuit loop, nnd a valve positioned i
along the fluid circuit loop. the valve havuig an inlet, a first
outlet, and a second outlet. 'I he first outlet is coupled to a fluid

return linc, mid the second outlet is couplctl to an inlet of the
pump. A heat exchange tluid is configursxi to circulate
tlu ou h the fluid circuit loop. A refngeration circuit separate
lyom the fluid circuit loop is opemble to draw beat I'rom the
heat exchange fbiid at a heat excbmige intcrlaim, the flnid
circuit loop beuig ui heat exchange communication with the
refrigeration cirmiit at the heat exchanvge interface by the lhiid
return line and by a Iiuid supply linc of tlm fluid circuit liiop.
The fluid supply line is operable to supply heat exchange fluid
cooled by the refrigeration circuit to the inlet of the pump.

In yei miother mnboduuent, the inventimi provide~ a
metlxid ofcontrolling the temperature witlfin an iiuerior load
space of a container Thc method includes thc steps described
below A heat exchange lhiid 1 ~ ptuuped through a heater and
a heat exchanger ofa tluid circuit loop with the heater set to an
oil condition so as not to heat the heat cxchangc fluid Heat is
transferred from the interior load space into the heat exchange
tluid. Heated heat exclmnge fluid is directed thrnugh a valve
ui flie Ihnd circuit loop to a heai exche ge interface. ivhereby
heat from the heat exchange fluid is trmisferred to a refnger-
ant circuit separate from the tluid circuit loop such that the
heat exchaiige thnd is cooled. Cooled heat exclmnge tiuid is
circulated back into the fluid circuit loop. The position of the
valve in thc fluid circuit loop is changed to at least partially
lunit the tiov; of heated heat exchange fiuid to the heat
exchange interface and at least partially close the tluid circuit
loop. Iieet exchange fluid is circulated through the tluid mr-

cuit loop with the heater set to an on condition.

BRIL'F DLiSCRIPTION OF TIIL'ILas%IN(IS

FlCi. I is a side vieu of n transport container uicorporating
a temperature control systmn of the present invention.

FICi. 2 is a schcmanc view of the tcmperaturc control
system accorduig to one embodiment of the present inven-
tion.

Heibre any enibodiments of the invention are explained ui
detail, it is to be understood that the invention is not limited ut
its application to thc details of construction nnd thc arrange-
ment of components set forth in the following description or
illustrated in the follow ing drawings. Tlie invention is capable
of otlmr cmbodimcnts nnd of being prncticcxi or of being
cerned out in vanous ways. Also, it is to be iuiderstood that
the pluaseology mtd terminology used herein is for the pur-
pose of descnption and should not be regarded as linuting.
The use of "including," "compn sing." or "having'* and varia-
tions thcrcol'erein is inmmt io cncoinprmss the items bated
thereafter and equivalents thereof as well as addiuonal items.
Unless specified or limited otherwise. the temis "mounted,*'conimcted,'*

'*supported," and "coupled" and variations
thereof are used broadly and encompass both direct mid indi-
rect mountings, conncctionm mipportm and couplings Fur-

ther, "connected*'nd "coupled'* are not re st octad to physical
or mechanical connections or couplings.

DI.IAILL'D DKS('RIP I'ION

The temperature msntrol system 10 of I'ICiS. I and 2

includes a refrigcmtion unit 12 having a refrigeration circuit
14 As shown in FICi. I, tlm ti mpcrature control system 10 is
used with a container 15 defining a load space therein. The
illustrated container 15 is a trailer configured to be coupled to
a senu truck 15 is for road transpon. In other embodiments, the
container 15 takes different fonna including, but not linuted
to, mi integrated truck box and a cargo container configured
fiir transport on railmads and'or slups, etc. As shown us 11Ci.

I, the refrigemtion unit 12 is positioned on the outside surface
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nfa front wall 15h ol'the contaiiwr 15 In otlmrembodinmnta
the refrigeration unit 12 is partially or entirely positioned
inside the container 15 (either witlun the load space or inside
a separate wimp;utmcnt) Furthermore, the refrincration unit
12 can be partially or entirely posiuoned at other locations
relative to the container 15 including, but not limited to, on
top of the container 15 and belo~ the cont oner 15.

As shown m 111 k 2, the refngeration circuit 14 includes a

compressor 16. a condenser 18, a receiver 20, mi ecmximizcr
22. mi expansion valve 24. and an evaporator 26 tiuidly con-
nected in series. The refrigeration circuit 14 is a reverse-
Rankine thermixlynamic cycle relrigemtion system, which
circulates a first heat exchan e fluid (i.e.. "refn emnnt"),

Refrigerant vapor is cnmpreaied by the compressnr 16 to an
elevuted pressure mid discharged into thc condenser 18.
While passing tlu ough the condenser 18, heat is rejected from
the refrigerant. and tlm high-prcssure rcfrigcrant changes
phase from a vapor to a hquid. The lugh-pressure liquid
refrigerant is pre-cooled by the economizer 22 and then
throttled tlu'ough the cxpmi sion device 24 t(l a l(lwt r prcs sllrfx

resulting in a phase change to a two-phase refngemnt (i.e., a

liquid-vapor mixture). Tine low-pressure, two-phase refriger-
ant flows tlu ough the evaporator 26 where it absorbs heat and
boils to a vapor. From the evapomtor 26. the low pressure
vapor is drawn into thc compressor 16 to repeat the rcverse-
Rankuie thermodynamic cycle. In other enibodiments, other
common refrigeration cycles are used.

The temperature control system 10 I'urther mcludes ut air
coohng unit 28, which contains a secondary heat exchmige
(c g „"coolant') fluid that passes tlmntg)r a secondmy circuit
30. As describexI iu further detail below. tire secondary circuit
30 fonna a loop, sepamte from the refrigerauon circuit 14.
The simonckiry heat cxcluingc fluid is scparati. from and does
not mix with the refngenant witlun the refrigeration cirmiit 14.
The seconoary circuit 3U includes a cooler 32 in heat
exchange relationship with thc evaporator 26 of thc rel'rigera-
uon circuit 14. A return line 34 is fluidly connected to an
upstremn end of the cooler 32, and a supply line 36 is Ihiidly
connected ni a downstream cnd of tbc cooler 32 The cn&ilcr

32 of the secondary circuit 30 and the evapomtor 26 of the
rcfrigcration circuit 14 constitute a heat exchange inwrfacc
between the secondary circuit 30 and the refngemtion circuit
14.

Thc air cooling unit 28 includes three separate heat
exchange modules 38a, 38b. 38c (collectively referenced as
38) located in tluee separate compartments 40a. 406, 40c
(collectively referenced as 40) of the container 15 Insulated
walls 41 isolate the compartments 40 both physically and
thcmiafly Fach module 38 is Ihndly connected between the

supply lute 36 and the return lute 34 (i e.. the modules 38 are
connected in pamflel). The specific munbers ofcompartments
40. modules 38, and modulex 38 per compartment 40 mui vnry
dependingontheconti urationofthecontmner15.thecapac-
ity for each compannwnt 40, and the total available capacity
of the rel'rigeration umt 12

Althougli the temperanire control system 1(l is illustrated
mid dcscnbcd as being usvd in a transport application, thc
temperature coiuml system 10 min also be used ui oflter
applications such as stationary systems. For example, the
tcllipemtllrc coiitrol system 10 cmi bc used in rel'rigerated
display cases. heat sinks, or electronic cooling systems. In
other applications, tlm heat exchange niodules 38 need not be
assoctataI vs ith compartments of a contamer. but can be used
to cool, by mr or another cooling fluid, sepamte or partially
separate portions of an itmn or area to bc cooled.

I anch heat exclmnge module 38 consists of a ihnd pump 44
(single-speed or multi-speed), a powerixI in-tube electric

lmater 46. a heat exchanver, or "air cooler/heater" 48 (having
a nndti-speed blower 50), and a three-way valve 52, all of
whicli are tlmdly connected in series. Tine tluee-way valve 5Z

is connected bctwnmn the air cooler/lmatcr 48, the return line
s 30. and the fluid pump 44. The three-way valve 52 includes a

single inlet fluidly connected to the air cooler/heater 48 The
three-ivay valve 52 lhrther includes a lirst outlet lhiidly con-
nected to the return line 30 and a second outlet fluidly con-
nivted to the fluid pump 44. The three-way ialvc 52 can

ui operate as a two-position valve ~here only one outlet is ut
comnuuiication with the uilet at a given time, or alternately,
cmi operate as a three-way stepper valve (as schematimifly
illustrated by valve 52c) used to provide more precise tem-

pemture co nrro I by circulating a first portion of the secondary
coolant fluid from the air cooler/heater 48c to the cooler 32
and back to the air cooler/heater 48i" tluough the fluid pump
44c and the in-tube electric heatm 46c and furr lmr circulating
a second portion of the secondary coolant fluui fmm the air
cooler/heater 48c directly back to the air cooler/heater 48r

in ihrnugh tlii: fluid pump 44 and thc in-tube electric heater 46r
without flowing to the cooler 32.

In some embodiments. the heat exclianger 48 cools and/or
heats one or more substances other flian air. For exmnple, the
heat exchanger 48 can be used to cool and/or heat a heat
i'.xciiangc liquid. In such a case, a liquid ptunp can be used
mther than the blower 50 to encoura e heat transfer betvv ceo
the heat exchanger 48 and the heat exchange liquid.

The temperature control system 10 can be used in smgle
and mulu-temp eranire applications. and cmt operate in one or

"n morc ol'u refrigeratiim (or cnnling) mode. a defrost nxidn, and
a heating mode

In the coolinvg mode. as represented by the heat exclmnge
module 38h in the sivond compartmmit 40b. the supply linc
36 pmvides cia lied secondary coolant tiuid from the cooler 32

"» to the heat exclbangc module 386 More specifically, tlm tluid

pump 44h nuts the scmondaty coo lmit fluid into the aircooler,'eater

48b tluough the in-tube el ac toe heater 466, wluch is in
tlm off (non-encrgized) position. 11ie secondary coolant fluid
draws lmat I'roin thc mr within the load space o I'the compart-

nn ment 4Ub such tliat the secondary coolant fluid becomes
hcatcd. Tlm threi-way valve 52h is cnnfigured in a first posi-
non to allow the secondary coolant tluid to flow through the
heat exchange module 38h and return via the return line 34 to
the cooler 32. In tlm cooling niodi, the secondmy circuit 30 is
configured as a loop to circulate the secondary coolant fluid
betwieen the cooler 32 and the air cooler/heater 48h so that
heat is transferraI from the air witlun the load space of the
conipartment 40b to the refrigeration circuit 14.

In the heating and de I'rust modes, as represented bv the heat
n exchange module 38u. the tluee-way valve 52a is configured

in a second position to block the flow of secondary heat
exchange fluid bebieen thc air conler/heater 48u nnd the
cooler 32. In the second position, the tluee-way valve 52a is
configured ni prevent the secondary lmat exchange fluid from

s trnnsferring heat to the refngeration circuit 14 at the cooler
32. The fluid pump 44a circulates secondary heat exchange
fluid only within the heat exchange moilule 38u, as secondary
heat exchange fluid c uuiot tloiv froin the or cooler/heater 48u
into the retuni line 34. The pump 44u pumps the secondary

ai lmat exclrangc fluid through thc closnxI loop of'hc hcm
exchange module 38a without being cooled or chilled by the
rel'rigenuion unit 12 As needed or desired, tlm in-tube elec-
tric heater 46u is turned on to heat the secondary heat
excliange fluid. If all of tine compartments 40 are being
heated, thc rcfrigcration unit 12 can bc turned olf

Two of many possible methods of providing temperature
control witliin the compartments 40 are described below.
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First, when the tempernture (e g., air ten&pemture) within the
load space of a compartment 40 reaches a set point dunng a

temperature pull down operation (e.g., cooling mode) the
fluid pump 44 of tlm nssociatcd lmnt exchange module 38 is

stopped. I'he tluce-way valve 52 is sw&tched from the cool&ng

position (illustrated by the valve 52/&) to the heating/defrost
pos&t&on (illustrated by the valve 52n) lo prevent the tlou of
secondary heat exchange if&id into the renim line 34 and
subsequently thc co&lier 32. If n sel point icmpcraturc is

reached dunng a temperature pull up operat&on (e.g.. heat&ng'efrost

mode), the fluid pump 44 is switched off, but the
posil&on of the tfuec-way valve 52 is not switched I'rom the
heanng/defrost pos&t&on (illustrated by the valve 52&() to the
cooling position (illustrared by the valve 526), but rtither
Icnlanls nl flw second poslhon so thill secondary heat
exchange tluid is circulated only within the heat exchange
module 38

A second method ol'providing temperature control uilhu&
the compartments 40 is described below. When the tempem-
lure (n.g, air lcmpcratnre) within lhi load space &if a conl-
partment 40 reaches a set pou&t. the desired temperature
within the compartment 40 cnn be maintained by selectively
controll&ng one or more of; the speed of the flu&d pump 44. tbe
speed of the blov, er 50 of the air cooler/heater 48, the amimnt
ofpower to tlm in-tubs clcctric heater 46, m&d the position of
the three-way valve 52, as representwI by the three-way valve
52c of heat exchange module 38c. 'Ilus method is equally
eflimtive re ardless ofwhether the associated heat exchange
module 38 &s in the coolu&g mode or the heatu&g/defrost mode.

Tln&s, the temperature in each compnrtn&&.nt 40 can bc
uulependenlly contmlled by adiustu& the spccsi of the pwup
44. the power suppl&ed to the heater 46. the speed of the
bknvcr 50, and/or thc position of thc tires-wny valve 52 for

each module 38 for a des&red cumulauve eflech For example,
hl nlultl-tcl'upcrntnrc applications, fllc ten&pc&altar&'. control
system 10 provides the advmliage of precise temperawrc
control w&th&n each compartment 40 by u&dependent cotnml
ofthecoolingorheating/defrostmodcofoperntionofthcheat
excluinge &nodules 38 in each coinpartment 40 us d&mired,

such that one or more compartments 40 cnn be heatcxI/de-
frostcd while one or n&ore additional compartn&ents 40 arc
be&ng cooled. Add&tionally. one or more compartments 40 can
be operatcxI in the same mode and maintain differw&t set point
tin&pc&Stores.

If there &s not enough energy available to s&nn&ltaneously

drive all of the elcectric appliances needed for the cooling
mode. the cool&ng pull down operation can be d&v&ded into
several repeating steps. 'Bus can occur, for example, when the
temperature di f1'ere&we betu can unbient tempemturc outside
of the compartment conte&ner 15 and the des&red temperature
inside the container 15 is very 1&igh and tl&e tempemture
control systenl 10 bns been turt&adolf for an extended period
of tune.

Initially. the compressor 16 and a condenser fan 60 (or
alternately, a wmdenser coohng fluid pump, not shoun) are
running. and all other electrical appliances are off. Thus. the
secondary coolant fluid in lhc cooler 32 is being coolcsI rela-
tively qu&ckly. The evaporating temperature and the compres-
sor suction pres sure are decreasing u ith the tempemmre drop
ol'hc secondary coolant fluid foflolvcd by th&. drop of the
compressor input power.

limn tlm c(m&pressor 16 and tlm c(u&denser fan 60 nre
switched off, a&xi the flu&d pump(s) 44 and the blow:er(s) 50 of
one or more of the heat exchange modules 38 are switched on
wlmn thc mmpcmture diffi:rance between thc inside load
space of the comparnnent 40 nnd the secondary coolant ibud
is large enouvi&, for example. Shout 10 Kelvin.

Finally, tlm compressor 16 and the condenser fan 60 nre

again turned on, wlu le the fl&u d pump(s) 44 and the bio(ver(s )

50 are turned off when the temperature difference bertveen
tlm inside load space of thc compartment 40 and tlm second-

s ary coolant flu&d is too small, for example. about 3 Kelvin.
All electrical appliances can be turned on at the same time

when lhe total power consumption &s equal to or lou er thw&

the ava&lable power input. Such n case occurs when the tem-
pcraturc(&i&bin the load space of tice&in&ail('I 15 drops below

la certau&1&nut. Note, that fl&e u&put pou er for the flu&d pumps 44
of the secondary circuit 30 increases with the dmp of the
sccowlary coolant fluid tempcraturc, bul compared &o the
changes &n compressnr input power. the changes in Input
power liir the tluid pumps 44 of the sccondnry circuit 30 nre

i- not subsuintiafly sigmficant

Wlmt is claimed is

1. A temperature control system liir a wmtainer having a

plurality of compartments, the temperamre control system
ln conlpl1shlg:

a refrigeranon circuit having a pnmary lhiid circulat&ng
thcrchu

a secondary fluid circu&t &n conununication w&tb a iirst
compartment of the container and

a second compamnent of the container, tlm secondary fluid
c&rcuit havu& a secondary flu&d circulat&ng there&n. the
secondary fluid being separate from tbe primary fluid,
thc secondary fluid wrcuit n&eluding

a first heat exchange module u& commun&cat&on iv&th an
"n interior load space of &hc lirst cwnpa&unent, lmd

a second heat exchnnge module u& conuuumcat&on u ith
an interior load space of the second compartment.

mich of lbe lirst and second heat exchange modules
including a pump coniigured to pump the secondary
fluid, a heater selectively opemble to lmat thc second-

ary fluid, a heal cxchw&ger pos&tinned within lhc
respect&ve interior load space. and a three-way valve
continurcd to control thc flow of the seconoary flnid
tluough the respective heal exchange module, lhc

sn thleewayvalveoperabletodirectafirstportionofthe
secondary tluid from thc heat exchanger to the heat
exclmnge u&terface before ikwi ing back to the heat
exclmnger tlmnugh the pump and the heater and to
concurrently diriv& a second portion of the secondary
lb&id from the heat exclmnger through the pump and
the heater and back to the heat exchanger without
flow&ng to the heat exchange interface: u&d

a heat exchange interface between the refngerat&on circu&t

and the second uy fluid circuit operable to &ransl'er heat
n from the secondary flu&d to the primary flu&d.

2. The tempemture control system of claim I, whereu& the
lirst heat exchange module is positi&med in the inlertor kvad

space of the first compurtment, the second heat exclmn e
n&odule is positioned in thc interior load space of the second

s compartment, w&d the refrigerauon circuit is remote I'rom all
of the plurality of compartments.

3 The twnpcrnture control system ol'claim 1. iv herein each
of the first w&d second heat exchw&ge modules u&eludes a

blowerpositioncdadjacent the heat exchnngerandconfigured
ni to blow air within tlm interior load space ol'thc cwnpartmcm

across the heat exchanger.
4 The temperature control system of claim 3. wlmrein nt

least one of the speed of the pump, the pov'er supphed to the
heater, the speed of the blower, and the position of the tluee-
way valve arc variable to nmintain tlm iirst compartment and
the second compartment of the contn&ner at different set point
temperatures.
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5. Tile temperature control systmn of claim 1, wherein the
tluee-ivay valve ofeach of the first and second heat exchmlge
modules is a stepper valve.

6. A tcmpcraturc control system filr controlling thc tmn-
perature tvithin a container. the tempemnture control system
comprising:

a refugeration circuit havuig a primary fluid nirculatung
therein:

a sccnmlary fluid mrcuii bavin a secondary fluid circulat-
lllg thereui, the secondary fluid being ul heat exchatlge
communication with the primary fluid and also with an
interior load space of thi: container, w herl:in thc second-
ary tluid circuit includes
a heat exchanger positiimcd within tim interior load

spal:ih
a pump configured to pump the secondary tluid tluough

tlm heat exchanger,
n heater selectively operable to heat the scwondary fluid.

and
n thrcsnway valve configured to control tbe fil of Ihc

secondary tluid tv ithin the secondary flmd circuit: and
a heat exchange interface between the refrigeration circuit

and the secondary fluid circuit openable to tmnsfer heat
from the secondary flui to the pnniary fluid, the tlu ee-

way valve being movnble between a iirst position, in
which the secondary fluid ls directed from the beat
exclmnger to the heat exchange interface and a second
position, in which the secondary fluld is substantlafly
recycled fltrough the heat exchanger without being
directed to thc heat cxchmige intcrfncc, thc throe-way
valve operable io direct n first portion ol'he secondary
ihud fmm the heat exchanver to the heat excltange uiter-
facc bcfori: flnv ing back io the heat exchmigcr tlmiugh
the puinp and the heater uld to concurrently direct a
second portion of thc seconoary fiuid from thc heat
cxchangcr through thc pump and thc heater and back to
the heat exchanger wlihout flowulg to Ihe heat excht ge
interface

7 The Icnipcrature control systcin of claim 6. w herein tbc

pump, the heater, and the tluee-way valve are positioned in
the interior load space ol'Iim container, and the refrigcratinn
circuit is remote from the intenor load space of the container.

8. The temperature control system ofclaim 6. further com-

prising a blouur positionixi adjacent the heat exchanger and
configured to blow air within the uitenor load space of the
container across the heat exchanger.

9. The temperature control system of claim 8, wherein at
least one of the speed of the pump, the poli er supplied to the
heater, Ihc speeil of the blower, and the position oi'he three-
way valve are variable to maintain the intenor load space oi
the container at a predetermined set point temperature.

10 Thc tempernturc control system ol'claim 6. wherein Ihc
three-way valve of the secondary ihnd circuit is a stepper
valve.

11. A tempeninue comtml systmn lilr contmfling Ihe tem-
perature vvithin a container. the temperature control system
comprising

a heat exchanger po siuoned within an ulterior load space of
the colttahlcl"i

a heater in serial with thc heat exchanger along a fluid
circuit loop;

a pump in series with the heater nnd tim heat exchanger
along the Buld circuit loop:

a valve positioned along the fluid circuit loop, the valve
hnving an inlet, a tirst outlet, and a second outlet. thc Iirst
outlet beulg coupled to a ihiid return line, and the second
outlet being coupled to an inlet of the pump;

a lmat exclbange tluid conftgurcxi to circulate through the
fluid circuit loop; and

a refrigemtlon mrcuit separate front the fluld circuit loop
and operable to drav 'mat front the heat axe flange fluid at

a beat exchmigc interface. thc fluid mrcuit loop being in

heat exchange conuuuni cat i on with the refrigeration c ir-

cult at the heat exchange ulterface by the fluid return line
uld by a fluld supply line of the fluid circuit loop.
wlmrein thc fluid supply linc is operable to supply bent

exchange flui cooled by the refrigemtion circuit to the
inlet of the pump, the tlu ee-way valve operable to direct
a Iirst portion ol'he heat cxchmlge fluid frmn tbc heat
exchmiger tn the heat excliange interface before flowing
bacl to the heat exchanger tluouvgh the pump and the
heater aud to concurrently direct a second poruon of the
heat exchange fluid from the heat exchanger through Blc

pump and tile imnter and hack tn tlm heat exchanger
without flowlnve to the heat exchange interface.

n 12 The temperature control system of claim 11. ivherein
the pump. Ihe heater, and Ihc valve are positioned in the
interior load space of the container, and the refrigemtion
circuit is remote from the interior load space of the container.

13. 'Ihe tempemture control system of claim 11, further
comprising a blower positioned adjacent the heat exchanger
and configured to blow air wltiun the ulterior load space of the

container across the heat exchanger.
14. The tclllpll'alilrc control si'SIP111 ofclaun 13, wherein nt

least one of the speed of the pump, the power supphed to the
ln iwatcr, thc speed of tlm blower, and the position of thc valve

are venable to mmntaln the uuerior load space of the con-
tainer at a predetermined set point temperature.

15 The temperature control system of claim 11. v, herein
the valve is a stepper valve.

16. A method of controfling the tempcraturc within a con-
tainer, ihc method comprising

prov ldulg a heat exchange module inside a compartment of
the container. tlm heat exchnnge module including a

fluid pump. a hcatcr, a heat exchanger, and a valve opcl'-
nn able to selectively direct heat exchange fluid from the

heat exchanger to ar least ime of
the thud ptuup for closed loop mrculatlon tluoup the

heat exchange module, and
a cooler ivherc thc heat exchange tluid is cooled by an

evapomtor of a remote refngeration circuit. the valve
operable to direct a first ponion of the heat exchange
thiid from the heat exchanger to the cooler before
flowing back to the heat exchmiger tluougt the pump
and the lmater and to concurrently direct a second

(l pomon of the heat exchan e tiuid from the heat
exclmnger through the pump and the heater and back
Io the heat exchanger without flow lng to Ihc cooler:

operatitlg the heat exchange module in a first mode includ-
lflg

I pumping the heat exchange flmd through the heater alxl
the bent exchanger of the heat exchange module with
Ihc baiter sct to ml nif condition so as not to heat the
heat exchange fluid.

drawing heat from an intcrinr load space of the compart-
ment into Ihc lmat ixchangc fiuid.

directing heated heat exchange fluid throu~fr the valve to
the cooler, u hereby heat fmm the bait exchange fhiid
is tnnnsierred to a refrigerant fluld in the evaporator of
the remote refrigeration circuit such that the heat
exchange fluid is wlolcd, and

pumping cooled heat exchange ihud back into the heat
exclmnger of the heat exchange module; and
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operating the heat exchange module in a second mode

including

pumping the heat exchange tluid tluough the heater and
the beat exchanger with the heater set to an on cond&-

tioii,

heating the interior load space of the compm tmcnk and

directing at least a portion of the heat cxclrange lluid
through the valve back to the heater without passing
through the cooler so that the heat exchange module
opemtes in a substantially closed loop manner.

17. The method of claim 16, ~herein opemting the heat
exchange module in the first niode ftirthcr includes nt least
one of lov;ering the speed of the pump and moving the valve
to at least partially restrict the flow of heat exchange fluid

from the lw it exchanger to tlm cooler when a temperature
within the interior load space of the compartment rmiches a
predetermined set point

lg The mi.thod ol'claim 17. furtlmr comprising stopping.
operation ol'the remote refrigeration circuit.

19 Thc method ol'claim 16. wherein opemting the beat
exchange module in the second nxide further includes block-
ing thc flow ol the heat exchatige lluid tfimugh the valve to the
cooler so tlmt the heat exchange rnixlule operates in a fully
closed loop mminer

i(1
20 Thc mcrhod of claim lb. wherein operating the heart

cxvhange moduli: in i bc second mode funher includes at least
one of lowering the speed of tlm pump and lowering the puiver
of the heater ivlmn a teniperature within thc interior load
space of thc compartnwnt reaches n predotcrmiiwd sct point.
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