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DEHUMIDIFIER CONTROL SYSTEM

TECHNICAL FIELD OF THE INVENTION

This invention relates to dehumidifiers of the kind which include a vapour
compression circuit in which a compressor circulates refrigerant vapour
through a condenser, an expansion device and an evaporator for removing

water vapour from air passing through the dehumidifier.

BACKGROUND

Many dehumidifiers are controlled by a humidistat which senses the relative
humidity (RH) of the air, causing the dehumidifier to run when the RH

exceeds a set level which is adjustable by the user.

The structure and fittings of a house or other building tend to absorb water
vapour so that when a dehumidifier is operated in the building for the first
time it needs to run continuously for several weeks until the excess moisture
is removed. Once the building and its contents have dried out however, the
dehumidifier only needs to remove peaks of moisture which may be caused

by cooking, running a shower, drying clothes etc.
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Apart from peaks of moisture, water vapour is also continuously added to the
air within a building at a slower rate from various sources such as through
breathing out water vapour. This too can cause excess moisture to build up
over a period, which is absorbed into the structure and fittings of the building
and also critically increases the RH in cooler areas. This too must be

removed on a daily basis regardless of the prevailing RH level.

The RH in a building also varies with the seasons. During summer months
the RH is often relatively high, but in winter the RH tends to be lower due to
lower external humidity and heating within the building. On the other hand,
the RH will be higher in unheated rooms or adjacent to a window because
the air temperature will be lower. Thus, measuring the RH with a centrally-
placed humidistat may give an RH reading of only 50% whereas colder
areas of the same room cotild be as high as 80% or even 100% on windows

and other cold surfaces giving rise to condensation.

Thus the conventional use of a humidistat is not a very efficient way to

control a dehumidifier.

The present invention seeks to provide a new and inventive form of

dehumidifier which is more efficient than existing dehumidifiers.

SUMMARY OF THE INVENTION

The present invention proposes a dehumidifier of the kind which includes

housing having an air inlet and an air outlet and containing a vapour

compression circuit in which a compressor circulates refrigerant vapour
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through a condenser, an expansion device and an evaporator for removing
water vapour from air passing through the housing,

characterised in that the dehumidifier is arranged to monitor
changes in a relevant environmental parameter over a period of time to
establish a reference level for the said parameter, and the operation of the
dehumidifier is determined by whether the current value of the parameter is

above or below the reference level.

The relevant environmental parameter may be any parameter which affects
the likelihood of condensation. In most cases the parameter will be RH,

although environmental temperature may also be used.

The dehumidifier runs when the current RH is above the reference level.

Preferably the duty cycle during low RH periods (i.e. when the RH is below
the reference level) can be set by the user, so that the dehumidifier may run
for, say 75% or 50% of the time. Similarly, an override condition may be
selected during which the dehumidifier runs continuously irrespective of the

prevailing RH level.

When the current RH level rises above a predetermined maximum the
dehumidifier preferably runs continuously. Conversely, when the RH level
falls below a predetermined minimum level the dehumidifier may be

permanently off.
The invention also provides a dehumidifier which is characterised in that the

dehumidifier is arranged to monitor changes in a relevant environmental

parameter over a period of time to establish a reference level for the said
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parameter, and the operation of the dehumidifier is determined by whether
the current value of the parameter is above or below the referenée level, in
which a number of individual readings of said environmental parameter are
stored at intervals over said period and the reference level is set at a value
where half of the stored readings fall above the reference level and half fall

below.

Such an arrangement avoids the risk of large deviations from the average
for a relatively short period causing a disproportionate effect on the
reference level, e.g. due to cooking or running a shower.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description and the accompanying drawings referred to therein
are included by way of non-limiting example in order to illustrate how the

invention may be put into practice. In the drawings:

Figure 1 is a schematic diagram of a dehumidifier in

accordance with the invention; and

Figure 2 is a graph showing how the “on” and “off” times of the

dehumidifier may vary with relative humidity RH.

DETAILED DESCRIPTION OF THE DRAWINGS

The dehumidifier shown in Fig. 1 includes a housing 10 having an air inlet
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8 and an air outlet 8. The housing contains a vapour compression circuit 1
in which a compressor 2 circulates refrigerant vapour under pressure
through a condenser 3 wherein the refrigerant condenses and gives out
heat. Condensed refrigerant then passes through an expansion device 4
such as a valve or small bore tube providing a restriction which reduces the
temperature and pressure of the refrigerant entering evaporator coils 5.
Vaporisation of the refrigerant in the evaporator 5 absorbs heat from
ambient air so that the resulting temperature drop causes water vapour in
the air to condense out on the surfaces of the evaporator coils. The ambient
air is drawn into the dehumidifier by a fan 6, and after passing over the
evaporator coils the air passes over the condenser to receive heat from the
refrigerant so that the dehumidifier discharges warm air into the external
environment. Refrigerant vapour from the evaporator coils is recirculated by

S S, -

condensation and evaporation.

the compressor 2 in a continuous cycle ¢

—i
1

The operation of the dehumidifier is overseen by an electronic controller 11,
which also receives input from a RH sensor 12 arranged to monitor the
ambient air at the point where it enters the dehumidifier before contact with
the evaporator 5. The controller 11 also receives input from a temperature
sensor 13, which is also arranged to monitor the ambient air entering the
dehumidifier. It would also be possible for one or both of the sensors to be
mounted elsewhere, inside or outside the dehumidifier, with an offset being
applied to the readings to compensate if necessary. The controller 11 may
control the compressor 2 and the fan 6 such that the compression circuit
operates with alternating run and defrost cycles in known manner. The
controller will typically include a microprocessor which reads data from the

humidity sensor 12.
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During a monitoring period of, say, 24 hours the controller may take periodic
readings from the RH sensor 12 and temperature sensor 13 (e.g. every 30
minutes) which are stored in RAM. At the end of this period the stored RH
readings may be used to compute a reference RH level which, in a simple
example, may be the average of the stored readings. Thus, the reference
level RH,, will depend on the average RH level over the monitored period,
but once the reference value has been established it is used to provide a
fixed reference level for control of the dehumidifier over a succeeding period.
Although the RH level may be monitored during successive discrete periods
which are used to control the dehumidifier over the succeeding monitoring
period it is generally preferable to continuously update the calculated
reference values, or at least update the reference values at much shorter
periods. Thus, every hour the values can be recalculated to include the
most recent readings, at the same time omitting the oldest readings. As
shown in Fig. 2, the current RH will vary throughout any given period, and
when the prevailing RH rises above the reference level, for example due to
cooking etc. as indicated by the sub-periods C, and C,, the dehumidifier is
operated to run continuously. In Fig. 2, the “on” periods of the dehumidifier
are indicated by the solid black lines whereas the “off” periods are indicated
by thinlines. This will ensure that any transient increases in humidity will be

removed with optimum effect.

Rather than using a numeric average of the stored RH readings another
option is to determine whether each of the stored readings is below or above
the current RH value, the amount by which the readings differ from the
current value being disregarded. When less than half of the stored readings
fall below the current value the dehumidifier enters a reduced running mode.

When more than half of the readings fall below the current RH value the
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dehumidifier runs continuously. When the next reading is taken the
proportion falling below the current reading is recalculated and the mode is
reset if necessary. Such an arrangement avoids the risk of large deviations
from the average for a relatively short period causing a disproportionate

effect on the reference level, e.g. due to cooking or running a shower.

During intermediate sub-periods D,, D, and D, when the current RH value
falls below RH,, the dehumidifier runs at a reduced duty cycle which is
illustrated in Fig. 2 by alternating relatively short “on” and “off’ periods. A
50% duty cycle is illustrated by way of example, but the actual duty cycle
may vary and could, for example, be user-selectable at say 75% and 50%
figures. During this period the dehumidifier will operate intermittently to

remove water from the atmosphere.

When the RH value is below the reference level it might be preferable to
operate the dehumidifier more at some times of the day than others (e.g. at
night). This could be achieved by providing the controller 11 with a real-time
clock. Thus, by way of example, a 75% duty cycle setting could be achieved
by running the dehumidifier continuously for 12 hours at night and then
running at 50% duty cycle during the day so that, overall, the average duty
cycle is about 75% over a 24 hour period. Similarly, the 50% setting could
be achieved by a continuous run period and a 25% duty cycle period, or by

. 75% and 25% duty cycle periods, etc.

Other user-selectable modes may of course be provided. For example, a
“continuous” mode may be selected during which the dehumidifier runs
continuously irrespective of the actual RH level. This mode may, for

example, be useful for drying out new or excessively damp buildings.
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Fig. 2 also shows predetermined maximum and minimum humidity levels,
RH_.. and RH,_,, which may be pre-programmed into the controller or
calculated by the controller 11. Should the current RH reading exceed the
maximum value the dehumidifier will operate continuously during the period
in question regardless of RH. This again ensures that a particularly damp
building will be subjected to maximum drying. Similarly, should the current
RH fall below the minimum RH level the dehumidifier will be continuously
“off”, thus preventing the dehumidifier from operating in very dry buildings for

example. Again, user-selected override settings are possible.

It will be appreciated that throughout the period illustrated in Fig. 2 the
controller would be storing periodic RH readings from which a new RH;
value can be calculated for use as the reference RH level during the
following period. Thus, the reference level is always determined by the

average RH level during the preceding period.

In some circumstances it might be preferable to control the dehumidifier
against the average temperature readings taken from the sensor 13 rather
than the average RH readings. This would allow the dehumidifier to run
more during the night for example (lower average temperature) to enable
morning condensation to be reduced, or to run more during the day (higher
average temperature) when water extraction is higher. The mode of

operation can be selectable by the user.

It will be appreciated that when the dehumidifier is described herein as being
continuously “on” this will be subject to normal defrosting periods which may
from time to time become necessary to de-ice the condenser coils when the

ambient temperature falls below about 18°C. The important thing is that
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when the reference level is exceeded the dehumidifier provides maximum
water extraction but when the RH is below the reference level the extraction

time is reduced.

It will be appreciated that the features disclosed herein may be present in
any feasible combination. Whilst the above description lays emphasis on
those areas which, in combination, are believed to be new, protection is

claimed for any inventive combination of the features disclosed herein.
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CLAIMS

1. A dehumidifier of the kind which includes housing having an
air inlet and an air outlet and containing a vapour compression circuit in
which a compressor circulates refrigerant vapour through a condenser, an
expansion device and an evaporator for removing water vapour from air
passing through the housing,

characterised in that the dehumidifier is arranged to monitor
changes in a relevant environmental parameter over a period of time to
establish a reference level for the said parameter, and the operation of the
dehumidifier is determined by whether the current value of the parameter is

above or below the reference level.

2. A dehumidifier according to Claim 1, in which the said

environmental parameter is relative humidity (RH).

3. A dehumidifier according to Claim 2, in which the dehumidifier
runs for a longer period when the current RH is above the established

reference level than it does when the RH is below the reference level.

4. A dehumidifier according to Claim 3, in which the dehumidifier
runs continuously when the current RH is above the established reference

level.

5. A dehumidifier according to Claim 2, 3 or 4, in which the duty

cycle (on/off ratio) of the dehumidifier when the RH is below the reference
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level is user-controllable.

6. A dehumidifier according to any of Claims 2 to 5. which has a
user-selectable override condition during which the dehumidifier runs

continuously irrespective of the current RH level.

7. A dehumidifier according to any of Claims 2 to 6, in which the
dehumidifier runs continuously when the current RH rises above a

predetermined maximum RH level.

8. A dehumidifier according to any of Claims 2 to 7, in which the
dehumidifier is always off when the current RH falls below a predetermined

minimum RH level.

9. A dehumidifier according to Claim 1, in which the said

environmental parameter is temperature.
10. A dehumidifier according to any preceding claim, in which the
reference level is obtained from a number of individual readings which are

stored at intervals over a preceding period.

11. A dehumidifier according to Claim 10, in which the reference

level is determined by an average value of the stored readings.

12. A dehumidifier according to Claim 10, in which the reference

level is where half of the stored readings fall above and half fall below.

13. A dehumidifier characterised in that the dehumidifier is
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arranged to monitor changes in a relevant environmental parameter over a
period of time to establish a reference level for the said parameter, and the
operation of the dehumidifier is determined by whether the current value of
the parameter is above or below the reference level, in which a number of
individual readings of said environmental parameter are stored at intervals
over said period and the reference level is set at a value where half of the

stored readings fall above the reference level and half fall below.
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