| MPROVEMENTS | N OR RELATI NG TO REFRI GERATED DI SPLAY APPLI ANCES Thi s
invention relates to refrigerated display appliances, exenplified in this
specification by refrigerated nulti-deck display cases or cabinets as used
inretail premses for cold 5storage, ;display and retailing of chilled or
frozen food and drink products. The |nvent|on isnot [imted to retail food
and drink cabinets. For exanple, the principles of the invention could be
used to di IMPRPVEMENTS INOR REATINGGTO REFEIGERATEPISPLAY APPA4ANEESCi nes or
scientific itens that may be prone to degradati on. However, the principles
of 10the invention are particul arly advantageous for retail use.
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The purposes of the air curtain are twofold: to seal the access opening in an effort to
prevent cold air spilling out from the product display space behind; and to remove heat
25 from the product display space that is gained radiantly through the access opening and

via infiltration of ambient air into the product display space.

Shoppers are familiar with ‘cold aisle syndrome’, which describes the chill felt when
walking along an aisle or row of refrigerated display cabinets in retail premises. Cold aisle

30 syndrome is caused by cold air spilling into the aisle from the open fronts of the cabinets.
The discomfort experienced by shoppers discourages them from browsing cold-stored
items, which of course is contrary to good retailing practice. Also, the resulting waste of
energy (both in the keeping the display cabinets cold and keeping the retail premises
warm) is increasingly untenable due to rising energy costs and more stringent

35  sustainability regulations, such as retailers’ carbon-reduction commitments.



35sustainability regul ati ons, such as retailers' carbon-reduction
commtnents. 2 Manufacturers of retail displays have tried for nmany years
to make refrigerated display cabinets nore efficient, but with little
success because the cooling design is,fundamentally flawed. The air curtain
over the front of the cabinet is not capable of providing an effective seal
to contain the cold air inside the casing due to the 'stack effect' and
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t he back panel of the cabinet not only provides cooling to each shelf but
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25 Condensation is unsightly, offputting and unpleasant for shoppers, may threaten reliable
operation of the appliance and promotes microbial activity which, like all life, requires the
presence of water. Also, the incoming ambient air will itself contain microbes, dust and

other undesirable contaminants.

30  As noted previously, cold air supplied to the product display space through the back panel
of the cabinet not only provides cooling to each shelf but also provides support to the air
curtain. This back panel flow may therefore be used to reduce the required air curtain
velocity and so to reduce the entrainment rate of ambient air. However, back panel flow
has the disadvantage that the coldest air blows over the coldest items at the back of the

35 shelves, which are subject to the lowest heat gain because they are furthest from the

access opening. This undesirably increases the spread of temperature across items



access opening. This undesirably increases the spread of tenperature across
items 3 stored in the product display space: ideally, simlar itens shoul d
all be stored at the sane tenperature. Refrigeration preserves foods by
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20 supplementary cooling to the stored product because the temperature rise of the main air

curtain over the length of the air curtain is too great to meet the cooling demand unaided.

Even with measures such as back panel flow, conventional cabinets can suffer from
ambient entrainment rates as high as 80% in real conditions, causing excessive energy
25  consumption and uncomfortably cold aisles. The emphasis here is on ‘real conditions’,
because the standards and protocols under which refrigerated cabinets are typically
performance-tested tend to distort perceptions of their energy efficiency. Whilst
performance-testing standards are stringent, they allow appliances to be taken from the
production line and optimised carefully over a long period to produce the best test results.
30
Optimisation involves incremental changes to the locations of test packs representing
items of stored food within the product display space, and fine adjustments of defrost
schedules and evaporating temperatures to balance cooling airflows around the cabinet.
Airflow optimisation changes the distribution of air between the air curtain and air supplied

35 ateach level via the perforated back panel. Consequently, the tested cabinet is optimised



30 Optim sation involves increnental changes to the |ocations of test packs
representing itens of stored food within the product display space, and
fine adjustnments of defrost schedul es and evaporating tenperatures to
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microbial activity, which reduces shelf-life, causes off-odours, promotes fungal growth and

can cause food poisoning.

20 Consequently, it has become popular to fit sliding or hinged glass doors to the front of a
refrigerated display cabinet. Initially this may appear to solve the problems suffered by
open-fronted cabinets because the cold air is held behind the doors, saving energy and
preventing cold aisle syndrome. However, the use of doors has many disadvantages:

25 e Doors put a barrier between the shopper and the displayed items, which
merchandisers know can reduce sales significantly in relation to open-fronted

cabinets - by as much as 50%, some studies suggest.

e Doors create a barrier, and additional work, for staff tasked with restocking,

30 cleaning and maintaining the cabinets. In this respect, the doors need to be kept
spotlessly clean on the inside and outside to maintain a hygienic and attractive
appearance. The doors are also susceptible to damage and hence may need
occasional replacement. All of this adds significantly to retail overheads. It also has
a bearing upon health-and-safety considerations and risk-mitigation actions

35 required by retailers.
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¢ As with conventional open-fronted cabinets, testing of energy consumption is
carried out in unrealistic conditions following extensive optimisation and so the
20 published figures are misleading. Energy consumption in real conditions is likely to

be significantly higher than the published figures.

e Store layouts may need to be changed to allow for the addition of doors to
refrigerated display cabinets. In particular, wider aisles may be required in retail
25 premises due to the ergonomics associated with general access and with
shoppers opening doors and managing trolleys. Wider aisles reduce the sales

return per square metre of retail space.

Shoppers like open-fronted multi-deck refrigerated display cabinets because they afford
30 easy product visibility and access. Retailers like such cabinets because they allow a wide
range of products to be displayed clearly to and accessed easily by shoppers, with
reduced maintenance overheads and better utilisation of retail floor space. The present
invention therefore aims to provide open-fronted refrigerated display cabinets that
significantly reduce entrainment, provide tight temperature control, reduce cold aisle

35 syndrome and save energy - without needing doors or other barriers to do so.
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opening above the shelf and a lower access opening below the shelf affording access to
refrigerated items in respective product display spaces in the cold-storage volume above

20 and below the shelf, and each shelf has: at least one forwardly-positioned discharge outlet
communicating with a supply duct for, in use, projecting cold air as an air curtain across
the lower access opening; and at least one forwardly-positioned return inlet
communicating with a return duct for, in use, receiving air from another air curtain
discharged above the shelf across the upper access opening.

25
The invention also resides in: a refrigerated display unit, comprising: an open-fronted
cabinet defining a product display space bounded by at least one upright wall; a cooling
means for introducing or producing cold air to refrigerate items in the product display
space in use; at least one shelf for, in use, supporting refrigerated items to be displayed

30 for viewing and access, the shelf being selectively locatable at different positions on the
upright wall; wherein the or each shelf has airflow supply and return channels connectable
to supply and return ducts through ports spaced on the upright wall; and at least one
upright partition divides the cold-storage volume into two or more columns within which
shelves can be moved vertically between selected positions.

35
Optional features of the invention are set out in the claims and in the description.



bei ng arranged in side-by-side colums: wherein each shelf defines an upper
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affording access to refrigerated itens in respective product display spaces
in the cold-storage vol ume above 20ang bel ow the shelf, and each shel f has:
at | east one forwardly-positioned discharge outlet communicating with a
supply duct for, in use, projecting cold air as an air curtain across the

| ower access opening; and at |east one forwardly-positioned return inlet
comuni Cab'n%gn \}ﬁhtl?e 59 BHlléis“ﬁtthé% i dtlgn Hafit nsr ght\ég&ﬂxs% Feoqu:Qm anot her
air curtarn drscharged above t e? across er access opening. 25
The i nvenbeight CéBB@lnCe@aIde@dl"mVara)UlSéWLICgé‘ﬂ'!albtla'd¢l§§§IWﬂﬂWfﬁtIOr§c§wrhasﬁ ng: an
open- f  onfde ¢ sg\fy Riles 466 LRI 18V eI iGEntRh Paﬁaessaema@age%ﬂnw at | east

one upright cool 1 ng neans |ntr duci ng or ucing cold air to
refrider a@@utiqnérﬂtetnenahlhéwemewmet argjais purtain t@ﬁ&dédlﬂwduse at | east one shelf
for, in use, supporting refrigerated itens to be displayed 30for view ng
and access, the shelf being selectively |ocatable at different positions on
the upri gﬁpdmg the iRighfrantaifecuppingagyres i staciceifesl ad soredugspihprizantalr et ur n

channel s fa%mpihalehﬁa.h%rswame @ﬁ%éﬁ&ﬂérﬁéﬂ&%s@m@mr@m P@ré?@&?d on the
upright wall: and | east one up rl)ﬂp\ﬁe partition divides the cold-storage

vol ure i ningial W'@fgen%ﬁeé“%latﬂﬁﬁ%ﬁcﬁm niscbarasHaerpedum il $1EfiGeo va R

verti ¢l | Yighipsamae bwee iRehfHge PASELY AR De LS, IdadiXy tBNEdUBY Bhtraibimintighvent i on
lies in the realisation that it is advantageous to reduce the height of an

ai r curt afMPieatRir 3¢ IgWes eNPEIY CXNSUBRtMei ght air curtain configurations that
have those advantages. On another |evel, the i nvention provides
advant agegea t echni ca}1 5sol uti ons tha} enabl e the hej ght 0 curtain

f

to be red ing3he BRIGAP RN e hgProshenaies ipwgs Iitipl 5%31 Séaf’ack
ef fect andndS&dﬁ@diwlécmrdfmmalrftﬁrbéfacblavédle'h&mhbﬁivés Eatrot &ved sane
tenperature difference. across the. curtain. n. initial discharge
i 1 6615 oneongRlangof RIS naroiirdeimpenadhene Sk FiFeroLtidiostis So o
10si gni f i efficddyyin teziv@orid carcditiphg e ane hotohérglyda highlg-antifiet) laberatbrymtpstiig. r educed
entrai nnent of anbient air and | ower energy consunption. Reducing the
hei ght of an air curtain therefore enables a lower initial velocity to be
used and meutderdbatdied ingertioormayf bet herecaadilgiundérstdod, ratehéereead! ndwbe madpr oves
control aWway of example to the accompanying drawings and table, in which:
20

Figure 1 is a sectional side view of an appliance of the invention in a first, simple

embodiment of the invention;

Figure 2 is a detail view of the front part of the appliance of Figure 1, showing
25 desirable horizontal spacing between the product display space and the discharge
and return air grilles that discharge and receive an air curtain projected across the

front of the product display space;

Figure 3 is a detail view of the front part of the appliance of Figure 1, showing

30 spacing between opposed faces of the discharge and return air grilles;

Figure 4 is a detail view of the discharge air grille of the appliance of Figure 1,
showing the horizontal depth or thickness of the air curtain as measured across
the face of the discharge air grille;

35



15consistency of the air curtain in addition to inproving its energy
efficiency and cooling efficacy in real-world conditions - and not nerely
in highly-artificial |aboratory testing. In order that the invention may be
nmore readily understood, reference wlkl now be nade by way of exanple to

t he acconpanying drawi ngs and table, in which: 20 Figure 1 is a sectional
side view of an appliance of the invention in a first, sinple enbodi nent of
t he invent i on; Figurgurie aZietadl viewdleftthe Hisohazge aif grilleeof theoanpliprgetof figurehd appl i ance
of Figure 1, s 1 ' . | Z | en the product

di spl ay space %W'%@Fgﬁépggé@n%%ée%ﬂ%g T?Q%I% F‘Igggﬁ%ﬁvﬂ\'gt di scharge and
receive an air curtain projected across the front of the product display
space; Figure 6 sgla%é;]a% viewh 5 tRe BRERrbe Xir §Mne03f Fidifes 4 984 5 RAbhingfa t he

appl i ance of |8ure , show ng 30spaci ng between opposed faces of the

di schaf ge and prefemed valpeityprplile @srossthgihisknpsp of the @itcartainyj ew of t he

di scharge air grille of the appliance of Figure 1, show ng the horizontal
depth or thickness of the air curtain as neasured across the face of the

di scharge air bgurel%eis a detaviy ef the rejura airarie pf the applignce AEFigirednalege air
grille of the apRlidPRerébrrdd Wbty broffd iR Sir YhNofiFigdré 8! vel ocity of the
air curtain may be "neasured; Figure 6 is a detail view of the

di scharge air grille of Figures 4 and 5, showing a 5Spreferred velocity

profihg acr ossgighrsighd oSt 104relsbtichal detalr didd Views biHwWify varicgs @ detai |l view
of the return air grille of the aggllance of rer@{]jé al so showi ng t he

! . . Fi gu
preferred vel o@4arEtiopsiq the disgharae alfigrilleigrmramate fgw-triicncedlowrng gir es 8, o,
10 and 11 are gefdrie@Valociieprafilk ibthdaindugtdm; showi ng various adaptations to
t he discharge air grille to pronote | owturbul ence flow and the preferred

velocity profile in the air curtain; Figures 12 and 13 are
sectional det aFigu@ksde andadrs Bentbng deesisidel viewsatdvingséibie Iddatiads foet

oty po ad) acgqt & e A1 SGNRL A% Ehkalibd Lo

Figure 14 is an enlarged detail view of a drainage system of the appliance of

Figure 1;

20 Figure 15 is an enlarged detail view of an impeller system of the appliance of

Figure 1;

Figure 16 corresponds to Figure 1 but shows a variant of the first embodiment with

intermediate shelves within the cold-storage space of the appliance;

25
Figure 17 is a front view of the appliance of the invention, having an optionally
side-mounted refrigerator engine;
Figure 18 is a front view of an appliance being a second embodiment of the
30 invention, having a bottom-mounted cooling engine and a plurality of airflow-

managed cells sharing a single insulated cabinet and that cooling engine;

Figure 19 is a sectional side view of an airflow-managed cell of the appliance
shown in Figure 18;
35



Figure 14 is an enlarged detail view of a drainage systemof the appliance
of Figure 1; 20Figure 15 is an enlarged detail view of an inpeller system
of the appliance of Figure 1; Figure 16 corresponds to Figure 1 but shows a
variant of the first enbodiment with ignternediate shel ves within the

col d-storage space of the appliance; 25 Figure 17 is a front view of the
appliance of the invention, having an optionally side-nounted refrigerator
engi ne; Fggrer2® i4 8 sedtionalf sidenview obetive @ppliemce ppFiganeck, breiwing boveecond
enbodi nent of [. 30j Lon I ed cooling engine and a
plurality of a%&ﬁ”%ﬁénﬁgﬁgagﬁyggg¥gggﬁg¥gﬁéh§ﬂ%ﬁﬁg %'insulated cabi net and
that cooling engine; Figure 19 is a sectional side view of an

ai rfl ow manag I | i.an Qog/mi i ‘o jgure 20 is a
sectional si dgﬁglﬁrg\g%?;? h@gﬁgﬁegﬂg&% [ gHro gth%?,% Hiﬂ?‘(%éu%%'é'gﬁ’&?"g
airfl dw managed cells are stacked to create the appliance; Figure 21 is an
eni arged_det ai ok 0k o8rs3BaIE difaiiky SRRIALGHIAR] ofthdLbiantt ofFidirgur & 22
is a perspectlvg détar b v w show ng a vari ant of 't he appl1rance o i gure
20, w th shar e, adbishagdgoelingaifien degad ffanh mcamawmeoningoaednsg nmeans;
Figure 23 is a sectional detail side view of a shelf of the variant shown
in Figure 1022; Figure 24 is an airflow distribution di agram show ng the
operation of stipwey3dnd seetionatdedictide view ohe shgibwfitheasiagt stpwgin Eigpre

15Fi g4y e 25 isym schematic plan view of airflowin the appliance of Figure
22 between supply and return ducts and the comon cool i ng neans;

Figure 24 is an airflow distribution diagram showing the operation of supply and

return ducts in the appliance of Figure 22;

15 Figure 25 is a schematic plan view of airflow in the appliance of Figure 22 between

supply and return ducts and the common cooling means;

Figure 26 is a perspective detail view showing a solution that enables the height of
ducted shelves to be adjusted,;

20
Figures 27 and 28 are enlarged detail side sectional views showing cooperation
between spigots and ports in the solution shown in Figure 26, in supply ducts and

return ducts respectively;

25 Figures 29 and 30 are sectional top views of a shelf on two levels, showing supply

ducts and return ducts respectively of the shelf shown in Figure 26;

Figure 31 is a front perspective view of a third embodiment of the invention in
which airflow-managed cells are disposed in side-by-side columns in a refrigerated

30 display appliance;

Figure 32 is a sectional top view of the appliance of Figure 31, showing supply and

return airflow ducts behind its back inner panel;

35 Figure 33 is a front view of the appliance of Figure 31, showing the layout of

arrayed mounting points and ports in the back inner panel of the appliance;



Figure 26 is a perspective detail view show ng a solution that enables the
hei ght of ducted shelves to be adjusted; 20 Figures 27 and 28 are enl arged
detail side sectional views show ng cooperation between spigots and ports
in the solution shown in Figure 26, ij supply ducts and return ducts
respectively; 25Figures 29 and 30 are sectional top views of a shelf on two
| evel s, show ng supply ducts and return ducts respectively of the shelf

shown in Figure 26; Figure 31 is a front perspective view of a third
enbodi nent of gV i sposed in
si de- by-si de c%pﬁrﬁn% ?% g‘% B’ éwoyg;{r"%@ @fé%%lgasmm%%q'lnﬁrgngrea‘ﬁmtﬁre 32 is a

sectional top adl%matwédtdtrmgammldldaﬁosilngfarrﬁng&m@tsl shown ng suppl y and return
airflow ducts behind its back inner panel; 35Figure 33 is a front view of

t he appliance of Figure 31, show ng the |ayout of arrayed nounting points
and po¥ts in thiguleaddds amemsvigrapidhe eppliahee effpiguradde; 10 Figure 34 is a side
view of a variant of the appliance shown in Figure 1, with alternative

dr ai nage and defrosting arrangenents; 5Figure 35 is a rear view of the

appl i ance of FFiguree3634 a siiegiigveof3bfurtberyvagprfcof thecapptifincg shawn frefrigwrarti ant  of

the appliance \%fﬂ??é\ﬂhlt'idﬁaﬁaglé dbhnq"kﬁrﬂacégd' tional radiant cooling surfaces;
|

10Figure 37 is a series o c plan views that illustrate and
contrast various possible frontal shapes of a refrigerated display

appl i gnce, shopiyRG IMEhLIseRéd SSchORatidiFarsianeat ull&éli%t@éﬁd Edmﬁa?t'\)an@uf‘sd the
finishers that gquide the alr curtain; IS a schematic

di agr am t hat smﬁwqfr@t@i;ﬁharm%of@rrafnswe%q'spﬂayraf@garmaawwq thei effect anr
curtain, wth gifshgpestthy as BFERH aRAMATinlsREs SR JLidBInd SiPERRAATE 10

Figure 38 is a schematic diagram that shows the dynamic and thermal forces
15 affecting the air curtain, with differently-shaded bands representing isotherms in

the air curtain, and also shows a typical velocity profile around the return air grille;

Figures 39 and 40 are enlarged detail views that correspond to Figure 38 but show
alternative arrangements of the return air grille and airflow-guiding structures

20 around that grille;

Figure 41 is a front perspective view of a multi-cell, plural column appliance like
that of Figure 31, showing how a partition between neighbouring columns may be

removed if the shelves of those columns are aligned;

25
Figure 42 is a front perspective view the appliance of Figure 41, showing how a
mini-partition may be created between neighbouring columns if some shelves of
those columns are aligned and other shelves of those columns are not aligned;
30 Figures 43 and 44 are front perspective detail views showing possible alternative

arrangements for mini-partitions supported by shelves of neighbouring columns;

Figures 45 and 46 are sectional side views of a fourth embodiment of the invention
being an airflow-managed cell having sloping shelves, with Figure 42 additionally

35 showing an intermediate shelf within the chilled cavity;



the air curtain, and also shows a typical velocity profile around the
return air grille; Figures 39 and 40 are enlarged detail views that
correspond to Figure 38 but show alternative arrangenents of the return air
grille and airflow guiding structures,;20around that grille; Figure 41 is a
front perspective view of a nulti-cel ]f plural columm appliance |ike that

of Figure 31, showing how a partition between nei ghbouring colums nay be
renoved |ithe R§akvess abedtbnalsideoliewroBaredippliandegsuedividddinto gifloar-Manageda f r ont
perspective view the appliance of Fiqure 41, showing how a mni-partition
may be creat eaceﬁ%f"a;éﬁlﬂg'ﬁgissaﬁmﬁ ‘ﬂﬁ’“’%drl‘g??ffééfﬁ sone shel ves of those
colums are aligned and ot her shelves of those colums are not aligned,

30Fi gures 43 d 44 are_frant rspective. detail views show.ng. possj bl e

2l ternatve ar G ARans sorBpal R FREH 4 et Bt SYRLARWERH

nei ghidouri ng oathuanmix of airflow-nfainggedeselld SsoamedwiltGsloping steattasandlotteirsleithavtws of a
fourth enbodi nent of the invention being an airfl ow managed cell having

sl opi ng shelves, with Figure 42 additionally 35showi ng an internediate

shel f within tfiguredblid @ dctematicpjan view & theifaewdrd past o agefdgeratedldispiaye vi ew of
an appliance s | Vi I al rfk | oni ves as
shown in Fi guratab%ﬂ r}ce%‘?q}e 'me%t'&’ Sl’-’uk’g}ﬁ@e gﬂlgge%qéée@%r%ﬁg?égs'?g%% g‘lgﬁjﬂ)f a
vari ant of thédtssigsléedgese shown in Figure 43 5with a mix of airflow managed
cel | s;5 some with sloping shelves and others without; Figure 49 is a
schematic plan view of the forward part of a refrigerated display appliance
of the invent ifigure SAcaIregposieite Figure dRdusshaysta gimiareartitiondinigher Qﬂ}g@ ain al ong
| ts side edgesiont Budd G arfBnGRSIARRRMfIok SrariaGll EeiéSribubiysious a simi I ar
partition finisher on the tront edge of a partition that divides

ai rfl owmanaged cells into colums; Figure 51 corresponds to

Figure 50 but [SHQuS12Br8ddoRbS RS EiYEreTDHUO Adlvs! ditditediii0S hpprosch thixe front edge
of the partition_behind adjacent air curtains; Figure 52 is a front view of

a ref19 ger at ecPoditiept ¢ fropbedagridhepartitnn hehind AdiagANt NfeHPIRG a differenti al

pressure sensor that reads and conpares pressure in supply and return ducts

and adjusts fan sgegd to bal ance the s ségm and 20 . .
Figure 52 is a front view of a refrigerated display appliance of the invention,

showing a differential pressure sensor that reads and compares pressure in supply
and return ducts and adjusts fan speed to balance the system; and

20
Table 1 sets out some preferred criteria, and values for each criterion, for air

curtains and appliances in accordance with the invention.

Referring firstly to Figure 1 of the drawings, this shows a refrigerated display unit 1 in

25 accordance with the invention. The unit 1 is shown here in a simple form as a discrete
appliance that is capable of stand-alone operation, although a support structure such as a
storage or display cabinet beneath would be required in practice to raise such a unit to a
height suitable for easy access. A plurality of such units 1 may be used side-by-side,
stacked in modular fashion and/or distributed around the retail area to create a larger

30 refrigerated display. It will be explained later how the principles of a modular plurality of

such units may be used to create an integrated multi-cellular display appliance.

The unit 1 shown in Figure 1 is generally in the form of a hollow cuboid or box comprising
insulated top 31, bottom 33, side 37 and back 35 walls enclosing a correspondingly-

35 shaped product display space 3 shown here as a hatched zone. A front access opening
39 is shown to the right side of Figure 1, defined between the top 31, bottom 33 and side



Tabl e 1 sets out sone preferred criteria, and values for each criterion,
for air curtains and appliances in accordance with the invention. Referring
firstly to Figure 1 of the drawings, this shows a refrigerated display unit
1 in 25accordance with the invention. ,The unit 1 is shown here in a sinple
formas a discrete appliance that is capable of stand-al one operation,

al t hough a support structure such as a storage or display cabinet beneath
woul d be 3ewalisiafthd uhipT RIS acessstopetiag 38 ghes Dnkindeted rdach-dn deeghio i t abl e for
easy access. A.pluralit f such i.ts.1 may be used_side-by-side, stacked
i n nodul aft® Sd%*?%ﬂﬁhﬁﬂﬁ&&i%ﬁ?ﬁ %E?’Bﬂg&ecﬂ?ﬁ%ﬁt(wgnmgﬁil area to create a

| arger 30refrigerated display. It will be explained |ater how the

principlesg of a . nodul ar, pluralit f .such units may be. used.to.create an
it oo at cas e B BERe Sogivat 37 cbfo e 1BNGREN' Ra ke SRPMLE S 1R o 0 1

i s gerter adisplayed ih the droduct display bpdded@yircwhioh daserthbside evaiip87 arengpitabig of at ed t op
31, bottom 33, side 37 and back 35 walls enclosing a Lr ondi ngly- 35
shaped pr‘SHlﬁ’SEedcﬁ'%S&aQ? c@ﬁ@&’eor "R eglgorrgaggalrégHg&gﬁgﬁﬂ%ﬁt@%.A front access
opening 39 is shown to the right side of Figure 1, defined between the top
31, botto n i wal f [ IS y ing 39

gi ves unhllr;r‘1nL§§‘rtg11 g?éeasgﬁp F%}T%%g%és\é\%aie? bgnayé‘%}i%é‘#g V%"}t\'c%%g cb’r %@‘Sﬁtﬁ atﬁ!%g}él ay space
3 behi nd ddvewvearde ixsfran ehiha grauict displ@ngpase. Tt dir afrtainHkexdéntts bebween 87 coul d
be transp _EH% ML SLBLE L f j ggq L &P i pr oduct
di spl?y s%g“?g&aéc?lpipnj ﬁ@ﬁs)él'éa;rg?% {qflgms/el %eDéAglgla'gH_ g?’gh?ﬁ%et% éﬁ 9%? Fn?azrrrper ed
gl ass andgrille@hRAG BrCaotedrie’s ghpplied ta thelRAG bawhicta piiagisctbe o cut@nPazndon. | n

use, the ReeRRBAINANLRACH WriciPBRbiock &/ndn@RIGF Alraih ¥ ibiafiabodida i 12 N 9

that flows downwardly in front of the product display space. e alr
curtai n 9therirendain Sevilviseritaply indudmerigpeiraingst aypkiertiairgaldiosgh thegeesant grille

or DAG 5 ; - ; ah b Y4 ; il Adrik&h Rith .d Led air
is suppl i@g&}tlgﬁtmhgd%%@ réduﬁqﬁgﬁétg?gfrgtﬂnﬁ%rﬁé %ﬁbdghrtgi n%&aﬁtﬂg@{é@ ret ur ned

via t RAG 7, which receives air fromthe air curtain 9. The air received

from the mithis fdealladdlsl ahlpld, iRyt RMtdSGithiiR e PTBeRER MdRAGHHHIGRE ai T,
al t hough ther?pr esent. invention w || gr eat | %3r edﬂce the rate of entrai nnent

i n conparP48 thyqugh gp?tg,mazﬁ. 4éé'r§icb-:ﬁ§ bgttom 33, back 35 and top 31 walls of the unit

1. The ducts 41, 43, 45 are defined between the insulation of the respective walls and
relatively thin inner panels extending parallel to and spaced inwardly from that insulation.

20  The ducts comprise bottom 41 and back return 43 ducts in the bottom and back walls of
the unit respectively, and a supply duct 45in the top wall of the unit. Ducts and air spaces
are suitably sealed to prevent air leakage to/from ambient or short circulation of air

between higher- and lower-pressure spaces in the unit.

25 The inner panels will become cold in use due to the cold air flowing behind them, and so
will provide some cooling to the product display space 3. Indeed, in this embodiment, no
cooling air is supplied through any of the inner panels. The cold surfaces of the top 31,
bottom 33 and back 35 inner panels are sufficient to maintain good temperature control of
items within the storage space, when the air curtain 9 is correctly specified.

30
All or some of the inner panels may have no insulation or heating but insulation and/or
local trace heating may be provided on some or all of the inner panels to control their
temperature. For example, insulation or local heating may be necessary to prevent over-
cooling of adjacent items in the product display space. In this respect, the back panel is

35 shown here as being thinly-insulated to suit the region of the product display space that is

furthest from the access opening 39 and hence subject to the lowest heat gain.



In this locally-cool ed exanple, the air circulates wthin the unit between
the RAG 5 and the DAG 7 through ducts 41, 43, 45 inside the bottom 33, back
35 and top 31 walls of the unit 1. The ducts 41, 43, 45 are defined between
the insulation of the respective wallg; and relatively thin inner panels
extending parallel to and spaced inwardly fromthat insulation. 20The ducts
conprise bottom 41 and back return 43 ducts in the bottom and back walls of
the unit respectively, and a supply duct 45in the top wall of the unit.
Ducts and air spaces are suitabl prevent air Ieakage ta/ from

| S t
ambi ent ol REREPEE. @7& UNYE; H\edvn%m@n é%éﬁewrﬂgﬁ@ﬁed BYRNe YVRVE SPBUEIS e

Spfiges. [ nsf.doh%swarfbran&&TmmmmngwIttse Widt beliag, OiMEis @esickdito biéee some to t he
Cco alr

| owi ng behi nd so will rowdeso oaoling to the
P oduct  df RO Ee 806 6 Simiogalh e eaed cohingdp BRI Teat SObI TR 7o s
suppl iged hémguighvna@ene@é|lytd@eugmem tnaa@émfronTbethe@hnl uaueim thét thélelrtop 31,
bottom 33 Lg_{ld ﬁaﬁlk 35 |rr1]ner lPane s are suffici Q ntadn g
t enper at ufE'3¢bn cﬂro"éqeﬁ £ SARING NeRPTFaphie CQPBtF%@P@ §B‘£€éper\ﬂﬁ‘8ﬁ Vet curtain
9 i s corregtonywithet furthedair Béing'slpptied $esaghalie Inher pamer panel s may have no
i nsul ation or heating but insulation and/or |ocal trace heating nmay be
provi ded on sone or all of the inner panels to control their tenperature.
For exarmteolmgra&uxhaaytbé)mo&fcebosmbtetywtdldwteﬂauab@framcmé;erafbuttrw pr event

overcgolin cent tems in the oduct a a hi s
Pl eresmR Hawain FoTespBakaPbRLS S Ry Al R el b B sui
t he regi oiselif Férhigis pnmdse:ta @bioBiig el spaatr&agtehasterr&rfdwfehe&by frecsitubted iraccess
opening 3 d henc ec th st heat,.ga pl e, one
or nore o 8t 'F?ﬁ%‘% 3’ %W@ﬁg tﬁ?(ﬁ'n“géoﬁﬁ RPN A %ﬁe'eﬁg‘egps %“'%'"S%éﬁl ngs
such as pm fooatad tcmhus ‘tem ottorh catisiug ofthterurithAssbatateddeds! dahinagk pravisiensdesi r ed
to bl eed sone |%04t hi fro\r/gnt'eh duct to apply locally increased cooling to

counter h&: n[be Yylowg ar heat gain will generally be highest at the
open f&ont of the unit, |t |s expected that the air curtain 9 will provide

t he cool i SA qi%ggr on,
W t hout fﬁg&eﬁb%(reg}l r %@gﬁe SQMUW%F%EF&% eﬂrﬂg(# d dﬁ%@?&aénglém@ Sﬁg\k air
may be pr el e 5 redRAG i/lr’adﬂlaltjuct ed to and fromthe unit but the

10enbodi ment shown in Figure 1 enploys air that is cooled and circul ated
locally in the unit itself. For thlscﬁ: rpose, a COO|II’1? coil, a drainage
system anthedycimang the PAG 5 asg RAG Bare designed HupreduGessmroth ard vesidiniew | of t he

uni t. 2cLOCéHar§é?é}lsh&9 I@%érﬂpﬁfula?é béHRId e SRIHE ih RRHESS nhfed 25 at78GntiRelhe top,

bott om or sid unit. Associated | ocal drainage provisions can be
| ocat ed Mel@gmmngﬁq bendggor bends provided with turning vanes, guides and baffles.

The DAG 5 has a substantially horizontal discharge face communicating with a supply
plenum above, that communicates in turn with the narrower supply duct 45 in the top wall

25  of the unit behind the supply plenum. The discharge face of the DAG 5 is on a level below
the supply duct 45 and is joined to the supply duct 45 by an inclined or chamfered corner.
In this example, a correspondingly-inclined comer fillet is opposed to the chamfered

corner across the supply plenum.

30 The RAG 7 has a substantially horizontal intake face communicating with a return plenum
below, that communicates in turn with the narrower return duct 41 in the bottom wall of the
unit behind the return plenum. The intake face of the RAG 7 is on a level above the return
duct 41 and is joined to the return duct 41 by an inclined or chamfered corner like that of
the DAG 5.

35



Reference is now made additionally to the enlarged views of Figures 2 to 7,
whi ch show the DAG 5 and RAG 7 in detail. The ducts and the DAG 5 and
RAG 7 are designed to produce snooth and even airflow 20characteristics. In
general, square bends are avoided in favour of mitred 73, 173, inclined.
chanfered or rounded bends, or bends provided with turning vanes, guides
and baffles. The DAG 5 has a substantially horizontal discharge face
conmuni CaAildWﬂéMg'éhtké riséHEl extgrlde ipWaiyOvsm trtehassfare@mmévar@tsm offthd infake Wi t h

the narro t 45 the t 250 uni, t d the supply
pl enum THE® Hfég%g @d@ebép?ﬁgr‘%@@m@g hgrizan a]'ﬁﬁ?@fh %éh%eﬁgﬂg suppl y duct
I45 ?Rd iSsUt@taﬂ\ﬁﬁllyta@rdsthéSMDWadth diek aéEesl@)Opaming Belofmedlln?»thmdmetiﬁsebedsnfjm{ ne{h
n i s ex correspondi n nclined garner fillet is opposed to the
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67 may al so influence the air curtain 9 by virtue of its positioning,

orientation and cross-sectional shape, therefore serving as an airflow

gui de. TheEhd lotwies Edyesof &% ufpér finigherleSeouawiguhe fage ofline DAy b peefemablgliamto on

about more than 10mm above the discharge face of the DAG 5 or no more than 50mm below
the discharge face of the DAG 5. Its insulated and/or heated front face should be just

25 large enough to prevent condensation yet small enough to maximise visibility and access

to the storage area.

The lower finisher 67 covering the face of the RAG 7 has an upwardly- and outwardly-
inclined upper portion 63, placing the upper edge of the lower finisher above and

30 outwardly - hence forwardly - with respect to the intake face of the RAG 7. The lower
finisher 67 has a lower portion that is generally in the same vertical plane as the upper
finisher 65. It follows that the inclined upper portion of the lower finisher 63 lies forwardly
with respect to the plane containing the upper finisher 65 and the lower portion of the
lower finisher 67.

35



20products, pronotions and pricing. The | ower edge of the upper finisher 65
covering the face of the DAG 5 preferably lies no nore than 10mm above the
di scharge face of the DAG 5 or no nore than 50mm bel ow t he di scharge face

of the DAG 5. Its insulated and/or hepted front face should be just 25l arge
enough to prevent condensation yet small enough to maximse visibility and
access to the storage area. The |lower finisher 67 covering the face of the
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area and ﬁ%°ﬁb?éﬁﬁ%nyswg‘gf@é&i"é’"s%sé'ﬁ‘r‘f\r/}aCE@Q}?L?'yP%‘gﬁe%E%" {53% “tergy as
a trade- otdrtainfhyo theyRAG 2o hel p to shape the air curtain 9 projected by the
DAG 5, and received by the RAG 7. For exanple, the upper portion 63 of the

| ower "Tinisher 67 cooperates with the riser on the other side of the intake
face of theefA® Joodpidaoneigteapair curfairddyhamics, der DAG ScAmairfeG 7ahpulddeween

themfro j j .~ T
cons) st ent2ap 8 SrsEbdRafall ol br\ip BREG sk Rl ey B8 es of oy o
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disturb the air curtain 9.

Product loading lines (not shown) may be marked on inner panels of the unit behind the

curtain, most suitably on inner side panels. Those lines indicate the maximum forward

20 extent to which shelves or items in the product display space may be positioned. Such
lines may have a pear-shaped curvature shaped to match the expected shape of an air

curtain 9 allowing for inward deflection, as shown in Figure 38.

On the basis that there is no provision for air to enter the system elsewhere, the mass flow
25 rate at the DAG 5 must equal the mass flow rate at the opposed RAG 7. The DAG 5
should supply between 50% and 100% of the air collected by the opposed RAG 7,

allowing for ambient air entrained into the air curtain 9.

The front-to-rear depth or thickness of the air curtain 9, measured horizontally from front
30 torear across the slot-like discharge face of the DAG 5 as shown in Figure 3, could be

between 40mm and 250mm. However, there is a practical optimum discharge slot width

which lies around 50mm or 70mm to 100 mm measured horizontally from front to rear

across the discharge face of the DAG 5.

35  This slot width, being the dimension from the cold side to the warm side of the discharge

face of the DAG 5, determines the thickness of the air curtain 9. Thickness of the air



Product | oading lines (not shown) may be marked on inner panels of the unit
behind the curtain, nost suitably on inner side panels. Those |ines
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Also, of course, an excessively thick air curtain 9 tends to separate shoppers undesirably

from the products that they wish to browse and purchase.

Reducing the discharge slot width of the DAG 5 instead will enable a stable curtain 9 to be
25 maintained with lower overall volume flow rates of air being circulated and with minimal

separation between shoppers and the displayed cold-stored products. The required

velocity to maintain stability will, however, start to become sub-optimal for slots narrower

than about 50 mm.

30 The discharge velocity of the air curtain 9 will affect the stability of the curtain, the
convective heat transfer coefficient between the curtain and the stored items and the rate
of entrainment of ambient air into the curtain 9. It is preferable to minimise the discharge
velocity if entrainment of ambient air, and hence also energy consumption, is to be
minimised. However, the discharge velocity cannot be reduced too much because

35 otherwise the curtain 9 cannot maintain adequate stability over the full height of the
access opening 39. The curtain 9 must also provide adequate cooling to the items
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t enperature, aﬁ L
optimal to re uce the d|sc arge velocny to the extent that the curtain can just maintain

integrity across the height of the access opening 39.

Buoyancy forces are likely to dominate the flow of air curtains 9 with discharge velocities

25 less than 0.4 m/s. Such curtains 9 are likely to have limited practical application although
they may be adequate where access openings 39 are particularly short (< 0.3 m), the
temperature difference between ambient and the product display space 3 is srhall and the
radiative heat gain to the product display space is minimal. Curtains 9 with discharge
velocities up to 1.5 m/s may be useful for taller access openings 39 (> 0.5 m) but

30 efficiency will be reduced over that velocity. In this respect, it should be noted that if a
typical conventional display cabinet was considered without supporting flow behind its air
curtain 9, the required discharge velocity would be in the order of 2.5 m/s for a
temperature difference between ambient and the product display space of just 13 K. The
extreme inefficiency of such a high discharge velocity will be clear, but this simply had to

35  be tolerated before the present invention.



20anbi ent tenperature and required product tenperature. As a general rule,
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the curtain can just naintain integrity across the height of the access
openi ng 39. Buoyancy forces are likely to domnate the flow of air curtains
9 with discharge velocities 25l ess than 0.4 nms. Such curtains 9 are |ikely
to have |imted practical application although they may be adequate where
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fromthe tyq Sl "E?F‘t'taﬁév”ﬁh? gxplaipy ]ﬁr in fhigspeci ication. The optimum depth or widt
of the RAG 7 from front to rear is close to the width of the DAG 5 in that direction but it
could be less - for example about two-thirds of the width of the DAG 5, although testing is
needed to verify this. This is in contrast to conventional cabinets in which the return air
25 terminal is generally wider from front to rear than the discharge air slot, due in part to the
presence of supporting air flows that must return in addition to the air curtain 9. Such
supporting air flows are not an essential feature of the present invention; to the contrary,
they are preferably omitted. Testing has shown that the efficiency and stability of the air
curtain 9 is less sensitive to width reduction at the RAG 7 than at the DAG 5, with initial
30 data implying that an optimum RAG 7 width may be slightly narrower than the DAG 5

width measured from front to rear.

The Richardson Number is a dimensionless number defined as the ratio of buoyancy
forces to momentum forces, which may also be used to characterise an air curtain 9 in
35 accordance with the invention. One definition of the Richardson Number that considers

the fundamental variable of DAG 5 slot width measured from front to rear is:
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structures may be significant, as will be explained later in this
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H = curtain height (m)
Uy = discharge velocity of the air curtain (m.s”)

b = discharge air grille width (m)

With so many variables, the Richardson Number of an air curtain 9 will vary during normal
operation of a refrigerated display unit, due to matters such as fluctuation in the discharge
velocity as the evaporator frosts, and varying ambient and storage temperatures.

Consequently, specifying a design point is not always straightforward.

For the most common conventional cabinets, the Richardson Number is typically around
1400 to 1800. In order to minimise energy consumption, it is important to maximise the
Richardson Number of an air curtain 9 as this represents a low discharge velocity.
However, high Richardson Numbers are associated with unstable curtains, and so it is
desirable from a stability viewpoint to minimise the Richardson Number. In the context of
the present invention, Richardson Numbers in the range of 40 to 60 are likely to be well
suited to a refrigerated retail display unit whereas Richardson Numbers over 120 are

unlikely to have practical application.

The Richardson Number should be used with some caution but it can be a useful
analytical tool nevertheless if its limitations are understood. For example, Uyb?in the
denominator may not be a truly representative correlation for the discharge velocity and
DAG 5 width. In this respect, it is noted that a wider DAG 5 requires greater mass flow

overall because constant mass flow does not provide constant stability for varying DAG 5
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of Hb an%o;"grbul ence in this case. However the Ri chardson Number can be
correl ated approximately with the stability or deflection of an air curtain
9 and it provides a 5conveni ent corrpari son of air curtains 9 for l|argely
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20  which also helps to smooth the airflow. Thus, the DAG 5 is essentially a low velocity
device that needs to project a low-turbulence (or largely laminar) air stream to seal the

access opening 39 down to the level of the RAG 7.

A velocity profile 11 skewed to the cold side improves the efficiency of the refrigerated
25  cabinet; the faster velocity on the cold side enhances the convective heat transfer
between the air curtain 9 and the items stored in the product display space 3, in addition

to the reduced velocity on the warm side minimising entrainment of ambient air.

Figure 7 shows that whilst minimal pressure restriction is preferred at the RAG 7, it may
30 be useful to have a velocity profile 13 at the RAG 7 akin to that produced at the DAG 5.

Colder air on the inner side of the air curtain 9 facing the product display space 3 will tend

to promote this profile in any event. This helps to maintain a desirably high heét transfer

co-efficient from the product display space 3 to the air curtain 9.

35  Figures 8 to 11 show various possible adaptations to the DAG 5 to condition the airflow

and to promote low-turbulence flow, preferably with the desirable velocity profile 11 shown



15anbient air and so will reduce the rate at which anbient air is

entrained. Dynamc interaction with the anbient air and hence entrai nnent

will also be reduced by providing snooth airflow through the DAG 5, with

| am nar flow being ideal. For this prlpose, t he above features of the

pl enum associ ated with the DAG 5 shoul d be coupled with a suitably-sized

di scharge honeyconb 53 of vertically-extending channels in the DAG 5,
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facing the oduct |sla rom) rofile in any
event . ThslgtSIt@lamsttamﬂthreetWﬂy aandemfﬂ@tbdhycrhr@twdlmw transfer co-ef ficient
fromjfe product display space 3 to the air curtain 9. 21 in Figure 6.
These adaptations may, for exanple, involve air guides, splitters and/or

t ur ni ng vikiges.9 shomseconifrns Borizestat t\@neryagmbéiius@g DA 6 méithpAGdSetsbapechi mi se

tur bul encgp‘ﬁpg?,tf&eb@n@q o s ,%,ﬁ%h%gﬁével ocity along the length of the

DAG 5, fromleft to right across the wdth of the access opening 39. Angles
of corner baffles 55 above the DAG 5 5can affect the discharge velocity

profile ofig hﬂ%eloaéhbwg'ért}n%ﬂﬁw %on%?itélEn&@@n@rﬁll%‘(ﬁ@ﬁ@%ﬁlﬂ%yﬂ thaRAG 6 Gith
correctly as not ed above. Figure shows t hat DAG 5 can have graduat ed
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profiled fagmdra8eineh@h itdward i fiir@ Bf e Anit BOWEowh. uni f or m hori zont al
honeyconb 53 in the DAG 5 wth a wedge-shaped upper surface rising toward

the front of the unit.
Figure 11 shows a uniform, horizontal and generally flat honeycomb 53 in the DAG 5 with

a wedge-shaped insert 55 in the plenum above, whose lower surface falls toward the front
20  of the unit. The lower surface of the insert shown in Figure 11 is generally planar but it

could be convex- or concave-curved in the front-rear direction with respect to the unit.

Figures 12 and 13 show possible locations for cabinet lighting 15 adjacent the DAG 5.
Figure 12 shows strip lighting, preferably comprising LED arrays, that serves as part of an
25  upper finisher positioned to the front of the DAG 5. Positioned here, the strip lighting 15
contributes insulating and heating effects appropriate for an upper finisher. Conversely,
Figure 13 shows strip lighting 15 positioned to the rear of the DAG 5, under a chamfered
corner 55 between the DAG 5 and the supply duct. A separate insulated and/or heated
upper finisher is positioned to the front of the DAG 5 in this case.
30
Figures 14 and 15 show that it is desirable to have airflow management such as
chamfered or rounded corners around drain trays 17 and at cooling coils 47, fans 75 and
transition ducts 73, 77 to maintain smooth air pattern characteristics and low static
resistance. Adequate duct width is also important. Enhancements such as these minimise
35 turbulence in, and pressure drop through, air ducts around the unit. Good air flow design

practice is particularly important at bends to minimise flow disturbance and pressure loss.



Figure 10 shows a uniform horizontal and generally flat honeyconb 53 in
the DAG 5 wth 15a succession of spaced perforated plates 54 in the plenum
above; the perforated plates may increase in |length toward the front of the
unit as shown. Figure 11 shows a unifgym horizontal and generally flat
honeyconb 53 in the DAG 5 with a wedge-shaped insert 55 in the plenum
above, whose |lower surface falls toward the front 20of the unit. The | ower
surface of the insert shovvn in Figure 11 is generally pl anar but it could
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Moving on now to Figure 15, this shows an impeller 75 arrangement at the top of the back

25 return duct, in the corner 19 at the junction between the back return duct 41 and the
supply 45 duct of the unit. An angled fillet 73 extends across the corner between the
insulation of the back and top walls of the unit. The fillet 73 is an integral element of a
plate, the plate also having a support element 71 extending forwardly and downwardly
from the insulation of the top wall to the inner panel of the back wall. The support element

30 71 supports a row of fans 75 (only one of which is visible in this side view), positioned in
respective openings in the support element 71; otherwise, the support element 71 seals
the back return duct 41 from the supply duct 45. Again, a chamfered corner 77 between
the back return duct 41 and the supply duct 45 cooperates with the fillet to smooth air flow
at the corner transition 19.

35



15encourage mcrobial growmh within the air ducts of the unit. The front of
the inclined elenment of the drain tray 179 has an integral fillet extending
forwardly and downwardly to the insulation of the bottomwall. The fillet
is opposed to the chanfered corner to,gffect a snooth change in the
direction of the air flow 20Drains 17 and cooling coils 47may require
heaters 221 to defrost ice accunul ati ons where tenperatures are | ow enough
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besi de i t 33 bitthé ArawWiiRas e shbA! Likd Surh&hilsi28€ i Sdd0br IkRGaRE. 23 coul d be
| ocated 10to the top, bottom left, right, or rear of the casing. It is
also reiterated that the integral refrlgerator engine 23 is optional and
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Where the chilled cavity 3 of a cabinet is subdivided into a series or array of smaller

25 cavities such that air substantially cannot transfer between adjacent cavities other than via
their open fronts, the height that influences the stack effect is the height of the individual
cavity or cell. The present invention takes advantage of the reduced cavity height to
minimise the consequences of the stack effect. In the present invention, air curtains 9
therefore have a reduced initial momentum requirement compared to conventional

30 cabinets, assuming the same differential between storage temperature and ambient

temperature.

Figure 18 shows a refrigerated display appliance 1 that has a bottom-mounted refrigerator
engine 23 and a plurality of airflow-managed cells 3a, 3b, 3c stacked in a vertical array or

35 column and all sharing a single insulated cabinet.



stack effect, to retain colder-than-anbient air inside the product display
space 3 and to 20 prevent the infiltration of anbient air. The nagnitude
of the stack effect depends upon the tenperature difference between the
anbient air and the chilled air insidg the cabinet, and the height of the
access opening 39 of the cabinet. Were the chilled cavity 3 of a cabi net
is subdivided into a series or array of smaller 25cavities such that air
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pl ur ty d y spaces stacked one atop another, each in its
own ﬁdrfr%ﬁdﬁ'g‘n% gpttng $ﬂ t their back and side edges, the shel ves lie

cl osel y agai nst the S5back i nner panel and the side walls of the cabinet, to

i scour ag it Eld il 3hAAb 03526898150, SEcHhELYBR [ B be provi ded
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hi h d
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glass 10an azed I's exa ree
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cabi net: @y uppernost cell 3a ; and inner cell 3b; and a | owernost cell 3c.
I n other exanples having nore than three cells in the stack, there wll be
nore than one

Celis can be of different heights and may be arranged to store items at different
temperatures to reflect different storage requirements for different items.

20
The inner airflow-managed cell 3b in sectional side view in Figure 19 shows how each cell
is essentially similar to an individual appliance as shown in Figure 1, except that the cells
omit the thick insulating members on the top and/or bottom walls. Thinner insulation, or no
insulation, is used instead at the top and/or bottom walls from which thick insulation is

25 omitted. This is the case for both the top and the bottom walls of inner cells 3b, being cells
other than those at the top and bottom of the stack. In contrast, the uppermost cell 3a will
have thick insulation in its top wall and the lowermost cell 3¢ will have thick insulation in its
bottom wall. The thick insuiation at those locations and on the back walls of the cells may
be considered as part of the cabinet that surrounds a plurality of the cells.

30
The airflow-managed cells of the invention can also be fitted to conventional insulated
cabinets or refrofitted to existing retail display cabinets. In these applications, the cells do
not require the thick insulation component on the back wall because the necessary
insulation is already present as part of the common cabinet casing.

35



15i nner cell; conversely where there are only two cells in the stack, there
wll be no inner cell. Cells can be of different heights and may be
arranged to store itens at different tenperatures to reflect different
storage requirenments for different itgms. 20 The inner airflow managed cel
3b in sectional side viewin Figure 19 shows how each cell is essentially
simlar to an individual appliance as shown in Figure 1, except that the
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refrigerator engine can be inc the casing as an Int egral unit or
cooling can be supplied renotely froma 5typical supermarket refrigeration
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behi nd the cel s as shown as this reduces the bu t he shel ves and
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coul d i nsdmad (bRGEIsH HAd 8 iridds RIRGE PPin tROFSRBLARL! Sddehel Amndurid@lihg 32, 3b,

3c. Local cooling necessitates a drainage system 17, shown in this exanple
to the bdJEtRAFIYRAWItEBBHRRlY B?Ctéééﬁd@éﬂ”mqtl'fé‘lﬁ datinpddly respechive eRANeiage syst em
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repeated he e. In essence, the stacked cells create a succession of small

air curta"f¥® petween the 15shel ves inside the refrigerated cabinet. The
air qort ai ns 9 are produced by providing air outlets (DAGs 5) and air
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25
This arrangement is best appreciated in the enlarged detail view of Figure 21. In this
simple expression of the idea, a single return duct 41is above a single supply duct 45in a
bi-level layered arrangement. However, other arrangements are possible in which the
return duct 41 is beside the supply duct 45 on the same horizontal level or on overiapping
30 levels in the shelf. Also, there may be more than one supply duct 45 or return 41 duct per

shelf, or those ducts may be divided into branches.

Adjoining walls and their surfaces between air ducts in the shelf at different temperatures
should be of low heat conducting materials and/or insulated and/or heated to discourage

35 condensation in the warmer duct. The warmer duct is normally the return duct 41, where



The features of the DAG 5 and RAG 7 of each shelf and their associ ated

pl enuns and commruni cati ng ducts shown here are nmuch the sane as in their
counterparts in the enbodi mrent shown in Figures 1 to 17. The opti onal
features explained in relation to thaj, enbodi ment may al so be adopted here.
25 This arrangenent is best appreciated in the enlarged detail view of
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RAG 7 of the array.

20  The variant illustrated in Figures 22 to 30 shows that the cells need not have individual
cooling coils 47: the cabinet in this instance has a common cooling coil 47 that may, for
example, be located in the base of the unit. The ventilated, ducted shelves connect to
common ducts and supply air to the air curtains 9 and return air from the air curtains 9.
Cold supply air is therefore ducted from the common cooling coil 47 to each cell and

25  warmer return air is returned from each cell to the coil for cooling, drying, optional filtering
and recirculation. Indeed, cold air may be ducted to each cell from a remote or shared
source outside the unit and recirculated through that source for re-cooling and other

processing.

30  More specifically, Figures 22 and 23 show common parallel vertical supply and return air
distribution ducts connecting to and shared by the airflow-managed cells. In this instance
the supply duct 45 is located centrally with respect to the shelves and lies between two
return air ducts, those ducts all being defined between a back inner panel and the
insulation in the back wall of the cabinet. Other duct arrangements are of course possible.

35  As in the first embodiment, the back inner panel may be thinly insulated and/or heated to

avoid over-cooling in regions remote from heat gain through the access opening 39.



face of the DAG 5 of the associate shelf Separate upper and | ower finishers
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It is possibie for the shelves to be fixed but it is preferred for the shelves to be removable.
More preferably, the shelves are movable and reattachable at different vertical positions to
allow easy adjustment of their height and hence the height of each airflow-managed cell.

25
A simple arrangement for achieving height adjustment is shown in Figure 26. Here, the
back inner panel of the cabinet has several mounting positions that can hold the shelves
121 at different heights. The shelf support system comprises hook-on brackets 123
cantilevered from the back of each shelf, that hook into complementary holes 125

30  punched in the back inner panel or in vertical supports (not shown) that may be attached

to the back inner panel for greater strength.

The use of such brackets and supports 123 is well known in the art of retail display
cabinets for positioning adjustable shelves 121. However, the requirement in this

35 embodiment for airflow to the shelves 121 also demands associated ports leading to the
supply and return air ducts behind the back inner panel. Those ports are spaced in vertical



15t here, the air enters the supply ducts of the shelves and the top wall of
the cabinet, is projected as a stack of air curtains 9, one per cell, and
is returned via return ducts in the shelves to the return ducts on each
side of the central supply duct behing the back inner panel. The return air
flows downwardly in those return ducts and around a shroud di sposed in the
base of the cabinet around the fans and the evaporator coil, to enter the
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a respect inder ghnet toiratutrhte the closed position, substantially sealing the ports.

Figures 29 and 30 elaborate on Figure 23 and show, respectively, the supply and return

25 ducts of a shelf disposed in the aforementioned bi-level arrangement. Figures 27 and 28
also show how the supply and return ducts of the shelf communicate with the respective
associated spigots at the back edge of the shelf.

The cut line for the 'U’ shape should be as narrow as possible to minimise air leakage

30 through the back inner panel when a flap valve is closed. For that purpose, it is possible to
surround the flap valves with seals. It is also possible to fit the flap valves with magnets to
hold them closed unless the spigots of a shelf push them open. However any air that does

leak through the back inner panel may usefully help to cool the contents of the cabinet.

35 These simple flap valves in the back inner panel provide a low-cost and reliable basis for

the adjustable shelf concept of the invention. However other forms of hinged, rotating or



shel f and being positioned to align with and cooperate with a correspondi ng
port in the back inner panel and a correspondi ng distribution duct behind
that port. In this case the shelf has three spigots on its rear edge, a
central one being for alignment with jhe central supply duct and the other
two being for alignnment with the return ducts on each side of the 20central
supply duct behind the back inner panel. \Wen the shelf is renpoved, the
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while all sharing a s‘ly;gle I nsul'ated cabi net of one refrigerated display
appl i anceparts glignehith axdeqsmaunigating ity sacty obthoss dyqtods brsh sl indigue ar e

arranged 3% Fidl&83 YRbshGd véHiER ¥fray of%%ﬂﬁ?h&@slwhgr@ théGieigheactie of whi ch
conprises a I5smaller plurality or subset of cells. Each colum has a

central sthsey icediystaRkleween two return ducts behind its back inner panel as
best zhown in Figure 32, with vertical arrays of ports aligned with and

O 5, bty e B A ot o1
shel ves i s3amhUrkabh plane orthogonal to the plane of the back inner panel. There are
therefore two such partitions 137 in this example, lying in mutually-spaced, paraliel and
substantially vertical planes.
25
Whilst the appliance shown in Figures 31 to 33 has solid opaque insulated side walls 37, it
would be possible for one or both of the side walls 37 to be transparent instead to
enhance the visibility of items displayed in the cabinet. Such an arrangement is shown in
Figures 41 and 42. Again, if transparent, the side walls could be of tempered glass and
30 double- or triple-glazed. Similarly to enhance visibility of the items displayed in the
cabinet, the partitions 137 are advantageously transparent as shown and are also
preferably of tempered glass. As the partitions could allow side-by-side celis to be set to
different storage temperatures, they may beneficially have insulating properties such as
by being double- or triple-glazed if they are transparent.
35



20 Adj acent columms are separated and partially defined by a substantially
vertical partition 137 that lies in a plane orthogonal to the plane of the
back inner panel. There are therefore two such partitions 137 in this
exanple, lying in nutually-spaced, pajallel and substantially vertical
pl anes. 25 Wilst the appliance shown in Figures 31 to 33 has solid opaque
insulated side walls 37, it would be possible for one or both of the side
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pancl . Tg: (BALL) dd;8SacR LR ECTLNPabAR d0NEE oRR05) saibtabivabl Y the
inner panel. The partitions extend from the back inner panel substantially the full depth of
25  the shelves from front to rear. Preferably, as shown, each partition extends slightly
forward of the front edge of a shelf, at least as far as the forward edge of the forwardly-

extending upper portion of the finisher on the front of the shelf.

The partitions prevent air flows from spilling from one column to the next and possibly

30 disrupting the air curtain 9 dynamics of adjacent cells. This helps to prevent the
performance of each air curtain 9 being affected by ambient air currents or by an adjacent
air curtain 9. The partitions also help to minimise cross-contamination between celis and

to contain any spillages that may arise from items displayed within a cell.



25t he shelves fromfront to rear. Preferably, as shown, each partition
extends slightly forward of the front edge of a shelf, at |east as far as
the forward edge of the forwardly-extendi ng upper portion of the finisher
on the front of the shelf The partiti§$s prevent air flows fromspilling
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deacti vat e cooling coi and continuing to circulate air over the
coi | ."9%here this is not possible, heat may be applied as shown in Figure

34. In thig e%:ﬁHH' ﬁgur%k%ﬁfahb@sqfusﬂ% agéﬁlah%aérhnﬂggceéﬁd@é'fb%tu%mh as rods or
pi pes on the coil and drain surfaces defrost any ice build-up at those

| ocat i onsa"%élﬂﬂm?i‘téﬁaph%ﬁj to ghesfifst splrqdimendy albougthib il b&tﬁﬁﬁé tftqﬁé'"u'ebie?h'ge%m | 47

in the 25hRa6Kapsiel idlofEcdmbddthéms ks, nor mal |y kept open by being aligned
with the airflowin that duct, is turned through 900 to block the airflow

in the duct during the defrost process and hence to prevent convective
ci r culoat i @Munits that operate above zero Celsius, defrost may be achieved simply by deactivating

the cooling coil 47 and continuing to circulate air over the coil. Where this is not possible,
heat may be applied as shown in Figure 34. In this example, electric or hot gas heating
elements such as rods or pipes on the coil and drain surfaces defrost any ice build-up at
those locations. Additionally, a butterfly-valve damper above the cooling coil 47 in the

25  back return duct, which is normally kept open by being aligned with the airflow in that duct,
is turned through 90° to block the airflow in the duct during the defrost process and hence

to prevent convective circulation.

The rear view of Figure 35 shows multiple centrifugal fans that facilitate even distribution
30 of airflow along the linear length of the air curtain 9. Alternatively, tangential fans can be

used. Figure 35 also shows how the drain tray or trough has an inclined ‘fall’ toward the

drain pipe from one side of the appliance to the other. An alternative drain tray with

oppositely-inclined arms converging on a central drain pipe is shown below.

35 The variant shown in Figure 36 addresses the problem that items stored at the front of the

product display space near the access opening 39 will be most affected by ambient



The rear view of Figure 35 shows nmultiple centrifugal fans that facilitate
even distribution 30of airflow along the linear length of the air curtain
9. Alternatively, tangential fans can be used. Figure 35 al so shows how t he
drain tray or trough has an inclined j3fall toward the drain pipe fromone
side of the appliance to the other. An alternative drain tray with
oppositely-inclined arns converging on a central drain pipe is shown bel ow.
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| ocation. Conversely, the conductivity of a non-insulated inner panel could
be t ai | or Whhereningulationmii$ provided na@n iBiemparel lof/the anit, the aselatieramay e povi si ons

for an in = LN f the. el, for
exarpl e witierd 3Pk TRl TV R0 GHA QLA e AHARBIEREC 5 or
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panel . ThisuEBtd6red 56 sinfilat Manbdie | ocal tenperature of the inner panel to
suit the heat gain encountered at that |ocation. 25

Similarly, any trace heating provisions for an inner panel may also have non-uniform effect
across the panel, for example with different thicknesses or densities of heating elements

20  atdifferent locations on the panel. It is also possible for the degree of trace heating across
an inner panel to be variable and controllable to tailor the temperature profile across the
panel, for example by switching on different numbers of heating elements at different
locations on the panel. This can be used tailor the local temperature of the inner panel to
suit the heat gain encountered at that location.

25
Where an inner panel is penetrated by openings such as perforations communicating with
the duct behind to admit cooling air to the product display space, the size or density of the
perforations may vary between different locations on the panel. Again, this can be used to
suit the heat gain encountered at that location.

30
Figure 37 confirms that the front of a refrigerated display appliance may be planar or
otherwise straight from side 37 to side 37 as shown in the top illustration. However, the
front of the appliance may depart from a straight line or plane with, for example, a
generally convex centrally-protruding shape as shown in the middle and bottom

35 illustrations of Figure 37. The middle illustration in Figure 37 shows a segmented front

profile with oppositely-inclined side parts on either side of a central straight part. In



VWhere an inner panel is penetrated by openings such as perforations
communi cating with the duct behind to admt cooling air to the product

di spl ay space, the size or density of the perforations may vary between
different locations on the panel. Agajn, this can be used to suit the heat
gain encountered at that |ocation. 30 Figure 37 confirns that the front of
a refrigerated display appliance may be planar or otherw se straight from
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20l n a further possible variant, a mnor secondary air (which coul d
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main air gagdiain 9 to prevent condensation on the finishers positioned in
front of the DAGs 5 and RAGs 7. Fi gure 38 shows the dynam c and thermal
forces affecting the air curtain 9. Differently-25shaded bands in the air
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This is particularly applicable to | ong curtains that
Figure 38 shows the dynamic and thermal forces affecting the air curtain 9. Differently-
25 shaded bands in the air curtain 9 signify isotherms, with the colder temperatures being on

the inner or rearward side of the air curtain 9 facing the product display space.

It is known in the prior art that the discharge angle of an air curtain 9 can be altered to
improve the stability of the air curtain 9. This is particularly applicable to long curtains that

30 span tall access openings 39 as in the prior art. Where such a curtain seals a cold cavity
in the prior art, it may be advantageous to incline the curtain towards the warm side; that
is, outwardly or forwardly with respect to the cold cavity of the unit. Inclining the curtain in
that way has been found to maintain stability with slower discharge velocities, with 15° to
20° from the vertical being regarded as an optimum.

35



30 span tall access openings 39 as in the prior art. Were such a curtain
seals a cold cavity in the prior art, it may be advantageous to incline the
curtain towards the warmside; that is, outwardly or forwardly with respect
to the cold cavity of the unit. Incliging the curtain in that way has been
found to maintain stability with sl ower discharge velocities, with 15 to
200 fromthe vertical being regarded as an optimum 34 In view of the
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30  An objective of the invention is to minimise the loss of supply air and to move closer to the
ideal in which most of the air projected from the DAG 5 is captured by the RAG 7 with
minimal capture of entrained ambient air. In this respect, Figure 38 shows a typical
velocity profile around the RAG 7, which demonstrates that suction or extract terminals
such as a RAG 7 have limited directivity. The influence of the RAG 7 on surrounding

35 airflows is very localised and its effectiveness depends largely on its location and the

complimentary projection from the DAG 5.



conplinmentary projection fromthe DAG 5. 35 Referring to the tenperature
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ai r-guiding 5finisher 67 may inadvertently capture sonme of the anmbient air
that is inevitably entrained in the forward side of the air curtain 9. Al so
the localised velocity profiles around the RAG 7 have influence within the

entrai ned ent air in the fog rd side of the air cyrtajn 9, which my
al so tenngfnqﬁ‘PéW’\eﬁe@B?fé U pﬂ%‘étm@mﬂ?'é?%@ % APsre Aray peben bl"h cRANGNYot t hese
?bser v?t | ﬁ@%gz:gbrgargmle&&tlaﬁdfﬂﬂ@ M@Waaato(rj thﬁ%lssmtg@fﬁlshddr@nd\h!;érhhéthe i nt ake
ace O t he . .aQCes re owar roduct | S a.sp ce to sone
ront e abouRtnRolREENAL ¥ £dlgahGply T OlErh Rt Ve dPAES ol v to s
| essers exfirgster sbeialygnamk/entenﬂp@bptn@bduw\@frﬂdé amblléngalrrteaﬁ@mhmm;: éritainedt ake

ho. pwar MR M SBE of Rieut S A cnine KR RSl ERbies Hokde FEHRAGS, ' =Y
associ at etlhaet inflienee mmn'fhéwasirmdmentmumn theifdevapbsite ofthebiosertain®l i nati on

is rever se nto and [ earva Lre hus facing i nwardly
t owar d th\g rg}?&' od?rgal\ﬁ cea“s'bna%om?% con ngrgalé%l n'(?m%)'n to the correspondi ng
feature shovvn in Figure 32 and in preceding enbodi nents. 20These opt i onal

featues Qfvidy {>ﬁ§és‘@ac§b‘1!e%(/a{?5n%l EQ @%gadnd (Lf”hgx‘fv ?%’ﬁa‘?(far?at% g‘elé%( -facing

RAG Tare ori1éen oned ar ange aptur air from
the air ciotakaiface®f stm%@ 7§emraamammthm¢m@t dlswla)omatcnéo s¢mecurtain 9

flow in éﬁ%thgpetsg HBRE td iRA@ RGP RAG 7'ilidhg ?@aMar&l?WaLegfér@xlténtOUt of

t he product space fromits bottom front corner ore
r ear war dl §eipg aipeinclineg upmardjy)iFigurerd) shewethaitakeclaprieltsa RAGHT B5n8at ur es such

as insul atte'agﬁﬁr@ P Qprefmtek@az w?t"-%ﬂbsthﬁt%ll?ﬁéhﬁ\h% inchhfon2REo Oh bBiAtat i on make

it particul y use di spl ayi ng rl Clﬁrﬁ pronoti onal material and
ot her 1§ nf bepaivarignts. thedinsheorisaeiated woih the, kAR ITWPREEIE VIR #OHBBY €

desi gn- ou\;vhééénpa.hsﬂ.dms ?évceféee%@léﬁmp%rmmemed difdclyh, tmmae.nyﬁmamw
reduces the hei ght he air curtain 9 to generate a stable
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t hi cknessin ARYurél83 iaBfin e &din kodmpet. flow, a display cabinet of the
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the open &Agn} are onenteé posu?loned and arranged to capture the coldest air from the air curtain
9 and to separate unwanted warm air from the air curtain 9 flow, in addition to capturing
any cold air that will tend to spill out of the product display space from its bottom front
corner. As before, the rearwardly projecting air guide may have anti-condensation

25 features such as insulation and/or heating; also, its position, size and orientation make it

particularly useful for displaying pricing, promotional material and other information.

The embodiments of the invention described above design-out supporting airflow such as
back panel flow. The invention reduces the height of the air curtain 9 to generate a stable,

30 unsupported air curtain 9 with a desirable discharge velocity and thickness. By designing
out back panel flow, a display cabinet of the invention is expected to reduce the range of
temperatures measured in stored product items from 8.6 K typical in conventional, vertical
open-fronted refrigerated display cabinets to around 4 K whilst maintaining the open front
without doors.

35



36 Wil st supplenmentary or supporting air flow such as back panel flowis
not required in the present invention, its use is not excluded as such in
t he broadest concept of the invention. In situations where the cabinet has
a significant heat gain through, for gxanple, a glass end wall or side
wal |, some supplenentary cooling may be useful. Such cooling may 5

conveni ently be provided where it is needed by |ocalised application of
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di spl 88 aveyser! Beles ospriraw linagiielotsialiongd wighibe SRal 9% of those nei ghbouri ng
columms are aligned and ot her shelves of those colums are not aligned -
see, for exanp]e, the non-aligned top shelve? in the two col ums on the

right in \fi'sdll'?f@"ﬁ? to awpidintipdysinorsuPpiseptaly Bieflow kamdie 58t del? thfiose
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arrang}aneartsur{anﬁdyﬁammgoartl tions supported by shel ves 21 of

nei ghbouring colums. Both arrangenents allow for variations in the
35vertical gap between the shel ves.
it will be recalled from Figure 31 that a multi-cell appliance with the cells in plural columns

suitably has partitions between neighbouring columns to reduce disturbance between
neighbouring air curtains 9. Figure 41 shows that if the shelves 21 of neighbouring

25 columns are aligned - as can be seen in the two columns on the right - a partition between
those columns may be removed to increase the effective display area of each shelf.
However, if some shelves of those neighbouring columns are aligned and other shelves of
those columns are not aligned — see, for example, the non-aligned top shelves in the two
columns on the right in Figure 42 - a mini-partition may be created between those

30 columns at the level of the non-aligned shelves. This leaves no partition between the

lower shelves that are aligned, to the benefit of their effective display area.

Figures 43 and 44 show possible alternative arrangements for mini-partitions supported
by shelves 21 of neighbouring columns. Both arrangements allow for variations in the

35  vertical gap between the shelves.



37 The arrangenment in Figure 43 conprises a roller blind 237 attached to an
edge of one shelf and extending fromthere to an adjacent vertically-offset
edge of another shelf, which may be in the sane colum or in an adjacent
colum. The roller blind 237 can extepd or retract to suit the vertical gap
bet ween the shelves 21. 5 The arrangenent in Figure 44 conprises

overl apping | eaves or plates 337, 339, one attached to each
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Figures 4 variants of a

to 48 0 urth e of the
nvent ; on! I SEHEMEDRE Tiguras E5mp P e aapsdEmtes of BBRALT oS 8P o o
sl opi ng shwdches t&&chﬁhﬁucsllms@gsmawwsncaShaves agairsihaybe &l thy samel i ned to
t he hori on t al war he t toward the
Front . ThraoBapr BreUcept G Ry IVt SHinaed T a3 He Cpa el ar |y
usef ul f otogether ofi apaltay adjhstftheu heiglbtrad theeg i-pdotitien tasuit thecusrticahgapstiedwekar d
reta|? reﬂ{kgﬁnggion. Sui t abl e product-holding formati ons may be added to

V

the sloping’s jes 23 to segregate itens and to stop themrolling or
sliding forward out of the product display space. 25Airfl ow managed cells

W th sl OpM}g-]pﬁﬁ% NS F)Frtsg%efsggﬁér%d?g%ﬂgbﬁ}ﬁalw étﬁ%ﬁ%kidv}ergjall bhe

attributes o regu ar alrtfow manage y hori zont al
shel ves, thesmitiabad aiewativeuahy sinfrigr cixanphes! arraegemanys erulgbe usasfif engl e- cel |
st andal ong, I fg,,sg i g and bottom and they may be served by

?
duct ed renot coo%eflérld&étrﬂ%rgllﬁhértegal&r%shom that an internediate shelf 21 may
agai n'de used within the chilled cavity of an airflow managed cell having a

sl opi ng. sh@#eh.r%?maWmts:.gd?éﬂ%%a%sélaﬁm v&’rianmaa(f aaeaﬁme.lasomeﬁwfmeed or of
W re. ure 47 shows how airfl ow nmanaged s with sloping shel ves may be

st ac ked i WV&’H'OQm’bWF'&h ©Be @f MRfeRidlowanaged &P'fsdwa RS O MS(f Slerieo ehalveset

wher eas Fpgum@ sitingheResns @Faoéub@%ﬁalgnﬁéin@d {8 the AbriZdntd, |éh§‘le8%arﬁﬁgrdﬁe| s,
sone cells 35having sl oping shel ves 2 ot hers haV|ng substantially

hor i zont afroBike brek of thequni; tanard dhertiont o Thig betier displays eertiit PioALF!s ARAE@Y es t o

countgg ipé pém.é@émmeﬂn for @Eﬁlaﬁbﬂfrtﬁt%ﬁ vbgéldﬁleé as Qﬁ&}dbnﬁét@htm'd idial si des of
de fini szt}ers 161

an air cur n | ere the, se
That ext ol GerRAZP P I AR QTG W Gneyp oy pS 3dded o THE sSpin shelves
to segregate items and to stop them rolling or sliding forward out of the product display

space.

25 Airflow-managed cells with sloping shelves 23 of the fourth embodiment may have all of
the attributes of regular airflow-managed cells with substantially horizontal shelves,
described previously. For example, they may be part of single-cell standalone units with

insulation top and bottom, and they may be served by ducted remote cooling.

30  Figure 46 shows that an intermediate shelf 21 may again be used within the chilled cavity
of an airflow-managed cell having a sloping shelf 23. That intermediate shelf 21 may
again be perforated or of wire. Figure 47 shows how airflow-managed cells with sloping
shelves may be stacked in an appliance within a shared surrounding insulated cabinet,
whereas Figure 48 shows an appliance with a mix of airflow-managed cells, some cells

35 having sloping shelves 23 and others having substantially horizontal shelves.



Srefrigerated display unit 1 and so extend down each side of the air
curtain 9, slightly forward of the air curtain 9. These side finishers 161
may be insul ated and/or heated, and/or may have a high-em ssivity finish to
conbat condensation and icing. The aifgcurtain 9 is thereby protected from
anbient air attack directly at its side edges. 10Figure 50 shows that a
simlar partition finisher 163 nmay be provi ded, overl appi ng and extendi ng

lat eral | yFigufs® 49he 5 rl@@frat@@@@orﬁifl maf@ks td dodRtel hﬁtradbrvbm.ah lafrlteay- managed
cells into colu the partition finis gﬁ 163 is suitably insul ated

and/ or he%ﬁ"éat%mpb?m 3%“‘3 Sl‘ﬁeﬁti’féﬂ?§§w?'f‘>9"¥r]efﬁ segl iz 9%hat condensat i on
and icing. Figure 51 shows an alternative approach which is to keep the
front edg art on 137 behind t cent ajr 15curtains 9, where
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ynmretry,  ba t nes i tan of the
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consi der abh&/oexhghave 4 bighlehtssady finkageainsba? 0omidunkationtayd adind. Tee Ak sugain  Whi ch
applies e i.s, used. Al enbodi nents of

||y, wh duct di st

the i nven?il'Jso eé&t’?g":ﬁte%}é?eﬁﬂgfa a‘#@éﬁ{@'ﬂ?&[‘ %C"rgﬁ ?tdts S{A§R998°- or adj usti ng
airflows and tenperatures for optinum performance, versatility and

dapt I h I d ret
ai ot 1But [stredtE R R arml PR INRE o8 Ao the B BT oREBAE and e
di st ance baem&tlatdndlys‘twi mgro(\WgﬂpfwrmfondtmIMWevatrﬂc)w maobgett cedib linto
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pressure bigh20nissBty fimah ta bt sordansatimnanddeny. deguwst bhehiows # glereatse t o r ead
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and, COMD36tl ANERRYE e Relihllegbich ehrush APAclfa SRR P2 L0 2

e spee ure t he syst em
i s ballancedrtaing? avhgenidisdirtgcted from demﬁaém@amglcatgdbldmmemafgeﬁeﬁs itcoul d

be contr oHae(g“g,yuﬁ\pa,qg@ Q@gflgn%&t&w hode difistan@ vari abl e speed/ vol une

fans, valves or danpers cou be used to regu ate and bal ance airfl ows
bet ween shel ves using tenperature, pressure 35and/or flow measuring devices

pl aced at s ﬁf?'tf‘alé?\% Rh& aﬁﬁbﬂﬂne%?, ard I RREAL ashBctd BEthE airfil-rhage &iisval ves
such as bu erf val ves or sliding shutters may be provided 1n individual
used in the invention. Symmetry arises to a considerable extent from the advantageous

20  modularity of the design, which applies equally where rear duct distribution is used.

All embodiments of the invention suitably have means for balancing, tuning or adjusting
airflows and temperatures for optimum performance, versatility and adaptability. For
example, the pressures in the supply and return distribution ducts may change depending
25  on the number of shelves and the distance between the shelves (which may of course
vary), potentially affecting the performance of the unit. Optimum performance requires the
pressure in the supply and return ducts to be balanced. A differential pressure sensor 301
may therefore be provided as shown in Figure 52 to read and compare the pressures in
both ducts 41, 45 and to send a signal to a controller 303 to adjust the speed of a fan to
30  make sure that the system is balanced.

More generally, airflow balancing and demand management could be controlled by an
automated system. In this case, variable speed/volume fans, valves or dampers could be
used to regulate and balance airflows between shelves using temperature, pressure

35  and/or flow measuring devices placed at suitable points such as ‘throats’ in ducts. For

example, valves such as butterfly valves or sliding shutters may be provided in individual



39 shelves, or otherw se associated with individual shelves, to regulate
the air flow Such valves or shutters nay have to be adjusted dependi ng on
the distance to the shelf below and the tenperature desired for the

airfl ow-managed cell of the shelf belgw Their adjustment could be manual
or electronic. 5 Testing has shown that static pressure |osses in the
vertical riser ducts are insignificant in conparison with the static |osses

in the shelewes, aitthdrisk Asdchitéivith inaiararuaeohbneertovégturyt@thtem fRhebyas .
Consequent I y, the relati vewgosr tions of ferent shel ves al on% the riser

ducts wi | YalNRRWE SHAIeES BaK PRYRIONT qditsted As p&ﬂﬁ"B%PﬁHlf‘ed'Stﬁ“Pﬁesm W ai r

will be d&{d tHe kefbekitatensdsrad foﬁkHekrﬂlﬂW&hér)égb@bélf&ﬁh@@h‘é’lt@lw frhénegar dl ess of
its verti cqawﬂom ti o&eal ong, ri ser ducts. Table 1 appended to this
9 %’r

speci f i caAYPEHNEY QU §LPPEd criteria, and val ues for each
criterg on, for air curtains and appliances in accor dance with the
i nventio I.n Tab riterion refer

nces. a nke nuner al s
S and Tesillp bR g a e B dt BPveticalisst Qe Sty edEan Ry | eos
preferr eobonadadesn wmnme&tztemseeemmeghawtdab ke thisiatd leasitg roefnvithinglle val ues
for each criterion. For & [ aturbu arr w_DAI he
cont rol 1 ribelyeS HPER Uy ohe PR PoRLR ST MO BE e velsdy ¢ om
t he di schmvgeittkmanmg ot the seaem tBdancef Thie awans thgt aiheilibesieharge vel ocity at
t he G o ntre ur o] gse to the
di scE@r ge t'éig THE ydg\%bgrseaﬁossgigreg O%Sg kﬁ%i’?r?/‘eql'lfj)os'&é’ agorggchg 'E}eer vel ocity
w | | Val’ydleSS the wdth and |l ength of the DAG it may be defined nore
accurately as the bul k nean velocity, cal culated by dividing the total

volume flow of air at the BAG by the cross- 25sectional area of the DAG
Li ke ot hefableal appendeg tethiscwpepifieatioossisyout somé pesfgprsiciritdrigagndovaluesiier val ues in

Table 1 r%cﬂtcﬁtemnq % Elralifdl ﬁlaltpgl?atncéeﬁlétgéﬂdgﬁtfeggtvﬁrpthéqrﬂre §1a Tew

degrees apove zero SI1 US. units are I ngul shed from freezer
uni t s15 wheritericarpsefgeesremerg rarkedtbyrtiee pyroeralst's 25ed & with 3oersgsandng eow zer o

Cel si us. rgfegrge vaiges ﬁgpﬁegéﬁﬁgrleéérﬂréférre@ DAl&s: bAd 8 r@ﬁr@é&ﬁrﬁ@ﬁ&eﬁgble witder DAG

sl ot wi dt Ommas the tenperature rise may be too great
with a sI'G@St@éef%ﬁqweésfomﬁhcmeﬂ@"faster di scharge velocity - by way of
contrast, a discharge vel oci ty of 1 mis in a freezer unit roughly equates

to a di schar@ge vel ocit¥ 7 ms in achiller unit in terns of bal ancing
convect i VErEBaenanfyressat PAG %{tq RATOMEIMG gthip igenterling disgharge velegilyimaydasay ght s,

not rech \Gtaabed DABANAB AW roRE®He aharge fdedf fe DAG. So, if measuring the
discharge velocity at the DAG on its centreline, the measuring point should be as close to
the discharge face of the DAG as possible. Alternatively, as discharge velocity will vary
across the width and length of the DAG, it may be defined more accurately as the bulk
mean velocity, calculated by dividing the total volume flow of air at the DAG by the cross-
25 sectional area of the DAG.

Like other values expressed previously in this specification, the values in Table 1 relate to
chiller units that are designed to store products a few degrees above zero Celsius. Chiller
units are distinguished from freezer units, which are designed to store products several

30 degrees below zero Celsius. In the case of freezer units, there is a preference for:

wider DAG slot widths of say 100mm to 150mm as the temperature rise may be

too great with a slot as narrow as 70mm;



and/ or some supporting bleed air may be necessary for taller access
openings 39 in freezer applications In general, |ower R chardson Nunbers
are better suited to freezer units or at |east the 10Ri chardson Nunbers for
freezer units tend to be | ower than thopose for chiller units. Richardson
Nunmber values may be as low as 2 for freezer units, but values in the range
5to 10 are preferred. The height of the air curtain 9 is regarded as the
domi nant vari afab®r aidchaige Vdlbdity dibl fwely@n 66ntiadt, Bi dideak e aBlodlErer mygay asi npl y
reflect that a chiller unit can t pi‘iﬁllﬁsv\ork,wi{g a taller curtain than
can be used wi T$FZ8" Fnibioyahly gayates P pHiargesyaiRsite At O-2nMmita chileg uPbiY | trat i on

provi des the keymé of bdlgtingtdnpsstiaé d6dting @Rt Fiatdn hegniigy ef ficiency with
t he designs of the present invention. Good practice is required when
specifying air ducts and grilles to mnimse turbul ence. Careful bal ancing

of thesvel oci t $haptlephir baraimpsigsts, rdienush drdatafthdrsooeahi Sebnédry BoitdindAG and
RAG will also mpinmse ZOi%iléﬂ'aﬁion. Wer e infi}thﬂtion i s high g e to an
i nbal ance bet OrHOMERUBRPTYPY RIEGA A" MY HETISCBRER 'of 1 1583 %{1?8%6? uct

t enper at ur e Wi inlfreepérfapplicationeconcl usi on, the present invention provides
solutions by cooling airflow managenent techniques that individually or in

conbi nation reduce the accunul ated | osses that occur in 25conventional open
r ef ri ger atnegendiad powgr RictzrdsmhNuniErs eredletianslites $efméezal uhitsadrat keastdhel benefits

of t h?O i nﬁ%ﬂydggn Nﬂﬁ;&)g ﬁgr freezercééng% %r‘écﬂ?s%tegcg | esr%é.notﬁogef folr gﬁi%ef uAEN- fronted

di splay areas into air W mana et ween hori Zont
sect i ons/ Biebanesn Namtenmaluesaedy e &efowess? fot tiedesr ofitss el vakes B0 eargettat i s

appr opri ajeyf Q& prbmld &HQhQ@Ef&%ﬁé ir ¢ !ﬂb%"\*eﬁ?r@é@% ttfeLHo 'é?ﬁvé’rfiagﬂ’e! de
correct dynamcgto ef fectively an eT 1 ¢l ent y sea he Tront of an
ai r f | ow nanmgeidisctiffereraedn Ridhardsen Nugibenmay sy tefect thetiarchiier waitéaat i on i s

i ni 1 Sediypicd wdRSiia el ARARARCLanTlel RedUAn daRlegBRT 0 Parameters to

control arr circulation, air distribution, air turbul ence, air buoyancy,
and the stack effect. They maintain tight tenperature control and ninimal

I nfiltrat ygimsRg@nthRfenfinddhfifaton driigesthe RéPEKighBtewpehitite CBRrd?aAGUCT
di spl ay Sgr?ecrgey efficiency with the designs of the present invention. Good practice is required
when specifying air ducts and grilles to minimise turbulence. Careful balancing of the
velocity profiles across the width of the cabinet at both DAG and RAG will also minimise
20 infiltration. Where infiltration is high due to an imbalance between air discharge and

return, both efficiency and product temperature will suffer.

In conclusion, the present invention provides solutions by cooling airflow management
techniques that individually or in combination reduce the accumulated losses that occur in

25  conventional open refrigerated display cabinets. Optional and essential features and
benefits of the invention include:

e Compartmentalisation of large open-fronted display areas into airflow-managed
cells between horizontal sections/shelves, and vertically between stacks of shelves

30 where that is appropriate for retailing purposes.

¢ Airflow-managed curtains provide correct dynamics to effectively and efficiently
seal the front of an airflow-managed cell such that entrainment and heat gain by

radiation is minimised.



5 Adj acent airflow nmanaged cells may be nmai ntained at different
tenperatures to best suit the itens stored. Mdul ar appliances defining
respective airfl ow mnaged cells may be used to distribute chilled and
frozen products nore conveniently aroynd a retail environment. This allows
great flexibility in display size and configuration by 10conbi ni ng nodul es
in various stacked and si de-by-side conbinations. Appliances in accordance

with the inuenrm@aﬂwﬂqan@éamehwaruwigﬁ@dtotdaeardétawta»omfolfarr@zw?et@hoaucts

due to lowinfilt ion r S an ight te ratur ontrol. di ngs
on evapor at or Q\F'I'F’a't?é‘ fif ﬁ‘r?i}?‘g?"cteh%fﬁgﬁ’ A% A8 FJF%&E‘%V 'HE@Fafrbt'qqg
infiltration. tmpéhfurerpheoene misimaf mtﬂh@tudmgmﬂleeﬂonwdmtypetorrefabkm@d as an
upgrade to provjde,the fi ts of airfl ow nmanaged cells to existing
refrigerated dWQEFQV’%B'#ﬁg selay sgacec) Al VS 1. A refrigerated display unit,
conprising: 5an open-fronted cabinet containing a product display space
accesss bl e tehr Adigtera airkowe 828 aggicdtlf ehag ek matataligd bhdiffepantemperturesitocool i ng
means for introducing or producing cold air to refrigerate itens in the

pr oduct displa@éiﬁg e*ﬁ"%égyeio at |east one forwardly-positioned

di scharge outl et comrunicating with a supply duct for, in use, projecting
col d air as sanMadulacappliances defitisg rdshectire aaov-opeageticellantybeatsed gast one

f orwar dl y- posi let ¢ t duct for, in
use, receivi ng&'?ﬁ@s&fg ﬁ%‘?ﬁﬁd hg?‘encpﬁ?‘? l)"C\ﬁnernegn g\ﬂ”lt){e roatmrdea rléi r]al nis
substantial | y emégopmpentt étislayovmgrealﬂqxlbdmyantdmpiaymlanldg:oaf gurétiow byyuppl i ed

Into jfie produglnGhiighRiuREH RGO Bke hd Jifi)-08e Bbhbiikidnd! -

e Appliances in accordance with the invention could even be used for the display of
frozen products due to low infiltration rates and tight temperature control. Ice
loadings on evaporator will be lighter than in normal open cabinets due to low

infiltration.

15 e The improvements of the invention may be retrofitted as an upgrade to provide the

benefits of airflow-managed cells to existing refrigerated display cabinets.



20 2. The unit of Caiml1, wherein the mass flow rate of any supplenentary
cooling airflowis less then 5% of the mass flow rate of the cold air
projected fromthe discharge outlet to formthe air curtain. 253. The unit
of Claiml or Claim2, wherein substaptially no supplenmentary cooling
airflowis supplied into the product display space. 4. The unit of
Caiml or aim2, wherein any supplenentary cooling airflowis supplied
into the product display space substgpaiM$ély only at a | ocation spaced

bet ween the access 30openi ng and a back inner panel of the product display
space. 5. The unit of Claim4, wherein supplenentary cooling airflowis
suppl i ed i tehigerftgd Qidplaf uait, cofgrisingter panel of the product display space.
356. The unit of Caimb5, wherein supplenentary cooling airflowis supplied
froma shelf in the cabinet. 43 7. The unit of any preceding claim

wher eifsh t he suapbpendiasitecusabiridh eoritainimgra modict tispley bpaceaxctessiblathaaugt anhe
product di spl a%? sgace to ‘fﬁ?ﬂ s g_l reci rcug_ati on path between the return
inlet and the %% %3‘?9&\”90 'P%q oY e@?"?ﬁ@'unit of Caim?7, wherein the
supply duct and the return duct |lie behind inner panels that define the
product displa ace. t L QVi | tan ol i . . duct

di spl ay space %ﬁg@{)‘%meﬁé‘g{ réaeéﬁﬁgpaégﬁrgﬁtgsﬁgl%aaﬁ'ﬁoeJeﬁﬁlg{att%Fér%egB%g8,

wherei n at | eagbdaidisplagespagrainedsei s at | east partially insulated, heated or
of |OW) conductivity to reduce | ocal supplenentary cooling to the product

di spl ay space. 10. The unit of daim7 or Caim8, wherein the

cool i ng neans atdeqst peforwardlyendsitigneddis¢hardesoutiehcainmunibatingivdthasupalier panel .
11. The unit o of L OB 2] i CONMpri ses a
cool i g mat i x4a T By PUBRD fo A o G B e e P o
air is ducted dtically fromthe cooling matrix to the discharge outlet.
20 12. The unit of any of Cains 1 to 9, wherein the cooling neans

conprises a cooling matrix renmote fromthe unit and cold air is ducted to
the uhit. at least one forwardly-positioned return inlet communicating with a return duct for,

in use, receiving air from the air curtain;

wherein the air curtain is substantially unsupported by any supplementary cooling airflow
supplied into the product display space separately from the air curtain.

20
2. The unit of Claim 1, wherein the mass flow rate of any supplementary cooling airflow is
less then 5% of the mass flow rate of the cold air projected from the discharge outlet to

form the air curtain.

25 3. The unit of Claim 1 or Claim 2, wherein substantially no supplementary cooling airflow

is supplied into the product display space.

4. The unit of Claim 1 or Claim 2, wherein any supplementary cooling airflow is supplied
into the product display space substantially only at a location spaced between the access

30 opening and a back inner panel of the product display space.

5. The unit of Claim 4, wherein supplementary cooling airflow is supplied in the region of a

side inner panel of the product display space.

35 6. The unit of Claim 5, wherein supplementary cooling airflow is supplied from a shelf in

the cabinet.



13. The unit of any preceding claim wherein the air curtain is spaced
forwardly fromthe 25product display space by at least 20mm 14. The unit
of any preceding claim wherein a plenumis above the discharge outlet and
communi cates with the supply duct at g | evel above a discharge face of the
di scharge outlet. 30 15. The unit of Caim 14, wherein a plenumis bel ow
the return inlet and communi cates with the return duct at a | evel below an
i ntake face of the return inlet. 16. The unit of any preceding cl ai mand

conprisin t | east one finisher extending |laterally 35in frqnt qf the

i sohar ge’ ouer Uit SL Ay BrEcediad Flai, wherei Be Stppibcyitt 3as dhe Biuin il foashen

i nsul at edextérebirednd e pradircCaigsliac§pace iy defleer resitcuianidh pathwietween the return

| ow- em ssi ?/i t%/ hﬂl erEISF 44”]17. The unit of Claim16, wherein a finisher
AbY Hg dRcraeeoyts

supports 1% oward the product display space. 5 18. The
unit &8 Caiml1l6 or Caim1l1l7, wherein at | east one finisher influences

airfl ow dj har ge romthe di,scharge,outl or, received bv,the return
ot O BSMIR AR RGPS SRR AT tetewn i e Boti g SRRl " |
di schar gethatddfiat tieasrodudt display Spacky ¢ proeitie kumrderheritany caolthgse trer gyeddchce of t he
di scharge_ ouil et . ol [ aim 18 or Claim 19, wherein a finisher
in front %' aéﬁgparcgtbér%ﬁdfnﬁﬁré%F‘ngsggéﬁ'gupper portion that extends above an
intake face of the return inlet. 1521. The unit of O aim 20, wherein the

upper. porgi - fal N I S | i - y away from
t he p}(gdu%'tﬁ%iL@‘E)tloggﬁsrgaat\ghégg].atjf%giﬁ%‘l"tn ﬂ%&a&gl‘é}ﬁ@%nﬂ%st%r@ ﬂ@lyg{n%‘n@ét%h and havi ng
an upst ankgated en of daw endaciiviiato reddee lofaltishpplementery doaling to theprodact displayuni t  of
Claim 22’3&43 rein the riser and the opposed upper portion of the finisher
cooperate to channel air fromthe air curtain into the return inlet.

24. The unit of Caim20, wherein the upper portion of that finisher is
inclined wpwakdink oPERM 770F RIHA"ed WhefctVRE dobiing nhEd ¢bmpHéesRd bliRPRaRix

15  in a duct behind an inner panel.

11. The unit of any of Claims 1 to 9, wherein the cooling means comprises a cooling
matrix vertically spaced from the product storage space and cold air is ducted vertically
from the cooling matrix to the discharge outlet.

20
12. The unit of any of Claims 1 to 9, wherein the cooling means comprises a cooling

matrix remote from the unit and cold air is ducted to the unit.

13. The unit of any preceding claim, wherein the air curtain is spaced forwardly from the

25  product display space by at least 20mm.

14. The unit of any preceding claim, wherein a plenum is above the discharge outlet and
communicates with the supply duct at a level above a discharge face of the discharge
outlet.

30
15. The unit of Claim 14, wherein a plenum is below the return inlet and communicates

with the return duct at a level below an intake face of the return inlet.

16. The unit of any preceding claim and comprising at least one finisher extending laterally
35 in front of the discharge outlet and/or the return inlet, the or each finisher being insulated,

heated, of low-conductivity material and/or with a low-emissivity finish.



25. The unit of any preceding claim wherein an intake face of the return
inlet faces rearwardly. 3026. The unit of Caim25, wherein the intake face
of the returninlet is inclined to face upwardly and rearwardly. 27. The
unit of any preceding claim wherein jhe width of the discharge outlet in a
forward/rearward direction is 10mmto 200mm 45 28. The unit of Caim 27,
wherein the width of the discharge outlet is 10mmto 200mm or 20mmto
150mm or 50mmto 150mm or 50mmto 100mm or 70mmto 100mMm 29. The
unit of any preceding claim wherein the width of the return inlet is |less
than the 5width of the discharge outlet in a forward/rearward direction

30. The um.trheuniEbeCiEIN? 96, wHeediR b Minishér wpﬁbﬂns Ijhtihd) eirdctddtbWaidthe€ brodsctgr eat er
than two-thirds of the width of the discharge outlet in a forward/ rearward
di recti orfiSPI®3¥P3Ghe unit of any preceding claim wherein the bul k mean

di scharge air velocity through the discharge outlet is 0.1 ms to 2.0 m's,

or 0.1nm's 1.5m or 0.3 s to l1.5m 01 0..3. s 1o 1.0 s, or 0.4
ot o0t dng uRBp et 46 o G, 16 ece at egsf ongifRisTR P Brces AMBRe o odi ng
clai m whdisehargedli®nhtieaidcherge tohietat ceaes/ed g thengtloeineten 15t he di schar ge
outlet and the return inlet is 100mmto 1000mm or 150mm to 800mm or 200mMm

to 800mm or 200mmto 600mm or 350nmto 600nm 33. The unit of any
pr ecedi ng1 L Tae omit oh@laen m8,avhresdin @ fioshevee frontf tieedigditargsf outlethasclewsr openi ng

bet we th i scharge. out.l et t i nl and the width of the
di sch@?gee%gh%fﬁﬁ Biglﬁwf ﬁs'socr \‘R,E%%Hg ?eeg*‘r?r\}\é/a%&qcﬁq?ée@’ftl%gn is less than 20, or 2 to
12, or 5to 8 34. The unit of any preceding claim wherein a storage

t enper at i r i Y. j S, -2 . 12K, or
LTBR To o B ubPBLBERGEDr GaRP 1B RhBRE e ek ot th mekfieh
t enper at wwppel parkon thatiérendsrabb@ian intaeKaceef thg retirp gk 36. The unit of
any preceding claim and being adapted to generate a velocity profile that
varies across the thickness of the air curtain, with faster airflow on the

si de B te TharnikphClaDi aGiwhgreintheurpeueertien eighatyfinishatie inclinsgd upprasdlyini t  of

any pr eCeél'id?gmgré\%%a)‘/"ﬁgﬁ%é‘prtoeﬁct%‘:isrpla@tkrpfaéé.n is discharged in a direction
within +30 and -30 of" a straight |ine connecting the discharge outlet and

the return inlet.
22. The unit of Claim 20 or Claim 21, and having an upstanding riser on a rear side of the

return inlet.
20
23. The unit of Claim 22, wherein the riser and the opposed upper portion of the finisher

cooperate to channel air from the air curtain into the return inlet.

24. The unit of Claim 20, wherein the upper portion of that finisher is inclined upwardly

25 and rearwardly toward the product display space.

25. The unit of any preceding claim, wherein an intake face of the return inlet faces

rearwardly.

30 26. The unit of Claim 25, wherein the intake face of the return inlet is inclined to face

upwardly and rearwardly.

27. The unit of any preceding claim, wherein the width of the discharge outlet in a
forward/rearward direction is 10mm to 200mm. ‘
35



46 39. The unit of C aim 38, wherein the DAGis substantially directly over
the RAG and the discharge direction is vertically dowward. 540. The unit
of any preceding claim further conprising upright finishers that are

di sposed in front of the air curtain glong sides of the air curtain and
extend inwardly across the access openi ng. 41. The unit of any
preceding claim further conprising a differential pressure sensor

10ar r angezs. tmem@mpacam RRSehEr€iR tﬂmﬂ%fsw@bmmomet rsrmnalutbtzooamd o

accor dance ik e et it Pt Pl IRl i Gucrs. |

42. The unit of any precedl ng claim and corrprl sing: an open fronted

cabi net dgfimning.,a,col d-st e VO ..and at | east ane shel f disposed in
The col d- 23 aPagl BeFTh A SRy PhPG e P ot B 2R BRL RIS bt PBper o 1
t he shel fw‘deféfnleesdnachangqo@ltleammafsamalmdnngrdainevmrt he shelf and a | ower
access openi ng below the shelf affording access to refrigerated itens in
respective product display spaces in the col d-storage vol unme above and

bel ow t he3& Hékfupit aﬁﬁlatdnég,shfméin treswidREaftthd eshigt irdetds frentea trehywatisidsiobned

di schar gey QuigLe GRTALGA', IR b Wh A HBRLaV GlighOr . 10 use. pr o ecti ng

cold air as an a|r cur across oWer access openi ng; and at
| east one forwardly- p05|t|oned return inlet communicating with a return

duct Ld;lr f313(=\*h@ uHﬁ%Lér%Fﬁb Ghifn, Wh@TARQHIR ™ Ztrdié:#hfé;%iarﬂ \%io%wﬂc%ﬂ above

the s across ccess openi ng
pr ecedi ngthéldmch@fgméﬂééllﬁho a b & &Dlnn/y @f0. ‘S‘WéItQ/é:f)n‘d% or Bi3gpisded-Swi's, Ifﬁf A-3% he

cabi net , RAcB 1Rl oPGUIrY S GBRFEI GRS ARSBY @R Upper and | over access

openi ngs and a 35réspective discharge o et and return inlet being
associated wth each shelf. 47

32. The unit of any preceding claim, wherein the height of the access opening between
15 the discharge outlet and the return inlet is 100mm to 1000mm, or 150mm to 800mm, or
200mm to 800mm, or 200mm to 600mm, or 350mm to 600mm.

33. The unit of any preceding claim, wherein a ratio between the height of the access
opening between the discharge outlet and the return iniet and the width of the discharge

20 outlet in a forward/rearward direction is less than 20, or 2 to 12, or 5 to 8.

34. The unit of any preceding claim, wherein a storage temperature in the product display
space is —26K to 18K, or —22K to 12K, or -18K to 8K.

25  35. The unit of any preceding claim, wherein ambient temperature is 4K to 44K, or 10K to
36K, or 18K to 28K.

36. The unit of any preceding claim, and being adapted to generate a velocity profile that
varies across the thickness of the air curtain, with faster airflow on the side of the curtain

30 facing the product display space.

37. The unit of any preceding claim, wherein the air curtain is discharged in a direction

within +30° and -30° of a straight line connecting the discharge outlet and the return inlet.

35  38. The unit of Claim 37, wherein the discharge direction is substantially aligned with said
straight line.



44. The unit of Caim42 or Caim43, wherein the shelves are arranged in a
vertical array. 45. The unit of Caim44, wherein a plurality of vertical
arrays of shelves are arranged into side-by-side colums. 46. The
unit of Caim45, and conprising at |gast one partition between shelves of
adj acent colums. 47. The unit of Claim46, wherein the partition is of
vari able height. 48. The unit of Caim46 or aim47, wherein at |east a
front edge of the partition is insulated, heated, of |ow conductivity

mat eri al r W a | 4 it of

Cl ai s 423(%1‘3'1@8","“\?}193@? Rgt\ﬁ%e 'BI%EQ%\%?r'%é‘EBS\?/%Wt'B' ‘?regt Vt?ﬁg]edRRl;é ? YTSI east
one upri gtischaadd dirashiar isivert@albugownwadlict and/ or a return duct for t he supply
and/or return of air conmunicate with a plurality of ports spaced on the
upright wall, and wherein the or each shelf is selectively |ocatable in the
col d- s3 or 4y heainit wvbampt pre¢dding daitn, fiothiet canyisng @thuIiDMgtstthmrd! digpekedas a
Supely chAGof (84 Behdif aBrdsBEDT B8 Milikeh AR Udlha Ry LlroLlFAN

| eading froma return e supply ¢ anne or t urn channel
20t er m na@¢aegs Dperung:oupl ing formati on co-operabl e wlth at Ieast one of the
ports of the upright wall for communication with the supply duct and/or the
return duct. 50. The unit of any of Clainms 42 to 49, wherein the or each
shel f is HbUhgaditodamhrressdingsclaipn. irthpeedvprisie pdifereniab RreshdeGeNyy at | east

one sjgle H\@ér{geefto E&ﬁp&@%?é%@&res%ﬂﬂe‘gﬂﬁﬁlg'aﬁd Feh&n%@@laéﬁd 5 icomrdMer Rbstshsial |
extends forward t he shel he unit Cl ai m 50, wherein a

fini sher tormsigna %pme,tﬁqz gensqr tagoatralthe gpit |”cﬁ)99@f6ﬁ6ﬁﬁ:‘t"ﬂ\/tih?)§'gﬁﬁ'tt€m°£!f¥ and/ or
with a | oMiRRE pidstiidey if helgshison front of the shelf extends fromthe
partition or side wall on one side of the shelf to the partition or side
wal I on the other side of the 30shelf. 52. The unit of any preceding

claim whazefa dnliof dhy sretddmy QhinRhd teMpiighd: he or each air curtain is
substfgtl ally parallel to the open front of the cabinet. 3553. The unit of

any preceding claim wherein the cooling neans is at |east partially
accommodat ed i #n épareirshtédicabireadefimig & beldeavadeiolumet&nB4. The unit of any
preceding claim wherein the cabinet defines a rear airflow void for
ducting supply and/or return airflow substantially vertically fromor to
t he cool i ng neatnsast one shelf disposed in the cold-storage volume for supporting refrigerated

items in use;
20
wherein the shelf defines an upper access opening above the shelf and a lower access
opening below the shelf affording access to refrigerated items in respective product

display spaces in the cold-storage volume above and below the shelf, and the shelf has:

25 at least one forwardly-positioned discharge outlet communicating with a supply
duct for, in use, projecting cold air as an air curtain across the lower access

opening; and

at least one forwardly-positioned return inlet communicating with a return duct for,
30 in use, receiving air from another air curtain discharged above the shelf across the

upper access opening.

43. The unit of any preceding claim, wherein a plurality of shelves are disposed within the
cabinet, each shelf having respective associated upper and lower access openings and a

35 respective discharge outlet and return inlet being associated with each shelf.



555. The unit of Caim54, wherein supply and return airflow ducts are

| aterally offset fromeach other in the rear airflow void. 56. The unit of
any preceding claim wherein the cooling nmeans conprises a fan coil unit.
1057. A refrigerated display unit conprising: an open-fronted cabinet
defining a col d-storage vol une; a cooling neans for

i ntroducing or producing cold air to refrigerate itens in the

15col d- st 94 ane uiRbECRIn B2 BEElaind3d, dhdrbiditad sHigiveslars bednged ida spdisaidirian t he
col d-storage volunme for supporting refrigerated itens in use, the shelves
bei ng arranged in side-by-side colums; 20wherein each shelf defines an
upper acceshep@anionglaah ey swltidiein ahlrblitaotlveatidad wesysast cRsigesoqre mrraggdashtow t he
shel f afford access to refrigerated itenms in respective product display
spaces in Fﬁhyg@F&°@F5Fage vol une above and bel ow the shel f, and each shelf
has: at | east one forwardly-positioned discharge outlet comuni cating

b suppl TG by, o BB S DA

f or war dl yagjasnt caamds.r et urn inl et communicating with a return duct for, in
use, receiving air fromanother air curtain di scharged above the shelf
across the 30upper access opening. 58. The unit of Caim57, wherein
at I east énehsheitiof Chiradp ushabindhe parti@nghof variable heght. The unit of C ai m 57
or ﬁ5n158 wherein at | east one partition is between the shel ves 35of

si de- by-side colums. 49 60. The unit of any of Clains 57 to 59, wherein
t he col d- 48 .dihegeitwbClaire 46 or GBRIMdEdwhsreiatat leagka fronedap of YaPadditien is wherein a

supply du / r / of air
communi car B e, bl candliibvi RbrckidfartiRK RN e BT *and

wherein at | east one shelf is selectively |locatable in the col d-storage

vol une at 46li{fhkRnRoE aMPsH diaiRR%238 ast»merelarmamd %kégea@mmg b@uﬁ?dé@FHy)étChanne'
| eading to a discharge outlet and/or a return channel m;;yr@ ?ma return

inlet!5t h@aétd?@ﬁlW"@Wdﬁqewh%[ﬁtﬂ/%UpPW@uPbﬂﬂ’ﬁ’f acwsmevcttf%rrtm
coupl i ng felirARt hiPBorRRuABSE Nthe Miirdality 3F pbréstaceden e dphightudll Snddivhérbm
upright wall for communication with the suggl y duc} and/ or the return duct.
the or each shelf is selectively locatable in the cold-storage volume at difierent positions
on the upright wall and has a supply channel leading to a discharge outlet and/or a return
channel leading from a return inlet, the supply channel and/or the return channel
20 terminating in a coupling formation co-operable with at least one of the ports of the upright

wall for communication with the supply duct and/or the return duct.

50. The unit of any of Claims 42 to 49, wherein the or each shelf is bounded to the sides
by at least one partition and/or by at least one side wall of the cabinet, and wherein the

25 partition or side wall extends forwardly beyond the shelf.

51. The unit of Claim 50, wherein a finisher that is insulated, heated, of low-conductivity

material and/or with a low-emissivity finish on front of the shelf extends from the partition

or side wall on one side of the shelf to the partition or side wall on the other side of the
30 shelf.

52. The unit of any preceding claim, wherein the direction of airflow in the or each air

curtain is substantially parallel to the open front of the cabinet.

35 53. The unit of any preceding claim, wherein the cooling means is at least partially

accommodated in a void in a base of the cabinet.



1061. A refrigerated display unit, conprising: an open-fronted cabi net

defining a product display space bounded by at |east one upright wall; 15a
cooling neans for introducing or producing cold air to refrigerate itens in
t he product display space in use; g at least one shelf for, in use,

supporting refrigerated itens to be displayed for view ng and access, the
shel f being selectively locatable at different positions on 20t he upright

wal | ; wherein the or each shelf has airflow supply and return channel s
connect ab and rn d cts hr ou rts ace upri ght
el anasb ke LERevRECedinG dih. Mapian hE ot dtes n Rt AT ipnOtait e Dol U

into two wctin@sepmphmmemrt Airfwdiibefantdiig verigalaronb or taaNecboling treand.| vy
bet ween sel ected positions.

5 55. The unit of Claim 54, wherein supply and return airflow ducts are laterally offset from

each other in the rear airflow void.

56. The unit of any preceding claim, wherein the cooling means comprises a fan coil unit.

10  57. Arefrigerated display unit comprising:
an open-fronted cabinet defining a cold-storage volume;

a cooling means for introducing or producing cold air to refrigerate items in the

15 cold-storage volume in use; and

a plurality of shelves disposed in the cold-storage volume for supporting

refrigerated items in use, the shelves being arranged in side-by-side columns;

20  wherein each shelf defines an upper access opening above the shelf and a lower access
opening below the shelf affording access to refrigerated items in respective product
display spaces in the cold-storage volume above and below the shelf, and each shelf has:

at least one forwardly-positioned discharge outlet communicating with a supply
25 duct for, in use, projecting cold air as an air curtain across the lower access

opening; and

at least one forwardly-positioned return inlet communicating with a return duct for,
in use, receiving air from another air curtain discharged above the shelf across the

30 upper access opening.
58. The unit of Claim 57, wherein at least one shelf is adjustable in height.

59. The unit of Claim 57 or Claim 58, wherein at least one partition is between the shelves

35  of side-by-side columns.
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60. The unit of any of Claims 57 to 59, wherein the cold-storage volume is bounded by at
least one upright wall, wherein a supply duct and/or a return duct for the supply and/or
return of air communicate with a plurality of ports spaced on the upright wall, and wherein
at least one shelf is selectively locatable in the cold-storage volume at different positions
on the upright wall and has a supply channel leading to a discharge outlet and/or a return
channel leading from a return inlet, the supply channel and/or the return channel
terminating in a coupling formation co-operable with at least one of the ports of the upright

wall for communication with the supply duct and/or the return duct.

61. A refrigerated display unit, comprising:

an open-fronted cabinet defining a product display space bounded by at least one

upright wall;

a cooling means for introducing or producing cold air to refrigerate items in the

product display space in use;

at least one shelf for, in use, supporting refrigerated items to be displayed for
viewing and access, the shelf being selectively locatable at different positions on

the upright wall;

wherein the or each shelf has airflow supply and return channels connectable to

supply and return ducts through ports spaced on the upright wall; and

at least one upright partition divides the cold-storage volume into two or more

columns within which shelves can be moved vertically between selected positions.



