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(57) Abréegée/Abstract:

A refrigerated merchandiser (100) includes an upright, open-front, insulated cabinet (110) defining a product display area (125)
connected in airfflow communication with a compartment (120) via an air circulation circuit (122, 114, 116). A high pressure drop
evaporator (40) and a plurality of closely spaced fans (70) are disposed within compartment (120). The evaporator (40) Is provided
with a relatively high fin density heat exchanger coll providing a relatively high air side pressure drop through the evaporator. The
Increased flow resistance through the evaporator coupled with the plurality of closely spaced fans results in a substantially uniform
evaporator outlet temperature profile across the length of the evaporator.
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MEDIUM TEMPERATURE REFRIGERATED MERCHANDISER

ABSTRACT OF THE DISCLOSURE

A refrigerated merchandiser (100) includes an upright, open-front, insulated
cabinet (110) defining a product display area (125) connected in airflow
communication with a compartment (120) via an air circulation circuit (122,
114, 116). A high pressure drop evaporator (40) and a plurality of closely
spaced fans (70) are disposed within compartment (120). The evaporator (40)
is provided with a relatively high fin density heat exchanger coil prcividing a
relatively high air side pressure drop through the evaporator. The increased
flow resistance through the evaporator coupled with the plurality of closely

spaced fans results in a substantially uniform evaporator outlet temperature

profile across the length of the evaporator.
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D MERCHANDISER

MEDIUM TEMPERATURE REFRIGERATE

Technical Field

The present invention relates

more particularly, to a refrigerated, medium

displaying food and/or beverage products.

Background of the Invention

In conventional practice, supermarkets and convenient stores are equipped with

food and beverages n a

beverages t

Typically, cold, mmsture-bearmg air is provided to the

refrigerated environment.
e by passing air over the heat exchange

product display zone of each display cas

Jay case in a region separate

surface of an evaporator coil disposed within the disp

sone so that the evaporator 's out of customer view. A

e R-404A refrigerant, is passed through the

e refrigerant evaporates within the

from the product display
<uitable refrigerant, such as for exampl

hange tubes of the evaporator coil. Asth

evaporator coil, heat is absorbed from the air passing over the

heat eXxc
evaporator so as to

lower the temperature of the alr.

stem is installed in the supermarket and convenient store to provide

A refrigeration sy
.+ o0 to the evaporator cotls of the display €

refrigerant at the proper conditl
the facility. All refngera‘uon systems include at least the following components: a
iated with a display case, a

4 condenser, at least one evaporator assoc
necting these

ases within

compressor,

valve, and appropriate refrigerant lines con

thermostatic expansion
.t The thermostatic expansion valve is disposed

devices 1n a closed circulation circuit.
igerant flow of the inlet to the

in the refrigerant line upstréam with respect to refr

.on valve functions to meter

evaporator for expanding liquid refrigerant. The €xpansio
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and expand the liquid refrigerant to a desired lower pressure, selected for the

the temperature of the 1

om the air passing Over the surface of the evaporator. Typically, supermarket

eration systems include multiple evaporato

tubes {r
rs disposed 1n

and grocery store refrig

multiple display cases, an assembly of a plurality of compressors, termed a

compressor rack, and one or more condensers.

Additionally, in certain refrigeration systems, an evaporator pressure regulator (EPR)

ot of the evaporator. The EPR valve

valve 1s diéposed i the refrigerant line at-the outl

predetermined

lve so as to maintain the refrigerant

used to chill water, it is known to set the EPR va

ator above the freezing point of water For e
g R-12 as refrigerant, the EPR valve may be set at a

within the evapor xample, in a water

chilling refrigeration system usin

essure set point of 32 psig (pounds per square inch, gage) which equates 10 a

pr
refrigerant temperature of 34 degrees F.

In conventional practice evaporators 1 refrigerated food display systems generally

operate with 1t of water. Thus, frost will

form on the evaporators dur?

ommonly used for displaying

e refrigeration display cases, such as those ¢
the refrigerated

dairy products, Or beverages in general, t
erature typlcally in the range of 32 to 41 degrees

temperatur
produce, milk and other

- product must be maintained at a temp

nding upon the particular refrigerated prod

xample, conventional practice in the field of

uct. In medium temperature produce

F depe
cornmercial

display cases for €
he circulating cooling air over the tubes of an

refrigeration has been to pass t
ough the tubes boils at about 21 degrees F

evaporator in which refrigerant passing thr

32 degrees F. In medium

to maintain the cooling air temperature at about 31 or
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s for example, conventional practice in the

‘temperature dairy product display case
circulating cooling air over the

al refrigeration field has been to pass the

n which refrigerant passmg through the tu

degrees I to mamtam the cooling air temperature at about 28 or 29 degrees F. At

COMmMInercl
bes boils at about 21

tubes of an evaporator 1

erant temperatures, the outside surface of the tube wall will be at a

ost point. AS frost builds up on the ev
Ates and the free flow of air through the

these refrig
aporator surface, the

temperature below the fr

performance of the evaporator deteriora

e type having simple flat fins mounted on

Fin and tube heat exchanger coils of th

¢ tubes that are commonly used as evapo

refrigeran
refrigeration industry characteristically have a low fin density,

to 4 fins per mnch. Custornarﬂy in m an evaporator

edium temperature display cases,

urality of axial flow fans are provided in a forced air arrangement for

ed air to the product area of the display €
espect to air flow, that is in a forced dra

and a pl
ase. Most commonly, the

supplying refrigerat
ft mode, of

fans are disposed upstream with r
the evaporator 11 a compartment beneath the product display area, with there being

r-foot length of merchandlser That is, in a four-foot long

merchandiser, there would typically be one fan, in an eight-foot long m
ot long merchandiser there would be three

one fan per fou
erchandiser

there would be two fans, and in a twelve-{o

the fan forces the air through the evaporators passing over the

fans. In operation,
:d air through a

at the top of
per flow duct

ations, the refrigerated air exiting the up

he front of the product display area to

the ambient environment of the

front display casc configur
form an

passes generally downwardly across t
n separating the product display arca from

air curtal
ing infiltration of ambient air into the p

store, thereby reduc roduct display area.

As previously noted, it has been conventional practice in the commercial refrigeration

use only heat exchangers of low fin density in evaporators for medium

industry to
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temperature applications. This practice arises in anticipation of the buildup of frost of

e evaporator heat exchanger and the dest
erations. As frost builds up, the effective tlow space

omes progressively less and less until, 1n
quence of frost buildup, heat

' ed air to the

the surface of th re to extend the period

between required defrosting op

for air to pass between neighboring fins bec

roduct display area decreases, thus necessitating activation of the defrost cycle.

ce the pressure drop through a low find

ure drop in combination with a relativel

P
Additionally, sin

relatively low, such a low press

ensity evaporator cotl 1S

y wide spacing

hetween fans as mentioned hereinbefore, results in a significant variarce in air

gh the evaporator coil which in turn results in an undesirable variance,

velocity throu
ator coil, in the temperature of the air |

over the length of the evapor eaving the coil.

Temperature variances of as high as 6°F over a span as small as eight inches,

ch stratification in refrigeration air temperature can potentially have a

atypical. Su

large effect on product temp

temp erature within the pro duct display

the air flow velocity profile 1s

ces a bell-curve like velocity tlow,
ing near the centerline of

produ
2 wave pattern, with air flow velocity peak

characteristically

each fan and dipping to a minimum between neighboring fans.

5.743,098, Behr, discloses a refrigerated food merchandiser having a

U.S. Patent
irculating means comprising a plurality

modular air cooling and ¢

end disposition in a compart
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1 flow fans 1s assoclated with

display area of the merchandlser A separate pair of ax1a

~one of the product display area.

Summary of the [nvention

an improved medium temperature

It is an object of this invention to provide
through the evaporator.

merchandiser having an improved air flow distribution

length of the evaporator.

ser is provided having an insulated cabinet defining a

nt separate from the product display area

evaporator and a plurality of laterally spaced, air circulating axial flow

rdance with the present invention,
ressure drop. Most advantageously, the

A refrigerated merchand1

wherein an
the evaporator 1s

fans are disposed.. Inacco

characterized by a relatively high air side p

n and tube heat exchanger having a fin
the fins have an enhanced heat transfer

evaporator is a fl density in the range of 6 fins

per inch to 15 fins per inch. Further,
ay be more closely spaced to

confi
the evaporator. ‘Most

Description of the Drawings

a further inderstanding of the present invention, reference should be made to the

d description of a preferred embodimen

For

t of the invention taken in

following detaile

conjunction with the accompanying drawings wherein:
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medium temperature food merchandiser;

yout of the commercial refrigeration

Figure 2 is an elevation view of a representative la

system shown schematically in Figure 1;

preferred embodiment of the

Figure 3 is a side alevation view partly in section, of a

refrigerated merchandiser of the present invention;

Figure 4 is a plan view taken along line 4-4 of Figure 3; and

graphical comparison of the air flow velocity profile leaving a relatively

or with closely spaced axial ﬂow fans in a

ir velocity profile leaving 2 relatively low

Figure 51s a
ccordance with

high pressure drop evaporat

al flow fans.

Description of the Preferred' Embodiment

The refrigeration 'system s illustrated in Figures 1 and 2 is depicted as having a single

r associated with a refrigerated merchand)

1s to be understood that the refrigerated mer

s embodiments of commercial refrigeration

iser, a single condenser, and a

evaporato
chandiser of the

single compressor. It 1

present invention may be used In variou
ing single or multiple merchandisers, with on
- condensers and/or single or multiple com

e Or morc evaporators per

merchandiser, single or multipl pressor

arrangements.

5 the refrigerated merchandiser system 10 includes

Referring now to Figures | and 2,
e basic components: a cOmMpressot 20, a condenser 30, an evaporator 40 associated

ed merchandiser 100, an expansion device

in a closed refrigerant circuit via refrigerant lines

pressure control device 60 connected 1

12, 14, 16 and 18. Additionally, the system 10 includes a controller 90. It isto be
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understood, however, that the refrigeration system may include additional

s, controls and accessories. The outlet or high pr
g via refrigerant line 12 to the inlet 32 of the condenser 30.

component essure side of the

compressor 20 connect

The outlet 34 of the condenser 30 connects via refrigerant line 14 to the inlet of the

expansion device 50. The outlet of the expansion device 50 connects via refrigerant

line 16 to the inlet 41 of the evaporator 40 disposed within the display case 100. The

orator 40 connects via refrigerant line 18, commonly referred to

outlet 43 of the evap

15 the suction line, back to the suction or low pressure side of the compressor 20.

rred to as a display case, includes

The refrigerated merchandiser 100, commonly refe
g area 125. The

an upright, open-iront, insulated cabinet 110 defining a product displa:
evaporator 40, which is a fin and tube heat exchanger coil, 18 disposed within the

refrigerated merchandiser 100 in a compartment 120 separate from and, in the

depicted embodiment, beneath the product display area 125. The compartment 120

wever, be dlsposed above or behind the product dlsplay area as desired. As In

may, ho
. disposed in the

refrigerated a

front of the display are

mbient temperature in the region of the store near

product display area 125 and the a

the display case 100.

e display case 100 close

The expansion device 50, which is generally located within th

may be mounted at any location in the refrigerant line 14,

to the evaporator 40, but

serves to meter the correct amount of liquid refrigerant flow into the evaporator 40.

As in conventional practice, the evaporator 40 functions most efficiently when as full

of liquid refrigerant as possible without passing liquid refrigerant out of the

into suction line 13. Although any particular

may be used, the expansion device 50 most a

evaporator form of conventional

dvantageously

expansion device
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COMPIISES a thermostatic expansion valve (TXV) 52 having a thermal sensing

element, such as a sensing bulb 54 mounted in thermal contact with suction line 18

of the outlet 44 of the evaporator 40. The sensing
n valve 52 through a conventional capillary line 56.

downstream bulb 54 connects back

to the thermostatic expansio

The evaporator pressure control device 60, which may comprise a stepper motor

ure regulator or any conventional evaporator pressure

controlled suction press

regulator valve (collectively EPRYV), operates 10 maintain the pressure in the

evaporator at a 'preselected desired operating pressure by modulating the flow of

refrigerant leaving the evaporator through the suction line 18. By maintaining the

operating pressure in the evaporator at that desired pressure, the temperature of the

refrigerant expanding from a liquid to a vapor within the evaporator 40 will be

a specific temperature associated with the particular refrigerant passing

maintained at

through the evaporator.

Referring now to Figures 3 and 4, the open-front, insulated cabinet 110 of the

m temperature merchandiser 100 defines a produc
The evaporator 40 and a plurality of

refrigerated mediu t display area 125

provided with a plurality of display shelves 130.

air circulating means, for example axial flow fans, 70 are arranged in cooperative

n the compartment 120 of the merchandiser 100,

cuit with the product display area via flow ducts 11

ulated cabinet 110. In accorc_iance with one -

which is connected 1n

relationship 1
2,114

an air flow circulation CIr

and 116 provided in the walls of the 1ns

the ev_aporator 40 comprises a relatively high pressure

aspect of the present invention,
heat exchanger coil 42 having a relatively high fin d

inch of tube 46, as compared to the relatively low

drop fin and tube ensity, that 1s a

fin density at least five fins 44 per

fin density fin and tube heat exchanger colls commonly used 1n conventional medium

temperature display cases. Due to the relatively high fin density, the pressure drop

ating air passing through the evaporator coll 1

5 to 8 times greater, than the pressure drop

experienced by circul s significantly

higher, typically on the order of

experienced under similar flow conditions by circulating air passing through a

1. This increased flow

conventional low fin density fin and tube evaporator col

N Sy  Car A AN T ARSI HCITYR AL IIERY R NIRRT TS
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resistance through the high fin density evaporator coil results in a more uniform air

flow distribution through the evaporator. Most advantageously, the relatwely high

density fin and tube heat exchanger coil 42 of the high efficiency evaporator 40 hasa

freen fins per inch. The relatively high fin density

fin density in the range of six t0 f1
al of

heat exchanger coil 42 is capable of operating at a significantly lower different

refrigerant temperature o evaporator outlet air temperature than the differential at

which conventional low fin density evaporators operate.

In a further aspect of the present invention, the fins 44 may have an enhanced profile

rather than being the typical flat plate fins customaril
chandisers. Advantageously, the fins 44 may comp

y used in prior art commercial

refrigerated mer rise corrugated

of the plate extending perpendicularly to the direction

ger coil 42. Using enhanced

the coil and the air, but

plates disposed with the waves

of air flow through the fin and tube heat exchan

n fins not only increases heat transfer between

configuratio
p through the heat exchanger coil 42, thereby further

also increases the pressure dro

improving the uniformity of air flow distribution through the evaporator.

rther aspect of the present invention, the spacing between

ovide a greater number of fans 70 along the length

number of fans further improves

In accordance with a fu

neighboring fans 70 1s reduced to pr

of the high efficiency evaporator 40. Increasing the

101 umformn:y along the length of the evaporator.

air flow distributi
een ne1ghb0rmg fans 70 1s reduced to about two feet

advantageously, the spacing betw

or less. For example, in accordance with this aspect of the present invention, the

d merchandiser 100 of the present invention in a twe

ated in Figure 4, will have six fans space

lve-foot long

refrigerate
d apart at two-foot

embodiment, as best 1llustr
4 at four-foot intervals as in conventional

intervals, as opposed to three fans space
e associated with the relatively

refn

high fin den51ty coil of the evaporator 40,

“creates a significantly more uniform velocity profile across the evaporator outlet,

coupled with the increased number of fans

results in the formation of the substantially uniform evaporator outlet temperature
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distribution characteristically associated with the high efficiency evaporator 40 of the

present invention.

The pitch of the blades of the axial flow fan may be reduced from conventional pitch

angles of 35 degrees to a pitch angle in the range of 25 to 30 degrees. Additionally, it

is advantageous to Increase the power of the fan motor. For example, on a 12 foot

evaporator installation, nstead of using three, 9 watt fans having a blade pitch angle

of 35 degfees, in accordance with the teachings of the pres

angle of 27 degrees may be used.

ent invention, six, 16 watt

fans having a blade pitch

Referring now to Figure 3, Profile A represents the normalized air flow velocity

evaporator of a unit equipped with a high fin densit;
aced, axial fans 70 spaced at two-foot intervals

profile leaving the y evaporator 40

together with a plurality of laterally sp

extending along the length of the evaporator 1n acco

nts the normalized evaporator exit air flow velocity

rdance with the present invention.

Profile B represe profile
prior art arrangement of an low fin density

‘evaporator having a plurality of laterally spaced, axial flow fans associated therewith,

those fans Spaced at three-foot, rather than two-foot intervals. As illustrated by Profile

angement, the air flow velocity varies substantia

ies are encountered directly downstream of

B, insucha conventional arr Ily across

the length of the evaporator. Peak velocit
ered intermediate each pair of

s and at the lateral extremes of the evaporator. With a high

adjacent axial flow fan

pressure drop evaporator and a greater number of more closely spaced fans in

accordance with the present ‘nvention, a significantly more uniform air flow velocity

gnated by Profile A, ‘< attained at the exit of the evaporalor.

profile, as des!

chandiser 100 of the present invention

In the embodiment of the refrigerated mer
’ r 40 and the increased number

ator.

That is, the fans 70 are dispose

So arranged, the circulating air is drawn through the evaporator 40 by the fans 70
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resulting in a more uniform local velocity distribution in the outlet air flow along the

orator 40 than attainable in a conventional forced flow arrangement.

length of the evap
However, it is to be understood that the high preSsure drop evaporator 40 and the fan

s in a forced draft

70 arrangement 1s also applicable to an evaporator and fan

arrangement such as illustrated in Figure 2.

articular refrigerant has its own characteristic temperature-pressure Curve, 1t

As each p
vide for frost-iree operation of the evaporator 40 by

is theoretically possible to pro

setting EPRV 60 ata predetermined minimum pressure set point for the particular

e. In this manner, the refrigerant temperature withi

oint at which all external surfaces of the

n the evaporator 40

may be effectively maintained at a p
orator 40 in contact with the moist air within the refrigerated space are above the

evap
However, due to structural obstructions or airflow

frost formation temperature.
maldistribution over the evaporator coil, some locations on the coil may fallintoa -

frost formation condition leading to the onset of frost formation.

Advantageously, a controller 90 may be provided to regulate the set point pressure at

which the EPRV 60 operates. The controller 90 receives an input signal from at least
one sensor operatively associated with the evaporator 40 to sense an operating

parameter of the evaporator 40 indicative of the temperature at which the refrigerant 1s

n the evaporator 40. The sensor may comprise a
he outlet 43 of the evaporatlor 40 and operative to

boiling withi pressure transducer 92

mounted on suction line 18 neart

sense the evaporator outlet pressure. The signal 91 from the pressure transducer 92 1s

perating pressure of the refrigerant within the
eing used, 1s ‘ndicative of the temperature at

indicative of the O evaporator 40 and

therefore, for the given refrigerant b

which the refrigerant is boiling within the evaporator 40. Alternatively, the sensor.

erature sensor 94 mounted on the coil of the

perature of the outside surface of the evaporator

may comprise a temp evaporator 40 and

operative to sense the operating tem

coil. The sngnal 03 from the temperature sensot
outside surface of the evaporator coil and theref

hich the refrigerant is boiling within the evaporator

04 is indicative of the operating

temperature of the ore 1s also

~indicative of the temperature at w
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40. Advantageously, both a pressure transducer 92 and a temperature sensor 94 may
be installed with input signals being received by the controller 90 from both sensors
thereby providing safeguard capability in the event that one of the sensors fails 1n

operation.

The controller 90 determines the actual refrigerant boiling temperature at which the
evaporator is operating from the input signal or signals received from sensor 92 and/or
sensor 94. After comparing the determined actual refrigerant boiling temperature to
the desired operating range for refrigerant boiling temperature, the controller 90
adjusts, as necessary, the set point pressure of the EPRV 60 to maintain the refrigerant
boiling temperature at which the evaporator 40 is operating within a desired

temperature range.

The refrigerated merchandiser system 10 may be operated in accordance with a
particularly advantageous method of operation. In accordance with this method of
operation, the controller 90 functions to selectively regulate the set point pressure of the
EPRV 60 at a first set point pressure for a first time period and at a second set point
pressure for a second time period and to continuously cycle the EPRV 60 between the
two set point pressure. The first set point pressure is selected to lie within the range of
pressures for the refrigerant in use equivalent at saturation to a refrigerant temperature
in the range of 24 degrees F to 32 degrees F, inclusive. The second set point pressure 1s
selected to lie within the range of pressures for the refrigerant in use equivalent at
saturation to a refrigerant temperature in the range of 31 degrees F to 38 degrees F,
inclusive. Therefore, the refrigerant boiling temperature within the evaporator 40 of the
medium temperature display case 100 is always maintained at a refrigerating level,
cycling between a first temperature within the rang of 24 degrees F to 32 degrees F for
a first time period and a second slightly higher temperature within the range of 31
degrees F to 38 degrees F for a second period. In this cyclic mode of operation, the

evaporator 40 operates continuously in a refrigeration mode, while any undesirable

localized frost
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formation that might occur during the first period of operation cycle at the cooler

refrigerant boiling temperatures 1s periodically eliminated during second period of the

operating cycle at the warmer refrigerant boiling temperatures. Typically, 1t 1s

advantageous to maintain the refrigerant boiling temperature within the evaporator

during the second period of an operation cycle at about 2 to about 12 degrees F above

the refrigerant boiling temperature maintained during the first period of the operation

cycle.

Although, the respective duration of the first period and the second period of the

operation cycle will varying from display case to display case, in general, the first time

period will substantially exceed the second time period in duration. For example, a

typical first time period for operation at the relatively cooler refrigerant boiling

temperature will extend for about two hours up to several days, while a typical second

time period for operation at the relatively warmer refrigerant boiling temperature will

extend for about fifteen to forty minutes. However, the operator of the refrigeration

m may selectively and independently program the controller 90 for any desired

d any desired duration for second time period

syste
duration for the first time period an

without departing from the spirit and scope of the present invention.

[n transitioning from operation at the relatively cooler refrigerant boiling temperature

to continued refrigeration operation at the relatively warmer refrigerant boiling

temperature, 1t may be advantageous 10 briefly maintain steady-state operation at an

intermediate temperature of about 31 to about 32 degrees F. The time period for

operation at this intermediate temperature would generally extend for less than about

ten minutes, and typically from about four to about eight minutes. Such an

intermediate steady-state stage may be desirable, for example on single compressor

refrigeration systems, as a means of avoiding excessive COmpressor cycling. In

sequencing back from operation at the relatively warmer refrigerant boiling

temperature to operation at the relatively cooler refrigerant boiling temperature, no

intermediate steady-state stage is provided.
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Although a preferred embodiment of the present invention has been described and

llustrated, other changes will occur to those skilled in the art. It is therefore intended

that the scope of the present invention 1s to be limited only by the scope of the

~ appended claims.
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CLAIMS
What is claimed 1s:
1. A refrigerated merchandiser system comprising;

an insulated cabinet defining a product display area and having a compartment

separate from product display area;

“an air circulation circuit connecting said product display area and said

compartment in air flow communication;

a relatively high pressure drop evaporator disposed within said compartment,

said evaporator having a fin and tube heat exchanger having a fin density in the range

of 6 fins per inch to 15 fins per inch, <aid fins having an enhanced heat transter

configuration; and

cooperative relationship with said evaporator.

7. A refrigerated merchandiser system as recited in claim 1

wherein said evaporafor and said plurality of fans are disposed in a draw through tlow

arrangerhent whereby the fans draw circulating air through the evaporator.

3. A refrigerated merchandiser system as recited in claim 1

wherein said fans disposed in spaced relationship along said evaporator at spaced

intervals of about 2 feet.

4. A refrigerated merchandiser system as recited in claim 1

wherein said fins have a non-planar configuration.

5. A refrigerated merchandiser system as recited in claim 4

wherein the fins of said evaporator have a corrugated plate-like configuration.
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