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(54) Arefrigeration system and method for refrigerating two compartments with evaporators in

series

(57) A refrigeration system (10) for cooling at least
two compartments (12,14) comprises a compressor (16),
a freezer compartment (12) including a first evaporator
(20) and a fan (24) associated therewith and a fresh food
compartment (14) including a second evaporator (22),
wherein said first and second evaporators are arranged
in series. The compressor is a variable capacity com-
pressor and the system comprises a control unit adapted
to control the fan associated with the first evaporator in
order to keep temperatures in both compartments close
to set points independently on changes in environmental
or use conditions.
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Description

[0001] The present invention relates to a refrigeration
system for cooling at least two compartments comprising
a compressor, a first compartment including a first evap-
orator and afan associated therewith, a second compart-
ment including a second evaporator, wherein said first
and second evaporators are arranged in series and said
first compartment is to be maintained at a temperature
lower than said second compartment.

[0002] These refrigeration systems, called also "mono-
circuit combi" refrigerators, have many advantages de-
riving from the simplicity of the refrigeration circuit thereof
which has only one compressor and two evaporators in
series, the first one being usually associated with the
freezer compartment end the second one being associ-
ated with the fresh food compartment.

[0003] Itis well known in the art of domestic refrigera-
tors the use of variable capacity compressors (VCC)
which allow energy saving during the standard working
mode of a refrigerator appliance. This is mainly due to
the capability of increasing the cooling capacity only
when required (door opening, start-up, temperature re-
covery after automatic de-frost), maintaining a low power
absorption when higher values are not required. Such
variable capacity compressors may have an electric mo-
tor whose rotational speed can be adjusted, or may be
of the kind in which the stroke of the compressor piston
can be adjusted as well.

[0004] For the time being these variable capacity com-
pressor have never been used in a mono-circuit combi
refrigerator (two evaporators in series, one dedicated to
freezer and one to refrigerator). The reason lies in the
difficult to reach a proper balance of the dimension of the
two evaporators, designed with respect to a particular
value of overall cooling capacity. Increasing (or decreas-
ing) the cooling capacity provided by the compressor
could drive to an improper distribution of the cooling ca-
pacity between freezer and fresh food compartment
evaporators. As a result, it becomes impossible to main-
tain the set temperature levels selected by the user in
the two cavities.

[0005] In a mono-circuit refrigerator appliance, with
two evaporators directly linked in series, only standard
ON-OFF compressors have been used, giving up to the
advantages in terms of energy saving that a VCC may
afford.

[0006] Itis anobject of the presentinvention to provide
a refrigeration system of the above kind which can solve
the above technical problem.

[0007] Such object is reached thanks to the features
listed in the appended claims.

[0008] Therefrigeration system accordingto the inven-
tion deals with a mono-circuit refrigerator appliance pro-
vided with a No-Frost freezer evaporator. This means
that a forced airflow is blown across the freezer evapo-
rator thanks to a dedicated fan. When VCC compressor
turns on, it starts cooling both freezer and refrigerator
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evaporators with a certain cooling capacity. Once a door
is opened, or another event which requires an increase
in cooling capacity, comprising a low temperature setting
selected by the user occurs in refrigerator compartment,
a higher cooling capacity is required only in this compart-
ment, while freezer compartment still keeps requiring the
same level of cooling capacity already provided by the
compressor. Control logic, according to refrigerator re-
quirement, increases the cooling capacity provided by
VCC. This generates an undesired over-cooling of the
freezer compartment. Main drawbacks are related to en-
ergy consumption (both for power absorbed by freezer
from evaporator and for fan consumption) and food pres-
ervation (over-cooling causes ice crystal formation inside
food, destroying tissue and causing loss of nutrients). In
the solution according to the invention, freezer fan is con-
trolled in such a way that when no increase in cooling
capacity is required in the freezer compartment (but it is
required in fresh food compartment), it is turned off for
limited periods, not removing heat from freezer evapo-
rator. This allows taking advantage of the benefits of
VCC, avoiding causing improper balance of the dimen-
sions of two evaporators.

[0009] According to a second embodiment of the in-
vention, the cooling capacity delivered to the freezer
compartment is controlled by changing the rotational
speed of the fan, instead of controlling the fan with an
ON-OFF duty cycle. Further advantages and features of
a refrigeration system according to the present invention
will become clear from the following detailed description,
provided as non limiting example, with reference to the
attached drawings in which:

- figure 1is a schematic cross section view of a refrig-
erator according to the present invention;

- figure 2 is a diagram showing the temperatures and
power consumption of a refrigerator as shown if fig-
ure 1 and in which the fan associated with the freezer
evaporator is not switched off when the variable
speed compressor is switched on;

- figure 3 is a diagram similar to figure 2 in which the
ambient temperature is passed from 25°C to 32°C,
showing an unbalance of the refrigeration circuit; and

- figure 4 is a diagram similar to figure 3 in which the
fun is turned off when the compressor is switched
on in order to reduce power consumption and main-
taining a balanced refrigeration circuit.

With reference to the drawings, with 10 it is indicated a
mono-circuit combi refrigerator having a freezer compart-
ment 12 and a fresh food compartment 14. The refriger-
ant circuit of the refrigerator 10 comprises a variable ca-
pacity compressor 16, a condenser 18, a first evaporator
20 associated with the freezer compartment 12 and a
second evaporator 22 associated with the fresh food
compartment 14. The first evaporator is a no-frost evap-
orator and is provided with a fan 24 driven by a motor
24a. The compressor 16, the motor 24a and the temper-
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ature sensors (not shown) are connected to an electronic
control unit (not shown) which supervises the overall
function of the refrigerator.

[0010] In figure 2 it is shown a condition in which the
refrigeration circuit id optimized for a certain fixed cooling
capacity provided by the compressor when the ambient
temperature is 25°C. In this particular situation temper-
ature in both compartments (solid lines C and E) are cy-
cling close to set-point values (dotted lines A and B). This
"balance" situation is maintained up to a perturbation of
the system, as shown for instance in figure 3 where the
ambient temperature is increased up to 32°C (this dis-
turbance is taken only as an example, since every kind
of disturbance leads to an "unbalanced" situation). In this
situation, an increased cooling capacity is required and,
as it clear by considering line E of figure 3, the circuit is
no longer balanced and the freezer evaporator 20 is
cooled down too much. In both figure 2 and 3 the fan 24
is switched on when the compressor is switched on, ac-
cording to the usual method of controlling no-frost evap-
orators. It is interesting to notice in portion K of figure 3
how the power consumption is increased with respect to
similar portion in figure 2 due to an increased speed of
the compressor 16.

[0011] Figure 4 shows the behavior of the refrigerator
according to the invention when a control according to
the invention is activated. By cycling the freezer evapo-
rator fan 24 it is possible to avoid delivering too much
cold airtothe freezer compartment 12, obtaining a proper
duty cycle across set-point. In portion H of figure 4 it is
shown the reduction in power absorption when fan 24 is
switched off, while portion Q shows that once fan 24 is
turned off, temperature in freezer evaporator (curve F)
decreases suddenly (compressor 16 still ON), but tem-
perature of freezer compartment 12 (curve E) is no longer
decreased due to the lack of forced air circulation.
[0012] Even if the fresh food compartment evaporator
22 is schematically shown as a plate located in the cavity,
it can be as well of the type in contact with the outside
surface of the cavity liner. Also the freezer evaporator 20
can be of any kind used for no-frost evaporator.

Claims

1. A refrigeration system (10) for cooling at least two
compartments (12, 14) comprising a compressor
(16), a first compartment (12) including a first evap-
orator (20) and a fan (24) associated therewith, a
second compartment (14) including a second evap-
orator (22), wherein said first and second evapora-
tors (20, 22) are arranged in series and said first
compartment (12) is to be maintained at a tempera-
ture lower than said second compartment (14), char-
acterized in that the compressor (16) is a variable
capacity compressor and in that the system com-
prises a control unit adapted to control the fan (24)
associated with the first evaporator (20) in order to
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keep temperatures in both compartments (12, 14)
close to set points independently on changes in en-
vironmental or use conditions.

A refrigeration system according to claim 1, wherein
the fan (24) is controlled with an on/off pattern.

A refrigeration system according to claim 1, wherein
the fan (24) is controlled by adjusting its rotational
speed.

Method for refrigerating a first and a second com-
partment of a refrigerator having a first and second
evaporator (20, 22) arranged in series and associ-
ated with said first and second compartments (12,
14) respectively and in which the first compartment
(12) is to be maintained at a cooler temperature than
the second compartment (14), the method compris-
ing operating a variable capacity compressor (16) in
response to a determination that cooling is needed
in at least one of said first and second compartments
(12, 14), characterized in that the motor (24a) of a
fan (24) associated with the first evaporator (20) is
controlled in order to keep temperatures in both com-
partments (12, 14) close to set points independently
on changes in environmental or use conditions.

Method according to claim 4, wherein the fan motor
(24a) is switched off when cooling is needed in the
second compartment (14) in order to avoid an unde-
sired under-cooling of the first compartment (12).

Method according to claim 4, wherein the rotational
speed of the fan is adjusted depending on the cooling
which is needed in the second compartment (14) in
order to avoid an undesired under-cooling of the first
compartment (12).



EP 2 520 881 A1

A

T

Lo
=
S

K 2
%

\ WAL ETI T F T TFTED
N \ /
M

kY
&

VAL
>
.
‘_J
e
:
;;?““.3.,-

-
o
e
N

m

.‘...... ; H
Mw e A ” w

,w ,??} W}x ,?\ %\.%}w

.:i

% f

o
et
e, o
i, %,
)




EP 2 520 881 A1

7,

s o

Toud e
pa

77 sw

L
e

SUERENY

Nnsoasive

e

RN

RN

eerrenesoee

PRRTRTRORRES

ety

G, o e, o

s

oo
0%

b
g

AT

35

[WRETEFTRES YT

K.




EP 2 520 881 A1

: G
i £ 3
i o &
: 3 o
: %

. -

H

N

L

e,
i,

%
>x &

%

s

A

Y 3 :
\&‘ Sl H
T SRR

¥ %

& :

\\\f o : «wy §
& A A st $ =
g xinas 5 s RSN

e 3 :

— e & o
SIS ) o L L
5 ¥
¥

SRR

wr

gﬂf«]a«....,,,””»w

\e { {

k] : :

% : H

3 i ; N
§ -

& M) e
§ 3
A ; .

A X 3
A : 3
oy ‘ W
¥ : ; L
%? s M 3

N

v

3
§ 4
X R

e e

e,

grrmeansnsnioasaed
&

o W o Wy 0 vy Lt ey o o
o " =t ot ot %3 RS et



o~
H
wda

.

EP 2 520 881 A1

PN

oo C

ks s ©

B8 5 @ ¥

L2 ] L~ L .. f
ixs = . N £
3 $ H ¢ $
H §
H A
£ L
W & N

N

RS :
%, AN AT
gxm&\ SRS

OGRS

i.%ng

o
s -

] e
g\w@»wg%“m;m{m“w o

soonaa e
S

R

5

N

¥

bR

. { ot
e T

i 0
poonR Y

T

s G s

ouumamieanadt |

4

ity
7

e,
%

GRS 3
SRR

{3, 1 smpesadaisg

S
&
&

e

g

TR

RS

N :
"N :
M\\\\\{V’“"W\\m\

A

AN

¥
\«\\\"’-“{&

s :
.
? hy

&
g

R T

s
-
et

: H o
1 AR
D H

W oo

I

: i o
: \X ¥ ;
: 3 X ;.

NS H
N :
B VT GV
: &
: ; -ty
I
5 el H
B AR

IR
wy

o

<

S A

H

ih

N 3
i 3
Vit
et 1
AH



EP 2 520 881 A1

)

Europiisches
Patentamt
European
Patent Office

Office européen
des brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 11 16 5082

Categor Citation of document with indication, where appropriate, Relev_ant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)

X US 2003/131618 Al (DOI TAKASHI [JP] ET AL)|[1-6 INV.

17 July 2003 (2003-07-17) F25D17/06

* figures 1, 3 *

* paragraph [0010] - paragraph [0013] *

* paragraph [0024] - paragraph [0028] *
X EP 0 990 862 Al (TOSHIBA KK [JP]) 1-6

5 April 2000 (2000-04-05)

* paragraph [0014] *

* paragraph [0015] *

* paragraph [0023] *

* figure 1 *
X US 6 286 326 Bl (KOPKO WILLIAM LESLIE 1-6

[US]) 11 September 2001 (2001-09-11)

* figure 1 *
X US 6 327 867 Bl (HYODO AKIRA [JP] ET AL) |1-6

11 December 2001 (2001-12-11)

* figure 2 *

_____ TECHNICAL FIELDS

A WO 98/03825 Al (SUNPOWER INC [US]) 1-6 SEARCHED  (PO)

29 January 1998 (1998-01-29) F25D

* figure 1 *

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

The Hague 16 August 2011 Melo Sousa, Filipe

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

P : intermediate document document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding




EP 2 520 881 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 11 16 5082

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

EPO FORM P0459

16-08-2011
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2003131618 Al 17-07-2003  CN 1432771 A 30-07-2003
JP 2003207248 A 25-07-2003

EP 0990862 Al 05-04-2000 CN 1251896 A 03-05-2000
DE 69926107 D1 18-08-2005
DE 69926107 T2 20-04-2006
JP 2000111230 A 18-04-2000
KR 20000028751 A 25-05-2000
TW 516623 U 01-01-2003
us 6185948 Bl 13-02-2001

US 6286326 Bl 11-09-2001  NONE

US 6327867 B1 11-12-2001 AU 2546899 A 06-09-1999
CN 1291277 A 11-04-2001
CN 1570526 A 26-01-2005
DE 69911925 D1 13-11-2003
DE 69911925 T2 09-09-2004
EP 1056979 Al 06-12-2000
WO 9942770 Al 26-08-1999
JP 2002504661 A 12-02-2002
TW 446106 U 11-07-2001

WO 9803825 Al 29-01-1998 AU 3583497 A 10-02-1998
BR 9710742 A 17-08-1999
DE 19781873 B4 06-04-2006
DE 19781873 T1 09-09-1999
GB 2330651 A 28-04-1999
us 5715693 A 10-02-1998
us 6038874 A 21-03-2000

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82



	bibliography
	description
	claims
	drawings
	search report

