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“An industrial process efficiency nethod and system"”
Cross-Reference to Rel ated Applications The present
w@ppt7iogwss on clains priority from Australian PCT/AU2007/000202
Provi sional Patent Application No 2006900911 filed on
23 February 2006, the contenf of which is incorporated
herein by reference. BACK ND OF THE | NVENTI ON 1.
Field of the Invention This Invention relates to an
i ndustriahap i&ﬁfs%ﬁapﬁlfdcsss%meierr@txﬁaﬁoamdsys&ﬁm' and
relates partijc o.a met hod and system for
CroggrREiarense {0, 80.a4qd JO¥nd perfornmance of any
I NdURHer badkserar a;q;e&stutm alaims gsrioridy oirerdr AusiraljpnnBrovisgonal Patent
nolﬂﬁaao? q\ﬁ%%op%dbﬁl' ﬁ%ﬁ G885y ar9t Hss, fthé“éém%’ht of which is

eri-al e 1 nven has particular
1nampbra¢@dhe®¢mlbﬁr@f¢eem¢el d of heatl ng, ventilation and

air-conditioning systenms (HVAC) used, for exanple, for

confort condltlonln | di ngs. More specifically,
BAKK GROEND Ig““ﬁgrﬁiwected to nmethods and
systens of i rrpr oving the overall operating perfornance

ff| i ency,.of novenent of fluids such as in HVAC
1 3&@@ ﬁ%éhﬁééﬂPﬁe i nvention has broad application

t hroughout all areas of industry, such as in coo

Tﬁfgquentlgﬁl P& btep E@&ﬁﬁﬁl’uﬁﬂal %&&5 eﬁﬁ?ﬂn@ff nfNROM L SyeRinridtrelates

systemt hat I.at es

P@mﬁwﬂ@ tadnethed kg e ystB fon TP R e & idi§ SnparfSrmance of
SRS ANFb OGS e uidd\Rdtbi-Siven ﬁumq:lsltb nheedigatisj shedies, gases and

%gr ﬁH@eqrg}u(l)i hllﬁt Lon t t}eslﬂszs lf)ﬂ gla§ Hven‘iﬁyus %}P%rﬁ:atl(lr{ 1n\%é held of

hédtinigt edntilation snds amcnnchtmhng yaystems . (FBVA G seseflpforopxagiple, for
Bkt &gidﬁ{&lm%)fm rbglﬁtcﬁngg Nﬁﬁ% Wﬁ&lﬁy HEHR A %\@hﬁ&? s dlrected

expansion air nrost™ co

t@m@thOdg a@q/@tséqm mmpé@rfm@ Fhﬁg%ver?éhmaa}%ﬂg m&é‘é’ﬁg@é@aﬁ@ ficiency

oRRRvEERGT FRXRANSH ANindTVACORMchisoner s oper ate by

absorbing heat fromthe space being cool ed either

directly (direct expansion air conditioners) or by

Whilecthledhvengion hae besadaapyliédtiondhioagoutvadlt easoef midngiry, such as in
ecting the th a e S

cHonGPLoqeby PhECeingr iy G SRS R ARRAT R P38 other

spdternsthau mmqmptyaﬂesy 1!151 puneping endi g ke f%a%m’tpéicﬂﬁ eand ease of

uﬁﬁé’rkﬂéﬂ&lﬂ? e ft?l%ﬁticgle it sl lgéudlésgﬂlﬁkgl I¥reif ARG afBOWits use in HVAC

systens Typi cal a not

SERpH b 36 ¢ bartmemf ogP‘ﬁ?Vé’.%’ it équg&l i polipiteq fpts use in
saéh §¢aper at or and discharging it as a higher pressure

hot

2. Description of Related Art

Compression type HVAC systems and direct expansion air conditioners are the most
commonly used cooling systems for buildings nowadays. HVAC systems and direct
expansion air conditioners operate by absorbing heat from the space being cooled either
directly (direct expansion air conditioners) or by circulating a secondary fluid (e.g.
water or air). Rejecting the heat that has been absorbed and has been generated by the
cooling apparatus is accomplished almost univefsally by transferring the heat to the

environment outside the building or space.
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gas into a condenser. In the condenser, the hot
gaseous refrigerant is condensed into a high pressure
wo p@aigses®ef ri gerant which flows through an expe@EATZ007/000202
device that regulates the flow of refrigerant into the
evaporator. The | ow pressure refrigerant absorbs heat
of vaporization fromthe chilled water or air
circulating through the evaporator, and | ow pressure
Krdoef isﬁﬁérﬁmttyp‘iaﬂm hiree dr awtorbabikchi dtivest hecomyressonfdravhiag low

pr?jgﬁ%rreélsgg{?gﬁ 248, %?1?’1 a%yecvaggrra’g({r Lelxgxﬁ tﬁlésgﬂgrg oYt E?e E‘ﬁ?ﬂth%? pressure hot
gas @gu laatondensen dih ithregeandpaset,tthe hot gaseous rebigdranp ér eandepsed into a

hlgﬁj}%%ss%?e LAk %ﬁl%&ﬂaﬁgwﬁféh (ﬂolwsctflro\’lgﬁ‘ n @Qﬁ&'ﬁ%@h URvIoB IER regulates

anou refrigerant "t hroug

the Bapyrad g@ﬁsllgera@? ingp Q}lgﬁvg}bqrétog F;Jggdosgrp‘g%ﬁsxéqeggﬁmfa@ﬁ absorbs heat of
vap&itatioh Frdnh éhd Hidd eaak o8 peeadrcafatihfehroagiptiessaporatur, and low

oth. The chi t er/ hot. et _.or (1]
pretRi ket i 1P o SN Gy TR i ot % hrfhgpoog and the ey
is dorginublmly repeatsg.st em f or confort conditioning within
the building. In typical systens, the heat absor bed

fromthe evaporator, along with the heat added by
UssieHy seehsesoling apparans hasrsoge methedhel iegvlatipgeooling G@m%tergfﬁr part

1o£ch@p&9cm1§ N&RA as RmeddRlARlsYsctbdl cﬁgxaﬁ@@b agué ARIhSlidits theemount

r is being chill he ey
of S Grat o HEhBE GemPTEgr oot st e BepaRRiog S fihrioplySts the
rotsaibedl s@ieafb&f tthe tcmemsmr; g botladlhewthiliéd mayer/bot vty or chilled

aﬁ?@gul%ﬁ élc I dg%&%l (f’ ]pirgxélﬁﬁ:an}h?ﬁlﬁp?r%@@fgﬁ?oﬁ's \s/tig}?lalfor comfort

coadﬁ@ng)gwthust@r@ﬂdm for connecting water chillers
into chilled water supply and distribution systens.

Furt her areuedfor condenser
InyEER USRI GE DR AETAPEL PTG SYORET s 8505 24t e Hes added by
th§ rd@mpm‘sdny is tifaheferréd aonthd ekteirzl aircihesughhthn domdensagspreferably

‘%/ ﬁfrom eD Onﬁg‘ ﬁi(esu gn | oadi ngs. For exanple, when
us&r&) QoHge [ULEE OS m[k Suring part-1load operation, the

wat er volune flow rate of the plant | oop (prinmary
Whih o84 1%&# ]ﬂl&ﬂﬂ/ tne, 8RB SRS LAND lf)|°@’\’1tei§‘ then delivered

maintain irn fu capacity which I's reco nded X al |
byearhifled watss PRERP i %r?oghﬁlgjmaﬂn\@%w RAYtIBClp %Wﬁtef cooling coils in
teANRABRAL $Hidhhat is @0yled edd athemdiffedwat er flow rate in the

primary water circuit nmay adversely affect the

efficiency of chiller and may further lead to the
Ini the peibt &t,Gpesralt sromgatherth areclllﬂed ffer conhertingiverteromiléass inde chilled

WQtLl‘ é‘%}w r@r Hﬁtﬁ&ﬂhgﬂ s‘%t‘egﬁp erQ @@&e@ﬁleartrﬁfgeﬁfehﬁaﬁr)é used for

spee In cord an g
cqrndénseba@atm coning. | Howakss @HoSYeTas PRORNES AXGVIgEsly suffer from
inRff didcies WHeh | Q@RIMRNAFy BbmGptitnutd EdvidnEls@Eags.to its

original constant flow rate arrangenent is not
recommended by the chiller's manufacturers.
For example, when cooling loads drop during part-load operation, the water volume

flow rate of the plant loop (primary chilled water circuit) keeps in constant flow and
maintain in full capacity which is recommended by all chiller configuration guidelines
due to their awareness that any reduction of water flow rate in the primary water circuit
may adversely affect the efficiency of chiller. and may further lead to the instable
operation of the chiller. In this connection, all prior arts which attempt to operate the
primary chilled water pump at reduced speed in accordance with the load which will
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Wth regard to the secondary chilled water circuit

(al so known as building | oop), when cooling |oads drop
walenorngsepart - | oad operation, the water vol ume PCDAUR@IE00202

reduces in the building | oop because control valves

have been partially closed. 3The water punp, therefore,

is caused to operate at a |loading | ess than full

capacity and therefore at |ess than nmaxi num
lovedrf the iveneytlow Taerifqringdy chilledeoater cipguitiwéth aespact ahitseoriginal

corbsﬁ rpg%gd [ gaﬁ%a%ggrggnetg%s?t ﬁgc:oélixgg ﬂ?}é%hg ?l?] Hll?ﬁigm%fg&urers

however the water flow rate of the secondary chilled

Wl‘ﬁ?&%ﬁrcﬂor st cdndary Q:Wﬁfeﬁ %ét&cblrcﬁﬁ Qb &nE¥H 89 Buﬂﬁm§ RbY¥vhen

saving I's not sighif)cant ar e
cophs HS PP 5o SlORARE AP AR TRMESORIER How ate reduces in
the Blﬁ[d-?ﬁg) [cﬁ)pdﬁ%hlﬁs@tﬂoﬁtrblovmés\hade baeﬁfpﬁrhﬁﬁy ahded YRieemttopump,

the@%;eg )}s g é? ( gg%{l:tg >§?nﬁoa[%h1&% %’1 fg@ %g%gn,c%y %9 ¥he%gf\6§e at less

thalpmaxmaum mfﬁcmnccyodh pmomst splapme praycEs i Mgﬂab}aatsmed drive to
E’e/ BE SRNRGT dHIRANRA Eéduce& i R § lﬂtala%&da%xémmthe load,

I NCor po at es
homew the svaterflaw tate al/te ée@méﬁ %ﬂﬂﬂxv‘fﬁﬁr emsu lérloW‘Héa g And
th& %'Sﬁelhmo‘f &er®f RBVink Mg Usdtr bighifiem@c &48n ORI Rithaddr present
. %1 provide for stable operation of a chiller/boiler
mei‘i‘ 18’|1r i ndustrial systemsuch as HVAC system It is
al so desirable to provide a novel, inproved industrial

Sﬁ YC EtI‘WEﬁ’l‘ﬁBﬁm control that can operate
ou

encount ering control instability no natter
vvhet her the system demand is at maxi num or part-| oad.

It i< theRfétb SRsigiiid E@Pﬂo@xdeoa m@%ﬂ%ﬁfﬂy@teﬁl ol Mipi!b‘l'el Iyerﬂfrmance and
means i n par al | ow r el ons @B ]gper at e

at
ctBe{eay r 8t QS SBYF GPOTgH ST TSGR TR oltLUteE BEa e as
apph&ﬁtioﬁrm redLifRehss paRd pl'(ﬂ:ebsn@; v(ZIitelt &rel/or sewage treatment plants, or

L,ai.nal/traditiona arrangenent,
GRS sl Bt ARk eufleRlE Rt BB, 2002
provi ding the opti numor sane flow capacity with

It iE€aR6 C&es#%l@ t0 eJVBﬁl”fn@ﬁSﬂi@{/ it Reilfe QWbitaPRpirbY &f othB€industrial

original/traditional rangenment | S..a
DIORSS? (ORBTAEORG AP ébvspBFOé{e(gp pﬁta‘iglﬁ pREyatn Btﬁpclh@aﬁ@% in an
in@pBefidkestah saciual Hvadusewdnspeed or al nost equal reduced
speed or simlar reduced speed to acconplish a
predet erm ned target (a certain flowrate, a certain
It iy else Ulesiralilé e pentideah noseld émprovdd ghdusiresd ligaideeirqudatipnngystem

confrBPRLALAY %per@tia o tglbﬁteglcghlﬁ&]l?ﬁé génti] astitiRey rﬁiﬁa&er%he’tﬁbr the

response t
system demand is at maximum or part-load

It is also desirable to incorporate a plurality of pump means in parallel flow relationship
to operate at equal reduced speed or almost equal reduced speed or similar reduced
speed in lieu of the original/traditional inefficient pumping arrangement, whereby the
operating plurality of pump means providing the optimum or same flow capacity with
respect to a percentage of the flow capacity of the original/traditional pumping
arrangement.
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It is also desirable to reduce the wear and tear rate
of all conponents of an industrial process including

W@ bw3eowss i ndustrial |iquid circul ati on syst enBCT/aUu2007/000202
extend the service life of the respective conponents
whi ch include the chilled water punps, boiler punps,
condenser water punps, general purpose punps and
pi ping of the industrial liquid circulation system

It BialsoWekirat#é fo inkbrpbfat@h pRirdlag of p@ﬂnp rieans apsRY&e bh&jual reduced

ower acto ystem and t re ant |
gL fELOLel (R Fshg " Smatic oEeed, R B Rieytaptish 2
predestrmired tacgeor(dacecinniflbiv wtd,ia sertmnqatdssasqo differerftiat, he desired
.0
chHﬁ&%ttéquaﬁtg{eﬁgﬂeﬁat@r Y H% Cfi?gbﬂé}g?g{]e@%:tlﬁ'%,cﬁ?ﬂfét’eﬂltrﬁsgonse toa
IO&V@emalmcl uding: a pI urality of punp neans to
circulate the liquid through the or each of said

circuits, notor neans drivi each nmeans ad. .
It SutiSh t e da et dg meantd BSafe of T PEPPRGt Shsimghstio
prodess Biykidany thost dffiedustriat lighisl, cienldtisp eyatencotot axtdndrteasesvice life

t f 0
of tﬁ gsggct ‘}% o%ﬁopogtgntg Wf??lll %(H\E&e {he%ﬁﬁ@ngvgtle% I'far%eigybéi% ¥>umps
conﬂu@saewewr ewmma@emtalt pae*p@gﬁsp@nps an(éfpeﬂaewf the hedustrlal liquid
cntg{]}éﬁ%ll b§s¥e19€1r&ﬂmtd‘”eans each operate at equal reduced

speed or al nost "equal reduced speed or simlar reduced

speed in accordance with the systemload, with the
It B0d16y dd‘éﬁaﬂl& t6litnptove they %W@dﬁﬁofmﬁﬂhs systat dnideherplesignificantly

reg & nt rgagvrac\r}:%fav araﬁgijﬂ) %ssocﬁ]cgc? utllii)t& gagﬁt SL rrpneranr; 2 nts he

in response to the detected | oad on the systemor a

Inparc@%%&re%ﬂ?g ffrﬁﬁ%@ﬁd as(plecteof tﬁ@ Envaftibn fﬂe%"ﬁs%@ﬁﬁéd ¥n industrial
e ori.ginal/traditional H&H
syatematwqmte of mpqfe Hepid; %rﬁvlatloe FESHiS R sEster wﬂ%%s nay
be uSSidrality 60 @LmpOoRBEsitrciRulacatiat liqgd ehiolfle thenat each of said
aper processing systems where the punps are used
CHECHH irculate slurries, cooling water, heating water,
and rhdter ke, drtvmg/\mmhlpumpdﬁ@ms,sewage treat nent pl ant S,
andllg oda eﬁ%lﬂg é)? %@&g’tng%m%&%et% §eﬂé% eldt I'éh the system and the

or a arle y pur poses.
Cltqulta@@dr dance with a second aspect of the i nvention

t herggedScdfiOY ek & VA2Y thclfledd bPFai8 ¥:8dt6Mnba tdgherobyevary the
or .nore Chl|% ed mater condenser ma

PURBRIBS SR P TR et 83 OPoTsa o s RS b sxtem.

or simlar capacity to circulate water through the
Preferably, the plurality of pump means each operate at equal reduced speed or almost

equal reduced speed or similar reduced speed in accordance with the system load, with
the motor means driving each pump means, and the speed control means varies the
speed of said motor means the thereby vary the pumping capacity of each pump means
in response to the detected load on the system or a predetermined target. (Le. the same
flow capacity with respect to the original/traditional pumping arrangement.)

In particular embodiments, the pumps may be used in cool rooms for circulating chilled
water, in paper processing systems where the pumps are used to circulate slurries,

cooling water, heating water, and the like, in water and/or sewage treatment plants, and
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or each of said circuits. The plurality of punp neans
to be running at equal reduced speed or al nost equa
w0 eooedsspeed or sim|ar reduced speed, npt or PETBALIS007/000202
driving each punp neans, |oad detecting nmeans to sense
operating | oad on the systeg speed control neans to
vary the speed of said notor neans the thereby vary
t he punping capacity of each punp neans in response to
in kheidd eheet eﬁiomaaﬂldustrias whecketiguids/fleds taag getmped fothe variety of
Puﬁ% Iem (I.e. the sane flow capacity with respect to
e orlglnaI/tradltlonaI punpi ng arrangenent.) In
preferred enbodi nents, the efficiency of the HVAC

In %X&;r@amc% \M@I §@ecgin§tarsb&ﬁ'tdf QRe ﬁi\feﬁﬁd)ﬂ theyisChrol fded wdesrigeration
he chj | water circuit, boiler water circuit, an

Sy%ﬁﬁé’éﬁ‘@éf vvat er circuit, is inproved by control | | ng
oné WPmoFe ¢Mll&l PALBRH ﬁoﬁdﬁhséi‘awierc aicboiter atatee girahits; educed

a pi‘gréﬁgr q%{puﬁ@grgéaglg r%g &%&1{;@%5 %glgiéaf’%c?%a%gg ftq éf.rmlétg rwarte“?'q}ﬁ%ﬁgh the
or peeldef saidriciveudtst Ahgy @ﬂura]ﬁzwecifqmaam mea@q@d@ﬁ r@mrg gfequilereduced
spéer&lv(?rnﬁlhﬁ)@t @c{Iﬁl Pauled E}S’é'eﬁl drt Fm@hr ¥RALEAP RS PRBHL Qﬁéa‘t’@ Qriving

to operate the associated punping conponents Cool i ng
caglyRYTBRNedR%li ng is indicated, i.e. by measuring the

lodd @&s@flihg ﬁ%‘éﬁito@@ﬂé&tﬂﬁéfdtm@ méd @ple aydtag, chiller(s)’

soSSLRAET SR 459 o B g SACk P BRSEEY var e

putpti repazity oof reds yningy mdmes dins cdsponpedioc e |cbu:cted load or a
pr&?ette%(n@a' %t bt 'Hf@ ngg%{@egtéy tltl@ < Aol EapaBifyP Qfithl REHE® the

appr opr i at e nin evvater circuit or
Ormﬁedlﬁ@nalmﬁm@gmmﬁwﬁ Ioad| ng can be inferred or

pursuing a predetermni ned target (i. . operate at the
or|

ST LU RS B LESPEEL e SHRN S, guton

cirghitatvagh melhéesomerc&ﬁlﬂe:mmfer tdm(eum,l bwibdr i waterofirain ded sendenser
we\tl‘\cgrt g’n[cuﬁu {Ep %}pﬁ lllrye gon%:llﬁ{ Wxsm%[:éd}%&}gég {Exg eQ&Wpr?cudt at equal

circ term ne

re@qmélqu:eeidqrc@mostpwal mduaq sordor sipjlat redusgd cperdsigetsgordance

witd syitet o%ﬂof Qﬂf&l@férﬁﬁﬁ@%rﬁ&d can deliver the optinmm
or 'same flow capacity with respect to the

ori gi nal /tradl ti onal designed punping arrangenents or
Pr@fera‘blﬁ RyidodRintd dfahé Rentién employ adiatlity affvatibide speddi dityes to

opﬁgai? ﬁ]jnqsg%c guB oﬁﬁlrgtgo?r?ﬁo%m?cé)&g gng st(egﬁefo%%{ﬁ% if flndtx%ateél ie.
by nekswtimg thh eprmnt powemponsuntpsign atfi engrasngt ﬁéllfpi[&)'r edriprgssor(s)
usg{(%ng ES'olNLﬂe SR &F tﬁ’éJ d ot I‘%%el\ﬁﬁh rchméf(@ﬁ c@ﬁﬂressor(s) using a

nser waf ér S oper at t ane
taghomsiert joF e AP " r@e prisgbargedy ﬁ@h EqYYﬁ‘ier/‘?’%‘E%c éﬁnlé‘?ié‘@&e by
teBiperdb¥® Sdns6lidddted GOMEC Bbropriate location in the water circuit or some other

means from which loading can be inferred or pursuing a predetermined target (i.e.
operate at the same flow capacity with respect to the original pumping arrangement’s
operating flow capacity) This strategy sets operation of the plurality of condenser water
pumps, chilled water pumps and boiler pumps running at their respective circuit’s
predetermined equal reduced speed or at almost equal reduced speed or similar reduced
speed and can deliver the optimum or same flow capacity with respect to the

original/traditional designed pumping arrangements or at a power setting that is a fixed
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speed or simlar reduced speed in response to the
| oading |l evel of the circulating system The general

wo eromodzmsEnpl oyed i n enbodi nents of this i nvene@DAULWI/000202
setting the power set point for each device may be
expressed as: PR-SP. sub. pd=g*PR sub.| oad \Were
PR- SP. sub. pd is the power ratio (percent of naxinmum
set point of the respective punping devices being

ratiorfrtbe lcedling/\kesteen PRrauttpovwedatic of eadasr (pefdent of maximum and

d2adid wer ratio (percent of maxinun) that is being
® ?&IFZ%R y a circuit or systemor a HVAC systenfair

condi tioning conrressor(s) or apparatus(s). Were Cis

P@fewmcm@c{nstﬁaéwmcies TRecARRY 8n8 GaL AR *ag %mww of chilled

pr.event pomer rati o set poin
Wat&f P‘émP% SR Veeps 43 dFoPdenzer Walgr purpy opgy: g sippiganeously
atf tespective asicoly’s pwodetarntihgh eliiari ﬂedﬁ@deﬁﬁa@d fbrti]ﬁloﬁo al reduced
never rise e..un

b2 of SRfjef b B0 BCHSPorae 35, P e 46 Lﬂ?ﬁe? circulating
%ﬁ@pbct of the invention particularly adapted for use
mﬁth HVAC systemthere is provided a variable

§a0|ﬁ conpression type, chilled fluid cooling

ks gl dople Smnlpyed imeapodimssisufiisdnyention fomsetiing the power
sekpmmfoa&aﬁhcﬂdvh@dn%@éxpﬁésﬁédlést) including: two or nore

;gfglﬁ g {nd¥ ngReggﬂg%df a vari abl e-frequency dri veaC| rcuit

the chilled water punps;
ch|IIer Wi th evaporator operatively coupled to a

W‘BHfEb?Rsspgu‘tF lié ri Wv%g rg?@ d(g@rc%ﬁ'f: to'{olﬂaylﬂnﬂﬁlgl s%?dﬁorl]x% of the

back to sal ssin hrou
reﬂﬁFPY%PuHH¥n§dﬁ%@fshgﬁﬂﬁﬂﬁg@ ? Iatlonshlp and belng
cool ed; nmotor nmeans for driving said chilled water

ps for, var eed of said no nmeans;
WEEER FEF M08 e, Stk DerdiEe PG Glteen! pb g hat i
besre whilcdeil [byer Gircaitobr spdaa of arl¢Ant §y@telm/dill céltBtioning compressor(s)
Vahiahkgyspeed drive circuit in response to the
or ?{é Fs
sent oad on the conpressor or a predeterm ned
target so as to regul ate operation of the variable

Wheealisppstaindnshiul t aneously running at equal
reduced speed or al nost equal reduced speed or simlar

reduced speed in response to the load on the
Theopre sgotion haa pyvetebtas pravedt 4 poWetratio set point being so low as to

result in all fluid flow, e.g., all air or water flow, ceasing, and a high limit to ensure the
power ratio set point would never rise above undesired flow rates and pressure outputs.

According to a further aspect of the invention particularly adapted for use with HVAC
system there is provided a .variable capacrty, compression type, chilled fluid cooling
system comprising:
a heat absorbing circuit (also known as chilled water circuit) including:
two or more chilled water pumps
a variable-frequency drive circuit for powering each of the chilled water pumps;
a chiller with evaporator operatively coupled to a numbers of cooling loads,
and a suction line leading back to said chiller;
water passing through said chiller in a heat exchange relationship and being cooled;
motor means for driving said chilled water pumps;
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Preferably, the chiller includes neans for regul ating

the flow of refrigerant gas through the conpressor,
warpa7odessreans for determning a present | oad POI/ALZ007/000202

conpressor nakes that determ nation in response to a

present state of the gas flow regulating neans in the

conpressor. In one form the neans for determning a

present | oad on the conpressor nakes that
medﬁstR)&nhnyatguhaslbeedroésmdmsr&oﬁmeasl evel of power applied
m(?%\tg% fé ?«Fnsf)ngﬁg ’?e%%[ergfﬁ{] o({f v%rtertl%ﬁr xggﬁdagmh ature of

nat | ve t he neans
mefios for @nntmihng the eaiablermpagrsdui vy cikeaityn ﬁfgfp@lpf@ tg esdregsht load on

theS@(B %’bf APl gpr%g@c%lﬁé’cﬁp:ﬁ%&' Skt @) uBtey opdrat@@uel the variable
speed or at al nos

ual ced. s d or, at
sp%qdnwra?s a%%l gerltaisaudly Jpaing 661;‘1‘%]1 ffgl ﬁ%e%n% plgpost equal
reddé&g t o@fsuﬁﬂ@ﬂrb@d:e@ gpeedrin eéspoi?feelbethaltr}ayl,ont the compressor or a
‘#%Le ﬁ nthg a present |oad on the conpressor and
Prg $BEr controlling the variable speed drive
circuit is configured to regul at e the variabl e speed

PI‘&H‘&%S’ &L ll‘l%ér 1ﬁélu&£%%§@&1r% hEQToQ@GE @ﬁ?ge@int fobd through
runni ntg t he ch vvater ol
th%q:qmrf:%sﬁ@ @aé Iﬂ}ﬁ Heansy efd@tt@iﬂﬁmﬁé& Reeigat Oﬁ‘é 48 E‘@%CO&EE%%OW Kes

thtdeRkiPStion dhkpdRe s & gresgr e thtof tht gas flowaegulsithgarelns in the
6‘E)eed to save power while systemloading is at naxi num
COgPI5E ow maxi mum | oadi ng. 1 n one enbodi ment, the punps

conpri se varlable speed punps power ed by corresponding

Invo [ ifgltﬂlrl Gne REGHs IJ d’eqerﬁh 1‘&!;“ { e%]'ﬂ Goalausd ﬁm‘%rcoﬁﬁ‘ﬁ‘&%bﬁnﬁges that
ari ab

’orf ¢on r Iln% e \/ ﬁg drive circuit
detqmnr@@p@méesv@n&eﬁé P selefipavsa@PBRed he sepwEssyrmefor gr the

seflc@dRhRlMtRRd of 2 aRE 188/iAS dafl TeR@lr at/dicpiaivalyi, Ofie Ofmeans for
the chi’l l.ed water

. I t
R st ST Lol T SOl e s
sisiltddeatisly atleged repreed spaedraesp ahnesttequmlhedlmdcsp@erd othaf similar
re&thcg %1%?6 éfiﬁfs%gs 3RLedehe %@nﬂﬁj GRbor Lﬂll@&]g tirgj ¥ gr m

eed rive cir s are conn
power the chllled wat er punps, thereby regul ating

Pr@f%‘?a[b%; 'tﬂ@nﬁgnssﬁ)'r QIefe\‘\ﬁm?H APFeBerld qmoﬁtmlﬂohﬁf&%i&drm thé means
equal” reduced 32)232 aI nos quced1 ed . bl
fop comfrollpgriheayary s%asocu;cgg P g9 o g Gy variable
sp%étﬁ dﬁ@eg@ﬂhﬁﬁtsw the rpr?tiewmdeﬁ ependenenge todirfght powac deraly nguniog the
further aspect.of t i nven
WAL gpﬁlbtaneougig 24 bt %S%hgﬂleﬁ %gﬁarq g%&c@?ﬂ a}?/éeg &4 afalmost
eqnamNduml spha:d breat siatl@rrediaed ypeod fpn;eveum\ﬁg whilfr gystegy loading is

at'}’ﬁ)g[xﬁn @Jfﬂbgg“y\ﬁtd}@ﬁn&ymggwga vari abl e-speed drive

r cul powering each of the chilled water punps;
In one embodiment, the pumps comprise variable speed pumps powered by
cotresponding variable-speed drive circuits; and further comprising:
means for controlling the variable speed drive circuit in response to the present load on
the compressor or a predetermined target so as to regulate operation of the chilled water
pumps simultaneously at equal reduced speed or at almost equal reduced speed or at

similar reduced speed in response to the load on the compressor or a predetermined
target.



10

15

20

25

30

35

two chillers with evaporators being programed to one
is kept operating and the other renains
WG buraeissd st andby in response to a certain degP@EATGR007/000202
part |load or two are kept operating in response to a
certain degree of full |oadgoperatively coupled to a
nunbers of cooling | oads; and and a suction |line
| eadi ng back to said chillers; water passing through
In $abiter firh), etesvirinbie hyeatl develamgis pel anertshippewer the chilled
wape%' 0 Coﬁle?e o al%ﬁnlgé}g%gqo{;f %ﬁd WG ﬁﬁ')kéjgﬁl’ﬁﬂ?s Qﬁmﬁ%ﬁ@ously

Bt m ne wat er punp neans fo
at @amthn@medx@p@ﬁe@omcﬁﬂmgm euelesdgeedenesd Op et atHg ﬁéi%csiisspeed
redPoRiISe 1AMy bR theS@NHre ot it frednamahed Rrgef. wat er
Feavi ng sai d operating chiller(s); nmeans for
controlling the operating vari abl e-speed drive
Adé'bfdilhg tosa fufthérespen o€ thetntdrgiopniese it prbvided o systdne comprising:

o Pat S ESER PR R A AL BB SR BB IRD
chi Ithreelomvabrerchgledpzatei prhpsaneousl y runni ng at equal

red ld%ﬂalﬁ@ ‘§€%d9fr1v@|c%§1tt f&%@xlerlﬁg @m tﬁ@@fﬁﬂe@ﬁvaﬁet Puhips;

reduce In res onie tot eratin

compi e SHFTaNLeYPERLATE ﬁana@aogl%m@@? fo ?’i‘ee‘lsé‘reﬁtb‘? rafjng and the

otl@&f‘r@ﬁﬂl?@ @ﬁlt&d)\ifﬂi}’sﬁaﬁdﬂ%/ Biesinee s a cértvén dbyirbd ef part tuaﬂlmcd @wo are
or.re

th f .
e PBRiaNE LB cogb Pt iR eof U TooF spOlssPa soypled o =
numteresfeotlibpldds;andt he conpressors nakes t hat
det b 0l Tink RedBAPORRGo ba GilkRent state of the

gas ow regu ti ng ans_In the coO I esso
WSS ﬂyoughrs@@@a%rs e hepdegehange gﬁgat@nable 28 peing ggoled;

m&dr QN9 IBF Akivig SAAPKRSSPMicH preded&ntif@l operating chilled water
determ nation in response to a | evel of power applied

PY#P% he operating conpressor(s)' motor(s) or in
mégs ﬁ@mwlhg thehpesotail tvenpenatioperatihg wett@s neaasii ng

m%angg ﬁp ﬁglg 't}{%% Béljajru% Of %Je?feﬁ%ﬁ ’salh%g)efgﬁﬁg\%hlﬁl?f(s) B g

or var
means f@r cnntrr@lhpg é@moeenatm@d/aﬁ@@pﬁpmﬁlgdrﬂﬁ qu@atsm wgponse to the

pr@ Soadl dHJ{h'éade%%EYCoﬁi r&Q36abr & %@mﬁ&ﬁ&dr t s@bs to regulate

npst e reduced speed or ar _reduce
onettoneef g e Toie E%mlqeﬁdgﬁh%% A
rulﬁﬁﬁlgcaﬁ B@lal rddocangead bﬁal@ﬁfseaqual tddﬁcmsmesd posimilar reduced speed

ing %%’%%gé 0 h@eglﬁ)% d B tt ?1% e(g)te{ g%l | %E’ ‘%SE e oper ? géét&gn&%{g%ﬁ >

vari abl e-speed drive circuit are conflgured to

Plre?EQML L b E@orgﬁﬁfeak}ﬂﬁg tﬁ@rénﬂ%dﬁh&ﬁe%’e d:lhillé@s GhdlGdd tlﬁeans for
eterm ned perce

t t.h
regulng glget Hewt b refFiersRe g@fpgt}rgggﬁhgh Cﬁqmprggs%mg[a@p B8 R¥%ns for

determining a present loads on the compressors makes that determination in response to

a present state of the gas flow regulating means in the compressors.

Preferably, the means for determining a present load on the operating compressor(s)
makes that determination in response to a level of power applied to the operating
compressor(s)’ motor(s) or in response to the sensed temperature of water leaving said
operating chiller. |
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punps si mul taneously at predeterm ned equal reduced
speed or at al nost equal reduced speed or at simlar

w0 eooedsspeed to save power while system | oadP@yAUS002000202
maxi mum or bel ow maxi mum | oadi ng. Accordi ng to anot her
aspect of the invention thewe is provided a variable
capacity, conpression type, chilled fluid cooling
system conprising: a heat rejection circuit (also

Préfaably, dse memueios eontvalieg said mosans Yor veryinditngspead off saidttwo or

t enser (el 1 abl e- Y |
ey DeGRPARIR T e RS i AbR Sl SRNENT N Sl Greduced
spesdrp <t almashpquakredigadspeesherc somilaspeduset! viged aglgigpnopgive o the
ma%uglljﬁgglﬁeﬁfofgﬁgleaP&S&ﬁl\é@rS and a suction |ine |eading
back t© said chiller with condenser; water passing
through said chillers with condenser in a heat
In exsehangeenehgt thonsbing fundddieintgingeat gesentrdval onmethnsoperating

for drivi sai d o) W . - .
copBiesis haRe R G Py oy e BEL L A AESRR S WRhEtit are
conBaursd toreegnbatd the aperating gariplele tspeqsledriveusiecusss aivke dyredetermined
pe}c%ﬁ’eéggg)f i1 hoek th&Esy nafsh %Tﬁ@ngw(f QFf n?&@tdb@llakihﬁg chilied water

var| abl e-speed drive circuits in response to the
pupds Seriltangenslow Hefetamisdeglplregyce SB?@@&E@&?%%%‘W reduced
spéell @l siptilaageduded §@6d & @vopewat while Ofstdn Batling iO4t maimum or
bePREL, at i n‘g?i%denser wat er punps simultaneously running

CHY TR Y& speed or at al nbst equal reduced
speed or at simlar reduced speed in response to the

Aécggtgf.é%] % %ﬂotrhgﬁ ?%?g{etaf ﬁ%%gin‘%gﬂﬂfneﬁﬁ% ﬁs\sl\f)ro%dea a variable capacity,

pr termned et. I n accordance with a still
compreshion tyrg ekifledfluidrooling syisnd FOMRESEBST s provi ded a

a HEat RpEttieh cREAT @ldoNGoWh ak BEMENEdralatsyGicaly) Makiding: one or
water, or other liquid circulation circuits,

re ,
at i}gmosqo%erts%wgtp%lgnﬁ providing a plurality of punp
a vieabk-frapueheycdiat crowa f@rpaweringgactt bithe corslkoser efate guthps;
I . .
o Gl ReordPREFS %%g{@?%gﬂpﬁ?@%%@ﬁ%é D R T he
andjarswoiionslinalediog byckith saigshdier wiithsapndensdt or neans t he
witBep RN YRioY g B84 RHMBINitE 8Rafehter iRfa HRACkRAHER BRABSship and
LN response %o the sensed | oad on the systemor a
sm ned target. According to a further aspect of
mbtae rﬂe_ﬁNﬁ’(bt deiningReidewb Sr piody bpkeating comidaodr Ta'_ﬁteo penps;i ng
a variabl e capaci c ion.type cooling system
MR ?’%rgvagy IBEEI? aslple?%/g% 1@%?{0?%%6%f er punps, condenser
memtsdor ssusipg thefoinpentupeippwatehlearineiseid chlept e84 ng t he

m&48PSr QbniFlhieY fﬂer\iaﬁgbl_@—sglé&f%e Lie@sts!if Y&dpoRde tohBe present load
conpressor or a pursuing.a predeterm neld tarige.t
on the compressor or a predetermined target so as to regulate opefafion of the two or

more operating condenser water pumps simultaneously running at equal reduced speed
or at almost equal reduced speed or at similar reduced speed in response to the loading
on the operating compressor(s) or a predetermined target.

In accordance with a still further aspect of the invention there is provided a method of
operating an industrial system having one or more water, or other liquid circulation
circuits, comprising the steps of providing a plurality of pump means to circulate water
through the or each of said circuits, operating motor means to drive each pump means,
sensing operating loads on the system and the circuits, and vary the speed of said motor
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and regul ating operation of the respective plurality
of primary chilled water punps, secondary chilled
WORE09PIPS, boil er punps, condenser water puPgEBEAU2007/000202
runni ng at respective circuit's predeterm ned equa
reduced speed or at al nost ggual reduced speed in
response to the present |oad | evel of the
conpressor(s) or pursuing a predeterm ned target.
meREE Qfeotha@by Q’a@n@ﬂé I”Iﬁllinmleiﬁac@f of Bzﬁ:lhl e trieats inl‘n@:ﬁ}mnss to the
n industrial Ui ul ati ng system havin
Se gﬂEQQHﬁﬁ S?%%Raf%PF@ﬁ?BP¥%%% ﬁCUItS gthg system )
including: a plurality of punp neans to circulate the

AJcl)an% tyy RugD: e{s Qcﬁt%rf tﬁ‘iﬁberﬁfonstﬁérg broGidled & metRSPSf operating a

rrving nmeans, sensi

vaa@blé@@paqumeﬁswrs@ﬁ% QO@B@rS&’ﬁeﬁb I8 D 8%@%@@9%?8%‘“61

pu?dﬂ)@ %&ﬂfeﬁde? leﬂbltérs urap] b‘é)ﬂ@teﬁuﬁpm tled niseRydScdnprisigy thehgteps of
peed of said

g T b
and &E@.ﬂhtﬁ(g beadianof e sysictne pAIralaiycbfn@unm'yaclﬁllnd Wefer pumps,

se¢ Fgt%ar : cICI;])1 leé I'Watép\éﬁ{ﬁ%)& oﬁm elilﬁu?nr# sS Bh@Msdedater %E}anﬁ%mg at

havi ng one or
respatiéve, cmcrulm mdetqrmmdwwh regducesh SE?Eidc o7 @ alpeh rqqgﬁlnﬁfduced
spbd 11§tr@§iﬁ)n9€ to %Qvﬁr@éeﬁg 18adl1avel dft theOforpteBsoRERMS f@suing a
C|rculate | uid through the or each of said circuits;
wneddasgst or means to drive each punps neans,
sensing operating | oads on the systemand the
cirecui its; 2 d varyin e sal r
agplfite of vetlity 0o hLTaraRRe Belf VR L HRISE, Ruid
cignlating systes havaqg ahe plemgrﬁef&mé s@@damn @rcustﬁ rHDe Bystend MGRne:
S peea itk eF %mﬁg)vﬁ‘i%ant ReciRHIRE ME: SaRPairbYstOthee@Céuch of said
ans in‘response to the sensed | oad on the
mgyéﬁen1 or in response to a predeterm ned target; or

in ﬁlﬁﬁmﬁémtdmﬁegwmhpnm@gimt of skilled
per ..Accor

i nvz?ﬁ %Sl{lﬁ of éle#eng?ﬁ 81\7?18;61;8 sgﬂse ?Pgaa%%r 18? cf(iqt thg ygtaﬁ and the
ciguitgwhdt i ng system having a plurality of fluid
C' r csgjeeadt c':o%@roi: hfeﬁﬁ'é {osvar% A% siﬁéé& @fnsahﬁ' 91'1(?{6*1' ﬁGansato\fHérbl%b{/ﬁy the

[ 1ed f
PLWE% mr@@ms of @aohgvurrw r@@a@g |Haar6émr@e it th@rﬁ@t%@&qe\?é{ Qg the system.
systemincluding: at |least two chilled water punps;

According to a further aspect of the invention there is provided a method of operating
an industrial system having one or more water, or other fluid circulation circuits
comprising the steps of: |

providing a plurality of pump means to circulate fluid through the or each of said
circuits;

operating motor means to drive each pumps means,

sensing operating loads on the system and the circuits; and

varying the speed of said motor means at respective circuit’s predetermined equal
reduced speed or at almost equal reduced speed or at similar reduced speed to thereby
vary the pumping capacity of each pump means in response to the sensed load on the
system,; or in response to a predetermined target; or in response to manual judgment of

skilled personnel.
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a chiller with evaporator operatively coupled to a

nunbers of cooling |oads and a suction |ine |eading
whamk/o9wssai d chiller; water passing through seBCTAU2007/000202

chiller in a heat exchange rel ationship and being

cool ed; notor nmeans for driying said chilled water

punps; a variabl e-speed drive circuit for powering

each of the notor neans to vary the speed of the
Aabrdihgeth watile ﬁlrﬂmmaspecneﬁ’whs ifremtisetisiraigp proeided ap énduistriag fluid
mr%Ll %ﬁ% F}fsteln? ﬁ%’\}nggvg g? t&f kllu?dr ¢jrc &%OH%QQLﬁtSf e SP/stem including:

e-spee rive clircuit
r es pogeble gartahléy,momwmndm ohillgd Slyisk conlie® ﬁamt% §opPEYng:

ﬁ%gl@ @1r&ﬁﬂéﬂﬂ?édewé9c&e§}@fehpﬁlcﬁfdlﬁéqe said at |east two
chil wat eglélpg?’:ps runni ng at equal reduced speed or

at éﬂ?ﬁ%ttwéﬁ Sl P¥EPSpeed or at sinilar reduced
spe @ci:hﬁlemﬂlttlan@pwsdoy opdratietpongpied 10 atrtvenHeesast conlihdhads

0 invention is nore
an:é@gsgll Sthealg?‘d;?%Bg&tgn%ﬁd"hﬁgeﬁ’ts thereof will now be _
des ovatdyehsying thnosgle seidcehiller mhe haetcorebarsgi Tedptionship rrgd . being
coBRGEF DESCRI PTION OF THE DRAWNGS FIG 1 is a

schématic of adiy ypi cal, pr| or art HVAC systemwi th a
wat dretergasag ferghiaps gaid phuded yrates P4 henat i ¢ of a

t y p Ia&&haﬂélspéedadrivel'&{&&t%ﬁ bemiig duch of kienhotod hesaghiio vary the

s iidtb ?lﬂn‘h ﬁ?g, al so known as "single circuit")
98‘?1? arHorT AFBY 8PS system FIG 3 is a schematic of
a t yypiaoaforpensorg the ten&pﬁwusysﬂmmeamngsqmﬂ almﬂelb ahd di ng
! ooq?éag% 3. HQMn She DB ¥pe§? gﬁqg %{r}ful cﬁisé %thte })resent

Chl| oi ler vva er system erra iC
ad Py pisyePIPIPFeSaR SOHTAC TRgHte oPRkeR &f %@ﬁé@rﬁé?aSW%?hﬂled

w&%blf i s!:li'lfﬁn%r%ﬁ]t' Squal ﬁsﬁh@&@&p&d Qfr 2 aliiet Caqhaﬁ\é&&eaysyeedrbr at
an r O

s P Y PV L) EOHInEF Oy B PR essor

accordance with one enbodi nent of the invention, FIG

Ian‘dérsth?l‘htﬁg hﬁ%ﬁtbﬁ I1sof‘noi5'e i p§ ?@%ﬁé&oﬁ%&ﬂt& 'Ehe?eof will now

own as "sing
ba;dqsmhqd 'Vylﬂblﬁffelm@@/t%&el @pom@rgﬁng §tewvetesi n accor dance
wi th anot her enbodinent of the invention, FIG 7Ais a

ﬁhema Rﬁ?@ﬁ%&%ﬁ@ Evgﬁx%@&ﬁ e Wlpfr Prrgr y- secondary

circuit") Chl I | ed/ boi |l er vvat er _syst emin accordance
fﬁ‘} tf' 8oL ORNLR0 oqdlant?lgfc riEnh Grt ?I\(/e&é's%‘cem with a water-cooled
condenser

FIG. 2 is a schematic of a typical prior art HVAC system with a plant-through building
loop (also known as “single circuit”) chilled/boiler water system.

FIG. 3 is a schematic of a typical prior art HVAC system with a plant-building loop
(also known as “primary-secondary water circuit”) chilled/boiler water system.

FIG. 4 is a schematic of a typical prior art HVAC system with a condenser water circuit
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FIG 8Ais a schematic of a typical HVAC systemw th a
pl ant - bui Il ding | oop (al so known as "pri nmary-secondary
w@Rreoc9I68y chill ed/ boiler water systemin accoPCEAT2007/000202
wi t h anot her enbodi nent of the invention, FIG 9A is a
schematic of a typical HVACisystemw th a
pl ant - bui Il ding | oop (al so known as "pri mary-secondary
circuit") chilled/ boiler water systemin accordance
FI@. tSA. BnosdhematiorbOditypiod] FOVAChsysteny evithi oplantithfsugh Ghildmg loop

(ag‘spsl%?)%%agﬁl gsn? fle %chi@l’ ﬁ%lll% cﬁe%%a&grn}g\gdcew i accordanae with one

enghqdament ()fth¢1mh/¢rém>ﬁlb0| l er water systemin accor dance
wi th anot her enbodi nent of the inventi on FI G 1llIAis
a schematic of a_typical HVAC s%/stem Wi t

FIGH &6k ispupahgmatic obasyrical 8V Riotistery Withra nlﬁwhwgb rydfipg loop -
(albkedivias “idlel @10 dhelledWRtiler wales seserh in acoedas 6th another
vxgtsdh a]#gc{ilﬁgr. enmhodi nent of the invention, FIG 12A is
CIADQCURENH e Bl i cal  HVAC systemwith a condenser
water circuit in accordance with anot her enbodi nent of
| t f f I
FIECG@L [ﬂélgtrggh]é}fvf\?t%cﬁ&é;a é%;ﬁ elnIg\e[?&C\s;va 4R vllll?h Q plﬁlt %HH&@ loop (also
kngpedoRsd am@arwsmnéﬁrdt qa@rnt’@n%mm&er Ffater rﬁéfsqew@ﬁpp@ﬁ?nce with
anditbr Binodibkdbit bStha isehgsmt i ¢ of a typical HVAC system
Wi th a condenser water circuit in accordance with
anot her enbodi mrent of the invention,Prior Art FIG 1
FIA.| 855 tis atsekerhdtee ofap dypicadnifVA€hswstah vaitlt ypilamtbuilding loop (also
0 Y.
1&%&;% B%}ygx&d\}@%& (ﬁllé:h@g) n%ﬁggcggc}rﬂé? :ma%} Sty%ﬁl a ag&ﬁ‘ﬁbnc% with
arjogher pmbediraat pethe injentien. gas from the evaporator (103)
t hrough a suction I|ne (104), conpresses it, and

schar es. it as sure hot t hrqugh a
Iﬁ%t% 4% 3| sopemat Sfo%€ gl aZs Rtk eyity %oﬁﬁnt%ﬂ&?lﬁeloop (also
kg w‘ﬁ:l&_fmarylsecdﬁﬂhrygra&aamsmﬁﬂéd/b@ﬁi andteri %'stemd&igS@dance with
i a.li.qui re i ng heat to outside air by
arﬁ’lﬁée\?weﬁigoglﬁ eélga%e)%en}‘}eg@édss the condenser with a fan
driven by an electric notor (118) (not shown here) or
FIoy, 10l ?scﬁ 's&ganﬁ?l@toft Otgbﬁ:ﬁl SRR & stbmORIR acﬁﬁ’xlltlﬂ'\‘ﬂd I@V\I‘%Bp (also
(107) through condénser, ter CIrCUIt 11
&y §9rgm§ﬁ a%qlré:pltphq\i@ 1gcyb?1 ﬂaterméte@dﬁ(f@ﬁ%rgance with
aroitigpd iethbb@infidn@ 6f @B tinvehowg t hr ough an expansi on devi ce
(109) that regulates the flow of refrigerant into the
evaporator (103), which is held at a | ow pressure by

' Flithel Idp ey astlomatt dfiretypmab Ho&sGrsysteimewltow pagdsildag loop (also

klﬁﬂ%i 5@%&@%@%@% Qfuftef Elifed/Bser HAuGNEEER RlRESdhRe with

another embodiment of the invention,

FIG. 12A is a schematic of a typical HVAC system with a condenser water circuit in
accordance with another embodiment of the invention,

FIG. 13A is a schematic of a typical HVAC system with a condenser water circuit in
accordance with another embodiment of the invention, and

FIG. 14A is a schematic of a typical HVAC system with a condenser water circuit in
accordance with another embodiment of the invention,
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does so, it absorbs the required heat of vaporization

fromthe chilled water or air circulating through the
werapoymsdr, entering at ( 110) and | eavi ng atPCIAL}2007/000202

The | ow pressure refrigerant vapor is drawn into the

inlet of the conpressor and;ghe cycle is continuously

repeated. Usually such cooling apparatus has sone

nmet hod of regul ating cooling capacity for part | oad

operations such as a nodul ati ng scroll or vane

Paﬁl;r)%r tus (112) which limts the anount of refrigerant
! ﬂgh the conpression device, or a variable speed
apparatus (113) which controls the rotational speed of

Fidie QBﬁﬁfa?ecsspf%nnféﬁ}f' E&mp &feg@%ﬁ 2 Typicat o pReksiat @}Vc/lé"(&)ohng

wat er or chi al r/wanned air_is circu
appaggiust b L systens pspeter (013 frives the GHIFIBFQSS%%&% wgmﬁwﬁaws low
ploggsufeg réﬁlgaﬂaﬂte g@@ Gdr Othé Oe{va @tﬁtoal (rlop) Olfixe»aglesa wirdthinnlihdr€104),
ul I N S Ci t‘ CUul

CPHAENE: BYSASFATST (103 PHPEn Y TR "R Ea0 Ay’ g line
(10BE itonthe esswienset 026 aria thej ecmdenlser,otheh gobigassiods rgﬁrxgerant is

cotnla&%lé tG %lﬂ%ﬁ o] dRObusae HW]@‘)VI ou@s@&g ehf‘Qcmss the
aw? 32 i?glndsye;%béléiltzﬂé rﬁéﬁéwge' } Slgcmgrh g@) (i)r\,lglrr&j:ctmg

h&y t% !%ﬁldc\bé{%ng ﬁ@r\%@&ﬁﬂm@ lidlﬂiJéIS()l oﬂﬂthﬂdughm édaﬁem@ wamg 01rcu1t (116)
0 ich inelu in
HE SONEME R A  Eo p
theafghinud ickpadionAtitwce f(l@:‘)b/l that tdgubigshtitehBowoof irefggerant into the
evaggrago%) 6§l)o§x)l11cht g%(efcg J( fo@%iﬂ‘%ts?fre &)gctg%@ﬁgﬁ%éﬂ] P}f the compressor.
Théetqw pESSSUGE ﬁh‘elr@nw@ catses themoBigerant é?%gﬁ Satefor a gas and as it
d&e@esro‘l? 1@5@80?@5Vﬁfeaffe ﬁfré@ﬁgiﬁr@n{fﬁ)oh%tl(ﬁp %ﬁﬁﬂ%&@%ﬂ@d Qfater or air
er wat er . su i stribu
wé%t@&st%rqra thg SYRPYSOP e ?@Wé’i@ﬂ dilsets A GUGR The low
pﬂébﬂukﬁtdf@gér@@&vwhe ﬂ"ra(\xaﬂﬂﬁo (e mtetkofdhe campi‘essmgaind the cycle is

C' I cul tl){ H%Jle ‘?e}%‘ﬁ‘;{ ?hnlgh &)ﬁ)gs%ﬁlsqtﬁ sgh@%étﬂgcp of regulating

ccmluag camcpigrfat pzrremdtc)@ﬁragym ieh a5 mmldﬁln%‘?@éfﬂl prsvane apparatus
(ltl?ant ilﬁﬂts ngtl}ﬁﬁl’?lo?'%frfg%f%ﬂ LSO 0LPithe CImPRT;6:5 )dev16e or a

roug wat er sy sten1u3|(ﬁ%$%§é

variabis &nep% @pww (513 vebiely Camilsofhaa P abmal By ppression
dSHE, Tt athd @Mﬂle@ eederAt® pmg!r bA chtlseigvalmdduiil dé nigsulated
thgwg‘fq ae{h}s%@ufig? SYSE?H\AQY\P% cont rrg)ﬁt &dlr\{%leo%ll gagi to 153}8!71de cooling for
certuiis pmcégswmlﬁhmmeehullﬂmgph( ﬂ@Q;:II‘(PLBt (Mé) ghe beht appasbed from the

\?’%Olr‘%t ng(Il 8%) %gﬁg g@tgetﬁe }ag%%gféa fglgtgc% sé{l’% g?) #B%jected to the
oytsige )aaﬁhronéln aenfiepsg g (Re Wnﬁwgi)@ﬁ é@ollr&wteWPés)t(ﬂa%

returned to the chiller/boiler(201). There is a

N e L SN
dé1akedd andthé 2dhilled Avabyr paasp(sgl MR ytoc tet ccmhnga]oadsl 2108) which
mc?ud%f tvx?ar‘gerl A gl €81°%h AHUs and terminals in which air is cooled and
dehumidified. After flowing through the cooling load(s) (108), the chilled water
increases in temperature up to (about 15.6 to 18.300) and then returns to the evaporator
(103).
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the crossover bridge. A pressure-differential
transmtter (213) and pressure relief valve are used

WO eoomedIesRi N a set pressure differential acrosBCT/AB2007/000202
supply and return mai ns by nodul ati ng the openi ng of
the bypass two-way control yalve (212)when the system
pressure tends to increase during part-|oad operation.
A portion of the water is throttled in the control

In Vi2d Mﬁ)ratﬁdﬂfefwams sé b dughngdigerty frasonmrctisg omer chiZled)intol dhilled

ST T T TR e R
lody s»wteém (208p (ﬁlwkrmreag/“&mgls captit sysew)”)i Therplept-Bironsh hualding
lo§ s@é}hlﬂuﬁ{% QiR évg@il)hot/‘\vﬁkt"‘@ dbﬂﬁ@h'@@raﬂiﬂé lvehit&9systems in

using bypass throttlin tro annot, save
8 fEIgROTEGr PIHY %p%angcs %ﬁ&“ﬁ% | PG} A X it through-
buﬂ@ﬂi@tlb&ﬁ&/a‘i’e@ @ﬁdﬂéfﬁ&sﬂl‘gefypﬁwmrcﬁﬂmgqmw Khenesafrthe dRler chilled/hot

%‘E‘eﬂ%ﬁ@g}i tﬂ@a’ﬁ %E]él% t a@ AP ggl'“ £d ”a.}lﬁl Sgsélo ceutg ﬁlée of two-

wdyy@ass] vilvest Fbi cfg:hcohdtemﬂnbﬂst (2[)!1) laa:s»rram@mdmgtplamsons’aant—Speed

Weﬁgﬁbdlm r(%d)ﬁ Gk Slnﬁ%\gﬁde %@@ Cln e!cﬁy of H%t t'élo id éu[pg{ﬂ@& % %1&@8@115 and

tompigals (204391 e e206)rarebp oY @ADRRbrctun (B09)mains and

braidhsg) %ﬂa@tthenPﬂeaﬁﬁecbw ki am%mm&@@g) Thaileelk SyokRver bridge
(Zg(?l S | al s I | ed Pri mar Second I oo

rsé’Eﬂ 5“"?7\/5? S yPBIS, PR thﬁgcqqt}g Q’((j?ﬂﬂ Igjprn mains at
jumaioas (403 tadg2 Figr Altypges maAwey comkolwm (th%)t mldf@hiigsiglled on

thé @roltsgbgrey\gﬁ(l}l#r FA e%@Xsu{éAderﬁ&{naP&%ﬂs%ﬁ& &?@pa[n(i?@sure relief valve

nmper ature
armp‘@r tosyaintin & GAsPresre fliffarentisl perags the SBEDLY @by mains by

m&hAing ﬂ’l@R) peRink B the 5319935 o Ny aBRrsIW e (2125\%’@1 the system
(second Ioo Iant Ioo

302
Pr%%elf)tenqa S ins b AL DL Loadgpsranny péﬁm"@ﬁﬁwgte? s throttled
in(tRe comioy vele lah@ dowa ttiefouphl mwbyp(a&)&osswé‘r (209 il hiteagenmbined

w@bﬁrtap g;fr%n il %}r% R Zﬁ&g ngtu]\%sqg ﬁ}ﬁacr}]lgllgr}b%hép@&) %ncgonstant

flova (ortaapmdnatdytchestWébW)as origdinedistthe phillpwdpoiler (201).
(303 304). The chilled water volume flowrate in the
pl ant Ioog (301) will vary when a chiller (303 or 304)
A aplgnt-througadyddng o lpopnsing rbxmﬁsp thrgfskin e §@8tr§ 1 gpanof jaye auch
pL@ﬂip1ﬁg eirky dlhﬂm@pﬁrt-ﬂjaﬁg)pbfmpn(ﬁ@@ﬁétﬂﬁésycdn@mnés &3 hore energy.
elHare nlg oads 312 c% (ﬁ q d'd meq]l)lgnl al means.
RENA RN RLd fare B Ras e el Oy e g
leatl—ﬂmmgh »B B dpopndingohyrass t]sty)ghagm‘ommidstﬂl has apphcatmns in
srff AERPR MM MoRIABEm {ekibEL HiSre BRLS 07 RPEE bPALDITIRY p plant
blé]éiimglp@mb’st%n .changed fromt he deS| gn load to
part | oad. A short common pipe (321), sonetines al so
F 1g% 111ustratesbglﬁ€er prlcgzroe{] cﬁltllser taprgr?g%rr}e\ﬁ? Illar%%ulldmg loop (300) water

systems. This is also called Primary-Secondary loop (or circuit) water systems, and is

the widely adopted water systems for large commercial HVAC installations in the
world today. A plant-building loop (300) include: chilled water, hot water, or dual-
temperature water system consists of two piping loops, namely, plant loop (primary
loop) (301) and building loop (secondary loop) (302).
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(301 and 302) and conbines theminto a plant-building

| oop (300). The common pipe (321) ensures that
walrdofeeestes in fl ows between the primary and BeDALZErg00202

water circuits will not affect the operation of either

circuit. The common pipe (324) serves as a bypass for

both circuits, which is needed to maintain constant

flowin the primary circuit. At design load, chilled:

InVpddre lodre @orintgy tibup) ¢BO 1) Brese érBQIBlﬂBdMB(BtBO[AQIpﬁnt(p'&ﬂ@)s (primary

h i
chbl}ea\rlﬁat% é@rﬁ%@ 6&'?? 3'0%30 %ﬁlﬂ‘ag txlpgns(iblj(nggg,) go eg%c(n%lr@ pipes and
fittiags)andi sorgral r systewd. By coheamu Wbldlnwg flownpaté stednmd*atﬂ;ed in the
evﬁll%rlaﬂo? dr ‘é@&?éhlﬂé%'@m @@41)4 The @H’iﬁed Waky %idnfedﬂ&g rhf8n the plant

I
0@32 Ms ov?lsﬁwﬁ%a %lel’e@qi*&?rgqt@ pfil @'@%%m halfer pump (305,

30]69ra@émﬁbcnfn¢rhﬁf bui l ding | oop (302) at point (324).

There is only a very small anmount of bypass chill ed

water in the comon pipe that flows in the direction
Infingidigeolavp (828Yarydo(B2@d)02) Teee abd kbdthanwmbdy (3121318 ebhilding

e
OIS O SR PO o
comrﬁlesye' ) A Priespadineipesy 1Bylg§,r?é1 (RCERTBOTERS ()
THe30&eBA6W iR WATBIpS 0bNEB 02N id vaeledsd theddhl 138d s dh@hged from the
coolll |1 When the cooling | oads (312,313) drop
d operation, the water volune flowrate
g R
reduces in the buildi'ng | oop (302) because the control

A \éfi‘%ﬁ' ggl'tn m%%%d]?gég 12 %Xl?le@l%gp al@?l lcEthé’jH ) %ﬁy]falhg Sc%gnecmhleieetgvo loops

(30Bard 30Dnand; epnzhigss| th@ﬂ Hflf@ 3 plenclding)ldop éjél@())( §h@ c@RBIPN pipe
(321")96153%9&' MHaD QitatRles QY PRSHE %eﬁv&h%n%b' bRy eﬁﬁlps&)éndary water

t hr Qu s. line t hr oug V
0%*287 Pfc#?ch@ar?pﬁr&rlg%e? Bihes cgie ‘Ite l)eerﬁworbw@g 2{%13 serves as
a Bnsofor BR)circuiss, exdichaist matdey td herinthiandonpnpfley in the primary
d&%QS 306) and returns to the chiller(s) (303,304). Fig

Mlustrates a prior art condenser water circuit
(400) of HVAC system In this condenser water circuit

Af cﬁ%@a 104d] %hﬂl%@twagéi" nehaltle %Mﬂ%ﬁf@ 93'%0%)0&9 :pbfﬂg (322) flows through

par at us, e. conpressor (404
th% 4%}105;0«5 ﬂa%g%mg@a Hpe Ederiard %t@?l)a?n‘bé}“rlﬁm% Aepp) (302) at
polikte329)) @bea&@bte\d/&iyethe bailding puby Gesbndhryaihiiied e pahpNG 14 ),

angoi oot b il EPOIRO R {15 1D Pt B b R edE o 12313

c}nldnddwatserewnﬁm)rough@pmhem&mehoﬂ phinetbivd ding dporof302) at point (324).

TIPOid B9 tep?% %«fa@x@mb]ﬁn &Hlléd" ghn ttlnaecommon pipe that
condens
floyey iy e divectons frpnbmmfo@ Elltf: @hﬂé@c} WVBE?F é@tum@é from the

cobBhe loady (331283 13 §s tﬁén @drﬁ&hé& wiithlthe biAstss RaRaKkond he cmhﬁjh pipe

O Red Bt B Rl b B T 6508 Sha e

the chiller(s) (303, 304) for cooling again.

When the cooling loads (312,313) drop during part-load operation, the water volume
flow rate reduces in the building loop (302) because the control valves (325,326) have
been partially closed. Chilled water then divides into two flows at the junction (328).
One is supplied to the cooling loads (312,313); the remaining water bypasses the
building loop by flowing through the bypass line (330) through valve (327) which is



5

10

15

20

2

W

30

35

air over the water, evaporating a portion of it to

provi de adi abatic cooling of the water. The cool ed
WORH00983 hers in the sunp where the water | osPCT/AD2090/00202

evaporation is made up by adding water froma water

supply. The level of water kp the tower sunp is

mai ntai ned by a water |evel sensor, which operates a

val ve. Water in the sunp is drawn through the

coﬁﬁsﬂi&ﬁ%% %ﬂ%ﬂe}mbpp?&@ﬂé @@flls@p mzlqj ugu@itﬁeteaoiy fhﬁ $lhntt fignp(s)
absor be rom [ oads rou e
(35\%%@@3 6‘?%6%}116%?‘?@3&%6@@%} ated by thegcool i ng
apparatus, such as the conpressor (404). DETAILED
: PREF
FIE%SEB{SE%%Q gor RE agﬁﬁgér%?kw O%Qntfl Ig’g‘ASJt |S3{S|tezr? nIn this
copgd¢tisgih ates p@z@ulto(éﬂe)r dhe beattgaperatad by yarigee eooling apparams Le.
oRHIRSD@OU B hnd eém&gqasd@t yne) e dMs60el %rﬂoﬁééhs@lq#&é'ﬂer at point

(4@%)”; %g}%néggglgggtreg %L_tga‘l Hﬁ%ch] tﬁﬂ)ug'{a the o ed u 1%g tc? (gOﬁ by condense1
wated gumpl (/409);‘1ddntil Khﬁﬂlbaﬁlu W@Icﬂgdafséraﬁﬁ)ébrmmtpoaﬁ @h®wagdim In this

COPS%EW& (Lﬁqlﬁ O%Bhde gv&wa t q;ﬁé Is &gcc%f‘té lﬂ:%hr?é QOQ)@K (an) is circulated

thtwigh gheecapidensgi {40y by emu)np 64199) rané tlm§e spraycogglps 91 @@rrlbu’uon
RS St dAiLiEbdieP H@@a&ﬁ@% s?a'?sdoﬁﬁgﬂc @ a %fgak§ﬁﬂe vdter up into

simlar capacity are to tr&rgs port

drpplst el ¥eyilaes S\M@C@raffr?oﬂtuc ép lﬁn ¢ ?GFéﬂwa'P&F forces

ai€bve Whd whtef) %hpor@@mgja bmccl)ﬁ WiTpiSto t(;ﬁ@@ée adidbfidodpbligg ef the water.
conn an o fate

R T T

uzs byri dddingr ealiec éizbns pewates swpply. afleo lsiel of Saite invithe gowprs sump is

m 1ﬁ%fédat5fja @Q%ﬁev@f‘é%ng S\Qiﬁfch'o}’)%rg kq;a%(fa W‘at&qﬂttlﬁé)éulnﬁgxs drawn

aria drives 513A) .and
thrmhdhq canslenges (%Q)lm@éfev gonA DY [etschien of tbfzh&)it abppiped from
thEUHoliRE |1§e[ds( ,ﬂfévévag@[raﬁort (ae3pnaganit tareitetd bprtht @oling

vvater by neasuring the present
SOV SIS A SORPTESOLAa R | % o

ing chiller's conpressor
usi ng a power sensor, or the speed ofthe operating

or
D%?é?s%t‘ri"lﬁ)n%E§| SC arlmegmﬁ%o%@q?enper ature

- by tenperature sensor |ocated in appropriate |ocation
Fi nSAriﬁuéfﬁEe% ron%'ehﬁ:‘éﬁ{mé?ﬁ of A irRbAEdn HRSMse fn&iHﬂSléM’ﬁJe@ch control of

dj b Based t hat |
tvzcs%s et aw%e'% oI ORiRe OPRRas 3%@63%? A Bfﬁ%i?fe%uced speed
ot @adslhlﬁgst( sG] egagilgﬁi |sjt;)é‘ﬂd: ﬁ) ftogintilae mdtmsld ag@bds and®uanf the
t (0] I r :
or&@a%ﬁra&ﬁa:%gﬁ§x§1p81§ezl%%ngﬁme§%Xsa (shﬁpll Sn §t é‘? /cgf‘ﬁ%ff water/boiler
civauite(500panpnatidougr beddiosdiong %ﬂem, salf(osmq&wnr?d 5‘@@9 circuit
s;%‘cé%{‘ tifidthistdage, F%%Rﬁmn@@kx%e?/b()ﬁ ?cgbg (§@z3ae)anw@0§A) of identical

| nco por ated to ru
ool rceRE e ARIYSH 161 HTEPT B R cS g ed WAL hot veater

thebuBhbEEME QEsdrYcirNg (00®KRSaidaivat penes(S0AANandmBOSA) are connected

in para?l?erl]t 2

¢ gra{e in preggtermmed equal reduced speed or almost equal reduced
speed or similar reduced speed simultaneously. Said two pumps (502A and 503A) and
respective motors are controlled by two variable speed drives (512A and 513A) and the
two drives are commanded by a Controller (514A). The Controller (514A), monitors
the present loading on the water system (500A) either by measuring the present power

consumption of operating chiller’s compressor using a power sensor, or the speed of
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of maxi num power draw based on the present percentage
(or ratio) of maxi mum | oading on the water circuit
W@ 20095683 n t he event of VSD (512A or 513A) orPChAUR®A 000202
wat er punps/ boil er punps (502A or 503A) and
corresponding notors ' s faijbure, an integral bypass
swtch (not shown here as it is irrelevant to the
present invention), can be operated either manually or
th@@f)é}ﬁﬁﬁg élﬁlléﬁ/s FOIAb lcﬁl\ﬂpfeféﬁ)rﬁﬂﬁfgai ta\tlﬁ)ﬂméIOdSr 1heashﬁng discharged

hglfegin\g?te crl er Bﬁ’én%ﬁ%'ﬁﬁe%ﬁ 6‘3%@5%}“{6 segsor &B%Eédp% agt{péoprlate location
inlthcetieonirast orequier@beraheansifrogn apprhdpadiag earpes dernal. Based on

thgﬁégcgﬂﬁgi aﬁfﬁ 3§ I/Slﬁi(,: b Qf%éntﬂ:nh galc@léte% kﬂe“o}'ﬁﬁﬁfrﬁ?o@?x‘éleg(ﬁg% &subj ect

entiron utili1 zi var

todispits) 6or the Prmpeand paNdP 88 owERVE FiZPUP S0 Abiol tBE VRIFRR Speed drives
(SQ@era%EUS'lgA?b &Eﬁ‘ﬁ’@i&r@hﬂféd wasAoilef dueeipSRRELshdEorresponding

i A sttty 2 Biead Saesil o

inédrpavagp@nie ntin &$ eqimivmdmdedl-'spged 2r altnash led]dm dedvateé spdxdi dregimilar

re&]ll({eﬁusﬁéec{ nglgf‘ane()uﬁkadﬂh &)I'elfa?cjt" QLhthQ %g ngx)hﬂxglloévg)é}ﬁ)e%/eﬁ{agm(or ratio)

oft mesienyng e dlrzv\atgt@wdo onl fép)prpwrrb percenzge (GOBIIO) @f 7pgximum

lo%mggg'ﬂ{e‘&@&r&fcuﬁé . capacity are deployed to
transport the produced chilled water/hot water

t hroughout the water circuit (600A). Said three punps
In(t68 2AentGI3VSD ARTR A bf A)l 34D @r @hfmé olaet Ii)lnnmﬂjcﬁlef elmpn@502A or

d
5@%5(8111& 1;60518%]% é)él%%ggtgg orsef(sj an n eg qalil %g%asg' Q\%ﬁgh 8{0‘[ Qlllorwfﬁlxere as
it sismirk¢lewasbus| the Bedsentt hm\watlpmbnp@n( &o Z@erae@mﬂ@n 7pgvally  or

a@&qatgc%gg &6 tallX@ tHQtog&%tl% ?ncﬁ@rn%r 1) bgga@ﬁ o HIe %péé%r IAQRh& same

I ves the three drives

tllaﬁsealb ehﬁﬁm w ab c%wwnomdefen( éq@;a\)appfﬂpéla@omtm & required

alé@hgéi)pmgﬂﬂb efsSniidl @ ke sedtksarpactiong. on the wat er

system (600A) either by neasuring the present power
consunption of operating chiller's conpressor using a

Figo6arillestrags second enfbedepee of dfis inventopewtdizinggvariablel speedscontrol

off élgélaﬁglnféi%ﬁ§ ?)lggl&)%%bﬁgr ﬁ%ﬁlﬁc g?éfﬁﬁ%g?%‘tegggﬁgﬁédq 8qual reduced
speedrpar atmose egepks geduced atnsad | of sigples predaged ISB"(?ét ithrlicunof the
otif1BaWBHdRIon&l H@éigﬁs 015u EmBRARS sho@Awhi By, 2. A chilled

MR T ) e e e

cikeudtchysigm(’); ibjhéctast Glhfdelﬂ:hlﬁﬁ:d fvater/bbierppumpps E@0AAs 60RMs, ETA) of

i3 ENr S0P 819 e BollEe VR rARloR BRESLIES Ufited water/ot

Wakst ényugmnb&lemerc%mié@%) SgichibEsr B eA2A 60034 , and 617 7A)
B b e BT Jabatel taﬂ& oB&ERSIn ﬁ@&é@&%ﬂﬁ&p&fﬁd Rl¥3led @b@d\br almost

wer e | ncor poy at ed run at e r educed
eqahrgpc %‘qﬁﬁ’é? ?re%wééaregﬁgeéosps?cﬂgmﬁltﬁ%qouﬁléfd%%@glﬁgﬁewaps (6024,
663 Aub T ANeaus kaspective motors are controlled by three variable speed drives

(612A, 613A, 618A) and the three drives are commanded by a Controller'(614A). The
Controller (614A), monitors the present loading on the water system (600A) either by

measuring the present power consumption of operating chiller’s compressor using a
power sensor, or the speed of the operating chiller’s (601A) compressor using a
tachometer or measuring discharged chilled water/boiler temperature by‘ temperature
sensor located in appropriate location in the water circuit or some other means from
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and operate at the optinmum power percentage (or ratio)
of maxi mum power draw based on the present percentage

W@ e00702368%) of maxi mum | oadi ng on the water ciPCUAU2007/000202
(600A). In the event of VSD (612A, 613A, 618A) or
chilled water punps/boiler pggnps (602A, 603A, 617A)and
corresponding notors '-s failure, an integral bypass
switch (not shown ), can be operated either manually

wheich duidin@toag el wfdreedalBaosd bhethapRradingvegimt(@154) ddealgorithm

d d
cof R EF iRl PEvEL Beppe, SHAE s Mmids) Tod By Fing s an
outpatigrah (6 A)etquhe edrizile spéadgdraymsr(©p2A a6 B perlSan mpkratiog the
(CB@ES DEEOBGRE Xv@&g ﬁidgcogépf)ﬂl&ﬂg%%&s(gbﬁw %03A . 617A)

di ment ent| on utili zi vari

sugly katghe wmmﬁqrﬁéé@% HI0BAe §17AD éveﬁ%@rqomorﬁ@fhﬁs iy at equal

re@mﬂasﬁaeagoﬁ&lm@te&ﬁbpfeahmdsp@a@ at sﬂhﬁﬂﬂﬂ @&ﬂw&p %@d @fmultaneously
or si

st reduced e
axhOFP e P DR Eacior POREIC B 0 F ) of PaR OB RPW gL W based
orsthewresent fer@nigei@rado)efcfxiben lbadingen dtei wager drcuit (600A).
chilled water/boiler circuit (700A) ("plant-building
| oop systen!' al so known as "prinmary-secondary

Inghg PV@ﬁ b HSLA6 1dAs 61345 ¢1ddvtor chilled W4ﬁ¢r§3tt§@§€>011ﬁmpurh1és (6024,

60@'@@1% c!o?x@ ding\WRotBEsE R KaiRHERS: inteBrd B é‘s@@@it&@ﬂ@@h
Y éﬁkmtcg)r 7OSSA %lln 071,%\6@& ?p7 (0 o

g705A a th é

?6‘7 § OBfratedeth Prc@?m&.llysqrrﬁur%at@a %EQ fﬂ}owlée wﬁatwéaot%to be
ofetaed piopreddtbrenipedshsed dAtcthe Ishiad tin, lae ralawats%nal hilbbgkhown and
se}:lg r%? P?é?j%‘g r|8 rgzﬁs: éa 1r0ncal1sr (r:eu Iu reéI Q%ﬁA }1% bagalpfo JElz7\/\gr/§\(§nnel to take

only on
ne?@%ﬂl)yaﬁomaer ating at the nean tine and the other
remai ns on standby in accordance with the current
| oadi.ng. The respective two predeterm ned pu

Figy by husinates dhir b anbndimentsd this mmst&on wilézang %@%Aﬁd ggrgrol of
mtbo pﬂﬁﬁﬁ'}e @hilred p@atai/bcﬁler q:nﬂnpzp epahtend At @Eéﬂ@%hﬁfﬂéﬂ Nefhal reduced

e s B e oo it RER T STty E difd of the
origieal taditempb pdinpingd eirvigegnembtasr sheavre i drigBoihend dne chiller is
oﬁé?a(tfn S@PQgilfég \%QZFIV@(Q ef c?&ﬁgd(ggﬁAxg“é& %ﬂﬁ&é% qp system” also

corresponds to pla correspgon
knomangs pmmﬁalwcﬁeﬁondmzsahlﬂ /b@lé%o‘ﬁﬁgf £isCY A thigragsezguAle plant
loap@7612e, 5\1% ?mﬁf p@ps; (il &%%orﬂﬁnhtﬁm ZtSQABAadna mm@a @®05A and
7% g?(g A¢ é? The Co troIIer g %X transport th

& Flra0@teddnticeh S B cRBRSHR Al AGfed fp transport the

preidtdedrchiiiedrtmdlstwateqg thriveglpthe péatt 1pepweratec omnet{yoil A (adfo known
aso‘g)?ﬁl?atrg rf&? ’F' '1fl (grﬁ{/ ofie Qﬂ%@f%& er7(2636}1 of ‘%BEAE ?ss(g{?r#@grhg tie mean
tlr(lv @@dxtmrotmm)lal@m@ﬁ@@@rln@gwxgara:etva&hfbﬁéu@?nté@admg
Tﬁ@?@sﬁédt% th}oSﬁﬂEaétgx%‘ﬁn&F g@gg | hiRletb@hiféd E:Sx'ﬁ’@ﬁiﬁﬁ%rﬂ o€ 705A,

y ure sensoy, | oc opriate ati
708, e DA bpeciopedinel i g Pt R PR reduced
speedd ngmoestnequal reduced speed or similar reduced speed simultaneously. The
pumps and the corresponding driving motors are controlled by corresponding variable
speed drive (VSD) (730A corresponds to plant pump 705A, 731A corresponds to plant
pump 706A, 732A corresponds to plant pump 707A) and the said drives (7304, 731A,
732A) are commanded by a Controller (733A). The Controller (733A), monitors the
present loading on the water system either by measuring the present power
consumption of operating chiller’s (703A or 704A) compressor using a power sensor,
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be inferred. Based on that |oading signal (734A), an
al gorithm cal cul ates the opti num power | oadi ng
W@ subjessto |imts) for the punps and sends aPCTDAUPWT/000202
signal (735A) to the respective two predetermn ned
vari abl e speed drives (730A;d31A , 732A) operating the
two correspondi ng plant punps (sal d conbi nati on of
705A, 706A, 707A) such that the two correspondi ng punps

or(tﬁ@ ksked w‘@hdﬂaﬁdr@ﬂmgOéhlﬁ&&ﬂ(m@g/br?mtA)) cmtmpmss@?mn@oa akkeeter
run speed, or_ al ual . re
or st s e T BA e BBGbl e e B tLR g g EGiTocated

inapproatiete ddcatihe iofhieiwaien qmowée or FENE efrlﬂelaglear(scfrom which loading can
be ﬁ%ér%)d( Eyé%ld‘?ﬁlt thtcxplolahlﬂ?ts aP 73%2 We! ca‘i’{%sbﬁﬁﬁ Rfltimum

maxi nu

pqvmdowglg @ub;eét& ¥its) for fdge) PWAPY m@ %@@@é @n output 81gna1 (735A) to
th€ 'rés@k‘ét{v(e% QRAredAsrnARY ﬁarldb[b gfé@d Qviesd (BDAYA1IAR[IBRA) operatlng

IR YOI SR T

thel ther cmspahdlmg Opumpt o(satd cqonwhlhatloal | b 7OAAT 0P AsADS AD) 0 were
08 olp Ferdal.loeﬁqnaatt M - 3R& dsg) é% {Qﬁno%@ u&l'ﬂg&uceﬂrﬁpé'éda&mmmﬂar

INgEIpRTR ovvn an an_ appr opr
reflocsdt snsad agmpbendonels anderpéaty ab prco PPHAUE rﬁ’él"@b pgEseniage (or

rah%ﬁl | ngﬁct?ﬁgﬁﬁé? 3¢ 2R B8um FoGrer v bbééﬂt(fnaﬁleﬁar@seﬁ@p&&éhtage (or

d
ol HBA B, R BE SEF P RIS SR PRI Bmps
oper at i ng at predeterm ned equal r educed speed or at
I t. d d
A? ﬁgﬁ?‘{s VﬁgF 8#] xgag aﬁ) §pte h/?{%)ng ?‘fmlJr é@}' f’a?ﬁ!lres %ﬁqgtegI ral
bsqxaseawmiem 64as nghshawn Irere), gaIBbv\/IQBﬁa@deel‘@m‘ ma@ualle/suswtomatw

W?EB ﬁii 1d p%nﬂ:gﬁclﬁﬁ% (ﬁﬁra]te%l Ethf'ullls?ged"@heché RhE @fineC bh GHirk signal
9

plYan (al so ?fﬁ
i o o PR e G ey popropriat

pérmlﬁlept@&a(eﬂd&egsagmlaﬂg | oop (801A), three plant punps
(805A, B806A and 807A) of the sane or near the sane

capacity are deployed to transport the produced
Fighi8A éltlishatdses fomtlerentbodioegh af hbispireentiom aplinag evariable speed

&nnrroF lldgtrthsx%% g’h@e }'% ?g%lgﬁrvyatérg%g% bk{lngﬁ%% ?rg%ull% at predetﬁrmmed equal
reduead tpepd of At Alorast eruek edpPechsneRd o @ f A gpeeq*ﬂ% lieu of
tlfe%ﬁ%i?aq}ﬂﬁﬁﬁl&gpaéﬁ%&g%nﬁﬂﬂg B aAdenddre a@cﬁhﬁ%t @dFig3 when one

BRI T O el e
bﬁlﬂlﬁﬁglll mylsteﬁﬂe(alssllmown dsi peimayf/-sbévmdary chilled/boiler water circuit),

a8 /g}r okt 1802 sto‘fﬁi'tﬂ{é%%pa{?ﬁ nng(sﬁtfss&ﬁ%ﬂgﬂa S874) of the

sanel ot oearghp caE FEPFRHY S dapleyesbin Frerpad thy prosdyprd ?IPU%CV boiler
v&éﬁe‘i aph 1? 15 P@ed it v §op( UPEe8S OAr ey g@@p&ﬁd rffnﬁtry loop) if one
an n

g1;qt %;J}gg(é’g)g%ﬁo%\é/?gg gﬁg%ga?{nrgeast%ﬁe n?ea%qurge i tdch())rciT?lce with the

current loading.

The three pumps (805A, 806A and 807A) are connected in parallel and operate in
predetermined equal reduced speed or almost equal reduced speed or similar reduced
speed simultaneously in lieu of the original/traditional designed pumping arrangement
as shown in Fig.3. The three pumps (805A, 806A and 807A) and corresponding motors
are controlled by respective variable speed drives (VSD830A corresponds to plant
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pl ant punp 807A) and the said drives (830A, 83 IA

832A) were conmmanded by a Controller (833A). The
w@enroedeBer (833A), nonitors the present | oadi hgI/an2aomne00202

wat er system either by measuring the present power

consunption of operating chihphl er’ (803A or 804A)

conpressor using a power sensor, or the speed of the

-operating chiller' (803A or 804A) conpressor using a

pLIn@f BO%IZEJ ¥EDEB ltfmb@ﬁrldﬁpdﬁ@s 11:(2 Blagt p@ﬂnp@eg, a/sD BE@Alcorreiponds to
er er atuy e ensor_| ocat.e

pIFY S opr-Khen® TR un dhfen (B NERE, R AT TR o BEutE by o
Catthdler (359, Tho Gontroliér (834), nyoriens b prfest ledingBas 6w water
R U LR RS g ek,
oIS comurestn SINGR ROV SENseT. g dle pesbal the gpemting piller’ (B03A
otV %OEAF RniPessk dsinged (RB0MeteB3or MeaSdad) thPedidhb@d chilled

t he three correspondin | ant pu 805A, 806A 7A).
WO R PO T AT TS, [BUSAIT ABADHA AR in the
waer eir¢uiicar gpareadthelr meansufromt witiqh ddadiredeaneet syferedl. Basalt on that

QRS SRS REES Bl S S SR

era

lipgs)chon tlagpurppy andisensis(aupjteet Sig@ﬁll(ﬁg@‘bﬂo B thesei vagieble speed

SR DS ey She P napbadE (i s
S@ento b gt Tifte thsp e plpte @gsnpér&@ﬁémg%% ad) B0t were

inE(&ipbtateﬁ thﬂlgli at &graalredéme@gﬁeeﬁi\l\bﬁ eh all(rrl&'ﬁﬁ.équeﬂ atdsdedvepeed or at
. re can e, oper.ate el t per n or ut Q |

sifffb oo SRSHESRRT oy Shad e Ses By AR RREN femace or

rafipeidbjest b0 Hentss pEewxinAm tioeves drasv based, onathe airesent pirgemddge (or

raib) éfxﬁ&éﬁlgﬁmacﬁﬁ oR BY whidr BiPRAQROOAS. € | ocation as

require erting appropriate persohnel to take
necessary actions. Fig. 9Aillustrates a fifth

Ineﬂié?@iefmﬁ% vafiatld isped:dn&ﬁfﬂ(é)g@rl Flla'hi 'pﬂﬂnp@? \éﬁ_ll%ra,biuﬁ 1gp@edbypass

con of three priuar illed water/boiler punps .. .

st 96 Aq nat M Brieiate e Baee Sthdt auupbeaT gt mati, will

albdwreesd operatave penipctecesqreededat spriidtemminadtispeed. Apibedame time,
, ¢ : Cow of b A . .

o SRS kLol LKA (B0 2t acin

anpRRPIEakS Pareangcl todakk nasessappslighe operating. A chill ed

wat er/ boiler circuit (900A) ("plantbuilding |oop

systent al so own.as. "pripary-secondary. .
i D e i ik A piarent o T i PR et iringsyeriaply spfgt contl
ofpthaset primarp chBREAYatet/brike ppipatoppratipg af PRBEtermin6Mcqued reduced
r . . ..
ALt P T U LRI BERREL g n i of
theeariginal traditighalt drsigsied mumpieg awangsmest ag whowp gotig.3 when two
Hiférs QodaIOWR] 984 AR BBEMGAOOR chillell WM /boiler circuit (900A) (“plant-
chj.l I'ers/ boi | ers(903A and 904A) are, o eﬁ’ﬂt é/gg at the.
lopRsYSie 3 alse K9 IR &S WPER —secondary chilled/boiler water circuit”™),
In this case, in the plant loop (901A), three plant pumps (905A, 906A and 907A) of the
same or near the same capacity are deployed to transport the produced chilled/boiler
water through the plant loop water circuit (901A) (also known as “primary loop”) if
two chillers/boilers(903A and 904A) are operating at the mean time in accordance with

the current loading.
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the current | oading. The three punps (905A, 906A and

907A) are connected in parallel and operate in
w@e@dersssri ned equal reduced speed or al nost ePCEAU2007/000202

reduced speed or simlar reduced speed simultaneously.

The three punps (905A, 906Asand 907A) and

corresponding notors are controlled by respective

vari abl e speed drives (VSDO30A corresponds to plant

THeutped Bofps @B&'S 90€AC otid GQVJAI)I dee tenmebigdtin Qjat’queQ @fd\operate in

prgcf I??}%ﬁg%gcor Cff spe@% é)g)a?% eqﬁ% n,ﬁ:_§7cA ds%gdd or gm%lar geduced
sp&ah slnmiltaecoqsgrs A . thithepuBapst (9O AeP906838K) 907u9@mrtdo¢cs‘rdsp@1dmg
mBoiS &t cdn% éd"g?f Qe E&?ve"\@e{rﬁa%lesyfe%@ ARkl W?D%’OA corresponds to

neasuri n es nt power cCo unptlon 0 eratin
y @Hinurr@r%O%A( AR A AP OUTSHIYITE S pIABSRBEP gy S0 §dd corTesponds
gmm 907(At)emanﬁ@dalafdrivb§ (90N, 3311 AY 98I ) bvefeScoxﬁrﬁ&;’déd by a

oSt CondloRe TRRIp S Q) BERRET ElmplRitiaY e wate

syswmmtmr by mesenmgrthd presdine dower @qmpumpmcnrmfeopemg |chﬂllersh (903A

an{d%@%c%ﬁnéﬁéarbgyhgl?%: rﬁo&@g&é&g ot th%{ee(]fi gilﬁ A ec}:lé]tmr% Fhﬂlers

(9038 3 AJ04 A reonipaRsson WG &l tachomeder @rh@e@ymlmlm @gmged chilled

whieashiRg térﬁb@ihtﬁic‘é b¥ @exﬁpdﬁﬁlﬁe) sen@ér TodSe® ¥R F @ﬁﬂaté 86&$ioaNn the
out nal 35A) to.the tg]?ie vari a

WalpE glégn 3tRe ofher 1Rear§3f§%1 v&lbt a}dﬂg ¢ ?%g@% Based on that

loading egna]n@Bmg) Enaigorjthumpsal il the SPhidnun®d @JVN)I lsumhg t(hifect to
li&l{ﬂ% foP rﬂ?eepglhg{]%n(? H%ng i (nggét@]lt gglgﬁc(ggﬂé)gg)g@i evauaPle speed
dristgs a(9 04403 %Wédomra@igﬁheathmeeam@wb@&dﬂam pumps (905A,

m«xrmb@me@uai )fheﬁnﬁheoﬁ%é‘t;ﬁaﬁt phifs O@DSJSIWDO@QW%M 907A) were
percentage or ratlo

t | t
ingRsRetates FuB 24 @au%ﬁe%wﬁp% At gwglrsr&n @wfaég"g Ltcgﬁ SP%'% ¢ similar
redlﬁceﬁaypefeﬂ nsﬂnaaﬁiebgslp I’aﬂéih gpmame bt €he @p?mu(rB@Mkr pettehiage (or
nt .o Vv a: £e rve [ a u S
rafRtr &t < AP &L pRRER TR Tol'eE (b Rhsel ithe BB CAcrecntage (or
raﬁe}@)mammnnﬂeadlpgpaﬂ@dwaﬁt ¢tisit800A). 1y or automati c,

will allow said operative punps to be operated at a
predet erm ned speed. At the sanme tinme,_ an al arm si gnal

Invdihm evsat 8h yebig ap@én@%s)agpplapfr p%m@@ SEBEE o agegral bypass
svﬁﬁﬂU{%Sd abesHdwighaep r&lﬁrbeﬂb Qt%ﬂsfﬁtll’neﬁhnah@aﬂyalsﬁ automatic, will

BRSSO A
anc elatm oligmad Wil ure spimwmaar;d sdit | tb eppratriete lwoatier ap wypsed alertmg
o e e B e T educed speed in
lieu of the original /trad| tional punping arrangenent

FigS 1 GA 9Wktrafes kixth Smbb@mheh\of G 1|n|v&[t§)na‘ftﬁlzﬁigﬁfaﬁhb1@@pee‘& control
otc x%laxlb lpggpﬂvjvgtﬁﬁ lg(ﬁ) gvélte?fboﬁle:rr gllljrln}t)s S%qum@ at pIp (lieatenrtmmed equali] Beduced
speed or almost equal reduced speed or similar reduced speed in lieu of the
original/traditional pumping arrangement as shown in Fig.3 when two chillers are
operating. A chilled water/boiler circuit (10004) (“plant-building loop system” also
known as “primary-secondary chilled water/boiler circuit”), In this case, in the plant
loop (1001A), four plant pumps (1005A,1006A,1007A,1037A) of the same or near the
same capacity are deployed to transport the produced chilled/boiler water through the



known as "primary-secondary chilled water/boiler
circuit"), In this case, in the plant |oop (1001A),

w0 our/opdesit punps ( 1005A, 1006A, 1007A, 1037A) of PETIAUSEMB00202
or near the sane capacity are deployed to transport
the produced chilled/boil eropater through theplant
| oop water circuit (1001A) %pri mary | oop), two
chillers/boiler (1003A and 1004A) are operating at the

PIAERASg e iFouRQT 00 DRNGniY foobfewo uhmefstfbdﬂegggg)gzx HBQ004A)
our a S ar e
art S IR e o 2eeenrgnayih 85 Qe a3 o3

equal reduced speed or al nost equal reduced speed or

TR A TR e g e

5 andeqperato it poidetsamingd reaypleredicrd sPaed &b |abne%@ewaldﬁﬂw§ speed or
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sid P 1@d R d Eé&&ﬁﬁﬂﬁﬁedu@lypﬁéiﬂtfoﬁiu ?g sAMBDsAQB07A1037A)
B

corres Sto Iant 6 032A c res n
anflocofres imcﬁ a7 A e SRR P P RRSHRR G BB pTERE Tives (
\Y% ]DIH(DBO]QO&YIA)S amdd; tolpars ushpdiog As VSD1031A corresponds to plant pump

1afR3 Vet %@%@o&%ﬁ%ﬂﬁﬁ@ m%oeg%@oﬁa cptresponds to

pletde nun&i’selrﬁ?: Adadndgthen saise duiitesr (k@ﬁé)ﬁem@&}(@ﬂw%l‘\) were

coEARiHel %n%ﬁ@@ﬂ@S@RWh&@Bﬁt‘ﬂ&mr'(‘?mﬂ PRMNitdEd Y present
Chl [Ter (1003A and OO4A co sors usin

loading o1, 516 VRl SIS Git I%Yneea% t APTERP PRV COFI?L%B%?H of
@Ekcﬂmg@ﬁﬂl%}s qoogBLe 51&D[(3041A3chglpﬁestscae lusiftie tagpovat: serdas wr thregspeed

fgﬂ%‘g?%% c@@ﬁ?o%&% Ao V\fl%)tr?ga pr cl;)gg3 es%{n%r S“gc)%a fachometer or
mtdfserm@ﬂephxrgq:cbdnﬂecﬁbmlw metemﬁmwern@emlsy fermperaiihie @msor located in
aﬂ %%gif&?loggﬁbrp ér%‘ijm}lﬁ%? Q6me Q)tﬁé? 3hean® G hjh9B&ding can

fes t pt
b @gmqqgiae%eamne%é’trl%@dl% AR 0 MR algapen SIS e agjrmum

dg&grﬂeﬁdl 1 gjec( tbolaﬁﬁ}a ﬂ)ﬂtHehﬁln{ AnEGEhdsearValth@iBignab PSA) to
rrves

e B E QTG & ?édp§32A (8 GBS 103001 opgrating the

caesporidirey plane phowps (ﬁ)@ﬁﬁp}’slfﬂ%@(}ﬂ)ﬂ!ﬁ(}ﬂ@&@%@h th@3tha)four pumps
(1‘6?5& 1b6@& rlef}ﬁﬁtl 97AP V&;eyé’] Ig;tog?& %ﬂcﬁdec@f% ngdlﬁéd speed or

ar redu
almomquah@éu@qcyspaﬁdj orosg;@plat edgeed; sm@efb ﬁm%ﬁ@qsléweqnd operate at the

o ER ‘%%ﬁpé@én’cé Qo?h(tﬁﬁ@hl%@ét tb QinhitsYlof ﬁ)axﬁﬁurﬁ’@&w&l Maw based
rg wer “draw based on . e sent e cent

CRESSPRRRRF 1 3ER A HO Hangspam Bpdigg op R citcy 1?)??8/*)

event of variable speed drive(s) or plant punp(s)

Inh%eI %Jvrerelt 8§ r\]f%fﬁ%lg %P&{d gﬁ&ef(‘f)hors Waﬁ:g 1%1?3@5 GturBOhn %ﬁQ%i‘Ql bypass

er -~ nan or auto
swiitqhl (148 6Ammgta$1wvupb¢ral, jogie bpLRsERteh et gparually @r gutomatic, will

almv@ geﬁ% %f)&]aﬂ%j ﬁﬁﬁ@gy befpetdiSd SEdTBreliéteBnindd siledl M Gk QRAE time,

e Shownt andl sent o an appr op rlate | ocation. as
o} g AR P AN BB A0 An FPSBHAR oF08 dRaeauifed alertng
apReREtepits@flel @8ke necessary actions.

Fig. 11A illustrates seventh embodiment of this invention utilizing variable speed
control of two secondary chilled water/boiler pumps operating at predetermined equal
reduced speed or almost equal reduced speed or similar reduced speed in lieu of the
original/traditional designed pumping arrangement as shown in Fig.3 when chiller(s) is
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Fig. 1L1Aillustrates seventh enbodi nent of this

invention utilizing variable speed control of two
waewonessy chilled water/boil er punps operati NBCEHAU2007/000202

predet erm ned equal reduced speed or al nost equal

reduced speed or simlar regyced speed in lieu of the

original/traditional designed punping arrangenent as

shown in Fig.3 when chiller(s) isoperating. A

opfatinee & biallb&@boN@t witef icirEuit (IJ(ODAQQHMaﬂt-lﬁleIMg bioipl Histeen” also

| o
kg o B PR i) VA SAER K qage,ipghe plant
lopp atitl Ol Ap p(alst 1 Ghdyyn ( asf spnmmwﬂpqu, phﬂl@d/ﬂaylltroomt@r leaving the

cl‘[éhe%fg/gSﬁérgﬁy(ﬂrA V\‘ﬁt()ﬁAl) i 6})\6'1&9(2 lﬂc Abdk %1%@9 the p;ﬁqctlon of the

cqnyRen iripe ¢} 121 h% @&ﬂ%olﬁ%.@é ?pA) bU1H1%t1°‘i’Ib(§b1({2l4@ aly point
(1323Ay 1@éﬂtiradteﬂg>y| tBOBui{diAS Bbvnp §l(a1£t0¢dm%d (séébﬁazﬁ)y chiilfed/boiler water

BT A Sat i T BT E TN o

buiblisg ppipe ¢sdcondang chibidituiiet vatts I(Lﬂ:lipS]_ZN1415§|. B8A) 1115 of the

saﬁa&ialgﬁxi\&g g g&eg{) AR HeAlidd BURBbP o BloRlicd TR boiler
welgp dlaiough dee buidding leep twnter eipmiotk102AS E‘ﬁ@d@@é’@ as “secondary
loept) | ed/ boi l er water through the building | oop water

circuit ( 1102A) (also known as "secondary | oop") The
punps (1114A and 1115A) are connected in parallel and

Thyppumpe(1il M Apraddt £34) aecoanpeadd ingdratiebaspemdatetin predetermined

C@Jaimr?@uceg q%)%Fd r gr_?lé‘frﬁgsts Q(iuﬁ? 1%?2 &dmsn%e%f 1 E‘E A%ﬁ% %Q&ﬁgd speed
sigwitpreopeliid |T|11lg Py él WélpAe avdnt ¥IdA) etndbgorespoadipsnapiegs were

cd&@rro'ﬂ@@ b c§ﬂ§s%@n@1&%%né/%%@bié§3%eg(g{ Sr%lzlggﬁdc%ntegponds to building

n
PP MH«S ﬁﬁﬁél%&ﬁm’remdf R bukdips @erpe%ﬂghsa@;& thgaid drives
1]133A/-\Qnd/\ﬁl1@1&)) Weze d@ﬂm’ﬁa/ncﬁdcb’yltef Gﬂdn&bllérl @BBA)A) The Controller

e oy ot roneng Shans S RCSERE shREaN Hshliape v
prEeeeTs pop el msmhpimqﬁeoﬁdppmglrxgmhhlla@ ‘I 103A,110BNconpt#gsor using a
p&RaPefisor cHr ]F&daofg)tﬂ%el%glﬁ %Q;fnlf%f(lf 2(? (?29@ ¢ 1%41&11 €ompressor

o eratlng C npr esso
usagg g tagh e ﬁ@@ el?le%nﬁre%%‘lﬁlﬂ%ﬁ’é @%«%ﬁﬁ%ﬁl@édwater femperature by

c@tpetdngd/ s@@'of ffcatbdlif rapbx%?ﬂ@t%dbwh@n by tHeeWEIEf aﬁrcﬂﬁtGarﬁleﬂiS @fessure
r _ci.rcui

.dﬁﬁ i b bESBpEBhe hoBpe R B LSRR oFe e thgpted in

apyressie bedidd @rteebudding deops ot sdmee oﬂhenmlead; frgm which loading can
bERREARY. | gLedl 9¢ achc{-:/ﬁ%nldﬁﬂ ghgfgﬁéﬁ g 3 Q8PaleBlit AP Woulgtes the

means fro can i nf

opiimemaswer kadingysehigetdp dinfitsl é@rAﬁe buildigg gurps Rhh14A and 1115A)
as bl & 88phh8 (1 T95R)RE RS rebRR AV Bvd SaHILECEDek® drives (1130A

oAb T el ei’ﬁ%e‘idrre?p«ﬁ%%&&au i g LA Al 1 £ suen
thaattcatoloecarepshdiiig beisdifg pEBPA(1114A and 1115A) were incorporated to
run at equal reduced speed or almost equal reduced speed or similar reduced speed
simultaneously and operate at the optimum power percentage (or ratio)(subject to
limits) of maximum power draw based on the present percentage (or ratio) of maximum |
loading (subject to limits) on the building loop circuit(1102A).
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and 1131A) operating the two correspondi ng buil ding
punps (1114A and 1115A) such that the two
weororesweendi ng bui l di ng punps (1114A and 1115A)CTaD2007/000202
incorporated to run at equal reduced speed or al nost
equal reduced speed or simbar reduced speed
si mul taneously and operate at the optinum power
percentage (or ratio)(subject to limts) of nmaxi mum
Apdmfxbeﬂ aiWVb,al&&bie event bﬂvzﬁi@ﬂs&ﬂiee@ dfl(zé(@) @dildone puaip(9) failure,

anlolglteg@i %?[9}1 ggl %iu ngﬁltoan erCP %Sﬁe gpr%retltec? ﬁ]ﬁ)ﬁgr ngantﬁglly or

) AsS descri
aupdmatig; |vaB| aélowpge@] ogenavtée{ Qymgrtobbg b}@ﬁratgd Bt iﬁﬁ( sgeed At the same

tlrflé“ dHhBrm %’f%ﬂal" WeY rb@l shB%Baérﬁl Sopt k& (aﬂbélybg@atenl%atﬁﬂoé@nrequlred

here), can el t her manual automati c
aleiing aamowtga@ama F%W?/@%?W 2G1BE operated at full
speed. At the sanme tine, an alarmsignal will be shown
.an t.10 an ropriate.l.ocation as.re
Figi g%? ﬁﬁﬁ“&%ﬁﬁ%‘ﬁ?‘%&l"@%’%ﬁ&ﬁ HEP “{VSH? tﬂ}%&i’%\éﬂ&%ﬁ&? speed control
ofaloptd omsdenfargwate? Auinps Wperating st girgdetérmemiso ejum meduged speed or
ahtnlabtse uﬁﬁ%ﬁh&é&nslp%d bt &b Y@cﬁfo@@g eﬁgﬁ q%u%?rt‘ljié' Qigifl gl/tl'é’é?uonal

ser wate unps Opera Iﬁ? g erwnne
deﬁ@aa cE‘éFnﬁlﬁée?’élaégelﬁq’%tShé&Y@}am léd'utv &N ope shilisy is pn@ra@.mg A

cdha&mefeebaﬁ@ @86uit (12008Y, Bfthish@se rlhqw 3brdehad kxtawnﬁtﬂcult (12004),

d Fi
oy puiner BHRL bR SROBTFAD e MNP of Bt e Sty are
depki©0A) trahsporthths pradiecd iconddnsercwatde pareratedibe thee thilleri (1203A)

thﬁojﬂ%gocﬁ% coﬁ&&ﬁs %&@Pﬁﬁémp Sf&b‘é )%QG,AH: FL 11%%? Aher§§ tful?)%gh the

aC| are
COP?@&WKQQ%)&@@@F@@@@U@@?P@@WSH vvater gener at ed by
the chiller (1203A) through the condenser water

circu 1200A) rej.ect the heat energy t u t he
}FOS?I}‘JI?QS%&H@WS(QE )anflou(? i3 CORHEE ngl&rﬂgq(ﬂé‘%g operate in
preMdiﬁlnﬁﬁT ecplah‘paiu(;écﬁ%édamdlhﬂlaﬁké})lalaﬂeéu@dmpem egsmﬂlar reduced
' ORe&r et
se8 8L Sy dne B Toodrbalhlhl oBR BB L Ghfiangpaine
mg@eee@resqonublﬂ%ﬂn@oem‘rqspOﬂmgg @'mmiaém smed pimps{V(SDZ%(AA garresponds

to 1A dskr ﬁ‘ﬂ COD6LS W‘S@ﬁ'Z@ gA”&)tr&’éﬁorﬁE &o %Qﬁaefn%é&] SPN207A) and

vari abl e speed drive

corr
the ﬂiéﬁ@ﬁaé %%oh%?ews)e RSy &ﬁﬁlﬂf@é%(byvsm@mler (1233A). The
Ceardlies q@m); on@rﬁmlsa RS lpréya AP 1dadthpAbn afhe ier Sgbtem either by

mp SR Rt PS8 TR abng e Be b agoressor
usliregaal porgeromengdneonthe epeed yd tdmmmrath@ chifer ise(A2QFA ngpnipiressor using
E’c{ g%@%%r %PWasx%?%rs HM&&%&H Qﬁﬂlg@ Shedr 2 Ip&la{dré %&d She dlsgharged

usli n wer senso
copflensie Wejse ﬂ@ﬂp%@tumnby rteélapegatpr@zwgﬁer loeripd S aRArORrtin dpcation in
th SERGTBERR @lsoffRashur rﬁ@arﬁlﬁ&ﬁaﬂﬁ@tﬂ |6ldirol @€ BARdn&Sred. Based on

erature di sc ed c
o bt 5 SPRLFEHE AR pover i
(selgpetapinaitse forothatpuops iand sends an output signal (1235A) to the respective
two variable speed drives (1230A,1231A) operating the two corresponding condenser
pumps (1206A,1207A) such that the two corresponding condenser pumps
(1206A,1207A) were incorporated to run at equal reduced speed or almost equal
reduced speed or similar reduced speed simultaneously and operate at the optimum
power percentage (or ratio)(subject to limits) of maximum power draw based on the
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the water circuit or sonme other nmeans from which

| oadi ng can be inferred. Based on these | oading
wWGee@nad®sy 1234A), an al gorithm cal cul at es t he BEI/ADENOT/000202

power |oading (subject to limts) for the punps and

sends an out put signal (1235%54) to the respective two

vari abl e speed drives (1230A, 123 | A) operating the

two correspondi ng condenser punps (1206A, 1207A) such
predeat pérhenthywo(ot estic sfandkimgmcloadieg $81bjqetibkpEmits) on the condenser

wg(thchq a. 2944, were incorporated to run at equal
uce speed or al nost equal reduced speed or simlar

reduced speed sinultaneously and operate at the
AQ@&SF%H&H rrﬁ%l% IinlRE 6@3& ag%r(a%feo{]p@t&d gﬁ@&%ﬁéﬁﬁﬂgzﬂ Wikt Sump(s)
Xi w
faﬁ%qe, B iR ED v oA @igg%g neis 5}%& oo ok derg‘ﬁd either
mﬁrhﬁll?@ﬁd&ﬂﬁ&t’ucy\ﬁﬁlﬁi allew il bpdr A0 mp Asbelepatictied full speed. At

o SRHE s o Sl byt Bl RS, Bl Pl Bl loation o

regwirddclertin@ 8ppropriaie pstsonml kretalsg neasasarpectoper at ed ei t her
manual |y or automatic, will allow the operative purrp

to be operated at ful I aged At the sama tinme
Fig) KiAvilysiates nth probedigieaial Bifngeiony §il laﬁlga‘eﬁlﬁhlﬁrspa@tdecontrol

ofl ekt éidedser rv@eﬁ@ﬁ ﬁlﬁﬂpﬁb}@d’rﬁtﬁ@aﬁmﬂﬁﬁﬁmﬁb@ chedl Sednel speed or
t ake “ﬁg sary i ons.

L rat
SRR RL TR0 TP of MUY FaNeRt PPs g eyar i Paslemyitiona
punaping cak'ramgemcmteas showdeinsitig.4wather chiller{s) Bpepesdtingg Atcondenser
w%e gﬁ&g{ gl 00 YeG 3his r(ﬁgéj Gk §pc%§ger%5r gxla%fs%lrc%ﬂu@POOA)é Three

educ br sinilar re uce spee I eu

C%ﬂ?@ﬁhﬁumm 406307 iRdi 1345 A) phHisesasif OraReas fesprmecapacity
arEl @prbydld tgc{(ﬂ)l"zgdrﬁ "t}(eS rddSicPEsRlchftd - wheC ga@e&&& 'byWﬁE &hiller(s)

(@Hzﬁfib{mé)l e s N U ) TSB! 1AL cnerey

thm@hiﬁ@%)lngftow‘#’r@ﬁmmr13®fefa)t0tdm$1df8amms;ﬁ;em:| ty are

d. t
R IR B BRSSO 200
1&95Ad=@1ﬁis]e3108%§t0éﬁh€‘cﬂan®mrtne€11®© GAe gppicityjarcdeplayed fle fransport the
@H@Jeﬁyccﬁﬁéﬂég sza&é}ethﬁﬁ%h' tﬁg cbRUGIES Wafel %@%ﬁ\t (1%) iftdiller(s)

|
OB R L e B st S s e

1307A and 1308A) of the same or near the same capacity
B Bue LBt B LR b S BRSO SRS Al

opsiate nrepl(eslyte(mme@mu@:k Oetitiped speeper alrmcnsg equtal tddacerbspeed prsimilar
re'dﬁceﬂc ed aﬁﬁﬁltﬁﬁéonilghe ThE" e 1)%%51‘9 pukpe (1306ae 1307A and

condeniser punp 1307A 308A are connect

13%A@aﬂn§| QO@GSWI%@PH% afenCPHES @ég é’ﬁ’nﬁeﬁ@ﬁtl‘éf’q e godﬂves
(\SIBEB0QI catrs®dhde 8l ondeddetC Edm? PERGAQrvSDM3AMA rcedtespedds to
@%@%@h@‘éb@aﬁgng’%ﬂlm corrersl%gncfsquc%ﬂ Shser’ pu%)p 1308A) and the
said drives (1330A, 1331A, 1337A) are commanded by a Controller (1333A). The
Controller (1333A), monitors the present loading on the water system either by
measuring the present power consumption of operating chiller(s)’ (1303A, 1304A)
compressor using a power sensor, or the speed of the operating chiller(s)’
(1303A,1304A) compressor using a tachometer or measuring discharged chilled water
temperature and discharged condenser water temperature leaving the chiller by
temperature sensor located in appropriate location in the water circuit or some other
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1308A) and corresponding notors are controlled by
respective variabl e speed drives (VSD 330A

w@eorrespends to condenser punp 1306A, VSD 133 PEI/AU2007/000202
corresponds to condenser punp 1307A, VSD 1337A
corresponds to condenser pupg 1308A) and the said
drives (1330A, 133 I A 1337A) are commanded by a
Controller (1333A). The Controller (1333A), nonitors

mbdis ﬂadrﬁs)ﬂmh lo@aﬁlgrtgnm ﬁxhﬁrédﬁB&ﬁedSQ&ﬁﬂﬁﬂioaﬂmlgemgrmy (1334A), an

al%%r} ?(g])l el?se ent ggﬁ% lo%(%ggz éc?@o HImtgf)?orr‘%é Etgmps and

sesésnamroutmxt stgmel ékfé’éﬁ)oﬂo ﬂlhethmpe‘raalabhgsn@hd Idlrlé’ﬁ% £)330A 1331A,
13(317 g%ﬁeﬂaﬁ% SC %%ésﬁ%diﬁg Esn&nkécﬂﬁu%%t@Bo@A 13074 ,13084)

wat er te

suerhélaqﬁ éheg Cd@ﬁé‘é‘ﬁ%l?u%% EB0pAmb T4 a3 (@%.Vﬁﬁetmf@rporated to
ruﬁfmlelqaal ll@kluéeﬁr@%é@fobl @SR NEAAI tedGeddespebd oamnm@weaﬁ@d speed

t t
SR PP DE PRt e oo HoaBechost I ar of odp fgect to
limitgndimaxirB @ Apweadrast Yazed bhthecaksut mre@tagﬁce(onmtmhufmammum

ToETel o limts) for the punps and
loaﬁﬂggngn oégtglgcd%&l%%%qAMBBSA) to the three variable

speed drives (1330A, 133 I A 1337A) operating the
ABRILER tROEVRS BP DAt AMe d@ﬂﬁ &(s) @Méﬂiﬁeﬁsbﬁ@@pﬁp(s;ﬁiﬁﬁ’e an integral

1308A hat d
mmv%‘%%@taﬁwn o BPRRa Y SR Rengdar sulomatc
wilk dlilwe thes eeativer prahpsoot beeopeadted eda pedictpeagd spesi. Hitlthe same
tlmg Ca?g'msﬁgrgaq v&ﬂl ﬁg@ lsﬁ?@ﬁ gﬁ'% Lot ?J]%p(&?p% Focéat'iont J&erlequlred %lertmg

or ra ubject to
amom mmnpol/@rtal@rw@a@e@tlgnﬁ the present percentage
(or ratio) of maximum | oading on the water circuit
(1300A). Again, in the event of variable speed
drive(s) or condenser punp(s) failure, an integral
Figy P4 sltsstiates her(tli 33bAdinnat of ﬂ@w\mmarcm) utiliziny ¥reiabrespatdcontrol

her nua or_aut onn I t o) [
obbitpepeRE’ ol b, ot bt Pira Y 5B RRfA oed o
alsmmeequahmdumd gfead or sngufealreduded speedsindien @frtbe seigmal/igaditional
§
d@s@@; oﬁ,ﬁ{r@@o&g&%&mﬂt ASshbfMYh Fegl @lvﬁéﬁ' B BB e bdtBting. In

€ necessary, actti ons. I
thilq ceRst imithes cordenpereWBisHcHRSHIE (4000 §°Ph\9@ qnger pumps (14064,

MJ(WA | 1741085 MR llﬂiﬂﬁt@ §Pﬁ%dsaﬁwlglf ?éarQﬁe fsame c@pmﬂ@znae rdeployed to
ratjng at . prede n

whieat B Phonpet cBusin: Sl saoefudy B SR (ORGTR00

thspueghdthie rcohdemsenﬁvatdn ecionit il HE0A) araldie)dod il hdaésﬁngmdthrough the

c&ﬁiﬁgltéﬁ‘&eﬁ {RPACTEHIA ; ﬁlﬁ%iz‘ﬁ’f‘ htBidEbGosphiBen two

ers re oper ating |s case, 1 n the condenser
water circuit (1400A), Four condenser punps (1406A,

Il 484 Gase1 408R @tﬁl@eﬂsfé@%er%rdlhe(mm %urrmﬁuﬁeﬁdee PSRPE (1406A,
SRR TN T T -
thbAprbhiced condenser water through the condenser water circuit (1400A) if two
chiller (1403A and 1404A) are operating at the mean time in accordance with the
current loading. |

The four condenser pumps (1406A, 1407A, 1408A, and 1409A) are connected in
parallel and operate in predetermined equal reduced speed or almost equal reduced
speed or similar reduced speed simultaneously. The four condenser pumps (1406A,
1407A, 1408A, 1409A) and corresponding motors are controlled by respective variable
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t hrough the condenser water circuit (1400A) and reject
the heat energy through the cooling towers (1402A,
wa24@3h95683139A) to outside atnosphere. In this PEEapP2G0m000202
t he condenser water circuit (1400A), four condenser
punps (1406A, 1407A, 1408A, 3409A) of the sane or near
the sane capacity are deployed to transport the
produced condenser water through the condenser water
spedd diives ((YSDOM%A donesiedtidk | or cqrikdéOsA pmp 1408A) ST 1431A

co%g ro%fq%r‘e O(Zt e%%sge? p%ﬁli)n éIngEC ﬁ%gl%égédc% T%%)OW %Ecbé%?denser pump
140807 /SN 4G8AA eartespaB A ao@enmmemmed@%banél the| saighdrives
(19954, aﬁ@s £Cwﬁet ?m egreegmknaheédwoc;dase&%lef @LEDRY. The

equa re speed simlar reducéd speed
iolfet 4

qynonﬁﬁés fhs presemiaiasdime B n%% Waltaroéx@tem either by

me’laéﬁﬂﬁg tlﬂe41§l'3é§nt i;éﬁ)%o@nﬂlpﬁeﬁ ro@Sn@@faﬁhgi @hmetso ($4G822 and 1404A)
ctlve

coF RO B PEHEL S0k o e sa GRS Shealite SRR 403 and
1404 A) espapressot msmder@hplmmoﬂmurm@[dl&‘ha@ad chilled water

telﬁg&%ﬁﬁ@ S dfshaC A0 8BRRns U Rt 4%@@6&&@9 llﬁ\qﬁé the chillers by

rresponds to condenser pu
telapﬁﬂr\a‘elge @wsolvcatfdsnlaa&pr@ma Ocqtmsm) thsr"léat%ro?ﬁﬁalﬁd@oﬁomﬁ other

m@an@Q’erﬁ Higr 1064%11 34 - be_ﬁifi%n@@nBﬁwd' & thaf Fb3diY sighaN{ 14348.), an
e adl on e wat.er s

gl Gl et PBU BN BN CRRG (SSER Bribtoraly mynps and

sendd bh ensput (sighaB AL £85eh ) 14b0the) fouo marlehls awpeers idrngesa (1608, 1431A,

143 953 ?%%%(% éé?:?u gq"m?lf c&rpe%pgﬁ)cﬁﬁgh ond P&Q ﬂulnﬁ;s 14@6124' 01?’4%)7A

essor usin

14§5Ac A 49%bkiushithatdte feircrondereePamDs BAKG. AIEThardsd. "Y4008)

w&B AP SataBlhefnt &r@ﬁlﬁﬁ%ﬂu@ed 8MANG A1RRSC Bdﬂda'l Q‘té@uce& speed or
ocatl on 1 n

era re senso | oc n a riate
SR R SEreCmbl e SdHans PRERIE R AOIGHT RAN Ehperceniage (o
raﬁ@)‘n@ﬁﬁbﬁ@t C(atimbce) ofnimeaxihasn lpBezlee drasnbidadtonl thagiasgnisiegeemtage (or
.14 orit m cal cul at opt i mum power
ra{‘@a‘%ﬁﬂ%ﬂflg% O%(g{lg PRSI s Slr t$(§%(§1de}€)punps and sends an

out put signal (1435A) to the four variabl e speed

ASLLYRS ih ]tﬂ@’géc ]04"3valrf/a\blel %n_§§%)f RRELRL gﬁimg@? failure, an

our éorrespon cond e 1406A
m@wéﬂeypqsm%sc 3(&6%64 hagt Szhﬁwnffzf:a? €& Be paeat lﬁ%@r manually or

af ARG AW 406w, thél- 61@&&.1%114199];@ toViRy @ereﬂé‘d)ﬁmpmﬂﬁdrrﬁlﬁed speed. At

val redu st equal .reduced
g solfd sy 5 S0 eull of rlPTaB0L Sy G APEREAET Blygon o
retlllnieed}ﬂentlng apmopmte persoard ayaké uccessmfy aotiossibj ect to
l[imts) of nmaxi mum power draw based on the pr esent
percentage (or_ ratio) of maximum, | oadjng \Pghe wat er

It ayiH bgiappreiad Apat ahgvea%wrei ARG E & RITEATY Sl ey eT pumps,
seSHRREy ARill¥e Water PunPRNEGHESRer RAHR{ Silmfsa bbilkrun@R, are shown for

illustration, the system can include additional units of said pumping arrangements.
Additional loads can also be connected to the system, and the plurality of operating
pump means can act responsive to a predetermined target. L.e. a certain flow rate, a
certain pressure differential, a desired discharge pressure, etc.

It will be appreciated that the present invention has application in a large range of
industrial fields where pumps are used for pumping fluids and where the pumping loads
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i ntegral bypass switch (1436A, not shown here), can be
operated either manually or automatic, will allow the

Wop@rarics® punps to be operated at a predet er mPCEAU2007/000202
speed. At the same tinme, an alarmsignal will be shown

and sent to appropriate locsgtion as required alerting

appropriate personnel to take necessary actions. It

will be appreciated that above preferred enbodi nents’
areP4ti Etiyhueh iot vatl. Visleefeatotasps, ths dovendi@nyare Hhdnl ahle watberused to

. pu , er punps, boiler punps, are shown
m r8?3ﬁ1|els§§ ae?ﬁélenc 1e system can include additional

units of said punping arrangenents. Additional | oads
can al so be connected togkh@pggstem and the plurality
of operating punp neans can act responsive to a
X cermned target. |.e. a certain flowrate, a
DeS€bpbit dira@Ssubiodibédt fof denhi-altiondn O‘pﬁmagdclﬂllab\hamgercult” ofa
q@ressurgt tc. It wll be appreciated that the present
m ffehas application in a large range of
A inadiust sizeahotéli weithl §7®\@@&s§0@mm0@n@eg suth § slenfiphpamgity 18 KW

prlMaw gﬁl}ﬁde]gf]g@? ?ﬁﬁgg F@?@ %ﬁg bRthabParinsd ¢k Fﬁﬁﬁ'lwﬁ% circulate

I nyenti on are

theeh N U ApEARE DEATS S SHIBHGHE SRR OF 26 MRSy while
theeatERlife dwo e E@%@tar@%y&ﬂo&ﬁﬁh@ ioperating buipéds allowed to run

i nventi o ry chilled water circuit" of a
un%o@ﬁ@g{%nﬁ?gg& nﬁ di um si ze hotel with 270
C@@ﬁahrtmorrs is equipped with 3 identical capacity 18 KW

péfiu'ﬁglr X/Ieﬁ&lﬁ%cguﬁgr \G%to mé?lldgpas offenY RV BT ATEY i’hr@@hl tRdchiller

0 C|rcu ate the chilled water

twapg@rprt(ﬂv@ ppivhars clilled wates Glrwat)@f thg HYdG sstet-he HVAC
2.5y §1t1:?d'fé ol & B %rﬂh?é@bﬂﬂl@& v&a\f& d?l*éﬁﬁﬁn@f Eaus® irgtabidbperation or

node. The erati
UPIHEARCE oﬁhué% f{]g %nggp 21]1%9&9)??00 ﬁlglglpxélrﬂ?rglficturers specify
Qﬁhﬂlhﬁmlmn%ﬁ@&apbﬁtormrﬁmsds a constant flow of

5. cfisriste bR n i ot %Pﬂl?ﬁa‘%a“é%“‘%%ﬁ%@gé 03fc¥re pp dn the
fbmporamortahd cpusedawer@ Aathagedo s enlleri rlmﬁmed heyevaprraier tube)
E&?Lfbgh Eﬂdwqﬁ ?Y ?y qull@!i!'Wﬁroﬁh@&%ﬂ@e@ﬁletdﬂz@raﬂ heat-transfer

rs, er manuf act urer
Wﬁ@%mqsp ,Qf { qqy,apg@g)b 3¢ g}eoqo%qtlé(p?ppbmgls?eé cgef%me}{t decreases

| asUfafrb@iceidh i lew. in the primary chilled water circuit
| ead to freeze up in the evaporator and caused
ALY

Yamage to the chiller (ruptured the evaporator
1.t ub&hree variable frequency drives and one PLC were fitted on the primary chilled

water pumps. The system is coordinated with the building management system,
enabling easy monitoring of the pump’s operation.

2. Two of the pumps are operated to run at equal reduced speed about 50% of the
maximum speed providing the required constant flow capacity of the original systems
design requirement. Previously only one pump ran continuously at maximum speed.
Results

The measures resulted in significant energy savings. The total power consumption of
the two operating primary chilled water pumps after fitting of our invention fell by
nearly 72 percent compared with a theoretical saving of 75 percent (2x0.5°=0.25) in a
perfect condition. Analysis showed that the energy saved was 113,529 kWh per year,
resulting in an annual saving of USD 14,600. In addition, an annual maintenance cost
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4. Reduced flow in primary chilled water circuit
decreases the overall heat-transfer effectiveness of

W b@7e9mpor at or as the convective heat transfePCT/AU2007/000202
coefficient decreases with a reduction in flow Action
taken 1. Three variable freggency drives and one PLC
were fitted on the primary chilled water punps. The
systemis coordinated with the buil di ng managenent

wasy sdved) denablha goxeasprermnétimﬁaﬂgd ab thbesysten' educed excessive

of th
BRRGTS B oL erb i AR R A0
Expnplé 2i ng the required constant flow capacity of the

% r}hﬁit Ral fxe LaRBLIEGRIY ngrcrye(ﬂ%ueﬁ SA®Bhe PBCevVér@ e o‘ﬂr’[hé’ primary

ran conti nuou at nmaxi nmum Results
clrﬂhfél W@W hBg sytes it ﬁocgfh@ﬁﬁefl idnthe iﬁﬁﬁw TAHPEFRE system,
enhblgng éa%?inoﬁﬁwﬁﬁg 60MS tpﬁﬁﬁal’mpeeefudnhe two operating

chille
Tiff, BREbo ST oy e FRpebDsiep G aPobt bl B g aingm speed
providmgetthec abqueeedi rgnsifint7 Slope roapatity( 2% 0thE3ofigidB) dystems design
condition. Analysis showed that the energy
regﬁgngﬁ &/as 113,529 I cWh per year, resulting in an
ResuMsal saving of USD 14,600. In addition, an annual

Tﬁeaineés%f@,%ﬁﬂféash WashiSeine en&g§ saangéﬂ Thk QVRT pHWESEdHsmption of
ngrartedtotheaﬁ%gg] reduced excessive Vlbr%\%ﬁ)d bed
the, Ab¥er GREFAIRE GHIMARD CBRISH AY 3 FigP R, &G TBQHHER [ 4he describe
enhqadhemef tHexangltondell by acqiy 81 pdrestt ,(3X(h?f4éveO V2. iAalalysis showed
r e | .
ok BESTOEY i1 S8, R DS IR gl Pkl gl gavine
oS8R 17280 bui | di ng managenment system enabling easy

ARRRI WQkiyB9 RRbulthe punp’ s operation. Three punps were

rum at equal T educ Cf SP eeo of aD ut—34% of [ne rTH I mu
y of ost

SysfraHlogt Mw@a%%t he rt@amng chinggan s PRATLIAE ow oot

the origi nal systensCégsingd reqw Ces®nt . ResWdvinglhe
measures resulted ijn signifi cant 5 savi "[%5 The

total nNnower conauy t | oh n£ t fa) Cacy,
O AT P\JT\'L&[ \"AvVAREeohw ) |

T T L Ilb L LLEA S~ A~ | TJ.LT Ty —pprrrimary

CmtsitalnltEdma@t er punps 71680 kWi or pof29,28h of t|ReIL

bed euhodi fell |
REETEL, 8% U SR O O S cned et e

Redvsrmg\Spseded was 134, 028 kWh per |year, resullting in a

REQLEN TRke 2PAMBL  SAVITNEEQfwHSD 173300 17,230
Reducing Speed

As the analysis results show, the examples of the inventive system can yield substantial
savings when compared with the standard, constant-primary flow design.

Example 3

Development of an embodiment of the invention in “secondary chilled water
circuit”.(under proposed stage)

The said medium size hotel with 270 guestrooms is equipped with two 75 KW
secondary chilled water pumps. One secondary chilled water pump is used to circulate
the water through the secondary chilled water circuit of the HVAC System while the
remaining pump is in standby mode. One operating pump is allowed to run at its
maximum flow for 20 hours (00:00 to 14:00 and 18:00 to 24:00) and at 15% reduced
speed of its maximum speed for 4 hours (14:00 to 18:00) under low loading condition.
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Annual Analysis Results As the analysis results show,
t he exanples of the inventive systemcan yield

wG@aipgnewess al savi ngs when conpared with the steemapezio7/000202

constant-primary flow design. Exanple 3 Devel opnent of
an enbadi nent of the inventiggn in "secondary chill ed
water circuit". (under proposed stage) The said nmedi um
size hotel with 270 guestroons is equipped with two 75
Cdﬁiﬁkﬁﬁﬁﬂndary chilled water punps. One secondary

'elgl eﬂ fr@‘é %)Secon(% a}'{ %hllljlﬁg @Yatt% §id E,lﬁ l&e@rte?sgégfé g@etre%qgheat—transfer
Hvﬁﬁect@ymse s thisibieat ttam@fer enefiiinientidgsuenpes with a redugiiebip flow.
2. n?rg:eong(ﬁi“? sQREM3Tak 'i‘&tﬂléﬂnW’oS\/aﬁlatl‘é"é‘?gedt &iveld o e I‘e ctive pumps

maxi mum t | ow for 20 u 00 an
230G OV RHHD 45 TWIS9RS Mﬁc%wég@éﬂn Sp?%l fRhgis ﬁ%fi% @@ré%é during
f daytfindrend Bas( dohicthgt © 108 OO9nepnydeivilg0OWhe eadrinhg pump is under
condi.t i on nstraints 1. Reduced flow in secondary
cREPHRRGCREEP circuit decreases the overal |
3. h&bt: embadisfeat oftht aventienavst providheighdfapnt fughefsaving in order to

I 2. th
cRL &) B8l Bk pASSRO Hine yRHSad D0, 2 (e

A@FQW@%‘QFO the respective punps and one punp is running
1.at %&w%aﬂl@&bmﬂﬁﬁﬁ Reiess hed oge/mecisfﬁtfedrxﬁf theGedHdaRgchilled
as, achi evin 9%.0f  ener savi
WGt FiRig DG IoG dhagP GRarBy o G LT Ge BhpRent Sysiem,
embhmgiemmbnﬁocﬂotfﬁe punyEnbpanationust provi de signi ficant
furt k
2 b S QARSI 85E ph g MLy L Rty BBy 15
5006 offths npayimsm) 8@e¢¢@cﬂ9é¢ré9n@rwleﬁleéeﬁﬂ one PLCis fitted

&Q,htshe secondary chill ed vvater punmps. The systemis
| mana ement stem

or, d|

XH @W@éﬂw b dwins O i SN FFA T GRIIPBrisoR,gith the
or«:gaﬁalateslgge&dmd sleé@hda@t ehilled ppspananingat dtVeoflretiusieg yeed for a

%Rk, th .
o3RS bR e i e L PP O el aipe, - The
andictpatediones 0otsomptioe pfthedwn dperating e@ondarﬁ chidlgd iveater pumps fell
byl i&aéthmw 'Edt& Oyﬂ @inaﬁ%?é SRGRAAN% 56 %%ﬂ%a ehBol | iRel A RSsaved
runnlﬁ?% red UCIng speed for, a %Si%lcglr dd

KL TR W&. Hewe%reéﬁ ltig in 28 HnBYd $2 18806 U dh eP gy V- n addition,
arS aviuap nitnandd@ost can be saved due to the lower pressure imparted to the
system, reduced excessive vibration and loading on the operating pumps and the piping

system.

Annual Analysis Results

System Flow Alternatives Estimated Operating Annual Cost
Pumping Energy | Costs, Saving,
Consumed US Currency | US Currency

Constant Secondary 657,000 kWh - | 84,450 NIL

Variable Secondary 591,300 kWh 76,000 $8,450

Running Two Pumps at| 197,100 kWh 025,330 $59,120

Reducing Speed
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antici pated power consunption of the two operating
secondary chilled water punps fell by at |east 70%

W@ 260a093685 Anal ysi s showed that the estimated ePEr/gy2007/000202
that can be saved was 459,900 kWh per year, resulting
in an annual saving of USD %P, 120. In addition, an
annual mai ntenance cost can be saved due to the | ower
pressure inparted to the system reduced excessive

As\/ihb radblysis ramltsl snhadi ﬂ@ dcried ﬁﬂmdambmtgcapwiﬂd sabgarttiag savings

n | tsAs the analysis
W 68 ﬁfr&’ e\sé av%réa geége&nll e%ﬁgnbog%%ent can yield
Exguipda 4nt i al savi ngs when conpared with a
Dé@fo?ﬁﬁh‘?oisﬁ?é}ﬂ%%eﬁtl A ORS AN IESAANFEin le @ﬁMEH %‘i’@%‘h rcuit”.,

ment of the inventiqn in s

A wpfa@wﬂw@ 3000 squpte-feet Alapg RtRedd @awaperdrﬁm% 5000 5% W chilled
eyamepst Ok chillearwatdrgamipsis eged wpdetubitd thetohiiled 2vderdiiyough the

L BT R 8 BBy PR e
opestieg pumpouastallofvetl herud\inConthilled at e nmlzihmm plomp is in

C@Jsm‘illpt)é nmode. The operati ng punp was all owed to run
uncontrolled at its nmaxinumflow Constraints

1. cﬁhﬂleé MumHegtarer ypmpedsnarsaeand Bomsafavrter rﬂérwgk the chiller

rdt&f(@t%&dinglb EhitlBd ek cﬁ&tﬁti)@fmmvmd@sﬁdnngl e
er Clrc

» SN o G Ay S A S S o o
[ mmmbahquewatdf oie crillexpihsaafiore, ahillédoamifadturetsespecify minimum
Cmnﬂ! & e}f&p%?%t&f\%tgr A& Il er manuf act urers speC| fy

vapor at or wat er flows.

3.1 Imufﬁmfmt diaw fin ¢he pinglershillgdnypier ehrwit é@m]&% to drepecupp in the
MBYapofRSk 4 datiQRIZRy e dhﬂﬂa%é“t% tBY é‘lﬁﬂé Rl @hecwaﬁ@dtor tube)

sev re d ge. to t
E‘)‘Ceﬁ %ga% uBe gh ’frgw"‘faﬁirc TP IEd %ﬁ?aé?s tggcg?’/%%? Réalwanster

d eﬁ'éc&ﬁ/%ﬁsfsstdﬁ ehosapalatorhe die ¢onabsiverheaf frastdrweaffeenolecreases
evaﬁor at or @?S t he convective heat transfer

c?ﬁvéﬁhf%rg HOPdBEP¥ases with a reduction in fl ow. 5.
5. Opptionall mekek evaiteblel erengye seieg gyethedsi sughrast febdledswietar reset”,
280164 Jhed s\éﬁ&sefvai)%%r” ’ “cofé& %rterwﬁﬁ@é% floveT '0?§1mply ‘variable

Y ap Seithes e eI Y EALIE 0w GF SPGB epiable by
Werd VBE ewasnalic tatlefokesmpredbss:by the HVAC owner due
t °1tﬁ‘1§h hlogtvxlnng‘%ﬁaeen%sons: [ . H gh upfront investnent
2.Long payback period (3 years or above) or unsatisfactory return
3.Involve complicated modification or complexity for control and operational
method.
4.The chiller control cannot accommodate for such arrangements.

Action taken

L. Two variable frequency drives and one PLC were fitted on the single circuit
chilled water pumps.
2. Two single circuit chilled water pumps run at equal reducing speed, about 50%

of the maximum speed providing the required constant flow capacity of the original
system design requirement and no standby pump are provided and be necessary in this
situation as bypass and changeover capability is available in case of
emergency/maintenance situations.
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2. Long payback period (3 years or above) or
unsati sfactory return 3.1nvolve conplicated
worp@i709s83 i on or conplexity for control and opRCEAU202/000202
nmet hod. 4. The chiller control cannot accommodate for
such arrangenents. Action tgken 1. Two variable
frequency drives and one PLC were fitted on the single
circuit chilled water punps. 2. Two single circuit
Reshilts | ed water punps run at equal reducing speed, about

Thg%?{%atsfgﬁ% I}% gaé nrlmsm Siﬁga%g feR %zlsgjvlﬂg t'ﬂﬁ: }g T 'e%)%gu Ptlon of the
operRtjug smgbrmrcamtcpm]d)ecgwawu pympual barrea y&@ Vel dnadysds g@wed that
th@@ﬁé?%}? %Enyed' Wad h9@3§'1¥Wﬁtﬁe‘i’We§§ r@é(ﬂ’t?@gs 2B oBhed19R0MEr of USD

capabi I's avail l eI n"case
Igvewéw%a SEBRiSRLTSIN GRS, RESHES ¥ e dappiayessure

11n{3§1$éd ’&)Qﬂe bytemh, GBddded @nteseine i ihtatiamvinddsadidg en m@ferating pump
nsu on of the operating single circuit chilled
B% fell by nearly 73% Analysis showed t hat
Exahpleeher gy saved was 79, 935 kWh per year, resulting in

Al?gdcﬂﬁé}ﬁf‘g Iﬁﬁ\fé D8eQfto lt'@%l%% e £iftuit &}ﬁll@(g%fek %telﬁ of Example 4 so

nt- nmai nt enance was saved

that k%@fe chilled siges HUMPSrAERECY @S?% and they g e%emf@e‘aﬂh fhree variable
d saﬂeesv mm a)tnb OPL@nﬂﬁédoaﬁltm chilletl h@atep Gplilﬁiplsn ghpwystem is
an

eqawas% NP eyt her v APHTER. e f Bpbdion of e
pumeampsyatem ﬁocalsh af embrgeacyinintadneediation nﬁlse tree puogps are run

at#ﬁl?s%ntlgpg é q%e(‘ﬂc%dgggédp Bﬁ(ﬂ.\é 4t’/hmt glreerﬁaﬁ{ e%Ti growdmg the

rves and  oné to t
reqmreelrcopsmﬁsﬂowrh@aggtxpﬁth\euoggw $}f§b’@bﬁ iR f@%fe@}?ﬁhss

R&qﬁschangeover capability, enabling saf e operation of
punpj ng systemin case o enc t
T A GO ROV FHOBSBE. G LTS P HUBB U Ry ed water
plﬁﬁliikffeg lb?did:@ﬁyl 8spEe e@;alﬁkwﬂiow&é%halfthds betinma energy spaegl is 93,075
iding the requir acity of the
gt S e g, SR G SRR R sl PESGERTT &7 e

AmmalﬁaalesiStR@BldtS power _consunpt i 01 of the three
SS01 PRATRLBOAFREY SNyt ey popunuie | ntear ) o
is 93,075 kwh per yeleusumgd y| t i ngCiO?FS:an annyai2¥4vi ng
of USD 11, 960. US Currency | US Currency
Constant Single Circuit 109,500 kWh $14.070 NIL
Running Two Pumps at | 29,565 kWh $3,800 $10,270
Reducing Speed
Running Three Pumps at| 16,425 kWh $2,110 $11,960
Reducing Speed |

As the analysis results show, the described embodiments of the inventive system can
yield substantial savings when compared with a constant single circuit flow design.
Example 6

A central condenser water supply plant is equipped with three 450 KW central
condenser water pumps. One condenser water pump is used to circulate sea water
through the region’s building condenser water circuits of the HVAC Systems while the
remaining two condenser pumps are in standby mode.
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Annual Anal sis Results As the analysis results show,

t he descri bed enbodi nents of the inventive system can
wQr@rhosehst ant i al savi ngs when conpared wi t h BCT/AU2007/000202

constant single circuit flow design. Exanple 6 A

central condenser water suppghy plant is equipped with

three 450 KWcentral condenser water punps. One

condenser water punp is used to circul ate sea water
Cédvteagth the region's building condenser water circuits

e ATy o BN B BRI o
s yertdensed esiayvepply erontBmdéAO systams T dooling tmihe g@&laltl ion
2.1 'Q/ahgﬁe G 1 {i‘lth& 99&?{1 S&fnd&‘@s%le rwa%éfpéﬁ@glféﬁ&ﬂﬂ Inal Wautd/Astable

S enB coo N he region, | Ow i.n
t ﬁﬁefé@?ﬂ ¢ighe élaHaré A éhe TREIoB ﬁsmmﬁh%?%ﬁwhﬁypﬁ%%

3.0 ﬁ%ﬁﬁtﬂlﬁt QWt hﬁi tRNcedlral BendeRidr |vedtsr dzlfbuitfhﬁaj: @@dotk’.b unacceptable
e cially.the conpr.ess erat on nsu
BB APE CB s anOer ot b bRy hEectve
t ohillagccept abl e tenperature rise in the region's

A&ﬁ‘{ﬁdﬁﬂ grs and caused danage to the respective
ers. Action taken Three variable frequency drives

Thipel venebleficquercy diivaseandopng RECowpier Bited 8A dbe sentrylagaugenser
WﬂH sT W oQpeFatink %Qn@éﬂ@&%ﬁ dﬁ%s%n PLAHdSL 50 oAtthe max1mum
%Cﬁ )% of "t he ., maxi num s ¥ # ther |red
SPEBH BRI 185y XHFRE | FoPS G R Uik opigipal UL, desien
ret]Giggthene. ﬁh’@mouﬁya)neomﬁih}t punepsofrad h]léaovmmmmmaﬁ itd hawegum flow
U e renmini ng two

W%@?n%g r%e igt nig %ﬁé g%"éﬂ@bg??c{ds% Estimated energy
Resalisngs of 70% can be achi eved. The power consunption
Eﬁ]rmét&ieeﬁe g?tdf oL 84U B@&ch?&i@g ! ea}?oW@tc%ﬁSLﬁhﬁfRﬁ] of the two

I NCOr por a the i nventive ureg 1S ex

ec
ORegAtig) Gentyl Sepdsmse é(‘f%‘}%rl RGN Ak TRIPEROTEIRE Bt KA todtires s
expReed Yo tall e meﬁna@s@ shb@ed Gt kKM ept@natyé @hergy to be saved is

235500 B gt B BRMRE R AL el o, BB Sgsan gditon. an
artnoal ineintepwere qosemsher Evadrpiacr tcetiile tlowertessyst ismartee do gwdsystem,
R e TR ST e

E nple 6, a second st ag‘e | nprovenent was

FoIRYiBEBRtB6kess of Example 6, a second stage improvement was implemented.

An additional, third pump was added to the central condenser water supply circuit thus
totaling three condenser water pumps which run with three variable frequency drives
and one PLC fitted on the condenser water pumps. The system is equipped with the
bypass and changeover capability', enabling safe operation of the central condenser
water supply system in case of emergency/maintenance situation.

The three condenser pumps are run at substantially equal reduced speed, about 34% of
the maximum speed providing the required constant flow capacity of the original
systems design requirement.

Results

The estimated total power consumption of the three operating condenser water pumps
after fitting of the embodiment of the invention fell by nearly 84%. Analysis showed
that the estimate energy saving is 3,311,280 kWh per year, resulting in an annual
saving of USD 425,610.
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An addi ti onal,

third punp was added to the centra

condenser water supply circuit thus totaling three
W@ ondeyses water punps which run with three vaPCEAU2007/000202
frequency drives and one PLC fitted on the condenser

wat er

and changeover capability,

the c

punps.

entral

PeietgemouhhBnearpe Canoengidnuat i on

punp

s are run at substantially equa

The systemis equi pped with the bypass
enabl i ng safe operation of
condenser water supply systemin case of

The t hree condenser

reduced speed,

about 34% of the maxi num speed providing the required

constant flow capacity of the original

systens design

Syt !F[&H%‘i‘t%maﬁ@ésm t

COﬂSU

punps after flttlng

fell

nption of

by nearly 84%

energy saving is 3,

lalal an
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ant

-2oﬁg
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55@6 savji

enser |f

%%é%en

culation

863@%%%3 SVV'$‘8"F‘0'7@ pool

mate

r
used to cir

recircul ation

$85,610

culate the

pom

AB glbqngl

tre

Rihsiserer

o

mater t hrough the nmechani ca

filtration

then r et

o PRaiIvE Trdt BByt BB eh s aFings when

and

its

caperal with apuapumasoatthuveeddémser flow daggmt r ol | ed at
maxi mum fl ow Constraints 1. Disinfection and treatnment
of swimm ng pool water is governed by certain standard

Exgpledqgul ations. 2. The constancy of flowrate is

SWRAARAE PodlYvd O Ad-citt AAMaH Cirdnd speCI fl cations. 3. The

esi| gner do reco nd const
cg‘iﬁqeeﬁﬁ? a?%t%ﬁ 5 ﬁwmlnﬁogg‘%v\&t EqUIp {*m e AP &Weapel water

redircflati@nsinapy. One additcylanibn potip ivasedrto wirtwibteshd psdliveser through
th%e}ﬂ cﬁlgﬁlcﬁn@%%f(g}g %dj Shenti gglec{‘éétr%hq d%{?l%gsa{l gn rétﬁm@i % ‘{jhe pool

or contan1nant ca
wh11e the other pump 1is in standby mode. The operatmg pump was allowed to run

uncontrolled at its maximum flow
Constraints
1. Disinfection and treatment of swimming pool water is governed by certain

standard and regulations.

2. The constancy of flow rate is mandated by local standard and specifications.

3. The system designer do recommend constant flow configuration in the pool water
recirculation circuit.

4. A constant quality of pool water which satisfies sanitation standards, safety and
appearance, to avoid spreading bacteria or contaminant causing diseases.

5. Variable flow in the pool water recirculation circuit in accordance with the
turbidity of the pool water can not satisfy the respective standard and regulations
requirements fully due to the following reason;

6. Insufficient flow in the pool water recirculation circuit may lead to undesirable

excess of chemicals in the pool water and cause harmful to swimmer’s health.



5. Variable flowin the pool water recirculation
circuit in accordance with the turbidity of the pool
WORI0095580 not satisfy the respective standar dPERaU2007/000202
regul ations requirenments fully due to the foll ow ng
reason; 6. Insufficient floysin the pool water
recirculation circuit may |ead to undesirabl e excess
of chemicals in the pool water and cause harnful to
A& ken S health Action taken 1. Tvvo vari abl e

fre enc r.ives and ne PLCdare ted ]{g{wi ﬁﬁ | wat
TRl 6 Hﬁgs a5d ORGPt &P Hitedk GRaepgeol water
reﬂwtmummpsn at substantially equal reduced speed,

2. gggs g&p&&&&ww Hﬁleﬂ’sugsrt@ﬁfaaﬁﬂf @3\141 h@m@@&l k’%ereﬂdabout
5 SQ% i tﬂl@rmwmaﬁusmdspm 8 fherp eqalrlr@ d foasteate Howr capegiipe @f the
or[gfiﬂﬁss%@ﬂ'eﬂl kg rSquireindat hod r@ssthydwslsuraﬁl dr& HRRE8QY 8f deemed

ab|J| i.s aval l abl e in case
negRAgeRd tb%rﬁéﬁuﬁ?%%ﬁn ast ?@ﬂafha@ﬁeo‘ﬁégambgﬁm ilblf fpgease of
ethagencyhmaintesargaisftbatnt potenti al energy savings. The
R&?ﬁﬂsmﬁte power consunption of the operating pool water
unp after incorporation of the inventive features
10 Theeleagyyesnbawel shopBosignifighytspatentiabwaercy rravinghellenestipgate power

coRBuRpY&H of $hA B Etn#l @Waﬁéy\gu&%r af¥e@ aiﬁcorf)&%tfibﬁ I97Ghé Bnventive

an an savin 6 I t1on
feafuggsi %ﬁ%ﬁp@%& s éné%@EVS@o%I{o“@éﬁﬁweta@a%ngdtfb%? 5aY§els about
1130888r kahe;‘ie?f L{Ve&r irequdtidgeth hio abel syshgmf WSIueiesD0. In addition, a

e operatin u
sGRRER Gl o tpr e pRATAR NS ST AR o he
15  syAtent, hredeaed| gpsessiveesibrationi and desding ohethe mmmtmgepmyg& @ml the
plga oyield substantial savings when conpared with a
nst ant-swi mm ng pool water recirculation flow
design. It will be appreciated by persons skilled in

ProhRtedr Andul BEndR e bA4SptRII at i ons and/ or nodi fi cations
may be nmade to the i nvention as shown in the specific

nnrhnrll rent-s Jl\‘ t hou depart |Janf_rnm tha cniri _Ar ceonnp
LY II\JU UDHMI L | llw LI} |T| CIrre UPT LELLY A" 2 ?\J‘UP—C

Syferh Rtow Alterhiices as R)mqadg yEﬁlagy:l Opechtinghe pristipated

enbodi nents are, th to be si der ed I
. % LU Cost
respects as |Ilustre(?|ve and not reg ‘rlctlve.‘@}ﬂ% : o8

1. An industrial fliuid circul ati n@%@@t@%’hqvﬁ‘aﬂ@goné
or more fluid circylation circuits, the systi@mg Currency

inctuding:
Constant Prim%ry 175,200 KkWh $22,520 NIL
Running Two Pumps at| 61,320 kWh $7,880 $14,640
Reducing Speed

20
As the analysis results indicate, the inventive system may yield substantial savings
when compared with a constant-swimming pool water recirculation flow design.

It will be appreciated by persons skilled in the art that numerous variations and/or

25 modifications may be made to the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as broadly described. The
present embodiments are, therefore, to be considered in all respects as illustrative and
not restrictive.
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a plurality of punp nmeans to circulate the fluid

t hrough the or each of said circuits, notor neans
waleioviosgsach punp nmeans, | oad sensing or det eRCT/AG2007/000202

nmeans to sense operating |oads on the system and the

circuits, and speed control sgeans to vary the speed of

said notor neans to thereby vary the punping capacity

of each punp nmeans in response to the detected | oad on
Ccthevsystem 2. An industrial fluid circulating system

L2 ol ST EE e S8 Bl ] pion
ciands, sthe: siysps_tmrmm conpri ses two or nor e purrps of the
Salg, ﬁﬁ?@g& to)f at g éﬁ | gﬁ"&ﬁﬁb tie TREd BR6 btJ &1chO8F said

circutt oug e or of sa
cifuigs.d ci r cui ts, the punp operation bei ng cont roI led in

acc%&@f}ﬁl@aﬁ\jdxmn@/ BMulnPaleads, a pr edeterrri ned tar get
| ed er sonn

dgnment  of ski .. 3, An
naused Seteridheche s B S e sin Ahtesvermand te
cidcu@s, amdai m 2 wherein sai d speed control neans includes
gsgloggé;{ d'}f:ro? ey Jcoa@ﬁ g?eo%%gd dg E%?Sm&? %@%sagoechérgﬁy vary the
PUSIpiBg apacHy 0§ y@mmm i epspensgny therfistasteddpad emsthe sysiem.
3 wherein the syst em | oadi ng, or a predeterm ned

target oy nman ment of skill ed erson sets
erssiﬁﬁ%ﬁl ﬁa@evd ? atigg SKS'EM AR IPEL g laiy, a‘fhetfemﬂw or each
ymfﬂﬂﬂtmeamhoﬁuﬂanﬁ&ﬁms running at a substantially
S|mIaJr S for respective circuits being
a proélg %"*g‘“%ifcm&ﬁg%f@ reduced speed, or an al nost
equakid puiup ettaspemdTEEs BWE Pritore pyrapiefilie sprae dapacity or similar
ca?b&%} FRANGONE éé’ulat'ﬁ)n ARtukind lé%ﬁl'a?é' ﬂtfuhl%hfé)ugh ‘tl%JJ)laéacH @f said fluid

st’em accor to _any one cl ai ns 4 wherein
cigdnia theuplanmqpé@ruatl.b@rngcwnétﬂll@é 1Prﬂﬂ°9:’i§|‘én%i’ with"Systern foad or
pre@étbintiab@tar €A of ahed N BidAgof ORigle@pef¥Biie]l.chil | ed
wat er, condenser water, and boiler water circuits; and
sai d punp neans conprises two or nore punps for each
3.ci r cAm tindvstral tloid eitalatagesystetr wgfdiwtxhclafm dadrcelaiet 2wherein
I t -hej
sofd SE Sope Er TR RREL 2 I BIRZT GurEBI, St Mitves o operate the
assmlgtétlpumprmmal | udgrrent of skill ed personnel. 6. An
industrial fluid circulating systemaccording to claim

4.5 Whgn ngustrlq tjlul((i‘1 circulating system according to any one of claims 1 to 3
wherein the system loading, or a predetermined target or manual judgment of skilled
personnel, sets an operation speed of each of the plurality of pump means, each pump
means running at a substantially similar speed, the speed for respective circuits being a
predetermined, equally reduced speed, or an almost equal reduced speed or a similar

reduced speed, simultaneously.

5. An industrial fluid circulating system according to any one of claims 1 to 4
wherein said fluid circulation circuits include a refrigeration system having:

one or more chilled water, condenser water, and boiler water circuits; and

said pump means comprises two or more pumps for each circuit to circulate

water through each of said water circuits, the pump ‘operation being controlled in
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system |l oading is determ ned by neasuring the present
power consunption of operating chiller(s) conpressors)
waigimgomspower sensor. 7. An industrial fluid PCT/AU2007/000202
circulating systemaccording to claim5 wherein
cooling systemloading is dgyerm ned by neasuring the
speed of the operating chiller(s)' conpressor(s) using
a tachoneter. 8. An industrial fluid circulating
acsgrsaian witle sysiémdoadoch ataiermined eargetsyrsiemial ettt bBskilled
ped@hfLim ned by neasuring the discharged chilled
wat er/ boi l er water tenperature by a tenperature sensor
| ocated in an appropriate location in the water

6.Ci I i induStriaAMuid) @H@ﬁlﬁﬁu@é sﬁtéih %cﬁéxﬁﬁ%’ &f bRgnSY %ﬁféfgm cooling

cco di,n n ains 5 to 8 wherein
SYEEH '%y e‘%te?/ dngyo}ne@&wgngr thge PESHRtn BAVER CgRUmgtion of
opﬁmhmg Ichglllﬁn(g)mmﬂpreésot(hl)alsﬁigl d p@ckrpessponnel sets
operation of selected ones of the plurality of
condenser mater(funps chilled water punps and boiler
punps rﬂﬂiﬁﬁﬁﬂﬁb flgid chewlatinge syséan |a¢eordmgctn tlagn 5 wherein cooling

ﬁéﬁdﬁiaﬁf e r t a .
sy fn@ R Qetglﬁiﬁhg%d S@H&@&rﬁg e eg%eoefg{hgorgﬁer%%% l:hﬂler(s)

Cofnrli’ﬁ‘?ﬁ?r Ei)éllsmgladl"‘?}‘oé"i‘ert%rul ating system according to any

one of clains 5 to 9 wherein the cooling system

l oagm] g’t ﬁ&tn%l g)glﬁd;j gﬁg@?ﬁ%tsiﬁ?ellg%ggrd?ﬁ?q gk&%&gtvg}erein system
lo qmmggsls ad@e@mnb(i;rb}p umpasuriog ntha g diathar el rchrlmlpenzztter)(beller water
terﬁ?érﬁt‘ﬁfé b$ ap{e?r{rjp%}aefﬁﬂ@ Rhragiidd &£ gﬁ' ﬁﬂrl zgﬁgdlg%uo 1slpt(}el8 Jrater

.al nost equal duce speed or at educe
gt at a power setting that is a flxed rati o of the
cool i ng system current power rati o or |oading. 11. An

- e i M, Gl B LSORTRENG Shunt e 5 1o 8
wheirie thes@olipgispstemtomting or the prefeeedimed talBB &Rnanual judgment of

thesélgllé?ppe%danﬁeﬁsé}?s é&?&hoﬂbﬁ* n@egﬁf’\ §ﬁ>es56‘ftJthQ %h{rﬁléty OZ’ §§%dg$§e; water

rati o . per cent o
PUpRRpChiteh VA6 Plepsh And @ml@rdpmms mringdt itlheit hespeadive exteuit’s

prédéﬁbﬁhﬁ@ﬂpé@&ﬁf réccb® sf»&@r &ea alﬁfosﬂ%éﬁd%uéeﬁas;peéé op %‘t Nemilar

red’l Ci ? by a circuit or system and Cis a [ ected
CORS RS the fornmula having a‘lowlimt to prevent a
power ratio set point being so lowas to result in all

011 A LRl 5 D b e 0588 5 B o

. whpremvtheaqcpgngrwstpm@lggcimg sefgoperation of selected ones of the plurality of

condenser water pumps, chilled water pumps and boiler pumps running at their
respective circuit’s predetermined equal reduced speed or at almost equal reduced
speed or at similar reduced speed and at a power setting that is a fixed ratio of the
cooling system current power ratio or loading.

11. An industrial fluid circulating system according to any one of claims 1 to 10
wherein each pump means has a power set point which is expressed as:

PR-SP. sub.pd=C*PR.sub.load

where PR-SP.sub.pd is the power ratio (percent of maximum) set point of the
respective pump means being controlled,
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12. An industrial fluid circulating system according

to any one of clains 1 to 1 1 wherein said speed
weoenrnegdesihreans i ncl udes; a vari abl e- speed dri VRCT/AD2097/000202

for powering each of the punp neans; a nunber of

feedi ng punp neans operativegky coupl ed to a nunber of

reception means with connecting |line(s); said notor

nmeans driving at |east two of said punp neans; neans

PR giib.16at ik I’t@e bhﬁerﬁpl@@&ing/fpoﬁ/af dlatoD (i Gentr@@naaximnch) BANS being
ont r ol rlable speed drive circuits in

utf V7 % 1 1t %%
}1’&56 KE&THY P'ﬁ In%§8 | oad on the system or act
Criespolsiedecongat, p;freefdmg}arﬂilavmg & dowgdimidbto peavead a power ratio set

pdl Lo R)fw §§< ltlegtﬂt g'le£1§ ﬁﬂﬂﬂloﬁ Qedkin %n& Q4 l@?lﬁn’c to ensure the

oper ation of e s [ n@ nmeans si multaneo
pQWﬁm;seaPO@awav dmsyercess abpreandssired oy rest anéhmaqssure outputs.
reduced speed or at simlar reduced speed. 13. An

B P S R SR S R 308 1 o
wheremadaidespeabmitmymeammn]ed ;on type, chilled fluid
I | | |l Led
Cor MBS SRS I, 66 gL
pu rrp?snurabemif f@él@@mme@ns grerativiebusQuplask togolrbaypt reception

measRvig cddnBetfldilldepy; wat er purr‘p a chiller with
evap orator oper 4lvel ? a nunbers of cooling

ed_t
b a e L GoR GG S HE DG S bAERD PBoRR] & chi 1l er
wat enegpa & vagyihd theispbedsall sdidihodokserhedns; ancheat exchange

o1 L0 BoRRf RO EAR] Sl OROLIRANS W Bhn b Y escor

sai
load og dhelsystenp pr n@an@onﬁwam@ afmque@@mmdqamb ot eyapes! aman@ent of

sk‘i’lﬁed"ﬁér%nnta?@’ hd1eb ?é@ufjaté: Bbérjat%n OP% R BEm E%eans simultaneously
controll |ngthe vari.ab g'%thSﬁurlve CII‘C

n
rupgg s sgual gedused @?eégéma’f@ %r%%}%?%ﬁae@ér%@éégla}argﬁﬁuced
speed. to regul ate operation of the said at |east two
chilled water punps running at equal reduced speed or
at al nost equal reduced speed or at sim/lar reduced
13peeth sidwsiriabflesusirgulatng gsponseording lie ahpade of ddims 1 to 12

whQERY €53 Wyscbth nilt\'ﬂudegdéj%ﬁ%ﬂﬂ!a Jabé{dfgr g{b\\:\#%hn peY ShiflBd fluid

according"to any one of clalns erei the
cq’qh@g@y%?m@ematl%& circuits are a prinmary-secondary

a 5i8ale cabsi0 thlipdwatel ky®éhn including:

at least two chilled water pumps;

a variable-speed drive circuit for powering each of the chilled water pump;

a chiller with evaporator operatively coupled to a numbers of cooling loads
and a suction line leading back to said chiller;

water passing through said chiller in a heat exchange relationship and being
cooled;

motor means for driving said chilled water pumps;

means for varying the speed of said motor means;

means for sensing the temperature of water leaving said chiller; and

means for controlling the variable-speed drive circuit in response to the present
load on a system compressor so as to regulate operation of the said at least two chilled
water pumps running at equal reduced speed or at almost equal reduced speed or at
similar reduced speed simultaneously in response to the load on the compressor.
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water circuit having at |least two primary chilled

wat er punps, and at |east two secondary chilled water
w@ups9s68hd sai d speed control neans includes B&/avt2m@d 000202

ones of; a variabl e-speed drive circuit for powering

each of the primary chilledsgater punp, and a

vari abl e-speed drive circuit for powering each of the

secondary chilled water punp; the systemfurther

having two or nore chillers with evaporators bei ng

14PTogra ers ept

14 o PRl gy sl i, BRp i P g BB 1 o0 13
wizmneihhbe fhedwirogasdutidous aead pmmstyaredinydain hea sgbeorbegt chilled
weﬁerp ﬁgﬁ‘& %an th eg%djcvﬂg p‘fﬁi{c‘f%tdhﬂgbdo it 115&{1'2[5& LAUR! RYst two

a suct

se?@w@mh@n%@(bwaﬁebp@aw a@dn?alqi gresd cppirelrmeras dahrles ﬁ?lﬁﬁ}@(h ones of;

sai @ @iﬂa'bleetgn%ed Aride REBIIt EHCPANGE BAAL 6fOMS YrnAP Shilled water
belnaﬂcoole sai d notor neans including notors

g sel ected ones of said predeterm ned operating
pri revayiable-dpeet et ercupiuiivp pownrng eadnalathy sedundarydehilled water
punps; neans for varying the speed of said
I)W%%ratlng notors neans; neans for sensing the
t empkg pvsiem dhrtheat Baving aiwon @rswioge ofpeliens i wigh evaporators being

pr@ﬁl‘aﬁin%d(@ thaf‘ﬁ@ﬂ@ofo? mdE@RhIRE 48 %kephEpPRAIAS aﬂgeast one is kept
varj ab 8 g{g drive CIrCUIt In rgg)éonse to det d

OpSFating ind aRalgeIRMAHLS éb%tfl%‘fvp ﬁ@ H]rre%né%tot ebpre etermine

loadiggl b@i(ﬁtl@tp&pe’ﬁtmly @fup&dlt& atnadlbefleﬁcdmjhng heads; and

br e%.etuc 1%} rliledle%h %lackt sgd cﬂﬂiefrn%ar y chilled water punps

and §8¢6n ’ed wat er punps
Si nuweﬂ:anww@g;thmglm isaig mllares@@dmav exdiange relatégonship and being
coBlegdet erm ned equal reduced speed or al nbst equa

reduced speed or sinilar reduced speed_ in response to
t he sp@d@ogﬁ MEFRs @ﬁ@ﬁg}g' rﬁ@to%%wgg §61|ecteq gnespef sald p1edeterm1ned

opefaigt fﬁrin@dry ﬁ:hﬂllb@ v&@teﬁr 9L1|ﬂn aﬁtgsewﬁdle@ym@@@ kvted uin@s;any
one of cl.al ns . in one of the fluid

ci r COTARE fnYagY IP% SBC‘?ds a?a &’Fr‘i”éﬁgél&?t?réﬁn?%‘ﬁdenser
wat encans lfanwensmgme tehhpeyatate dfemater leawing eaid epsreting\ettiBer(s);

pum}ﬁ alne Sp Ictil%c}ﬁl%stﬁg ?Qxﬁﬁﬁ%) L/?I@MQ% eﬁcdrﬂfgec%cﬁi@s %n reﬁponse to

vari a rcul r|ng eac
the prasenidesd OmeepPYsRIHAS; CORPEPFSPY @raSvcp 'eEueap Angalien of selected ones

omﬂﬁr @%dd\é%hﬁnﬁ:a LRdity @fapvaie chidled Caolet rtﬁmhﬁV\@ﬁcﬁ phidlity of

Ctl@}ﬂ(#g eadln bach to sa id chllleE W t G "
SeS WeGaVUFT JAEEPn G Ff’é’ﬁﬁ‘t‘ﬁ Lal'teis 14 eFeép‘?/& iy cireuit’s
predneerisat equal acduead spgped lvangmost equal reduced speed or similar reduced
speed in response to the load on the operating compressor.

15.  An industrial fluid circulating system according to any one of claims 1 to 14
wherein one of the fluid circulation circuits is a heat rejection condenser water circuit
including at least two condenser water pumps; and said speed control means includes;

a variable-speed drive circuit for powering each of the condenser water pump;

a chiller with condenser operatively coupled to a number of cooling towers
and a suction line leading back to said chiller with condenser;

water passing through "said éﬁillers with condenser in a heat exchange
relationship and being heated;

said motor means driving said at least two operating condenser water pumps;
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rel ati onshi p and bei ng heated; said notor neans
driving said at | east two operating condenser water
wEups9#sd neans for varying the speed of sai dPEDATR®7/000202
means; neans for sensing the tenperature of water
| eaving said chillers; and ans for controlling the
vari abl e-speed drive circuits in response to the
present | oad on an associ ated operating conpressor so
as tReah§ @ valANS BRI REIOSY sefd 1h&%rsathedr@35t two operating
condenser, water H‘ﬁt s simul t . run ]glsat e(iqual
r ed FREYS EPSERsRS PHBYte % B &y §B
Si mm@ns fc&ohm&dllmgebeivérmbteegqaeah éﬁv¢ oirduie 1h O DIY tO the present
f.e
loé{' ggf’a &llat%g ogéntlfégn 9(’#3}%1%&5%& SI, gtg r&gfgacc ggﬂaﬁgn 8%&1 M east
tw@mpeluémgu mﬂmg wakea pamipe simd gk eusin guniiee #1l esabreduced speed
01ra$ faﬁh&% bGIMI r8AR el BpQUIR af BRIBPIRKESEYecd ANFeshOe B BHS0ading
t% determning a present |oad on the conpressor makes
oR R SYHSPer mi nation in response to a present state of
the gas flow regul atl ng neans in the conpressor. 17.

[ Sf Li.a |rcul t|n sysle accor di to
iy BRI il lopE TR PURIED RRERH RS 13 10 15
whigtiarthe chiber mckmdasmmnslfg]a@gmlntmg@md‘mm pExefugerardlgasthrough the
ssgleta?lﬁrfh d08 fbﬁdét@rﬁﬁfﬁﬂ?% ﬁ&séﬁtllgé’debn Qe 9&i’1‘ﬁj’essor makes

|ed to t e conpressor or” qr. the sensed
th ﬁ qljog I@feanaﬁ@rto BPEGFERSt 08 ﬂfmqﬂf&w regplatipg means in the
conitesbr.i al fluid circulating systemaccording to any
one of clainms 13 to 17 wherein the nmeans for
determining a present | oad on the conpressor and the
1rear®sn feusitieh flosl Siraudptingesystami aobelirgpeghydone/ef daimculX to 16

whecfelcfloﬁlf : a;éﬁ ; f(g dét%%lnﬁ%e tec)lijgsaff@'idaﬂb&? th& %%&g?«fs‘s&emakes that

| I Ccul rcent age
dqt%@fﬁléﬂé@nrll}rrﬁﬁims%@ @éﬁtvehom@&eroﬁpphh@ t«p Ithﬂ' eARRrgsse¥ ¢ motor or the

scbid thRFeRl8 bf RUEP RoavimeREARERLrWat er punps and boi | er
punps Sinmultaneously at respective circuits’

predet erm ned equal reduced speed or at al nbst equal
18. edunemdslpteﬁd flaid atclﬁatmglsgstennewaeﬁﬁk@pﬁaty e of ¢clhimiszE3 to 17

Wﬁgl'\éﬁl thg\'h ags ?c%sde%% n?%fjal nl%aén% 18 JF (F%F p?erssgr nﬁ\%e means for

stri CIrCU
cmtlm th@ af@m@hlﬂ gpaed darvy comeit o capifigiures! tm regulatg thmmrm te speed

dr‘i;@! @trd%%adhet e&fterﬁﬂﬁm A% g OSPRISFSwdr Mh8R bR running selected
circuit oper ating at” equal

| ui r eac
orjeg s k‘f?i‘é’ﬂ g?hlﬁ%d WRiTHBEMBY ¢aPdrser v agr gw@e%ar&boakr pumps
sisiuthnedhs]y & tepdcipredtuiis predaaanbed Yqual reduced speed or at almost

equal reduced speed or at similar reduced speed to minimize power while system

loading is at maximum or below maximum loading.

19.  An industrial fluid circulating system according to any one of claims 1 to 18
wherein said plurality of pump means comprises three or morefluid pumps for each
circuit operating at equal reduced speed or at almost equal reduced speed or at similar

reduced speed simultaneously.

20.  An industrial fluid circulating system according to any one of claims 1 to 19
wherein the speed control means for varying the speed of said pump means
simultaneously at equal reduced speed or at almost equal reduced speed or at
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20. An industrial fluid circulating system according

to any one of clains 1 to 19 wherein the speed control
worean®9¥68F varyi ng the speed of said punp neanBCT/AU2007/000202

simul taneously at equal reduced speed or at al nost

equal reduced speed or atsigjlar reduced speed acts in

response to a predeterm ned target or the nmanual

judgnment of skilled personnel 21. A nethod of

opegiatiiaf gecided Ehﬁ%:cé?ital‘ctdsah rsspbrmd‘l:ﬁpfeﬂgtennmed) ttargelr @ the manual

wat er, or ui irculation circuits conprising
theﬂgilggﬁgt%és.ﬁﬁ%fi@\?fsgpﬂe a plurality of punp neans to

circulate fluid through the or each of said circuits;
210Penaf L A34 Wto?éraﬂﬁg B éﬁ(ﬁlsﬁifal VRt &RAGRVIRY RS o BRiRe water, or other
Sensi ng operating roads on the systemand the

ci r uid grculgtign gEPYisReMmSINgIhedeRT ofsai d notor neans at
pré-B&RECd Fuﬁalﬁy rFUhims nidagéled irsulardileiduhloughdie et apeed said
.or. at al nost equal reduced speed or at simlar reduced
CISWESd to thereby vary the punping capacity of each
opptanipg medcrsneéans tedponsehtponphenegesised | oad on the

L ar r hned target; or

o S o A B A BT e per somnel
vapying Aherepdsddotasaid raptar nagng |ahirpEPective; RESWIG Medetramined equal

re@i@ASp&Id Gl ot G lefal frbdlicdd kpdeauaut kel redrel spledaitibreby
| circults wt nor

fluid t or e punps of .the sa
VBB RBIGE CHPATY aF Rl Jerer PEa ey Pl load on the
syStiefog b in regguthse and prddeienginkt earpetnpr Dpres@Emso nanual judgment of
Sk@fe%or danceq with systemload or a predeterm ned target
ahdar judgnment of skilled personnel. 23. A nethod
according to claim2 1 or 22 including the step of

2PT O feBibdacBblrl thlcYaif 2 VAGIARISHS BREE oflEirdi@&tieOMluid through
oper ate the assaqcCi ated pg}ngy means. 24. A

.OCl, ) hod .
the & fadh 9§ stig %WQ Frats fwi T FROTE IS gtg&ﬁensémfd?aﬂ?@my or
siftklgr S4pRpRy @br s&dnt tidghl@fonopiesuat iaad adonspliied the rpuagc bparfition in

th lurality of nmeans._ so eac .
scpiiighen Wi B dall B R it B e AT PuER AR of siled
popsamdel er m ned, equal ly reduced speed or an al nost

equal reduced speed or a simlarly reduced speed,

simul taneously, for each respective circuit_in . .
2%.es pbmsthadcedrdingte i JpiZAgnelprdige Sheter of proxidipe a plurality
oft BBl sPEedmiVedto opdaaenasedcisikd phgp npansonnel . 25. A

met hod according to claim2 1 including the steps of

providing a refrigeration system having one or nore
24hi | A exkthat stcording de nse oneaf etaimad, Bdior @3 meluding the steps of

se%(jir{gcéﬂ (I)pserational speed for each of the plurality of pump means so that each pump

means Tuns at a substantially similar speed which is a predetermined, equally reduced
speed or an almost equal reduced speed or a similarly reduced speed, simultaneously,
for each respective circuit in response to the system loading or a predetermined target
or manual judgment of skilled personnel.

25. A method according to claim 21 including the steps of providing a refrigeration
system having one or more chilled water, condenser water, and boiler water circuits,
circulating water through the or each of said water circuits using said pump means

comprising two or more pumps for each circuit, and controlling the pump operation in
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circulating water through the or each of said water
circuits using said punp neans conprising two or nore
w@eupe9Fe8F each circuit, and controlling the pREAU2007/000202
operation inaccordance with systemload or a
predeterm ned target or manygl judgnent of skilled
personnel . 26. A nethod according to any one of clains
2 1 to 25 including the steps of deternining cooling
ackpda@te WothdiyRigmbipadrens préddgeriohee i Ree b ndWe fudgment of skilled
gonsupptlon of operating chiller(s) conpressor(s)
pdg?rﬁlﬁ a power sensor. 27. A nethod according to claim
2 1 to 25 includi ng the steps of determ ning cooling
yst [ [ f
23 T1 RonpADe g REMY KD 1 0BR02E 18 % IRIRGGE B S of
?F%‘Flﬁéﬂlga%@é%l |syﬁjerfld0?éh@/g W enessuiing thespresent pgwes consumption of
opdﬂ@thﬂgdémlger(sz EompRE®rE@LLEhFH PoREr Syisdrem | oadi ng by’
nmeasuring the discharged chilled water/boiler water
tenperature by a tenperature sensor |ocated in an
Z’épprA puéthddeadcaciaty torelaim 21he 2hdbendiap tipastéps of deteAnining cooling
o R R AR b pie BB Dl MDAl F EERBrBlor(s usng
a tashelpser wat er punps, chilled water punps and boil er
punps runni ng at thei r respective circuit's
redet er ed e reduced speed. or t aI st _equal
28R eeliootr Gl 16 I Gre rEageRe SRiclyckge the steps
dectamhmmg syehe inadingdbyn gncasurinpe t}w éldel‘taegem dtelled asram/tboﬁér water

tea Cor | n%ﬂ? ergtfure %s&k océI ng t nsgpg{ﬂg%riatg oca’cA‘ lon 1n t e Water

m 2 |nc
cigaidlh i ng systen1|oad|ng to set operation of selected
ones of t he plurallty of condenser water punps,

chil nps and. bai l er punps running at their
?espé c,aF?Qif ing 9 %ﬁl@ﬁé@dﬂﬁ%ﬂﬁw tgustiers, glysrtee opergton of
seéctat oraas o0 e Iﬂmuaﬂy dfedﬂ@@@erap@eldpxﬁﬁpsabhlﬂbmth pﬁ@gy @mﬂboﬂer

pJRES Rt & e ® L s et S et s or at
alfrost rquad trefhededf dpaed ociat cundti neflusyd tspeadhasingigha cooling system

1@%&?% ke gprg(ﬁetérhﬂﬁ&lg?fge{:w fﬁ&ﬁ&ﬁ‘ _] B‘féﬂf $tthe Eﬂﬁeé%&gcﬁmel

udi n a varia capacit onpreSS|on
chilled fluid cooling systen1conpr|5|ng a single

3@3lhr lClelr%etﬁdﬂ Jtdc@ﬂhr\{gitbQﬂmﬁ]Vﬁ ﬁi?élddﬁk?é thﬁlsfe@s oﬁﬁ31h§ gt coo¥hg system
ohedd brp TP L isged OhtmBbine pBEoPT R Rhsavater pumps
chilled water pumps and boiler pumps running at their respective circuit’s
predetermined equal reduced speed or at almost equal reduced speed or at similar
reduced speed and at a power setting that is a fixed ratio of the cooling system current
power ratio or loading.
31.  An industrial fluid circulating system having a plurality of fluid circulation
circuits, the system including:

a variable capacity, compression type, chilled fluid cooling system comprising:
a single circuit chilled water system including:

at least two chilled water pumps;

a chiller with evaporator operatively coupled to a numbers of cooling loads
and a suction line leading back to said chiller;
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and a suction |line |leading back to said chiller;water
passi ng through said chiller in a heat exchange

w0 edoanyseshi p and bei ng cool ed; notor nmeans f oPCTHAUA0MG00202
said chilled water punps; a vari abl e-speed drive
circuit for powering each ofz3the notor neans to vary
the speed of the chilled water punps; neans for
sensing the tenperature of water |leaving said chiller;
andwarafsding teongh sdidlichglerHe a hedtabxchergpeeltidndhire and being
IrCUIt in response to the present |oad on a system

ressor so as to regul ate operation of the said at

IeagtothmeauhlfMIdéd’l clpliefhwateupwinny at equal reduced

S pegq, gﬁbléts %Jdrlﬁﬁ}é kRO ;Iﬁﬂi"éiﬁ‘q% PR 8 tRImathr flehhd @vary the

reduce si mul t aneou nresponse to the |oad
spesd afitle eaded walsbpuma®  An | ndust rial fluid circulating

SY'S hREh AR @ér@irrgqhé ﬁbnqieﬁdtme?o)fizva\td”rééaﬁmﬁg galicbcliliért hret

AR ol s Ul el BRL bONOh SIRLORS A present
loalbtres systemgomppsggantasto mgu&ﬁ’he pp@aumrpﬁ t@g saif aprigasistwo chilled
Wa%tﬂgs rg]gst nmr&a'it' Dl fédﬁ@eﬁpgﬂ%l%@ ok Qlt %lri%s@ 601 Rl sgéed or at

owre atin ns I n econ‘pr SSor.
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at respective circuits’ predetermmed equal reduced speed or at almost equal reduced
speed or at similar reduced speed to minimize power while system loading is at

maximum or below maximum loading.

35.  An industrial fluid circulation system according to any one of claims 1 to 20
wherein the fluid is a liquid. '

36. A method according to any one of claims 21 to 30 wherein the fluid is a liquid.



38. A nethod of operating an industrial system having

one or nore water, or other fluid circulation circuits
whaoo7igseshe conbi nation of steps substantial | yp@yAU2007/000202

her ei nbef ore described with reference to the

acconpanyi ng draw ngs and/ orggqt he Exanpl es.

37.  An industrial system substantially as hereinbefore described with reference to
the accompanying drawings.

38. A method of operating an industrial system having one or more water, or other
fluid circulation circuits having the combination of steps substantially as hereinbefore

described with reference to the accompanying drawings and/or the Examples.



