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(57) La preésente 1nvention concerne un presentolr
comportant un compartiment a produits réfrigére se
décomposant en une pluralit¢ de zones de produits.
Chaque zone de produit est alimentée par un flux d’air
specifique. Des €vaporateurs modulaires montés cote a
cote sont associes aux differents circuits de distribution
d’air. Ces ¢vaporateurs sont capables d’un régime de
refroidissement normal de 1’air de refrigeration. Des
organes de dégivrage sont construits et agences de facon,
a interrompre s€lectivement le régime de refroidissement
normal d’un évaporateur modulaire, de facon a le
dégivrer pendant que les autres €vaporateurs continuent
a fonctionner en régime normal, puis a dégivrer un autre
¢vaporateur apres avoir rétabli le refroidissement du flux
d’air normal de I’évaporateur considere. L mvention
concerne ¢galement un procede permettant de degivrer
des €vaporateurs modulaires distincts par cycles decales
de dégivrage de facon a maintenir en permanence a
moins un flux partiel d’air de refroidissement sur le
compartiment a produits du présentoir.
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(57) The mvention comprises a merchandiser having a
refrigerated product area with a plurality of product
zones (218a, 218b, 218c) and separate air flow
circulation means (312a, 312b, 312¢) for the respective
product zones, laterally adjacent modular cooling coils
(22a, 22b, 22¢) associated with the respective air flow
circulation means and having a normal air flow cooling
mode, and defrosting means (21a) constructed and
arranged for selectively discontinuing the normal
cooling mode of one modular cooling coil to effect a
defrosting mode thereof during a period of continued
normal cooling mode operation of another of said
modular cooling coils, and thereafter defrosting another
modular cooling means (22a, 22b, 22c¢) after re-
establishing normal air flow cooling of said one modular
cooling coil. The invention further comprises the method
of defrosting separate modular cooling coils on
staggered defrost cycles to maintain at least partial
cooling air flow to the merchandiser product area at all
times.
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(54) Title: REFRIGERATED MERCHANDISER WITH MODULAR EVAPORATOR COILS AND "NO DEFROST" PRODUCT AREA l

(57) Abstract

The invention comprises a merchandiser having a refrigerated product area with a plurality of product zones and separate air flow
circulation means for the respective product zones, laterally adjacent modular cooling coils associated with the respective air flow circulation

cooling mode of one modular cooling coil to effect a defrosting mode thereof during a period of continued normal cooling mode operation

means and having a normal air flow cooling mode, and defrosting means constructed and arranged for selectively discontinuing the normal I

of another of said modular cooling coils, and thereafter defrosting another modular cooling means after re-establishing normal air flow
cooling of said one modular cooling coil. The invention further comprises the method of defrosting separate modular cooling coils on
staggered defrost cycles to maintain at least partial cooling air flow to the merchandiser product area at all times.
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REFRIGERATED MERCHANDISER WITH MODULAR
EVAPORATOR COILS AND "NO DEFROST" PRODUCT AREA

BACKGROUND OF THE INVENTION
1. Field of the I-vention

This invention relates generally to the

commercial refrigeration art, and more particularly to

.mprovements in food product merchandisers and defrost

control systems therefor.

2. Related Application

This application discloses improvement subject

matter in common with commonly-owned US-A-5,743,098

entitled Refrigerated Merchandiser With Modular

Evaporator Coils and EEPR Control.
3. Description of Prior Art
Great advances have been made in the last forty

years 1n the field of commercial food merchandising with
the i1mproved insulation materials, better refrigerants,
more efficient air handlers and condensing unit systems,
better lighting and the universal use of ambient air
temperature and humidity control in food stores and the
like. A long checklist of important factors influence
the construction and manufacture of food merchandisers

including refrigeration requirements and performance,

structural engineering for strength, durability and
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safety as well as insulation effect, servicing

capability, product merchandising potential, and both
manufacturing and operating costs.

In today's marketplace a wide variety of food
merchandisers are used to best market different types of
food products as well as meet their cooling needs. In
the low temperature field, frozen food merchandisers
maintain product display temperatures at about -18.0°C

(0°F) and ice cream cases operate at about -20.5°C to

-23.5°C (-5°F to -10°F). Frozen foods are best protected
in reach-in coolers (with glass front doors), but open
front, multi-deck merchandisers best display various food
products. Similarly, in the medium temperature field of
-6.5°C to 10°C (28°F to 50°F) product temperatures, glass
front deli merchandisers are generally preferred for the
marketing of freshly cut meats, cheeses, salads and other
deli items, but open front multideck merchandisers are
widely used for packaged meat and dairy products and
single deck cases are preferred for fresh produce.
Although there has been some industry
gstandardization at 2.4 meter (8 foot) and 3.7 meter (12
foot) merchandiser lengths, the manufacture of commercial
refrigerator fixtures has generally remained a hands-on
operation. Thus, in the past, most commercial
merchandisers have been cooled by conventional wvapor

phase refrigerant systems and typically have utilized fin
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and tube type evaporator coils which extend the full
length of the merchandiser to best achieve uniform air
cooling for delivery to the product area from end-to-end
throughout the length of the merchandiser. In some of
these applications, the evaporator coil was divided or
split into two or more full length sections connected in
series refrigerant flow relationship and typically
arranged 1n a sequential air flow relationship in the
bottom section and/or immediately adjacent in the lower
back wall of the merchandiser cabinet. More recently,
there has been development work in utilizing non-
compressible liquid chemical coolants (so called "glycol-
type" systems using glycol or ethylene solutions or some
other secondary heat transfer liquid) for producing the
merchandiser cooling effect; but conventional types of
cooling coil configurations have been employed for these
systems. In any event, such coils and the control
valving therefor were generally accessible only from the
inner lower well area of the product zone for maintenance
or service. Such a location does not interfere with the
structural soundness of a coffin-type merchandiser, but
full length back wall coil locations limit the structural
support capability for internal vertical frames in
multi-deck merchandisers, as well as the cantilever
suspension of glass front panels in deli merchandisers,

as i1n commonly assigned U.S. patent No. 5,639,149,
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Commonly assigned, US-A-5,743,098 discloses
improvements in an air cooling and control system for a
refrigerated food merchandiser having plural modular
cooling coil sections of preselected heat exchange
5 potential and being arranged in horizontally spaced apart
disposition, and refrigerant metering means for
ccntrolling liquid refrigerant fiow on the high (inlet)
side of the evaporator sections, and other refrigerant
metering and electronic control means for regulating
10 suction pressure and refrigerant vapor flow on the low
(outlet) side of the evaporator sections.
Commonly owned US-A-5,577,826 disclosed modular
external frame structures for refrigerated merchandisers
whereby to better accommodate placement of the modular

15 coil section arrangements of US-A-5,743,098.

SUMMARY OF THE INVENTION

The invention is embodied in a refrigerated
merchandiser having an insulated cabinet for a product
area having a plurality of zones and separate air flow

20 delivery means for each product zone, modular cooling
coils associated with the respective air flow means for
the normal cooling thereof, and defrosting control means
constructed and arranged for stopping the normal cooling

of a selected cooling coil during continued normal
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cooling of another cooling coil and thence sequentially

defrosting the other cooling coils while re-establishing

normal coocling of the one cooling coil. The invention is

also embodied in the method of defrosting the modular

cooling coils of the merchandiser to provide
substantially continuous cooling of the product aresa.

It 1is a principal object of the present
invention to provide modular cooling coils that
facilitate modular design and fabrication for different
refrigerated fixtures; that maintain better product
temperatures; that can be used in multiple,
parallel-piped sections with one or more liquid metering
controls; that are responsive to separate, selective
defrost controls; and that accommodate ease of
manufacture, installation and service. An important
feature of the invention is in controlling the operation
of commercial refrigerator cooling means to maintain
preselected food zone temperatures at substantially
constant values. §Still another object is to provide an
improved apparatus and control strategy for regulating
the defrosting of separate modular refrigeration coils to
achieve operating temperatures while maintaining display
area temperatures even during modular coil defrosting.

These and still other objects and advantages will become

more apparent hereinafter.
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DESCRIPTION OF THE DRAWINGS

In the accompanying drawilngs which form a part
of this specification and wherein like numerals refer to
like parts wherever they occur:

Fig. 1 is a vertical cross-sectional view - 1n

extended fragmentary perspective - illustrating a glass

front deli merchandiser environment embodying the present

invention,

Fig. 2 is a fragmentary perspective view taken
substantially along line 2-2 of Fig. 1 and showing one
embodiment of the modular evaporator coil features of the

invention,

Fig. 3 is a diagrammatic representation of the
Fig. 2 modular coil embodiment,

Fig. 4 is a perspective view, partly broken
away, illustrating an open front, multideck merchandiser
environment embodying the present invention,

Fig. 5 is an exploded view of the insulated
cabinet and air control components of Fig. 4 and showiling
another embodiment of the modular coil,

Fig. 6 is a diagrammatic representation of the
Fig. 4 and 5 embodiment,

Fig. 7 is a diagrammatic front elevational
representation of a typical 3.7 meter (12 foot)

merchandiser to illustrate another modification of the

invention,
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Fig. 8 is a diagrammatic depiction of a
modified air cooling system for the Fig. 7 embodiment,
Fig. 9 is a diagrammatic perspective view of a

multiple unit island display case illustrating another

modified multiple evaporator,

Fig. 10 is a diagrammatic depiction of the air

cooling system for the Fig. 9 embodiment, and

Fig. 11 is a diagrammatic view graphically

illustrating a staggered defrosting sequence for a three

coil modular system.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

For disclosure purposes different embodiments
of the modular cooling coil and defrost control of the
present invention are shown in different commercial food
display cases or merchandisers as may be installed in a
typical supermarket. Such display cases are generally
fabricated in standard 2.4 meter (8 foot) and 3.7 meter
(12 foot) lengths, but may be arranged in a multiple case
line-up of several merchandisers operating in the same
general temperature range. Low temperature refrigeration
to maintain display area temperatures of about -18°C
(0°F) for frozen foods requires coil temperatures
generally in the range of -20.5°C to -29°C (-5°F to
-20°F) to achieve exit air temperatures at about -19.5°C

to -24°C (-3°F to -11°F); and medium temperature

refrigeration to maintain fresh food product area
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S0°F (produce) requires coil temperatures generally in
the range of about 15°F to 28°F with corresponding exit
air temperatures at about 24°F to 40°F. It is clear that
a "closed" front case, such as a deli or reach-in having
glass panels, will be easier to refrigerate than an open
front, multideck merchandiser and that the nature and
amount of insulation are also major design factors.

Also for disclosure purposes it will be

understood that various commercial refrigeration systems
may be employed to operate the air cooling and control
systems of the present invention. For instance,
conventional closed refrigeration systems of the "back
room" type having multiplexed compressors may be used, or
merchandisers of the present invention may be operated by
strategically placed condensing units located in the

shopping arena or service area - of the type disclosed

and claimed in commonly owned U. S. patent No. 5,440,894.
In either event, the general operation of refrigeration
systems will be understood and readily apparent to those
skilled in the art, and various refrigerant terms such as
"high side"” and "low side" and "exit air" will be used in
a conventional refrigeration sense. Further, since the
present invention is an improvement to the invention
disclosed and claimed in co-pending application Serial
No. 08/655,157, that prior application is incorporated

herein in 1its entirety by reference for disclosure
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application 1s incorporated herein in its entirety by
reference for disclosure purposes. It will be understood
that vapor phase refrigerant systems have been used to
disclose preferred embodiments, but that glycol-type
coolant systems may also incorporate the inventive
features and thus the respective disclosures of two

commonly-owned patents, namely US-A-5,727,393 (entitled

Multi-Stage Cooling System for Commercial Refrigeration)

and US-A-5,743,102 (entitled Strategic Modular Secondary

Refrigeration), are incorporated herein in their entirety

by reference for disclosure purposes.

Referring to Figs. 1-3, a closed deli
merchandiser DM basically comprises a cabinet with a
lower base section 11 housing air circulation means 12
and having an upper cabinet or display section 13. The
upper cabinet section 13 has a sloping rear service wall
14 constructed and arranged to provide sliding access
service doors l4a, a short horizontal top wall 15, end
walls 16 and double-curved glass front panels 17
conforming generally to the configuration of the end wall
front margin and which together define a refrigerated
product display zone 18 having shelf means 19 therein.
The lower section 11 and the rear, top and end walls of
the upper section 13 will be insulated as needed to
maintain optimum refrigerated conditions in the display

area 18. The glass panels 17 normally close the product
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area 18 from ambient but are hinged, at 19a, for opening
movement for stocking, cleaning or service. The weight
of these panels 17 when opened is translated to the base
11 through struts 20, which are spaced apart and
accommodate the sliding doors 1l4a therebetween. The air
circulating means 12 comprises a plenum chamber 12a 1in

the bottom of the cabinet 13, and plural fans 12b to

re-circulate air through the cabinet and display area 18.

A feature of the invention resides 1n the
refrigeration or cooling means for the merchandiser DM,
and specifically in the use of plural modular evaporator
coil sections 22 in lieu of conventional full length
coils. The refrigerant metering control for the
merchandiser DM includes a high side liquid control or
metering means in the form of a thermostatic expansion
valve 23 and may also include a low side suction control
or metering means in the form of an EEPR valve 24 and
electronic controller 25 therefor, as more fully
described 1n US-A-5,743,0098.

Referring to Fig. 3 wherein a typical

refrigeration system 26 is illustrated, 1t will be seen

that the expansion valve 23 receives high pressure liquid

refrigerant from the system receiver 27 through liquid
line 27a and meters liquid through a distributor (not

shown) and feed lines 23a to the modular coils 22a, 22b
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and 22c in response to suction temperature/pressure
sensed by bulb 28 in a con#entional manner. In addition,
as a feature of the invention refrigerant flow through
each of the modular coil sections 22a-22c in normal
refrigeration and defrost modes in this embodiment is
controlled by other coolant flow control means, such as
solenoid valves 21 and a defrost contioller 21la, to be
described. The suction lines 24a from the modular coils
22 are constructed and arranged with the EEPR valve 24 on
the low side to return superheated refrigerant wvapor to
the suction side of the system compressor means 30
through main suction line 30a. The compressor means 30
discharges high pressure vaporous refrigerant through
discharge line 3la to condenser 31, in which the
refrigerant is cooled and condensed to a liquid state and
discharged through line 31b to the receiver 27 to
complete the circuit. As indicated by the arrows at the
liquid and suction lines 27a, 30a, the refrigeration
system 26 may operate additional food merchandisers in

the same temperature range.

The modularity of the evaporator coil concept

accommodates the use of modular internal-external support

frame structures to effectively support most commercial
merchandiser cabinets - whether single deck as in deli

and produce types, or 2-5 multideck cases for frozen

foods, meat or dairy, and the cabinet frame members carry
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the weight of insulated panels, shelving and duct forming

members and translate it to an external frame assembly.
Thus, the modular evaporator coils 22 - while of
conventional fin and tube configuration - are preferably
standardized in 1.2 meter (4 foot) lengths to accommodate
more flexibility in placement and facilitate the use of
modular framing, as disclosed in commonly assigned US-A-
5,577,826.

Still referring to Figs. 1-3, the plurality of
modular coils 22 in the merchandiser are constructed and
arranged 1n horizontally spaced, end-to-end relationship
to cool separate air flows and deliver them to
horizontally adjacent sections of the display area 18.
Fig. 2 indicates that the deli merchandiser DM of Fig. 1
1s a twelve foot case, and thus has three equal sized
coll sections 22a, 22b and 22c¢ which are disposed between
the structural struts 20 in this closed-type
merchandiser. In this embodiment, the high side liquid
control means comprises a single thermostatic expansion
valve 23 arranged to deliver equal amounts of refrigerant
or coolant to each of these coil sections (22), and thus
the feed lines 23a are constructed and arranged to be the
same length from the expansion valve outlet into the
respective coil sections 22a, 22b and 22c. The placement

of the expansion valve 23 at the center coil section 22b

means that the feed line 23a thereto has to be bent or
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otherwise constructed and arranged to accommodate the

extra tubing length relative to the shorter direct

distance between the valve 23 and center coil 22b. The

liquid control means further comprises the refrigerant
flow control means in the form of the solenoid wvalves 21
either on the high side or the low side of the modular
coils 22, as will be described.

It will be understood that air temperature
control in the product zone of a closed single deck deli
merchandiser DM is more easily accomplished than 1in the
product zone of an open front, multideck merchandiser,‘
such as the four deck meat merchandiser MM of Figs. 4-6.
Thus, the single expansion valve 23 may be used in the
deli case DM with the use 0of separate solenoid valves 21
in each of the suction lines 24a from the respective
modular coil sections 22, and a single sensor 43 may be
employved in the control of the EEPR valve 24.

It will be understood that the functions of the
controller 25 for the EEPR valve 24 and the controller
2la for the solenocid valves 21 may be part of the same
electronic case or master controller Or miCroprocessor
for the system.

A principal feature of the invention 1is to
provide a substantially constant cooling effect to the
merchandiser product area so that it will be less

sensitive to the periodic defrosting of the respective
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coil sections 22a, 22b and 22c¢. 1In the pPast, it has been
traditional to defrost the entire evaporator coil for a

display merchandiser, usually using electric defrost or

hot gas defrost, and to do so as rapidly as possible in

defrost heat loads imposed on the coils. According to
the present invention utilizing modular coils (22) and

low side flow control means (21a), the refrigeration mode

on a variety of factors that would influence the speed

and degree of coil icing during a cooling cycle, and the
off-cycle defrost in extreme cases may be terminated by
sensing coil temperature and adjusting drip time rather

than relying upon a timed Sequence per se. In any event,
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when coil section 22b is defrosted and the controller 21la
returns 1t to normal refrigeration, then another coil
section (i.e., 22a) will be sequenced or alternated into
its off-time defrost mode -- generally on the same basis
as the other coils. The coil section 22c would then be
defrosted and the coil sections for any merchandiser
would follow a predetermined defrosting sequence. The
frequency of off-cycle defrosting may vary from 3 to 24
times daily depending on the type of merchandiser and
extent of frost or ice accumulation. Clearly, if the
time frame for effectively defrosting a coil is shorter
(i.e., 3 minutes) then the frequency of daily defrosts
can be increased (i.e., 12 to 24 or every 1 to 2 hours).
Referring to Figs. 4-6, the open front
multideck merchandiser MM is described with reference
numerals in the "100" series. The merchandiser MM has a
lower structural base frame 111 and an external vertical
structural frame llla that carries an upper cabinet
section 113 with a rear panel 114, a top wall 115, end
walls (not shown) and together defining a refrigerated
product display zone 118 having a front opening 117.
Suitable shelving (not shown) or other product display
means (i.e. pegboard) are mounted in the display zone
area 118. The exploded view of Fig. 5 illustrates that
the upper cabinet 113 is comprised of an outer insulated

panel 104 having a vertical back section 114a and top
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section 115a, and an inner panel or liner 105 having a
vertical section 114b and a horizontal top section 1l1l5b.
These outer and inner panels 104 and 105 are assembled 1in
spaced relation by spaced internal frame members 106 to
define connecting rear and top air distribution ducts
(not shown). A lower cabinet panel 107 covers an air
duct 1ll12a which connects with air circulating plenums 112
having fans 112b. Modular coil sections 1l22a and 122b
are disposed in horizontal end-to-end relationship
between the internal frames 106 and communicate with the
air circulating means 112 to cool the air flow to produce

design exit air temperatures for product cooling 1in the

display zone 118.

In the embodiment of Figs. 4-6, the liquid
control means comprises a separate expansion valve 123
for each coil section 122a and 122b, which may be
operated independently in response to its own sensing
bulb (128) and preset condition. An EEPR valve 124 and
its controller 125 are positioned within the merchandiser
and employ separate air temperature sensors 143
downstream of the respective coils 122. Defrost control
solenocids 121 are shown on the suction side of the
evaporators 122, and Fig. 6 shows that electronic |
controller 125 may be used as the defrost controller 1in

this embodiment in lieu of a separate controller (l21la)

or a master system controller.
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Actual metering of refrigerant through the
evaporators 22, 122 for refrigeration of the merchandiser
product zone 18, 118 18 carried out by one or more
expansion valves 23, 123 and one or more EEPR valves
24, 124. The configuration shown in Fig. 3 comprises a
single expansion valve 23 and a single EEPR valve 24. 1In
Fig. 6, there is shown one expansion valve 123 for each
evaporator section 122 and a single EEPR valve 124 on a
~ommon suction line therefrom. To control one coil at a
different temperature than the other coils, its suction
side may have its own EEPR valve, as shown in Fig. 8. In
the preferred application, the amount of refrigeration
carried out by the evaporators 22, 122 1s controlled by
operation of the EEPR valves 24. The function of the
expansion valves 23, 123 is to optimize the refrigeration
operation by maintaining an optimal refrigerant superheat
value e.g., -15°C (5°F) on the suction side of the
evaporators, not to achieve temperature control. Thus,
each expahsion valve 23, 123 is modulated solely 1in
response to the temperature of the refrigerant detected
by sensing bulb 28, 128 located on the suction side of
the evaporator. The expansion valves 23, 123 and theilr
corresponding sensing bulbs 28, 128 can be arranged 1in
several different configurations. For instance, the
single expansion valve 23 used for all three evaporators,

as in the Fig. 3 embodiment, is controlled by the sensing

bulb
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278 located on the suction line just downstream of the

last evaporator. As shown in Fig. 6 (and Fig. 8 to be
described), each evaporator 122 has its own dedicated
expansion valve 123 which 1is opefated by the sensing bulb

5 128 located adjacent to the outlet of that evaporator.

These disclosed embodiments are to be

contrasted with more conventional evaporator temperature
control by expansion valves which are modulated in
response to detected exit air temperature from the

10 evaporators. Exit air temperature control for a
particular evaporator by operation of an expansion valve

at a substantially constant suction pressure will result

in variations in the superheat of the refrigerant leaving
the evaporator. For example, when the exit air

15 temperature is too cold, the expansion valve throttles
down and reduces the refrigerant flow entering the
evaporator. As a result, all of the refrigerant in the
evaporator is. completely vaporized well prior to reaching
the outlet of the evaporator. Failure to keep the

20 evaporator substantially full of boiling refrigerant
causes a loss in efficiency, non-uniform frost build up

on the evaporator requiring more frequent defrost cycles,
and additional dehumidification. Locating the EEPR valve
24 near the evaporator closely controls saturated

25 evaporator temperature, and the expansion valve functions

to make sure that the evaporator operates efficiently by
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maintaining a substantially constant superheat. However,
i+ will be understood that the defrost arrangement and
method of the present invention can be carried out with
either the preferred or more conventional expansion valve
control.

Initiation of a defrost cycle could be

controlled by a timer within the controller 21la, 121la by

3 master defrost timer located externally of the
merchandiser and controlling the refrigeration and
defrost cycles for a number of merchandisers in the
system 126, or by detection of some parameter other than

time. The preferred defrost method is by off-time

(closing off either the high side liquid feed or the low
side suction return by operating the solenocid valves 21,
121 or the like), and the air circulating means 12
agsociated with the defrosting coil will continue to
operate to accelerate the warmer return air distribution
through the coil. It should also be recognized that a
defrost is typically carried out on a time line that has
two components; namely, a de-icing period to fully melt
the ice accumulation from the fins 34 and tubing 33 of
the coil (which achieves a drip temperature) and a drip
period to permit the water to run off the evaporator to
prevent a re-freeze condition. It is contemplated that
hot or latent gas defrost might also be used to start and

accelerate the initial defrost de-icing period, in which
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case the fans 12 might be turned off during this portion

of the de-icing period of defrost.

When a defrost of any coil section begins by

the controller activating the solenoid valve circuit to
stop 1ts normal refrigeration mode, the temperature of
the exit air from the defrosting coil may begin to rise,
and the controller 25, 125 periodically averages the
temperatures from the sensors 43, 143 to determine if the
averaged temperature equals or exceeds a drip time
temperature stored 1n the controller and empirically

gselected to be a predetermined exit alr temperature

value, as detected at the end of the de-icing period when

all of the ice on the defrosting coil 1is gone.

Referring now to Figs. 7 and 8 of the drawings,
another modified embodiment is shown with reference to
open front merchandiser PM of 3.7 meter (12 foot) length
and having a cabinet 210 with three product cooling zones
218a, 218b and 218c. The product zones 218a and 218b are
typical of the merchandiser MM shown and described with
reference to Figs. 4-6 in that these zones 218a and 218b
have multiple shelves 219 for holding fresh foods such as
meat oOr cheese requiring medium tcmperature refrigeration
at temperatures of about 4.5°C (40°F). The product zone
218c represents a pegboard-type back panel (205) for the

refrigerated display of pre-packaged products, such as

cheese and cold cuts. It is known that the air
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distribution characteristics may differ between adjacent
zones of shelving and pegboard or the like, and it may
result that the air temperatures may be higher 1n one
zone than desired. In the prior art, the solution was to
operate the entire case at a lower evaporator
temperature. With the modular coils, adjustment can be
achieved between adjacent zones such as by operating the
evaporator coil (222c) at a lower temperature to provide
colder exit air temperatures. It is contemplated that,
in addition to the temperature sensors 243a, 243b and
243c for the respective coils (222), product zone
temperature sensors 209a, 209b and 209c¢c may be provided
and the data used by the controller 225 to achieve the
operational balance desired. Referring particularly to
Fig. 8, one EEPR valve 224b may be used to contrel two
coil sections 222a and 222b and another EEPR valve 224c
used for the colder operating coil 222c.

In this embodiment, the refrigeration flow
control means (i.e., valves 221) are shown interposed 1in
the liquid lines 223a upstream of the expansion valwves
223, and these solenoid wvalves 221 are controlled by a
case or master controller 221a or the same function can
be programmed into the controller 225, as previously
discussed.

In operation of the Figs. 7-8 embodiment, a

defrost is initiated in the selected coil section (222a)
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by closing its liquid line solenoid 221 and starting a
predetermined off-time defrost cycle during the continued
normal refrigeration of the other coils 222b and 222c.
The defrost cycle can be terminated by preselected time
or by sensed temperature deviation -- that accommodate
the necessary de-icing and drip time components. The
merchandiser defrost then progresses sequentially to the
next selected coil section (222b) while coil 222a resumes
a normal refrigeration cycle and coil 222c continues 1ts
normal refrigeration; and the defrost thence progresses
to coil 222¢ in the same manner.
The merchandiser PM might operate with the

following typical temperatures:

coil temperature: -4.5°C (24°F)

exit air temperature from coil: -4°C (25°F)

discharge air temperature to display area:

-1°C (30°F)

product temperature: 4.5°C (40°F)

Prior art case defrosting of full length evaporator coils

in this type of merchandiser using electric or hot gas

defrosting would probably be carried out 3 times daily for

30 minute defrost periods, and the average product

temperature during defrost might go up from about 4.5°C to

about 5.3°C (40°F to 41.6°F) - a rise of 0.8°C (1.6°F).
In comparison, the same merchandiser embodying the

features of the present invention might provide a
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modular coil defrost every 2 hours with a total defrost
time of each coil section of about 15 minutes (inclusive
of a defrosting or ice melting period and a drip-time
period), and the observed average product temperature was
at 4.2°C (39.6°F) during its cooling mode and rose to
about 4.6°C (40.3°F) in the defrosting zone - a rise of
about 0.4°C (0.7°F). Thus, it is seen that the shorter
and more frequent defrosts of the modular coils on a
staggered defrosting sequence result in the maintenance of
lower product temperature during normal cooling cycles and
a smaller rise in product temperature during a defrost.
The staggered defrosting of the coils means that product
area cooling in a zone adjacent to that of the defrosting
coil will result in a lateral spread of the refrigerated
air flow to the inactive 2zone.

It should be understood that solenoid valves 21,
121, 221 are presently preferred as flow control valve
means for defrost purposes because of their economics, but
that pulse-type electronic expansion valves (not shown but
well-known in the refrigeration field) can be programmed
with the dual function of (1) metering liquid refrigerant
to the coil during normal refrigeration mode operation and
(2) closing off liquid flow to effect a defrost mode of
the coil. Similarly, the EEPR valve can be controlled to
(1) regulate refrigerant flow on the suction side during a

refrigeration mode and (2) shut down to effect a defrost

mode.
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Referring to Figs. 9 and 10, an island or
"well" type merchandiser IM may be used for low
temperature or medium temperature refrigeration. Such
cases frequently are designed with plural product holding
5 areas, and Fig. 9 shows a triple cabinet 310 having two
parallel product zones 318a and 318b and an end zone 318cC
that extends laterally of the other zones. Typically,
the two parallel zones 318a and 318b are arranged
back—to-back with a common center wall 308 forming an

10 internal air duct (not shown), and the end section 318c
has an independent air cooling system. As shown best in
Fig. 10, in one form of the invention each cooling zone
(318) is refrigerated by evaporator coils (322a for zone
318a: 322b for zone 318b; and 322c for zone 318c). The

15 suction from the multiple coils may be controlled by a
single EEPR valve 324. The controller 325 operates the
FEPR valve in response to exit air temperatures sensed by
at+ least one sensor 343 for each air circulating system
312a, 312b and 3l2c.

20 Since it is an object to maintain a
substantially continuous cooling effect in the product
area, it will be clearly understood that the modular
cooling coils are not defrosted simultaneously (i.e., on
a full display case defrost as in the past). Rather, in

25 accordance with the invention, the modular coils are

individually defrosted on a staggered sequence that
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accommodates a full defrost periocd followed by a drip

refrigeration Ccy

cooling) for each coil before starting the defrost of any

5 other coil. It is also highly desirable that all of the

coils be operated 1in a refrigeration mode for a
substantial period following the defrost mode of any coil
to thereby maintain optimum product temperatures
throughout the product area. The staggered sequencing of
10 modular coil defrosts is best shown with reference toO
Fig. 11, 1in which "coil 1" (e.g., coil 222a of Figs. 7-8)
has its defrost/drip time mode during continuous
operation of "coil 2" (e.g., coil 222b) and "coil 3"
(e.g., coil 222c) in their refrigeration mode. "Coil 1"
15 t+hen returns to its refrigeration mode for a pre-

scheduled time before "coil 2" goes oOn defrost (as

indicated by the vertical dashlines in Fig. 11); and when

"~nil 2" starts its defrost/drip time mode the other

coils ("coil 1" and "coil 3"} remain in a full

20 refrigeration mode. Similarly, "coil 3" starts 1ts

defrost/drip time mode when "coil 2" and "coil 1" are in

3 full refrigeration mode. In the example of Figs. 7-8,

the defrosting (frost melting) pericd may be about

12 minutes followed by a drip-time period of 3 minutes

25 and a pull-down period of about 1 minutes for an

aggregate defrost time of about 16 minutes. As shown 1in
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Fig. 11 by the breaks in the "cooling" periods following
the "drip" periods, all of the coils may have a
substantial concurrent cooling mode run-time, such as 20
minutes or longer, following the defrost cycle of each
modular coil.

It will be understood that several factors may
affect the length of the defrost period and the drip time
period to assure a clean coil as well as the number
(frequency) of daily defrosts required to obtalin optimum
coil cooling. Low temperature fixtures with -18°C (0°F)
product area temperatures require coil temperatures 1in
the range of -19.5°C to -23.5°C (-3°F to -10°F) depending
upon such factors as the volume ("cube") of the product
area and whether it is closed by doors or open to the
store environments - in which case environment
temperature and humidity control become factors. Thus,
heavy coil icing can be expected in low temperature
refrigeration and longer and more frequent defrost
periods will be scheduled, such as a 30 minute defrost
period followed by a 5 minute drip time and 2 minute
pull-down to achieve full coil refrigeration temperature

with a daily frequency of 16 times for each modular coil.

By contrast, in a single shelf, open produce merchandiser

having product area temperatures of about 10°C (50°F),
the coil operating temperature may be set at about 4.5°C
(40°F) and result in light frosting or snow-type

accumulation that is relatively quickly removed in a 2-5
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minute defrost with a 0.5-1.0 minute drip time and

negligible pull-down time and the daily frequency may be

12 times for each modular coil. Defrost/drip time
periods in the range of 15-20 minutes at intervals of 6
to 12 times daily may be useful for fresh meat and dairy
merchandisers. An objective of the defrost scheduling 1is
to keep the defrost periods as short as possible to best
keep the product area at design temperature. Plus, 1t
may be desirable with off-time defrosting to have shorter
defrosts at more frequent intervals since heavier frost
and ice accumulates on the coil the longer it remains in
a refrigeration mode and requires longer defrost and drip
times to clean the co1il.

The scope of the invention is intended to
encompass such changes and modifications as will be
apparent to those skilled in the art, and is only to be

limited by the scope of the appended claims.
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WHAT IS CLAIMED IS:

l. In combination with a merchandiser cabinet
having a contiguous refrigerated product area defined by
a plurality of contiguous product zones and separate air
tlow circulation means for each of the respective prodi..ct
zones, laterally adjacent modular cooling means
agssocliated with the respective air flow circulation means
and together producing a normal air flow cooling mode;
the i1mprovement comprising defrosting méans constructed
and arranged for selectively discontinuing the normal
cooling mode of one modular cooling means to effect a
defrosting mode thereof during a period of continued
normal cooling mode operation of another of said modular
cooling means, and thereafter defrosting another modular
cooling means after re-establishing normal air flow

cooling of said one modular cooling means.

2. The combination of claim 1, wherein said

defrosting mode for each modular cooling means includes a

defrosting period and a drip time period.

3. The combination of claim 1, wherein said

defrost period is in the range of 3 to 40 minutes.

4. The combination of claim 2, wherein said

drip time period is in the range of 0.5 to 5 minutes.
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5. The combination of claim 2, in which the
defrosting mode includes a cooling pull-down period of
the defrosted modular cooling means at the end of the

drip time period whereby to re-establish a normal

refrigerating mode thereof.

6. The combination of claim 1, in which said
defrosting mode for each modular coil is scheduled on a

daily frequency of 3 to 24 times.

7. The combination of claim 6, wherein the

scheduled length of time of the defrosting mode 1is
inverse to the scheduled daily frequency of the

defrosting mode.

8. The combination of claim 1, in which said
defrosting means comprises coolant flow control means
including valve means associated with the modular cooling

means and controller means for operating said valve

mealns.

9., The combination of claim 8, in which the
coolant is a vapor phase refrigerant, and the coolant
flow control means comprises an electronic expansion

valve constructed and arranged on the high side of each

modular cooling means.
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10. The combination of claim 8, in which the
coolant i1s a vapor phase refrigerant, and the coolant
flow control means comprises electronic evaporator
pressure regulating valve means constructed and arranged

on the low side of the modular coocling means.

11. The combination of claim 8, in which the
coolant flow control means comprises a normally open
solenoid valve constructed and arranged on the high side

of each modular cooling means.

12. The combination of claim 8, in which the
coolant flow control means comprises a normally open
solenoid valve constructed and arranged on the low side

of each modular cooling means.

13. The combination of claim 8, in which said
controller means comprises a programmed sequencer for the
staggered defrost sequencing of the flow control valve
means so that there is no concurrent defrosting of two

modular cooling means.

14. The combination of claim 5, wherein said
defrosting means comprises valve means associated with
the respective modular cooling means and controller means

for operating the wvalve means.
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15. The combination of claim 14, wherein said

controller means is programmed and arranged to establish

the staggered defrost sequencing of the modular cooling

means.

16. The combination of claim 15, in which said
controller means programs an optimum period of concurrent
normal refrigerating mode operation of all modular
cooling means following the defrosting mode of each

modular cooling means.

17. The combination of claim 1, wherein the
defrosting mode of each modular cooling means is effected
by off-time defrosting, and wherein the air flow

circulation means is operative during such off-time

defrosting.

18. In combination with a refrigerated
merchandiser having an insulated cabinet with a product
display area with at least two side-by-side product
zones, at least two laterally disposed air flow systems
constructed and arranged in said cabinet for circulating
separate air flows to the respective product zones, and
including a modular cooling coil associated with each of
said air flow systems for normally providing an air flow

cooling mode therein; the improvement comprising defrost
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means constructed and arranged in association with each
modular cooling coil for discontinuing the cooling mode
thereof and establishing an inoperative defrosting mode,
and wherein the defrost means for one of said modular
cooling coils 1s operational in its defrosting mode
during the continuance of another of said modular cooling

coils in its air flow cooling mode whereby refrigerated

air flow i1into at least one zone of said product area is

maintained at all times.

19. The combination of claim 18, wherein the

defrosting mode is effected by off-time defrosting and
wherein the air flow system for the modular cooling coil

continues to operate during the defrosting mode thereof.

20. The combination of claim 18, wherein said

defrost means comprises valve means constructed and
arranged 1n the coolant flow path on one side of each
modular cooling coil, and valve controller means for

closing said valve means to effect the inoperative

defrosting mode of said cooling coil.

21. The combination of claim 20, in which said

controller means is programmed and arranged to establish

a staggered defrost sequencing of the modular cooling
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coils whereby only one cooling coil is in its defrosting

mode at a time.

22. The combination of claim 21, wherein the
controller means establishes a pre-set defrosting mode
sequence for each of the modular cooling coils in which
there is an optimum defrost period followed by a drip

time period and a refrigerating pull-down period.

23. The combination of claim 20, including
coolant flow regulating means constructed and arranged in

the cooclant flow path on one side of the modular cooling

coils in addition to said valve means.

24. The combination of claim 23, in which said

coolant flow regulating means comprises expansion valve

means on the high side of the modular cooling coils for

metering liquid refrigerant flow.

25. The combination of claim 23, in which said
coolant flow regulating means comprises EEPR valve means
on the suction side of at least one modular cooling coil

for regulating the refrigerant outflow from such coil.

26. The combination of claim 20, in which the

coolant 1s a secondary heat transfer liquid, and in which
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the coolant flow control means includes other liquid flow

regulating means for operating the normal cooling mode of

the modular cooling coils.

27. The method of defrosting the cooling means
of a refrigerated food merchandiser having an insulated
cabinet with a product area and in which the cooling
means comprises a plurality of modular coil sections for
cooling separate air flows for circulation through the
coil sections into contiguous zones of the product area,

the method comprising the steps of:

(a) providing first means for accommodating

cooling mode thereof:;

(b) providing second means for accommodating
coolant flow through another coil section during a normal

cooling mode thereof; and

(c) selectively operating the first and second
means at different times so as to close one coil section
to the flow of coolant for effecting a defrost mode while

maintaining the normal cooling mode of the other coil

section.

28. The method of defrosting according to

claim 27, including the step of:

a~ o iy
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(d) operating the air flow means for
continuing the circulation of air flows through the

separate coil sections to the product area zones at all

times.

29. The defrosting method of claim 27, in
which the first and second means comprise coolant flow
control valves, and in which step (¢) includes:

(1) programming controller means to operate the
flow control valves to initiate staggered sequencing of

the coil sections in the defrost mode thereof.

30. The defrosting method of claim 29, in
which step (c¢) further includes:
(2) programming the controller means to establish
predetermined periods to accommodate a full ice melting

time and a drip-~time for each coil section.

31. The defrosting method of claim 30, in
which step (c¢) further includes:
(3) programming the controller means to provide a
pull-down period of the defrosted coil section following
the drip-time period thereof whereby to re-establish a

normal cooling mode thereof.
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32. The defrosting method of claim 31, in

which step (c¢) includes:

(4) programming controller means to provide an

optimum period of concurrent cooling mode operation of
all coil sections between the staggered defrost

sequencing thereof.

33. A defrost method for maintaining product
area temperature of a refrigerated merchandiser during
defrosting, comprising the steps of:

(a) providing the merchandiser with a
plurality of modular cooling coils and separate air flow
means for circulating a separate air flow across each
cooling coil to a separate zone of the product area,

(b) operating the cooling coils in a
refrigerating mode for normal cooling of the separate air

flows to the separate product area zones,

(c)- establishing a defrost sequence for

(d) continuing the refrigeration mode of

another cooling coil during the defrost sequence to

defrosting cooling coil.
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34. The defrost method of claim 33, including

the step of:

(e) operating the air flow means associated
with the defrosting ccoling coil during the defrost

period to effect an off-time defrost.
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