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- L E~REFR| GERATI ON CYCLE SYSTEM The present invention relates to a /I c#Y
;refrlgeration cycle systemwhich is adapted to be incorporated into e.g. a

| arge scal e of prefabricated refrigerator, and in particular to a fine
tenperature control in the refrigerator. Referring nowto Figure 3, there

is shown a schematic di agram showi ng a conventional refrigeration cycle
system whi ch has been di sclosed in e.g. Japanese Unexam ned

Our Ref.: MD-412 (BF-12015-03/08)
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REFRIGERATION CYCLE SYSTEM

The present invention relates to a refrigeration
5 cycle system which is adap;ed to be incorporated into
e.g. a large scale of prefabricated refrigérator, and in
particular to a fine temperatufe control in the
refrigerator.
Referring now to Figure 3, there is shown a schematic
10 diagram showing a conventional refrigeration cycle system
which has been disclosed in e.g. Japanese Unexamined
Utility Model Publication No. 155982/1988. In Figure 3,
reférence numeral 1 designates a compressor. Reference
numeral 2 designates a condenser. Reference numerals 6a
15 and 6b designate evaporators. Reference numeral 7
designates a refrigerator. Reference numeral 9.
designates a refrigerator temperature sensor. Reference
numeral 11 designates a suction side pipe. Reference
numeral 12 designaﬁes a pressufe sensor which detects a
20 pressure at the suction side pipe llngReﬁérghcé“nﬁmqrg15_m
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Utility “Mdel Publication No. 155982/1988. In Figure 3, reference nuneral 1
desi gnates a conpressor. Reference nuneral 2 designates a condenser.

Ref erence nuneral s 6a and 6b designate evaporators. Reference nuneral 7

- desigrjates a refrigerator. Reference nuneral 9 designates a refrigerator
tenperiature sensor. Reference nuneral 1ll-desi.gnates a suction side pipe.

Ref erence nuneral 12 designates a pressure sensor which detects a pressure

at the S”Ctioni%‘¥%£¥éﬁié%% £%§é¥§¥gfié¥”$%f%h-makes a frequency
control of an inverter 14 based on the fressure detected
by the pressure sensor 12. The compressor 1 is driven by
the inverter 1l4. Reference numeral 15 designates a high

5 pressure liquid pipe. Reference numerals 16a and 16b
designate temperature sensing bulbs.' Reference numerals

L7a and 17b designate evaporation expansion valves,

opening and closing of which are controlled by the
temperature sensing bulbs 16a and 16b. Reference numeral
10 18a and 18b control devices which control motorized
valves 19a and 19b based on a temperature detected by the
temperature sensor 9. .
An operation of the conventional refrigeration cycle

system will be explained. When a pressure value detected

15 by the pressure sensor 12 is below a cut-out value preset

; in the controller 13 during operation of the
refrigeration cycle system, the controller 13 outputs a
signal indicative of a decrease in frequency to the
inverter 14 to reduce the revolution of the compressor 1.

20 On the other hand, when the pressure value detected by
the pressure sensor 12 is above a cut-in value preset in
the.controller 13, the controller 13 outputs a signal
indicative of an increase in frequency to the inverter 14
to raise the revolution of the compressor 1.

25 The motorized valves 19a and 19b are automatically
adjusted by the control devices 18a and 18b to be at the

same throttling amount in accordance with a tefiperature

-
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-2- 13 designates a controller which makes a frequency control of an
Lnverter 14 based on the pressure detected by the pressure 'sensor 12. The
conprgssor 1 is driven by the inverter 14. Reference nunmeral 15 desi gnhates
a high pressure liquid pipe. Reference nunerals 16a and 16b desi gnate
tenperjature sensing bulbs. Reference nuaegals 17a and 17b de5|gnate
evaporjati on expansi on val ves,

in the refrigerator 7. By such a throttle adjustment of

the motorized valves 19a and 19b is controlled a

refriéerant circulating amount in the refrigerétion

cycle. 1In that manner, the temperatures of the

- 5 evaporators 6a and 6b are kept at the substantially same
level to hardly cause irregularity in the temperature

¢ distribution in the refrigerator. For example, when a

temperature detected by the temperature sensor 9 is below
a temperature set in the control device 18a, the control

10 devices 18a and 18b output signals indicative of a
decrease in the throttle setting of the motorized valves
19a and 19b. When the detected temperature is above a
temperature set in the control device, the control’

devices 18a and 18b output signals indicative of an

_ 15 increase in the throttle setting of the motorized valves

? 19a and 19b.

: . In addition, opening and closing the evaporation
expansion valves l7a and 17b are controlled by the
temperature sensing valves l6a and 16b.

20 Since the conventional system is constructed as
stated earlier, the conventional system creates a problem
in that there is no correlation between the opening and
closing operations of the evaporation expansion valves at
the inlet side of the evaporator, and the opening and

25 closing operations of the motorized valves at the outlet
side of the evaporator, and that pressure huntihg is

caused to make a capacity unstable and deteriorate
-
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opening and cl osing of which are controlled by the tenperature sensing
bul bs 16a and 16b. Reference nuneral 18a and 18b control devices which
controf notorized val ves 19a and 19b based on a tenperature detected by the
tenper §ture sensor 9. An operation of the conventional refrigeration cycle
systengwi I | be expl ai ned. When a pressure yalue detected by the pressure
sensor §12 is below a cut-out value preset in the controller 13 during

oper at fon of tQ%l&%%&hg%5qtion cycle.system the controller 13 outputs a

‘It is an object of the present invention to solve the
problem, and to provide a fine temperature control for a
refrigeration cycle system capable of being controlled in

5 a stable manner without hunting in_an evaporation
pressure (temperature), and of making a capacity control
in a throttling control of a compressor without an
inverter.

The foregoing and other objects of the present

10 invention have been attained by providing a refrigeration
cycle system comprising.a refrigeration cycle having a
compressor, a condenser, a solenoid valve, an electronic
expansion valve, an evaporator, and a motorized suction
throttle valve connected in series therein; and a control

15 unit which when an évaporation load is great, a variable
of the setting of the electronic expansion valve is set
to be in a throttling direction and a variable of the
setting of the motorized suction throttle valve is set to
be an unthrottling direction in association with the

20 operation of the electronic expansion valve, and which
the evaporation load is small, the variable of the
setting of the electronic expansion valve is set to be in
ah unthrottling direction and the variable of the setting
of the motorized suction throttle valve is set to be in a

25 throttling direction in association with the operation of

the electronlc expansion valve.

h In accordance with the present invention, there are
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signal indicative of a decrease in frequency to the inverter-14 to reduce
the revolution of the conpressor 1. On the other hand, when the pressure
val ue detected by the pressure sensor 12 is above a cut-in value preset in
t he controller 13, the controller 13 outputs a signal indicative of an
increase in frequency to the inverter 14-t8 raise the revolution of the
conpressor 1. The notorized valves 19a and 19b are automatically adj usted

by thejcontrol (ewWe ot ki ekiing cibeté 6er $g8Bat Dbt EYbNg,agount 4in
accordance mnth a tefperature
condensation pressure, an evaporation pressure and a
suction pressure, which are called a high pressure, a
medium pressure and a loﬁ pressure. The electric
expansion valve at the first step ;s in charge of a
pressure drop between the high pressure and the medium
pressure, and the motorized suction throttle valve at the
second step is in charge of a pressure drop between the
medium pressure and the low pressure. The throttle
10 valves at the first and second steps are controlled in
association with .each other. As a result, the pressure
(the medium pressure) utilized in the evaporator is
determined by a relative ratio of the throttle values
(i.e. resisters in passage) at.the first and second steps
15 to carry out a suitable control of throttling at the

second step. As explained, the arrangement according to

g the present invention wherein a variable of the setting
of the electric expansion valve and a variable of the
setting of the motorized suction throttle valve are

20 controlled in association with each other in accordance
with an evaporator load allows the pressure (the medium
pressure) used in the evaporator to be determined based

on a relative ratio between the throttle setting values

of the respective valves, offering an advantage in that a
25 suitable control without hunting can be carried out.
In drawings:
Figure 1 is a schematic diagram showing the

-
Thls Sheet Has Been

B i




-3- inthe refrigerator 7. By such a throttle adjustnent of the notorized
valves 19a and 19b is controlled a refrigerant circulating anount in the
Tefrigeration cycle. In that nmanner, the tenperatures of the evaporators 6a
and are kept at the substantially sane |level to hardly cause
irregularity in the tenperature -6 -

refrigeration cycle sjétem according to an embodiment of
the present invention;
; Figure 2 is a Mollier diagram of a refrigerant
according to the embodiment; and
5 Figure 3 is a schematic diagram showing a
conventional refrigeration cycle system.
A preferred embodiment of the preseﬁt invention will
be described with reference to the drawings.
In Figure 1, reference numeral 1 designates a
10 compressor which has constant revolution. Reference
numeral 2 designates a condenser. Reference numeral 3
designates a reservoir. Reference numeral 4 designates a
solenoid valve. Reference numeral 5 designates an
electric expansion valve. Reference numeral 6 designates
15 an evaporator. Reference numeral 7 designates a
refrigerator. Reference numeral 8 deéignates a motorized
suction throftle valve. Reference numeral 9 designates a
temperature sensor in the refrigerator. Reference
numeral 10 designates a control unit. Thé compressor 1,
20 the condenser 2, the reservoir 3} the solenoid valve 4,
the electric expansion valve 5, the evaporator 6, and the
-motorized suction throttle valve constitute a
refrigeration cycle.
Referring now to Figure 2, there is shown a Mollier
25 diagram of a refrigerant in the refrigeration cycle

system according to the embodiment, wherein operating

points in the refrigeration are shown. Points a-e in
-
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distribution in the refrigerator.

by the tenperature sensor 9 is below a tenperature set in the contro

‘devi c
decre
the d
the c
the t

18a,

t he control

For exanple, when a tenperature detected

devi ces 18a and 18b output signals indicative of a

e inthe throttle setting of the notorized val ves 19a and 19b. When
ected tenperature is above a temerpture set in the control devi

trol

ottle setting of the notorized val ves 19a and 19b.

10

15

20

25

Figure 1 and those in Figure 2 correspond to each other,
respectively to show the same operating points. A
gaseous refrigerant at the point a which has been

discharged from the compressor 1 and which has a high

ce,

devi ces 18a and 18b output signals indicative of an increase in

temperature and a high pressure (Py) enters the condenser.

2 to be condensed and liquefied under a high pressure,

and arrives at the point b. The refrigerant so liquefied

passes through the reservoir 3, and passes through the
solenoid valve 4 which is opened. Then, the refrigerant
is depressurized to a medium pressure By by the electric
expansion valve 5 to becoﬁe a two phase refrigerant at
the point c. The refrigerant is evaporated in the
evaporator 6 to become an evaporated gaseous refrigerant
at the point 4. The refrigerant is depressurized to a
low pressure P, by the motorized suction throttle valve
8, and reaches the point é. Then, the refiigerant is
taken into the compressor 1.

A discharge G.on, [(Kg/h] of the refrigerant from the

compressor 1 is shown by the equation_(l):

‘v (1)
e
:+ Theoretical piston displacement (m3/h)

\Y
V_: Suction gas specific volume [m3/kg]
v Volumetrig efficiency
Because Vb ftheoretical piston displacement in the
equation (1)) is constant in the compressor 1 with

constant revolution, a capacity control is carried out
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I n addi ti on, opening and cl osing the evaporation expansion valves 17a and
17b are controlled by the tenperature sensing val ves 16a and 16b. Since the
‘convergional systemis constructed as stated earlier, the conventional
systergcreates a problemin that there is no correl ati on between the

openi and cl osing operations of the evaﬁoration expansi on val ves at the
inlet pide of the evaporator, and the opefing and cl osing operations of the
notorifged valves at the outlet side of the evaporator, and that pressure
hunt i i's pbased on the suction gas specific volume Ver i.e. the

capacity control is determined by a value indicative of
the low pressure P,.
On the other hand, ; throttle side has a two step
5 structure. The throttle setting Sy, [m?) of the
electric expansion valve 5 as the first step throttle is

shown by the equation (2):

Geomp = Spev Cp VFPu~Py (2)

10 Cp: Flow coefficient
The throttle setting Sg,. (m2] of the motorized.
suction throttle valve 8 as the second step throttle is

shown by the equation (3):

15 Geomp = Ssuc Cp"VFPy~Fy (3)
From the equation (2) and the equation (3) is
6btained the following equation:
SteviSsue =VPy-Pp : VPg—Py, (4)
20 The equation (4) indicates that a ratio of the

throttle setting Spgy [m?] of the electric expansion

valve 5 to the throttle setting Sg,. [m?] of the

motorized suction throttle valve 8 is nearly inversely

proportional to a ratio of the pressure drop between the
25 high pressure Py and the medium pressure Py and that

between the medium pressure Py and the low pressure P,.

- It means that in order to raise the medium pressure

_
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caused to nake a capacity unstable and deteriorate 4 reliability. US-A-3
965 693 discloses a refrigeration cycle systemin accordance with the
pre-chiracterising part of claiml1l. It is an object of the present

i nventgon to sol ve the.above-nentioned problem and to provide a fine

tenpergture control for a refrigeration_px;Lg

P, as the evaporation pressure, the throttle setting Stev
of the electric expansion valve 5 is opened and the wvalve
setting Sg, . of the motorized suction throttle valve 8 is
throttled, and that to lower thg medium pressure Pyr the

throttle setting S; g, of the electric expansion valve 5

5
is throttled and the valve setting Sg,, of the motorized
suction throttle valve 8 is opened.
When the evaporation load is great, the variable
AS;py of the throttle setting S g, of the electric
10 expansion valve 5 is set to be in a throttle direction

AS; gy < 0, and the variable Sg,, of the throttle setting
Sgue ©f the motorized suction throttle valve 8 is set to
be in an unthrottling direction ASg . > 0 in association
with the operation of the electfic expansion valve.

15 Conversély, when the evaporation load is small, the
variable of the throttle setting of the electric
expansion valve is set to be in an unthrottling direction
AS;zy > 0, and the variable of the throttle set;ing of
the motorized suction throttle valve is set to be in a

20 throttling direction ASg,. < 0 in association with the
operation of the electric expansion valve.

For example, when a detected temperature T in the

refrigerator is higher than a set value TR*, it is
determined that the evaporation load is great. The
25 electric expansion valve is throttled, and the motorized

suction throttle valve is unthrottled. Conversely, if Ty

< TR*, it is determined that the evaporation load is
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systen1capab|e of being controlled in a stable manner w thout hunting in an
evapor ati on pressure (tenperature), and of making a capacity control in a

10

15

1ing control of a conpressor without an inverter. The present

ion provides a refrigeration cycle systemas set forth inclaim1. In
lance with the present invention, {fere are three pressure |evels

2 refrigeration cycle, i.e. a

small. The electric expansion valve is unthrottled, and
the motorized suction throttle valve is throttled.

As explained, when a capacity has to be increased
because the evaporation load is great, the throttle
setting of the electric expansioﬁ valve is set to be in a
throttle direction, and the throttle setting of the
motorized suction valve is set to be in an unthrottling
direction in association with the operation of the
electric expansion valve. ' Conversely, when a capacity
has to be decreased because the evaporation load is
small, the throttle setting of the electric expansion
valve is set to be in an unthrottling direction, and the
throttle setting of the motorized suction valve is set to
be in a throttle direction in éssociation with the
operation of the electric expansion valve. Such an

arrangement can realize a capacity control which is free

from hunting.
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condensati on pressure, an evaporation pressure and a suction pressure,

which are called a high pressure, a nedium pressure and a | ow pressure. The
c expansion valve at the first step is in charge of a pressure drop

' the high pressure and the medi um pressure, and the notorized
throttle valve at the second steplis in charge of a pressure drop

t he medi um pressure and the | ow pressure. The throttle val ves at

st and $g steps are controlled in association with each ot her.

sul t, ﬁﬁg essure

1. A refrigeration cycle system comprising:

a refrigeration cycle having a compressor (l), a

condenser (2), a solenoid valve (4), an electronic
5 expansion valve (5), an evaporator (6), and a motorized
suction throttle valve (8) connected in series therein;
and
a control unit (lO) which when an evaporation load is
great, a variable (ASLEV) of the setting (Spg,) of the
10 electronic expansion valve (5) is set to be in a

throttling direction and a variable (Asg,.) of the

setting (ASg,.) of the motorized suction throttle valve
(8) is set to be an unthrottling direction in association
with the operation of the elecfronic expansion valve (5),
15 and which the evaporation load is small, the variable
(AS;gy) of the setting of the electronic expansion valve
(5) is set to be in an unthrottling direction and the
variable (ASg,.) of the setting of the motorized suction
throttle valve (8) is set to be in a throttling direction
20 in association with the operation of the electronic

expansion valvg (5).

-
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(the nmedium pressure) utilized in the evaporator is determ ned by a
relativegratio of the throttle values (i.e. resistors in passage) at the
first and second steps to carry out a suitable control of throttling at the
second ep. As expl ained, the arrangenent according to the present
Inventign wherein a variable of the settding -of the electric expansion valve
and a vgriable of the setting of the notorized suction throttle valve are
control Iged in association with each other in accordance with an evaporator

l oad al Ifows the pressure (the medi um
ABSTRACT

REFRIGERATION CYCLE SYSTEM

A condenser (2), an electronic expansion valve (5),

an evaporator (6), and a motorized suction throttle valve
(8) are connected in series with a compressor. When a
capacity is increased, the electronic expansion valve (5)
is controlled to be in a throttling direction and the
motorized suction throttle valve (8) is controlled to be
in an unthrottling direction in association with the

control of the electronic expansion valve (5), and when a

10 capacity is decreased, the electronic expansion valve (5)
is controlled to be in an unthréttling direction and the
motorized suction throttle.valve (8) is controlled to be
in a throttling direction in association with the control
of the electronic expansion valve (5). Whilé a capacity

15 control of a compressor by a throttle control is been
carried out, such associated control is made between the
electronic expansion valve (5) and the motorized suction
throﬁtle valve (8), realizing a fine temperature control

in a refrigerating machine without hunting.

Figure 1.
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pressure) used in the evaporator to be determ ned based on a relative ratio
he throttle setting values of the respective valves, offering an

: fat--a suitable control without hunting can be carried out. In
dr awi ng Figur.e 1 is a schematic di a?ram show ng t he - 6-

| {2

————— e e
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refrigeration cycle systemaccording to an enbodi ment of the present
jnvention; Figure 2 is a Mollier diagramof a refrigerant according to the

enbo nt; and Figure 3 is a schematic diagram show ng a conventi onal

refrijgeration cycle system A preferred enbodi nent of the present invention

will @e described with reference to the drawings. In Figure 1, reference

nuner@l 1 designhates a conpressor 'fh has constant revol ution. Reference
A

@

FIGURE 3
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nuneral; 2 designates a condenser. Reference nuneral 3 designates a
teservoir. Reference nuneral 4 designates a sol enoid val ve. L= SHEET“
nunmeral 5 designates an el ectric expansion val ve. Reference nBEB%ﬁB‘EE?H

desi gnates an evaporator. Reference nuneral 7 designates a riefyrgerator.
Ref erence nuneral 8 designates a notorized4suction throttle yva ve.% JQN%?;?,?
Ref erence nuneral 9 designates a tenperature sensor in the rgffigerator.
Ref erence nuneral 10 designates a control unit. The conpressbr T, the
condenser 2, the reservoir 3, the solenoid val ve 4,

reliability.

US-A-3 965 693 discloses a refrigeration cycle system in accordance
with the pre-characterising part of claim 1.

It is an object of the present invention to solve the above-mentioned
problem, and to provide a fine temperature control for a refrigeration cycle
system capable of beiﬁg contrc-ﬂled in a stable manner without hunting in an
evaporation pressure (temperature), and of making a capacity coatrol m a
throttling control of a compressor without an inverter.

The present invention provides a refrigeration cycle system as set
forth in claim 1.

In accordance with the present invention, there are

| This Sheet Has Been Replaced.
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the el sctri¢c expansion valve 5 the evaporator 6 and the

fhrottle valve constitute a refrigeration cycle. Referringi{nqw B Fbgﬁ$§72
there is shown a Mllier diagramof a refrigerant in the refii ad
cycl e system according to the enbodi nent, wherein operatin

refrigeration are shown. Points a-e in

10

15

20

25

| REPLACEMENT SHEET |
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three pressure levels in the refrigeration cycle, i.e. a

condensation pressure, an evaporation pressure and a
suction pressure, which are called a high pressure, a
medium pressure and a low pressure. The electric
expansion valve at the first step is in charge of a
pressure drop between the high pressure and the medium
pressure, and the motorized suction throttle valve at the
second step is in charge of a pressure drop between the
medium pressure and the low pressure. The throttile |
valves at the first and second steps are controlled in
association with each other. As a result, the pressure
(the medium pressure) utilized in .the evapdrator is.
determined by a relative ratio of the throttle values
(i.e. resistors in passage) at the first and second steps
to carry out a suitable control of throttling at the
second step. As explained, the arrangement according to
the present invention wherein a variable of the setting
of the electric expansion valve and a variable of the

setting of the motorized suction throttle valve are

" controlled in association with each other in accordance

with an evaporator load all§w§ the pressure (the medium
pressure) used in the evaporator to-be determined based
on a relative ratio between the throttle 'setting values
of the respective valves, offering an advéntage in that a.
suitable control without hunting can be carried out.

In drawingsf

Figure 1 is a schematic diagram showing the

_—
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and a high pressure (P[err]) enters the condenser. 2 to bg¢

| i quefied under a high pressure, and arriites at the point{b. The

. REPLACEMENT SHEE] |
Figure,1 and those in Figure 2 correspond to each other, [egpeetivet y to

’show 't he sane operating points. A-gaseous refrigerant at {hg @OF 8 ch
has been di scharged fromthe conpressor 1 and which has ajhi Tw ratur

cotrdensed—and

refrigerant so Ilguefied passes through the reservoir 3, amdpassSEs tnrough

t he sol enoi@L¥dM®: 4 which is opened. Then, the refrigerant
depressurized to a nmedium pressure Blerr] by the electric

S

1. A refrigeration cycle system comprising:

a refrigeration cycle having a compressor (1), a condenser (2), a
variable expansion valve (5), an evaporator (6), and a variable suction
throttle valve (8) connected in series therein; and

control means (9,10) for varying the throttle settings of the said
valves (5,8) according to the evaporation load;

characterised in that:

the expansion valve (3) is an electric valve having a nominal:th_rotﬂe
setting Siev;

the suction throttle valve (8) is a motorized valve Having a nominal -
throttle setting Ssuc; and '

the control means (9,10) detects the evaporation load and outputs
respective inter-related variable throttle-adjustment signals AS;gv and ASs,,
to the electric expansion valve (5) and the motorized suction throttle valve
- (8) as a function of the evaporation load detected, wherein (a) when the
control means detects that the evaporation load is great, the control means
outputs a signal ASr ey which adjusts ihe expansion valve setting S;xvin a
throttling sense and a signal ASs,. which adjusts the suction throttle valve
setting Ssuc In an ur..xthrottling sense. and (b) when the control means detects
that the evaporation load is small, the control means outputs a signal ASiLEv
which adjusts the expansion valve settnng Sievin an unthrott]mg sense and
a signal ASs,. which adjusts the suction throttle valve setting Ssu. in a
throttling sense. )

2. A system as claimed in claim 1, i.ncluding a soléhoid valve (4).

R
| Y I

between the condenser (2) and the expansion valve (5).
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exﬁansion valve 5 to becone a two phase refrigerant at the p
sefrigerant is evaporated in the evaporator 6 to beconme an e
gaseous refrigerant at the point d. The refrigerant is depre
| ow pressure P[err] by the notorized suction throttle val ve

apor at ed
syritbdJyb 1999

, land reaches

or 1. A

the point e. Then, the refrigerant is taken into the conpres
1.ls..shaown

di scharge Gerr] [Kg/h] of the refrigerant fromthe conpress
by the equation (1): [err]

-1 -

REFRIGERATION CYCLE SYSTEM

The present invention relates to a refrigerdtion
cycle system thch is adap;ed to be incorporated into
e.g. a'large scale of prefabricated refrigérator, and in
particular to a fine temperatuge control in tﬁe
refrigerator.

Referring now to Figﬁre 3, there is shown a schematic
diagram showing a éonventional refrigeration cycle system
which has been disclosed in e.g. Japanese Unexamined
Utility Model Publication No. 155982/1988. In.Figure 3,
reference numeral 1 designates a compressor. Reference
nuﬁeral 2 designates a condenser. Reference numerals 6a
.and 6b designate'evaporators. Reference numeral 7
designates a refrigerator. Reference numefa; S
designates a refrigerator temperature'sensorf Reference
numeral 11 designates a suction side pipe. Reference
numeral 12 designates a pressure sensor which detects a

pressure at the suction side pipe 11. Reference numeral



V[érr]: Theoretical piston displacenent [nferr]/h] V[err]:

Syct

| REP

Specific volunme [nferr]/kg] [err]: Volunetric efficiency Becguge Y%
(theoretical piston displacement in the equation (1)) is congtgnt!'i

e
n

1k 1999

conpressor 1 with constant revolution, a capacity control isjc

-8-

-2 -

13 designates a controller which makes a frequency
control of an inverter 14 based on the éressure detected
by the pressure sensbr.lz. The compressor 1 is driven by
the inverter'l4. Reference numefal 15 designates a high
pressure liquid pipe. Reference numerals l6a and 16b

designate temperature sensing bulbs. Reference numerals

~ 17a and 17b designate evaporation expansion valves,

opening and closing of which are controlled by the

temperature sensing bulbs 1l6a ard 16b. Reference numeral

18a and 18b control devices which control motorized
valves 19a and 19b based on a temperature detected by the
temperature sensor 9.

An operation of the conventional refrigeration cycle
system will be explained. When a pressure value detected
by the pressure sensor 12 is beiow a cut-out value preset
in the controller 13 during operation of the |
refrigeration cycle system, the controller 13 outputs a
signal indicative of a @ecrease_in frequency to the
inverter 14 to reduce the revolution of the compressor 1.
On the other hand, when the pressure value detected by
the pressure sensor 12 is above a cut-in wvalue preset in
the controller 13, the controller 13 outputs a signal
indicative of an increase. in frequency to the inverter 14
to raise the revolution of the compressor 1.

The motorized valves 19a and 19b are automatipally
adjusted by the cpntrol devices 18a and 18b to be at the

same throttling amount in accordance with a temperature




[mMerr]] of the electric expansion valve 5 as the firft
throttle is shown by the equation (2): [err] (err]: Flow copf! The
-throttle setting S[err] [nferr]] of thé& rot™or i zed |

T

based on the suction gas specific volume Vjerr], i.e. the c pﬁé%ﬁ%@ﬁmﬁ&
ifs determined by a value indicative of the | ow pressure P[er|f]fF&T the

a throttle side has a two step structure. The thyoftlyeg spif {988
step

in the refrigerator 7. By such a throttle adjustment of
the motorized valves 19a and 19b is controlled a
refrigerant circulating amount in the refrigerétion
cycle. In that manner, the.temperaturES of the
evaporators 6a and 6b are kept at the substantially same B
level to hardly cause irregularity in the temperature )
distribution in the fefrigerator. For example, when a
temperature detected by the temperature sensor 9 is below
~a temperature set in the control’ device lsa; the control
devices 18a and 18b output signals indicative of a
decrease in the throttle setting of the motorized valves
1Sa and 19b. When the degected temperature is above a
temperature set in the control device, the control
devices 18a and 18b output signals indicative of an
increase in the throttle setting of the motorized valves
‘192 and 19b. |

In addition, opening and closing the evaporation
expansion valves 1l7a and.1l7b are controlled by the
temperature sensing valves 1l6a and 1l6b.

Since the conventional system is constructed as
sfated earlier, the conventional system creates a problem
in that there is no correlation between the opening and
closing operations of the evaporation expansion valves at
the inlet side of the evaporator, and the opening and
closing operations of the motorized valves at the outlet
side of the evaporator, and that pressure hunting is

caused to make a capacity unstable and deteriorate



suction throttle valve 8 as the second step throttle is sho
.equation (3): [err] Fromthe equation (2) and the equation- 0 i

the follow ng equation: [err] The equation (4) indicates thdt |a ﬁzﬁtmﬁoﬁggj
the throttle setting S[err] [nferr]] of the electric expansilo L AGart

C U
the throttle setting S[err] [merr]] of tde notorized suctign throttle
valve 8 is nearly inversely R

reliability. |

US-A-3 965 693 discloses a refrigeration cycle system in accordance
with the pre-characterising part of claim 1. '

Itisan obJ;ect of the present invention to solve the above-mentioned
problem, and to provide a fine temperature control for a refrigeration cycle
system capable of being contré;lled in a stable manner without hunting in an
evaporation pr"essure (temperature), and of making a capacity coatrol m a
throttling control of a compressor without an inverter.

The present invention provides a refrigeration cycle system as set
forth in claim 1.

In accordance with the present invention, there are




prbportional to aratio of the pressure drop between the h
and the nedi um pressure P[err]

<Plerr]
Plerr]

medi um pressure

Slerr]
Slerr]

and the | ow pressure P[err].

|t means t hat

and that between the

in order

Plerr] as the evaporation-pressure, thejtl
of- the el ectric expansion valve 57i s opened and t heifw

of the notorized suction throttle valve 8 is
three pressure levels in the refrigeration ¢

fEPLAGEN REVEREESH

£dl um pressure

rffBs gt nisgs-~
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;?Té, i.e. a

condensation pressure, an evaporation pressure and a

suction pressure, which are called a high pressure, a

medium pressure and a low pressure.

The ele

ctric

expansion valve at the first step is in charge of a

pressure drop between the high pressure and the medium

pressure, and the motorized suction throttle valve at the

second step is in charge of a pressure drop between the

medium pressure and the low pressure. The .throttle

valves at the fifst and second steps are controlled in

association with each other.

As a result, the pressure

(the medium pressure) utilized in .the evapdrator is

determined by a relative ratio of the throttle values

(i.e. resistors in passage) at the first and second steps

to carry out a suitable control of throttling at the

second step. As explained, the arrangement according to

the present invention wherein a variable of the setting

of the electric expansion valve and a variable of the

setting of the motorized'suction'throttle valve are

controlled in association with each other in accordance

with an evaporator load alldws the pressure (the medium

pressure) used in the evaporator to be determined based

on a relative ratio between the throttle 'setting values

of the respective valves, offering an advantage in that a

suitable control without hunting can be carried out.

In drawings:

Figure 1 is a schematic diagram showing the
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throttled, and that to | ower the nedium pressure Plerr], theg t =
Setting S[err] of the electric expansion valve 5 is throttl g4d ang tﬁs v%ige
setting S[err] of the notorized suction throttle valve 8 isjoden @. 9
t he evaporation load is great, the variable [err]S[err] of fh !
setting S[err] of the electric expansio® valve 5 is set to fle in a throttle
direction [err]S[err] < 0, and the variable S[err] of the t '
Slerr] of theafpigétgetosusyta & .E.E&ﬁ\' Bckak¥end D SB! b ddhAe
unthrottling direction [err]S[err I n associ ation .
the present invention;
Figure 2 is a Mollier diagram of a refrigerant
according to the embodiment; and
Figure 3 is a schematic diagram showing a
conventional refrigeration cycle system.
A preferred embodiment of the present invention will
be described with reference to the drawings.
In Figure 1, reference numeral 1 designates a
compressor which has constant revolution. - Reference
numeral 2 designates a condenser. Reference numeral 3
designates a reservoir. Reference numeral 4 designates a
solenoid valve. Reference numeral 5 designates an
electric expansion valve. Reference numeral 6 designates
an evaporator. Reference numeral 7 designates a
refrigerator. Reference numeral 8 deéignates a motorized
suction throttle valve. Referénce numeral 9 designates a
temperature sensor in the refrigerator. Reference
numeral 10 designates a control unit. Thé compressor 1,
the condenser 2, the reservoir 3, the solenoid valve 4,
the electric expansion valve 5, the evaporator 6, and the
motorized suction throttle valve constitute a
refrigeration cycle.
Referring now to Figure 2, there is shown a Mollier
diagram of a refrigerarnt in the refrigeration cycle
system according to the embodiment, wherein operating

points in the refrigeration are shown. Points a-e in
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with the operation of the electric expansion valve. Conversg

.evaporation load is small, the variable of the throttle setti 'bé 58f 999
el ectric expansion valve is set to be in an unthrottling dife ib i
pn [err] S[err]

—Q

[err]S[err] > 0, and the variable of the throttle setting o
suction throttle valve is set to be in a_throttling directi
[err] O in association with the operattod of the electric e -
For exanple, when a detected tenperature TR in the refrigerator is higher
than a set vativurH & rdnd ithds$e in Figure 2 correspond to each other,

respectively to show the same operating points. A
gaseous refrigerant at éhe point a which has been
discharged from the compressor 1 and which has a high
temperature and a high pressure (P;) enters the condénser.
2 to be condensed and liquefied under a high pressure,
and arrives at the point b. The refrigerant so liquefied
passes threugh the reservoir 3, and passes through the
solenoid valve 4 which is opened. Then, thé refrigerant
is depressurized to a medium pressure B, by the electric
expansion valve 5 to become a two phase refrigerant at
the point-c. The refrigerant is evaporated in the
evapbrator 6 to become an evaporated gaseous refrigerant
at the point d. The refrigerant is depressurized to a
low pressure P, by the motorized suction throttle valve
8, and reaches the point e. Then, the refrigerant is
taken into the dompressor 1.

A discharge G [Kg/h]) of the refrigerant from the

comp

compressor 1 is shown by the equation (1):

1

Geomp = VP*

“qv (1)
e

V,: Theoretical piston displacement (m3/h)

V,: Suction gas specific volume [m3/kg]
7v: Volumetric efficiency
Because Vp (theoretical piston displacement in the
equation (1)) is constant in the compressor 1 with

constant revolution, a capacity control is carried out
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det erni ned that the evaporation |load is great. The el ectrijc

:is throttled, and the notori zed suction throttle valve isiu gi-hﬁa g
Conversely, if TR < T[err], it is deternined that the evapor tﬂ Eﬁq

- 10 - small. The electric expansion valve is unthrottled, a.fl tebre
notori zed suction throttle valve is throttl ed.

feSHEET

-.8-.

based on the suction gés specific volume V., i.e. the
capacity control is determined by a value indicative of
the low pressure P|. |

On the other hand, ; throttle side has a two step
structure. The throttle setting S., (m2] of the
electric expdnsion valve 5 as the first step throttle is

shown by the equation (2):

Geomp = Sty Cp* VPgPy (2)

comp

Cy: Flow coefficient
The throttle setting Sg,. [m?] of the motorized
suction throttle valve 8 as the second step throttle is

shown by the equation (3):

e ~ Sguc-Cp VB Fy (3)

comp

From the equétion (2) and the equation (3) is

obtained the following equation:

=V PM—PI; : VPP, (4)

SLEV=SSuc

Thé equation (4) indicates that a ratio of the
throttle setting S; .y (m2] of the electric expansion
valve 5 to the throttle setting Sg,. [m?] of the
motorized suction throttle valve 8 is nearly inversely
proportional to a ratio of the pressure drop between the
high preééure.Pg'and'the medium pressure P, and that
between the medium pressure Py, and the low pressure P, .

It means that in order to raise the medium pressure



As expl ai ned, when a capacity has to be increased because tH
foad is great, the throttle setting of the electric expansid
to be in a throttle direction, and the throttle setting of

suction valve is set to be in an unthrottling difection in gsggociation with

-

the operation of the electric expansi-on yalve. Conversely, yhen a capacity
has to be decreased because the evaporatfon load is small, tihe throttle

setting of the electric expansion valve is set to be in an unthrottling
direction, a®g alethe evaporation pressure, the throttle setting S;.,

of the electric expansion valve 5 is opened and the valve
setting Sg,. of the motorized'suction_throttle valve 8 is
throttled, and that to lower the medium pressure P, the
throttle setting S, gy Of the elect;ic expansion valve S
is throttled -and the valve setting Sg,, of the motoriied
suction throttle valve 8 is opened.

When the evaporation load is great, the variable
AS; gy OF the throttle setting S; gy of the electric
expansion valve 5 is set to be in a throttle -direction
ASppy < 0, and the variable Sg,. of the throttle setting
Sgue ©f the motorized suction throttle valve 8 is set to
be in an unthrottling direction ASg,. > 0 in associatidn
with the operation of the electfic expansion valve.
Conversely, when the.evapqration load is small, the
variable of the throttle setting of the electric
expansion valve is set to be in an unthrottling direction
AS;gy > 0, and the variable of the throttle setting of
the motorized suction throttle valve is set to be in a
throttling direction ASg,. < 0 in association with the
oﬁeration of the electric expansion valve.

.For example, when a detected temperature T, in the
refrigerator is higher than a set value Tp", it is
determined that the evaporation load 'is great. The
electric expansion valve is throttled, and the motorized

suction throttle valve is unthrottled. Conversely, if Tg

< Tg", it is determined that the evaporation load is



throttle setting of the notorized suction valve is set to be Aﬁ%ﬁﬁﬂﬁ%ﬂ@ﬁlﬁﬂﬁﬂl

direction in association with the operation of the electric ekpansion
val ve. Such an arrangement can realize a capacity control whifhjis! 5réiél 1939

from hunti ng. 11 CLAI MVE:

- 10 -

small. The electric expansion valve is unthrottled, and
the motorized suction throttle valve is throttled.
As_explained, when a capacity has to be increased
because the evaporation load is great, the throttle
setting of thé electric expansion valve is set to be in a
throttle direction, and the throttle setting of the
motorized suction valve is set to be in an unthrottling
direction in-association with the operation of the
electric exéansion valve. Converséely, when a'capacity
has to be decreased becauée the evaporation load is
small, the throttle setting of the electric expansion
valve is set to be in an unthrottling direction, and the
throttle setting of the motorized suction valve is set to
be in a throttle direction in association with the
operation of the electric expansion valve. Such an

arrangement can realize a capacity control which is free

from hunting.



1 Arefrigerati nprising: a refrigerati EET
~ conpressor (1), qmﬁwﬂ TI vari abl e expansion val
~ evaporator (6),

series therein; and control rreans (9 10) for varying the tihriettteSettings
of the said vaI ves (5, 8) accor di ng to the evaporation | oad;
in that: H}f nsion valve (5) is an electric val ve havi
nom nal t h f\fﬁgetting S[err]; the suction throttle valve (8) is a
notori zed val ve having a nom nal

1. Arefrigeration cycle system comprising:

a refrigeration cycie having a compressdr (1), a condenser (2), a
variable expansion valve (3), an evaporator (6), and a variable suction
throttle valve (8) connected in series therein; and

control means (9,10) for varying the throttle settings of the said
valves (5,8) accordi:ng to the evaporation load;

characterised in that :

the expansion valve (3) is an electric valve having a nominalsthrotﬂe
setting Stev; |

the suction throttle valve (8) is a motorized valve Haviixg a nominal -
throttle setting Ssue; and |

the control means (9,10) detects the evaporation load and outputs
respective inter-related variable throttle-adjustment signals AS;sv and ASs,.
to the electric expansion valve (5) and the motorized suction throttle valve
(8)asa function of the evaporation load detected, wherein (a) when the
control means detects that the evaporation load is great, the control means
outputs a signal AS;ev which adjusts the expansion valve setting S;evin a
throttling sense and a signal ASs,. which adjusts the suction throttle valve
setting Ssyc in an uﬁthrotﬂing sense; and (b) when the control means detects
that the evaporation load is small, the control means outputs a signal AS zv
which adjusts the expansion valve setting S;zv in an uhthrdttling sense and
a signal ASS;., which adjusts the suctiéﬁ throttle valve setting Ss.cin a
throttling sense.

2. A system as claimed in claim 1, including a solenoid valve (4)

between the condenser (2) and the expansion valve (3).



throttle setting S[err]; and the control means (9,10) detectq RRBERCEGEMENSHHAEEY

evaporation | oad and outputs respective i-nter-rel ated vari abl{e
throttle-adjustnent signals [err]S[err] and [err]S[err] to tRhe el¢gtghi-mgg
expansion valve (5) and the notorized suction throttle valvel(§) as
function of the evaporation | oad detectdd,~wherein (a) when the CoOnTTol
neans detects that the evaporation load is great, the contro& neans out puts
a signal [err]S[err] which adjusts the expansion valve setting S[err] 1n a
throttling sense and a signal [err]S[err] which adjusts the suction
throttle valve setting S[err] in an weshrat® | i ng sense, and (b) when the
control neans detects that the evaporation load is small, the control neans

outputs a signal [err]S[err] REFRIGERATION CYCLE SYSTEM

A condenser (2). an electronic expansion valve (5),
an evaporator 16), and a motorized suctiocn throttle valve
(8) are connected in series with a compressor. When a
capacity is increased, the electronic expansion valve (5)
is controlled to be in a throttling direction and the
motorized suction throttle valve (8) is controlled to be
in an unthrottling direction in association with the
control of the electronic expansion valve (5). and when a
capacity is decreased, the electronic expansion valve (5)
is controlled to be in an ﬁnthréttling direction and the
motorized suction throttle valve (8) is controlled to be
in a throttling direction in association with the.control
of the electronic expansion valve (5). While a capacity
control of a cémpressor by a throttle control i; been
carried out, such associated control is made between. the
electronic expansion valve (5) and the motorized suction
throttle valve (8), realizing a fine temperature control

in a refrigerating machine without hunting.

Figure 1.



mhiah adj usts the expansion val ve sétting S[err] in an unthrqt Fﬁﬁhﬂﬁiﬂﬁg;ﬁﬂﬁE"

S[err] in a throttling sense.

and a signal [err]S[err] which adjusts thesuction throttle Ja te settln%@ﬂg
a solenoid valve (4) between the condenser (2) and the expangio

2. A systemas clainmed in claim

if ric | JHj

val ve (5)
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