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CONDI TI ONERS, AND SYSTEM DESCRI PTION The present invention relates to the
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According to the so-called technique af "displacenment”, in itself known, in
arooma flow 5 of cold air is supplied at | ow speed at floor |evel. The
conditioner or refrigerator which supplies this flow can be outside or
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Wien the cold air cones into contact with the heat sources in the room

for examPX8TEMi pnent to be cooled, it heats 10 and an ascendi ng novenent
is generated by convection. The heated air near the ceiling of the roomis
aspirated by the conditioner, cooled and returned into circulation. The

f eat ur esDESICERAPHIQN | ngui sh di spl acenent ventilation are the | ow speed of
the air, for which sonme books define the upper limt of 0.5 nis and the
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m xes ntnlnally Cbollng of the displacenent air can be carri ed
out both with air diffusers placed inside the roomto be cool ed, connected
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between the cold cooling air at floor Ievel and the heated cooling air at
ceiling level. It is therefore decisive to maintain this thermal gradi ent
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em tted ?gat&rgs? W 1&1 @mfaingutsh displacement ventilation are the low speed of the air, for
which some books define the upper limit of 0.5 m/s, and the fact that the cooling air, that

is to say the air emitted by the conditioner, which air passes along the heat sources to be

15 cooled and returns to the conditioner, is not mixed with the ambient air, or only mixes

with it minimally.

Cooling of the displacement air can be carried out both with air diffusers placed inside
the room to be cooled, connected to air conditioners placed externally via a network of

20 ducts, or directly with air conditioners placed inside the room.

The movement of cooling air in a displacement system is caused by the thermal gradient
between the cold cooling air at floor level and the heated cooling air at ceiling level. It is
therefore decisive to maintain this thermal gradient close to the design value or above a

25 preset limit for proper working of the system.
An object of the invention is to maintain the gradient always above a certain limit value.
The thermal gradient is linked to the air flow rate and to the heat load of the room. At the

30 same air flow rate, the gradient is greater if the heat load is greater. At the same heat

load, the gradient is greater if the air flow rate is lower.



located in the room on the endogenous heat emtted by the persons, in the
room and on the heat exchanged via the structures (walls, floor, ceiling)
bet ween twe osossBand the 5 outside. The heat | oad vari es PCA/EPOZIE:792
substantially because both the endogenous heat emtted by the equi pnent
and by the persons and the heat exchanged, which depends on the conditions
i nside and outside the room vary. 10 According to the state of art prior
to this invention, in systens with displacenent cooling regulation t akes
pl ace by controllln t he power supplied by the conditioner
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clainmed in the dependent claims. The nethod of regulation, in 20 other
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and useful features are claimed in the dependent claims. The method of regulation, in
20 other words, provides for joint and sequential regulation of the power supplied by the
conditioner and of the air flow rate of the conditioner. The regulation can be of the
modulating type both for the air flow rate and for the power. Or modulating regulation of
the power and regulation by discrete steps for the air flow rate can be provided. Or
regulation by discrete steps of the air flow rate and of the power can be provided. Or
25 finally modulating regulation of the air flow rate and discrete step regulation of the

power can be provided.

The new regulation method achieves the objects stated above and remedies the
disadvantages described above relating to the state of the art. In particular it maintains the
30 temperature gradient always equal or very close to the design value. Moreover there is an
advantage as regards the electricity consumption of the fans, in that the power that they

must supply decreases strongly as the ambient temperature decreases.

Non-limiting examples of embodiments of the invention are to be described herein below

35 with reference to the accompanying drawings, in which:



(both plotted on the Y axis), as a function of the power required by the
system (or system |oad, plotted on the X axis); the air flowrate is

i ndi cat edwby3assianbr oken |ine, and the 5 power supplied IpgTiHPE2/C02i ti oner
is indicated by a dotted line; Fig. 2 is a graph for the case of Fig. 1,
wherein the nodul ation of the air flowrate and the power of the
conditioner are plotted as a function of the tenperature neasured (X axis);
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20 for traditional regulation, the dotted line indicates the consumption for regulation
according to the invention, in the case of a direct current fan; the chequered line indicates
the consumption for regulation according to the invention, in the case of an alternating
current fan;
Fig. 5 is a graph which illustrates the regulation method in the embodiment with stepped
25 regulation of the air flow rate (on the Y axis as an unbroken line) and modulating
regulation of the power (on the Y axis as a dotted line) as a function of the power
required by the system (on the X axis);
Fig. 6 illustrates the embodiment of the invention as for Figure 5, but the air flow rate
and the power supplied by the conditioner, indicated by the same graphic form as for Fig.
30 5, are plotted as a function of the air temperature;
Fig. 7 illustrates the trend of the temperature gradient (on the Y axis) as a function of the
air temperature (on the X axis), for traditional regulation (unbroken line) and for
regulation as in Fig. 6 (dotted line), and the design gradient (thick, horizontal, dashed
line);
35 Fig. 8 illustrates the consumption of the fan (on the Y axis) as a function of the air

temperature (on the X axis) for traditional regulation (unbroken line) and for regulation



35 Fig. 8 illustrates the consunption of the fan (on the Y axis) as a
function of the air tenperature (on the X axis) for traditional regulation
(unbr okerwbioaejsiand for regul ation WO 93/ 058132 4 PCT/ EPOPCIAPOR14795 i n
Fig. 6, in the case of a fan with direct current supply (dotted |ine) and
in the case of a fan with alternating current supply (chequered line);
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20 (unbroken line) and stepped regulation of the power supplied by the conditioner (doited
line); on the X axis in Fig. 13 the power required by the system is plotted and in Fig. 14

the air temperature.

The object of this patent application is a method of regulation of conditioners for a room,
25 functioning according to the displacement principle or the like, and hence a regulation
method which allows constant maintaining, in the room to be conditioned, of a design
temperature gradient or higher than the design gradient, irrespective of the power
required by the same room. According to the new method combined regulation is carried
out of the power supplied by the conditioner and of the air flow rate of the conditioner.
30 The air flow rate can be varied by varying the number of revs of the fan or by using air

locks, or in another manner.

According to the new method, more particularly, a variation in the air temperature is
measured, indicating the variation in the load required (of the power required) by the
35 system, by means of sensors placed inside or outside the conditioner. The temperature

measured can be that of the delivery air, or of the return air, or both. As a function of the



| ocks, or in another manner. According to the new nethod, nore
particularly, a variation in the air tenperature is neasured, indicating
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20 rate) takes place within a certain regulation range, defined by vertical dashed lines in Fig.

2. The width of the regulation range is irrelevant and only depends on the control

precision to be obtained. Within this range the regulation method described above is

applied.

25 With the regulation method described above, fhe temperature gradient is maintained
constant and equal to 100% (design value), while with the traditional regulation method,
based on regulation of the power of the conditioner alone, the gradient decreased even as
far as values such as to prevent proper functioning of the system according to the
displacement principle. Moreover a significant advantage is obtained as regards

30 electricity consumption of the fans, as shown in Fig. 4, in the case of variation of the
flow rate taking place by modifying the revs of the fan itself. That is to say, whereas with
the traditional regulation method the consumption of the fans was always equal to 100%,
according to the variation in the ambient temperature, with the method of regulation
shown in Figs. 1 and 2 there is a considerable reduction in the consumption of the fan/s,

35 to a different extent for alternating current fans and for direct current fans.



30 electricity consunption of the fans, as shown in Fig. 4, in the case of
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In a third embodiment of the invention regulation by discrete steps is carried out both of

the air flow rate and of the power. The embodiment is illustrated in Figs. 9-12.

25
The stepped regulation of the power is in actual fact a regulation of energy. In practice
the conditioner is actuated and de-actuated but nevertheless, when actuated, always
supplies 100% of the power. For example, to obtain 50% of the energy, actuation takes
place for 30 minutes and de-actuation for a further 30 minutes.

30

In the case of one single regulation step, Fig. 9a, when the compressor is in function, it
always supplies 100% of the power. The air flow rate is equal to a fraction of the
maximum, until the power required by the system approaches the maximum design
power (or even exceeds it). In this case the air flow rate rises to the design maximum.

35
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the ambient temperature decreases, compared to the traditional regulation system. The

reduction is more noticeable for fans supplied with direct current.

20
According to a fourth embodiment, modulating regulation of the air flow rate and
regulation by discrete steps of the power are carried out, as illustrated in Fig. 13, as a
function of the power required by the system and in Fig. 14 as a function of the
temperature of the air (delivery, return/ambient or both). Within the range of regulation,
25 defined by the vertical dashed lines, the air flow rate decreases continuously with any

trend as the temperature decreases, and the power supplied by the conditioner decreases

by steps. The advantages are as mentioned with reference to the previous embodiments.



25 defined by the vertical dashed lines, the air flow rate decreases
continuously with any trend as the terrperature decreases, and the power
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PCT/ EPO2/ 14792 CLAIMS 1. Regul ation nmet hod of displacenent conditioners as
a function of the power required or |oad required, said nmethod conprising
regul ati opA9fss he power supplied by the conditioner, characterised in that
it also conprises conbined regulation of the air flow rate supplied by the
conditioner. 5 2. Method according to claim 1, characterised in that the

reference, R%xﬂdf%%etﬂ@@@ﬂ&l@ﬂacé}ﬁnt E&wdlcﬁietm d Binéid dfaﬁ@p@xamre@mﬂd drhe
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both of E&‘f‘dlt"i‘érferfdh%cfe%%@d ANfataf alE@@orHﬁH@é cOhbinBe répiiohioP e air Aewor di ng to
any trends. 4. according to claiml, characterised in that

modul at i hﬁgeﬁmpébyﬂwwdﬁ}?@%omr and regul ati on by discrete steps of the
air sflowrate are carried out. 15 5. Method according to claim1,

characterised in that regulation by discrete steps is carried out both of
the air £ Methask ascardingio elaian poekaragerisef dn deph dhe Teberence mramgiehBgasieehr di ng

to clai mel, re%h@t ; on(ﬁgé t%gﬁefarf'urg B?{herﬂéﬂ%r?'rair%d/o?%l r@‘@uh?ﬁ'lr of atbRnedir. flow

rate and reg crete steps of the power of the conditioner are
carried out. 20 7. Ventl | ation condl tioning system characterised by

combi ned ;r papl gt &dﬁi& t%h:‘fatlﬁl , Cha %ﬂ@d‘lﬁ%z@h&dﬂ?&tﬁ%@é@ﬂﬁﬁiﬁ% cafidd efit t he

air flowraesupp drei oner according to claim?7,
wi t10 r egbbtitafae aic ﬂowdlategmdwfﬂmwvarr oﬁtlmcngdmo@er acggrding to any trends.

4. Method according to claim 1, characterised in that modulating regulation of the power

and regulation by discrete steps of the air flow rate are carried out.

15 5. Method according to claim 1, characterised in that regulation by discrete steps is

carried out both of the air flow rate and of the power of the conditioner.

6. Method according to claim 1, characterised in that modulating regulation of the air

flow rate and regulation by discrete steps of the power of the conditioner are carried out.
20

7. Ventilation conditioning system characterised by combined regulation of the power

supplied by the conditioner and of the air flow rate supplied by the conditioner.

8. System according to claim 7, with regulation according any one of claims 1-6.
25



