Tenperature Distribution Inprovenent in Refrigerated Container Cross
Reference To Rel ated Application [0001] This application clainms priority to
U. S. ProwveizoraloifBat ent Application Serial No. 61/ 151, 0P&Tarsteivloexioe
"Tenperature Distribution Inprovenent in Refrigerated Container,” filed on
February 9, 2009. The content of this application is incorporated herein by
reference in its entirety. Technical Field [0002] This invention rel ates

generally to ref rpgglaliffh ﬁﬁmlﬁitﬂaﬁﬁﬁlpﬁ&‘émeﬂpfnq{&ﬁgéﬂa&'dl@(fﬂtéineﬁ 0 a nethod
and apparatus for obtaining a nore uniformtenperature distribution

t herei n. Background of the Invention [0003] Refrigerated containers are

used to traan%tRe@&%c% ar%&g&gﬁhu}ﬁﬁl requires very tight tenperature
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t hrough an e ora coi Wit h e coo airr en passi into the
cont ai ner boxn Rcfng@atbd(?hmamar”gfded dinEcbromnBr2009.0 0he nonm i hfﬂhtsl s arrangenent

is that the carg ngera ? nds.to be.hi gther towards the back door of
10n IS 1nc Oral ereln referenc 1n ltS [&
t he cont ai ner an%I € rerrirgeration nmachi ne. The main reason is

due to poor alrflow d| stribution fromthe front to the back of the
cont ai ner é, t]1 L{HOW bei ng reduced significantly toward the back
door. As ar §Eﬂ“c‘c FlY t enperature of the cargo is generally higher as it

ext ends t owaf@oehe rearhlﬁmfrmmf{ Rty eIl doseteixaaed badietbrbynd herd act t hat
the typical perishable cargo gives off heat of its own. Disclosure of the

I nvention | 0OBATUIEY &4 VethP‘il’l a%ijca(PB?rﬁ%EﬁE‘)é OfAINLGHROTE ST SRPFTART nvent i on,

t he directi ORistribution therein.

Background of the Invention

[0003] Refrigerated containers are used to transport perishable cargo that
requires very tight temperature control. The industry standard today is to have the
refrigeration machine mounted at one end of the container box. The air in the
container box is drawn into the refrigeration machine by fans which then blow the
warmer air through an evaporator coil, with the cooled air then passing back into the
container box to cool the cargo. The common problem with this arrangement is that
the cargo’s temperature tends to be higher towards the back door of the container
and away from the refrigeration machine. The main reason is due to poor airflow
distribution from the front to the back of the container box, with airflow being
reduced significantly toward the back door. As a result, the temperature of the cargo
is generally higher as it extends toward the rear door. The problem is exacerbated

by the fact that the typical perishable cargo gives off heat of its own.

Disclosure of the Invention

[0004] Briefly, in accordance with one aspect of the invention, the direction
of the fan rotation is periodically reversed to thereby cause the direction of the
airflow from and to the refrigerated container to be reversed to thereby improve the

temperature distribution in the container box.



of the fan rotation is periodically reversed to thereby cause the direction
of the airflow fromand to the refrigerated container to be reversed to

t her eby iwprowestitse tenperature distribution in the contarnseolboxip©005] By
anot her aspect of the invention, a plenumis provided at the top of the
contai ner box and is closed during the reverse operation in order to
increase the airflow speed. Brief Description of the Drawings [0006] FIG 1

i's a perspecfgoes] Vi ew Bf ar@itefispbdof At &l FRM AbRLIM W fréviddae Reeseat _
invention incorporated therein. [0007] FIG 2 is a schematic illustration
t her eof showthsgorta@ehoxfand g dosed SIrHedRA ICFYSHPEIREPD Byadat Baeaedsds] FIG 3
i's a graphic,jhlhsiLgtion of the tenperature distribution therein during
normal operation. [0009] FIG 4 is a schematic illustration of the airfl ow
pattern which results in a refrigerated contai ner when operated in

accordance %&begs%Fﬁgg@gg@eiﬂ}gﬁ Lon. [0010] FIG 5A and 5B are

perspective views 0 por n thereof during normal and reverse fl ow
operation th&él086F . Detld{l bd aDespedtiyt view afa refhigerhtad eorttaiman Wid0He] A

refrigerated &pgg%kgﬁﬂmyéC§Q%%QHgngralIy at 11 as including a container
box 12 havinB Bot on1and(i8b §7des™'3 and 14 and front and rear ends 16 and

17. The cont @002y box HG. ? & adebkdngpie dltsoattcaniaedshdwinh te dirfiew idehail e car go
as shown at 18. 001%] At .the front end 16 of the container box 12, a
refrigeratiofi*f THE P i nstal led in such a manner as to fluidly
conmmuni cat e y00B] t he &iIG. 3 3 atdigpheomnb@tanien ofabXehpelafuiredistabution teeeh that air
for the purpqgse of refr“%erating the cargo 18. The refrigeration nachine 19

i ncl udes a stYHENCEHOPHREY ation circuit

[0009] FIG. 4 is a schematic illustration of the airflow pattern which results
in a refrigerated container when operated in accordance with the present invention.
[0010] FIG. 5A and 5B are perspective views of a door portion thereof

during normal and reverse flow operation thereof.

Detailed Description of the Invention

[0011] A refrigerated container is shown generally at 11 as including a
container box 12 having bottom and top sides 13 and 14 and front and rear ends 16
and 17. The container box 12 is designed to temporarily hold perishable cargo as
shown at 18.

[0012] At the front end 16 of the container box 12, a refrigeration machine
19 is installed in such a manner as to fluidly communicate with the air in the
container box 12 in order to cool that air for the purpose of refrigerating the cargo
18. The refrigeration machine 19 includes a standard refrigeration circuit
comprising, in serial flow relationship, a compressor, a condenser, an expansion
device and an evaporator. It is by the flow of the return air from the container box
12 and through the evaporator, that the air in the container box 12 is cooled.
Circulation of air through the evaporator and into and out of the container box 12 as
shown in Fig. 1 is caused by operation of a fan 21 within the refrigeration machine

19.



conprising, in serial flowrelationship, a conpressor, a condenser, an
expansi on device and an evaporator. It is by the flow of the return air
fromthe wonvavmersibox 12 and t hrough the evaporator, trat/ush@oaesi9é n the
container box 12 is cooled. G rculation of air through the evaporator and
into and out of the container box 12 as shown in Fig. 1 is caused by
operation of a fan 2 1 within the refrigeration machine 19.[0013] As wl|
be seen in Fi@13p, thead @il iR sdenifi HPSahEnNE N lotadOR PPl pBRIR 22 8f the
refrigeration machi ne 19 which, during normal operation, acts to draw the
return air f8eielirigepie] Brging 10opi Pofingrmopnal gperatien, agniogiraeheywmi2 and
through an opef,daly Adg JE pUREALAbS iht Sord1RR pBk P¥ihd (A § evaporat or
coil 24 mhereltre a%? ?%g%ogpgg; m?ti tﬁ% cooled alr tcéggﬂg%%g di schar ged
from a | ower dpar2ti dhe g@modir tsheenrtddwi dequgh ihsrevanpedidnveil 29 wheyedlg aihier e, t he
cooled air fl I h_a. i / cont ai ner
box 12 as sh8§%&k§%?ﬁ§ﬁ%§%%&gBkﬁﬁgméggp%%égﬁ#ﬂf%%ggpﬁﬁﬁgf%i@qﬁ%rough a
t-bar floor adrigandionanaebingy9.t Fremupevertd goodedtagrithwsgeaawardlyghrop@044] The

cool ed air passes _upwasdly. through,the cargo 18 .wi th heat being transferred
Chereto 1 romrtRg eAPEEE Aot Mty by P R b P hie B SRk Ay £ et er
the top port riess vpFadty thiveglc o nbaiflver adiodicdt@l hyothe opypdrély extchdingyredves. [ 0015] |1t

shoul d be recognj zed that as.the cooled air travels rearwardly,. it

oradual 'y bellHAL v e cotith it RatcomameDt hrusE g e dt pARCURERE7 ¢ s at
i ts higher teaparaluiceto Fomtthesargosi N Clhe tWaemérl adwh@if coatifuet bfwardh té he
container box 12 relies on.the nonentumcreated by the fan 2 1 and the
convecti on CEW?@H?EWQPFWPﬁ3Pﬁ@e€@WFBW"8?1%8&“ﬁ@¥a & c¥df-ocity of flow will
be reduced ago15p ext angdeuld®oREDghin@l hAAL (Horbbled £ir (rhi@ls thidbrdigason, a
substantial tenperature gradient will exist both in the vertical direction
and in the héfriyAlbsronsreEmersHch WptHicR L reeheohe Brheld Idids 49t Since t he
cargo i s exp@sgd t&rﬁ}l)(érmhl%. Glidr] ARG RN o8 thfoBEh thOBShRREHBLS2 Rilic§ | M8 such
as days or even weeks, the tenperature of the cargo 18 within the container
box refl ect sopthe momentum created by the fan 21 and the convection currents within the

container box 12, the velocity of flow will be reduced as its extends toward the rear
wall 17. For that reason, a substantial temperature gradient will exist both in the
vertical direction and in the horizontal direction, within the container box 12. Since
the cargo is exposed to this distribution of air for long periods of time such as days
or even weeks, the temperature of the cargo 18 within the container box reflects a
similar temperature distribution. This cargo temperature distribution is shown in
IFig. 3. Here it will be seen that the cooler cargo will be in the lower left portion of
the container box and the warmer cargo will be at the upper right portion thereof. In
fact, at the top and rear of the container box 12 there is a hot spot that may well
impact the quality of the cargo. That is, the perishable cargo temperature
distribution in a container determines the shelf life of the cargo. Thus, the shelf life
of the cargo will be variable as indicated by the temperature distribution in Fig. 3. It
is thus desirable to eliminate the hot spots and promote a more uniform temperature
distribution within the container box 12. This is accomplished by operation of the
system as shown in Fig. 4.

[0016] Here, the fan 21 is caused to operate in reverse so as to draw air

through the evaporator coil 14 rather than blow air therethrough. This causes an



simlar tenperature distribution. This cargo tenperature distribution is
shown in Fig. 3. Here it will be seen that the cooler cargo wll be in the
| ower | efwopordidorsiof t he contai ner box and the warner eargs2ewliok3ibe at t he
upper right portion thereof. In fact, at the top and rear of the container
box 12 there is a hot spot that may well inpact the quality of the cargo.
That is, the perishable cargo tenperature distribution in a container

determ nes t heoahgh fevbisfior %ﬂﬂ&v’?‘@n&%ﬁ% corASs bdxhe o8 Bedvin By he€adfwd he cargo
will be variable as indicated by the tenperature distribution in Fig. 3. It

i s thus desi dA#lie thegogled pir framehe papprator spbispaird UpY g tRrougnhe &nuni f or m
tenperature gy ?ﬁc{ ,}'I]ltmhé 9)? g\%utoﬁ b of g r&ﬁg%iaﬁ%acﬁ.?é 142 mmhére S aaegonpl i shed

by operation o e system as shown in Here, the tan 2 1 is
caused to opéweigh tlnfnoneemg P8 endiptoghe top pdrtew23iof the Iqmwgﬁ bokd2 éviapor at or coi |

14 rat her thﬁ@ﬁ%{mﬁ&)’aﬁi anh*&G&/{?&zlb}hgr%%%dmm'd% ‘&?e sa@‘ﬁééo%?éd%h?zﬁlﬁsegver sal of

airflow throug nt ai ner as shown y the arrows is, the
cooled air fﬂmﬂumhmu@m@ddnaﬂdwn@owhw@AUpm®§®§XMpmamukmiﬁhfdmgh the fan 2 1

and I nto t he t ? P]Cpr% 1?Be%re§6turmr§ef0{v¥e;rély goetlilagot(t)orr]n 1’801’1 9@%91: Fromt her e I t

passes throug%]l d? t he cont ai ner
box 12 to thﬁﬂn@hmmmﬁﬁahmaﬂ@kyxmmﬂﬁdmmnwﬂﬁdﬂysm3m$ndfﬂ@Wedmthkh% arr ows.
The cool ed aiihgasse% E rgo 1§% Pd t hen dommma%qgr into the

bot t om port i 8h2#1* SFhHac %? %ﬁ SIS IEEPHPEMOE ARG '8 war dl y to the
bottom porti apud@i@f. the refrigeration nachine 19 to conplete the cycle.

This reversa flow causes mxing of the air wthin the gontai ner box 12
so as to theb@ﬁé 1 pr omd €T Hﬁ?@aﬁﬁﬁF§FﬂPWFB??1%ﬁ%@ﬁﬁm§F@@Y?Fﬁpﬂgorder to

i ncrease therdkfst HOW opBeesh, tdrIdort 15US plobRled kthOMbnt A6 RYcoeNR: & 1 ow
operation, the door 25 is provided at the front end of the container top

portion 23 aBOWRBWAS RORPGsLics A SHB Thatriatas prowndg nsndyriieri 9. 5A,

dH i ngt Eor rraho%%@etratg)ﬁ R tBub LN @bt HRWoEASE Dptmddasy uit®@ open and
al | ow e alr
ﬂow freely across the entire cross section of the top portion 23 as shown. However,

in reverse flow operation, the flow of air will cause the door 25 to be moved to the
closed position such that the opening 30 is of reduced cross section as shown in Iig.
5B. This will, in turn, cause the velocity of the airflow therethrough to increase,
which will provide better “throw” and further promote mixing.

[0018] It is recognized that the blow-through operation of the fan 21 as
shown in Fig. 2 is more efficient then the draw-through approach as shown in Fig. 4.
However, the time in which the fan 21 is operated in the reverse mode is relatively
small compared with the time that it operates in the normal mode as shown in Fig. 2.
A typical time cycle of normal and periodic reverse operation is shown in Fig. 6.
[0019] While the present invention has been particularly shown and
described with reference to the preferred mode as illustrated in the drawing, it will
be understood by one skilled in the art that various changes in detail may be effected
therein without departing from the spirit and scope of the invention as defined by the

claims.



flow freely across the entire cross section of the top portion 23 as shown.

However, in reverse flow operation, the flow of air will cause the door 25
to be noweo 20m/mhBi1cl osed position such that the openi ngc3@sesoot3weduced
cross section as shown in Fig. 5B. This will, in turn, cause the velocity

of the airflow therethrough to increase, which wll provide better "throw'
and further pronote mxing. [0018] It is recognized that the bl owthrough
operation of Wwhelkah 2 1 as shown in Fig. 2 is nore efficient then the
draw-t hr ough approach as shown in Fig. 4. However, the tinme in which the
fan 2 1 is operatékd i m figdofd efencsings deTipeatpd pexaingsof the geehaysgpar ed wi t h

the time tha%ef}ri]%erﬂg) rngalﬁgi%e bk RRa thh@?éntiiﬁ%q%/itﬂﬁhé@f}}@@rahgxhﬁlh&nnez- A typi cal

time cycle of norna J periodic reverse operationis shown in Fig. 6.

[ 0019] Whi | ehtvhee plaadenvirculamenvirgar leben pedmoyshan peapbrtdryoid lvdwn and

descri bed w r r J t IR the
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changes in detpidf: may be effected therein without departing fromthe spirit

and scope of the jnvention as_defi neo[I. b tfhe. cl ai.ns. Ve C ati Mok, A met hod
. urin nomtlal aperatl(}n opera 1n%¥he ﬁn in,one direction so_as Lo I‘BTW mn .

of operating a re rléera edcont ai'ner the type having a refrigeration

machi ne at ongurend aodnetelné of i rediti graation hdehinb end @fahage itdtdnothe vlehénmde havi ng a

fan for circ Iat%ng war mer return air through an evaporator coil to be

cool ed and t HEFEE™ | ow rearwardly to the container to cool its cargo,

conprising the stgp®defilly @udrsingthedirs@ion @P&E #in s tONew ad tefi@n hina: than i n one
direction so as to grawfir,n return_air 3'&1 one end of the rcle)fri eration

machi ne and BiPSCHACGECTEIIEFBNTRERICRBY JisTae e UBihe R ENpEFTEldi cal |y

reversing t hgheichetkiaRin MF rdthgerfdic@nims i Bixed sitdploRiddhaé I at the ot her

end of the refrigeration nmachine and discharge it fromthe one end thereof;
uniform temperature distribution throughout.

2. A method as set forth in claim 1 wherein said fan operates in a blow-
through mode during normal operation and as a draw-through mode during periodic

Treverse operation.

3. A method as set forth in claim 1 wherein said refrigeration machine

one end is near the top thereof and the other end is near a bottom end thereof.

4. A method as set forth in claim 1 and including the steps of providing
a door near said one end and opening said door when said fan is operating in said

one direction and closing it when operating in said reverse direction.

5. A refrigeration machine for use with a container of a type for holding
cargo to be refrigerated, comprising:

an evaporator coil;

a fan for causing warm air to be drawn in from one portion of the container
box, to pass through the evaporator coil to be cooled, and then flow outwardly from

the refrigeration machine to another portion of the container box; and



whereby the air in the refrigerated container is mxed so as to provide a
nore uni formtenperature distribution throughout. 2. A nethod as set forth
in cla miowhswvmwirsisaid fan operates in a bl owt hrough mpde/usariongiver nal
operation and as a drawthrough node during periodic reverse operation. 3.
A method as set forth in claim1 wherein said refrigeration nmachine one end
is near the top thereof and the other end is near a bottomend thereof. 4.
A nethod as set fQ&;nM for Gdi@kive1 opRslidged tflidheldBer®hePas Sfarky aMdidi ng a
door near said one end and opening said door when said fan is operating in
sai d one di r &emisgi Cﬁh‘alnéll R ang pprtiopARchresipeeeRladrig B A andpinehex 8dedi r ect i on.
5 Arefri gep&glbmn G Qeveltif o blechof Ol AShctGhaidnd A€ afi@ln No! di ng
cargo to be conprising: an evaporator coil causi ng
warmair to befr@namcmalﬁfrr@m ofher proian and thyfcopled ig GTERINTSEIto mfk to pass

t hrough the QMQBR%Q%QBnd&h&OtO be cool ed, and then fIOM/outmardIy fromthe
refrigeration nmac anot her portion of the container box; anda control
for selectively operating the fan in one direction so as to draw in air
fromsaid contalngr b9§ng ex%ﬁ%t'%ﬂmeas&iﬁ§ rN .50 thﬁ&TmBOaﬁa'd cont ai ner
box ot her portion and, per$ ary y, reversing t'he’ dir'ect'i'o "t he fan
such that theeaissidbsx dreapmldnranﬂ @M 6 e dutomalﬁcalmepenb@whﬁt :’mﬂfammrt ion and the
cooled air is ret rne to sai.d contai Qn ortion

refrigerati oﬂp‘ﬂ%&%‘% £2¢ JEFUPB ARGCIPS 81h8‘i‘ ?ﬁl% 4 Sa&%eﬁ‘élfl%ﬂﬁ Sﬁ‘til rSlVec‘jscS’or near
sai d box onedpétibhon and so as to be autonatlcally opened when said fan is
operated in said one direction and closed when said fan is operating in
said reverse direction



