1 27 JUNE 2006 METHOD FOR REGULATION OF DISPLACEMENT CONDITIONERS, AND
SYSTEM DESCRIPTION The present invention relates to the field of cooling of objects by means of
displacement ventilation. According to the so-called technique of "displacement”, in itself known, in a
room a flow 5 of cold air is supplied at low speed at]floor level. The conditioner %1} @R%e%t(%r which
supplies this flow can be outside or inside the room. The cold air, denser, is spread overthe entire

floor. When the [ ' i e i a equipment
to be cooleﬂ?kf%&sﬁl%iglr%ﬁ %%@éﬂ%%@@%@%@d@%ﬁ@%@%e ei%ted air near
the ceiling &XRd'FMMm is aspirated by the conditioner, cooled and returned into circulation. The
features which distinguish 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,m&QQes 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 bath with. air. diffusers placed inside_the.room to be cooled. cannected to air condjtioners
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The movemegittBfiddnling 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 clgse to the design value or abqve a 25 preset limit for proper working
of the systerCHH UBALt BF HePURISHTISHS e GREAE Pha s RSSO B it vl
The thermalofjraddent is HnelictoatHewisftod aaflo@nld el 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. 2 27 JUNE 2006
The conditioner or refrigerator which supplies this flow can be outside or inside the

room. The cold air, denser, is spread over the entire floor. When the cold air comes into
contact with the heat sources in the room, for example equipment to be cooled, it heats
10 and an ascending movement is generated by convection. The heated air near the ceiling
of the room is aspirated by the conditioner, cooled and returned into circulation. The
features which distinguish 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.



The heat load of a room depends on the endogenous heat emitted by the equipment located in the
room, on the endogenous heat emitted by the persons, in the room, and on the heat exchanged via
the structures (walls, floor, ceiling) between the room and the outside. 5 The heat load varies in time
substantially because both the endogenous heat emiitted by the equipment and%zfy %@Il{g(a%gws and
the heat exchanged, which depends on the conditions inside and outside the ro m] ary.

According to the state of art.prior to this invention, in systems with displacement cooling regulation
takes placeogi}}ecg%%cjﬂ%% ﬂ%eaprc?v(\)/glr St %Ih(iesdorl)ly ee%lgdr?)(%%onuesr%%e ?ﬁgéﬁégg%ltgﬁs?gﬁﬂ%%%ver does
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system. 15 To avoid the problems mentioned, provision is made for the regulation method according
to the invenfi8Ri%s claimed in claim 1 and the system as claimed in claim 7. Further new and useful
features are claimed in the dependent claims. The method of regulation, in other words, provides for

joint and sequential requlation of the power. s ies by the, 20 conditigner and of the air floy rate of
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power. Or nibelutatimesguidtoRothhpowsr ardl taguationshdiseretavbiebsirnetis dinfldw rate can

be providedeSditRaNIatian: Ry disatede gleRsoaf tha-@ir flow rate and of the power can be provided. Or
finally modulating regulation of the air flow rate and discrete step regulation of the 25 power can be

provided. The new regulation method achieves the objects stated above and remedies the
disadVantagéscoesaghedhebose rélatingito thehstate aftthe, antsystpastivitdadisphaietansdhding

temperature, raglieq aeys;PAaLOr KGR GIRRE (NG AFSIonKAE: Morsavariar RAnil

advantage asregards the electricity"consumption of the fans, in that thé power that they must supply
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the inventiograteetn ke presheddieraindaelaw ratbaiaiarensadethedaccasepaaiag deyyings, in

which: 35 F%e%égtglggaﬁpfx{lvgcl%rgﬂglﬁjgt&a{gg &E\S%lryc%%k{ggt g;srtee%latlon of the invention in the case of

15
To avoid the problems mentioned, provision is made for the regulation method according
to the invention, as claimed in claim 1 and the system as claimed in claim 7. Further new
and useful features are claimed in the dependent claims. The method of regulation, in
other words, provides for joint and sequential regulation of the power supplied by the

20 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
finally modulating regulation of the air flow rate and discrete step regulation of the

25 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
temperature gradient always equal or very close to the design value. Moreover there is an
30 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
with reference to the accompanying drawings, in which:
35 Fig. 1 is a graph which illustrates the method of regulation of the invention in the case of

modulating regulation of both the air flow rate and power supplied by the conditioner



modulating regulation of both the air flow rate and power supplied by the conditioner 3 27 JUNE 2006
(both plotted on the Y axis), as a function of the power required by the system (or system load, plotted
on the X axis); the air flow rate is indicated by an un?roken line, and the power supplied by the
conditioner is indicated by a dotted line; Fig. 2 is a graph for the case of Fig. 1 ][kEEht‘.% odulation
of the air flow rate and the 5 power of the conditioner are plotted as a function ture

measured ( ﬁ{él pei |§(5|)9 f for the a r ro te and for the ‘ép%hed( b

conditioner, p(i t oen the aX|s arethd s“élr%éo%é’ |n Soivef: 38 a é’raﬁhs lich s¥rsa?es an
advantage dbde potéestion, thre tleagase e raigdlatioratags nrﬁngamdimpamuutaokhe farot, thiad the
temperatur g(@gieﬁilg RBLBE thetalitfork? fpﬁ{ﬁf@d{%?%{‘l&&@tiahwhge the air temperature varies (on

the X axis), he unbroken lirie indicates the trend of the temperature gradient with traditional regulation

the dotted Iih& |ﬁd§ﬁa%@§liﬁ8rtiéﬁﬁaéPfhfeFf§nipé?Y5?ﬁ?@é diiéiﬁi%iﬂi‘i‘ié’éﬁilﬁtﬂ:iﬁ %‘fci?tﬁ‘?r?dl
invengion; thethickeTHeariratital dasbedding indichissiihe dasigregiadientcotdaspat (Ehspdag:ement

functioning; }15 Flg |sa [ Oiri iél%ilirﬂ Osvgrat eng’lirIi’lé)IP tgdvantalge of litlié-:-di%vehtéogdﬂ(ptl(r)%dpction of

the fan consunipti n th an consumption ra es are ind |catep on theRP axis as a function of the air
temperaturd?lpiéﬁﬁb@dhetﬁ(eaxlaﬂé‘v‘ the antsrekahlige lindicates the consumption for traditional

regulation, the dotied gi&%ﬁrkdiﬁaﬁemﬁla%@my@m@aagerdeaﬁlﬂi@ht@%c%dmcméhﬂ teyentien, in the
case of a direct cyrrent fan; the ch %ine indicates 20 the consu pti \ﬁﬁgor requlatio according
to the inventlor™i| e Eatl BEHR eSS Al ErAFIBSGHATS ETTARH dHRCH ot

regul&tion methodiiredhesstimodiméntiwithrstappedtueguiatior(@f the Xiralow itheeufrdmthen\rhams as an
unbroken ling)and medylatings (5o ‘Héﬂ‘i a‘?&r‘é‘)ﬁr&&*‘é’ﬁr ViR et s &%ﬁa@%ﬁe%"tﬁ)@ﬁ fifunction of

the power 25 required by the system (on the X axis); 6 illustrates tlie embodiment of the invention
as for Figurél&siiaietdhsir end rafe t%d?ﬂ@‘ﬁéwgi sﬁrﬁé?f@a BYiheregHait S h e apidicet? bithe same
graphic formmeiabirighedihacreplaitet asd, fdagiian nidhadintemperatdren iadieiltugsrasesptire trend of

the temperaéurel &rezargéelrtii'ﬁgggutgnelnY axis) as a function of the
15 Fig. 4 is a graph which illustrates another advantage of the invention, i.e. reduction of the
fan consumption; the fan consumption rates are indicated on the Y axis as a function of
the air temperature, plotted on the X axis: the unbroken line indicates the consumption
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
20 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
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
25 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.
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
30 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);
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 as in Fig. 6, in the case of a fan with direct current supply (dotted line) and in the case of

a fan with alternating current supply (chequered line);



30 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); Fig. 8 illustrates the
consumption of the fan (on the Y axis) as a function 6?f the air temperature (on the X axis) for
traditional regulation (unbroken line) and for regulation 35 as in Fig. 6, in the cag;; %ﬁégf@/th direct
current supply (dotted line) and in the case of a fan with alternating current supply dered line); 4
27 JUNE 2006 Fjg,,9 illustrates in a firs ph (a) ste % regylgtion of the ajr féo rate (unbroken
i) with o Gua SALTET STl DG B D1 oA er SIS A e e e P RS Steppec
regulation betithofahgaair flowerateplicdrbkehelie@)dainehef tdetpowmesuppliot doseapredmplitioner (dotted

ine), in both 363 ASAIHDRIAMOLHRRANESISANTER B IDR 17 YA FlophQUusiipiRainy raph,

as a function of the air temperature, stepped regulation of the air flow rate (unbroken line) and of the
power supplisd ERPthdoashAstRsser iastd o) S 39 MR o thgrBRN Aoy Sighe air

températuresyfieniemperature gradient 10 obtained for traditional regulation (unbroken line) and for

regulation a or(il' 19 Figures 9 and 10 d?tte .Iin@‘#ﬁle de§i%1 radient is shown tt.he tf}:’fk,
norzontal. dena H e e e B o o

a function dhthaiaileatiperduneroksa dnssimpbudrilst oeevearsipplisddey oharonddigscas deitabroken

line for traditjgrpl regulation, as a dotted line for regulation according to Figures 9 and 15 10 and for a
direct current.fan, as a chequered line for an alternating current fan and. regulation as in Figures 9 and
10: Figs. 1310Ri 14 IHEPE) A SERBRRAA LUt Ut TRBEIiGh BFyNRF B SRt Eihiroken
Iir_le)lé)nd steﬂpa’da@@mﬂ_at&dﬁtiohﬂheegowml_summieﬁdmylﬂn@ aqd(ﬂdioﬂguleai'mm@cbnﬁhm fRguxeaxis i_n
Fig. 13 the Roue iFRIUTEA KNGS RIALGT ORI IO ey AR AIRMREGIGinEhe blect

of this patent application is a method of fegulation of conditioners for a room, functioning according to
the displaceli@nt pHHtsisrcs it gieh dhel et acreigl fforPnTER@ Wi chealfowis ednegiinn
maintaining oifnttbeiioempahereomditonatnpfighdgsigfan is plotted on the Y axis as an unbroken

line for traditional regulation, as a dotted line for regulation according to Figures 9 and
15 10 and for a direct current fan, as a chequered line for an alternating current fan and

regulation as in Figures 9 and 10;

Figs. 13 and 14 refer to an embodiment with modulating regulation of the air flow rate

(unbroken line) and stepped regulation of the power supplied by the conditioner (dotted

line); on the X axis in Fig. 13 the power required by the system is plotted and in Fig. 14

20 the air temperature.

The object of this patent application is a method of regulation of conditioners for a room,
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
25 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.
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.

30
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
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
35 this/these temperature/s measured the air flow rate and power are regulated, so as to

maintain the gradient substantially at the preset value.



25 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 conditi?_;ner. 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. 30 Acggrpqﬁgaéﬂg new
method, more particularly, a variation in the air temperature is measured, indicating variation in

the load recyred (ofifhe pouct reduired) by ihe System, by means.of sensors, placed inside or outside
the conditioner. The temperature ‘measured can be that of the delivery air, or of the réturn air, or both.
As a functiomagiourevd8 this/these temperature/s measured the air flow rate and power are regulated,
S0 as to maintain the gradient substantially at the preset value. 5 27 JUNE 2006 The combined

regulation of the air flow rate and of the power can be carried out in various ways. Fi%téres 1-4 refer to
a first emboligHRt of thesiertion, WitkreBPofiBgifatibgths IBYEHEE8n Wheirh¥y JOPHUaBE the air
flow rate aneegiititéopavwesriedhusttbuilild thenirmodutatingid efetisetp@veariationsokihaheakameter

controlled (power and/or flow rate) with continypus functioning. Wi any. discontinuity. In the first
embociiment UL of Ter o Ao Py AL G I SO SEOEL Pl
conditioner &Ath ¢ tareMF HaCE AYe 2. 000h elesiy il acayintyh &l dhaifas pandiamuiret bYOfre system
10 decreases, hethowér ﬁ%quﬁr@@ HRCERINIGAD 86 RN FoRigwias hicans) AHluratachdngad ariation.
Provision is mage for the air ff§§/#z;(§ienot to dﬁ;ﬁp elow ?ﬂr%irr:imum value so zats to improve the
sensitivity of thé' tempatiive SORe L8R/ 8P mSviRg 9TCRIY Sh AW IR ritsns YR actice
regul&tion ofitheeaied]dwttatecarwlafaheapoweinis camedeut. d8 aiconseqdehdbwtitie aititemperatures
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required, the temperatures being indicative of this load. The regulation of both parameters (power of
the conditiod&faHBPEIVAGHE veRel ke STk EMRATA M ¢ seterr TagHatisnT raAYBdBMEE by Wtical
dashed linesiinifrigie Zoobelnvigthfthesegidatimiangerisviriatevaat ndophndepeadsi@ndhe control
precision to be obtained. With}n this. range the regulation rHetho described ov%is
as a consequence of the air temperatures measured, as shown in Fig. Z; rather than as a
15 consequence of the measurement of the load required, the temperatures being indicative
of this load. The regulation of both parameters (power of the conditioner and air flow
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

20 applied.

With the regulation method described above, the 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
25 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
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%,
30 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,

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

A second embodiment of the invention is illustrated with reference to Figures 5-8. At
35 100% of the power required by the system both the power supplied by the conditioner

and the air flow rate are equal to 100% (design data). The regulation is carried out by



20 applied. With the regulation method described above, the 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, thegradient decreased even as 25 far as values such
as to prevent proper functioning of the system according to the displacement prérzc;@ﬁ#\%rp ver a
significant advantage is obtained as regards electricity consumption of the fans; WH i Fig. 4, in

the case of variagon ofdhe flow/ata taking place bymoditying fne reys of e fan 3l Thayis to say,
whereas with" thetradifiona reguPatl%nyme 34 the’can umpatlon of thietdis Wwas af\l/vayél equal to

100%, 30 acogrtierdtonidulatiagioniinatine) athbientenspepitsd dywih twadifethod of tbgulation shown
in Figs. 1 and 2,{hargyse siHeRRE rrduHiond bR cpesHmPiemeliheniaR(SedQAidiff¢rRnt extent

for alternating current fans and for direct current fans, A second embodiment of the invention is

illustrated with HY® EHESD ﬁ@h’i’éé@-@%&e@S‘tl*bﬁ%lé‘?‘lﬁbvﬁli\‘ﬁe?“ré%ﬁ@& B§%§1§§}§féﬁﬁ’l¥8’fh the
powes supplieghbydive doanditienstandpheyaithcansiieiaretheattopt Bt (design slatay hbeeregulation
is carried out by 6 27 JUNE. 2006 varying, by.discrete steps.{(any,number of steps).the air flow rate,
and continui il it e s B R R o e e

power requifedlpianethysreiahyayidBe saraererrasulis esrisperdiianbitdedanense aureel Gaayied. The air

flow rate capRlsaihie @aniGingHeat ameiNmpERaYakSalldNnCAT8 Bf NG PRYRN 5 rgruiied by the
system, to improve the sensitivity of the temperature sensors and/or moye in any case the air in the
room. In Fighe'e M6 VAR BHEIHE NES ABARERATSAGRRSF FUGLEHOI S HRTFt S1hd ange of
regulétion ismirétevanilanded dpepdpanfthetcontobiphisplsiemtmte obtained. The temperature values,
at which the various steps of the air flow rate are activated, can vary, provided the temperature
gradient is greater than the 10 minimum allowed for proper functioning of displacement. The
advantagesg&ﬁtr?élg@%a%ﬁ Shidiedasabdimeib HosEBRhE R 2hriBe, THShERAEr s can be
seen in Fig. parthelgradieninalvayisimpiptainet abavethes lawesy sthresheigebapsoperdunatigning of

displaceme t'rc':\éll%ﬁfp erﬂjas shgwn in Fi ure 8, |{1athe 1nff3tan e of the flow rate V%rla&lgrkt?rlflﬁl% place by

o rqQper functionin € reover, as snown 1 1gUr
variation of the revs of t le%n, e consump i3k or'the ans detreases as hegtempérature of the

ambiént air decredsds flow rate variation taking place by variation of the revs of the fan, the
consumption of the fan/fans decreases as the temperature of the ambient air decreases
(therefore of the power required by the system). The reduction is different according to

whether the fans are supplied with alternating current or with direct current.

20 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.

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
25 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.

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
30 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.

In the case of Fig. 9b, the power supplied by the conditioner is regulated in order to form
two steps. The air flow rate increases by discrete steps for values of power required by
35 the system which can vary as a function of the percentage of regulation of the power

supplied by the conditioner.



(therefore of the power required by the system). The reduction is different according to whether the
fans are supplied with alternating current or with direct current. 20 In a third embodiment of the
invention regulation by discrete steps is carried out t}oth of the air flow rate and of the power. The

embodiment is illustrated in Figs. 9-12. The stepped regulation of the power is |%ggy§#2pbg
regulation of energy. In practice the conditioner is actuated and de-actuated but'n Ss, when

actuated, al\l%ayfs 2§h§u {plies 100% of.the OXer{gCFor eﬁgg‘gﬁle, to optain 0% 8}‘ eﬂLe energy, actuation
r
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regulation stemprigtt@a ohvthernth&lebrepyesdormoirbiihticnd, ity thwagssetpphesn bOssarf théhpower.
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approaches the maximum design power (or even exceeds it). In this case the air flow rate rises to the

design maxitiiih. Thed ¢h ! Srasignemotiesybition s pprsa sy i b i diaad ! order to
form 3wo stepsisibe airftovbraiie:dcrhasempyraliseretgsieps faiivalues airjpowatepqoired kyr35 the

system which can vary as afunction of the percentage of regulation of the power supplied by the
conaioner 115 A B B B Y e

basis of the MéHiperatgrapstahecait (dhslivange rdtigavditisotincedeneyviiedsalnedes, vdussrhigheeen in the

graph in Figirh@.(M¥ithin theferas ahieaubainnibg abrfieyratefecreases by discrete steps. The
width of the range of regulation is irrelevant and only depends on the control 5 precision to be

obtained. The temperature values at which the various steps of the air flow rate are activated can
varylThe stéps sdwnbegstvatedfatioder yaluestantikinnnatdonmidehepehatuemioddheaangbaof

regulation ad deagtivaiedelfsdahyaAlinR MR RAN e mamUm ERAAL G oL R range of

regulation. 10 The advantages are In particular, as mentioned in relatioh to the other embodiments,

that the regisibrltnethisd thdintlans theaetisarble e dreiineninalifagnabevd gh Hstapifaneas threshold

value, and allevsndieansidgiahlarcedeiasin tomparaupptionradihenfansagatia amkienttasperature
decreases, cogngared to the traditi%nal re(f‘;ulation :ﬁ/ﬁten? The reduction is more noticeable for fans
1 ans supplred with

supplied wi e eUC nLIS Mote Egtlcea le for diréct current.
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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,

20 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.



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 temperatlére of the air (delivery, return/ambient or both).
Within the range of regulation, 20 defined by the vertical dashed lines, the air flo é&fé&%fg{(@gses
continuously with any trend as the temperature decreases, and the power suppfi y nditioner
decreases %The advantages are as mentioned with reference to the previous embodiments. 8
CLAIMS 27 06 1. Regulation method of displacement conditioners for maintaining the thermal
gradient in the room be conditioned equal to or higher than the design value as a function of the

power requie g A FEALIrRY: SEifsPISBRR RAUBRIBIOLFE W AHOM AT POMEERHPRIGSH DY the

conditioner, characterised in that it also comprises combined regulation 5 of the air flow rate supplied
by the cond#fiohErre®vtHsBHECSRGTg 8 dtafth W SRAA MRS e TRt Mt etdiitioD ldifeter
measured fpoweguladidrets dre lierpetpiited, ofink delivedy impiding tiheyueititm aif othanpoiest air. 10 3.
Method accordi claim 1. characterised in that modulating regulation. is carried put both of the air
flow rate andLBP IR S ol e B L LSS e .
charatterisedf ekt hevdiatstingpEed lyidie sptsétisodier 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 hoth of the air flow rate and of the power of the conditioner. 6. Method according
to claim 1, c%‘a% (}gsgﬁcﬂ{% IR StiALi gd?éﬁa[fltﬁfiléﬁdoﬂﬁléaﬁﬁl‘ezf‘f?cf’é@??g@aé%e%Hfg?i%ﬁ discrete
steps of thefpoveenbititreicdnditmperaameccdrtiedlelutey Meatidétiothe ariditioning sydtent elvaracterised
by combined regulation of the power supplied by the conditioner and of the air flow rate supplied by
the conditioner. 25 8. System according to claim 7, with regulation a(;cording? any one of claims 1-6.

10 3. Method according to claim 1, characterised in that modulating regulation is carried out

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

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.

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



