Description Energy-saving optimized control system and method for chiller plant room 5 Technical
Field The present invention relates to an energy-saving system and a method thereof, especially to a
system for a chiller plant room. Technical Background 10For the energy consumption of a whole
building, the energy consumption of an air conditioning system takes a great proportion, which is about
40-50% generally. In addition, for the energyR@SGKHREHMthe air conditioning system, chiller plant
room (which comprises chillers, chilled water pumps, condenser water pumps and cooling towers) will

take about 60 A E gyzsaying eptimized cRmdolisystem and-mgth ok fQver

consumption for all year of 15 an air condjtiQFyi ' (chiller plant room), i.e. chillers,
chilled and condenser water pumps and c%ﬁﬁ'nrg@m%grg&w%% about 30-354 of the power
consumption of the whole building for all year The cooling operational process of an air conditioning
system comprises the following. The 20 chillers produce chilled water with predetermined temperature.
Chilleqrwaishic prsapged to air terminals through chilled water pumps, to conduct a thermal
exchange with indoor air, absorb the heat indoor and remove the redundant moisture in the indoor air,
to medth@TRRNFMENE YT IREAREIO FhENSHMMETRY NideSiETHBralst @ SPEBAh AT SPAtEPRSEIS IftER
absorBirry sFRIThéeit indilerarahepoiie chilled water is cooled again by chillers for recirculation. 25
The heat generated by chillers during the operation, which is mainly the heat absorbed from the indoor
air by chilled water, and also including the heat generated from the inherent energy loss due to some
factorTeainricalcBackgiraneloperation of the chillers, is absorbed by the cycled condenser water.
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30 dissipating heat and moisture into the atmosphere finally.

Therefore, it is very important how to maximally save the energy consumption of a chiller plant
room for reducing the energy consumption of the whole building. In the prior arts, chillers may
operate with lower chilled water supply temperature and lower chilled water flow rate, which
35 may lead to higher energy consumption of the chillers and lower energy consumption of the
chilled water pumps. Alternatively, lower return chilled water temperature and higher chilled
water flow rate are adopted. Likewise, to the same cooling output, chillers can be operated
under a lower condensing pressure, which leads to lower energy consumption of the chillers;
however, a higher condenser water flow rate is required for the lower condensing pressure,
40 leading to a higher energy consumption of the condenser water pump. Or otherwise, adopt an
operation mode of higher energy consumption of the chillers and lower energy consumption of
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15 Summary To overcome the shortage in the prior arts, the present invention provides an
energy-saving optimized control system for a chiller plant room and a method thereof, which can
greatly improve the energy efficiency of the apparatus in the chiller plant room of the air conditioning
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the 45chiller plant room, which comprises the following steps:



First step, establishing the mathematical models: according to a series of operational parameters from
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chillergsindensemwaiteoperate with the minimum energy consumption. 40Sixth step, repeating the third,
the fourth and the fifth step with a predetermined time interval. The energy-saving optimized controlled

pethorhioR& 4RI FRRMcRCHRisHRE dontlbe e perdRve NG dagludrrothefelevwag artdiienal
Leucrzglﬁ%'ﬁ?%weéh fhefs th@&@% apPakatys iRdhenfiiberlaat @%ﬁa@/i@&%‘@@;}n%ﬁﬂ%@ VEEEZF
establls%ad (ﬁ%{é these our ﬁg’mf) étt%@? Qﬁﬁggtt%’éﬁ]@}%ﬁ J-E%t%n tloneégln[rm %%s%%}ggh%
includ8" (e energy con u%%ti' rFoPc%ﬁ Fs hﬁ evﬁ@?“’" '%%s"rﬁnsﬁ%‘on model for e ﬁ%d“watere
pumpé”%téﬁé@}‘&r&% ﬁrrHélﬂ"Q %M&&#&@rﬁé}*&%&@%ﬁﬁﬁrﬁﬁﬁf e eniaiG) BisreRbignhthe
A deldiiH etolingdodres TthembivehtaticiaatRiatimedels ardasFoewshecHasa @y group with a

predetermined time interval.

The industrial control computer processes the data information acquired by the programmable
controller and RS485 communication interface module, and then sets an objective function in

35 which the energy consumption of the whole chiller plant room is the lowest, and determines the
optimized energy-saving operation condition of each apparatus in the chiller plant room at the
next moment, and transfers the results to the programmable controller and RS485
communication interface module.

40 The programmable controller and the RS485 communication interface module transfer the
optimized operation condition to the adjusters of the corresponding apparatus, so as to make
the apparatus operate under the optimized operation condition.

The present invention also provides an energy-saving optimized controlling method for the
45  chiller plant room, which comprises the following steps:
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First step, establishing the mathematical models: according to a series of operational
parameters from actual measurement of each apparatus in the chiller plant room, combining
the default factory operational parameters of each apparatus, establish the mathematical
5 model for each apparatus and the energy consumption of each apparatus, and establish a
calibration program at the same time.

Second step, acquiring the real time data: obtaining at least the parameters of the chilled water
entering/leaving temperatures, the condenser water entering/leaving temperatures, the

10 condensing temperature, the condensing pressure, the evaporating temperature, the
evaporating pressure of the chillers, and obtaining as well as the outdoor dry bulb temperature,
the outdoor relative humidity, the chilled water supply/return temperature, the condenser
water supply/return temperature, the chilled water flow rate, the condenser water flow rate, the
power of the chillers, the power of the chilled water pump, the power of the condenser water

15 pump and the power of the cooling tower, and save the data one by one with a predetermined
time interval.

Third step, calibrating the mathematical models: according to the real time operation data
measured in the second step, calling the calibration program to perform the real time online

20 calibration to the mathematical models established in the first step; the energy consumption of
each apparatus in the system is calculated by the mathematical models according to its
operational parameters, and the calculated results are used in energy consumption forecasting
and optimized operation, and since there may be deviations between the mathematical model
and the actual apparatus, in order to improve the accuracy of the forecasting, during the

25  operation process the results and even the mathematical models themselves shall be calibrated
online in real time according to the obtained data.

Fourth step, performing an optimization calculation: performing an optimization calculation
with the objective that the sum of the energy consumption models of each apparatus shall be
30 the minimum, obtaining the best operation condition for the chiller plant room, and perform a
surge forecast for the chillers at the same time, so that when the chillers are about to face a
potential surge, protection against surge is provided for the chillers in advance by adjusting the
operation condition point of the chillers and the operation condition point restores to the former
status automatically after the potential surge is eliminated.
35
Fifth step, performing a feedback: transfer the best operation conditions obtained in the fourth
step to each apparatus so that each apparatus will operate under the best operation condition
and that the whole chiller plant room will operate with the minimum energy consumption.

40 Sixth step, repeating the third, the fourth and the fifth step with a predetermined time interval.

The energy-saving optimized controlled method for a chiller plant room according to the
present invention also includes the following additional technical features:

45 As the main apparatus in the chiller plant room are the chillers, the chilled water pump, the
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\a.l In the fourth step, the algorithm for the optimization calculating is: 15Pchiller _ plant = Min(P+
P+ P+ P ) chillerCHWpumpCWpumpCTfan In which: P chiller the energy consumption of chillers, kW;
TIChiner: the number of chillers in operation; Qnom: the nominal capacity of chillers, kW; 20COP.: the

nomingdfeehsef ahiitess pkipadiiberparcim seasiasing taetameirghileyss PR @dh daeiteemaraare
;i%ﬁﬁé%t%ﬂgwooffw@% @%@kﬁ?déflﬁ BBpdrady e&#&%ﬁéﬁ%@é&%‘&hﬂ} %éﬁ%ltﬁ{éd?h#ﬁé fing
oef C«si‘Eﬁ%P ﬁ%@lf‘%rgﬂérgﬂ%g %%Fe%é#\%ter]éﬁggﬁr'l 53 cﬁulﬁ’%éu%ﬂgnéﬂéigy‘ Eolfn%%%t&fb‘% Aeldel for
consu o%? Pe(ilmﬁﬁ‘i R\ Fidl- Etate ﬁ%éosnsur 967 3D %”é?r st%'f"nm Nl gBeﬁ?ergy
pérarrfé’@?lﬂ@?&ﬁ'r?@t'a‘%\%bg?cﬁa%{&%r‘ig\ﬁ’@% Be@\RP‘(/%E%?tﬁlﬁﬁ‘Pétsa'k@Rd %sté? BliRp etticiency:

nc: transmission efﬁm&ey om:. electrical efficiency; 10PvFD: the energy consumption of VSD drivers,
kW; P CHWpuPhpe: fhelengpgg condtiiatiod BMiiled water pump, kw;
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In the fourth step, the algorithm for the optimization calculating is:
=Min(P +P +P

15 P CH\Npurrp CWpump + PCTfan)

chiller _ plant chlIIer

In which:

Pehiler:  the energy consumption of chillers, kW,
Nchier:  the number of chillersin operation;
Qnom: the nominal capacity of chillers, kW,
20 COProm: the nominal COP of chillers;
PLRuj: the part load regulating factor of chillers,
TEMP,q: the temperature regulating factor of chillers;
ap. a1, a: thepart load regulating factor coefficient of chillers;

Qchiller = the actual cold quantity of chillers, kW,
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ncHwpiimp: the number of chilled water pump in operation; c41: coefficient of chilled water pump; Qw
_CHWpump: the flow rate of chilled water pump, kg/s; 15P CWpump: the energy consumption of
condenser water pump, kW; dick: coefficient of condenser water pump; Qw_cwpump: flow rate of

d kgls; ot i ipn;.P CTfan:
tho eneroy ComBurbbUeR of Chols hver, T S E BTl ey A POPERIRS. o

coefficient of cpQlipg teMieedQatdcdirning tamisortgeoliag tower, kg/s; wherein, regarding to a
single-speed cooling tower and a two-speed cooling tower, the air rate can be obtained from the
manufacture Hrochuretl® €REY €MpIER Pagdramier Bl dtVcooling tower, the change of the 25air
rate is calcula‘_e[d by ths?aﬁhan e m\;?e freiﬁuengg(_tof the COO|§9 twvgr, fan; Qrej:heat dissipating rate of

cooling tower, KW MW, CORTERSEN g@'a’( orvx(/)‘?ate,ylgge/%yﬁa“:' t raté of cooling tower, kg/s; wherein,

regarding to ajginglgFReed renelHptdax s pabebratieprgreashrooling tower, the air rate can be obtained
from the manufacture brochure or tower template; regarding to a VSD cooling tower, the change of

the air rate is €leuuet Bowhigiehkalige in the frequency of the cooling tower fan; Tcws:condenser
water entering temperature, C : air wet bulb temperature, t ; 5 In the second step, the minimal time
interval for acﬂﬂiri?@aﬁeomm'gag%is set to 2 minutes, so as to acquire more data and find the
faults in the systemdigalys bhi&e axigystep, the minimal value of the time interval for repeating is 10
minutes. In a general 10 chilled water system, the chilled water supplied from the chillers flows through
the water pummprane egticalsctt crenayhillers after a terminal heat exchanging, which needs some time,

and 10 minutes is preferable to reflect this pfoc ss; if theépterval is too short, the whole process can

9t be reflecteavamia HiF SEEPAROMSUAREAYRIon AR BeYhtained: if the interval is too long, the
system may Opﬁﬁ%% n%pq%@r@w%m% &pgf%t{i,ngeewgg}%,ﬁ%,q(\{mg time, which may 15cause
nti

energy waste. The present invention takes into full account the impact of apparatus on each other in
the chiller plamgiaeue uthegntimbep ef atdhed nwetes pumpvin ciperati ohjller plant room is considered to be
cyj: coefficient of chilled water pump;

Quw_crwpump:  the flow rate of chilled water pump, kg/s;

15 Pcwpump:  the energy consumption of condenser water pump, kW;

dcx: coefficient of condenser water pump;

Qw cwpurp:  flow rate of condenser water pump, kg/s,

Newpump:  the number of condenser water pump in operation;

Pcrian:  the energy consumption of cooling tower, KW;

20 Ncrian:  the number of cooling tower in operation;

e: coefficient of cooling tower;

Qair_ctran: @I rate of cooling tower, kg/s; wherein, regarding to a single-speed cooling tower
and a two-speed cooling tower, the air rate can be obtained from the manufacture
brochure or tower template; regarding to a VSD cooling tower, the change of the

25 air rate is calculated by the change in the frequency of the cooling tower fan;

Qig:  heat dissipating rate of cooling tower, kW,

My: condenser water flow rate, kg/s;

My: air rate of cooling tower, kg/s; wherein, regarding to a single-speed cooling tower

and a two-speed cooling tower, the air rate can be obtained from the manufacture



integral, and fully considering the best operation condition for each apparatus to find the best 20
combination of the apparatus in the chiller plant room, so as to achieve the objective that the chiller
plant room is operated at an improved status, thereby the energy consumption of the whole system is

the lowest, and the objegg%%m grg% #’@ﬁ%"g‘@i%% éﬁ}gsgr\}gig% dé g,s {ﬂg% $& the

structural diagrammatic drawing o meh evice accor e present invention.
Figure 2 is a flow chart obithexendstibmaretiaftiiecmieihgsl athe febogacinss m@@eon ryeNiefapetailed
Description of the Embodiments As shown in the figure 1 and figure 2, the embodiment of the device
according to pfesent inGeRHRSISF MR KL EANG ERIBAFEHEORtré computer 1, a programmable controller
2, an RS485 35 communication interface module 3, a flow sensor 4, a temperature sensor 5, an
outdoor tempetatiure arfil MFhRYE armasptere tree- phase active power transmitter 7, a differential
pressure sensor 8, a water pump variable speed driver 9, a cooling tower fan variable speed driver 10,
a motarized valve and on/off actuato 11, and chrl rs 12. 40According to the present invention, there
e orUTREF ORI BRI A5 e Y BB G A TR A CBR S & S E ARt
tempetatarea REIHIRGI MY St RIGr @"%\ Wéﬂﬁ/f?ugﬁtm BSRsEACtTREPower transmitters 7, a
differential pressure sensor 8, a plurality of water pump variable speed drivers 9 and a plurality of
coolingnttiveesifdh seamlifeespevdchdrivaise 1, thiidin aieteovaldotect petititng i pridy raimutablérce geokea 2
respectiviedyl v e peggtaminthllernnsty ollaie? Sqiprudfeste shuith ther-sntivist el reenrfiialreowdretes dnvia
industgal EHiargt:aRAS R drS 48 caranmiifatinthtnEsdAsRTIA UM RS oRRREIS B tedindando
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respethSASIHE dBAUSRETP i HBHSL AT PERRTZRA BRsetrg 5?5\36@@ iR qier MDD BRYor

590 réapeetfRreyIheaHfied water supply or return main pipe is mounted with one flow sensor 4, and
the condenser water supply or return main pipe is mounted with one flow sensor 4. The differential
pressUiteegpresen8irsvaTdiotidd kastinée futh e adoillet thvaien g appargiipe andattie athid e othwaderhideurn
main pRet Heerevaparaiahtiepardidhepoadesser inketioftraathiiifigiananddhe Waiensdppiy Ripeand
the WaiREHREI RIPR) 1 @8RBIGEARRN R AISHRIAINE ¢ iR nerd o dnetosB s sk Halva &Rk @RfRIfhest
apfuatos iiretRirbYehe apHAAtHCRIllAS Aih Em%%qc%%ers%@%e?&ﬁe%‘ﬁ@% JOUAIRY R Rand
each c% |nrg tpwer are mounted W Jh pne three akctrvetﬁ)ow rtE%nsmrtter 7 respecti ell)( ‘FQ%
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to monitor the dry bulb temperature and relative humidity of the outdoor air; the flow sensors 4 are
used tpmimtﬁmmfepﬂgw‘ﬁigsduring the operation of the water pump; the three-phase active
Rpwer transmitters 7 are used to monitor the operation energy consumptions of the chillers, the water
pump and the cooling tower; and the differential 25 pressure sensor 8 is used to monitor the pressure
differef188%: s AiPtarhital i R BPOBRE N ATEIN S SH B BRAHBRAE B ENFa18 UG FSTREAIRS 1R EFow
sensoPSeE Rk RMEPRture sensors 5, the outdoor temperature and humidity sensor 6, the
three-phase active power transmitters 7 and the differential pressure sensor 8, sends the data to the
industfigurentral adinputbiait, vfitich senesdinesdatef ahe nethngdvaithargiredidetnipeestnte niviemtiah the

RS485 communication interface module 3 performs the data acquisition for the parameters
including the chilled water entering/leaving temperatures, the condenser water entering/leaving
tempepétigi ddcDesdeistio ic optivé Enibodindentisg pressure, the evaporating temperature
and the evaporating pressure of the chillers ,communicates with the industrial control computer 1 using
Mod Bus protocol and transfers these data information of the 35 chillers, and the industrial control
compuershsavemtisagdhe erdauofidinne; thenadesibah rABHOIFAMPUHE! it HCRFaRTIE Prtdent
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RS485 dyairhdnranetriiredacvmend ey admsarattieldpnd-edidpsradon condition to the adjusters
of the corresponding apparatus, so that under the premise of meeting the cooling loads, all the
aparaittrdihgper ateespifebe it anveneik,-savirg atatpsotfidetdialtangrg eansusipiion ekt dowhale
refrigesatiantplantsaqiBristiiie BURYBTS, AfeRWBJP iR fisidiRid HRl PRaseeR) eBBleNabing-ihe
method of the present invention is described in detai;as follows: SFirstly, mathematical models for the
operational parameters and the energy consumption of



each apparatus are established according to the series of operational parameters actually measured
of each apparatus in the chiller plant room in combination of the default factory operational parameters
of each apparatus. Meanwhile, a calibration program is also established. In the present embodiment,
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including the chilled water entering/leaving temperatures, the condenser water
entering/leaving temperatures, the condensing temperature, the condensing pressure, the
evaporating temperature and the evaporating pressure of the chillers ,communicates with the
industrial control computer 1 using ModBus protocol and transfers these data information of the
35 chillers, and the industrial control computer 1 saves them in the order of time; the industrial
control computer 1 processes the data information acquired by the programmable controller 2
and the RS485 communication interface module 3, and then sets an objective function that the
energy consumption of whole chiller plant room is the lowest, and determines the optimized
energy-saving operation condition of each apparatus in the chiller plant room at the next
40 moment, and transfers the determined result to the programmable controller 2 and the RS485
communication interface module 3. The programmable controller 2 and the RS485
communication interface module 3 transfers the optimized operation condition to the adjusters
of the corresponding apparatus, so that under the premise of meeting the cooling loads, all the
apparatus will operate safely in an energy-saving status that total energy consumption of the
45  whole refrigeration plant room is the minimum.
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As shown in the figure 2, the process for implementing the method of the present invention is
described in detail as follows:

5 Firstly, mathematical models for the operational parameters and the energy consumption of
each apparatus are established according to the series of operational parameters actually
measured of each apparatus in the chiller plant room in combination of the default factory
operational parameters of each apparatus. Meanwhile, a calibration program is also established.
In the present embodiment, the established mathematical models include the energy

10 consumption model for chillers, the energy consumption model for chilled water pump, the
energy consumption model for condenser water pump and the energy consumption model for
cooling tower;

Secondly, the industrial control computer acquires the parameters of the chilled water

15 entering/leaving temperatures, the condenser water entering/leaving temperatures, the
condensing temperature, the condensing pressure, the evaporating temperature, the
evaporating pressure or the like of the chillers through the RS485 communication interface
module, obtains through the programmable controller the outdoor dry bulb temperature, the
relative humidity, the chilled water supply temperature, the chilled water return temperature ,

20 the condenser water supply temperature, the condenser water return temperature, the chilled
water flow rate, the condenser water flow rate, the power of the chillers, the power of the chilled
water pump, the power of the condenser water pump and the power of the cooling tower
transferred from the sensors, and saves the data one by one with a predetermined time interval;
the time interval could be set to 2 minutes;

25
Then, after acquiring the real time operation data of each apparatus through the RS485
communication interface module and the programmable controller, the industrial control
computer calls the model correction program to perform the real time correction online to the
energy consumption models of each apparatus in the refrigeration plant room;

30

Then, according to the real time cooling load and the meteorological parameters monitored,
and according to the calibrated energy consumption models for the chillers, the chilled water
pump, the condenser water pump and the cooling tower, in order to achieve the goal of reaching
the maximum of the efficiency of the whole chiller plant room, that is, to achieve the goal of

35 reaching the minimum of each energy consumption model for chillers, the energy consumption
model for chilled water pump, the energy consumption model for condenser water pump and
the energy consumption model for cooling tower, the industrial control computer performs the
optimization calculation to achieve the best operation condition of each apparatus in the chiller
plant room, and performs a surge forecast for the chillers at the same time. The industrial

40 control computer provides protection against surge for the chillers in advance by adjusting the
operation condition point of the chillers when the chillers are about to face a potential surge and
restores the operation condition point to its former level automatically after the potential surge
is eliminated;

45  Finally, the industrial control computer transfers the best operation condition obtained by the

9
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optimization calculation to the chillers and the programmable controller through the RS485
communication interface module and the industrial Ethernet, and each apparatus will operate
under the operation condition in the optimized result, so that the whole chiller plant room will
operate with the minimal energy consumption;

In the present embodiment, the calculation model for the optimized energy-saving operation
condition in the industrial control computer 1 is described as follows:

Paitler_piant = MIN(Pyiier + Perinourp + Pewpump * Pertan) L
Nehiller Qnomi
Pcier: —EPLRalEFEMF;H (2)
" i=1 C()Pnom,i < d
2
PL&dj =g, + ai[%d‘ﬂj + aZ[QQChiller j -

TEM F;dj = bO + b.I.TCHVVS + bZTCZHWS + b3TCVVS + b4TC2VVS + bSTCHWS |:rCWS (4)

kQ, +Hy.,Qu
F)pump =L _SwIh 4 FQ/FD
N1 ©)
Neuwpump 3 5
PCHWpump = Zo ;) CJ V] Qw _ CHWpump (6)
] = =
r.|(3\/\/purru 3 K
PCWpurm = kz—o K_odK,ka_CWpump (7)
Netfan 3 L
PCTfan = eL,I Qair _CTfan (8)
1=0 L=0
Qrej = % (Tews = Tooi ) 9)
1+ Xz(mwj
ma

In which:
Pehiler:  the energy consumption of chillers, kWi,

Nchier:  the number of chillersin operation;
Qnom: the nominal capacity of chillers, kW,
COPpom: the nominal COP of chillers;

PLRuj: the part load regulating factor of chillers,

10



PICWInunp3 PCWpump=dK k =0K =0 nCrfan 3 L PCTfan = XXeL2QfrCTfifl L=0  Q(T CWS rel
20In which: P chiller: the energy consumption of chillers, kW; nChiller the number of chillers in
operation; Qnom: the nominal capacity of chillers, kW; COP.: the nominal COP of chillers; 25PLRad;j:

e e S e ST M g g fctorof e a0
KW; bo, 121, kg, 23, b b satelvaeredurairepliciingdecioicaoeffipiert of chillers;
Quhiler : the actual cold quantity of chillers, kW;
bo. b1, by + bz, by bs:  thetemperature regulating factor coefficient of chillers;
5 Tenws:  chilled water entering temperature, C;
Ppump:  the energy consumption of water pump, KW;
Hsw:  Static pressure (only for an open-type systems), mH,0;
k: parameter relating to a pipe characteristic curve;
Qu: water flow rate, kg/s;
10 np: water pump efficiency;
ne: transmission efficiency;
nm: €lectrical efficiency;
Pvep: the energy consumption of variable speed driver, KW;
Pchwpump:  the energy consumption of chilled water pump, kW;
15 Nchwpump:  the number of chilled water pump in operation;
cyj: coefficient of chilled water pump;
Qw _cHwpurp:  the flow rate of chilled water pump, kg/s;
Pcowpump:  the energy consumption of condenser water pump, kW;
dcx: coefficient of condenser water pump;
20 Quw_cwpurp:  flow rate of condenser water pump, kg/s;
Newpump:  the number of condenser water pump in operation;
Pcrian:  the energy consumption of cooling tower, KW;
Ncrran:  the number of cooling tower in operation;
e: coefficient of cooling tower;
25 Qair cTian:  air rate of cooling tower, kg/s;
Qig:  heat dissipating rate of cooling tower, kW,
My: condenser water flow rate, kg/s;
My: air flow rate, kg/s;

Tews:  condenser water entering temperature, C;

30 Twi:  air wet bulb temperature, C;
11



5TCHWS: chilled water entering temperature, C ; Ppump: the energy consumption of water pump, kW;
Hstw: static pressure (only for an open-type systems), mH20; k: parameter relating to a pipe
characteristic curve; Qw: water flow rate, kg/s; 10np: water pump efficiency; ne: transmission
efficiency; nm: electrical efficiency; PvFD: the energy consumption of variable speed driver, kW; P
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the ch e nﬁanu ac z teI[;nIIPers u I?ormula (8) is the energy efficiency model for the cooling
tower, in which the coefficient e, | is obtained by multiple nonlinear regression according to a
series of operating air flow rate and the corresponding energy consumption of the cooling tower

15 fan obtained by actual measurement, in combination with the corresponding samples from the
manufacturer of the cooling towers; Formula (9) is the relationship between the heat
dissipating rate of the cooling tower and the air flow rate of the cooling tower, the water flow
rate, the condenser water temperature, and the air wet bulb temperature, in which the
coefficients x;, X, X3 are obtained by multiple nonlinear regression, from the corresponding

20 relationship between the air flow rate of the cooling tower fan, the water flow rate, the
condenser water temperature and the heat exchange quantity of the cooling tower, according to
the conditions of a series of environmental air dry/wet bulb temperatures, in combination with
the corresponding samples from the manufacturer of the cooling tower.

25  After the virtual system is established using the above models, the operating status with the
best efficiency can then be found by global optimization algorithm. The input of the global
optimization algorithm includes: the real time cooling loads and the weather parameters. At the
same time, it should also be noted the settings of some limits. Firstly, each apparatus in the
chiller plant room has its maximum operating capacity and operating number. Secondly, each

30 one apparatus in the chiller plant room is connected in a specific manner with other apparatus
and they will affect each other in the operational process. For example, the chiller, the water
pump and the cooling tower must be operated simultaneously so as to achieve the cooling
process. In addition, the mass and energy balance is also a condition which shall be considered
in the global optimization algorithm; for example, in the operation process of the system, the

35 quantity of the condenser water flowing through the condenser water pump, the cooling tower
and the condenser shall be equal, and the heat dissipating capacity of the cooling tower shall
substantially equal to the sum of the cooling loads and the power of the chillers.

During performance of the optimization calculation, the algorithm shall monitor the real time
40 cooling loads and the weather parameters, which serve as the input conditions, with the
relevant conditions for limits mentioned above as the restrictions, and set the maximum of the
efficiency of whole chiller plant room as an objective function. Here, a high efficiency method is
adopted, according to the established virtual system model, to find the best combination of the
operating apparatus and the best combination of the apparatus settings. Upon the
45 determination of the best combinations, they are applied to the actual chiller plant room so as
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5 regulating factor in the energy efficiency model for the chillers, in which the parameters ao, al, a2,
bo, b1, b2, b3, b4, b5 are obtained by regression fitting according to the operating characteristics of
the chillers in combination with the data of the samples from the manufacturer; Formula (5), Formula

(6), and eAsmtdaké)teinersner gy=eificineomadeds fardhagrasenigenptityehich the coefficients cj,j,
dk, k are obtained by multiple nonlinear regression 10 according to a series of operating flow rate and
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appargiyieln it GRIHGH PIEE ITRG T 1RrAAR S BFh IR AtRPE HFRANSS JYiEb AL &I RPIRY Alte PPSViRRY Vil
affect ﬁ?e%g&eﬁﬁ o 0E-ABE" '%%ﬁr%%%%%ﬁ% %W&ﬁ%?i%'F%QﬁM?iEBPﬂBﬂFQ thegpolag

t%ver r@H‘%ve qpe ated simultaneously so as to achieve the cooling process. In addition, the mass
and er?ergy bglang "is also a condition which shall be considered in the global optimization algorithm;
for example, in the operation process g system, the 33 Atity of the condenser water flowing
through theDécﬁaﬂi@@é%?é?‘iﬁﬁ%%ie@jﬂqmﬁd{?g%?oﬁﬂﬁ%r shall be equal, and the heat
dissipating capacity of the cooling tower shall substantially equal to the sum of the cooling loads and

the power gigtfypchillesaBiiing BeifprngAce PLHDORIMDELIPR salcigiipidgs.aigorithm shall

monitor the real tithe 40 cooling loads and the weather parameters, which serve as the input
conditions, with the r&l&RPREGTINISH< 18P mAQAHEPRR e’ aBBve as the restrictions, and set the
maximum of the efficignog®f whole chiller plant room as an objective function. Here, a high efficiency
method is adopted, according to the established virtual system model, to find the best combination of
the operatirgyapga?ﬁﬂ?sxﬂ?ég@i%é goggﬂi{wtion of the apparatus settings. Upon the 45determination
of the best cotrbinaggns, a pli he actual chiller plant room so as to ensure the actual
chiller plant room operates in a high efficient status. The following is an example of a certain operation
condition irFIJ,Le Lnterﬁ@gi_ig(lﬁ BrOCERSD® karasxammeoalgycertan Lipgspoint, the actual operation
condition of a chiller plant room is: one set of chillers, one chilled water pump, one condenser water
pump, one cooling to@P2RBitf Hpertiom RIS IEAal capacity of chillers QflOfl is 7032kW, and the
nominal COPnom,10f7dh8lans is 5.1. The actual cooling outputs of e chimer Qis 4922kW, the supply
chilled water temperature is 7 C, and the supply condenser water temperature is 29 C, with the part
load 10 regﬁ@l@t:hng fafoPd H¥tilierd @Qﬁll]go #—‘O.ﬁ%@i, a1=0.75320, a3=0.10684 and the temperature
regulating factor of chille ®be1g48>=0.68874 >0 279 0043884, b2=0.0010723, b3=0.0014989,
b4=0.0004789, b5=-0 32‘98&5 The chilled water pump operates with variable frequency drivers, and
tfR flow rate of the chilled water is 235 kg/s. The condenser water pump operates with variable
frequency drivers, and the flow rate of the condenser water is 279 kg/s. The 15 coefficients of the
chilled watdrqunmpAdkWdes c0,1=38.001, ¢1,1=0.17599, c2,1=-0.00014970, ¢3,1=2.6998*107 ; the
coefficients of the condenser water pump includes ¢10,1=0.014346, d1,1=-0.00010675, d2,1=0.0,
U3,1=0 000 vENGpePatiBg taweartisr shealetspersrg0litG tienytioMoN iichcihie«gnking tevarisan
operates at the frequency of 50Hz, and the rated power of the cooling tower fan is 42kW. According to
the established mathematical models, it can be 20achieved that: TEMP ad., = 0.68874 - 0.0043184 x
7 +0.0010723 x 7 x 7 + 0.0014989 x 29 + 0.0004789 x 29 x 29 - 0.0010965 x 7 x 29 = 0.935 Pchai -
7032
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" 5.1x 0.715x 0.935= 921kW PcHwpwrip = 38.001 + 0.17599 x 235 - 0.0001497 x 235 x 235 + 2.6998
x10-7 x 235 x 235 x 235 = 74.6 kW PCWpump = 0.014346 - 0.00010675 x 279 + 0.0000015552 x 279
X 279 x 279 = 33 .8 kW CTfan = 42kW Under the above operation condition, the total energy
consumptiop, of the chilleral iI$o plant = 921+ 7 4.6 + 33.8 + 42 =1071.4kW After the total
energy con G*P‘Hﬁﬁﬂ@@b?tg%ﬁt%%é[r%g{%$§o%%aunder such operation condition is obtained, the
optimization control algar@Fmaiilcalculate by the same method the total energy 5 consumption of the
chiller plant room in which various apparatus operates in different operation conditions under the
conditions of the real time cooling loads and the weather parameters, to determine the best operation

conditfheiHAEI SO TR FRRFIHh ERTHTERE gy PESRE RIS P B Hh ECOR P BRINT YO0 AP AR i RRAIHP M 2l
the opRPERIBR COMERMEN FdI MNerPIHECH @I B PTERINH CaHMIRTR Ry 4b6ie9EE SiethactHedrfetnetdy
epergyamuimpidaealizbd.chilighplaboreoanibadime iviarmres@rparsédsto rsiplsis ithdifiess s hoparatidon,
which shalithetariberithéatwonitioribepthsarbinierntiovolirtte | skitle d ek tseny da ther fi dacactac)) ieve
a variefytefaliesnaiévBeat ippeieN R teehaiEahs RhEtORS PNWRtchasie edthecabaye eiselostiaonibotie
deviatingthe it arHhe O RGRR SRS ATINE deramdnustiens NsalaHEs Of theRressiiation
Lomvepah L aEhaie doaatdn el die AlALYRG Iived 1ecrnical soluione i
ggeordance with the essence an | the scope of the present invention. _C aims 1. An energy-saving
optimized control system for a chiller plant room, which comprises an industrial control computer (1), a
programmaBRY B GRACITSNtE PEEUBY LErinhRseRlfth TRERERSS M JaYFE o) MGl sl i P& the
tempefBlifRIgBRSSr [BY, BFEeRAGIBY eakpRrdilteskHIdSRATRIBHRY S ERSII]E) canhpebipyRiSe \atiRly Of
poweraitansatitter ¢7) jmpliffeedntietprasduselseinssr ¢8), thevdtesipuehpthariabiyy s pdied osiver (@)haut
coolingdoiatintatheamaibteaspend drotec(itD) seopetifrihedvaden aind @rtiof .altealtritid phre gndlesat
(1=); Wﬁ\%ﬁtﬁbﬁ%f&%a%@@rrﬂaegﬂl%éﬁfﬁnﬁtmu@aﬂﬁﬂﬁ@é(@ndﬁﬁ\@l&ﬂqm ﬁﬂiﬂ@@@@tﬁﬁi@@ldsbu_m&liw
sensof, 1R dQa e diesr RRe R a5HMe HVEIdIAIHBILEHE)p IS WRIRY PAtRRA Variable speed driver (9)

and the cooling tower fan variable speed driver (10) respectively connect with the programmable
controller (2), the programmable controller (2) communicates with the industrial control computer (1)
via the industrial Ethernet, 15the RS485 communication interface module (3) connects with the chillers
and communicates with the industrial control computer (1) via the ModBus protocol;
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the temperature sensor (5) is used to respectively monitor the chilled water supply/return water
temperatures and condenser water supply/return temperatures, the outdoor temperature and
humidity sensor (6) is used to monitor the dry bulb temperature 20and the relative humidity of the
outdoor air, the flow sensor (4) is used to monitor the water flow rate during the operation of the water
pump, the three-phase active power transmitter D& to monitor the operation energy

consumpRan gt P%‘?{ %%%‘r?{ - SPEWRLE] QHHtPot”‘%g/ S q P'E%RWEF fénth?oglﬂerﬁﬂ %\ RiSmpt {"e§e@3°r

8 5
S i N T A R Gl S

sensoltFTREA ﬂ?ﬂ@“!ﬁn(ﬁt)m@ d%l‘ds’iﬁ%?%?ﬁéu?e?e(’f)"%rﬁ%’& ﬁ?%é ﬁ’?e ARQUAREREBEE tﬁ‘ére and
oéerat"owa'ldé%ﬁ%ﬁﬁsttﬁbt@ﬁ@r%P@Wﬁ@@n‘é@g@@@&ﬁ@'@)’iﬂ”‘t‘ﬁ'i?é@do@tﬂjf@]@@r'ﬁ'f@F%%‘I‘fﬁeﬁﬂa‘Pﬁ
room &8goedrfes plainp Vawhbleisperd duitdaofbraperaling tamehfenidieyisbesep¢eylidrivevited) naar
an air mbake e natgead idecayitddacte@abng toyvenddidbie i &gter supply/return main pipes are
respegiivehgiprovided with the temperature sensors (5); the condenser water supply/return 35 main

pipes ate fowsettgsty atotﬁteem@ét@a Fe@a%aw SeNS e (@S heeriiadinleRRi Al yete R gpain
Aipes ﬁﬁ‘é%["& Sé@%@ﬁ ‘?ﬁv&é’!# eﬂﬁt o ”%ﬁéW%E%FE v%FEeétérP‘Q E‘qu‘?fl?%f@r 1?
e Ser

moun W|thI nsor t|a gsure se sor tween t

water uepﬁﬁlo Hen pipe a t’ﬁ'e ﬁed) errr'e urgt e%ogg e evapo R BB

inlet of WAERIGH and the water supply pipe and the 40 water return pipe of each cooling tower are
respeéh@e‘?ﬂ?%@fﬂf@é BARtRORE PHBEd 2 VIV ERIGS O R BB HSTIa) CaRH dimuniierd 1 adn the
chilledvaigtiriplrihesaeh condenser water pump and each cooling tower are respectively mounted
wih thea¢hrSa-phasenactivepioveirttarfandttanfi)e @)Tdunroergyritavihg optilerz ech daninohaysieatetor
a chillgyifpanlerarinstasP edng 60 cdalpuleMIOroia, the [MatiBasprseskbly the programmable controller
(2) coppisgs daeAata seteeeqnv@%t@avt%epé%é&)vw tﬁmﬂ%attﬂe SRNRY (PedhesQpIipReturn

tempemaattglet% Lﬁl§¥ ﬁrg]s&g n eWgegr% gter (7) and the differential
press F]e sen %ﬂ mma LI%% 5 sen above tg othe mEiustrlaI
contro coﬁtpuf)e a{)ndat Lt'ar‘lan%lr&strllain t’rcﬁ nosl%r s vesTha aBoveed%ta ne b %

grdefMhheds Vﬁti&%ﬁ'tﬁ HeSHErRR Eatfnﬁﬁ‘%ﬂﬁt%&%'&Ge&ﬁﬁblss%?é'rﬁofm%t?ﬂr |H“rep‘r\éﬁ-FFFcftRW
accordiﬁ& @reiamhihe apermiiorial fhe RBUSPESMMuUNication interface module (3) performs the data
acquidinentbf ekepb@zemeattiecfroontie tralersittiefuding st lesed tiie ahitleitionatbe enpsriatidisagime gy
tempecatwas pitiencohtlenshil iwatet rentesirg/ Ravip g teinperatoties therepndensing temperature, the
condefringifreeenti, H?@s%!@@%éﬂ@@rtqguo%a@s&lam therenapeatipepEass Udef SnBaUBtCakRS AVith
the industriak q;_gntrol computer (1) using a ModBus protocol and transfers 15the data information of the

Ch'”erﬁné‘ﬁq %ﬂ*?n’i'%%rﬁ %Ht?o%‘?' 29fatHfH‘The5R§Q @ESF%%%‘@Q%&PWF%@ ‘Fﬂ%‘é@ulﬁygﬁrj@rfa%?e)d

chlllertp roc n]:ac%%ratn)%to c a]lgns 10 erein, the industrial contro puter (1
proces esthé a a ao&uwe anetma)bfe ﬁ?roﬂere(Z) and the RS485 commupnication

interfatRhiBAUR LS &ctﬁ‘é?tls%'té gd%ﬁ@ﬁ%@s%%‘f?e@? EEtR ARPRSH Sk A ARAMRRPISAPFEIM

as an ¥i5jéett@MEnction, to determines the optimized energy-saving operation condition of each
&0paratus in the chiller plant room at the next moment, and transfers the results to the programmable
controlleim() anerte RB4gSoptmrizedicatmintgstace fodutd(Br 25 tTiwe enecgyradvintpopéimized
controsystan) farea siidebplesrhinaat @eceiising denadaipn Senyberan, ithe rrodeaimnable sost qHesKa)
and theBSAB5 SOTHBUBIGRIIS IMSSTRee Paade (R) ranatas tuee?t'@ué%ﬂ/%@ttowndmeestogre
adustele S AOESAAA A AP SRS 0 MAKS hoapraval % e g 9}'.@{6?5'

eratlon con ditl r‘hvee 5 0g oaqlmlzeé contr megor |I t room
R ich 811685 A8 1SRRI SRV ;

ich"CSMJrI8&R ) wing ste step eSt n}Png ema a modes accordln
series®t %Hratlgwép pipes are mounted with the flow sensor (4); the condenser water supp y or

return main pipes are mounted with the flow sensor (4); the differential pressure sensor (8) is
mounted between the chilled water supply main pipe and the chilled water return main pipe;
the evaporator inlet and the condenser inlet of each chillers, and the water supply pipe and the
40 water return pipe of each cooling tower are respectively mounted with the motorized valve and
on/off actuators (11); and each chillers, each chilled water pump, each condenser water pump
and each cooling tower are respectively mounted with the three-phase active power transmitter

(7).
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parameters from actual measurement of each apparatus in the chiller plant room, combining the
default factory operational parameters of each apparatus, establish the mathematical 35model for the
operational parameters and the energy consumption of each apparatus, and establish a calibration

progragn ek éhensrgie JHRGS8 paRtl &l organidnattia realding katpiaitleashpbtibrHhegoasaneiers, of
the ChWHQr\ééﬂteJh%'HSEWQGSQNQQ 59%@8&%%me%%wre\w%rc%m%m@é%ﬁwagttaemfﬁ%%
the cogdensinI dRope: tU{ﬁetD??nﬁ)Oé}ar%ﬂ%'}%r%Srs trﬁ'&t%f\/&‘@@! %' %Bféas}%ehm i ég}ensor

evap the ¢ obtain b temperature,
lSag o g

ssure
outdoup le M TR r R e cﬁu%awvsat%r?nsm' Ak ST ILE PR
the coltEhtRs W&%%UHEP‘%H%&SF& l?rre(%l)ué H?%énbﬁké&eﬁlar'@nr%%ﬁﬂgﬁﬁﬂ%' SABLERIFRRHEST
flow rdtb), tieoFerR noeiRlAter ﬂ@ﬂﬁfﬁlecﬂﬁ@%@\?et(bi tRAVESIIERS, BROpeVRaf fiechifleBNRatitbump,
the powerefatmiveddémseinieata pump and the power of 45the cooling tower, and save the data one
by one with a predetermined time interval; third step, calibrating the mathematical models: according
to the 4eattnenepgyaiipnrintp asededitrile pecondsiep cralb s sinlibsaton afoaimy to RRITOID,
the reqlfispa caliniationgnlipg R dhr seRthamatisabmasialregialishadds the H%%%Buf%(éh ethe
perfor[ﬂ r%“FFH Q&%\Féijé HODL B Ogmeaa@tomer?_lﬁm (ayaq'&%%t@ﬁ aﬁﬁk F‘é‘ﬁu%s

minim e ener tion aratus aln est

con |
condltloﬁfor e 8H§aeprpé’\r'§1fﬁs m% ﬁer pl'aﬁt ro enﬂPerﬁt&Jr ?for a SOR e?gregastBP&gt%heilegsﬂgt
the sa?ﬁ@‘iﬁﬂé‘ﬂﬁheﬂrﬁ?é‘{ﬂ’ﬁl|ert|§eab%YﬁF?8r1%{é'é9a %@Hﬁé?%trfge Adtetion QYERSEENRe R$iDYiBed
for theCBANMBH iFPARR AYiER the ABiflvstingtRens pelraeBIP eERdito i pvia ol PrBeRiRF R efl anel dFnalfsh
déndittbe pehat infstaresicon the terneistatuentiosaxesntteraliy Afteraragepofetinivd-surge is eliminated; fifth
step, performing a feedback: transfer the best operation conditions obtained in the fourth step to each
appargtushgodhaisashvanp afins il epeiiliesyseen the bestpnesaiian-condiieorsmihed s wheler
chiller plapisream W'Uvﬂ@?éﬂ{et‘HHhﬁHGs‘tTHQ|fE!HHEr%P€69b(pQR@§ %be%%%@ ﬁﬁ%pdé?&)%éélﬂﬁéﬁeo‘;htfﬁe
the foﬁf)ﬁ%‘ té‘ﬁ% el %N}@P‘{t %Wé’ﬁ’i%fﬂ’s‘.ﬂ%% ‘SH}ﬁr{ﬂSﬁ X \u’réﬁ‘ﬁ‘% RESH%JS 5

d
control m orach om a e|n t e maé1 ica

rdi
f|2rst sttehp ineluge t‘ﬁeeé%r 5 sgnsB |or1[ 8nctr?118dw%%Fc(fufllers Fﬁf? 38nsum%1hoﬁ“ﬁ?odjer]‘%o? chsiféd
water PEAPMAES H&&E&B‘h@ﬁﬁm&f‘&ﬁ%é&éﬂ?@r %BW&&%EFMEP&JP%YGQH B ARPBIRIHY ‘BoturiBliBh
modelP{GNESERAY 3RS, ReXd PIRMRRbMAatcHPMTEISt Bfer 88HEAdR S RCHARIATG 2D IE790R e tarer2
copnodnBtRad$4BEMPaLinication interface module (3).

25 6. The energy-saving optimized control system for a chiller plant room according to claim 5,
wherein, the programmable controller (2) and the RS485 communication interface module (3)
transfer the optimized operation condition to the adjusters of the corresponding apparatus, so
as to make the apparatus operate under the optimized operation condition.

30 7. An energy-saving optimized controlling method for the chiller plant room, which comprises
the following steps:
first step, establishing the mathematical models: according to a series of operational
parameters from actual measurement of each apparatus in the chiller plant room, combining
the default factory operational parameters of each apparatus, establish the mathematical
35 model for the operational parameters and the energy consumption of each apparatus, and
establish a calibration program at the same time;
second step, acquiring the real time data: at least obtain the parameters of the chilled water
entering/leaving temperatures, the condenser water entering/leaving temperatures, the
condensing temperature, the condensing pressure, the evaporating temperature, the
40 evaporating pressure of the chillers, and obtain as well as the outdoor dry bulb temperature, the
outdoor relative humidity, the chilled water supply temperature, the chilled water return
temperature, the condenser water supply temperature, the condenser water retrun
temperature, the chilled water flow rate, the condenser water flow rate, the power of the chillers,
the power of the chilled water pump, the power of the condenser water pump and the power of
45 the cooling tower, and save the data one by one with a predetermined time interval;
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TEMPd] =+b+b+b b +bT2 T2T4Tcws+125TcHws T cws a0l CHWS2 CHWS3 CWS _kQv3 +H " Qiv
PVED Pump 17,7clin n CllIVpump3 PCHWpump =J, .7Q vjv _CH1Vpump j=0 J=0 n CIVpump3
PCWpump =d K ,k Q _CWpump k =0 K =0 ncrfan 3 P=e (IL CTfanEX L,1V,air _CTfan L) (TCWS Twb
1) N\ r3dirt X éB,VdaRbrb tihtherrbavafruntitistaprebd ddichataeralagritbrier i eptmigptritiealadesing
is: IN(R&aBdrEd iR dhe second step, call the calibration program to perform the real time calibration
online to the mathematical models established in the first step;
fourth step, performing an optimization calculation: perform an optimization calculation with
5 the objective of minimizing the sum of the energy consumption model of each apparatus, obtain
the best operation condition for each apparatus in the chiller plant room, and perform a surge
forecast for the chillers at the same time; when the chiller is about to face a potential surge,
protection against surge is provided for the chillers in advance by adjusting the operation
condition point of the chillers and the operation condition point restores to the former status
10 automatically after the potential surge is eliminated;
fifth step, performing a feedback: transfer the best operation conditions obtained in the fourth
step to each apparatus so that each apparatus will operate under the best operation condition,
so that the whole chiller plant room will operate with the minimum energy consumption;
sixth step, repeating the third, the fourth and the fifth step with a predetermined time interval.
15
8. The energy-saving optimized control method for a chiller plant room according to claim 7,
wherein, the mathematical models in the first step include the energy consumption model for
chillers, the energy consumption model for chilled water pump, the energy consumption model
for condenser water pump and the energy consumption model for cooling tower, said
20 mathematical models are as follows:

B Ncpiller Qnom,i
Piter = 2. cop, [(PLR; TEMPR;
2
_ Qc iller Qc iller
P TR ai[ o ) 0
TEM B:ldj = bO + b.I.TCHVVS + b2TC2HWS + b3TCVVS + b4TC2WS + bSTCHWS |:rCWS
kQ,’+H
pump = QW SLWQW + FQ/FD
N1
Nerwpurp 3 5
25 PCHWpump = Z CJ,jQW _ CHWpump
j=0 J=0
r.|(3\/\/purru 3 K
PCWpump = Z dK,kQW_C\Npump
k=0 K=0
Nettan 3 L
Pettan = eiJ(gmr_Cﬂm1
1=0 L=0

Qs :"“‘jgdjlﬂ“‘;;(Tbms )

3

in the above fourth step of which, the algorithm for the optimization calculating is:
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Philter_= M plantchillerCHWpumpCWpumpCryan in which: P chiller the energy consumption of
chillers, kwW; HChiller: the number of chillers in operation; 5Qnom: the nominal capacity of chillers, kW;
COPthe nominal COP of chillers; PLRadj: the part load regulating factor of chillers; TEMP adj: the
temperature requlating fgi{)ﬁr chillej§; ao, al, ag: the part load regulating factor coefficient of
chillers; 10QcHTHer: the 2013 ot Glantingof Ehitters Kb, b1, bz , b3 k b5:the temperature
regulaﬁn&ﬁ%pr coefficient of chillers; TCHWS: chilled water entering temperature, C ; P pump: the
energy consumption of water pump, kW; | 1 st w:static pressure (only for open-type systems), mH20;
15k: parametePaekatindeSREfIY CORMMBHENSAt RUNES, ®W; water flow rate, kg/s; np: water pump
efficiency; nc:rt]ra_nsmiﬁzs\?i\%n egici&?c ilﬂérm:iﬁlgcggl%lne_fficiency; 20PVvFD: the energy consumption of
variable speed GHer, KA/ P CRWIpithip? he eRergy consumption of chilled water pump, KW:
HsHwpump: thg numhehefrrhiledpaatorapemndrs apgration; c41: coefficient of chilled water pump;
Qw_CHWpianp: the flow rate of chilled water pump, kg/s; 25P CWpitnip: the energy consumption of
condenser wafe®Burmp tR&Notbral dgeffiieehi Besondenser water pump; Qw_CWpurnp: flow rate of

condenser wager pump, ka/s; novpump: the number gf.condenser water pump in operation; P CTfan:
the energy co "tigheo%a&gq %ﬁs@%ﬁﬁ% of chifiers:

TEMP,q: the temperature regulating factor of chillers;

ap. a1, a: thepart load regulating factor coefficient of chillers;
10 Qchiler : the actual cold quantity of chillers, kW;
bo. by, by + bz, by bs:  thetemperature regulating factor coefficient of chillers;
Tchws: chilled water entering temperature, C;
Poump:  the energy consumption of water pump, kWi,
Hgw:  Static pressure (only for open-type systems), mH,0;
15 k: parameter relating to a pipe characteristic curve;
Qu: water flow rate, kg/s;
np: water pump efficiency;
ne: transmission efficiency;
nm: €lectrical efficiency;
20 Pvrep: the energy consumption of variable speed driver, kW,
Pchwpump:  the energy consumption of chilled water pump, kW,
Nchwpump:  the number of chilled water pump in operation;
cyj: coefficient of chilled water pump;
Quw_cHwpump:  the flow rate of chilled water pump, kg/s;
25 Pcwpump:  the energy consumption of condenser water pump, kW;
dcx: coefficient of condenser water pump;
Qw cwpurp:  flow rate of condenser water pump, kg/s,
Newpump:  the number of condenser water pump in operation;
Pcrian:  the energy consumption of cooling tower, KW;

30 Ncrian:  the number of cooling tower in operation;
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30TICTfan: the number of cooling tower in operation; coefficient of cooling tower; Qair_CTfan: air
rate of cooling tower, kg/s; Qrej:heat dissipating rate of cooling tower, kW; mw:condenser water flow
rate, kg/s; 5Ma:air flow rate, kg/s; Tcws:condenser water entering temperature, C ; Twb,i:air wet bulb

temperature,t, 9. T -saving: 'SUiEFd control method for a chiller plant room according to
claim 7 or 108,V 'here?:r??&;rﬂg rr%ﬁq?rﬁégry{ﬁgg Interfval for acquiring the real time data in the second step

is set to 2 mingigseQ- Thie enetdysaimgdmiriitkgas control method for a chiller plant room according
to claim 7 or 8, wherein, in the sixth step, the minimal value of the time interval for repeating is 10
minutes. Qig:  heat dissipating rate of cooling tower, KW,
My: condenser water flow rate, kg/s,
5 My: air flow rate, kg/s,

Tews:  condenser water entering temperature, C;

Tubi:  air wet bulb temperature, C.

9. The energy-saving optimized control method for a chiller plant room according to claim 7 or
10 8, wherein, the minimum time interval for acquiring the real time data in the second step is set
to 2 minutes.

10. The energy-saving optimized control method for a chiller plant room according to claim 7 or
8, wherein, in the sixth step, the minimal value of the time interval for repeating is 10 minutes.
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