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(&) Refrigeration systems.

@ A method of controlling a compressor driven
vapour compression heat movement system in
which @ common compressor system (2) heats or
cools a piurality of load units (4, 8) and is operated
in cycles each of which include a compressor sys-
tem higher capacity period and a compressor sys-
tem lower capacity period, characterised in that the
lower capacity period is made sufficiently long that
when the compressor system (2) is switched to the
higher capacity a majority of the load units (4, 8) are
demanding heating or cooling and that the higher
capacity period is made sufficiently long that when
the compressor system (2) is swiiched to lower

‘_capacity one or more of the load units (4, 8) have
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had their heating or cooling demand satisfied.
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REFRIGERATION SYSTEMS

This invention relates to controlling compressor
driven vapour compression heat movement sys-
tems as used for example in refrigeration and air
conditioning for cooling and in heat pump arrange-
ments for heating. Reference will be made primar-
ily to refrigeration systems for explaining the inven-
tion in detail.

Figure 1, which will be described in more detail
below, shows a typical refrigeration system in
which there are three refrigerated food cabinets.
Two graphs in Figure 2 illustrate two alfernative
known modes of conirolling such a system. As will
also be explained in more detail below, the mode
illustrated in the lefi-hand graph permiis the com-
pressor inlet pressure to fall to extremely low val-
ues on occasions, and on these occasions the
system is operating very inefficiently (consuming
excessive power) and removing moisture exces-
sively from food stored in the cabinets. The mode
shown in the right-hand graph avoids these prob-
lems but on occasions may resuit in the compres-
sor being switched on and off unacceptably often.
It is of course desirable that the system should run
as efficiently as possible so as to minimise its
power consumption, due to limitations in the phys-
ical design of compressors, they are given by the
manufacturers a rating as to the maximum fre-
quency with which they can be turned on without
unacceptably shoriening their requirements for ser-
vicing and repair. Typical ratings would lie between
about six and ten starts per hour.

The invention aims to provide an improved
method of controlling a compressor driven heat
movement system which enables the system to be
run paricularly efficiently, while rarely if ever ex-
ceeding the starts per hour rating of the compres-
sor.

More particularly, the invention provides a
method of controlling a compressor driven vapour
compression heat movement system in which a
common compressor system heats or cools a plu-
rality of load units (e.g. refrigerated cabinets, air-
conditioning units or heat pump output units) and is
operated in cycles each of which include a com-
pressor system higher capacity period and a com-
pressor system lower capacity period, characteris-
ed in that the lower capacity period is made suffi-
ciently long that when the compressor system is
switched to the higher capacity a majority of the
load units are demanding heating or cooling and
that the higher capacity period is made sufficiently
long that when the compressor system is switched
to lower capacity one or more of the load units
have had their heating or cooling demand satisfied.

The compressor system involved can be a
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single compressor as in the embodiment which will
be described in detail below. In that event its
higher capacity mode will be when the compressor
is running and its lower capacity mode will be
when it is not running during which period of
course its capacity is actually zero. However, the
invention can also be applied where the compres-
sor system includes a plurality of compressors.
Then, in the higher capacity mode some of the
compressors are running and in the lower capacity
mode a lesser fixed number, which may be zero,
are running. For example, it may be desirable to
have one compressor, which may be relatively
small, which always runs so as to prevent liquid
refrigerant accumulating in the inlet route to a main
compressor, which is swiiched on and off.

The low capacity period may be controlled so
as to be sufficiently long that when the compressor
system is swiiched to higher capacity a majority of
the load units are demanding heating or cooling or,
where the operating conditions are sufficiently pre-
dictable, the low capacity period may be fixed at a
sufficiently long value to ensure that the same
condition is met. In the case where the low capac-
ity period is conirolled, the control may be ex-
ercised in response to various different sensed
characteristics and these will be referred {o in more
detail below.

In one embodiment, the length of the lower
capacity period is confrolled in dependence upon
the length of the preceding higher capacity period.

So far as concerns making the higher capacity
period sufficiently long that when the compressor is
switched to low capacity at least some of the load
units have had their demand satisfied, preferably
this will comprise sensing a variable which repre-
sents the load on the compressor system and
terminating the higher capacity period when the
sensed variable indicates that the load on the com-
pressor system is falling.

Generally, in operating a control method in
accordance with the invention for a cooling sysiem,
because a majority of the load units are demanding
cooling when the compressor is brought on, there
will be a substantial period of time during which the
majority of the load units will continue to require
cooling and therefore there will be a substantial
flow of refrigerant through the system and the inlet
pressure of the compressor system, and hence the
temperature in the evaporators of the load units,
will remain at a reasonably constant level so long
as this situation prevails. This may conveniently be
referred to as a plateau in the load on the com-
pressor system and also in the inlet pressure
against time curve. Furthermore, the method of the

()
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invention involves turning the compressor system
off when one or more of the load units have had
their cooling demand satisified i.e. not very long
after the pressure has started to fall from the pla-
teau following one or more of the load units ceas-
ing to take refrigerant flow because it is no longer
demanding cooling.

Consequently, when a method in accordance
with the invention is used, most of the heat transfer
from the load units occurs in the vicinity of the
plateau level of inlet pressure and evaporator tem-
perature and it will become apparent that this
means the system is operating primarily above the
band P o4Pon Of the prior art system of the left
hand side of Figure 2, and hence is operating more
efficiently in terms of energy consumed per unit of
refrigeration or cooling achieved.

Various variables may be sensed to indicate
the load on the compressor system and these will
be described in more detail below. The higher
capacity period may be terminated when the
sensed variable reaches a set point value.

It has previously been mentioned that when
operating a control method in accordance with the
invention the compressor inlet (or in the case of a
heat pump system, the outlet) pressure variation
wil exhibit a plateau during the higher capacity
period. Preferably, the invention further comprises
sensing the occurrence of a substantially constant
level (or "plateau") of load on the compressor
system during its higher capacity period and auto-
matically adjusting the set point value to a value
which would represent a load level below said
substantially constant level.

For example, in a cooling system the set point
value may be automatically adjusted during each
cycle to lie at 80% of the plateau level measured in
terms of absolute value of the compressor inlet
pressure, though values between 60% and 90%
may be employed depending on the circum-
stances. A “substantially constant level” may be
defined for the above purpose as the pressure
varying by less than 10% over a significant period
(e.g. between 30 and 60 seconds) of time. Also, if a
variable other than pressure is sensed, its set point
value may need to be set at a different percentage
of the plateau value in order to achieved the de-
sired percentage for the pressure level itself.

This preferred feature prevents the occurrence
of problems which may otherwise arise as a con-
sequence of the fact that the level of the plateau
will not necessarily be the same during each higher
capacity period, but may vary from cycle to cycle
or drift over a substantial period of time due to
various types of change in operating conditions.
For example, in a single compressor system where
the load units are refrigerated cabinets, the plateau
will occur at a lower vaiue when a number of
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cabinets are taken out of service, as sometimes
happens in practice. If the set point were fixed, this
could result in the compressor being switched off
before the plateau level is reached in which case
adequate cooling of the remaining cabinets would
not be achieved. Inaccurate manual setting of the
set point pressure could have the same effect. Drit
may also occur in the characteristics of pressure
transducers and this could result in undesirable
shift of the effective set point in a system where
the set point is ostensibly fixed. Also, the different
operating conditions encountered in winter as com-
pared with summer, the natural plateau level being
higher in summer than it would be in winter, means
that for uniform operation throughout the seasons a
lower set point level should be used in winter than
in summer. The preferred feature of automatic ad-
justment of set point level in response to plateau
level mitigates the problems just referred to.

In order than the invention may be more clear-
ly understood, embodiments thereof will now be
described with reference to the accompanying dia-
grammatic drawings in which:

Figure 1 is a simplified illustration of a typi-
cal compressor driven refrigeration system;

Figure 2 shows in a simplified form the rela-
tionship between compressor inlet pressure and
time for two different known methods of controlling
such a system;

Figures 3 shows in detail a control cycle in
accordance with the invention plus other informa-
tion useful in understanding the invention;

Figure 4 shows diagrammatically several cy-
cles of a method of control in accordance with the
invention;

Figures 5 shows the components for carry-
ing out the method of Figures 3 and 4,

Figure 8 is a flow chart showing the steps of
a control method according to Figures 3 and 4; and

Figure 7 shows the form of a compressor
outlet pressure cycle in a heat pump heating sys-
tem.

The refrigeration system of Figure 1 is typical
of systems that might be found in, for example,
supermarkets, where a numbr of refrigeration cabi-
nets need to be kept coid and have their tempera-
tures controlled. There may be any number of
cabinets, six or more being typical, but for simplic-
ity the Figure 1 system is shown with three. A
compressor 2 feeds compressed gaseous refriger-
ant to condenser 4 where it is condensed to liquid
which flows to a receiver or reservoir 8. From the
receiver it flows on three parallel paths through
three evaporators (one per cabinet) indicated at 8
and from the evaporators back to the compressor 2
in gaseous form, the liquid refrigerant having evap-
orated within the evaporators to produce the cool-
ing effect. In standard manner, expansion valves 10
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precede the evaporaiors 8 and are automatically
controlled in known manner so as to maintain cor-
rect conditions within the evaporators. Each cabinet
is provided with a temperature sensor 12 which
exercises thermostatic conirol over an on/off value
14 for that particular cabinet. Thus, each evaporator
only takes liquid refrigerant from the receiver when
the temperature of its associated cabinet has risen
to such a level that it requires further cooling.

The left-hand graph in Figure 2 illustrates the
use of a control method in which the compressor
inlet pressure (which is related to the evaporator
temperature when refrigerant is boiling in the evap-
orator) is measured and compared with a set point
value Py which is set so low that the pressure will
fall below it only when all three evaporators have
been turned off by their own thermostatic tempera-
ture conrol systems. Consequently, so long as any
one of the evaporators is working, the compressor
will be running, but with its inlet pressure varying
according to how many evaporators are on. The
compressor inlet pressure would be approximately
at either level 3, 2 or 1 illu strated in Figure 2
according to whether three, two or one evaporators
are operating, and would fall to the level 0 only
when all the evaporators were turned off, so that it
is only in this condition that the compressor itself
would be furned off. Pressure then rises until P, is
reached, when the compressor is re-started. With
such a system, at times when the demand for
refrigeration is low, then the compressor inlet pres-
sure is permitted to become very low, and the
evaporator temperatures will be correspondingly
low, and in these conditions the efficiency of the
system is very poor in terms of heat removal per
unit of energy input. A further and substantial dis-
advantage of this method of control is that the very
low evaporator temperature causes excessive icing
with the aftendant inconvenience and cost of hav-
ing to defrost the cabinets more often whilst, un-
desirably, the product in them warms up. Another
is that certain food products will have moisture
removed from them excessively.

These problems are avoided by using a control
system which as illustrated in the right-hand graph
of Figure 2 has two set point values Py, and Py
which are set relatively close together and are both
quite high. This necessarily prevents the compres-
sor inlet pressure from ever falling to low values
but at the same time, when the demand for refrig-
eration is low, so that the compressor inlet pres-
sure falls very rapidly when the compressor is on,
the operating cycles of the compressor become
very short and the start per hour rating of the
compressor will be exceeded so that the compres-
sor will be subject to excessive wear and iis servic-
ing and repair costs, and the frequent inconve-
nience of servicing, will be unacceptable.
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Reference will now be made to the full line
curve in Figure 3 to explain the type of cycle that
is repeatedly produced by using a conirol method
in accordance with the invention to conirol a cool-
ing or refrigeration system such as that shown in
Figure 1. At the beginning 16 of the compressor on
period of the cycle, the compressor will have been
off for some while, any liquid refrigerant-in the
evaporators of the cabinets will have evaporated to
gas and the gas will have warmed up to a greater
or lesser degree. In this condition, the compressor
inlet pressure bears no particular relationship to the
gas temperature. Also at the beginning of the on
period, and for reasons described below a majority
of the cabinets (preferably at least 75%, for exam-
ple 5 out of 6) will have their thermostatically
controlled valves 14 open i.e. they are demanding
cooling. When the compressor is switched on, the
pressure initially falls very rapidly as the gas is
pumped out of the evaporators. This is indicated
by the steeply falling part 18 of the curve in Figure
6. At the point indicated at 20, the expansion
valves of the cabinets open and liquid refrigerant
starts to flow into the evaporators and to evaporate
in them. When the expansion valves have been
open for a little while, the rate of evaporation of
refrigerant liquid in the evaporators reaches a rela-
tively high level such that the pressure stops falling
or falls only gradually, in part 22 of the curve.
Because the demand for cooling is high, there will
be a total flow of refrigerant through the individual
cabinet cooling systems which approaches the
maximum amount of flow possible, and conse-
quently the plateau 22 in the compressor inlet
pressure will occur at a relatively high level e.g.,
with refrigerant R502, and with chill (produce tem-
perature +4°C) cabinets as a load, at about 2.8
bar gauge pressure. A major part of the refrigera-
tion of the cabinets will occur during this phase of
the cycle, and therefore at relatively high efficien-
cy. In contrast, a pump-down control system as
illustrated on the left in Figure 2 would typically
operate at an average pressure of about 1.8 bar
gauge under the same conditions. When using the
invention, the plateau would occur at the three-
cabinet running level of Figure 2, i.e. at a higher
pressure (above say 2.1 bar) than is ever reached
by the pump-down system when the latter is run-
ning between its Py, and P,y values. As individual
cabinets reach the temperatures set on their ther-
mostats, their thermostatic valves 14 start to close
off, thus limiting the total refrigerant flow in the
system, and the pressure starts to fall again as
indicated at part 24 of the curve. When the pres-
sure reaches Py, the compressor is turned off at
point 26. P, is set (by empirically establishing the
typical level of the plateau in a given system, and
putling Pee to a value slightly lower than that) at
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such a level that the pressure will not have to drop
very far from the plateau befors the compressor
system is switched off at point 26. Hence only a
minority, for example one or two out of six, of the
cabinets will have had their cooling demand satis-
fied at switch-off.

Figure 3 shows a downward continuation of
part 24 of the pressure curve to illustrate in more
detail how a system operating in accordance with
the left-hand side of Figure 2 performs. Typically,
Poii is set at a relatively low value and the pressure
continues to fall to that value along the broken-line
part 28 of the curve. Py is set so low that it will not
be reached until the thermostatic valves of all the
cabinets have closed i.e. the demand for cooling
has become zero. The compressor system is then
switched off and the pressure rises along part 30 of
the curve until a pre-set value P,, is reached at
which time the pressure starts to fall again as the
compressor system comes into operation, this be-
ing along the broken line 32. The result is that the
system cycles in the band between Py and P,
which lies in a relatively low pressure range and so
the system is operating at a correspondingly low
average efficiency.

The invention achieves greater efficiency be-
cause of the high level of plateau 22.

With the compressor off, the compressor inlet
pressure initially rises very rapidly because the
expansion valves are open, some of the ther-
mostatic valves are open, and so liquid is entering
the evaporators and boiling in them. This is shown
at part 34 of the curve and during this phase open
thermostatic valves may or may not close. When
the pressure reaches a certain value, to which the
expansion valve conirols have been set, the expan-
sion valves close and the remaining refigerant in
the evaporators boils off during part 36 of the
curve. When all the liquid has boiled off, the pres-
sure at the compressor inlet rises only slowly and
at a decreasing rate as the gas at that point be-
comes gradually warmer, this happening along part
38 of the curve.

The off period is controlled as will be de-
scribed so as to be sufficiently long that at the end
of it a majority of the cabinets will once again be
demanding cooling.

Before referring to Figure 4 it should be men-
tioned that, for control purposes, the pressure at
the inlet of the compressor only has significance
when it is fairly close to the pressure at which
refrigerant is boiling in one or more of the evapora-
tors of the system. For this reason, any pressure
measurements made at the peak of part 18 of the
Figure 3 curve would not be significant. They only
become significant at a point shortly after (perhaps
five seconds after) the compressor has been
switched on, as indicated at 40 in Figure 3, at
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which time it will be certain that liquid has entered
one or more of the evaporators, and that therefore
the compressor inlet is approximately at the pres-
sure under which that liquid is boiling therein.

Figure 4 shows the variation of the on and off
periods of a compressor controlled by the method
of the invention over several cycles. For simplicity
only, the pressure rises and falls are shown as
straight lines (though in reality they would be Fig-
ure 3-type curves), and the pressures at which the
compressor is shown being switched on and off in
Figure 4 actually represent the points 40 and 26 in
Figure 3, in accordance with the explanation just
given.

In Figure 4, the compressor is run for a period
Ton which is terminated when the compressor inlet
pressure reaches the sst point P 4. The compres-
sor is then turned off for a calculated period of time
To which may be equal for example to four min-
utes. After the off period, the compressor is turned
on again until the inlet pressure has again fallen to
P.r. The off period of the compressor is derived
(as explained below with reference to Figure 6) with
reference to the time that it takes for compressor
inlet pressure to fall to Pgu after the compressor
has been turned on, this time being taken as a
characteristic indicative of the load on the com-
pressor system. If the on period become undesir-
ably short (for example less than two minutes) due
{0 low load, then the subsequent period Tqis ex-
tended so as to increase the length of the subse-
quent period Te, and hence the length of the next
cycle. As well as achieving high efficiency, this
also tends to ensure that the total cycle time will be
long enough for the number of starts per hour of
the compressor rarely if ever to exceed its rated
value.

From the above, it can be seen that in accor-
dance with the invention insofar as a fixed set point
value is used, only a single set point pressure
value has to be set when the system is being
installed, and consequently only a singel value has
to be adjusted in order to adjust the operation of
the system.

Figure 5 shows hardware required to operate
the control method of Figures 3 and 4, including a
compressor inlet pressure sensor 42, an inlet pres-
sure set point device 44, and a source of time
pulses 46 all of which feed their outputs to a
controller 48. The controller may be a digital con-
troller which operates in accordance with the flow
chart shown in Figure 6 and provides an output
signal on line 50 which opens and closes a contac-
tor 52 to switch the compressor 2 off and on. The
time factor used in controlling the compressor cy-
cles is derived with reference to the time pulses
produced by the source 46.

Figure 8 is a flow chart showing the operation
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of the controller 48 in order to perform the control
method of Figures 3 and 4. Initially Tgsyser iS Set 0
four minutes, the compressor is then started, com-
pressor iniet pressure is compared with Pgg until
they are equal at which point the compressor is
stopped, Ton is recorded and the compressor off
period Tgyser Starts to run.

If the read value of T,, is greater than fwo
minutes and less than fiffteen minutes, the com-
pressor is switched on again when it has been off
for four minutes.

If Ton is less than the minimum desired value
of two minutes, then Temee iS increased in inverse
proportion to the read value of T,,, but subject to a
maximum of twelve minutes, and during the next
operating cycle the compressor is held off for the
new increased period of Toser- If Ton Shoud be-
come greater than fifteen minutes, then Toyser IS
reduced in inverse proportion to Tg,, but subject fo
‘a minimum of four minutes, for the next cycle. The
programming of the controller 22 (Figure 5) will be
arranged, empirically if necessary, such that in the
particular system the relationship betwen the cur-
rent demand for cooling as indicated by the iength
of the on period T, in each cyle, and the length of
the off period Tumser as calculated by the algorithm,
will result in the majority of the cabinets demanding
cooling at the end of the off period.

The lower limit value, in this instance four
minutes, for Tomser Sefs a lower limit on the fre-
quency with which the compressor can be started
and hence protects it against being started at rates
beyond its starts per hour rating. The upper limit of
twelve minutes on Tyt avoids the temperatures
in the cabinets becoming too high.

Alternatively, instead of the length of the off
period being determined by the programming of
the controller, the off period may be terminated in
response 10 a sensed characteristics of the load

units. When each of the load units includes a -

thermostat system, the sensed characteristics may
be the condition of the thermostat systems and, for
example, the off period may then be terminated
when a majority of the load units are demanding
cooling as indicated by the conditions of their ther-
mostat systems. Figure 5§ shows in chain-dotted
lines 56 connections from the three thermostat
switches 12 of Figure 1 by means of which the
controller is informed of the conditions of the ther-
mostatic switches and hence can be programmed
to detect the closure of a majority of them and in
response switch on the compressor system via line
24.

In a system which is not subject to major
variations in load, it is possible for the off period
actually to be fixed at length which can be relied
on to allow the majority of the load units to be
demanding cooling when the compressor system is
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switched on, though provision may be made for
manual adjustment of the length of the off period in
the event that monitoring of the system indicates
that the desired pattern of operation is not in prac-
tice being achieved.

So far as the on period is concerned, this is
simply terminated when one or more of the load
units have ceased to demand cooling, i.e. not very
long after the compressor system inlet pressure
has dropped from the plateau 22, by appropriately
setting the value Pgg.

However, other variables may be sensed in
order to detect the falling load on the compressor
system which is indicative of the plateau region
having been passed. When the compressor system
is electrically powered, the current consumption,
power consumption and power factor of the motor
or motors will all be reduced as the load on the
system falls from the plateau and hence, as illus-
trated in Figure 5, a sensing unit 58 may be
associated with the power supply to the compres-
sor motor to sense current consumption, power
consumption, or power factor. Suitable sensing
units are readily available and therefore need not
be further described. The output from sensing unit
58 is sent by line 60 to the coniroller 48, where it
will be compared with the output of the set point
device 44 to detect when the load, falling from its
plateau level, reaches the set point value. Of
course, the set point device 44 will be arranged to
deliver a set point signal indicative not of a set
point pressure, but of a set point current consump-
tion, power consumption or power factor value.

It will be evident that the lengths of the on
period and the off period may be determined in-
dependently of each other by separate systems so
long as those systems are compatible with each
other.

It has been mentioned that it is advantageous
to vary Pse, Or whatever alternative set point value
may be employed, automatically in response to the
level at which the plaieau 22 occurs, because al-
though the plateau 22 will necessarily occur at a
relatively high level owing to the high load existing
at the beginning of the on period, its exact level will
vary according to operating conditions at the time.
To achieve this, the controller 48 may be pro-
grammed so as to monitor a variable indicative of
load, for example compressor inlet pressure from
pressure sensor 42, the number of thermostatic
valves open as indicated on lines 56, or one of the
electrical parameters of the power supply as in-
dicated by unit 58, to recognise when thai meas-
rued variable does not change by more than 10%,
or preferably 5%, during a predetermined period of
time, and to treat the detetion of that occurrence as
an indication that the plateau level 22 is then oc-
curring. It can further be programmed to then pro-
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vide on line 62 a signal effective to adjust the set
point device 18 so that it will give a set point cutput
value to the controller equal to, for example, 80%
of the measured value in absolute units of the
plateau level.

In certain installations, there may be a small
minority of load units which warm up more quickly,
or cool more slowly, than the rest. In that event, the
controller 48 may be programmed to operate a
modified control method in which, instead of turn-
ing the compressor off as soon as the 80% (of
plateau) level is reached, the compressor is held
on until either a lower, e.g. 50%, level is reached or
untii a further predstermined time (e.g. one
minute) has elapsed, whichever occurs sooner. On
occasions, when the unit or units which tend to run
warmer do not need extra cooling, they will hardly
get any because the pressure will fall rapidly from
the 80% level to the 50% level, but when they do
need exira cooling the fall will be slower and they
will receive cooling for up to a further minute.
When using the Figure 6 algorithm, it may be
modified so that T, is the time to reach set point
rather than the complete period up until actual
switch-off. The requirement that a majority of the
cabinets demand cooling at the start of the next on
period is not disturbed.

it should be appreciated that a method accord-
ing to the invention can be applied to a multiple-
capacity compressor system which runs at more
than one different level of capacity during a com-
pressor on period, but not at all during the off
period. In that event, steps may occur in the pla-
teau level when an additional capacity stage is
switched in but nevertheless it is possible to detect
the fall in load from the end of the plateau by any
of the techniques referred to above.

[t has previously been mentioned that the
method of the invetnion may be applied to a com-
pressor system which includes one, preferably rel-
atively low capacity, compressor which runs all the
time, and a main compressor which is operated in
cycles, the purpose of the small compressor being
to ensure that liquid refrigerant does not accu-
mulate on the outlet sides of the evaporators which
will be capable of damaging the main compressor
when it is switched on. In such a system, the
continuous running of the small compressor would
depress the level of the maximum pressure
reached at the inlet of the main compressor as
indicated by the broken line curve parts 18" and 38
shown in Figure 3. The pressure reduction may be
even greater than is illustrated.

A control method in accordance with the inven-
tion can be applied to air conditioning, where the
principles involved are the same as those in refrig-
eration. Furthermore, it can be applied, to heat
pumps. Heat pump systems are equivalent to re-
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frigeration systems except that the purpose is fo
deliver heat in the condenser rather than remove it
in the evaporator. Consequently, in applying the
invention to heat pumps, it would be the compres-
sor outlet pressure that is measured rather than its
inlet pressure, this being an indication of the vari-
able which it is intended to control, namely the
temperature at which refrigerant is condensing in
the condenser.

Figure 7 shows how this outlet pressure varies
throughout a cycle in a manner opposite to that of
the inlet pressure. The outlet pressure rises whilst
the compressor is on and, provided that a majority
of the heat pump output units are demanding heat-
ing at the time when the compressor is switched
on, there is a plateau as shown at 22' at a relatively
low pressure level, which represents efficient op-
eration of the heat pump system. Following the
plateau, the compressor outlet pressure starts ris-
ing again as the heating demand from the output
units falls, and the on period is then terminated in a
similar manner to that used in the refrigeration
system described in more detail. For example, the
level of the plateau may be sensed, and a set point
value may be set in response to that sensing at a
level which is a desired percentage higher than the
plateau level so as to ensure that the compressor
is switched off relatively soon after the demand
from the output units starts to fall. The compressor
is then held off, for example in the ways already
described in relation to a refrigeration system, for a
sufficient period that when it comes on again at
least a majority of the output units are again de-
manding heating.

Other attempts have been made to achieve the
benefits of the present invention. For example, a
rectifier/inverter has been used o convert the
mains frequency to a variable frequency so as fo
run the compressor at a variable speed to match
the refrigeration demand, but this is complex and
expensive.

Other arrangements for seeking to match ca-
pacity to demand include mechanical arrangements
for shuiting off a number of the cylinders of a
compressor to reduce its capacity, over re-expan-
sion compressors in which the com pression ratio
can be changed to alter the capacity, and multiple
compressors which can be switched on in varying
numbers. In some applications, a control method of
the present invention applied to a simple single
compressor may achieved similar results to these
more compiex systems. However, the invention can
also be applied to the control of such systems fto
improve their efficiency.
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Claims

1. A method of conirolling a compressor driven
vapour compression heat movement system in
which a common compressor system heats or
cools a plurality of load units and is operated in
cycles each of which include a compressor system
higher capacity period and compressor system
lower capacity period, characterised in that the
lower capacity period is made sufficiently long that
when the compressor system is switched to the
higher capacity a majority of the load uniis are
demanding heating or cooling and that the higher
capacity period is made sufficiently long that when
the compressor system is switched to lower capac-
ity one or more of the load units have had their
heating or cooling demand satisfied.

2. A method as claimed in a claim 1, wherein
the lower capacity period is controlled so as {o be
sufficiently long.

3. A method as claimed in claim 2, wherein the
length of the lower capacity period is conirolled in
dependence upon the length of the preceding high-
er capacity period.

4. A method as claimed in claim 2, wherein the
lower capacity period is terminated in response to
a sensed characteristic of the load units.

5. A method as claimed in claim 4, wherein the
load units each include a thermostat system, and
the sensed characteristic is the condition of the
thermostat systems.

8. A method as claimed in claim 11, wherein
the length of the lower capacity period is fixed at a
sufficiently long value.

7. A method as claimed in any preceding
claim, wherein said majority is at least 75%.

8. A method as claimed in any preceding
claim, comprising sensing a variable which repre-
sents the load on the compressor system and
utilising the value of the sensed variable in termi-
nating the higher capacity period.

9. A method as claimed in claim 8, comprising
terminating the higher capacity period when the
sensed variable indicates that the load on the com-
pressor system has fallen from a substantially con-
stant load level.

10. A method as claimed in claim 8 or claim 9,
wherein the system is a cooling system and the
sensed variable is the compressor system inlet
pressure.

11. A method as claimed in claim 8 or claim g,
wherein the system is a heating system and the
sensed variable is the compressor system outlet
pressure.

12. A method as claimed in claim 8 or claim g,
wherein the compressor system is electrically
powered and the sensed variable is its current
consumption.
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13. A method as claimed in claim 8 or claim 9,
wherein the compressor system is electrically
powered and the sensed variable is its power con-
sumption.

14. A method as claimed in claim 8 or claim 9,
wherein the compressor system is electrically
powered and the sensed variable is its power fac-
tor.

15. A method as claimed in claim 8 or claim g,
wherein the load units each include a thermostat
system and the sensed variable is the number of
thermostat systems demanding heating or cooling.

16. A method as claimed in any one of Claims
8 to 15, comprising terminating the higher capacity
period when the sensed variable reaches a set
point value.

17. A method as claimed in any one of Claims
8 to 15 comprising establishing a set point value
for the sensed variable and terminating the higher
capacity period either when a predetermined pe-
riod has elapsed after the sensed variable reaches
the set point value, or when the sensed variable
reaches a predetermined value different from the
set point value, whichever is the sooner.

18. A method as claimed in Claim 16 or Claim
17, comprising sensing the occurrence of a sub-
stantially constant level of load on.the compressor
system during its higher capacity period and auto-
matically adjusting the set point value to a value
which would represent a load level lower than said
substantially constant value.

19. A method as claimed in Claim 18, wherein
the system is a cooling system and the set point
value is set such that when the sensed variable
reaches the set point value the compressor inlet
pressure is between 60% and 90% of the absolute
value which it has when the load is at said substan-
tially constant level.

20. A method as claimed in any preceding
claim, wherein the compressor system consists of
a compressor and the higher capacity mode is
when the compressor is on and the lower capacity
mode is when the compressor is off.

21. A method as claimed in any one of Claims
1 to 19, wherein the compressor system includes a
plurality of compressors, and in the higher capacity
mode at least some of the compressors are run-
ning and in the lower capacity mode a lesser, fixed
number which may be zero, are running.

22. A method of conirolling a compressor
driven vapour compression heat movement sysiem
in which a common compressor system heats or
cools a plurality of load units and is operated in
cycles each of which include a compressor system
higher capacity period and a compressor system
lower capacity period, characterised in that the
lower capacity period is made sufficiently long that
when the compressor is switched to the higher
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capacity a majority of the load units are demanding
heating or cooling and that the duration of the
higher capacity period is controlled by monitoring a
variable which represents the load on the compres-
sor system and terminating the higher capacity
period when the sensed variable indicates that the
load on the compressor system has fallen from a
substantially constant level.

23. A method as claimed in Claim 22 including
the further features specified in any of Claims 2 to
7 or 10 o 21.

24. A compressor driven vapour compression
heat movement system in which a common com-
pressor system heats or cools a plurality of load
units, and comprising control means which controls
the compressor system to operate in cycles each
of which include a compressor system higher ca-
pacity period and a compressor system lower ca-
pacity period, the control means being adapted to
make the lower capacity period sufficiently long
that when the compressor system is switched to
the higher capacity a majority of the load units are
demanding heating or cooling and to make the
higher capacity period sufficiently long that when
the compressor system is switched to lower capac-
ity one or more of the load units have had their
heating or cooling demand satisfied.

25. A system as claimed in Claim 24, wherein
the control means is adapted to control the lower
capacity period so as to be sufficiently long.

26. A system as claimed in Claim 25, wherein
the contol means is adapted to sense the length of
the higher capacity period and to control the length
of the lower capacity period in dependence there-
on.

27. A system as claimed in Claim 25, compris-
ing means for sensing a characteristic of the load
units, whersein the control means is adapted to
terminate the lower capacity period in response to
the sensing means.

28. A system as claimed in Claim 27, wherein
the load units each inciude a thermostat system,
and the sensing means senses of the condition of
the thermostat system.

29. A system as claimed in Claim 24, wherein
the control means is adapted to fix the length of
~ the lower capacity period at a sufficiently long
value.

30. A system as claimed in any of Claims 24 to
29, wherein said majority is at least 75%.

31. A system as claimed in any of Claims 24 to
30, comprising means for sensing a variable which
represents the load on the compressor system, the
conirol means being adapted to utilise the value of
the sensed variable in terminating the higher ca-
pacity period.
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32. A system as claimed in Claim 31, wherein
the control means is adapted to terminate the high-
er capacity period when the sensed variable in-
dicates that the load on the compressor system
has fallen from a substantially constant and level.

3. A system as claimed in Claim 31 or Claim
32, which is a cooling system and wherein the
sensed variable is the compressor system_.inlet
pressure.

34. A system as claimed in Claim 31 or Claim
32, which is a heating system and wherein the
sensed variable is the compressor system outlet
pressure.

35. A system as claimed in Claim 31 or Claim
32, wherein the compressor system is electrically
powered and the variable sensed by the sensing
means is its current consumption.

36. A system as claimed in Claim 31 or Claim
32, wherein the compressor system is electrically
powered and the variable sensed by the sensing
means is its powsr consumption.

37. A system as claimed in Claim 31 or Claim
32, wherein the compressor system is slectrically
powered and the variable sensed by the sensing
means is its power factor.

38. A system as claimed in Claim 31 or Claim
32, wherein the load units each include a thermo-
stat system and the variable sensed by the sensing
means is the number of thermostat systems de-
manding heating or cooling.

39. A system as claimed in any one of Claims
31 to 38, wherein the control means is adapted to
terminate the higher capacity period when the
sensed variable reaches a set point value.

40. A system as claimed in any one of Claims
31 to 38 wherein the control means is adapted to
establish a set point value, and includes means for
detecting when the sensed variable reaches the set
point value, timing means for defining a predeter-
mined period following said detection, means for
terminating the on period, and means for activating
said terminating means either at the expiry of the
predetermined period or when the sensed variable
reaches a predetermined value different from the
set point value, whichever is the sooner.

41. A system as claimed in Claim 39 or 4G,
wherein the control means is adapted to sense the
occurrence of a substantially constant level of load
on the compressor system during its higher capac-
ity period and to automatically adjust the set point
value to a value which would represent a load level
lower than said substantially constant value.

42. A system as claimed in Claim 41, which is
a cooling system and wherein the control means is
adapted to set the set point value such that when
the sensed variable reaches the set point value the
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compressor inlet pressure is between 60% and
90% of the absolute value which'it has when then
load is at said substantially constant level.

43. A system as claimed in any one of Claims
24 to 42, wherein the compressor system consists
of a compressor and the higher capacity mods is
when the compressor is on and the lower capacity
mode is when the compressor is off.

44, A system as claimed in any one of Claims
24 to 42, whersin the compressor system includes
a plurality of compressors, and in the higher capac-
ity mode at least some of the compressors are
running and in the lower capacity mode a lesser,
fixed number which may be zero, are running.

45, A compressor driven vapour compression
heat movement system in which a common com-
pressor system heats or cools a plurality of load
units, comprising control means which controls the
system to operate in cycles each of which include
a compressor system higher capacity period and a
compressor sysiem lower capacity period, the con-
trol means being adapted to make the lower capac-
ity period sufficiently long that when the compres-
sor system is switched to the higher capacity a
majority of the load units are demanding heating or
cooling and to control the duration of the higher
capacity period by moniforing a variable which
represents the load on the compressor system and
terminating the higher capacity period when the
sensed variable indicates that the load on the com-
pressor system has fallen from a substantially con-
stant level.

46. A system as claimed in Claim 45, including
the further features specified in any of Claims 26 to
31 or 34 to 44.

47. A control means for controlling a compres-
sor driven vapour compression heat movement
system in which a common compressor heats or
cools a piurality of load units, the control means
comprising an input for receiving a signal repre-
senting the load on the compressor system, means
for detecting when the signal represenis a substan-
tially constant level of load, and means for utilising
said detection in generating a control signal usable
to switch the compressor system to a lower capac-
ity mode.

48. A control means as claimed in Claim 47
wherein the means for utilising said detection in
generating a control signal includes means for pro-
viding a set point signal representing a predeter-
mined fraction of the substantially constant load
level, means for detecting when the signal repre-
senting load reaches the value of the set point
signal, and means for generating said control signal
in dependance upon said detection.

49. A control means as claimed in Claim 48
wherein the means for generating said control sig-
nat is immediately responsive to said detection.
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50. A control means as claimed in Claim 48
wherein the means for generating said control sig-
nal includes timing means for defining a predeter-
mined period following said detection, means for
defining a value different from the set point value,
and means for producing said control signal when
the predetermined period has expired or the signal
representing load has reached said different value,
whichever is the soconer.

o
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