1 "An industrial process efficiency nethod and systent
Cross-Reference to Rel ated Applications The present
application clains priority from Australian Provi sional Patent
Application No 2006900911 filed on 23 February 2006, the content of
which is 5 incorporated herein by refergnce. , BACKGROUND OF TIIE

I NVENTION 1. Field of the Invention 10 This Invention relates to an
i ndustrial process efficiency nethod and system and rel ates
particularly to a met'odindnsiriy prasssfelfici¢ney mestheffantheystésm i'ci ency and

per f or rrancecpgss_?g%rgnggfbsﬁa;@a ARpRGESS that uses notor-driven punps to
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overal |l operating performance and efficiency of novenent of fluids
such as i n BAUKGROUNDHF ZHRINVENTI@NI nventi on has broad
application throughout all areas of industry, such as in-cool roons,
paper processing, water and/or sewage treatnent plants, or any other
syst em t hat 1i rijeldpé hetlagedtian d punping and the like, for sinplicity
and easeygf understanding the invention, it will be described herein
inrelation_to.its . use.in HVAC ] i
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heat that has been abso d has heen ner at.ed by the cogl
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to the 35 enyiooananbf fluids swhd of heHVAKA systagisor space. 2 Known systens
typically have a notor which drives a conpressor drawi ng | ow pressure
refrigerant gas from an evaporafor and dj ch'}aﬂr’fgiﬁ it ﬁs ‘ﬁ‘ hi h%r ;
pr essur e 2HotWhitesthp irvisniion: basd@A¥E FPRIPFIOR KO AY &reas of IEYs g‘é\ B8
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refrigerant % e "evapor at or. 1 pressureé refrigerant a s
heat of vapowmilersiendies fhednyantiendhiil kadsaerled horea i rei%tﬁoeg? 4t P??gmw‘&e
through the QMaEROTAKAIT be anderiton, PORSEHS Ratr thé invgatiants noapiorited $o ds asenin
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r epeat ed 210 WS ™ such cool i ng apparatus has some net hod of

regul ati ng cooling capacity for part |oad operations, such as a

nodul ati ng scipRldrigtion VR RRIABPALAL US Which [imts the amount of
refrigerant through the conpressor, or a variable speed apparatus

whi ch controls the rotational speed of the conpressor, or both. The
chilled wat eCdnpmessivatigwe BIVAG isystenns zidrdivegh erpansien air Sopdifiancas py the most

circul at ef t&ﬁﬁﬂ‘&kﬂ( fsed (%Bfiﬁé) 'éf(s’;té?ﬁ“s £Y Puf B P ho Wiy QrIVAC 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 univafsally by transferring the heat to the

35 environment outside the building or space.



15 conditioning within the building. In typical systens, the heat
absorbed fromthe evaporator, along with the heat added by the
conpressor, is transferred to the external air through the condenser,
preferably using cooling towers or the like. 20 When water is being
chilled by the evaporator to about 4.420 10 C, it is then delivered
by a chilled water punps to the cooling | oad, which may include water
cooling coils in termnals in which air is cooled and dehunjdified.
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the instable 35 operation of the chiller. In this connection, all
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however the,g &Joli&é%Wef@Jr%&ﬁce? he secondary chilled water circuit is
| owered too. And thé extent of energy saving is not significant when

conpar e%With our present invention. SUMVARY OF THE | NVENTI ON
When water is being chilled by the evaporator to about 4.4 to 10 °C, it is then delivered

by a chilled water pumps to the cooling load, which may include water cooling coils in

terminals in which air is cooled and dehumidified.

25 In the prior art, sevefal arrangements are used for connecting water chillers into chilled
water supply and distribution systems. Further, several arrangements are used for
condenser water cooling. However, all systems proposed previously suffer from
inefficiencies when loadings vary from optimum design loadings.

30 For example, when cooling loads drop during part-load operation, the water volume
flow rate of the plant loop (primary chilled water ciréuit) 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

35 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



15 1t is therefore desirable to provide a nethod and systemto

i nprove performance and efficiency, and thereby save energy
significantly in industrial systens such as application in cool
rooms, paper processing, water and/or sewage treatnent plants, or any
ot her systemthat incorporates fluid pgnping and the like. 20 It is
al so desirable to avoid instability in chiller /boiler controls or
other industrial process operation, and thus provide for staple .
operation déwer thhiwatesilasorate pf primany chilled SYAPLGI ) SYiENTeERRCh 0aKs PRgERAL
system 25 dohstirt fRWEated@ShFamtbntis nbt: RE@Mheticd b GvedhillerBpispvfadrers.
industrial liquid circulation systemcontrol that can operate w thout
encountering control instability no matter whether the system denand
i s at maxi nWith osgaphiotthe esacndary chidedavager aisait (e nave 3shhuditins deaps, when
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rate, a certain pressur rentia sired c IN1ed water
| eavi ng t enpestibr e, a desired discharge pressure, etc.) or in
response to a 5 | oadi ng signals.. is also desirable to reduce the

wear and t iﬁ?ﬁ of an industrial process
i ncl udi ng W‘%ﬁﬁé‘éﬁ‘l@. qwhil circulation systens to extend
the service |life of the respective conponents which include the
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system and dppbcation is icoulitbomgmapyr preaeing, tW?éer(f@ﬁ:é?ﬁée‘Emﬁﬁ‘éWP AR, or

associ at ed gilidic Y@ that hBorblhaRS GRS id RS, T St br oad aspect
of the invenfion t ere is provided an industrial system havi ng one or

nmore |i d circulation circuits, the systemincl uding:
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of said Cirgyidss operation, and thus provide for stable.operation of a chiller/boiler in an
industrial system such as HVAC systen.

25 It is also desirable to provide a novel, improved industrial liquid circulation system
control that can opérate without encountering. conirol instability no matter whether the

system demand is at maximum or part-load.

1t is also desirable to incorporate a plurality of pump means in paraliel flow relationship
30 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 phirality 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.
35



20nmot or neans driving each punp neans, | oad sensing or detecting
means to sense operating |loads on the systemand the circuits, and
speed control neans to vary the speed of said notor nmeans to thereby
vary the punping capacity of each punp neans in response to the
detected | oad on the system 25 Preferably, the plurality of punp
means each operate at equal reduced speed or al nost equal reduced
speed or simlar reduced speed in accordance with the system /| oad,

wi th the ndt Bralsesiesisblirto vhgogpazate b phustisy rEpumsp mapib to lepergisae equebrednesd
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cool roons Por itcul’ating chilled water, in paper processing systens

where the punps are used to circulate slurries, 35 cooling water,
heat i ng watlefs alsoWbsiritge kd kedncd the wahesndataal/ 1ate cfeallbgpenptonessts nbat inghisinals,

and 5in %rx\@egfm&?@igg Fﬁgse of ﬁﬁﬁs&iﬂ%ﬂﬁﬁﬁrcﬁr@ﬁaﬁﬂg%@teﬁs%’é)ﬁ@z{df thelkdlicafif
punped for "a variety purposes, ~1n_ accordance wth a second
aspect of tafehe mespertive sompenests whish duglefedthy CF’@FBi"t?é?raﬁ‘}”@ﬁ'?’ OiL5y PLERP>
havi ng: 1@necoRBerl® WateNphikifs] avabel purpoRUgnSar antbpiping ahthedodisetal Wighigr
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to circul at@WEHE PHPOIGH 1 HE or each of said circuits. The
plurality of punp neans to be running at equal reduced speed or
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In accordance with a first broad aspect of the invention there is provided an industrial
system having one or more liquid circulation circuits, the system including:
a plurality of pump means to circulate the liquid through the or each of said
circuits,
20 motor means driving each pump means,
load sensing or detecting means to sense operating loads on the system and the
circuits, and
speed contro]l means to vary the speed of said motor means to thereby vary the
pumping capacity of each pump means in response to the detected load on the system.
25 ' '
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
30 in response to the detected load on the system or a predetermined target. (1e. 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,
35 cooling water, heating water, and the like, in water and/or sewage treatment plants, and



speed control neans to vary the speed of said notor neans the thereby
vary the punping capacity of each punp neans in response to the
detected | oad or a predeterm ned target on the system (l.e. the sane
fl ow capacity with respect to the 15 original/traditional punping
arrangenent.) In preferred enbodi.nentss the efficiency of the I-1VAC
systenmls water distribution circuit, which includes the chilled water
circuit, boiler water circuit, and condenser water circuit, is,

i nproved byn @owide simgery ofies iestosiss avhstenpeuidsiiuds s Rumpedifer & variehy of
20 reducedpspeed. or al nost equal reduced speed or simlar reduced
speed in accordance with system | oad or a predeterm ned target.
Preferably, enbodinents of the invention enploy a plurality of )
vari abl e speetcaitinoewithe spadaspedt vé thes Byt etg dfrproviled risSirsrtisn
Cool i ng sysi&smheadi:ng is indicated, i.e. 25 by neasuring the present

power ' consunption Of erating chiller(s). .conpressor(s) using a
power sens BPE?BWO’E?’W ﬂ]§8 g"é‘ :?“é“fm‘?el’? erd’baé?ra%q lﬁ’ﬂ%%lﬂecr“(cgﬁté’ conpr essor (s)
using a t aeiphuelityrof pumpremsnsrafidentibal od sisulhacapaditycle dicwateweate tiough e
tenper at ur g, o STRET tAE 198 g}ﬁ%glriﬂy%%ﬁﬂ) fnBarid o BB REARY Al Qubioahdean

in the water circyit or so means..f rom whi ch .l oadi ng can .be
inferred ofPStrE ATt £ deretce ﬁ?ﬁ?&c?rtsgp’d@treg‘]?".eg?p%’ %&Ié&%ﬂ%@%ﬁ%
sanme fl ofv eaghamindpy/mednsh respect to the original punping arrangement's
operating | Thi ] t tion of the
plurality gEﬂ%%ﬁ%gﬁggéiﬁg%%?&Hﬁﬁ%@%ggﬁz?#é eﬁﬁ?&? ug&ﬁéﬁn boile{
punps r unnisPRfdagonimk meanseion Ry i the Seeedotl $214 IGE EE|IS erg@ug(pry he
reduced speespiiy adpadityTe$teaclyyfimy exkaae dnspegohsorto stheni detactadetbadedr a

predetermined target on the system. (Le. the same flow capacity with respect to the

15 original/traditional pumping arrangement.)

In preferred embodiments, the efficiency of the HVAC system's water distribution
circuit, which includes the chilled water circuit, boiler water circuit, and condenser
water circuit, is improved by controlling two or more pumps for each circuit at equal

20 reduced speed or almost equal reduced speed or similar reduced speed in accordance
with system load or a predetermined target.

Preferably, embodiments of the invention employ a plurality of variable speed drives to
operate the associated pumping components. Cooling system loading is indicated, i.e.
25 by measuring the present power consumption of operating chiller(s)’ compressor(s)
using a power sensor, or the speed of the operating chiller(s)’ compressor(s) using a
tachometer or measuring the discharged chilled water/boiler temperature by
temperature sensor located in an appropriate location in the water circuit or some other
means from which loading can be inferred or pursuing a predetermined target (i.e.
30 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
35 original/traditional designed pumping arrangements or at a power setting that is a fixed



speed and can deliver the optinum or sanme flow capacity with respect
to the 35 originalltraditional designed punping arrangenents or at a
power setting that is a fixed 6 ratio of the cooling systemcurrent
power ratio or |oading (percent of maxi mum and subject to limts).
Preferably, the nethod includes the congrol and integrating of the
plurality of chilled 5 water punps, boiler water punps and condenser
wat er punps operaéing si mul taneously at respective circuit's

pr edet er m nEHOfUES crYmgwEeRREENROVT FiiQ Ok lpading (euterné of sysizeinoand
simlar redsdgetspaeis)i n response to the | oading | evel of the
circulating system 10 The general fornula enployed in enbodi nents of
this invention for setting the power set point for each device may be
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circuit or &3psd ensniler tedwedsypstdein misporsoridithe doidhg eeipofeths anicalting
appar at us(sjystedf) Where C is a selected constant. The above equation
has a low limt to prevent a power ratio set point being so low as to
result in all fluid flow, e.g., all air or water flow, ceasing, and a
hi gh 1inm@ The eemstal dormiuée @bplpyaden ephbdlimestatol this mdventian fhr Bty theipsever
above undesid; g6inf {9 W4dhat6 bRE e, outputs. According to a
further asgﬁgﬁ ofoagﬁ_ggggﬁﬁﬁg ﬁgﬁégéﬁsérly adapted for use with
HVAC syste Ter S "ﬁfr isglped variabl e capacity, conpression type,
chilled fluid cooling systemconprising: 30 a heat absorbing circuit

(al so known chhl terqci ot ) 1.NQ; I re.chilled
bt er punpe e PRI B 06 b6 b 1060t ploinlily T STk ¢
the chi | PedeSRecBYe pumgiag deyicen peipgeonfiolled-evapor at or operati vel y

coupled to a nunbers of cooling |oads, and a suction line |eading
back to saigychi éﬁ.@lﬁ’d‘.load is the current loading/power ratio (percent of maximum) that is
being utilized by a circuit or system or a HVAC system/air conditioning compressor(s)
or apparatus(s).
20
Where C is a selected constant.

The above equation has a low limit to prevent a power ratio 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
25 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 capacity, compression type, chilled fluid cooling
system comprising: '
30 aheat 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;
35 water passing through said chiller in a heat exchange relationship and being cooled;
motor medns for driving said chilled water pumps;



35 wat er passing through said chiller in a heat exchange rel ationship
and being cool ed; notor neans for driving said chilled water punps;

7 nmeans for varying the speed of said notor neans; neans for sensing
the tenperature of water |leaving said chiller; and neans for
controlling the variabl e-speed drive cffrcuit in response to the
present |oad on the conpressor or a predet ermned target so as to
regul ate operation of the variable 5 speed punps and sinultaneously
runni ng at msgosfor vanineder sppecef said nagtyBea&qual reduced speed or

simlar r e%&ﬁﬁsﬂfo?%@ﬁlgltlibtéﬁ aenscoftvatdrhevingadidehillenendonpr essor or a
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per sonnel . e nea or deternmining a present |oad on
t he conpr e$8®PIAME t he neans for controlling the variable speed drive
circuit is configured to regulate the variable speed drive circuit at
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si mul t arr€ously at equal reduced speed or at al nost equal reduced
speed or atPrsferiblyatherrachns dat defresihingn presqpbtpsd onghe eraniresel a3d thyeeans

conpr essor @r g RiGHehe Valiae shRldRive ciuit is configured to regulate the variable
speed drive circuit at the predetermined percentage of full power thereby rumming the

chilled water pumps simultaneously at predetermined equal reduced speed or at almost

25 equal reduced speed or at similar reduced speed to save power while system loading is

at maximum or below maximum loading.

In one embodiment, the pumps comprise variable speed pumps powered by
cotresponding variable-speed drive circuits; and further comprising:

30 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.
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In another form the variable speed drive circuits are connected to
power the chilled water punps, thereby regul ating operation of said
two or nore punps sinultaneously at equal reduced speed or at al nost
equal reduced speed or at simlar reduced speed responsive to | oading
on the conpressor or a predetermned target. 5 According to a further
aspect of the invention there is provided a system conprising: a heat
absorbing circuit (also known as chilled water CIFCUII% i ncl udi

di ng.
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wat er punps; ne@,p&d‘rgl{mé/@}{lyématyﬁn&geed of said two or nore
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oper ati ng varl atechilreedithl svaperatirs beihg programmesito wseistkopt dpsrasing gehthe
| oad on the

? W fﬁﬁgﬂ{sﬁgﬁ@r m%slgj%nﬁ t%ddeéeﬂﬁlﬂldégﬂée B@ﬁeﬁ‘?ﬁoag @r 8%o hr@

regul ate opera redeggu g

punps si mulkeainersuaing ip JARPRY B2 St dPERRIO g}f’é‘ QOPB’Patlﬁ?lMgPP Sﬁﬁ%la

r educed speﬁdlbelrsosmmlhglloaﬂgdmded speed in response to the | oad on the
operating conpr 0, get. 25 Preferably, in
accordance wth |£u°g%&ﬁ@%gﬁ{w&§ﬁd ers i.nclude n&gns for

regul at ilAg ater presing thfouglesaid ghallernin yhsat ?’Fﬁhéﬂﬁjﬁe prnshigapd beagreoleding

the means fRsod@legidTiod Al PAE SRt of RS peadelchsined wperatisp chilled keter
that determination in response to a present state of the gas flow

regul ating H8&fYs in the conpressors. 30 Preferably, the neans for
det er m ni ngntampfcegemﬂgltbei@fiﬁoﬁ&%iW@é}f@%qrﬁgpfé@%rﬂé&%ﬁ(eﬁﬁisamakes t hat

det er m nat 'rHéhnb Forlsbnk e@th &Y Oail leRANLLaiBRREAtRE chilei($)e
{ omper atdr dIGHS gk g &P ﬁﬁa 2pbtnd sl RO SPoliignpaRgte. iy e
t he rreans fiesentolotd oh Ithengpesating avempressdron a/pnegiq:tcrglmqq!etaggé@u apio ?&P’éte

two or nore, f aoRtR rtﬂk r’c@r@l &pﬁfo?é bﬂe&fl‘hﬂnl&@%hﬂ@ﬂ%at&u s s1multaneously
si mul t aneously at eq uceg gleed or at .al nost equal, %% d
&4 re u ed spee

speed or at™8¥H Pta‘?q“fi‘ éﬁﬂl’&% SISh o5t qalsiuced seed of pEiay

j udgnent ofinséspbise b the imdneahe ofrating compressor or a predetermined target
25 ‘
Preferably, in accordance with this embodiment, the chillers include means for
regulating the flow of refrigerant gas through the compressors, and the means for
determining a present loads on the compressors makes that determination int response to
a present state of the gas flow regulating means in the compressors.
30
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 fo the sensed temperature of water leaving said
operating chiller. -
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In one arrangenent, the neans for determining a present |oad on the
operating conpressor and the neans for controlling the operating
vari abl e-speed drive circuit are configured to regulate the operating
vari abl e-speed drive circuits at the predeterm ned percentage of ful
power thereby running the two or nore @perating chilled water 10
punps sinul taneously at predeterm ned equal reduced speed or at

al nost equal reduced speed or at_sim.|lar reduced speed ﬁ% ower
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Wi t h condersepsessuatzed tlpmnﬂ@)rtcmtml@rg thaiogereting vasiablevipedd dya gemabaei n
a heat eXCQgHQ%&P{O% B8 o mgQ‘aﬂ%l@-@ﬁ’eteﬁ%w@‘@ir@hts@?%%ré&fermmed
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driving sa

n cond nser water
varyi ng t h@esgaiage gf L %D‘E‘ 1?5twr?e%Fnl§‘°’fe Speg%ﬁ‘gl ngﬁﬁié"’ akr
t enper atlor guaips viaiudizndonsly iatoyedaerohindi dqhd reducedspend anas alnoyst eqyat redhdeidng

the vari abl ee%po?%fisﬁm fgd&eea glyeeh%oéa@e SRRANSER sty&eﬁlhgadﬂ{ge@ 8fthadifagh &N
t he corrpres or or predet er ed target so as’to regulate operation
of the twobs aemselpadm&g condenser water punps simultaneously

runni ng at equal reduced speed or at al nost equal reduced speed or at

simlar r e%‘ i? egnoétﬂztl a@%&? s ‘ﬂ% d leglﬁﬁml Badi gjrg‘sgdéma L Bga1eP %é{?&}biﬁf‘,g

corrpressor(s In accordance with a
further lésme’@r%ﬂ%mﬂemw}?ﬁtﬂu%cqohég @’SFE@WSH@d a met hod of

operating %!hehﬂ‘é}é@ﬁéﬂ @icuﬁ!aﬁ&cﬂ&lohﬂ\bls Rendenser Satdivireuit)dicitdingor ot her
liquid cir r|S|ng the steps of providing a

g# atlog mi?cst;u S ter
plurality BehiC fR getrBVE P%u ate water 35 through the or each of
sai d cir cuiaeriablpdregnéney drive ercvitdernyweong pachcof dipcion VR PYIPS;

sensi ng opemﬁue?%ﬂh%ﬂeen@é@ obbiati v t&ipleand a htigbed orebolisy towerd vary the
speed OfZOS a g a suctlon line ?eadmg back to said chiller with condenser;
water passing through said chillers with condenser in a heat exchange relationship and
being heated;
motor means for driving said two or more operating condenser water pumps;
means for varying the speed of said motors means;
25 means for sensing the temperature of water leaving said chillers; and
means for controlling the variable-speed drive circuits in response to the present load
on the compressor or a predetermined target so as to regulate operation 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
30 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
35 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



means the thereby vary the punping capacity of each punp neans in
response to the sensed |l oad on the systemor a predeterm ned target.
According to a further aspect of the invention there is provided a
nmet hod of operating a 5 variable capacity, conpression type cooling
system having a plurality of chilled water punps, condenser water
punps, boiler punps , the nmethod conprising the steps of determ ning
a present |oad | evel of the conpressor or a pursuing a predeterm ned
target andmeeguthathengpyoper theirmpblz wheciteraeh PyEP Fleansin regpopse to the
primary chid et ualetheRIANR or 8 BeARtEAiNedBiget. €d wat er punps, boiler
punps, condenser water punps running at 10 respective circuit's
predeterm ned equal reduced speed or at al nost equal reduced speed in
response t dctdrdingtes @nthet axpeictofthelimehtiom thepoapravidsd p(asthasrof pperatingy a
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said circuit .0 (B g@%hﬁg{é% ; illed wath© \
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a further 528 i rnveéntton theré I's provi thod o
oper ati ng 2dafemnineditsrget.al syst em havi ng one or nore water, or other
fluid circulation circuits conprising the steps of: providing a

plurality of means, to circulate fluid r. :
said cir cuiptcggrﬂg‘%e‘i"a?ri‘ T ASPET Oﬁéﬁ% énvtegﬁlcalr iﬂ%fgé %;gﬂvédérgrp@ Irirlggsﬁlts}?lf)%gd
sensi ng 16peiratiating sysanidaging the osyeedhrdeittulation sirpuits the syseHngIAREh g

the speed of Sa;ag1 §0 Tof TRAS mBAns 16 Un@GlateV Bie i€ Wirbugh Measiadach af Baid
equal reduced ,speed of at alnost equal reduced speed or at simlar

reduced sp&88Se thereby vary the punping capacity of each punp nmeans
i n response to mbiraeaseditigecichpmhbaesysst emp or in response to a

predet er m ned t 15 or! Eﬁ%%@a?ﬁt&?:ﬁ@% thtind I GAERSH 6 bysBm akd tHeed
personnel . 11 égg%néfn%gortdgtea i1 fur% herHasf)eg(U:qtq of the il'nventi on

there i $0prdviitetndan i ndustrial fluid circulating system having a
plurality of fl gedd comtilnthhon wiy thaispesd difseidsystoemednscd dieirelty: vary the

pumping capacity of each pump means in response to the detected load on the system.

According to a further aspect of the invention there is provided a method of operating
25 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 reans,
30 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

35 skilled personnel.



a variabl e capacity, conpression type, chilled fluid cooling system
conprising: a single circuit chilled water system including: 5at

| east two chilled water punps; a chiller with evaporator
operatively coupled to a nunbers of cooling |loads and a suction line
| eadi ng back to said chiller; wat @t passing through said chiller
in a heat exchange rel ationship and bei ng cool ed; 10notor neans for
driving said chilled water a vari abl e-speed drive circuit
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anot her enbodi ment of the invention,
In order that the invention is more readily understood, embodiments thereof will now

20 be described with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of a typical prior art HVAC system with a water-cooled
25 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.

30 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 systermn.

FIG. 4 is a schematic of a typical prior art HVAC system with a condenser water cirouit



FIG 7A is a schematic of a typical HVAC systemw th a plant-building
| oop (al so 10 known as "primary-secondary circuit") chilled/ boiler
wat er systemin accordance with anot her enbodi nent of the invention,
FIG 8A is a schematic of a typical HVAC systemw th a plant-building
| oop (al so known as "primary-secondaryjzircuit”) chilled/ boiler water
systemin accordance with 15 anot her enbodi nent of the invention,

FIG 9A is a schematic of a typical HVAC systemw th a plant-bui I di ng

| oop (al so Mol ing schematiaog 2 Savesh HBFAC eytenivtith a Elﬁmrmg%bmﬂwg esper
system i n gePkHGE &s WhinBleNeHINY IchEaNBil e RhieO bystdde il BYRRIaheNwith bne
FIG 10A ISF‘% gche thc of .a typi cal HVAC systemwi th a

pl ant - bui | GG BT% F B8 as "primary-secondary circuit")
chilled/boiler water systemin accordance with another enbodi nent of
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enbodi nent enfbotineent of/the trvemtion, FIG 12A is a schematic of a typical
HVAC systemwith a condenser water circuit in 30 accordance with
anot her embodi ment of the invention, Fl 13Ais a c.of
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refri gerléntaﬂméemmhi@ﬁsmﬂo e dnvantiangui d by rejecting heat to outside
air by blowi ng outside air across the 10 condenser with a fan driven

by an el ec tor (118 sh or t eat
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14 In the prior art, there are several arrangenents for connecting
water chillers into chilled water supply and distribution systens.
Fig. 2 illustrates a typical plant-through building |oop system (200)
(al so known as "single circuit systeni). The plant-through buil ding

| oop systeminclude: chilled water, hot3water or dual -tenperature
water systens in 5 which water is transported only by plant
(chiller/boiler) punp(s). A plant-throughbuilding | oop water system
usi ng bypass throttling flowis one of the older chilled/ hot water
systens thapeihaxgs been adopted in commercial buildings since the use
of two-way control valves. For each chiller/boiler (201), a
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(404). 20 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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DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Fig. 5A illustrates one
enbodi nent of this invention utilizing variable speed control of two
chill ed water punps/boiler punps operating at predeterm ned equal
reduced speed 25 or at al nost equal reduced speed or at simlar
reduced speed in lieu of the original/txaditional punping arrangenent
as shown in Fig.2. Achilled water/boiler circuit (500A)
(plant-through building | oop system also known as "'single circuit

systent), impleni bpop dpmanyiecn) 3R thereviae elrillersi(P@3:304p uniess PrmDS MrEvTy
S03A) of i deifed Gater PhmPk)BHAI3063RB&IHHen bLp-a6IBh QR IcdrRsiondidgRAds dnbie
produced chi l| ed ter t]ot ter, 3 hEou hout, t he tvvat er .clrcyit .
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speed or ssidh,l @b1Y GAUERH wRBEE dhifik b AP @Q&}fz%dﬂ&ts@éédéiaiéﬂ%hﬂ%?%ﬁmﬁf(@@ﬁ

and 503A) and.respective tors are controlled by two variabl e speed
drives (513% %ﬁT&tg‘TSé‘k?n%@t he two drives are comranded by a
Controller (514A). The Controller (514A), nonitors 35 the present

| oadi ng on : ) 285\ ) j ;
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cal cul ates the optimum power |oading (subject 5 to limts) for the
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and oper at SUSHSCHD T EReRs MRS SRR ST IR FoE PP
a bypass for both circuits, which is needed to maintain constant flow in the primary
circuit.
20
At design load, chilled water leaving the chillers (303,304) at point (322) flows through
the junction of the common pipe (321), plant loop (301), and building loop (302) at
point (323), is exiracted by the building pump (secondary chilled water pump) (314 ),
and is supplied to the cooling loads (312,313). From the cooling loads (312,313),
25 chilled water returns through another junction of the building loop (302) at point (324).
There is only a very small amount of bypass chilled water in the common pipe that
flows in the direction from point (323) to (324). The chilled water returned from the
cooling loads (312,313) is then combined with the bypass water from the common pipe
(321) and bypass line (330) and is exiracted by the plant pump(s) (305,306) and enters
30 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).
35 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



10 of maxi mum power draw based on the present percentage (or ratio)
of maxi mum | oading on the water circuit (500A). In the event of VSD
(512A or 513A) or chilled water punps/boiler punps (502A or 503A)and
corresponding notors 's failure, an integral bypass switch (not shown
here as 15 it is irrelevant to the presgnt invention), can be
operated either manually or automatically to allow the operative
notor to be operated at full speed. At the sane tinme, an al arm signal
wi || be showntralted iseatdiffoertizl ppsswp semte (128} ds iestads] be g pleat pump(s)

al erting anaGoRidak ARk sRRelnifiar) i spegessary actions. 20 Fig. 6A
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through the condenser (401) to provide continuous rejection of the heat absorbed from
the cooling loads through the evaporator (403) and that generated by the cooling
apparatus, such as the compressor (404).
20
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 5A illustrates one embodiment of this invention utilizing variable speed control of
two chilled water pumps/boiler pumps operating at predetermined equal reduced speed
25 or at almost equal reduced speed or at similar reduced speed m lieu of the
original/traditional pumping arrangement as shown in Fig.2. A chilled water/boiler
circuit (500A) (plant-through building loop system, also known as “single circuit
system”), in this case, two (chilled water/boiler) pumps (502A and 503A) of identical
or similar capacity are deployed to transport the produced chilled water/hot water
30 throughout the water circuit (500A). Said two pumps (502A and 503A) are connected
in parallel and operate in predetermined 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
35 the present loading on the water system (S00A) either by measuring the present power
consumption of operating chiller’s compressor using a power sensor, or the speed of



35 tachoneter or neasuring discharged chilled water/boiler
tenperature by tenperature sensor |ocated in appropriate location in
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35 tachomeier 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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switch (836A, not shown here), can be operated either manually or
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original/traditional punping arrangenent as shown in Fig.3 when two
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10 designs' punping arrangenent as shown in Fig.4 when one chiller is
operating. A condenser water circuit (1200A), In this case, in the
condenser water circuit (1200A), two condenser punps (1206A and
1207A) of the same or near the sane capacity are deployed to
transport the produced condenser waterygenerated by the chiller
(1203A) through the condenser water circuit (1200A) and reject the
heat energy through the 15 cooling tower (1202A) to outside
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be inferred. Based on that loading signal (1034A), an algorithm calculates the optimum

power loading (subject to limits) for the pumps and sends an output signal (1035A) to
the respective variable speed drives (1030A,1031A,1032A,1036A) operating the
20 corresponding plant pumps (1005A,1006A,1007A,1037A) such that the four pumps
(1005A,1006A,1007A,1037A) 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 Ioading‘on the watex circuit(1000A).
25
In the event of variable speed drive(s) or plant pump(s) faiture, an integral bypass
switch (10364, not shown here), can be operated either manually or automatic, will
allow said operative pumps to be operated at a predetermined speed. At the same time,
an alarm signal will be shown and sent to an appropriate location as required alerting
30 appropriate personnel to take necessary actions.

Fig. 11A iflustrates seventh embodiment of this invention utilizing variable speed
control of two secondary chilled water/boiler pumps operating at predetermined equal
35 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 chillex(s) is



reduced speed or simlar reduced speed sinultaneously and operate at
the opti num 35 power percentage (or ratio)(subject to limts) of
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differential of the building loop by pressure differential transmitier located in
25 appropriate location in the building loop, or some other means from which loading can
be inferred. Based on these loading signals (1134A), an algorithm calculates the
optimum power loading (subject to limits) for the. building pumps (1114A and 1115A)
and sends an output signal (1135A) to the respective two variable speed drives (1130A
and 1131A) operating the two corresponding building pumps (1114A and 1115A) such
30 that the two corresponding building pumps (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).
35



measuring the present power consunption of operating chiller(s)’
(1303A, 1304A) conpressor using a power sensor, or the speed of the
operating chiller(s)' (1303A 1304A) conpressor using a tachoneter or
measuri ng di scharged chilled water 35 tenperature and di scharged
condenser water tenperature |leaving the4chiller by tenperature sensor
| ocated in appropriate location in the water circuit or sone other

26 neans from which | oading can be inferred, Based on that |oading
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connect ed
a tachometer or measuring discharged chilled water temperature and the discharged

condenser water temperature by temperature sensor located in appropriate location in
the water circuit or some other means from which loading can be inferred. Based on
these loading signals (1234A), an algorithm calculates the optimum power loading
30 (subject to limits) for the punips and sends an output signal (1235A) to the respective
two variable speed drives (1230A,1231A) operating the two corresponding condenser
pamps (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
35 power percentage (or ratio)(subject to limits) of maximum power draw based on the



paral |l el and operate in predeterm ned equal reduced speed or al nost
equal reduced 35 speed or simlar reduced speed sinmultaneously. The
four condenser punps (1406A, 1407A, 1408A, 1409A) and correspondi ng
notors are controlled by respective variable 27 speed drives (VSD
1430A corresponds to condenser punp 14$6A, VSD 1431A corresponds to
condenser punp 1407A, VSD 1437A corresponds to condenser punp 1408A,
VSD 1438A corresponds to condenser 1409A) and the said drives
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ar r angenent s can also be connected to t
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to a predet®ierthmedoddenge pumps €1.306A L EIM7AI andf 1308A) afeasonmectedrih @anallel and
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maxi mum-or nvention a
used to i rrpﬁ@md tsheeds §isrudipnespsly ci Ehejtlsge condenser pumps (13064, 1307A and
1308A) and corresponding motors are controlled by respective variable speed drives

(VSD1330A corresponds to condenser pump 1306A, VSD 1331A corresponds to
condenser pump 1307A, VSD 1337A corresponds to condenser pump 1308A) and the
30 said drives (13304, 1331A, 1337A) are commanded by a Controller (1333A). The
Controlier (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
35 temperature and discharged condenser water temperature leaving the chiller by
temperature sensor located in appropriate location in the water circuit or some other




Exanpl es 5 Exanple 1. Devel opnent of an enbodi ment of the invention
in "primary chilled water circuit" of a nediumsize hotel A nmedium
size hotel with 270 guestroons is equipped with 3 identical capacity
18 KWprimary chilled water punps. Only one primary chilled water
punp is used to circulate 10 the chill gg water through the primary
chilled water circuit of the HVAC Systemwhile the remai ning two

punps are in standby node. The operating punp is allowed to run
uncont r ol | ertess foms whishileading ¢avbe iohmsdr Based on that lgadinghsignad (13344), an
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coef fi ci entloading enthe svalfr cixcut (1 %ﬁl on | n flow. Action taken 25
1. Three mari able frequency drives and one PLC were fitted on the
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const ant ow ca CI t st

b evi ous! y GHPyRaen iR vaPeeBhe T atbirer b pue? 1RGO
The neaslr e@pr@slaietpsmomwlmfghlﬂqcéﬁﬁwaéh@ﬁgy savi ngs. The total power
consunption of the two operating prinmary chilled water punps after
fitting of our invention fell by nearly 72 percent conpared with a

theoretical saving of 75 percent (2x0.53-0.25) in a
Fig. 14A illustrates tenth embodiment of this invention utilizing variable speed control

of four condenser water pumps operating at predetermined equal reduced speed or

20 almost equal reduced speed or similar reduced speed in lieu of the original/traditional
designed pumping arrangement as'shown in Fig. 4 when two chillers are operating. In
this case, in the condenser water circuit (1400A), Four condenser pumps (1406A,
1407A, 1408A. and 1409A) of the same or near the same capacity are deployed to
transport the produced condenser water generated by the chillers (1403A and 1404A)

25 through the condenser water circuit (1400A) and reject the heat energy through the
cooling towers (14024, 14054, 1439A) to outside aimosphere. '

In this case, in the condenser water circuit (1400A), four condenser pumps (1406A,
1407A, 14084, 1409A) of the same or near the same capacity are deployed to fransport
30 the produced condenser water through the condenser water circuit (14004) 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 comnected in
parallel and operate in predetermined equal reduced speed or almost equal reduced
35 speed or similar reduced speed simultaneously. The four condenser pumps (1406A,
1407A, 14084, 1409A) and corresponding motors are controlled by respective variable



35 perfect condition. Analysis showed that the energy saved was

113, 529 kWh per year, resulting in an annual saving of USD 14, 600. In
addi tion, an annual mai ntenance cost 29 was saved due to the | ower
pressure inparted to the system reduced excessive vibration and

| oadi ng on the operating punps and respective pipeline. Exanple 2

In a pilot test, three variable frequency drives and one PLC were
fitted on the primary 5 chilled water punps. The system.is
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10 temperature sensor located in appropriate location in the water circuit or some other
means from which Ioading can be inferred. Based on that loading signal (1434A), an
algorithm calculates the optimum power loading (subject to limits) for the pumps and
sends an output signal (1435A) to the four variable speed drives (1430A, 1431A,
1437A, 1438A) operating the four corresponding condenser pumps (1406A, 1407A ,

15 1408A, 1409A) such that the four condenser pumps (14064, 1407A, 14084, 1409A)
were incorporated to run at equal reduced speed or almost equal reduced speed or
similar reduced speed simultaneously and operate at the 4optimum power percentage (or
ratio)(subject to limits) of maximum power draw based on the present percentage (or
ratio) of maximum loading on the water circuit (1400A).

20 ‘

As above, in the event of variable speed drive(s) or condenser pump(s) failure, an
integral bypass switch (1436A, not shown here), can be operated either manually or
automatic, will allow the operative pumps to be operated at a predetermined speed. At
the same time, an alarm signal will be shown and sent to appropriate location as
25 required alerting appmpriate personnel to fale necessary actions.

It will be appreciated that above preferred embodiments’ primary chilled water pumps,
secondary chilled water pumps, condenser water pumps, boiler pumps, are shown for
illustration, the system can include additional units of said pumping arrangements.

30 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
35 industrial fields where pumps are used for pumping fluids and where the pumping loads



Constant Primary 157,680 kWi $20,270 NIL Running Two Punps Reduci ng
Speed at 44, 150 kWh $5, 670 14,600 Running Three Punps Reduci ng Speed
at 23,652 kW $3, 040 17, 230

28

are at maximum or vary. The features of the invention are then able to be used to
improve the system efficiencies.

Examples
5 Example 1. '

Development of an embodiment of the invention in “primary chilled water circuit” of a

medium size hotel .

A medium size hotel with 270 guestrooms is equipped with 3 identical capacity 18 KW

primary chilled water puraps. Only one primary chilled water pump is used to circulate

10 the chilled water through the primary chilled water circuit of the HVAC System while
the remaining two pumps are in standby mode. The operating pump is allowed to run
uncontrolled at its maximum flow.

Constraints

1. Chiller Manufacturer recommends a constant flow of water through the chiller

15 evaporator (the primary chilled water circuit) of the HVAC system.

2. Variable flow in the primary chilled water circuit may cause instable operation or
nuisance shutdown of the chillers; therefore, chiller manufacturers specify
minimum limit for evaporator water flows.

3. Insufficient flow in the primary chilled water circuit may lead to freeze up in the

20 evaporator and caused severe damage to the chiller (ruptured the evaporator tube)

4. Reduced flow in primary chilled water circuit decreases the overall heat-transfer
effectiveness of the evaporator. as the convective heat transfer coefficient decreases
with a reduction in flow.

Action taken

25 L Three 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 operatior.

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

30 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 pump's after fitting of our invention fell by

nearly 72 percent compared with a theoretical saving of 75 percent (2x0.5*=0.25) ina
35 perfect condition. Analysis showed that the energy saved was 113,529 k'Wh per year,
resulting in an annual saving of USD 14,600. In addition, an annual maintenance cost



As the analysis results show, the exanples of the inventive system
can yield substantial savings when conpared with the standard,
constant-primary fl ow design. 20 Exanpl e 3 Devel opnent of an

enbodi ment of the invention in "secondary chilled water

eircuit”. (under proposed stage) The saigd nedi um size hotel with 270
guestroonms is equipped with two 75 KWsecondary chilled water punps.
One secondary chilled water punp is used to circulate 25 the water
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Annual Analysis Results
System Flow Alternatives | Pumping Energy | Operating Annual Cost
Consumed Costs, Saving,
US Currency | US Currency
Constant Primary 157,680 kWh $20,270 NIL
Running Two Pumps at|44,150kWh $5,670 14,600
Reducing Speed _ '
Running Three Pumps at | 23,652 kWh $3,040 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.
20 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
25 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.



Anal ysis showed that a further 60% of energy can be saved in
conparison wth the original designed one secondary chilled punps
running at 15% of reducing speed for a specific period (4 hours
dai l y) which can achi eved 10% of energy saving only. The 20
anti ci pated power consunption of the ty® operating secondary chilled
water punps fell by at least 70%totally. Analysis showed that the
estimated energy that can be saved was 459, 900 kWh per year,

resul ting iGemshragtsiual saving of US]) 59,120. In addition, an annual
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’ daytime and has achieving a 10% of energy saving. The remaining pump is under

standby condition.
3. The embodiment of the invention must provide significant futrther saving in order to
justify to the user that investment in the system is worthwhile.
10  Action taken
1. Two variable frequency drives and one PLC is fitted on the secondary chilled
water pumps. The system is coordinated with the building management system,
enabling easy control of the pump’s operation.
2. Two operating chilled water pumps are run at equal reduced speed between 43-
15 50% of the maximum speed in accordance with the load,
Results
Analysis showed that a further 60% of energy can be saved in comparison with the
original designed one secondary chilled pumps running at 15% of reducing speed for a
specific period (4 hours daily) which can achieved 10% of energy saving only. The
20 anticipated power consumption of the two operating secondary chilled water pumps fell
by at least 70% totally. Analysis showed that the estimated energy that can be saved
was 459,900 kWh per year, resulting in an annual saving of USD 59,120. In addition,
an annual maintenance cost can be saved due to the lower pressure imparted to the
system, reduced excessive vibration and loading on the operating pumps and the piping

25 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 | 197,100kWh 25,330 $59,120

Reducing Speed




Vari abl e Secondary 591, 300 kWh 76, 000 $8,450 Running Two Punps
Reduci ng Speed at 197,100 kWh 25, 330 $59, 120 31 As the analysis
results show, the described enbodi nent can yield substantial savings
when conpared with a vari abl e-secondary fl ow design. Exanple 4

Devel opnent of an enbodi ment of the imyention in small "single
chilled water circuit”". 5 A manufacturer with 3000 square feet fl oor
area is equipped with two 12.5 KWchilled water punps. One chilled
wat er punp Asthggedysivrashliceiont shet descriierl [epbadiment pan Yiplduyhsitiel sgvingse
chill ed watgfenGhfupitbd with atvafatideleotlicy o laesigi.her punp is in standby

node. The erafing punp was allowed to run uncontrolled at its
Mexi rrumfl%.—aﬂ‘ﬁe—'{l

Development of an embodiment of the invention in small “single chilled water circuit”.

5 A manufacturer with 3000 square feet floor area is equipped with two 12.5 KW chilled
water pumps. One chilled water pump is used to circulate the chilled water through the
single chilled water circuit of the HVAC while the other pump is in standby mode. The
operating pump was allowed to run uncontrolled at its maximum flow.

Constraints

10 1. Chiller Manufacturer recommends a constant flow of water through the chiller
evaporator (the single chilled water circuit) of the HIVAC system.

2. Variable flow in the single chilled water circuit may cause instable operation or
nuisance shutdown of the chiller; therefore, chiller manufacturers specify minimum
limit for evaporator water flows.

15 3. Insufficient flow in the single chilled water circuit may lead to freeze up in the
evaporator and caused severe damage to the chiller. (ruptured the evaporator tube)

4. Reduced flow in chilled water circuit decreases the overall heat-transfer
effectiveness of the evaporator as the convective heat transfer coefficient decreases
with a reduction in flow.

20 5. Optional market available energy saving methods such as “chilled water reset”,
“colder water, series evaporator”, “colder water, lower flow”, or simply “variable
flow” are neither technologically viable or would be economically acceptable by
the HVAC owner due to the following reasons:

1.High upfront investment

25 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 -
30 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

35 situation as bypass and chéngeover capability is available in case of
emergency/maintenance situations,



Constraints 10 1. Chiller Manufacturer recommends a constant flow of
wat er through the chiller evaporator (the single chilled water
circuit) of the if/AC system 2. Variable flowin the single chilled
water circuit may cause instable operation or nui sance shutdown of
the chiller; therefore, chiller manufagg urers specify mnimumlimt
for evaporator water flows. 15 3. Insufficient flowin the single
chilled water circuit may lead to freeze up in the evaporator and
caused sevdtesulfanmge to the chiller. (ruptured the evaporator tube)
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15 required constant flow capamty of the original systems design requirement.

Results
The estimated total power consumption of the three operating primary chilled water
pumps fell by nearly 85%. Analysis showed that the estimate energy saving is 93,075
KWh per year, resulting in an annual saving of USD 11,960.

20 Annual Analysis Results

System Flow Alternatives Pumping Energy | Operating Annual Cost

Consumed Costs, Saving

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

25 A central condenser water supply plant is equipped with three 450 KW cenfral
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.



Results The neasures resulted in significant energy savings. The
power consunption of the operating single circuit chilled water punp
fell by nearly 73% Analysis showed that the energy saved was 79, 935
kWh per year, resulting in an annual saving of USD 5 10,270. In
addition, a significant nmai ntenance cogt was saved due to the | ower
pressure inparted to the system reduced excessive vibration and

| oadi ng on the operating punp and the pipe line. Exanple 5 An
addi ti onal Qensprairg added to the single circuit chilled water system

of Exanple @ $8. dQsihd1alstihiegesdiddoffined@icBhstai FBS AR BgRAYHnUS Tkb contid]
they are equipped Wth three var] ?b%éeg#enqy qu ves and one PLC
fitted to theC@KFPIEyARRTRPL S Tor VELERY CQOERIT BISEE Mt h t he
bypass and Zh¥agesdy dlowcaptibi dentrsl, canderser mgtes abeplp parelt noy ofise fnstable
punpi ng system,i.n: -EF%E L i Ag > three
punps arfa5 r unggétr&lsoglg%? ?ﬁ{lﬁla y e é{ogr%gﬂt}h%ggﬁ%gzgg}b@?o er??igg/&fof e
maxi mum speedIsplisicat ﬂ@wtlﬂéh‘ise”r“ggﬁ?rfdéﬁseémr SHCUE PR Rafh R imAG et e
ori gi nal syst espeti@st gide Hethd regivRht conBaseistand Kaesed Shinapd adeoksiective
power consurrp%liliggr of the three operating primary chilled water punps
fell by nearly % Anal ysis showed that the estinmate energy saving
is 93,075 kA#igdpkeiear  resulting in an annual saving of USD 11, 960.
20 As the anaby sifeblesbllesics dbves idieoteBLCi ad b ani e nieatrdlf conlienser
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the HVAC Sy¥ © {ATEng Hee FEPRS AT R Y t8d&nser punps are in
st andby IfodResulf83 Constraint 1. The original system designer

recomend cpust tenEHl{%X\yaﬁﬁgtf SIOMPALADBE ddhidvBE TGRDbWEl cRORHRTEST tHataS
supply circult ftor C sysStens' cooling in

t he r.egion. . 2. .
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i nst abl e Sopgeatd anfallf by fe%c Rinklysssshbwed Hat thegestimated prmeigyl toybet $pved is
conpressor’ f,?ﬁ?rﬁfo"ﬁmﬂer year, resulting in an annual saving of USD 354,680. In addition, an
20 annual maintenance cost to be saved due to the lower pressure impatrted to the system,
reduced excessive vibration and loading on the operating pumps and the piping system.
Example 7 ‘
Following the success of Example 6, a second st'age improvement was implemented.
An additional, third pump was added to the central condenser water supply circuit thus
25 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
30 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
35 that the estimate energy saving is 3,311,280 kWh per year, resulting in an annual
saving of USD 425,610.



3. Insufficient flowin the central condenser water circuit may |ead
to unacceptable tenperature rise in the region's condensers and
caused damage to the respective chillers. Action taken 10 Three

vari abl e frequency drives and one PLC were fitted on the central
condenser water punps. Two operating cosadenser water punps run at
about 50% of the maxi num speed providing the required constant flow
capacity of the original systems design requirement. Previously one
of the punp¥oifaisd Anpealdgensy Copfmartiont s maxi mum f1 ow whil e t he

remai ning two punps were in standby node. 15 Results Estimated energy
savi ngs of 70% can be achi eved. The power consurrptl on of the two
oper ati ng gent+ar—eontenser—wat-er—ptps—after tncorporating

i nventive |fSssteur Bowi Altesnapises ed Hebinfagdd by 7/00peraingl ysi sAlstiRBlWéQﬂ t hat

the estingted energy to be saqulmfn%,ﬁ@%f@osgvm per y&%{ualres@c,gﬂ ng
in an annual saving of USD 354, 1 a
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supply systemin case of energency/naintenance situation. The three
condenser, p S are .run subst anti uaI d_speed,, about
595 of 30 PRt e SpBuaoH, B BTHGvE et dan v SUneraRe g e

capacity ofcoh’rperedmxg]amiep&y@toenﬂmﬂesn@mseréhmdeelgant. Results The
estimated total power consunption.of the three operating condenser
wat er punps_after fitting of the enbodi nent of the invention fell by
nearly 84%EX@HRI&8; s showed 35 that the estimate energy saving is

3, 311, 280 kSWinmpaing\peal watke satikeulgtiemciacuibnnual savi ng of USD 425, 610.
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Estimate
recirculation pumps One recirculation pump is wsed to circulate the pool water through

the mechanical filtration and chemical treatment devices and then returned to the pool
while the other pump is in standby mode. The operating pump was allowed to run
uncontrolled at its maximum flow
15 Constraints
1. Disinfection and treatment of swimming pool water is governed by certain
standard and regulations. '
2. r1.."he constancy of flow rate is mandated by local standard and specifications.
3. The system designer do recommend constant flow configuration in the pool water
20 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
23 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 io swimmer’s healih.



Qperating Costs, US Currency Anticipated Annual Cost Saving US
Currency Constant Condenser 3,942,000 kWh $506, 680 NIL Running Two
Punps at Reduci ng Speed 1, 182,600 kWh $152, 000 $354, 680 Runni ng Three
Punps at Reduci ng Speed 630, 720 kW $81, 070 $425;610 5 As the

anal ysis results show, the inventive features can yield substanti al
savi ngs when conpared with a one punp constant-condenser flow design.

Action taken

1. Two variable frequency drives and one PLC are fitted on the pool water

recirculation pumps. '

2. Two water circulating pumps are run at substantially equal reduced speed, about
5 50% of the maximum speed, providing the required constant flow capacity of the

original system design requirement and no standby pump are provided or deemed

necessary in this situation as bypass and changeover capability is available in case of

emergency/maintenance situation. '

Results .

10 The measures have shown significant potential energy savings. The estimate power
consumption of the operating pool water pump after incorporation of the inventive
features fell by nearly 65%. Analysis showed that the energy to be saved is about
113,880 kWh per year, resulting in an annual saving of USD 14,600. In addition, a
significant maintenance cost can be saved due to the lower pressure imparted to the

15 system, reduced excessive vibration and loading on the operating pumps and the
pipeline.

Projected Annual Energy Consumption

System Flow Alternatives Pumping Energy | Operating Anticipated
Consumed Costs, Amual Cost
US Currency | Saving
US Currency
Constant Primary 175,200 kWh $22,520 NIL
Running Two Pumps at]61,320kWh $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.



Exanple 8 Sw mm ng pool water re-circulation circuit 10 A
residential estate's sw mmng pool is equipped with two 20 KW pool
wat er recirculation punps. One recircul agson punp is used to
circulate the pool water through the nmechanical filtration and

chemi cal treatnment devices and then returned to the pool while the
ot her punp i Sl .andby node. The operating punp was allowed to run
uncontrolled at 1ts maxi mum flow 15 Constraints 1. Disinfection and
treatment of swi mm ng pool water is governed by certain standard and
regul ations. 2. The constancy of flow rate is mandated by | ocal
standard and lspeciyidgisti dluid circulpting gpsteq baeing @ag pyere dyd caedatiand
constant fl ow: fi i i .he pool water 20recirculation
circuit. 4. gﬂgﬁﬁét}%%&%ﬁ%%d&n%f pool water which satisfies

sani tati on st andangdralitgbépympameckaappaneenad & pdralehwocicbudqre gérdluid)through
bacteria or contam nant. causing diseases. 5. Variable flowin the
pool water r&¥¥Earhei8id @CPEYit in accordance with the turbidity of

the pool water Caﬁ_sgﬁ%}atéﬁfoi@m{?agrllg'gri{}ﬁ gg@%@ﬁ&oﬁg%dard and

regul ati ons 25requi renments ue oW ng reason; 6.

| nsuf fici ent fl owldad s¢isegpoaletasting meamsctd sense apemting laadsiph thesystbnadd tle
undesi rabl e excess. of. chgn‘i cals in the pool water and cause harnf ul
to swimmer' s®h&MHYLSB Act i on taken |. Two variable frequency drives

and one PLC are fitde@dofblinitanPRObar WeHeQbeddOf chStdAd HRRLREIRS to tRerbWP
water circul ating punps are run at substantially equal reduced speed,

about 5 50% wdryithepuraningrosnasibeeticach poipdieags ithesspange ko i detsated &rad on the

fl ow capaci ty, s?écm't he original system design requirenent and no
st andby punp Bre ‘provi ded or deened necessary in this situation as

bypass and ceshgeapahemapbidhirtypetiiveadi@ult aheng ft CABStaially similar speed
ener gency/ mai nf enance situation. Results 10 The neasures have_ shown
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features fel y nearly 65 Anal ysi s showe e energy to be
saved is about 113,880 kWh per year, resulting in an annual savi ng of

USD 14, 800. 41 adgtl P ufashdkibeant ml ntenance, Soat, Al Beuedredy
said fluid circulation circuits has:
one or more fluid circuits; and
said pump means comprises two or more pumps of the same capacity or similar
capacity for each circulation circuit to circulate fluid through the or each of said fluid

circuits, the pump operation being controlled in accordance with system load or a

predetermined target or manual judgment of skilled personnel.

3. An industrial fluid circulating system according to claim 1 or claim 2 wherein
said speed control means includes a plurality of variable speed drives to operate the

associated pump means.

4. An industrial fluid circulating system according to claim 2 or claim 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.



15 system reduced excessive vibration and | oading on the operating
punps and the pipeline. Projected Annual Energy Consunption System
Fl ow Al ternatives Punping Energy Consuned7Qperating Costs, US

Currency Antici pated Annual Cost Saving US Currency Constant Primary
175, 200 kWh $22,520 NIL Running Two Punps at Reduci ng Speed 61, 320

kW $7, 880 $34, 64Qy 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

accordance with system load or a predetermined target or manual judgment of skilled

personnel.

6. An industrial fluid circulating system according to claim 5 wherein cooling
system loading is determined by measuring the present power consumption of
operating chiller(s) compressor(s) using a power sensor or by measuring the speed of
the operating chiller(s)' compressor(s) using a tachometer or by measuring the
discharged chilled water/boiler water temperature by a temperature sensor located in

an appropriate location in the water circuit.

7. An industrial fluid circulating system according to claim 5 or 6 wherein the
cooling system loading or the predetermined target or manual judgment of the skilled
personnel sets operation 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.

8. An industrial fluid circulating system according to any one of claims 5 to 7
wherein the cooling system loading sets operation 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.

9. An industrial fluid circulating system according to any one of claims 1 to 8

wherein said speed control means includes; a separate variable-speed drive circuit for



20 As the analysis results indicate, the inventive systemnmy yield
substanti al savings when conpared with a constant-sw nmm ng pool water
recirculation flow design. It will be api¥eciated by persons skilled
in the art that nunerous variations and/or 25 nodifications nay be
made to the invention as shown in the specific enbodi nents w thout
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on the system each punp neans of each respective circuit running at

a subst ant i aiinjargiedidedspendeed and running at their respective
circuit's predeterm ned equal reduced speed, or an al nost equal
reduced speed or at a simlar reduced speed, sinmultaneously. 2. An

industrial flouid A& indubteibi Mgd sitellMgaseRiticagrdig teladl Bhd o PAIBE Ntct e
or each said fluid circulation circuits has: one or_ nore fluid
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said chilier 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 or in response to a

predetermined target, or in response to manual judgment of skilled personnel.

11.  An industrial fluid circulating system according to any one of claims 1 to 10
wherein the fluid circulation circuits are a primary-secondary heat absorbing chilled
water circuit having at least two primary chilled water pumps, and at least two
secondary chilled water pumps, and said speed control means includes selected ones
of; a variable-speed drive circuit for powering each of the primary chilled water pump;
and a variable-speed drive circuit for powering each of the secondary chilled water
pump; the system further having two or more chillers with evaporators being

programmed so that the two or more chiliers are kept operating or at least one is kept



4. An industrial fluid circulating systemaccording to claim2 or
claim3 wherein the system | oading, or a predeterm ned target or
manual judgnent of skilled personnel, se8% an operation speed of each
of the plurality of punp neans. 37 5. An industrial fluid
circulating systemaccording to any one of clains 1 to 4 wherein said
fluid circul BhdtdCdriCb iRy FRGldBuRoWRTahl 98 sBhION is¥Sioa8 f4ayi ng: one
or nore chilled water, condenser water, and boiler water circuits;
and s aprkdpierminne fmd ingaopditise spdraigvedy conplel plampsntfeoof eadihg loads;
circuit to circulate water through each of said water circuits, the
punp operati being controlled in accordance with systemload or a
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ci rcul at i ng 188788 ériyiaecaiddit fgstttyommpyragng coldenei waerlpuepso

means for varying the speed of said motors means; means for sensing the temperature

of water leaving said chillers; and means for controlling the variable-speed drive
circuits in response to the present load on an associated operating compressor so as to
regulate operation of the at least two operating condenser water pumps simultaneously
running at equal reduced speed or at almost equal reduced speed or at similar reduced
speed i response to the loading on the system or in response to a predetermined

target, or in response to manual judgment of skilled personnel.

13. An industrial fluid circulating system according to any one of claims 10 to 12



wherein said systemincludes a variable capacity, conpression type,
chilled fluid cooling systemconprising: a single circuit chilled

wat er systemincluding: at |least two chi4ded water punps; a

vari abl e-speed drive circuit for powering each of the chilled water
punp; a chiller with evaporator operatively coupled to a nunbers of
cooling | oad i i i i I ;

passi ng thr oﬁv}gl%@glat?%%%ﬁlﬂ iiﬂglﬁl h?é&ﬁg&nﬁgﬁﬂég&lc a %%(ﬁro gﬁaﬁfgﬁgt#gégﬁgﬁﬁgﬁ
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secondary chilled water punps; means for varying the speed of said
oper ating nmators Areatied aeaibghtetlaiensimguding tHearape batidLatafy MWad er

| eaving sai d operating chil I&;&sq)l;, nmeans, for controlling the .
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al most equaPPeéYifced speed or sinilar reduced speed in response to
the | oad on the operating conpressor or in response to a

predeterm ned target, or in response to nmanual judgnent of skilled
personnel . 16. An 4 meptiad degprdingtp aeleinr thibat § mgluding therstaprof iting ano any
one of clai l.to,11 erejn.one.of..the fluid circulation circuits
' 2 heat r et desdErGEh SR iy i mmifi S gl B RRLaEH o
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heat exchangeni#ljaidnosis b gkidapdeeinngl. heat ed; sai d notor means driving
said at | east two operating condenser water punps; nmeans for varying
the speed of said notors nmeans; neans for sensing the tenperature of

water |eavipg salgdpefldd RESdi3Nd IBANS hAhah Hd ds'?9rdifing a

refrigeration system having one or more chilled water, condenser water, and boiler



15. A nmethod according to claim14 including the steps of circul ating
fluid through the or each of said fluid circuits with two or nore
punps of the same capacity or simlar capacity for each circul ation
circuit, and controlling the punp operation in accordance with system
| oad or a pr &dereiravifie gireudatipatwaser theovghthe ardgeleeftsask walks ¢irquifs using said
personnel. 16. A nethod according to claim 14 or 15 including the
steps of setting an operational speed for each of the plurality of
punps so t hapuepe BormpiiRing twWisorahor@ paiips f@dabibironits kiid td@itrotingete phinph

is a predeterm ned, equally reduced speed or an al nost equal reduced
speed or a sPREEEN i aceqydens vaewdtensioad Pt apedeismyined trgeh ¢ manual

respective Ch.[c@ﬂeﬁt .ﬁkﬁfeagﬁf’éﬁﬁnél.o the system | oading or a
a or ]

pr edet er m ne rge nua udgnent of skilled personnel. 17. A
met hod according to claim 14 including the steps of providing a
refrigeration_system having one or nore chilled water, condenser .
wat er, and béfl er Ammdysttialfhid cisgnlating system haxing g wieetibr ok ind g latins
or each of S@ﬁ&li%@% &L 6 ilﬁcﬁnnééSi ng said punps conprising two or
more punps for eat c?’rcwt, amd controlling the punp operation in
accordance wawvhrishlstaparitygadmeresdoptypdetieled fhed coaigetirgerarbnsgitem
judgnment of skill.ed personnel. 18. An industrial fluid circulating
syst em havi n§P8P R al ity of fluid circulation circuits, the system
i ncl udi ng:  a; Vagicatlcgic CRRAE Watbr sERIRTLESRIQN type, chilled fluid
cooling refrigeration systemconprising: a single circuit chilled
wat er syst enati lpast b ehjlledawateepwnps eumnetted Ingpiraliel;er punps connected in

parallel; a chiller.wth evaporator. operativel oupled.to.a nunbers
b ool i ng. | BAHUCEN E BEH SR RRE R ThR i Enbeb s BTy GuP P apoE
wat er passi ngictibf Gtgleasiap asiiol daflr chiillera heat exchange rel ati onship
and being cool ed; separate nmotors for driving said chilled water

punps; a var Valst sesspaderongh vaéd elriflening feat cxsbanecirplgtienbip Bxd heme dosicdi s
to vary the %@gﬁg& B{Jtowi%r g;}&%‘%ggd\@hﬁﬁ \&%}gjl%éqpts.errper ature sensing for

sensing the nperature o 'eaving s chiller; and neans for
control ling 4 haiabds-spebd drispaasditdvr yeweatngctach of the nes@ans eatyaht fyeed of the
present | oad .o system conpressor so as to regul ate operation of
the said at ‘Fl'gﬁ w '\{%PW% ed water punps running at equal reduced

speed or at RIFestureWdlng BHRSH: SRERApEnAE oBlvillel RAvInEdNERH 1RPERM
simul taneously ' in response to thée I oad on the conpressor or in

response to mcgsdoetaimilingdhe wargble-spoed drive eisqidris sesponseen tld priesetit)ivedt

f skilled . 19. An_ind i.al fluj.d ci |.at |
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the neans for determining a present |oad on the conpressor nakes that
det er ni nat i oMl jedugsd speedisgnaltgeaudpin wepanse i the fpadpadthe pejpressor or in
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19.  An industrial fluid circulating system according to claim 18 wherein the chiller
includes means for regulating the flow of refrigerant gas through the compressor, and
the means for determining a present load on the compressor makes that determination

mn response to a present state of the gas flow regulating means in the compressor.

20.  Anindustrial system substantially as hereinbefore described with reference to

the accompanying drawings.



