WO 2011/ 091380PCT/ US2011/ 022287 Chi | | ed Beam Devi ces,
Systens, and Met hods Cross Reference to Related Applications ‘gOOOl The
present aNPIZPHAPLEA cl ains the benefit of US Provisi onaPCASSPYId42328h

61/ 297800, filed January 24, 2010. Background [0002] A chilled beam nore

particularly, an active chilled beam is a conbin di scharge regi ster and
heat exchanger that i Ehilles\Berm Davices Justemagand ﬁ’%”&%ﬁi%i ti oned space. The
di scharge regi ster portion receives primary air that is conditioned to
satisfy the latent |lo of the conditioned space, the ventilation

requi r eREsReference @3%@'?@%’3@8"@%5’@@, and sone of the sensible |oad of the
condi ti oned space. The sensible load is further satisfied in an active
chilled beam by cgolin ri ma[ and sone secon diti.on

- r d, space air
sl gt he RBRTY exha RESETGPIAoNTeIaInSs Hespanaitof L Bl gasamdgor
nozzles to create the secondary flow by induction thereof. Water is punped
t hr ough61/2878eatfilest daangar2haililon at a tenperature that is above the dew
point to prevent the heat exchanger portion causi ng condensati on.

[ 0003] Active chilled beans provide benefits in areas with substanti al

sensi bl e cooling and heating requirenents and relatively mld ventilation
requi renments. This is because they can save on the prinmary air requirenents
associated with traditional VAV systenms. Active chilled beans al so are
associ aBagkgPtnd| ow noi se | evel s.

[0002] A chilled beam, more particularly, an active chilled beam, is a
combined discharge register and heat exchanger that is provided in the ceiling of a
conditioned space. The discharge register portion receives primary air that is
conditioned to satisfy the latent load of the conditioned space, the ventilation
requiréments of the conditioned space, and some of the sensible load of the
conditioned space. The sensible load is further satisfied in an active chilled beam by
cooling primary and some secondary conditioned space air using the heat exchanger
portion. The primary air is ejected through nozzles to create the secondary flow by
induction thereof. Water is pumped through the heat exchanger portion at a
temperature that is above the dew point to prevent the heat exchanger portion

causing condensation.

[0003] Active chilled beams provide benefits in areas with substantial sensible
cooling and heating requirements and relatively mild ventilation requirements. This
is because they can save on the primary air requirements associated with traditional

VAV systems. Active chilled beams also are associated with low noise levels.

[0004] In addition, due to the very low noise levels of active chilled beams

buildings that have special noise levels requirements are good candidates. Finally



[0004] In addition, due to the very | ow noise |levels of active chilled beans
bui | di ngs that have special noise |evels requirenents are good candi dat es.
Finally w028010i5301380PCT/ US2011/ 022287 zones wher e t hece/ussothiogizsToncer n
about indoor environment quality are ideal candidates as the conditioned
spaces are provided with proper ventilation air and humdity control at all
ti mes afrhasnidbereshere tsdmgg@ﬁdperrbai@out[lmdmmmw@nmarv qualityiare iderll | ed beamns
in a zone are supplied by a respective air handling unit. The air handling
uni ts ceandidates@de therpediioned-spaces are padviddd Wwith propsinadrititatiopyair Bod

exanpl e, a desiccant wheel. The water tenperature can be controlled by a

cont r ol hyrdld#ty doRerel at ANGmbs ANt (MM 1bAE cBRatioRyChanger portion from a
water supply'to a return. Water tenperature can also be controlled by

varying the rate of flow on either side of a heat exchanger that renoves

heat from[oges]"at GeneMyNBEe chlﬂ&pgéﬂam'ghﬁ aXHPAY: ARPHEH DS ARpecagntifies

features of sone enbodi nents. Is presented as a conveni ént summary of

sone enppdh ARHSuniPUTh %‘irr?z;r{dlln l{f E'cran v(ﬁlé rSRES-nBAtral SRHIE d.
k Ayl

critic or essenti al eat ures Inventions, or c

reduction by, for example, a desiccant wheel. The water temperature can be
controlled by a control valve regulating flow through the heat exchanger portion from
a water supply to a return. Water temperature can also be controlled by varying the

rate of flow on either side of a heat exchanger that removes heat from the water.

Summary

[0006] The Summary describes and identifies features of some embodiments.
It is presented as a convenient summary of some embodiments, but not all. Further
the Summary does not identify critical or essential features of the embodiments,

inventions, or claims.

[0007] According to an embodiment of the disclosed subject matter, a method
of satisfying the load of a conditioned space includes conveying primary air from a
central air handling unit to the primary air inlet of a chilled beam. The method further
includes conveying conditioned return air to the primary air inlet of the chilled beam.
In a variation, the conveying conditioned return air includes cooling return air from
the conditioned space and mixing the result with the primary air from the central air
handling unit to produce a combined primary air stream, which is provided to the

primary air inlet of the chilled beam. In another variation, the conveying conditioned



[ 0007] According to an enbodi nent of the disclosed subject matter, a nethod
of satisfying the |load of a conditioned space includes conveying primary
air fromwocentmaisoai r handling unit to the prinmary air pcmiustolof2zsthil |l ed
beam The nethod further includes conveying conditioned return air to the
primary air inlet of the chilled beam In a variation, the conveying

condi t i & ieinghusiesi Gooling relwer airdeam tee cenditianed spage AN RixngribEEewEd
space and m xing the result with the primary air fromthe central air

handl i nig aiterminal ymitoditic theapriroatyi aie fropr theacgntedl mirdtareting unliti tolproduge avi ded
to the primary air inlet of the chilled beam In another variation, the

conveyi sgmbipedi gri ir é%é?rﬁl%ﬁz%%fﬁﬁé\ﬁé@%?ﬂﬂelb%%?ﬁ&rrrﬂbﬂéﬂhé'dhlllé@iC| udes

cooling return air fromthe conditioned space and miXing the result |n a

term naje g 2%%{ nbther Qéhéﬁ’dry 13 EohV&QAh Vé}?ﬁﬂfa‘?gtafr% orﬁidé}ﬂmla Maridih

produce a conbi'ned primary air stream provi e pri ry a|r

i nl et of e ed beam yet _anot h va n rimary
e 1 ok MR oR e PR AT S Gy AR R s BT Yoty Bt "
quality angarate th is sufficient to satisfy a venti I ation |l oad of the
condi t i VRTEERUGsRIad S SR he ﬁ@'ﬂﬁ"*'?'&%ﬁPa@%bﬁh'ﬁﬁPWC@f@&ﬁglﬁplw?e%%lgnFfé%rﬁ‘a|
requi renment. [0008] According to further enbodi nents, the disclosed subject
mat t er loadiredeiseraenhi | | ed beam system for a conditi oned space. The system
includes a handling unit configured to convey primary air froma central
air handling unit to the primary air inlet of a chilled beam The term nal
uni t conf i[B0R&d tAcewding/toduritiet embedimentar theadisclosed Bubject matigrai r i nl et
of the chilled beam The conditioned return air may be cool ed by the

t er mi naincludies aacttlliéchbeamsayisternsona xedditibaed epataalTheryystem tidcltides ari mary
air fromthe central air handling unit to produce a conbined primary air

st ream hahuling Gﬂ?lecdrﬂﬁmétﬁ{o étBH\IenyrﬁMé@eéir frent é‘%eﬁfrhﬂﬁf Vuaﬁﬂl’ind Dhiglo #e the
chilled beam  The term nal unit “'may be configured to mx the result in the

term nal, nMQb}n%lI ne% SE Rl ABESNA Thd fHid %nﬁ‘teégr(rg@hr?d &?}ﬂfeéy' ng unit to

produce primary arr stream an rovi primary air
inlet of the chj The pri mar alrfr the ce hapdl i ng
uni ¢ Pt ”We%g’r%?rﬁ%g%%h\/ rdne il peart. the sofliiensd) and
rate that is sufficient to satisfy a ventilation |oad of the conditioned
space b@UNRILFAYReFRoled byihetgminakdniband e rgultis sixed i tesminal unithe
termnal unit nmay include a condensing cooling coil configured to reduce

t he noiwithitiee pomaanair dfon ke central mirhandlifigeurtitciorprodlice i comivined peisnaxy

desi ccant conponent configured to reduce the noisture content of the return
air. Vi 2féam09hidDReTebizRl LhR pRR3ded ROMR] Ppandainthiétorfanbedilleant s, the

di scl osed subject matter includes a
beam. The terminal unit may be configured to mix the result in the terminal unit with
the primary air from the central air handling unit to produce a combined primary air
stream, and provide it to the primary air inlet of the chilled beam. The primary air
from the central air handling unit may include a mechanism for conveying primary air
at a quality and rate that is sufficient to satisfy a ventilation load of the conditioned
space but insufficient to supply a design thermal load requirement. The terminal unit
may include a condensing cooling coil configured to reduce the moisture content of

the return air. The terminal unit includes a desiccant component configured to

reduce the moisture content of the return air.



met hod of satisfying the |oad of a conditioned space. The nethod incl udes
creating a flow of primary air froma central air handling unit. The air
handl i ng WRIZP1WPEPFPdes fresh air from outside a buil di nCHUI30IAERI2BT Ul at ed
air in selectable ratios for formthe primary air that is conveyed. The
met hod further includes conve%i ng the tBri mary air fromthe ceptral air
handl i ng [AP@9k o Ageording:io ¢nbediments, heisc! gykigeh mgtiar nchiges:a
conditioned recirculated air fromtermnal units. Each of the term nal

uni ts i metioothetsatisfyiog thee Eadeofraconditioned spagca. al o mEthod inaludgsaereatiggved by
a subset of the chilled beans and change an enthal py of the return air to
create hipweonstirhagn@idfroata central siclhandlingTinsit. Thewinhaidlingsinitqirevided by t he
chilled beans after being conmbined with recirculated air flow created by

the tergog ir%nﬁ%ggéi & AUl piR8 FeiRGIAteH it iR dtabiel rflo RsTFbARdhad thi n

the termnal uni y mxing output flows of the termnal units and the

con ! Ry ARbng stPibred OEHO R SINRH R ES S ARl =Y
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e
to the primary air inlet of the chilled beam The changing of the enthal py
in the tendifioa¢d teditcalated airfearadermisabyiitsy Rachselihe terdinal HBits Bt urn air.
[ 0011] According to enbodi nents, the disclosed subject matter includes a
met hod ebnsedtied ty repivd retloeaair fbnaa conditibhed spase aeevedlinearsebhetiof thel udes
providing a termnal unit with a heat exchanger. The termnal unit is

connect gfjibQ LRafRShd CRASEE SRTESIPY bEER NMBurheditfdicrelfe tHeed@ditiunedThe
terminal unit is configured to condition the return air using the heat

exChangelciAnTbCa IR Nhd SfLH SRRt b Pire CHifid BBtk HReY b@iﬁr?gSt Leam

whi ch i ey’ resh air I ncl udes generati

2011/ 091380PCT/ US2011/ 022287 . a, heat | no ian a onf |. ' one of
the t er FORBIMGHIEN SR ATSRAA CUB ELAAtPA BV A0p SHER Pl re TROBUTHEY HBde
signal. The configuring includes changing an aspecf ratjio of lgt f“ schar ge
into t héedesiaiedairdring combingd withinghe fermingl ik ppPY REXigg QP W dlasele from
a first aspect ratio discharge to a second aspect ratio discharge, wherein
the fir $he temhisscmitd sssigbetceniial ais hanfifieg uhit magni t ude.

[0010] The conveying conditioned return air may include cooling return air
from the conditioned space within the terminal unit and mixing the result with the
primary air from the central air handling unit to produce a combined primary air
stream, which is provided to the primary air inlet of the chilled beam. The changing of

the enthalpy in the terminal units may include removing moisture from the return air.

[0011]  According to embodiments, the disclosed subject matter includes a
method of satisfying the load of a conditioned space. The method includes providing
a terminal unit with a heat exchanger. The terminal unit is connected to a conditioned
space to receive return air therefrom. The terminal unit is configured to condition the
return air using the heat exchanger and combine conditioned return air with a

primary air stream, which includes fresh air. The method further includes generating



[ 0012] The met hod may i nclude configuring the one of the termnal unit and a
chilled beamin response to a cooling node signal, the confi guri n

i ncl udi ngVORAHYPM$%an aspect ratio of a discharge into PREE Q:‘d@?gwspace

or switching the flowinto the occupied space fromthe second aspect ratio
di scharge to the first aspect ratjo discharge, wherein the fijr and second
aspect ?éﬁaéﬁg(!I‘i“?q%ﬁ'gf‘ﬁﬁ"f‘r&gﬁ??gm{ng[mg{&ggsm UP%aQﬁ%ﬂ?'h%iﬁs?”k'He

di scl osed subject matter includes apparatus for conditioning the air of an
occupi etesponse to The hapling made smaluﬁgg canfigiinciaclugestchangindamageect
exchanger. The terminal unit is connected to a conditioned space to receive
return gitio sfhedrktharge mteetHeesstupidd sprade drsswitohfing theeiow intodhelioctepiethe
return air using the heat exchanger and conbi ne conditioned return air with

a prinmagy,& froﬁ*é%?éﬂas%bﬁétibﬂﬁﬁéﬁiﬁée td agecohd aspbet REPANQIHasgd Wihdrein
includes a chilled beamand a controller configured to generate a heating

node Siﬂfeghfrsg%ﬁﬁ#%ﬁé%hg& 'JFE?%QR{&%% ﬂuag_ntrol at | east one actuator

adapt ed gure o or T ermn unit, a chilled beam or a
further device in response to the heating node signal. The reconfiguring

i ncl udes c@ﬁgg} N9 THR ASMG femagmc@u&g C@l’]f?lﬁﬁ'\pathg%ﬂernghé hemaRSLUMiEdngRace or

swi tching | ow 1 otcupi ed space froma first aspect ratio

di scharge.tq.,a second aspect rati.o di scharge, in ' and second
aspoct FAUPSEA FErsPA SR ghAedaLto MRS DaT TR SR ni B, 257

[0014] The termnal unit may include a danper confjgured to \t/ r 1, X of
return &hengingran avPast &alin ek dissbaramataine eeimiecherdg sy Cj}'gg gﬁnh%‘f*h The
termnal unit may include a powered air nmover such as a fan or blower. Each
t er ni nalintorihé oceypibd spane &orethea seoand aspest catid dischaygarte tagdirshaspepl e
termnal units may be connected to an air handler providing primary air.
Brief Destd HiRbharyeovhehginBhairstamd second aspect ratios differ in magnitude.

[0013] According to embodiments, the disclosed subject matter includes
apparatus for conditioning the air of an occupied space. The apparatus includes a
terminal unit with a heat exchanger. The terminal unit is connected to a conditioned
space to receive return air therefrom. The terminal unit is configured to condition the
return air using the heat exchanger and combine conditioned return air with a
primary air stream, which includes fresh air. The apparatus further includes a chilled
beam and a controller configured to generate a heating mode signal. The controller
is connected to control at least one actuator adapted to reconfigure one of the
terminal unit, a chilled beam, or a further device in response to the heating mode
signal. The reconfiguring includes changing an aspect ratio of a discharge into the
occupied space or switching the flow into the occupied space from a first aspect ratio
discharge to a second aspect ratio discharge, wherein the first and second aspect

ratios differ in magnitude.



[0015]Fig. 1 shows a chilled beam system according to an enbodi nent of the
di scl osed subject matter. [0016]Fig. 2 shows a chilled beam system
accor di ngvanetieissenbodi nent of the di scl osed subj ect nRCTAS20I10CLY] Fi g. 3
shows a terminal unit for use in the enbodinment of Fig. 1. [0018]Fig. 4
shows a termnal unit for use in the enbodi nent of Fig. 2. [0019] Figs.
5A t hr ougH08®k hohhe deindinal uitieayipelddenadamper eonfigused tevayA/ieaf
enbodi nment s. [ 0020] Figs. 6A and 6B show node enbodi ments chilled beam
syst em ssthodaiméotrsthenostuipiEd spada anddir heamtios pamiaey air sieanmiTthel terminal
configurable for heating node. [0021]Fig. 7 illustrates a chilled beam
syst em gAphey iRBIubeGPpowEFed Airdier kBich as a fan or blower. Each terminal unit

may be connected to multiple chilled beams and multiple terminal units may be

connected to an air handler providing primary air.

Brief Description of the Drawings

[0015] Fig. 1 shows a chilled beam system according to an embodiment of the

disclosed subject matter.

[0016] Fig. 2 shows a chilled beam system according another embodiment of

the disclosed subject matter.
[0017] Fig. 3 shows a terminal unit for use in the embodiment of Fig. 1.
[0018] Fig. 4 shows a terminal unit for use in the embodiment of Fig. 2.

[0019] Figs. 5A through 5G show various mode embodiments of chilled beam

system embodiments.

[0020] Figs. 6A and 6B show mode embodiments chilled beam system
embodiments in which a chilled beam or a terminal unit is configurable for heating

mode.

[0021] Fig. 7 illustrates a chilled beam system employing local terminal units

according to embodiments of the disclosed subject matter.



according to enbodi nents of the disclosed subject matter. WO

2011/ 091380PCT/ US2011/ 022287 [ 0022] Figs. 8A and 8B show chilled beans with
al t er nat iwe 2addiot3sonal sel ectabl e m xi ng regi ster for heatriusgoimoers7
utilization. [0023] Figs. 9A through 9C show enbodi nents of chilled beam
units that _can be_configured for heating for the {)urpose of pronoting

mi xi ng dudP92la nElgsi B0 ans B showxhyllmdyeeams withralterosivehadditiendlodi ment s of
termnal units that can be configured for heating for the purpose of

pr onot i sejedtiakiengixing regjster frdiaatiggnmoode utilization.

[0023] Figs. 9A through 9C show embodiments of chilled beam units that can

be configured for heating for the purpose of promoting mixing during a heating mode.

[0024] Figs. 10A and 10B shows embodiments of terminal units that can be

configured for heating for the purpose of promoting mixing during a heating mode.

[0025] Fig. 11 illustrates the terminology of a low aspect ratio flow or jet and a

high aspect ratio flow or jet.

[0026] Figs. 12A and 12B illustrate respective configurations of a configurable
chilled beam from the perspective of an observer looking up at installed chilled

beam.

[0027] Figs. 13A and 13B show cooling and heating modes of another

configurable chilled beam embodiment.

Description

[0028] The description set forth below in connection with the appended
drawings is intended as a description of various embodiments of the invention and is
not intended to represent the only embodiments in which the invention may be
practiced. The detailed description includes specific details for the purpose of
providing a thorough understanding of the invention. However, it will be apparent to
those skilled in the art that the invention may be practiced without these specific

details. In some instances, well known structures and components are shown in



[0025]Fig. 11 illustrates the term nology of a | ow aspect ratio flow or jet
and a high aSﬁect ratio flow or jet. [0026] Figs. 12A and 12B illustrate
respect i VEOGBHIP4WPat i ons of a configurable chilled beaREAY{22287
Fg(r);p]ective of an observer looking up at installed chilled beam

7] Fi 13A and 13B show cooling and heatin des, of a the
confi gub%ﬁk@'&g{ﬁm feamyB AP AV APSCURNINE AT ﬁ%ﬁgfﬁ‘@ QEC‘}‘ ption set
forth below in connection with the appended drawings is intended as a
descri ppadiculdr, exarnplasy embodinnenis arebrovided helow thah spaeificallyndrsarikeended to
represent the only enbodi ments in which the invention may be practiced. The
det ai | edagiessredily @priried ddeamepes: iSuch specificssarédor itlbstrativepmaposés pnlgvi di ng

a thorough understanding of the invention. However, it will be apparent to
those skj, 'oﬂg.qf%ralpgryaé}@lll m%cbgﬁlszHﬁﬂélé&J?n@% 1%aRbas dife@rtidinig t hese
specific details. In’some instances known structures and conponents

are ShoVrrv1nay' B used without departing from the scope of the present invention.

[0029] Referring to Fig. 1, a chilled beam system 100 provides heating and
cooling to one or more conditioned spaces 110. The latter may be rooms in a
building, meeting halls, warehouses, classrooms, data centers, or any of a variety of

different occupied spaces requiring heating and/or cooling. Each space is provided
with one or more chilled beams 101 which may be any suitable terminal unit with a
heat exchanger heated or cooled by a flow of water or other heat transfer fluid and a
source or-ventilation air. Such terminal units are identified herewithin as active

chilled beams.

[0030] Each chilled beam 101 receives final primary air 130 from a terminal
unit 122 which conditions a return air stream 132 extracted from the conditioned
space(s) 110. The return air stream may be provided from one or more return air
registers serving (each of) the conditioned space(s) 110. The return air stream may
also be provided from a selectable subset of multiple return air registers, one or
more located near the ceiling for the cooling mode and one or more located low near
the floor for heating mode. In embodiments, the heating or cooling return air
registers may be selected based on whether heating or cooling is being supplied to
the conditioned space employing any suitable control interconnect. The selection

may be provided by a mode-switched damper, for example.



WO 2011/ 091380PCT/ US2011/ 022287 bl ock diagramformin order to avoid
obscuring the concepts of the invention. In particular, exenplary
enbodi nenwe 2ariopssovi ded bel ow t hat specifically descri lpeTaso®nma2n2eady or

printed docurrents Such speci fics are for illustrative purposes only and
one of ord| nar ] recognl ze that docunents of various, different
formats us&&e\xﬁrﬁ@a{ unibhé2 cPRditions the rféugb@pé38ffrqnhéhep¢@3@h@ned

i nventi on [0029] Referring to Fig. 1, a chilled beam system 100 provi des
heat i ngspack andimixgs the conglitionetbretumoaidivithomial prersail 183 fioheahait er may
be roons in a building, neeting halls, warehouses, classroons, data

cent er s hapdlirgnynief 2. Taeimixiureffomhs ’t'rﬁfﬂcbw o@ﬁﬁammﬂaﬁj@ﬁ%mﬁbﬂﬂﬂaéﬂdﬂmmatl ng
and/ or cool i ng Each space is provided with one or nore chilled beams 101

oool od THetRepfiD kb8 pefosflf 6 g reflh Qia'*{*‘ﬁ‘éﬂa%f@?ﬁuﬁ%ﬁﬂ% Loy

' eJe d ti
chill LS‘%@@* ure%i’%@ é&%ﬁ{@@ﬁm'@ab%@ﬂ 3 EeargrtepiR e feadih 130
fromatFrmnaI upit 122 wh nditions a return air stream 132 extracted

Q | .
Fr om ¢ het BB AArShisHEIREBes) Unt 422 AR he e i inOS AR e ishr ovi ded
fromone or nore return air registers serving (each of) the conditioned
space( sfeatur® of phanixing box andrresrneinchannehte thebair pandiingednit may ke sel ect abl e
subset of nultiple return air registers, one or nore | ocated near the

cei | i ngpfavidéchin arpobdf theg embk@diﬁlml\mdisctmrsem)mecd)maﬂbedQBomaylbarprcb\Wéeiﬂ k@or for
heating node. I n enbodi nents, the heating or cooling return air registers

may be gehgsittRE sPaeasand cohfidMhtd SaHESE IR GQBWfBBaWoPﬁié‘&nBHHi%érﬁﬁ to
the conditioned Space enpl oying any suitable control 1nterconnect
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conventional fashion. Also, or alternatively, the controller may generate commands
or signals to cause the terminal units and/or chilled beams of the embodiments to
configure for a cooling mode or a heating mode. The controller 193 may be
connected to control one or more actuators 149 for configuring chilled beams and/or

terminal unit dampers as described elsewhere in the present disclosure.

[0032] Referring to Fig. 2, a chilled beam system 200 provides heating and
cooling to one or more conditioned spaces 110. As in the prior‘embodiment, the
latter may be rooms in a building, meeting halls, warehouses, classrooms, data
centers, or any of a variety of different occupied spaces requiring heating and/or
cooling. Each space is provided with one or more chilled beams 101 as in the
embodiment 100. Each chilled beam 101 receives final primary air 135 from a
terminal unit 128 and an air handling unit 120 whose outputs are mixed at a mixing
junction 139. The terminal unit 128 conditions a return air stream 133 from the
conditioned space and supplies the conditioned air 137 in parallel with the primary

air 131 from the air handling unit 120 via the mixing junction 139. As in the prior



[0031] The terminal unit 122 conditions the return air 132 fromthe

condi ti oned space and m xes the conditioned return air with initial primry
air 133 fwormamassn handling unit 120. The m xture fornectrhms26ihove2ef final
primary air 130. A fraction 174 (between 0 and 100 percent) of the return
air may al so be conveyed back to the air handling unit 120. A variable

m xi ng Boodinentsy thecsretirp\aitieisean 13sinaybetprevideddtdre eneforanerer returnradd t o
the termnal unit 122 and the air handling unit 120. The latter feature of
a m xi needistersasetvingt therconditionkdrspakcetid Ot hehearatutmeaid bfreamut83 megaldebe
provided in any of the enbodi nents disclosed. A controller 193 may be

provi degrdviletPhy B®elddigblesubest enAuRpRORAGH Sir Asyisters: Sohfdideatcevnd4tr any of
t he enmbodi nents. The controller nay generate heating node signals, cooling

mode s ﬁféaéélir';;ffcﬁ tﬁ@@¥8ﬁﬁ(§o%@ﬁ dafrﬁ:s(mé)fbca Plow rqéaﬁh&‘?{oﬁ?ﬂr"t@a\ﬁngtrﬂ&e.
control I'er may’ generate mmands of signhals to cause the termndl Units
and/or ¢hill.e eans,of the enbqdi nents to configure for a cooling node or
2 heat | B3 SIRE BAE. LEmaita BOSTes Ay Do b RAtCH BT oCed DY <sHangr nore
actuators 149 for configuring chilled beans and/or term nal unit danpers as
descr i baad e dopriesistersiyaledied surpd deatings dhe latteoatmdias inialy to Fig. 2, a
chill ed beam system 200 provi des heating and cooling to one or nore

condi t i embedgpentssmbyhe glavédhta henpde switembodi ment, the latter nay be roons
in a building, neeting halls, warehouses, classroons, data centers, or any
of a variety of different occupi ed spaces requiring heating and/or cooling.
Each spacd0083)r oRetkrangite Fig @ the taroiral amitl 128dhaeaflowlcHarakei 402 with a
enbodi ment 100. Each chilled beam 101 receives final primary air 135 froma
t er m naheatréxchhdgep406 amich provitedl heringroricoblfg Wheseditii phé fetfreai xed at a
m xi ng junction 139. The termnal unit 128 conditions a return air stream

133 frogyédig mmitﬁ@%na%ﬁeg %?Q]gé @emés%ﬁbé@w@ﬁgfgréhe@ﬁ#@. b 13k

parallel with the primary air romthe air h ng unit 120 via the

m Xi ng } i . cJa-t i
ermod; migt SivpPe PR3eR rL e o Bk Bl e HhEP AR IeR G e a
return air registers eryi na t.he conditioned space 110H The reth.n ai r
stream 18 gv‘éﬂt%c oo figUN{RINeR! exchander 2H Eectis Sl hetena 93551 dr et ur n
air registers, sone |ocated near the ceiling for the cooling node and one

| ocat edfUreRge Qa@nyHditaplsosouree ohbaal eigcambdAltematively, e heatexchaneetei | i ng
regi sters may be automatically selected during cooling and the floor

regi st e4Q6 s&yele adnditimadg devate wigh ohlkeeorl motecheateexchahgemsori axsiagle

enbodi ments, may be slaved to a node switch. [0033]Referring to Fig. 3, the

t er m naswitchdbld h8aheschariges that antripphOReat drdl codlipatefRee bRpRRAIt¢ @6 Whi ch
provi des heating or cooling to condition the return air stream 133 fromthe

condi ti gogges eaﬁﬁdiﬁ@,am@bg.g umet, B d5E8E870R diheatiflg aﬁq c%%ofgg{; tr&ﬁctﬁo% may

be provided ih this e ot her enbodi nents: e exchanger
may be I Loukdlalk t er. n ectric air. er, a
gas-fi r@)&%&lﬁ}oage%%eg&/%%@%r ?%331 gﬂ O%??‘?BI&%% h%';ﬁe%g?gbb fgr mﬁﬁ'qe}éwﬁgfﬁ/el Y,

t he heat exch%g%gr 406 m ﬁel_a &yl ti mode device with one or nore heat
exchang®¥f & @& CARUPPYN 3 LhHs ehangs indupslignyean baprovded Jopgxampieat and
cooling effect or plurality of devices providing, at any given tine, a

sel ect eby omsleoswitehad vajves gomiratingp $l0& heatexcbangen seledivelsioeond okaai r
streans). The conditioned air |leaves the termnal unit 128 as a conditioned
suppl y difller dribadieatege i n function can be provided, for exanple, by
node-swi t ched val ves connecting a single heat exchanger selectively to one

of a chiller and a heater.
[0034] In the present embodiment of Fig. 3 or the embodiment of Fig. 4 to be

described below, a damper may regulate the proportion of flow to be provided to a
direct mixing register 421 (which may be directly connected to the terminal unit or

separately by a duct) or the conditioned supply 137 connected to one or more chilled
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[0034] I n the present enbodinment of Fig. 3 or the enbodinent of Fig. 4 to be
descri bed bel ow, a danper may regqulate the proportion of flow to be

provi ded wo 2a1idionzset mi xi ng regi ster 421 (which may be @crastény/ocanect ed
to the termnal unit or separately by a duct) or the conditioned supply 137
connected to one or nore chilled W) 2011/091380PCT/US2011/ 022287 beans.
The purbkRRiEsofThgrPase §f Arayiding aaditferaint petetfreimtbe ehilier ibesmsisahat i s t hat
chilled beans are generally designed to provide relatively low primary air
vol une chriledbheamsiare @ametdilyt desigmatlioeprovieteunetativieovharimpasaiesoluhteough t he
heat exchanger, the m xed air ejected by the beamis of relatively |ow

vel oci taynd bhed efiked withrthe SndutRil refendlow M4t pakesd tholigiPtAd eatcei | 1 ng | evel
where the chilled beans are | ocated, there is a tendency for the warmair

¢ . . _ : . _ g
cont or o RngRL b i B ARt b bR e R WAt DR
f Ui t abl e mi xi . t he t.h f the heated, jet b t
and'  het b bt e 0¥ veTotth st el Skl wrerk 1 BN hEhmE R 10 tmy be.
switched in response to node (heating versus cooling). It may also provide
a vari deratedatheseds adendenayior e warniais ioyemain at adingh tave! g@ém%bv &e. A

fan, as discussed with reference to the enbodinments of Fig. 4 may al so be
provi del@ss effpciivg akpravigliegicemfardl Byejecting aflofvladwir §t00g5 velocity antilger
volune rate including return air directly provided to the term nal unit as

wel | asagpdcteatio froim 4 soitalblbeniring registidn, fige thidly, of tthe heaidget esapevol une rate
may be nmet whilst still providing additional volunme for effective use of

the m X§RatdrefHSher caiibrt dftcdBf fld ﬁéé’c@ﬁis\ﬁ%la RAEEMThe aaﬁfggphegwer i's

used inthe mxing register output and at |eaSt sone air al ways

ermtt 0 X ri rate fan
b ey P52 R hPreePORE R ebalid yefilf RENBT i Al Sal§pr SRS -
proportionally in respopnse to higher |0ad, during heating (when the m xing
Peor ot cranidie,fati ol e Baisen e miiicovtel Hsiive Eam eI 2 e Bmbodi ment o
t he beanms may be bypassed in heating node and a m xing register used al one.
VO 201 19isousseoirwiih (glermncedeibg embodiments of Fig. 4 may also be provided to

provide a greater volume rate of flow.

[0035] With a higher volume rate including return air directly provided to the
terminal unit as well as primary air from the air handling unit, the design beam
volume rate may be met whilst still providing additional volume for effective use of
the mixing register 421. In an alternative embodiment, a simple damper is used in
the mixing register output and at least some air is always permitted to go to the
beam output 137. The fan may be a variable rate fan and may be turned off under
selected conditions, for example, proportionally in response to higher load, during
heating (when the mixing register is used in combination with the beams). Note in
some embodiments, the beams may be bypassed in heating mode and a mixing

register used alone.
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[ 0036] Referring to Fig. 4 the terminal unit 122 has a flow chanber with a
heat exchanger 406 which provides heating or cooling to condition the
return aiwonriemmsd32 fromthe conditi oned space as desecirhmsdomiorizs?
reference to Fig. 1. The heat exchanger nay be a water cooled liquid/air
heat exchanger, an electric air heater, a gas-fired furnace, or an

sui tabl o 40096k oReFRIHG & Fidhdl theAPHEINGANI ARG, hastfiow ehagskisnaritios heet may
be a nultinode device that can supply heat and cooling effect or plurality
of devi exshamgev 406 whiclaprangesheating oneoolmgstel cendéibnathe refurhaatstreganand
cooling functions. The conditioned return air is mxed wth the primry

supply #32 fréa3tHer eonditithedl $pdvadld describaidtwilk fefefereforfig 9 f iraw Helagnber 403,
which it leaves as the final primary air 130. In any of the enbodi nents

o L SBRCHARIGRY thayhd 8w atr BOBH LI/ AP YEbt dilchaliitr Bh BleBilciafinbaicp ! £v! 9

i ncreased vo | ow, Ity anci ng fl ow anong | ocal "grioups of

chilled_ be or_to aqvercor ddition resi st an of .th eat exchanger
405, fiQ%Séﬁ'[é?f{)t}",m%?e’(?tr oY %“é%P%r%‘?urF%"ghai’f ro?f)og'r @F{'@W@&,@E b,eaé danper
417 may b%ﬂ%rovi ggd in any of the enbodinments to al]low the variation of the
m x of PENANGE1400may basmyltimededevice thatcaprsupply heatmd cadlng ¢ftreter | n
any of the enbodi nents, a danper 419 nmay provide for selection of the ratio
of pri nelkualgyppigvicasproviding hat any gikendimeg salected 2Mecofchaatiograstdurn air 132
fromthe conditioned space. A fan 411 may be provi ded as di scussed above
and shogaolingrfanctions. dThecohditienedrhstdimeinisnited withithaprithaing suppi9rairckssp! e
as discussed later for use with configurations that can fit over a hung

cei | i NofromUhb M WarfdiRgdfiH WBinss fhixiag floanaesthbal 4@%3@%& 1BSVEITRS fyed.

[0038] I n enmbodi nents Of any of the systens descri erein, return air

: ! 1 X i . sel I t of
Pho PR R TS0 B B R LB R RSS! nfehE R DNl ©
. Th | ti gy t be fed tqg the s ly t i nal
it (6491 75 S REmiLe fo R e ol Tl GaRmPBU A 1 o por i ¢
primar ybalancing flow among local groups of chilled beams, or to overcome additional

resistance of the heat exchanger 405, filter 407, or other factors. In addition or
alternatively, a damper 417 may be provided in any of the embodiments to allow the

variation of the mix of return 132 and supply 133 air in the primary supply 130.

[0037] In any of the embodiments, a damper 419 may provide for selection of
the ratio of primary supply 133 from the air handling unit 120 and the return air 132
from the conditioned spabe. A fan 411 may be provided as discussed above and
shown here. In low profile embodiments of terminal units, for example as discussed
later for use with configurations that can fit over a hung ceiling, suitable fan designs

such as tangential fans may be employed.

[0038] In embodiments of any of the systems described herein, return air |

passes through a mixing valve configured to exhaust a selectable amount of the
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supply air to be tenpered by a heat exchanger in addition to the tenpering
of the return air stream [0040]In enbodi nents of the systens descri bed
herei n, rwounny/m@izsopasses through a m xi ng val ve confi gecedscaipxizaust a
sel ectabl e anount of the return air. The resulting dimnished streamis fed
to the supply termnal unit. In a further enbodiment, the termnal unit has
m xes delEnaik and eepjasmithat pregutvétinfresh aiifiam eHeestoaidsousged heet urn air.
[0041] I n any of the enbodi nents described, various control nethods wll be
r ecogniresdltiag peutialadbteant orayr keg techta the Supply Ermired] uméitat i ng or cool i ng
required. [0042]1n any of the enbodi nents described, the termnal unit may
I ncl ude a regenerating desiccant to handle at |east part of the latent | oad
of the spf@39]] 00aRrhbodintsyds,tbatternoinat heit 498 isosnfipsed itdpdrri¢ penary a
termnal unit is retrofitted to an existing chilled beam system which is

ot her wi upphpairitgBeadmiperdd by iadeettxehangéi inGdditibriicthederpefig idf the he

termnal unit adds heating capability to the system
return air stream.
[0040] In embodiments of the systems described herein, return air passes
through a mixing valve configured to exhaust a selectable amount of the return air.
The resulting diminished stream is fed to the supply terminal unit. In a further
embodiment, the terminal unit has mixes a selectable quantity of fresh air with the

conditioned return air.

[0041] In any of the embodiments described, various control methods will be

recognized as suitable for regulating the rate of heating or cooling required.

[0042] In any of the embodiments described, the terminal unit may include a

regenerating desiccant to handle at least part of the latent load of the space.

[0043] In embodiments of the systems described herein, a terminal unit is
retrofitted to an existing chilled beam system which is otherwise configured to
provide only cooling. In such a retrofit, the terminal unit adds heating capability to

the system.

[0044] In any of the embodiments described, a terminal unit is provided as a
retrofit to provide an increased heating and/or cooling capacity to an existing chilled

beam system.

[0045] In a method of providing a chilled beam system, a cooling load is

satisfied by designing providing a capacity of a chilled beam air handling unit is
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[0044] I n any of the enbodi nents described, a termnal unit is provided as a
retrofit to provide an increased heating and/or cooling capacity to an

exi sting wbi2biediizeam system [0045]1n a nethod of provipdirnug2@i1okbi2kt ed beam
system a cooling load is satisfied by designing providing a capacity of a
chilled beamair handling unit is WO 2011/091380PCT/ US2011/022287 based on
vent i | RIS ereventliatiemieduemantsahigemaydig Beffectve tar haadling the tafal t ot al

cooling load. In the nethod, the supplenmental cooling effect is provided by
a t er micagllingridad.abn ihe mathoof thehsupptemeintad cosling effsotik syetedbytene capacity
of the termnal unit is sufficient to satisfy the total cooling | oad,

r educedemiinahanit @glin adyef ties bribodhere. K subR sgstenhaReldapacitnot thel N
enbodi ments, systens are configured with conponents of the specified

| ati i i £.8 i | of a
Chi 1 cdSREmRRGhR i€ Sufficien BOCRIST the8fal YoolThl o FpERATBE MLERINL 170 &

capaci t Ve 0 | e handl i n nit 1s based on ventilation
regui re ffer?tq E%ﬁ%#mggﬁrﬁaﬁgi‘?gé‘{‘ﬂv ”gm%#éfﬁﬁmsnay?tﬁg‘% %rteaqorglgwt?cﬁg | oad.
In the si}/stems, t he suppl enental cogoling effect is provided by a term nal
uni t asVithcampopentsi teaiseariied relatiyecabasiiesont rol enbodi nents, the heat
exchanger and/or desiccant

[0046] In one or more system embodiments of a chilled beam system, a
cooling load is satisfied by designing providing a capacity of a chilled beam air
handling unit is based on ventilation requirements which may be ineffective for

| handling the total cooling load. In the systems, the supplemental cooling effect is

provided by a terminal unit as in any of the embodiments.

[0047] In control embodiments, the heat exchanger and/or desiccant
component of the terminal units are shut off when the capacity of the air handling
unit is sufficient. In such embodiments, return air may be selectably made to bypass
the heat exchanger or desiccant component to reduce pressure losses. In
embodiments, the heat exchanger of terminal units 128 or 122 may be replaced with

7

or combined with, a desiccant enthalpy control device such as a desiccant wheel.

[0048] In one or more control embodiments, at times when ventilation load is
low such as night-time, the terminal units provide latent and/or sensible load

management and the air handling unit is shut down or operated intermittently.

[0049] One or more control devices (indicated as “XTL” in the figures) may be
provided to control the terminal units, the air handling units or both. In any of the
embodiments, the number of air handling units is independent of the number of

terminal units.

14



conmponent of the term nal units are shut off when the capacity of the air
handling unit is sufficient. In such enbodi nents, return air may be

sel ect ablwormade@dizsobypass t he heat exchanger or desi ccamrCTaso@oOe287 t O
reduce pressure |osses. In enbodi ments, the heat exchanger of term nal
units 128 or 122 may be replaced with, or conbined with, a desiccant

ent hal py (&R0Qlol laanycef tha embedimentssinstead ofadigsiccanb sstondansindheabor e
control enbodi ments, at tinmes when ventilation load is | ow such as

ni ght - téxohangbentagrbe padvided. tis gmyoofitte témbieat ukihdibodirasisbthe hestd
managenent and the air handling unit is shut down or operated

i nt er m gcpRhb¥r 406 Al BEBnEIor TRGR Kl lexehalgdis Gt Jeddt iheCttvRtlcRPnay<TL" i n

the figures) may be provided to control the termnal units, the air

handl i Lt n any of the enbodi nents, the nunber of air
handliﬁgcrgﬁ}atazcﬁdél?%{&p%%gent of the nunmber of terminal units. WO

2011/ 091380PCT/ US2011/ 022287 [0050] I n any of the enbodinents, instead of a
Ces oo AT IRCT AR T RSBl B LA o oAt
exchang&s& w% aln(?/ansl}mt%]reofo r%ul\{\l{])iect%r%ﬁyal iurr]\ﬁls %85 %04 %Hg%r}xsyi rﬂﬁnggrl <|)f chilled

beam units 101 may be hierarchical in a system such that each terminal unit serves

one or more chilled beams and each air handling unit serves one or more terminal

unit. In embodiments, the terminal units 302, 304 may be distributed and connected

to the same piping as serving the chilled beams. In embodiments, the terminal units

302, 304 are serviced by lower temperature heat transfer fluid (e.g. water) than the

chilled beams 101 to permit them to handle part of a latent load, thereby reducing

the latent load burdening the air handling unit 300.

[0052] In embodiments, the terminal units provide additional capacity without
the need to provide additional air through the primary ventilation channels; e.g., Fig.
1 reference numeral 133. In embodiments, the terminal units 122, 128 may have
fans or other air moving devices upstream, downstream, or internally to them to

permit them to circulate air, as described.

[0053] As described above, terminal units may be connected to a main supply
air duct that supplies air to one or more chilled beams and is provided from an air
handling unit. As indicated, all or part of the air provided to the chilled beams (final
primary air) may come from the main supply air duct (initial primary air). The final
primary air can be a result of a series or parallel connection between the air handling

unit and the terminal unit as described. The terminal unit may recycle room air and
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[0051] As illustrated in Fig. 7, the conbination of a central air handling
unit 300 with any nunber of nultiple termnal units 302, 304 and any nunber
of chil| esokemmowssnt s 101 nmay be hierarchical in a systeardasehinhzs7 each
termnal unit serves one or nore chilled beans and each air handling unit
serves one or nore termnal unit., In enbodinents, the termnal units 302,
304 mayPIo¥idg Reating ArePoling deprAEnoRn the Mrdes J@érrmqimgtsa@ass provideyonlfe
chilled beans. In enbodinents, the termnal units 302, 304 are serviced by
| ower temper Hieuotheheaboth dﬂeéte’rg ot coadingesfpct patvaded btndime termicdliuritsdnégans
101 to permt themto handle part of a latent |oad, thereby reducing the

| at ent beopeovidsdiRbimg hteaetranéfehﬂndlpraﬁdeaIfltorﬁaoooniee%ahiuer grfed agnts, the
termnal units provide additional capacity without the need to provi de

ddi t at
?ef ere(ni@gérﬂﬁfn%wg%h %@ @%oﬁ%bﬁﬁ%ﬁ@p%kgyt(gpm ér}ge{?gﬁirﬁ?%al%anQB may have
t hom £ "BUPAC T S PE SRR PR aR! Phaler o oflsss) “as desor ! bed

above, termnal units may be connect ed to a main supplé ai][ duct that
¥ .
andi i g a07341” acT e SrolpaGritin) oy %%ré’ﬂiesa%o"ﬁ%#aeé%ms e chi e
b f f h I t
or 1 mar yCtife bBaHE Syl B%+t%§°a§a%d{9§$&oéﬁ%?$‘tbﬁa§#‘?ﬁayy B serieerdinpar al | c

connection between the air handling unit and the termnal unit as

descr i b&turngddotke aird@ndling unitayn eabpdireenisotheaiarmimal unit®recycle air

2011/ 091380PCT/ US2011/ 022287 provi de heating or cooling depending on the
nmode. Tiarongratheumedt exehgngercteipevide ladditivmad captyotihehisavaypohilled beakisng or
cooling effect provided by the terminal units may be provided from a heat

transf ehat ptviibRIYI @Ming hedY Be B%\hd’éd Wthqiealnhgrca%bfnnpmlﬁa Het foRAIheUNi t

such as a vapor conpression device (e reverSi bl e heat punp) or a
hyd I
[ 054] TR it 1A Bt REA0H %gﬂﬁ?ﬁw%tﬁiﬁﬁ%&??ﬁ%ﬁ <051 the

chilled beam system that lack heating capability, for example.

[0065] Any of the embodiments may be provided with a controller which
activates the additional heating or cooling provided by the terminal unit in the event
of a load that is greater than the capacity of the chilled beam system. Also, any of
the embodiments may be provided with a controller which activates the additional
heating or cooling provided by the terminal unit in the event of a detected need or
commanded requirement of fast ramp to target conditions. In other words, in the |
latter case, the additional capacity is used to overcome thermal inertia thereby
allowing, lower non-occupancy intervals such as during weekends at an office
building or school building. Detection of a condition requiring the additional capacity
provided by the terminal unit may be, for example, a current temperature lower than
a threshold or a comfort. An open loop program for saving energy may employ

regulate temperature using the auxiliary capacity of the terminal unit to maintain a
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chilled beans served by it. Also, as indicated, the return air may be
partly (or fully) returned to the air handling unit. In enbodi nents, the
term nal woi2bsi/mvex89cl e air through the heat exchanger tecpruseeide2zdditi onal
capacity. In this way chilled beans that provide only cooling may be
provided with heating capability using heat fromthe termnal unit. This
capabi | Pf9etigPrseatyfieuentbalpy, RIofilsr ouer & brRfird of Rredigie@ RFe4RaNgYANN-| ed beam
systemthat | ack heating capability, for exanple. [ 0055] Any of the
enmbodi negaupanay cpeepridwisdtng eantroller owy resklverthetprefile asta vamezancher may

addi tional heating or cooling provided by the termnal unit in the event of
a | oad dtbrd standgrécpiofilest Whichtdte sefipted Vg dliséhiateitsicel ed beam system Al so,
any of the enbodiments nay be provided with a controller which activates
the additional heating or cooling provided by the termnal unit in the
event of §06B8]JectRefendmginow todHigedAlad a eaderemnibodimeit fasbdoliipati @f taar get
conditions. In other words, in the latter case, the additional capacity is

used tOcd?'}d‘i!tfcﬁ@@sﬁaﬁ%ri_@ésétﬁ%htthécbbﬁéiﬁbé{ftﬁb!dﬁ‘ﬂ’ie@%ea{rﬁ‘&%bliﬁ@gyﬁé pancy
intervals such as during weekends at an office building or” school building.
Det ect i o it i iti.onal - [ oV by the
Pet oot iyl e SOBFlcHuPad 0 bel B S ARl RS Bl hHb e ©

t hreshol d or t. An_.open |lo rogr,am.f.or savi ng energy enpl oy
gt anrovBrpa ¥l e el e ag BrBrEa g biin e BEamE haSOde MeRaDlan | 1o
mai ntain a WO 2011/ 091380PCT/ US2011/ 022287 target tenperature or enthal py
prof i | ecasling effeskrVendilaifonps dupvided fiost thrapdyanosurly phat froey theairThus, t he
controller may receive the profile as a cormand or may store standard
prof i | dsandlinghurélr €T heetegniiread unitds i a bgpass hrexdeaskich[rOapbE Rekeiveiorg now t o
Fig. 5A, in a node enbodinment, a cooling |oad of a conditioned space is

| ess t hadliveRecoidigaced By Pledrizeofcdhdamper Be B ceesed BEewHEre Meydih Ny thishe
addi ti onal capacity provided by the termnal unit. The air handling unit

gr ovi deg 9% ?rﬁo&@?rg%?&ﬁ@&ntg%lei BEmfRkl Ghit e@bﬁjregér]n l/%h@gtigf?ﬁ%stp&ﬂd’é de

ensi bl e cooling et entilation 1s provi primary supply of
air fromt air handl.ing,unit.. The terminal unit is in a bypass node which
may be lbsa?éjgtl% Or[)erCtﬁf?Wi'UQg’Elprngﬁf'P l?ﬁ %setﬁgpﬂeans of a danper as discussed

el sewhere herein. In this and ot her node enbodi nents, the termnal unit may
provi de a il ab] . les s or - 1 i | ances ;i_.n the
system [é%@%he%%%%@jﬁ%@vt?g 'Q:asgél ’ @% ﬁ\%ggaer{lrﬁéégmgﬁﬁ‘é%f@ﬁp%%gga i ng

| oad of a conditioned space | s greater than the capacity of the chilled
beam cdSINAHPNEFAIRREWS Sherle™ (D e GAPRGHAPT henaniled bEpmnAQRiBg By tere
termnal _unit so the term nal adds additional cooling effect to suppl ement
t he ai rwitkmdithegdditional gapasityarovideg bydbe dersaingbisit sodhectermineal gddsent node
enbodi ment is inplenented in response to an open | oop control comuand

at t endianlitoriad cgelindeffeet toisupptaracrirtte dinandiiagunit. Adtdvediivety, cenf ort abl e
conditions are to be established. The air handling unit provides part of

the | at@iséusseal dotyectHeeslesantimode «rhbbdiftend aaimplefientatrinseBpbMLtcaR! | ng
effect, however in this case, the termnal unit provides additional

sensi bl ' ' ' r ' ' is

Sen! bl o Yob o) Gk 4 g LeAheFHSIRERET and Sk Karbad o

term nagefglﬂe' E[:or'n?orlarl]alea cBRGTONS afe toat():é 'e\s/t%b(ﬁ(sjﬁéé.gjllhgtalir%nar;[ Il% unit provides
part of the latent cooling effect and the chilled beams provide sensible cooling effect,
however in this case, the terminal unit provides additional sensible and latent cooling

using its heat exchanger. Ventilation is provided from the primary supply of air from

the air handling unit. The terminal unit is in a passive or active configuration that
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WO 2011/ 091380PCT/ US2011/ 022287 provi des additional cooling effect to a
return air stream as discussed el sewhere herein. [0058] Referring now to
Fig. 5C, wo aimodsoenbodi nent, a cooling | oad of a condipCrarsec19p28® i S
greater than the capacity of the chilled beam cooling systemw thout the
addi tional capacity provided by the term nal unit so the term nal heat adds
addi t i difavides@dditipnet ceelina effedifpadriuin aihsiream, aadiscusgediaisewhere

Al ternatively, as discussed above, the present node enbodi nent is

i npl engmgrenh.i n response to an open | oop control comand attending a | arge
thermal inertia and short ranp tinme before confortable conditions are to be
established. The air handling unit provides part of the |atent cooling

ef fect anf0088] cHhRéfeeihdprawdo FHig\s@ansemoidblenisoadiiieny ®tbaity loadwEaer i n
this case, the termnal unit provides additional sensible and | atent

cool i ngcdiiititheldt spdteas ghxtBARY thetdapRcity of iebéHksh b@arﬂado%inhglsys\!ew
ventilation air and further cooling effect fromthe air handler.

vent i | atiyititfe @Eaxibﬁspcér%%ﬁrmgvapéa BYthe by Hit & &}ef {e%mal?w{ r

handl i ng unit. e term a passive oOf active configuration

t hat proyjdes..the addj.tiopal, .cooli effect . to a.return air stream as

di scusatiscafoli 2Rl BReet el R i Party Gl Al hats © i
to draw return air and inject into a cgnbined supply streamto the chilled
beans. JiBRHsSERAROVE] g RISRERLMPdg enodiment iswplesppiad ingasPenIsto i al | y
as in Fig. 5C, the air handling unit provides no conditioning and only
provi desperenoplcantrohcaimmandaattandinmed largeshbimaldoettianandasieorpraap diete by t he
chilled beamand termi nal unit or the terminal unit alone. The current node

may be haferkesmidrebld benditiohd ag: {odssl esiblistieas. NTHhe airtankliing Avirprotidest he
conbi ned capacity of the termnal unit and the chilled beans.

Al t er natd } i i Aardl ; kS LSt . rm nal
ot " e SRS APy s bR e

however in this case, the terminal unit provides additional sensible and latent cooling
using its heat exchanger which is combined in parallel with ventilation air and further
cooling effect from the air handler. Ventilation is provided from the primary supply of
air from the air handling unit. The terminal unit is in a passive or active configuration
that provides the additional cooling effect to a return air stream, as discussed

elsewhere herein. The terminal unit may have a fan to permit it to draw return air

and inject into a combined supply stream to the chilled beams.

[0059] Referring now to Fig. 5D, in a mode embodiment substantially as in
Fig. 5C, the air handling unit provides no conditioning and only provides ventilation
air. Latent and sensible cooling are provided by the chilled beam and terminal unit
or the terminal unit alone. The current mode may be invoked when the cooling load
is determined to be lower than the combined capacity of the terminal unit and the
chilled beams. Alternatively, in a variation, all of the load is satisfied by the terminal

unit.
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[ 0060] Referring now to Fig. 5E, in a node enbodi ment, a heating |oad of a
condi tioned space is less than the capacity of the chilled beam heati ng
syst em wiwbauoti/®issoaddi ti onal capacity provided by the temmise@li/oen2st. The
air handling unit provides part of the heating effect and the chilled beans
provide the renaining heating effect. Ventilation is provided fromthe
primary sUBP9l of Referring spwttad iai PE hHarimodg aembedimens, a beafingloagneftais in a
bypass node whi ch nay be passive or actively configured by nmeans of a
danper eendiiiGrratsspateckdesshthaa the rcapacity af thiei chilledbedrh dreatingd systenodi nent s,
the termnal unit may provide a ventilation boost or be used to correct

flow i niyhautaRe ddaitioh@l éé(ﬁécﬁl?‘prbﬁ@@&]ﬂ?&héﬁéﬂnﬁiﬁaﬂ@ﬁﬁ.tWhEiaG}-ha'iﬂlinbmnﬁ node
enbodi ment, a heating | oad of a conditioned space is greater than the

capaci t ¢ i i L | capacity
pr ovi de%ro‘g{?e{sﬂ%rfgfrﬂ%bﬁ%a?ﬁjﬁ%ﬂé?ﬁ%ﬁ%?éﬁ%&?gﬁb% g%%ithgggﬁdlwgﬁgl heat i ng
effect to.su e t the air handl.in nit.. Alternatiyvel as, di scussed
above, P¥Af &%W%tg@ﬁ%o%o g ff@“&%PHW@HpPM *@é’%&?@gh?@"an open

| oop contrgl command attendi n% a_large thermal inertia and short ranp tine
bef or e RNAIBG N el R IRIMINAI ADIL$ i 8 bypase 81ade WBiIsBdNaY ke RaSSIVEMdI i ng uni t
provides part of the latent heating effect and the chilled beans provide
heat i ngaclivelceqnfigoved by nmeanshdfsa dagper ah alisaussed @lsawhidre heogindds thddi t i onal
and |l atent heating using its heat exchanger. Ventilation is provided from

the priamd gtrenpimdde efbadimérteMmheterrainal baiahaygrovitd a véhsiatien Bobsl ot t i s
in a passive or active configuration that provides additional heating

ef f ect § Ot &3k Bl infHidiSBs iAthdsyaupsed el sewhere herein.
[ 0062] Referri ngr now toI Fig. SGI in a§rm e enbodi nent, a heating |load of a

conditioned space is greater than the capacity of the chilled beam heati ng

system W Thoed1 t "RefFHhd h pexcij s ' i4 so the
t erm nal tk[leat ] WO %011/%9?%8&#%5%%1@8%287 a&(}?jhgnggadhéié@nd;@aﬁ?gﬁ ng

ef f ect Ftid ; ' i ' Lyel ' ssed
above, <%‘ﬁ"e pr egg%%g?%%gtl rent é&%#ﬁ%%}éﬂﬁ&@ﬂ&?hb%@s%%a%@g c?eg{ﬁ open

| oop control, .co d attendi.ng a large thermal jnertia apd shart ra tinme
bet or o WERTEEBREN ALy Papudph Behe deabinal oo e temindlantiatty uni
provides part of the |atent heating effect and the chilled beans provide
heat i ng@dditieral heqying edfect i sunrlerngakthetagiehargliiondit. uiitemgtivelydes addi ti onal
and | atent heating using its heat exchanger which is conbined in parallel
wi t h vedistusseidoabayie; thmprelsent madelarabodigentt isimplementechin mispohsett an .
Ventilation is provided fromthe primary supply of air fromthe air

handl i ngpemicop comerol esiminitaid atteriding ailarge thasphViBefia &%d ENErt eambitihe at i on
that provides the additional heating effect to a return air stream as

di scussggford s6sSbIE8bRAETlond Bfe ICh&LaRIbIiERed TRY i Q]cﬁing%itg&ogﬁ%@ toit
to draw return air and inject Into a conbined supply streamto the chilled
bearrs. part of the latent heating effect and the chilled beams provide heating effect,

however in this case, the terminal unit provides additional and latent heating using its

heat exchanger. Ventilation is provided from the primary supply of air from the air

handling unit. The terminal unit is in a passive or active configuration that provides

additional heating effect to a return air stream, as discussed elsewhere herein.

[0062] Referring now to Fig. 5G, in a mode embodiment, a heating load of a
conditioned space is greater than the capacity of the chilled beam heating system

without the additional capacity provided by the terminal unit so the terminal heat

19



[ 0063] Referring now to Fig. 5H, in a node enbodi nent substantially as in
Fig. 5C, the air handling unit provides no conditioning and only provides
venti | at iwo 2aiwo91dsat ent and heating are provi ded by thepchiuskedobzam and
termnal unit or the termnal unit alone. The current node may be invoked
when the heating load is determned to be | ower than the conbined capacity
of the ¥npe@ditiongliheating affest tnsynriemsakite aiphaedling yrik| Hlteingtivelyaas at i on,
all of the load is satisfied by the termnal unit. [0064] Referring nowto
Fi g. 6Adisausasdicatmnvies thenpraseatmodeaambaodintdnd isimpldimenteds inofespogse tbant hr ough
5H, a chilled beamis configured in a heating node that facilitates

heat i ngopémitfopdionatdl eomhdrdsttdming arard therhsl iRerizigsE shoe darpltipye

Referring to Fig. 6B, a node enbodinent as in any of the enbodi nents of WO

20111 0%SRAPETH ARG CORARARS SlOR pEBSIMIGHAD THe ot RATIHATIibLides

configured 1n a heating node t acil1tates heating

termn [ i eseribhe | ow. [00G5] Ref.erri now to Fig
on o oo BLeTBRERENM sPEELATEBlS Hied BeR stV ARG b6 wi ¢ b ol i
di scharge 708 formed by conmponents 702 of a housing thereof and the bl ade
704 of BOWaYRSdP Nigikass: hedpymial UnibRravidesadsilioRgirhd Btantineation ueor i m o
jet 716 which induces air 720 through a heat exchanger 710. The bl ade 704
may be heattax¢hangeowhichdwcagpiad inqarsliglovith erntilatian aid andtfartbert heating
provi de precise gaps 708 that are regularly spaced along the chilled beam
700 | ongff¢cidionatheasir handlee. Vientddtiooizdirovideddrarm the prieriry sepylgf tahefrari | | ed
beam 700 t hrough a downward openi ng channel 712. As shown in Fig. 9B, in a

heat i ngtheRbenahdidgda eThdtfn Qhit B YEa JeRsRB &m%fc%nﬂ@dmaﬁleﬁ thqe channel

712 bl ocking flow't hrough the heat exchanger and providing a |ess

restric : |y 4 I I e ' ively
Cl i i nop SR 0 Sefna) Reatrifeftedt S e Pohurhiaf S0E8H 30 ARSRSId BsBBRE 0 o}
in which the f{le.blades 705 span._a snmaller. fraction of .the longi.tudinal
| engt b Belihe BTG mAY PV B grier e R Bihinioam BlvBat AR Iurct ot
aspect rati o_rqeﬁgi sters or openings 715. Danper blades 707 may al so be
provi ded cambinasesunily siread terthe wbilledingases.beam | ength to cl ose of f the

pl enum 706 exits except at the parts opened by bl ades 705. Alternatively, a
fixed nozzle configuration of Fig. 9A may remai n except at the portions
opened by [#9f3ldanReieringaay toddg. il g8 a mepdegipbagimant sybstaatialiy azin
respective configurations of a configurable chilled beamfromthe

per speckigveCotheaair bpdling=unit pukiides np canditingingl dretonlpiprovdes gantilatitre
cooling configuration is shown in Fig. 12A. The chill ed beam 223 has

nor mal | gir.cbatengane dheating a0 provigesd BY The thilled BeatrPalld teanpealturorahet he sl ot's
have switched to | ow aspect ratio openings 231 through which primary air

may be Rl dnilblchd)i The ¥ahEAEModB tnaP BBIIMKedAlhéM heShOAtirgPBaNRYS 225 may
be cl osed or remain

determined to be lower than the combined capacity of the terminal unit and the

chilled beams. Alternatively, in a variation, all of the load is satisfied by the terminal

unit.

[0064] Referring now to Fig. 6A, a mode embodiment as in any of the
embodiments of Figs. 5E through 5H, a chilled beam is configured in a heating mode
that facilitates heating. Configurable chilled beam embodiments are described

below. Referring to Fig. 6B, a mode embodiment as in any of the embodiments of
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WO 2011/ 091380PCT/ US2011/ 022287 open in a restricted fashion or may be

cl osed as described with respect to the enbodi nents of Fig. 9C

[ 0066] RefwonrnnigizsoFi g. 8A, a configurable regi ster boxpPé&@Ascwmy/obrsatt ached
to the end of a chilled beam 604 to permit air to be selectively discharged
fromthe box in a | ow aspect of diffuse jet. The register box 606 may be
provi debig% PR throtighelar @ terminalgindl is cgoligurgliin e heatng madedhatdaciitates heat ed
air toward the area of the occupied space generally covered by the chilled
beam 60ReatigpwCoafigirabtl teemired ubif embtatiments aret descriegd dtebowbox 606 to
divert all, or a selected fraction, of the primary toward the m xing

regi ster outlet which myy be | ocated on a side or the bottom of the

regi ster H0Q65) n Refetring nost ioleigcBAf a gonfigirable chiledjbsamr7GbRasa7 i s
provided at a termnal end of the primary air plenuminternal to the

chi Il edphewany aif peeriegi7o6eatitholit disthaige 708 fomeseBy dofipdhehenr0nef gode to
vent additional air fromthe primary air plenum A fan in the termnal unit

may COOH&rjﬂhg\fﬁérxéobaﬁ&m% Pl%df'alﬂ)ﬁ & a BAINRE Y TRL r{rﬁaryﬂsirﬁﬁ@zi ﬂm&é ‘PHYohpF\OUQh

the chille eam col st conveyi ng ditional air through the Fegister
box. Thg | r i I ed ntroller, to ,satis a

or eat er TGent PAP SR a8 PRYuorBURER oY 2B Rl heheRuEPRE ctos
comand 0 use schedul er.. 067] As shown in Fig. 10A, in an

cbod iR bfadert 4 Hi 38 TIGeBrCtfasth faw ALBIFIEN® JS i PTo¥idg SeRdRD uni ¢
serving multiple chilled beans 804. In the exanple shown, the term nal unit
806 haspepvide piagisecgars €08 8 afpiregulady spackd alongithe ghilledtbgam g00 from t he
occupi ed space. A heat exchanger 816 and filter 814 are provided as in the

enbodi nemggudihaFaxs. Theaniked.coAditiochednailt steeaih ledaszctherchiliedddasth TQ0f r esh
air, is provided directly to the termnal unit 806 via a connection 818.

vl oy Sdhi Ayl SRS 10 ARt 208 o ka0
the damper blade 704 moves to an opposite wall of the channel 712 blocking flow
through the heat exchanger and providing a less restricted channel 712 for the air
flow, the nozzles 708 being effectively eliminated. Fig. 9C shows a variation of the
embodiment of Figs. 9A and 9B in which the baffle blades 705 span a smaller
fraction of the longitudinal length of the beam so that air from the plenum 706 leaves
through low aspect ratio registers or openings 715. Damper blades 707 may also be
provided at other portions of the chilled beam length to close off the plenum 706
exits except at the parts opened by blades 705. Alternatively, a fixed nozzle
configuration of Fig. 9A may remain except at the portions opened by the damper
blades 705. Figs. 12A and 12B illustrate‘ the respective configurations of a
configurable chilled beam from the perspective of an observer looking up at installed
chilled beam. The cooling configuration is shown in Fig. 12A. The chilled beam 223
has normally configured slot openings 225. In Fig. 12 B, a portion of the slots have

switched to low aspect ratio openings 231 through which primary air may be ejected

at a high volume. The remainder of the slot openings 225 may be closed or remain
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fromthe air handler is directly applied to the ducting 812 per the

parall el configuration of Fig. 3. In both enbodinents, a m xing register
810 is savecvivmi3goavail able for heating either in conbipoatiseer1ei27 t he

di scharges of the chilled beamor separately using a control danper. The
m xing regi sters 810 may be bypassed during cooling using a suitable

cont r ol OREh{PeR rfesﬁa@teén‘aém?n ofifeay ke §igsed amdesasived vatisrasReckiortie nultipl e
or single chilled beans. In enbodinents, the term nal units incorporate |ow
prof i | eeobagivrents of Fig@C.as, optionally fans and the other components
described such as to forma low profile unitary device that can be nounted
above a hung ceiling. [0068]In any of the enbodinents, the controller may
provi de t §@RO€RIdi t Refeiring éphtg. BA, @f carffigurahierregisten biox 606spey beattached a
change in detected or predicted occupancy. For exanple, this may be a

r el evanto therexidegfya thoiled beasi 60dto pewhit ai ¢t parsaediively @iScranyed iffoyn tevel s

t hat woul d generate noisture during cooling node operation.

[ 0069] Ephyophi W BsPéctidticifisavent TR r@gﬁi§te‘i‘%ﬁrdd?serﬂa?%_%eﬂrﬂvidba%ﬂpﬁ the best

node known to the inventors foor carrying out the clains. Variations of the

O 0 R ROMLIRE R BY ARSI RARAT By o nlfaPaPlofht AR deg e, " M

art in présent di Scl osure e i nventors expec
i nventi on W

|| be practiced usi det ai |. nd varij.ations that are left or

our t hatoeaBiee sPaarogiRally Sevelad e Ghilesbram 802- iFiou pry Reidivarabs
nodi fications, variations, and %gui val ents of the subject matter recited in
t he cl P8 dappraide dheeegister bpy GP0)tpdivarbalhrassestleaisgl fragiionoaf therrsinaaiym
"terminal unit" is used to describe a particular conponent of a chilled
beam sytewand dvee mixing ugdistamidutietiwbeEhrmanibedocatedlnn a digiet orf the dhodtent dbethel nal
units" by those skilled in the art. In the present application, WO
2011/ 09Eg8E M OHUR0AA aRd#d8Ve configuration, a register box 607 is provided at a

terminal end of the primary air plenum internal to the chilled beam. The register box

607 may be opened during heating vmode to vent additional air from the primary air

plenum. A fan in the terminal unit may cooperatively boost the flow of primary air to

maintain flow through the chilled beam coil whilst conveying additional air through

_th‘e register box. The latter function may be invoked by a controller to satisfy a

greater ventilation requirement as well, for example, in response to a command by a

room-use scheduler.

[0067] As shownin Fig. 10A, in an embodiment, a mixing register box is
provided as part of a terminal unit serving multiple chilled beams 804. In the
example shown, the terminal unit 806 has a return register 822 which is used to take
up return air from the occupied space. A heat exchanger 816 and filter 814 are
provided as in the embodiments of Figs. 3 and 4. Air from the air handler, including
fresh air, is provided directly to the terminal unit 806 via a connection 818. Ducting

812 distributes air from the terminal unit 806. In a variation 808 of the foregoing, air
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the term"chilled beam is used to identify a chilled beamtype of term nal
unit that includes a heat exchanger and induces flow through the heat
exchangerwbyoneamsoof primary air jets. [0071] Ref erri ngprrco/use@.1/0i2s7t he
terms | ow aspect ratio jet or flow and high aspect ratio flowor jet are
used herein to characterize the difference between the jets of chilled
beans dreMmtthaiaidrancder is sirecty ppplied to therdusting 3 '@ perdhingialigipect ratio j et
such as produced by a chilled beam 223 (a high aspect ratio jet) is

t ypi cal ¢onfigurateh diyFig. Bi irebotrs¢mbodipesritaga pHising Tegister B 1dsip setectiatlyo

di scharge, or flow or jet produced by a m xing register 227 is discharged

by a Ioa(v/amspmorh@ta'ti@? eRRet INGCoPAGinaBon WAthitRe didthaegds of theehiliceMsedm ori 9. 11
are fromthe bottom [0072] The termm xing register is generally used to

i dentif 1 : L it ; : § i ry than
about 1Soyarehely Yo oA ditbet, TRARRERG e 870 e Byl | ]

i nvoked onfiquration. the.chilled beamor the_.term nal uni t he

vol une Sy SRR Ui pr¥huBhis! R Ho i SR e GRT R L) 8.

i ncreased, for exanple, when a heating node signal is generated. )

[0073] Fﬁe%%mayga‘w% Ultie SRR GNillRg Peamhelar§TREORIBRNYS dhe derprinal units
configurable chilled beam enbodi ment in which primary air is discharged

f rom a ipteienatedowtirpbiegionaponents, suchany optisnallydass andetherithéred beam 800 is
pl aced in heating node. The heating node is shown in Fig. 8B. The nor nal

chi | | eccdreponerisidegoribéd such as sééovm atovripgofild Jhitabededss tHBiGaamd 808 cl ose
to formchannels 804 formng jets that induce a flow of air through the

heat exgBan@erarthe 4 Ruh§eellipgmal chilled beam operating node. The edge 809
of the danper bl ade 8087 as Stated el sewhere, can be fluted to define

channel's. Al'so the an opposing el enent can cooperate with the fluted bl ade
to form ajeesgles @fary bfftheRIBAYifeRES, ehé cORIrbRS by pMidide the additional

2011/ 091380PCT/ US2011/ 022287
“capacity of the terminal unit responsively to a change in detected or predicted
occupancy. For example, this may be a relevant strategy for occasional high

occupancy or high activity levels that would generate moisture during cooling mode

operation.

[0069] Embodiménts of this invention are described herein, include the best
mode known to the inventors for carrying out the claims. Variations of the disclosed
embodiments may become apparent to those of ordinary skill in the art in light of the
present disclosure. The inventors expect that the invention will be practiced using
details and variations that are left or our that depart the descriptions herein. Thus,
the invention includes modifications, variations, and equivalents of the subject matter

recited in the claims appended hereto.

[0070] In the present application, the term “terminal unit” is used to describe a
particular component of a chilled beam system even though chilled beam units may

be identified as “terminal units” by those skilled in the art. In the present application,
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jets along the chilled beam Figs. 14A and 14B show the a portion of an end
cutaway of a chilled beam 801. Fig. 14A shows the heating configuration and
Fi g. 14B wbaws/missocool i ng configuration. The chill ed beamBediiha=xsa fl uted
danper bl ade 808 whi ch cooperates with a fixed bl ade 815 whose shape is a
mrror inmage of the fluted danper bl ade 808. As shown in Figs. 14C and 14D,
t he mi rtherteimuagfelled hear” is used toidentty Bobilled beanbtypegidernivat onitthatt
openings 817 that are regularly spaced apart when the danper blade 808 is
tilted iholudks acluedtiaxghpngert archindlices fload thngughothiet hezt eixshahgawby imeng. 14D
and a transitional position between heating and cooling shown in Fig. 14C

[ 0074] Td¥eprirgaiEair Rts.and "an” and "the" and simlar terms are to be
construed to cover both the singular and the plural, unless otherw se

i ndicated herein or clear fromthe context of usage. The terns

"conpri si p@o71]" haRéf&nifciig to PRJ. udi Bk ferMRdowG2Peat Ritiddet & fowBAAHigled terns
that do not preclude additional elenents or features unl ess otherw se

| i catatbhedl oid 5By i BT heAls) (oRARRRAEESE W RRefAIcE NerRe L Y

contain integral to, or joine er. nges of

val ues .include, each separate value. within the range, unl ess, otherw se

ool ol IR S BPURSAT NG tebistetn de it g Blorcgeal % | o
of a range as if separately disclosed. Unless otherwi se indicated or clear,
met hodsleg@éQh 2% errdiced; by agpillsd hean g2dda high asged saliriat) igityRicady . Exanpl es
descri bed herein are not intended to introduce limtations to the

i nvent iforrsed by@ o/ OUGBIRET 2252 The/ I0@22pe ctratiodisoierge] or fidvaiompet i s:

1. A nethod of satisfying the |oad of a conditioned space, conpri sing:

conveyi mgdptécﬂrbf/)a mixing reyister 0emtis discahrgdipbdhilog agpett fatiotdpeniig 2By air
inlet of a chilled beam

(or series thereof). The views in Fig. 11 are from the bottom.

[0072] The term mixing register is generally used to identify a diffuser or
opening with an aspect ratio that is lower than about five. In all embodiments where
the use of a mixing register is invoked, by configuration of the chilled beam or the
terminal unit, the volume of primary air (including air from the terminal unit) may be

increased, for example, when a heating mode signal is generated.

[0073] Figs. 13A and 13B show cooling and heating modes of another
configurable chilled beam embodiment in which primary air is discharged from a
plenum 802 through a heat exchanger 810 when the chilled beam 800 is placed in
heating mode. The heating mode is shown in Fig. 8B. The normal chilled beam
configuration is shown in Fig. 13A. Dampers 806 and 808 close to form channels
804 forming jets that induce a flow of air through the heat exchanger 810 in the
normal chilled beam operating mode. The edge 809 of the damper blade 808, as
stated elsewhere, can be fluted to define channels. Also the an opposing element

can cooperate with the fluted blade to form a series of orifices to create a series of
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conveying conditioned return air to the primary air inlet of the chilled
beam 2. The nethod of claim1, wherein the conveying conditioned
return aiwoincil/o9dsss cooling return air fromthe conditi enedsspaoe22and

m xing the result with the primary air fromthe central air handling unit
to produce a conbined primary air stream which is provided to the primary
ai r i nligts 3Jeng tre ehilled bgaprahigs. 14A and {Igrﬁsh@‘(vﬁbﬁ agportipaiofam engher ei n t he
conveying conditioned return air includes cooling return air fromthe
condi t i araday phechiled eam 81t Hagr e4Ailshoivs the theating @bnfiguration ihdtfig. pri mary
air fromthe central air handling unit to produce a conbined primary air
st r eam 14MsRdws She EOMirfEcorifiyur AforR T TRALHillet beafh 801 HastdButeliddngserbeam
4. The method of claim1l, wherein the conveying primary air froma central
air ha i AT e g I 1 bt t hat
s sur 1arS Q08 BopSIEte AR PSS FhosZ sl bl RiaddbE |
i nsufficgi su ign thermal_.l o equyir nt. . . 5. Achilled
beam siﬁ?g%ﬁa@pggh@“@i%@id&%i}%’f‘ 'E(ﬁﬁ%?’g‘i(‘?@ﬂg 14ﬁ,nfhe BHiPY B %eam uni ts,
each having at | east gne heat exchanger and configured_to receive prinmary
air, ofbes phibediades JO8ANG TS eRUAGE QA IebABeRiEDs 847 thatae raIrlasN of
secondary air through the at | east one heat exchanger, the heat exchanger
bei ng capdced@apadt woen e tampear blagig 80 isdilted tartbé eoofingipasitioomTéeheat i ng or
cool i ng source; an handling unit configured to convey primary air
L rom a aihihgosition iBahdivnrig Figni 14D antetransitionyl pusitionbetiveeh reatifgldned

eam

cooling shown in Fig. 14C.
[0074] The terms “a” and “an” and “the” and similar terms are to be construed
to cover both the singular and the plural, unless otherwise indicated herein or clear

”

from the context of usage. The terms “comprising,” “having,” “including,” and
“containing” are open-ended terms that do not preclude additional elements or
features unless otherwise indicated. The terms "attached" and “connected” mean
partly or wholly contained within, affixed to, integral to, orjoined together. Ranges of
values include each separate value within the range, unless otherwise indicated and
each separate value in the range is indicated by recitation of a range as if separately
disclosed. Unless otherwise indicated or clear, methods described herein may be

performed in any sequential order. Examples described herein are not intended to

introduce limitations to the inventions.
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a termnal unit configured to convey conditioned return air to the primry
air inlet of the chilled beam 6. The systemof claimb5, wherein the
condi ti orwd 20et09u3s0ai r i ncl udes a nechani sm for cool i ngprcetuseorimen28f rom t he
condi tioned space and mxing the result with the primary air fromthe
central air handling unit to produce a conbined primary air stream which
is proel®BM®o the primary air inlet of the chilled beam 7. The
systemof claim5, wherein the conditioned return air is cooled by the
termnal unit and the result is mxed in the termnal unit with the primary
ai r froMhehis daimediis: ai r handling unit to produce a conbined primary air
stream which the termnal unit provides to the primary air inlet of the
chilled beam 8. The systemof claim5, wherein the primary air from
the centrall air Hamgthag ofisatisfywadhe doadiafl @ condiioned spaca0merigngs i ci ent
to satisfy a ventilation | oad of the condltloned space but insufficient to
supply a design thermal |oad requirenent . stemas in any of
claims 5-8 \REVEYIRGIHENaRYat flam asentrakair ha@@lm 'é'&ihtﬁa i RINADYAIT Hietei |
configured to reduce the noisture content of the return air. 10. A
syst emashilled &epnof clains 5-8 wherein the terminal unit includes a
desi ccant conponent configured to reduce the noisture content of the return
air. WD 2011/ 091380PCT/ US2011/ 022287

conveying conditioned return air to the primary air inlet of the chilled beam.

2. The method of claim 1, wherein the conveying conditioned return air
includes cooling return air from the conditioned space and mixing the result with the
primary air from the central air handling unit to produce a combined primary air

stream, which is provided to the primary air inlet of the chilled beam.

3. The method of claim 1, wherein the conveying conditioned return air
includes cooling return air from the conditioned space and mixing the result in a
terminal unit with the primary air from the central air handling unit to produce a
combined primary air stream, which is provided to the primary air inlet of the chilled

beam.

4. The method of claim 1, wherein the conveying primary air from a
central air handling unit includes conveying primary air at a quality and rate that is
sufficient to satisfy a ventilation load of the conditioned space but insufficient to

supply a design thermal load requirement.
5. A chilled beam system for a conditioned space, comprising:

chilled beam units, each having at least one heat exchanger and configured to

receive primary air, eject the primary air through at least one jet to induce a flow of

26



11. A systemas in any of clains 5-10, wherein each air handling unit
serves multiple termnal units and each termnal unit serves a nmultiple of

sai d chi Iweaohwanso 12. The system of claim 11, whereirrustére/ot2smi nal
units are distributed through one or nore structure to place themclose to
the chilled beamunits served by each. 13. A nethod of satisfying the

| oad of secanciady air dredgbpbe af leastrpne diead exchanger, thedzat mychafdenvbeaifg pri mary
air froma central air handling unit, the air handling unit providing fresh

air frogorfigusedie redeivd diiggidHeass trapetardliciresh aheating sekeshirmpssurcat i os for
formthe primary air that is conveyed; conveying the primary air
fromthe central air handling unit to the inlet of chilled beans;

creating a faowaadlimgpodit toofigittedas iconueppethady hirffromatcntiahalr hamidlisg each
connected to receive return air froma conditioned space served by a subset

of the Ghtid @@ NRASE APMIGIOENIASY BBARAl py of the return air to create the
, . : an

conditioned recirculated air; erein the primary air is received by
the chilled beans after being conbined with recirculated air flow created

by the term agdriiRhldnit ES1FigRTEIRS Yo, it Pletdnadif tPRkNstirsagiined

wWithin the termnal unit o by mxing output flows of the termnal units

and thein?eef.%tf'iﬁé Cﬁiﬂé? B@QFH ing unit.  14. The et hod of claim13, wherein
t he conveying conditioned return air includes cooling return air fromthe

conditioned space within the terminal unit and mxing the result with the

primary ai r6.f rom ﬂ?@ s§9t@H 8‘* clgirﬁ SP%QLé-iHQhé' %ﬁdﬁiBn&'ﬁ ?&Hﬁ?aﬁ" includes a

mechanism for cooling return air from the conditioned space and mixing the result
with the primary air from the central air handling unit to produce a combined primary

air stream, which is provided to the primary air inlet of the chilled beam.

7. The system of claim 5, wherein the conditioned return air is cooled by
the terminal unit and the result is mixed in the terminal unit with the primary air from
the central air handling unit to produce a combined primary air stream, which the

terminal unit provides to the primary air inlet of the chilled beam.

8. The system of claim 5, wherein the primary air from the central air
handling unit is at a quality and rate that is sufficient to satisfy a ventilation load of

the conditioned space but insufficient to supply a design thermal load requirement.

9. A system as in any of claims 5-8 wherein the terminal unit includes a

condensing cooling coil configured to reduce the moisture content of the return air.

10. A system as in any of claims 5-8 wherein the terminal unit includes a

desiccant component configured to reduce the moisture content of the return air.
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WO 2011/ 091380PCT/ US2011/ 022287 conbined prinmary air stream which is

provided to the primary air inlet of the chilled beam 15. The net hod
of cl ai mwB,20mmeumson the ent hal py change in the term nalPcunist@ liooxBudes
renovi ng noi sture fromthe return air. 16. A nmethod of conditioning
the air of an occupied space, conpri sing: providing a termnal unit

wi th a hedltl.exchahggstent he in anyiohalaimsais-1®evingretoaaet ardandliag caitdi t i oned
space to receive return air therefrom to condition the return air using

t he heagerg¥s RANGSE te@RilaC R ¢ eacHl tdrR@diniteddtids airhuliplcofesaid cAmeY air
stream which includes fresh air; generating a heating node signal;

confi gusditigsone of the termnal unit and a chilled beamin response to the
heat i ng  nbde signal, the configuring including changing an aspect ratio of
a discharge into the occupi ed space or switching the flowinto the occupied

space fromaa fir fs’rhé‘%g@tgn 58¢1hh 4 ?\‘R@%&ﬁ tﬁé’te?nﬁrgétﬁﬁlgwg’tsa?gﬁn‘?éértriﬁﬁt%o

di scharge, wherein t Irst and sec aspect I N magni t ude.
17. The,nethod of claim 16, further conprisi conf.j ing the one of the
tor m naregt oo br SednAiBers 46 itk FEBRGRSe WOl brgtth SERdl  (he
configuring including changing an aspect ratio of a discharge into the
occupi 8P@te or switching the flow into the occupied space fromthe
second aspect ratio discharge to the first aspect ratio discharge, wherein

the first and second aspect ratjos differ in magnitude. 18. Apparatus for
condi ti oniﬁg t he Ainetgpd oh sgtizhiinodhedort ef a@@ﬁﬁglpgﬁﬁg%pace, comprising:

creating a flow of primary air from a central air handling unit, the air handling
unit providing fresh air from outside a building plus recirculated air in selectable

ratios for form the primary air that is conveyed;

con‘veying.the primary air from the central air handling unit to the inlet of

chilled beams;

creating a flow of conditioned recirculated air from terminal units, each
connected to receive return air from a conditioned space served by a subset of the
chilled beams and change an enthalpy of the return air to create the conditioned

recirculated air;

wherein the primary air is received by the chilled beams after being combined
with recirculated air flow created by the terminal units, the primary and recirculated
air being combined within the terminal unit or by mixing output flows of the terminal

units and the central air handling unit.

14. The method of claim 13, wherein the conveying conditioned return air
includes cooling return air from the conditioned space within the terminal unit and

mixing the result with the primary air from the central air handling unit to produce a
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WO 2011/ 091380PCT/ US2011/ 022287 atermnal unit with a heat
exchanger, the termnal unit being connected to a conditioned space to
recei ve rwounn/mizsot herefrom to condition the return aPCcTus2eng/orize7 heat
exchanger, and conbine conditioned return air with a primary air stream
whi ch includes fresh air, a chilled beam a controller configured to

gener atembihedtprintaryadiestsgamnavhich is provided teetist proamaryaait indetoof thelghilled t o
reconfigure one of the termnal unit, a chilled beam or a further device
in respsr. to the heating node signal, the configuring including changing
an aspect ratio of a discharge into the occupi ed space or swtching the
flowinto the occupi ed space froma first aspect ratio discharge to a

second aspect ratTige Hieisb@boelainie; aiheréinehé ehtHalgnehsafomathatessial at i os
differ in nmagnitude. 19. The apparatus of claim 18, wherein the

term ”%ni&ﬂh&luh@&'réﬂ%?/ingirﬂ@ﬁlgr[%ft WK 4P vary a mix of return air from

t he occupi ed space and e primary air stream 20. The
apparatus of claim 18 or 19, wherein the termnal unit includes an air

mover. 16. A method of conditioning the air of an occupied space, comprising:
providing a terminal unit with a heat exchanger, the terminal unit being

connected to a conditioned space to receive return air therefrom, to condition the
return air using the heat exchanger, and combine conditioned return air with a

primary air stream, which includes fresh air;
generating a heating mode signal;

configuring one of the terminal unit and a chilled beam in response to the
heating mode signal, the configuring including changing an aspect ratio of a
discharge into the occupied space or switching the flow into the occupied space from.
a first aspect ratio discharge to a second aspect ratio discharge, wherein the first and

second aspect ratios differ in magnitude.

17. The method of claim 16, further comprising configuring the one of the
terminal unit and a chilled beam in response to a cooling mode signal, the
configuring including changing an aspect ratio of a discharge into the occupied
space or switching the flow into the occupied space from the second aspect ratio
discharge to the first aspect ratio discharge, wherein the first and second aspect

ratios differ in magnitude.

18. Apparatus for conditioning the air of an occupied space, comprising:
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21. The apparatus of claim18, 19, or 20, wherein the termnal unit is
connected to nmultiple chilled beans. 22. A configurable chilled beam
conpri si g0 2011/091380a | ongi tudi nal primary air plenum aprcongeam@e28? m xi ng
chanber adjacent the primary air plenum WO 2011/ 091380PCT/ US2011/ 022287
the primary air plenum having jet outlets opening to the |ongitudinal

m xi ng chanbaterminall wakswitls areadexchangear thautereiral uoitiethgconreméed imapart by
at | east one novabl e nenber; t he novabl e nmenber bei ng configured

such t hedndiieiedEpam todeteivgeetuen @ir thgrdfidns ABTBOMAERIN the réturh alresify tHer y
air plenumis defined, the | arger opening being larger in at |east one

di Mensi Qdat excharder, A8 OMBIhE CoRERBhEH rétufh Rlradith & WM aHUTRIENS WRicR heat

exchanger.
includes fresh air,

a chilled beam;
a controller configured to generate a heating mode signal;

at least one actuator adapted to reconfigure one of the terminal unit, a chilled
beam, or a further device in response to the heating mode signal, the configuring
including changing an aspect ratio of a discharge into the occupied space or
switching the flow into the occupied space from a first aspect ratio discharge to a
second aspect ratio discharge, wherein the first and second aspect ratios differ in

magnitude.

19. The apparatus of claim 18, wherein the terminal unit includes a damper
configured to vary a mix of return air from the occupied space and air from the

primary air stream.

20. The apparatus of claim 18 or 19, wherein the terminal unit includes an
air mover.
21. The apparatus of claim 18, 19, or 20, wherein the terminal unit is

connected to multiple chilled beams.

22. A configurable chilled beam, comprising:

a longitudinal primary air plenum, a longitudinal mixing chamber adjacent the

primary air plenum;
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24. The chilled beam of clainms 22 or 23 wherein the at | east one novabl e
menber includes a fluted danper bl ade. 25. The chill ed beam of cl ai ns
22, 23, owo2di1/osssnei n the | arger opening faces the heatrcessh@ngers? 26.
The chilled beam of clainms 22, 23, 24, or 25, further conprising a an
actuator configured to nove the at |east one novabl e nenber and a

control |l er ciwefprioarydaicplenuol havieg jettaudliets opening Ve thehlngitudinbbmivendper i n
response to a signal to change between a heating node and a cool i ng node.

27. A cedrmber, ableast Bohieast the st outielfonsietdit least in paft Byosdeastirgal primary
air plenum a longitudinal mXxing chamber adjacent the primary air plenum

the pri | pum having jet outlets opening to the |ongitudinal
m Xi ng '?:{%K/ﬁ%% rﬁemb% at | east one novabl e nenber configured such that

when noved, a | ar ger opening or at |east one additional opening in

conmuni cat i %e"\hb@aﬁl@%@rﬁb@?‘ﬁéﬁn@'cfonﬂbﬁfé‘éf@d& tﬂ%LWﬂ%Pl moved, ZBrarddle chilled
beam of claim 22, further conpri'sing a heat exchanger
opening in communication with the primary air plenum is defined, the larger opening

being larger in at least one dimension.
23. The chilled beam of claim 22, further comprising a heat exchanger.

24. The chilled beam of claims 22 or 23 wherein the at Ieést one movable

member includes a fluted damper blade.

25. The chilled beam of claims 22, 23, or 24, wherein the larger opening

faces the heat exchanger.

26. The chilled beam of claims 22, 23, 24, or 25, further comprising a an
actuator configured to move the at least one movable member and a controller
configured control the actuator to move the movable member in response to a signal

to change between a heating mode and a cooling mode.
27. A configurable chilled beam, comprising:

a longitudinal primary air plenum, a longitudinal mixing chamber adjacent the

primary air plenum;

the primary air plenum having jet outlets opening to the longitudinal mixing

chamber;
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29. The chilled beam of clainms 22 or 23 wherein the at | east one novabl e
menber includes danper bl ade and the at | east one additional opening
i ncl udes worEKIVEESDEgi St er . PCT/US2011/022287

at least one movable member configured such that when moved, a larger
opening or at least one additional opening in communication with the primary air

plenum is defined.

28. The chilled beam of claim 22, further comprising a heat exchanger.

29. The chilled beam of claims 22 or 23 wherein the at least one movable
member includes damper blade and the at least one additional opening includes a

mixing register.
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