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DEVI CE AND METHOD FOR HUM DI TY ESTI MATI ON

CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
application is based upon and clains the benefit of 5
priority from Japanese Patent Application No.

2009- 238557, filed Cctober 15, 2009; the entire
contents of which are incorporated herein by
reference. FIELD 10 Enbodi nents descri bed herein
relate generally to a device and a nethod for

humi di ty &SVEREL A Mﬂ?ﬁPDeg@lﬁ P DARY | BEOBHATIRNN dity
value to be used for calculating air-conditioning
paraneters in an air-conditioner that controls
abnessrnﬁnﬂnnublgmmmnﬂﬂmTEa BePLIFATIONUCh as a hospital
15 BACKGROUND _ Gener al ener gy consu tlon e%

to ai rTre&n@?R%mtﬁandc%bﬁ?%% WEOR AT G % iMFhp Denet

CERSYADLy Of}&noraagghes@%ééaxﬁg ?ﬂﬂ&@é@{gr? NoTh%ro%fsoﬁﬁassv,
pronoti on of energy saving 20 alr-condi tioning

hifghég Comtbabutzs 2&3396ne:rrgey esdniirag chotentent ¢f ewipich are
bui | di n nent s while, it is required to
séPF%FQgggﬂgngBﬁl?nbxmﬁﬁﬁFﬁenf? e. confort) of persons
in an anenity space such as a room in a business

bui | di ng. Though ensuring confort has aspects 25
oB@BEPng agai nst energy savi ng, energy waste can be

beyand Hreriieh e AP R0 BEERRHR AR SRR R o aevice

Persons in

canfios tradtihed f@:@ﬂﬁﬁrﬂﬁ&tyaemmalt@bnuﬂid‘cg edt @O Eh indoor
i ndex called as PW is w dely adopted for

c SHLAM BatYaiveottoc Sf Bped afel efRhyyasald nir -oxpditioning
Hg%?kﬂ@éé i tﬂ& Cogaorta&pgggh 1d¥gne¥”||th§t controlis

expl al ned.
air-conditioning within a building such as a hospital.

BACKGROUND

Generally, energy consumption relating to
air-conditioning occupies a half of energy consumption for all
building equipments. Therefore, promotion of energy saving
for air-conditioning highly contributes to energy saving for
entire of building eguipments.

Meanwhile, it is required to satisfy sensation of warmth
(i.e. comfort) cof persons in an amenity space such as a room
in a business building. Though ensuring comfort has aspects
opposing against energy saving, energy waste can be saved by
restraining excessive energy consumption beyond a range where
persons in a room feel comfortable.

Therefore, a control using a comfort index called as PMV
is widely adopted for contamination of comfort and energy saving.

Hereinafter, the comfort index "PMV" will be explained.
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The PW is a confort index cal cul ated by use of
paraneters (a) air tenperature, (b) relative

hum dity, (c) nean radiant tenperature, (d) airflow
speed, (e) activity index value [index of heat
generation wthin human body], and (f) anobunt of 5
clothing that affects a human sensation of warnth with
respect to heat and cold. An anount of heat

ener ay ' Tas VoWl 1 t
gonve?t;klﬂé\agw gaiaaatE Fon, ﬂaangerr%gg}g%‘f%gal?y?g ioéi?é T R
Heat ai adieatpieontuas, atmuntlefieyvapatditye (heakheamradiant
anount of heat 10 radi ati on through breathings, and an

LFBARF20I St 67 ALRELEY SPOREN (8h ACGAEE FBANEE* PR FRElindex

eGUirelalr ig;%%%{:borf e pastn tm;ﬂa%e%dgh% sabl sfeh €Qmofint of

human bo is thermally neutral and in a confortable

stiatbitqahai safifEctison hupbnaawhshodcoalfdwaOntit Retbtdeepect

hand, a human_body feels heat and cold when the
éaug??ibnarb#%of ‘thermal equilibrium becones invalid.

Pr of esg0lanbanges £ Heathge A€M fAL nURI MBS 1Y Ofsum of an
Dennmark released an introduction of a confort
emaunt of fenviggAveThdiatieinn@Erasmaunt @ft herti padiation in
hastmalLoad Lo a auman, Dody and .a. huan, sensation,....
5P REST2aha e S FEPS UG 4PEd V8 48R CotHeF Yt Ot hea
trB B Osghors tridricsityh CBEe AtNAlINSES 2Rl £SHESIURNAE I &S0 td KBAY .
European and American exam nees, so that the PW
Fbeeditt egda v Notkgrmajasapt bpoysiad wikh sefRecydio these
.he dard t f Ly.u Lo r n
4oy s PRREL AL Chahth IS 4 SRt BRGE LD TSRS
cohflotsabl2bstasendteds wotth: c Mad HAd webng 1IdEXton the other

seven-grade evaluation scale. +3 Hot +2 Warm +1
gppahtq)pqm%pnpogyhgﬁﬁ%%ﬂheat and cold when the equation of

thermal equilibrium becomes invalid.

Professor Fanger at the Technical University of Denmark
released an introduction of a comfort equation in 1967. This
being as a start point, a thermal load to a human body and a
human sensation for heat and cecld were associated each other
through statistical analyses of questionnaires tomany European
and American examinees, soc that the PMV (Predicted Mean Vote)
was proposed. This was got into the ISO standard and then
frequently used in recent days.

The PMV as an index of sensation of heat and cold is
presented with a value using next seven-grade evaluation scale.

+3 Hot

+2 Warm

+1 Slightly warm

0 Neutral

~1 Slightly cool
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30 -1 Slightly cool 2 -2 Cool -3 Cold Anobng the
above-nenti oned paraneters, the activity index value
that represents work intensity is generally used with
a 5 unit of a netabolismanount "net", and the anount
of clothing is used with a unit "clo". The unit "net"
represents a netabolismanount and 1 net is defined
with a follow ng equation (1) based on a netabolism
anmount ynggglrestlng condition in a thermally confort
st ate. = 58.2 Wn2 = 50 kcal/n2h (1) In

addi tien, cthe unit "clo" represents a thermally

insul ation property of clothing and 1 clo is a value
such tHng g}he aRpYAeSY: iReat Haéémat%w FRremcaisiiFy apdex

%l@e Wnrggggs%’]&s QOEQQ%%E%gt}Z net.]?a[@ n@%&%%}' é:h a

% of rel at umdity an ret
chitiaf laomeﬁmeld)smeqmdntbr'aées vnrtchtae amabobf €lothing

amount of 1 net. is defined with a follow ng
éﬁu‘é?‘?%ﬁ“(ti‘) abﬁgéﬁ ‘g% ‘conversion to a normal thermal

resi stz-mc Gnyal '%t"lr&ﬂ)&sencgsl§§né@gow Sm Oanl;%ng%}og kCalt

(2) 20 An air-conditioning |oad can be reduce save
énetgfyinebyw 5Bt &i frgllaaw@w ¢@ragabny dl Jubawed hinna anetabolism

confortable ra < +0.5) ysin

FEPROhi RieZ HETT O Copolbiandt o ety Coh atRbE-
si de whetCcaokpng iyt oWy Oc 2 109k 0, Si de whgn heat i ng.
PW = (0. 352e-0.042M A + 0.032)-L (3) 25 M activity

i ndex Wal additkieal | the suuﬁad’eclalr"eafaﬁmhan’aﬂ BodyefmR] 1y

1hsufaetr10n plrggéjrgyoo?uc othq(r)lgy r[c&“.\{al ig@_g] Lgusluactheghat
an amount of heat radiation from a surface of a human body in
a room (21°C of air temperature, 50% of relative humidity and
not mere than 5 cm/s of airflow speed) equilibrates with a
metabolic amount of 1 met. It is defined with a following
equation (2} based on a conversion toc a normal thermal
resistance value.

1 clo = 0.155 m?-°C/W = 0.18 m*+h-°C/kcal (2)

An air-conditioning load can be reduced to save energy
by setting a PMV target value within a comfortable range (-0.5
< PMV < +0.5) using a following equation (3) so that it is set
toward a hot side when cooling or toward a cold side when heating.

PMV = (0.352e %042 4 0.032)-L (3)

M: activity index value [kcall]

A: surface area of human body [m?]

L: thermal load to human bedy [kcal/m?-h] (calculated
from the Fanger's comfort equation)

e: base of natural logarithm

A patent document 1 (Japanese Patent Application
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fromthe Fanger's confort equation) e: base of natura
| ogarithm 30 A patent docunent 1 (Japanese Patent
Application 3 Laid-opened No. 2006-331372) discl oses
envi ronmental energy nmanagenent systemthat achieves
energy saving while ensuring confort of persons in a
roomusing the PW and so on. The system is
configured with an apparatus to which an agent

34 ed SNOS QBBE ?913 Eﬁ a1 %Esa%%‘ﬂgﬁmgﬁdﬂ %fnergy

n1za i on of “I'ndoor erna envi ronnent

MaRhgb@atd @y sebnenegychossedRineeyy Soeiorgdivhglé E@rduring
control function for air-conditioning equiprents

@a@éarb@fmﬁraqnérﬂgl BT PR HGEthapParafuy o7 eThgFystem
aUt r?lijx‘cf:edc\pﬂfggh %H}lgaltgg t@wh?&l‘l %‘rﬁl ?érﬁuﬂechnlque is

unc and rarchrzation funct
falppo;te@ns Tok aysenagentates dprar af usPt(nme:ataodactfa indoor
acqui sition function fron1the a ar at us,

itHEEHR At RYY HeRTAGS e ALY/ BRI PR ﬁcPlfo ﬁgf‘-B‘aY t ﬁ%ﬂSU&Eéﬁ?n
%%EBEéin%to%@o r‘?ﬁlﬁiHc%tlbgrfoELchichﬂdgél&hﬁlgtM$nts

envi ronnent and the energy optim zation)
Alashdugh famnyipas aifet ke sigebat apddrecush(ien eordwgranomous

exi st, such as tenpera ure, humdit irflow s
GPNERBL | i kBRChbith %??%ﬁazl tlgtﬁ?ué’%/ |f?? rwf’hef ‘?

N5 ORI ¢ 133d f’&hmﬂnomt | 94 28uRdt RIMY O¥F CANSHHMMgeMBNt
are achieved in the above-nenti oned environnental

eperRgytnanbgenert dyst enqm%mmvecfumtm@ perrerithe agent

docunent t functi.on f
éPPaESEﬂ?tuéﬁﬁﬁgeg%§$ﬁ pﬁ%ﬁ?%?%ﬁ?%/coPl ?%é%n¥ﬁéog %ﬁ:the
fageati apphased onnbhe ceabeld @ildroFuhdBEbh 08F Ofthd h‘.elermal
thermal environment and the energy 25 optim zation,
andirpenent Anculthei e FeEs pptgmization).

SUMMARY

Although many parameters that affect human comfort exist,
such as temperature, humidity, airflow speed or the like, both
of cptimization of indoor thermal environment and minimization
of energy consumption are achieved in the above-mentioned
environmental energy management system disclosed in the patent
document 1 by the control function for air-conditioning
equipments that utilizes the agent function based on the
calculation function of the thermal environment and the energy
optimization, and their calculation results.

However, since comfort that a person feels depends not
only on the thermal environment but also on humidity, a control
of humidity environment is also desired. But no humidity
measurement instrument is equipped in many buildings.

Therefore, it is hard to perform a control of humidity
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However, since confort that a person feels depends not
only on the thermal environnment but also on humdity,
a control of humdity environnent is also desired.
But no humidity neasurenent instrunent is equipped in
many buil dings. 30 Therefore, it is hard to performa
control of humdity 4 environment. An object of
ﬁnbpg!?ents is to provide a device and a nethod for
umi, di stimation that can estimate an indoor
ﬁﬁﬁ?a??_aﬁﬁlue to be used for air-conditioning even in
a 5 b lgHjR@Gtwher emswd ienitdi 1y tegsevedend dersitaey gidt @
is equipped. A first aspect of the present inventi.o
preshpdeson P idivt pEETRTERT diiiade Ple “EbHAETT &t Wi TR "
HopZhl§ONEI L OBET et BBLy | BGE UGRS- otd1RiGR1AG T BYOH in o
e estimation uni't, a charge air absolute humdity
Q@ﬁgﬁ&hQQMeuﬁhtqhﬁmndﬂuymwaqymmaeateuuﬁ@umapbﬁsaﬁnHmPEd-
estimation unit, and an indoor absolute humdity .
esti meki GhTERi B5PIHe BhaFge BFFFPLw 1AYE €St Mation®® 2
ﬁu&n&di@?%‘ﬂ'@étggﬁr@édi@% coRtdDled RhOR N 2@R-&dnditioner
charge tan of the air-conditioner and cal cul ates an
gcsialtgﬁﬁcemcﬁd’aaagmaadgﬁ hbwEYat eatefestimaiiipn covidi t # si@rae
ased on_the operation contrpl 15 .infar i 0
éﬁéf&@SPéHt%n?PQ%Qﬁﬁéé§F%f3ﬁ€%ﬁqf%ﬂ%ﬁﬂiagr%%ggggs%ﬁégyatEd
m%oﬁh%%@bétﬁbéﬁdﬂ @ htMaghidt ¥n eSidorRt ABEd lunkt hunidity
acquires a charge air tenperature value of the
astimandoni ongt. afite cellangeatady f3AY e et frababi e ge vrit
air gbsolute humdity of th |1~ congdit e
R B g A BBl A b DA SR 50 Sardyarn oL the
e g8nai f 1684 Ahhy 8a Dewl i dsyan Eheinatdaorhgeyecr iatfdgw rate
vapor anount estimation unit that acquires an indoor
teip&hat e aandé thener r SFEEhaRR | $PEn YHjRacEon control

g:gr}n:fo:%gmltalgggzp g%fo E_)i{hee cﬂ..L:lE'gg opdi tiQner R A GULAEESatial
gener at ed
pressure. The charge air absolute humidity estimation unit
acquires a charge air temperature value of the air-conditicner
and calculates an estimated charge air absolute humidity of the
air-conditioner based on the charge air temperature value and
a preset charge air relative humidity. The indoor generated
vapor amount estimation unit that acquires an indoor
temperature value of a room that is an object controlled by the
air-conditioner and calculates an estimated indoor generated
vapor amount based on the indoor temperature value, the number
of persons in the room and activity index values of the persons
that are input. The indoor absolute humidity estimation unit
that calculates an estimated absolute humidity in the room based
on the estimated charge airflow rate calculated by the charge

airflow rate estimation unit, the estimated charge air absolute

humidity calculated by the charge air absolute humidity
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vapor anmount based on the indoor tenperature val ue,

the nunber 25 of persons in the roomand activity

i ndex val ues of the persons that are input. The

i ndoor absolute humdity estimation unit that

cal cul ates an estimated absolute humdity in the room
based on the estinmated charge airflow rate cal cul at ed
by the charge airflowrate estimtion unit, the

St ' ; ; el I t

A A R R b S e
and cubetestbyaited iinddoer ggeaess atde drapapormanmungst imation
cal cul ated by the indoor generated vapor anount
#&titmati on unit. A second aspect of the present

| nventj o0, pLayi des. 2 o Nl dilkers! i ARbAORIMRIRRA4EON &
estimating humdity in a room in which an

aiurmd ddndi d¢dtomert ibs esiqupédr e mest hodhumicligdesn a room
acquiri n% operatiqQn control informati %E‘ of t% éhar € des:
fiZn"BFch RB 1 FOROhT PR Tne? P RAPRET at i'AG B &St HarEq S
GRRFGE81 Al Idde@We 8 @onllol NG fRha E0ALE HRBRr§ATRE O the
the operation control 10 information of the charge fan
arid-gopdesindrancal fflatdngi a1 espipatrs ehapggilr f%@w gate

charge air. te rature valuye of th ai r-conditiaoner.;
c?fl;%l cOil&t iarﬁ—gﬁggéﬁ%?redggﬁgggeonai ?h%bsoaelft%ggoﬁurﬁ% Rk
afh foRRadl bn CNdinki BREFgd AR 208 & her&dtdr ganabf fferential
tenperature value and a preset charge air relative

mpesglrg: a6TakLuior ingFherendésr tEBRPRIEILE galdrueiofthe
the room . calsul ali 0 .30 e8! iqrl gl dndaor generaled e
vapor anount bdsed on Eithe i ndoor tenper at%re val ue,
theiadaber roft eersansondit benewobasetl oacthwei toharpdexir
val ues of the persons that are input; and c¢alcul atjn
&ETPSERRAT R IV N8P @ RIRFPEF tSPATTSt AT ISIRtDEE l&gﬁ

t%%ﬁ%%&h?’%tneg%&c{}%r gendd £ QW 21K ok heeeSddnrBtefbulating
charge arr absolute humdity and the estinated i ndoor
genesatrext edapodoor generated vapor amount based on the indoor
temperature value, the number of persons in the room and
activity index values of the persons that are input; and
calculating an estimated absolute humidity in the room based
on the estimated charge airflow rate, the estimated charge air
absolute humidity and the estimated indoor generated vapor
amount.

According to the above aspects of the present invention,
an indoor humidity value to be used for air-conditioning can

be estimated even in a building where no humidity measurement

instrument is equipped.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a block diagram of a device for humidity

estimaticn according to an embodiment;
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anount. According to the above aspects of the present
invention, an indoor humdity value to be used for
air-conditioning can 25 be estimated even in a

bui | di ng where no humi dity nmeasurenent instrunent is
equi pped. BRI EF DESCRI PTI ON OF DRAWNGS Fig. 1 is a
bl ock di agram of a device for humdity 30 estimation
according to an enbodinent; 6 Fig. 2 is a flowhart

ShOWi n? %ﬁ%r ﬁg' angl ! Shtéagg 9? 8£a1|tjﬂ%nodio§5ythe device

estimu rmation of a
char gemat{fy @that:e::ﬂi;abl e stor ed in a charge airflow
rate estimatjion unit of 5 the device for humdity

esti mation3 ¥ §.94PNsShO Grdptn SHORITRG™ Hf Bﬁ?&FEBr?’&ffl&W
%Egga@ie{] st'agghdlﬂ bl e gt PEed, | 'J:@lt@ ShahBe 18k unit of

sol ute Ity estindgtion unit of the device for
hﬂm detycestdmiumadit anebtRimgtibnis a graph show ng
informati on of a gener ated vapor _ 10 anoun

| ,
st or ed® 1% dh JSndoBF2Rferdicatag %Bﬁ%’FmaaHé’lﬁ‘nP %s"%farefé’tei 6i*

qp\ﬁf&d@%}{_t herdeVviseerEQr sRUE didy: témtbl%blut@EWn{-l%@ty
| ON OF ENBODI MENTS ( CONFI GURATI ON' OF DEVI CE

FEER 1 HIVE &b THAESBIEMATE @n@vm@ Her ehwrafdidy, ee@mmwgwat |a@d
of an enbogl nment of. a sti rraéon devi

11 e I REESRr EROFOF el hRE T ol of o 4 Efpged vapor

hidsdl t @3kl Biran devise Lfidsy Penddedd Ra@Br amount
air-conditioner for a roomin a building. The humdity

2ptésat it i whtdefi e 1deving daeshumehdngesairitil rat e
estimation unit 11, a charge air absolute humdity
estimation unit 12, an

DETAILED DESCRIPTION OF EMBODIMENTS
(CONFIGURATION OF DEVICE FCOR HUMIDITY ESTIMATION)

Hereinafter, configuration of an embodiment of a humidity
estimation device 10 will be explained with reference to FIG.
1.

The humidity estimation device 10 is provided in an
air-conditioner for a room in a building. The humidity
estimation device 10 includes a charge airflow rate estimation
unit 11, a charge air absolute humidity estimation unit 12, an
indoor generated vapor amount estimation unit 13, and an indoor
absclute humidity estimation unit 14. Plural {n number of)
air-conditicners 1 to n are provided in a room that is a
controlled object for air-conditioning.

The charge airflow rate estimation unit 11 acquires each
controlled rotational speed of charge fans as operation control
information from DDCs (Direct Digital Controllers: not shown)
or the like in the air-conditioners 1 to n. Then, the charge

airflow rate estimation unit 11 calculates each charge airflow
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i ndoor generated vapor anount estimation unit 13, and
an i ndoor absolute humdity estimation unit 14.
Plural (n nunmber of) air-conditioners 1 to n are
provided in a roomthat is a 25 controlled object for
air-conditioning. The charge airflow rate estimation
unit 11 acquires each controlled rotational speed of
charge fans as operation control information from
PQE’@ OQQhree&jFr—_QongE@}Lol@fkt {Qbl EESsedOt tBEQWRLL i &Kzl BSeed
Ike in the air-conditioners 1 to n. Then, the charge
30d at rfdeowtr Ate éstiarmnitonl upriessihrecal cul at es each
charge airflow 7 .rate of the air-conditi.on !
based T5 (HETHG 4iF oREPoLpEb P T Y prastreran vt M2
gb&{xff@snghéﬂl JHhessUl & chbhegs hargenderadhselaliee from the
humdity estimation unit 1% acqui res each controll ed
ohas ger aihe tlékpetat the aigrgendioiandss 15tpDTs Jhephethe
ljke in.the air-conditioners.1 to n . T ,
ShFTab3aF dPaoHHE Bre bl ERaHTaH i 0 5 £ap EEp Sy Ofen

gachnatesd | MegeChaige adolaleol Hheiditg divayueal ue ofhe
the air-conditioners 1 to n based on the charge air

senpeerdidrioneysl Letant baspredetthieh£§€98i #1¥ degPeyature
hum di ty. val ue, 10 The | Of . ggnes.a - g unt
85?%%31¥%ﬁ Ar e%ﬁﬂuggﬁh?ggs£%n .ﬁ%b%?ﬂ%gﬁggﬁﬁgggé

val ue feomMnacbenpenataliel Sepsar ampuoyi esdinatitheunboni 3
of the controlled object for _air-conditioning Then
BREUEFRIDEP GEIROEt BRPFABHF S ARt T W58 SRIPFOR T HTT £13°F
gabeubal oS an Gl TIG] badoRho0CREREISACLS WRAREL  for

noun ased on the i1 ndoor tenperature value and the
atdrbesndift iperisgns Ther he:hreodmdand theeratesd iVAPCY PREBRT
val ues that are_i

I N SRR EER R
%@bgﬁ gfodhe I BaseHe 0ndd® temperature value and the
number of persons in the rcom and their activity index values
that are input.

The indoor absolute humidity estimation wunit 14
calculates an estimated humidity value of the room based on the
charge airflow rate of each of the air-conditioners 1 to n
calculated by the charge airflow rate estimation unit 11, the
estimated charge air absolute humidity value of each of the
air-conditioners 1 to n calculated by the charge air absolute
humidity estimation unit 12 and the estimated indoor generated
vapor amount calculated by the indoor generated vapor amcunt
estimation unit 13.

(OPERATION OF DEVICE FOR HUMIDITY ESTIMATION)

Next, operation of the embodiment of the humidity

estimation device 10 will be explained with reference to FIG.

2.
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20 charge airflow rate of each of the air-conditioners
1 ton calculated by the charge airflow rate
estimation unit 11, the estinmated charge air absol ute
hum dity val ue of each of the air-conditioners 1 to n
cal cul ated by the charge air absolute humdity
estimation unit 12 and the estinmated i ndoor generated
25 vapor anount cal cul ated by the indoor generated

vapor @munt . est | nj onl
kT Sl N T

gabsdisment apferbhéohunindicdy indstcinght ¢oif rdmviice DDOs wixl the
be expl ained with referenc§ to FIG

. [ I 30 2. 8 First
¢aks ohb? AIeGOPst B TS s?e@&%ﬁzh?h&acﬁ‘ﬁgrﬁjeglr%éfnlﬁate

astcife aReat Lo coftd Qlochf oramtdoaBaf 1 HMntiea EAXS 01t s
the Ilike in the air-conditioners 1 to n by the charge
aerteoveageatien gbs mAationrondticnkl SHeed bt d@ﬁd_rmi asphRed-

is indicated by its 5 percentage. when. | X1 frum
rhehe FORaroEgBRd TLoRaRTheq et bover e M e g
ahhELOWiratl By eslteN®t kA8 AR-toddi Rl €% £@@Bed on the
charge airflow rate of the air-conditioners 1 to n

basetiorl Apeed ardithemiesspded A ausatprbpeessare (step
%’Sferenti al pressure (step Sl1). 10 In the charge
irflowrate estimation unit 11, stored is a charge

ai rf 1 omi £Bée-Hadlgkes s 19RO d BsElfatidbn anwhileh stored is
rel ationship between the fan differenti al é)r essure and
fhehaghgr gerat ey | 6T at Tk e2HefiEH i B5&oct atF ohilich

Lt 0. vardatd the. ratatd; apeeds, Qfs e ghar gfe
?‘S%Q‘(le%%hai | Haewgln | B %p’geddlg%g% E8 g 1060 nhen
chergadimfiospeedt kse deffined ias asi0094tidrowiex anmplietion
when the acquired rotational eed of_t char ge f an

h
B3 b, i HLRB=pr SERIRIORT SPENEHHIDITE8s f o5 1 AT LORal

speeds 35%, 50% and 100% when the maximum speed is defined as
100%). For example, when the acquired rotational speed of the
charge fan is 50% and the preset differential pressure takes
a value p, the estimated charge airflow rate is determined as
a charge airflow rate g based on the charge airflow rate table
shown in FIG. 3. The charge airflow rate table is preliminarily
prepared for zach charge fan of the air-conditioners 1 to nbased
on its fan property.

In addition, each controlled charge air temperature value
is acquired from the DDCs or the like in the air-conditioners
1 to n by the charge air absolute humidity estimation unit 12.
Then, the charge air absclute humidity estimation unit 12
calculates each estimated charge air absolute humidity value
of the air-conditioners 1 to n based on the charge air
temperature value and the preset charge air relative humidity

value (step S2).
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a value p, the estimated charge airflowrate is
determned as a charge airflowrate g based on the
charge airflow rate table 20 shown in FIG 3. The
charge airflowrate table is prelimnarily prepared
for each charge fan of the air-conditioners 1 to n
based on its fan property. In addition, each
controlled charge air tenperature value is acquired
from the tBECehiget Ber |dde@ 1ube thigniaii by cadindait@baNmi 252,
1ton by the charge air absolute humdity estimtion
ghbred 2s Tivdaroerd rchakafe va huskkisiyutab Hus fhoyn in FIG.
stimati.on it . l.cul '

o s B U AR R R P e

hadnHasedr&n stibeadange minidirgmnpdnat i eseakilet andwith
the preset charge air relative humdity 30 val ue
(eréptsy) oD the (hergRarde BFF2taFSonURed b WS (¢-9-
i ' i , tQy.ed- 4 e Al i v

R FRntPLLy Ve RGN RO, it oSkl e
rakatidnsbipkeyeesn téotpatrnge wiluet enmpeiCaand ehe girgeet
and the charge air absgl ute hum di y v | ue .i.n

£5858¢ Alrore \atine R udisy G usr g ﬂ@ cﬁgFgeét&Wted charge

A ataib\égéﬂygﬁ AihYaMal uesi L. & adi@datiheg RYNiQ tabsolute
values 50% 70% and 90% . For exanple, when the

acouilt evl vahae gebadad ¢mirpechtuge adal ned aitd ve hGmaddty fheble
preset. charge air relative, hum di t.)c(f val ue..i.s 898/29 tit%ea

SEPPTmt e d ohaf ye ThEi FRHSOP AT & HIT I Pt YUt it T2

aL-er AENede ass whAheek Ut eclOrhWrdifti ke¥ak Heo mdrased tast
he charge air relative humdity table shown in FIG
fioeFhit ctanpe accoreing ivve copaiblenstable is a part

O oon T AEHEQ0EL Lo Tldos* UmbbH0 "1 1B L O it eq

does.n'{ &°Hecordi ng to conditions. I'n addi
trhen ROQOr: drpeRet atalr eeNdbrieptsviangui iredthd 5résmmEhehe

tenperature sensor provided in the roomof the
controlled object for air-conditioning by the indoor generated
vapor amount estimation unit 13. Then, the indoor generated
vapor amount estimation unit 13 calculates the estimated indoor
generated vapor amount based on the indoor temperature value
and the number of persons in the room and their activity index
values that are input (step S3).

In the indoor generated vapor amount estimation unit 13,
stored is a generated vapor amount table as shown in FIG. 5 in
which relationship between the indoor temperature value and a
generated vapor amount to be generated from one person in
association with variation of the activity index values (e.g.
met = 1.0, 1.2 and 2.6). For example, when the acquired indoor
temperature value is t °C and the preset activity index value

"met" according to the activity state of the persons in the room

is 1.2, an estimated generated vapor amount per one person is
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control |l ed object for air-conditioning by the indoor
generated vapor anount estimation unit 13. Then, the
i ndoor generated vapor anount estinmation unit 13
calcul ates the estimated i ndoor generated vapor
anount based on the indoor tenperature value 20 and
the nunber of persons in the roomand their activity
i ndex values that are input (step S3). In the indoor

deperd fdh ¥aRArgHRURLd @8 bb FBloARt UNbd skBon tht YeBdrhfed
a generated vapor anmount table as shown in FIG 5 in

whbeh ametiat vrisls phoat weehlq.hé - i rideor thedpdpar s¢inated
val ue _and a 25 gener.ated_yvapor appunt tq b e
bR AR sReBe A o SR Y W nsh P REr RS Bpieoc

geti ity ddadex i¥alaes i(e. galciBited lby0, mll2ipaNdng. 6Hle
. For exanple, when the acquired indoor tenperature
dareenined ectametecheepeesiead epPpyiampunidesd PR (RETsOn by

"met” accordin h I V] state of the persons
Fﬁgtﬂ% r'oom Sggfégﬂgéslgﬁgeé%%%hied gener at ed vapor
amountngi@l, @ne peksedtdd hulflddeyeralinedyasfafthe room is

gener ated vapor amount u based on the generated vapor
sroantatabby WHowAdpar pbeclate Taidify 95tdgeEion unit 14
' e .at e I [ r OLithe
%%%%?gch gdf% | eclt% tg ?%l}r@%%? - 2(53[};3{1{ rgg?:%rﬁesefgga[}l%ulaét edow
bytewd i iepkyi 61y thizea br -cetneli i nedredt toat echlgebetad &g the

vapor anmount per one person by  the nunber of persons
FREEAR FdomPvNEXtS Eﬁﬁémégf?%%é& hhm 1% §° G P e
the 100Miks nGR EWyabefhdy et B RF0OKke 3hsalUt@itioners 1
hum dity estimation unit 14 based on a follow ng

equatkopulajed byvittiechhdtge eharapscdintf|lowitdty sts¢iphtion

each qof the ajr- diti ; t lLcul.ated by _th
GREP 0% 14 CORCLAL QAT S\ P b

chargeat i by 2B80IHHoe reHedht ¥d vabbe @buaB@Rtohat h unit
air-conditioners 1 to n calculated by the charge air

aBsaretarHdeddileyersi4d)mat i on

Hy = ((1w/p) + FleaH'ss + -+ + Fsafsa)/

(Flsa + *++ + Fsa) (4)

p: density of air [kg/m’]

Fle,, F%,, ++- F',: each estimated charge airflow rate of
the air-conditioners 1 to n [m®/h]

H',,, H%:, -+- H%,: each estimated charge air humidity of
the air-conditioners 1 to n [kg/kgDA]

lw: estimated indoor generated vapor amount [kg/h]

Based on the above equation {4}, the estimated humidity
value H, is presented by a vapor amount per unit of a charge
airflow rate by dividing a sum of the vapor amount generated
from the persons in the room of the controlled object for
air-conditioning and the vapor amount included in the charge

air by a sum of the charge airflow.
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unit 12 and the estimated i ndoor generated vapor
anount 15 cal cul ated by the indoor generated vapor
anount estimation unit 13 are applied (step S4). H =
( (1w p) + F saHlsa + + F ' saHnsa) / (Flsa + ... +
Fcsa) (4) p: density of air [kg/nB] 20 Ftsa, Fzsa
FUa: each estimated charge airflow rate of the
air-conditioners 1 to n [nB/h] Hlsa, H253 Hnsa:

each egtddrat edheChh@e akr BHMEidteodf fdrh€each of the
air-conditioners 1 to n [kg/ kgDA] 1w estimated indoor

génerandit icmedr 1arpuntisfhg/Hie 26t Bagtrd dumifAgtubmige of

uatl ong(s )lmaEhg lenstt rrat ed hum_di.t

m etmner and ‘%/h V%l u%lﬁe calsculated
Ssen‘f by "4 vapor anDun per 0

amirf ligwurkat @zBy @by awgccauﬁwbeﬁn@heoya@aé aa@unbf the
generated fromthe persons in the roomof the
controlled dpett feprtheai reeppittiowiing - and t he vapor

char o8 ARG, "4 FERE iBappely oBE Faddp phobife

eanhdof y tBBue abh veondtiiags@@dvintic Nbusldihd hewhich where
estimated hum dity value of the roomestimated in
PRI Bufidider eRgUrRBrebyl A& VBEEIE Ut P IPPRY- | STherefore,

I i ORI f e .0 of e :
AR SRR Rl oAbl 98 Re! BighbEoED AR OR DD ipdoo
tempaeaabay ebwtrbatls srenhdod hehumikbiary adnasml bﬁa eachum@ti tyy
val ue can be estimated even in a buil di

What &% 1% thEng e ﬁéiajs%ﬁoé’rfeﬁ]?s‘?]r%tter BH%h '%Véaha?ppéa a

TBELef Orthe hafniaf%p@stcaﬁatm cRREER! 1d RohRSibhtdY of the
not only i ndoor tenperature but al so i ndoor

hohievenerdancbe et evéd cnytmutznal:mm ngft héndsey mahedmal

i ndoor absol ut.e hum di tty valg As
env;ronmen and minimization o energy consumption.

In the abcove embodiment, the charge airflow rate table
with the rotational speeds 35%, 50% and 100% is shown in FIG.
3. When the rotational speed takes another value other than
these rotational speeds 35%, 50% and 100%, the charge airflow
rate can be estimated by a value calculated through a
compensation process based on given values of these rotational
speeds 35%, 50% and 100%.

In addition, in the above embodiment, the charge air
relative humidity table with the relative humidity values 50%,
70% and 90% is shown in FIG. 4. When the relative humidity takes
another value other than these relative humidity value 50%, 70%
and 90%, the charge air humidity value can be estimated by a
value calculated through a compensation process based on given
values of these relative humidity values 50%, 70% and 90%.

In addition, in the above embodiment, the generated vapor

amount table with the activity index values (met = 1.0, 1.2 and

12



10

15

20

result, the humdity estimation device 10 contri butes
to the achievenent of both of optim zation of indoor
thermal environment and mnim zati on of energy
consunption. 15 In the above enbodi nent, the charge
airflowrate table wth the rotational speeds 35% .
50% and 100%is shown in FIG 3. Wen the rotational
speed takes another value other than these rotational
gpg)eqss 3Rden 2N eraRd %Oo%eﬁ he,Chagge a@:k;&tfhewn{d@kev&m
est | mat ed y a val ue cal cul ated t hrough
tobpensathanvpilocessebaded Oresgi a/@tmwatlyus'siavaah@sse(met
rotational  speeds 35% 50% and 100% In addét Qn, itnd
T He Yablove® ol meRe, IT1E 2ERAMGE 08I F O 2T D oSt imate
Bg@ dhi Yo (BAIRIWL LR éﬂ}%u'gﬁl AtdorpeRum il pryabse$a80%on
% and 90%1is shown in 4. \Wen the relative
huesaligivenakesi@btanodkar veatere (oelter thén Y-legad 2.6) .
rel ative, hum dlt vaI ue 50% 70% ,and 90% . the c e
it hWEANES: vl HEY G Be A RAPS o o AT (el bikea

Sgltﬁﬁlcalta%%etﬂyrgsuﬂfb ass@aa&m@aégmtabﬁmrbaamoematmn
given values of these relative humdity val ues 50%

7086 apdcobssing thed1timatefrchdigeapbiiel hbate neAeveYde
pener gt.ed Vap?f Iig%o afi‘"gfnt t %%' | 8a¥ fgeh ftag?uﬁgééqghaggegnon

%ex var

Ekéélue'ilcy\/\bgmuwefdrnrauhtﬂﬂh\ﬁgt Yhingdexgeakbrs daakedriven
anot her val ue other than these activity index val ues

pieh an-inveyter. Pndgddsocasy. redpbigeimabPeiverpshe fan
awyﬁen%%alb&eeéédf@s% thYc ngaésgtﬁﬁf%w Lated-d REPUGy

a Corrpensa I'ONn process base ese given acti vi ty
inded sedttesalpelowrir8,tablad :arndsﬁoﬁjatld-?uwitﬁew,aru.mtlon

t he above enbodi ment, each rot aﬁl onal speed

of_ t he
Bharife LFRRUSEFE 108E5aE0K OTOpal b MorFEpREPERS fans each

Lpf L matian ., ,Wogh. Gal.cul ating the estimted charge
airflowrate. However, the estimted charge airflow

rate mycebeatavm,ated drdsedted charge airflow rate may be

calculated based on information that indicates operation mecdes
(e.g. "high mode", "medium mode" or “low mode") of the charge
fans. In this case, relationship between the fan differential
pressure and the charge airflow rate are defined in the charge
airflow rate table in association with variation of the

cperation modes.
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10 frequency values for controlling the charge fans
each driven wth an inverter. In this case,

rel ati onship between the fan differential pressure
and the charge airflow rate are defined in the charge
airflowrate table in association with variation of
the frequency values for controlling the charge fans
each 15 driven with an inverter. Alternatively, the
&slinate aChé gJ[e airflowrate may be calcul ated based
Oh T Aforiatton that indicates operation nodes (e.qg.
EI gh rm?e", "medi um node" or "l ow node") of the

char ge ans. In this case, relationship between,the
Tan dff erBhEiEY 2BPMesdORe SRT THe ‘?ﬁgﬂeﬁgegi r¥to @n
Lot e af rdefiipedid dehecehasgsriainghl ow rate table in
association wth variation of  the "operation nodes. 13
What ias atlaaigredir$iod. ratduesdinatiost iumti hatlevirgeires
connected with an .air-conditioner, the devige
BRPRR i 19N g OB EP L hAPGRT IR T T hwof at® SOEFHRL i TR ulft Ne
ggﬁlccﬁﬁﬂL&'iBﬁér aRR&IALLOR: £98h R i B & BRAF@Na Of £ Bow rate
charge fan of the air-conditioner and cal cul ates an

eSt itrtat edicheorgd tdionkkovbasside obf thfe aPeraleridl t FBRARFOL

based on the_operation control . 1infornpt] f :
Chivgian GhdUaC prEsee Fan A1 FertaPial LG s et k!
gr&harge air absolute hunmidity estimation unit that
acquires a charge air tenperature value of the

ai r - cendinirgreeiramdseartel hrekddy asthimatéan charyethat

B RSPLUS AL LBl A0 P1aE DR NETciasedons.
shalcgecal sté£hatdstamhust dinkyye ani r sldedtgeneristied of the
vapor anount estimation unit that
air-conditicner based on the charge alr temperature value and
a preset charge air relative humidity;

an indoor generated vapor amount estimation unit that
acquires an indoor temperature value of a room that is an ohiject
controlled by the air-conditioner and calculates an estimated
indoor generated vapor amount based on the indoor temperature
value, the number of persons in the room and activity index
values of the persons that are input; and

an indoor absoclute humidity estimation unit that
calculates an estimated absolute humidity in the room based on
the estimated charge airflow rate calculated by the charge
airflow rate estimation unit, the estimated charge air absolute
humidity calculated by the charge air absolute humidity
estimation unit and the estimated indoor generated vapor amount

calculated by the indoor generated vapor amount estimation

unit.

14



10

15

20

25

30

acqui res an indoor tenperature value of a roomthat is
an object controlled by the air-conditioner and

cal cul ates an estinmated indoor generated vapor anount
based on the indoor tenperature 20 val ue, the nunber
of persons in the roomand activity index values of
the persons that are input; and an indoor absol ute
hum dity estimation unit that cal cul ates an estinmated

absol ute hum.di, in_the room based_gn _t.he esti d
@har ge'fi rlYUI“B\%Ilsr-glt 85 EHTEUIPA £F VBy°t ﬁ‘éc%lff}érn e%f5 cT8LfC,
ahelLow rate estimation unit, the estimated charge air

absolute humdity calculated by the charge air
absol Wt @lhuoal tiy pf asticrati bhongis Lamrovadeesty Wk &80,

i ndoor, .gener at ed .vapor anount,. . .cul at e
i ndoort%eﬁgf‘“é?%dal\]f%gg?’ réangu%%tleriatq%lr?glt ?%lng CE%F%D%%S g3ch
2stThecdwni dhdygestiimtlioan deviece oFccaimdi ngplueathiaym of
1, wherein a plurality of air-conditioners is
provideditipnsyé,.room the charge airflow rate

estimation unit_ cal.cul ch : ' gharge n;
airfl o%\k/ler atcg’agéet ﬁgej&pl %%’%i?lll%a/e oPurﬁ%\??{%g% i%tgllnoﬁer S, unit
ttaecahat & caich ahSelatte divgdi &yr estsionat é drumidity of the

cal cul ates each estimted charge air absolute humdity
shurpsity|qf AlrrgopfittionedgndfEfoners, and 10 the

i ndoor @@iﬂhg&? Ao 0L £ Y, @5 bk PRtd RN R bn GRLEW AR ates

t he es%l mat ed absolute humdity based on all of the
eaeh eseshib et edbediarge raimitdiow basedobnt Bélplkdr ahiet pach

of air-condjtioners, cal cul ated by the charge airflow
estdmake? | nBRAEFE unf 1ttt P fhe Oétachtheest ipglé’trf?&lgy of

chargendi fiARsQl UtS1culated by the charge airflow rate
estimation unit, all of the each estimated charge air absolute
humidity of the plurality of air-conditioners calculated by the
charge air absolute humidity estimation unit and the estimated
indoor generated vapor amount calculated by the indoor

generated vapor amount estimation unit.

3. The humidity estimation device according to claim 1,
wherein

the operation control information of the charge fan is
one of rotational speed of the charge fan, a frequency value
for controlling the charge fan driven with an inverter, and a
selected operation mode from ameng a plurality of predetermined

operation modes cf the charge fan.
4. A humidity estimation method for estimating humidity in
a rocom in which an air-conditioner is equipped, the method

comprising:
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15 humdity of the plurality of air-conditioners
calculated by the charge air absolute humdity
estimation unit and the estimated indoor generated
vapor anount cal cul ated by the indoor generated vapor
amount estimation unit. 20 3. The humdity estimation
devi ce according to claiml1, wherein the operation
control information of the charge fan is one of
rotati ; e : - - I eq c

for con bl TR PR g Sa TR APy g R tn YA Fan
idfvehtesjiradtchd t2bnse} ect ed operati on node from anong
a plurality of predeterm ned. operation nodes of the

char geC#Hit1 a1 nA RiniSHitEF2eet i MBRTTh HerHeY rare ©f the
%itf—%hafgiw gééé’d IR, ti¥e ro%@%{:fomloﬁgr@gdlnformation of

alr-conditioner Is equipped, the metho
aorprhsrag: £b aadgai preagetofemnatii hexoritirdl prasorrst | on
of a charge fan of the air-conditioner; cal ulati:tngthe

an est TH{dd "Chaf g9 o' T at' € BPTEhRre Value o

di~eepditigner. based on the operation contro
information of 5 the charge fan and a preset fan

di f f eremtdwlatgnessueetimdpd chanpgeaathabgelate humidity of

tenperature val ue qf the ir-conditioner: calculati
bRt Tt CORAPE PR ShBELE R THATar 1y Br S RES valte
ainf gopdeddOnalargasedr oreitdhie vehatgedaiy; tenperature
value 10 and a preset charge air relative humdity;
acqui r e ringndootndegp deaparatyzg veloe ehethodpem/

cal cul in n_esti iLndo n \V
based ShiPetlng ok TR B LIS SERL Et S Baho £ T
pRiseansn tiHe theotpaBrprdadatée Wdlyel, Nndex niadoeeso dfpddsens

%ﬁf%ggﬁzgg;agngrsétivity index values of the persons that are
input; and

calculating an estimated absolute humidity in the rcom
based on the estimated charge airflow rate, the estimated charge

air absolute humidity and the estimated indoor generated vapor

amount .

5. The humidity estimation method according to claim 4,
wherein

a plurality of air~conditioners is provided in the room,

each estimated charge airflow rate is calculated for the
plurality of air-conditiocners,

each estimated charge air absolute humidity is calculated
for the plurality of air-conditioners, and

the estimated absolute humidity is calculated based on
all of the each estimated charge airflow rate of the plurality

of air-conditioners, all of the each estimated charge air
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15 input; and cal culating an estimated absol ute

hum dity in the room based on the estinated charge
airflowrate, the estimated charge air absolute

hum dity and the estimated i ndoor generated vapor
amount. 20 5. The hum dity estinmati on nmethod according
to claim4, wherein a plurality of air-conditioners
i's provided in the room each estinated charge
a:'h{SOlQ]W m%.cfl‘lci Cc?f %H%%ﬁ%@ai? 13%0%'(19(:@!3 Qﬁxd the
air-condi tioners, each estinate ar e alr a so ut
réﬂﬂﬂﬁatydlSndﬁﬂﬁn@eaéedtedcnagdmeambUﬁal|ty of
air-conditioners, and the estimted absolute humdity
is calculated based on all of the each estimted
charge airflow rate of the plurality 30 of
air-conditioners, all of the each estimted charge air
16 absolute humdity of the plurality of
air-conditioners and the estimted indoor generated
vapor anmount. 17
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