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SYSTEM OF ENERGY-EFFICIENT AND CONSTANT-PRESSURE
PARALLEL-COUPLED FLUID-TRANSPORT MACHINES 5
BACKGROUND OF THE INVENTION Field of the Invention 10 The
present invention relates to a parallel-coupled fluid-transport machinery,

articularl toalsﬁ/stem of energy-efficient and constant-pressure

S aﬁ%ﬁEMOﬁﬁeﬁ R Y EF iﬁ@%h@%&@' RHRISURE
Art_For recent years, Qwing.to the advance of technoloagy, the industri
ST R VD DG RRPORE MACHIIS,
mass-produce those precise, delicate and miniature products in 20 low
cost, the current high-tech factories grow in scale continuously, and the

quality requirements thereof also become more and more strict, which is
a challenge for the building companies of the high-tech factory and the

facility engineer. E‘Wﬁﬂﬁ'ﬂ\} ﬁ f?r w hich also
drives the relate%}%ersonne 0 zgg oulﬁs yﬁegs]mé%ﬁ |olnw'ls or develop 25

new technologies to fulfill the requirements. In the current high-tech
factories, it is a basic requirement for i fluid-transport machinery to supply
the gas and water of sufficient flow rate and stable pressure to every unit
requiring them. When the factory is of smaller scale, merely a single
Fi%T{Péﬁﬂ%pﬂ{{lgfﬁ%‘H‘e is enough to supply the required flow rate. When
only a single machine is used, the 5 pressure stability can be easily and
simply controlled according the operational manual provided by the
manufacturer. However, in the current high-tech factories, the scale of the

factoryrigeepleraad iavtindoHS¥1ARY toedabiicatandrasRARsialiansport

become more and more
machinery, particularly to a system of energy-efficient and

constant-pressure parallel-coupled fluid-transport machines.

Description of the Related Art

For recent years, owing to the advance of technology, the
industrial products are growing precise, delicate and miniature more and
more. To mass-produce those precise, delicate and miniature products in
low cost, the current high-tech factories grow in scale continuously, and
the quality requirements thereof also become more and more strict, which
is a challenge for the building companies of the high-tech factory and the
facility engineers who maintain the high-tech factory, and which also
drives the related personnel to zealously research solutions or develop
new technologies to fulfill the requirements.

In the current high-tech factories, it is a basic requirement for
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flexible, in order to reduce the fabrication cost and to achieve the product
10 diversification, and therefore, a single-machine fluid-transport system
can no more meet the requirement. In order to supply the gas and water
of sufficient flow rate and stable pressure to every unit requiring them and
to _shift the pressure and flow rate of %?és and water as soon as possible

flaick trapsR ikt MG HRRDU IR IRRI BB e%RS WRENHRERSH calbicient flow
B A A A R e N i SR
o SR A RRY s o ARG G RO U O
s ARG A S0t S SroVR SO DR RB e e for the

the system of,.parallel-coupled transpqrt-fluid transport maghines. Thus
v koo vclgc i G e s el i s

oY ASRATOIIA SHPSTRNSE ASpUmUaled i PIEKIIA OPEIBIRL TN (he

operational standard assume a way Is not only multitudinous an

c&?e?ﬁmﬂir%%ﬁg%t ?é?‘?dl’?é@erﬁ{%a'y éhe&et{ﬁﬂ'yf}%ﬂg@iﬁ‘?gj enlageed

experime erefore, It is hard to determine whether assume

c&ﬁﬁ’iﬁ%%%iw i ‘fg?ﬁ&gﬂ?ﬂﬁ ﬂ%c%&ﬂir@sd éﬁ%“ﬂéﬁéﬁ%rﬁ%‘i‘gyaﬁ&‘ more

system of tiple parallel-couple -transport machines consumes

fIERMRIETARIBRIUPYe RRIETRE FRAHICHDINE GRNBMIRS LIREDE RS Hoduct

can benefit the fabrication cost very much. However, the objective o

diSRY UG Ca iR O AR TB i 2N 28 H M HIR IS T PRRIRAASFO FAYARFh can

which is assumed from individual experience. When the user purchases a

néeRbie Ay dhcanapoRenRAINEn SHdBRSARIFPPy AWIOBE, MicdBRwater of
exhaust fan, the manufacturer will
sufficient flow rate and stable pressure to every unit requiring them and to
shift the pressure and flow rate of gas and water as soon as possible and
meet the new procedure’s requirements when the fabrication procedures
are changed, a system of multiple parallel-coupled fluid-transport
machines is needed in the current high-tech factories. The operation of
parallel-coupled fluid-transport machines is more complicated and crucial
than that of a single fluid-transport machine, and just an imprudent
operation may damage the machines. However, even the manufacturer
cannot provide a standard operational procedure for the system of
parallel-coupled transport-fluid transport machines. Thus, the
factory-building companies and the facility-maintaining personnel can
only depend on the experience accumulated in practical operation. The
operational standard assumed in such a way is not only multitudinous and

complicated but also neither analyzed theoretically nor verified

experimentally. Therefore, it is hard to determine whether the assumed
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provide the user with operational data, such as the performance curves 10
shown in Fig.l. In Fig.1, the horizontal and vertical axes respectively
represent flow rate and pressure. The performance curve of maximum
usable rotation speed begins from the vertical axis and ends in some point
of the diaigram, which represents the critical usable point. The area

opsEationat tiangidisan AHEGE R ARER LR/ S &F WhHXirADM [RRIGE 5T he
rotation pee? isa regioqhtzljgsuitable to use. According the Affinity Law of

Syitamtr s B iRlen PR Rk cerplsits Y uii RsBoBE RAiseh Spusymes
CRUBNEFSBateH e o PR AR e G ot Can
ol ARG SCL S A AT s e A e
BRELR R I O QELIRL S
asnibg P%Iﬁrma?\gledﬁ%ivee%%é%% rotation speeds lower than the

maximum usable speed ca (fained, as the dashed curves shown in

Fig.l W‘ﬂ%ﬂh@% Eg&?l@ﬁr?&%‘éé CHr‘é%%ﬁ’i‘ﬂle%QF ?@g{%ﬁ%’%&‘ﬂr‘fﬁ%ﬁ{ﬁle,

also plotte e are not many patents a e system o

S@Hltgealﬁlﬂgﬁ”%{_o&m f'BW'H&”?RHQJE‘@C%WG%EOH%‘HQE{BFEr will

The Taiwa ent N0.506683 "Parallel-coupled Electrical Fans'

prdvRiRSeRe ARSIt TOPLINRIE RA A RaCAURIRIR I RHE G S RS e hir ve s
multiple electrical
shown in Fig.1. In Fig.1, the horizontal and vertical axes respectively
represent flow rate and pressure. The performance curve of maximum
usable rotation speed begins from the vertical axis and ends in some point
of the diagram, which represents the critical usable point. The area
located at the right side of the performance curve of maximum usable
rotation speed is a region unsuitable to use. According the Affinity Law of

fluid-transport machines, the relationships with respect to rotation speed

(N), flow rate (Q), pressure (P), and power (HP) are shown below.

Based on the data of the performance curve of maximum usable

rotation speed, and via theoretical analysis and calculation, the following
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fans are installed in parallel to a one-piece frame; however, it does not
mention how to control the parallel-coupled electrical fans at all. As to the
15 method of controlling the fluid-transport machine, the Taiwan Patent
N0.1225908 "Method of Controlling a Pump System" discloses: a method
of utilizing automatic control and operational parameters of a centrifugal

eHITIPAQ RESHR Uik avlauliet; hwswes, tMp RatntisLemingstiltiia/) and
control of a single centrifugal pump, wherein pump rotation speed, water
20 temperature, pressures at the inlet and outlet of the pump, and the

relHgg RIGhferends ietedleuedied @) ndmedigmedcompared with

the pre-stored data, and then, the pump is adjusted according to the

compapigqr]gshllc'ﬂveptgwan-@)ent N0.M253699 "Devices of
Controlling a Pump System" discloses: a variety of devices of controlling
a single centrifugal pump, which is similar to the previous patent. As
shownfirrthed dﬁm&fﬂ%‘a‘bo@entioned pre-stored data is not deduced
from the theories but acquired via arranging the data gathered from

practicv:ppgiativnas XWhand edodirdpenfagamincthauihe stateehef fofation
pump, which are to be the basis of control, can be easily and rapidly
speieidénéolvieowhuer, termargiwmcansttdins pocslician vetobdaonreljsdhathe
it cannot apply to the system of multiple parallel-coupled machines but
dasdre d ntyp ey shoansingle Fgchirlen ttieenthibeistheatted¢foormolrangwés and
limited by the pre-stored data. About energy efficiency, whether energy
the@qanlbpeaced wrensbyris Anapkovad ikdagrdingly, via theoretical
analysis and experimental verification, the present invention proposes a
systerd b¢eneagg-effiiennany quiistaist-prbssitretharasigstesaplei multiple
fluid-transport machines and the operational method thereof, which not
pasakedaepagird ddstemsnatpimachines proposed before. The Taiwan

Patent No.506683 “‘Parallel-coupled Electrical Fans™ discloses: a system
of multiple parallel-coupled electrical fans, wherein multiple electrical
fans are installed in parallel to a one-piece frame; however, it does not
mention how to control the parallel-coupled electrical fans at all. As to the
method of controlling the fluid-transport machine, the Taiwan Patent
No0.1225908 “Method of Controlling a Pump System” discloses: a method
of utilizing automatic control and operational parameters of a centrifugal
pump to pump fluid to an outlet; however, this patent is confined to the
control of a single centrifugal pump, wherein pump rotation speed, water
temperature, pressures at the inlet and outlet of the pump, and the
pressure difference thereof detected by the sensors are compared with the
pre-stored data, and then, the pump is adjusted according to the
comparing result. The Taiwan Patent No.M253699 “Devices of

Controlling a Pump System” discloses: a variety of devices of controlling
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15 and energy-efficient operation of the system of multiple
parallel-coupled fluid-transport machines but also can unify and simplify
the operational standard thereof, and the building cost thereof can also
be lowered. 20 Summary of the invention Sequentially via the following
theoretical analysis, equation deduction, and embodiment discussion, the

a §jugls eeBHatEgARYERPandhichsttiBrHas iR fhfaRIRYaRPRedatent. As

fluid-transpart machines of the present 25 invention wil] be described in
SHORY e 1 Fﬁf‘eé}hqwsq%%tlamp&s@éﬁ@%ﬁi ﬁsfp%%a?ﬂvced

th dy of th t f multiple 5 llel-coupled flujd-t t
oo e L e A 50ioH bt “FE AT Halb idogd HpiRg from
tem is to be.calculated firstly. The pipi t h in,Fig.2 is t
PIBEk SRAAT Rt PN APAG oY  Lyrel o R e @
PR RS R Lo R L ST Thbe <oy SRahiiany

f including: fluid inlets, flui tlef: .
o BB R R I iy 9
. : ¢ i ’ h :
S SRR I AR DRSS b
cdl r8ﬂlf§7 ‘Jﬁifg?ftafﬁ at SRChRAidnede A Ry raetiomRU dfrol range is
assumpti irection uSed In the calculation by programs. In the systenf,

litfiReRiy§ %@%ﬁ@%ﬁé@ddétmeﬂﬁﬁﬂa@l@gg BAGLRIRS SaFIRI eIy

the subscript n denotes the serial number of the pipe section. As there

cAHO dn/BIPEIREEIINR HeimRRBWAE unknown values Ql, Q2, ------- Qo,

which need nine independent linear equations to solve. According to the

gg;‘;ﬁﬁ(ﬁggfﬂﬁfﬁ}ﬁ Jeyvirisratita pedepsiha k@ RUPHREHAIONS PRSI RN,
the present invention proposes a system of energy-efficient and
constant-pressure parallel-coupled fluid-transport machines and the
operational method thereof, which not only can achieve the secure, rapid,
and energy-efficient operation of the system of multiple parallel-coupled

fluid-transport machines but also can unify and simplify the operational

standard thereof, and the building cost thereof can also be lowered.

Summary of the invention

Sequentially via the following theoretical analysis, equation
deduction, and embodiment discussion, the system of energy-efficient and
constant-pressure parallel-coupled fluid-transport machines of the present
invention will be described in detail below. The flow rate in the load

piping system is very important in the study of the system of multiple
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for example, at node 3, the flow rate in pipe section 3 is equal to the sum
of the flow rates in pipe sections 1 and 2, and it can be mathematically 20
expressed as equation (4): Q1+Q2-Q3 =0 (4) Similarly, at nodes 4, 7, 8,
there are also three flow-rate-conservation equations (5), (6), (7):

Q3+Q4-Q5=0 (5) 25 Q5+Q6-Q7=0 (6) 6 Q7-Q8-Q9=0 (7) As the
8#@‘3?9% fibnd ke BsRaTh oG ﬂl&%o%é%rq fores theg digigiyfion of

is no flow-rate-conversation equation to imp nt solving flow
thra(fi%“fsrmlatﬁlé? f%deam%ﬁ%m& %ﬁwfféf ilsu.red
from the conservation of energy. For exam pe sectlo has node 3
v g b A el o S et e
from E?de 3 tonode 4,itm (?ﬁg that the tota pr ssure at node 3

10 that®At nBlfe 413HE 1oRAPREss 1008515 g A argnultiple
e L e R A T e o B g

8t
structure ere ISa 10SS O al pressure W romn

R TIR & IR R IRRS IO Y AR A w10

al pressure OSS In“pipe SEC

O T S
C(ﬁff‘l'l‘fi‘é'ﬁ@e(@omts, i.e. the ends of all the pipe sections). Nodes 1, 2, 5, 6
are the inlets of branch pipes, and nodes 9, 10 are the total outlets. Pipe
sections 8, 9 respectively have fluid-transport machines, and the arrows
thereof are not necessarily the real flow direction but the assumptive
direction used in the calculation by programs. In the system, the value to
be calculated is the flow rate Q, in each pipe section, wherein the
subscript n denotes the serial number of the pipe section. As there are 9
pipe sections, there are nine unknown values Q, Q,, ------- Qo, which need
nine independent linear equations to solve. According to the conservation
of the flow rate at the nodes, the continuity equations can be established;
for example, at node 3, the flow rate in pipe section 3 is equal to the sum

of the flow rates in pipe sections 1 and 2, and it can be mathematically

expressed as equation (4):
0+0,-0,=0 4)

Similarly, at nodes 4, 7, 8, there are also three flow-rate-conservation

equations (5), (6), (7):

0, +0,-0;=0 &)

Q5+Q6_Q7=0 (6)
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can be written as: K3Q3 = P P4 (9) As each pipe section has its own
structure and devices, each pipe section 20 has different total pressure
loss coefficient K., wherein the subscript is used to denote the serial
number of the pipe section. The left portion of equation (9) has an

unknown Q3, and the right portion has two unknowns P and P4; thus,
increaging Ope Ggudlion is at the cost of adding two redundant unknowng7)
The total pressures of all the inlets and outlets (i.e. nodes 1, 2, 5, 6, 9 and

ALQhEAHRSSNAPRIEA TR/ PR B IS SRS INto she 1gady - apd

piping from node 1 and flows through pipe sections 1, 3,5, 7 and’9 and

10NeReRitS HOMMBRALatE. QGePEHiag BhiBE RItIGIPIS ApIRASEAY solvmg flow

conservation, which has been used in equatlon (8), 4P=P,-P10 (10)
raydierein 4P is the sum of the total pressure loss in every pipe section and
the total pressure change caused by the fluid-transport machine. Thus,

4P=4 Whép&h@?sﬁ%’.égﬂﬁtﬂﬂm @A kd0eraiovtRags thateal acguired

pressure change induced by the fluid-transport machine when the flui

friawshidravigdepipeisacidrefeand Moy txdaghlayithipPsgwibheddigsusseld 3
later. Substitute the expression of OP in equation (11) for AP in equation

ar(d Opoaled4epspoge tetyteamevas talldwshdRe AR R M the FURERiaws
Pi=Ci (12) 15 Pzo and Pz are known and usually the pressures of the

frerteniodechtivamndends; itheredoe (1@t the trnbprds Jusnsionod® this reater
form of KQ2 to obtain:

than that at node 4; the total pressures at nodes 3 and 4 are respectively

denoted by P; and P4; owing to friction and the piping structure, there is a

loss of total pressure when the fluid flows from node 3 to node 4; the total

pressure loss is denoted by A P3, and then,

AP, =F - P, (8)
The total pressure loss in pipe section 3 can also be mathematically
expressed as K,Q; (it will be explained later), wherein K, is the

coefficient of the total pressure loss in pipe section 3; then, equation (8)
can be written as:

K,0; =P, -P, 9)
As each pipe section has its own structure and devices, each pipe section

has different total pressure loss coefficient K,, wherein the subscript is

used to denote the serial number of the pipe section. The left portion of

equation (9) has an unknown ¢,, and the right portion has two unknowns

P, and P,; thus, increasing one equation is at the cost of adding two



z APs9 - K9Q9 - K,Q, KsQs KsQs KiQi = Ci (13) Similarly, the following
equations can also be obtained: 20 4Psg - KgQg - K 7Q72 - KsQs - K3Q3
-K2Q2 =Pia-Pz=Cz (14) 4Psg-KgQg-K Q7' KsQK4Q=a _P 7541
5=C3 (15) 4Ps9 -K9Q9 -KQ7 -K6Q6 =Pa Pe=Ca (16) 8 4Ps$ K$Q$
K7Q~ Kegs = P9 Pe = Cs (17) . So far, from equations (4)-(7) and from

redypskishUnknesvasy) herokk prseiy ainelinbahpdabeindert Quidiond.e-
In additign to nine unknowns of flow rates, there are still two_unknowns _ .

nodes im?Aé»s% &%ﬁﬁg@éﬂ&)ﬂﬁ BeHUYPEgEdtithE: i Shegn by fluid
from the performance curves of the  fluid-tr ort machines..The .

el AR G BB PG gt Wi elatiPeh ssetings 1
very-well; therefore, the performance curve . of the fluid-transport machine

3 o 0B S0 LBt DO el o B ALt A% ABIE.Of
CsiQa + CszQa +Cs3(18),APs9,= Csi Q9 +CS 2 Q9 + (19) wherein

S eIy OSSRy A D ety R SR B e subscrip

S denotes the fluid-transport machine. Except 4Ps$ and 4Psg, 15 each
term irf¥eft didedlof the equal signs of equations (13)-(17) is the total (10)
pressure loss coefficient multiplied by the flow rate squared. In order to

whdeeAP sSraindtA sgintoftikecadcal gias afrb dosgLationsr yvipifseedaion and

method, equations (18) and (19) are rewritten as: APsa =Cs1Ga +Cs4
the total pressure change caused by the fluid-transport machine. Thus,

AP = AP, + AP, + AP, + AP, + AP, — AP,, (11)

10 wherein AP, is the total pressure change induced by the fluid-transport

machine when the fluid flows through pipe section 9, and how to deal

with AP, will be discussed later. Substitute the expression of AP in
equation (11) for A P in equation (10), and rearrange the terms as follows:
AR, = A, ~ AP~ AP, = AP, ~AR = B, =P =G, (12)

15 Py and P; are known and usually the pressures of the exterior

environments; therefore, C; is a constant. Transform A P into the form of
KQ? to obtain:
APy — K9Q92 - K7Q72 - K5Q52 - K3Q32 - K1Q12 =C, (13)

Similarly, the following equations can also be obtained:

20 APs9 - K9Q92 - K7Q72 - K5Q52 - K3Q32 - K2Q22 =P,—P= C, (14)
AP, _K9Q92 _K7Q72 _K5Q52 _K4QZ =h,—-F=C, (15)

APS9_K9Q92_K7Q72_K6Q62:PIO_P6:C4 (16)

8
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20 APs9 = Cs1Gg + Cs4 wherein G$= QB + Cs2, G9 = Q9 + Cs2 2Csl
2Cs1 Csz 2 Cs4 =Cs3 4Cs, (20) (21) and 9 C2 CS4 =CS3 -~. Substitute
the expression of APsg in equation (21) for 4CS1 APSg in equation (13),
and rearrange the terms as follows: CS1 G92 - KgQg Q7 Ks Qs K9Q3
KiQi = Ci - CS4 (22) Similarly, the expression of APS$ and APs9 in

equatiods, 2@,and & (21 -cEpdilsoRsubRtitute for APS$ and APSgin  (17)

equations (14)-(17). It can be found: in addition to the unknowns of flow

SEfaE: Hhehs efusiibNAHUNWRY FRMLGRAVRING ¥) e ("’E%)?ii%‘i’érefare

the equal signs, and therefore, further two equations are needed,

tol3¢GasiRG RACafHEAERACH BEERNSHYITINGERRFOANS YIKBAMKASEms of

Froim the process 10 of the formula method, the relationships of G8 and

GV Yatgs> (EHSJéo‘ﬁ’ré a1 ofiRe ﬁ%ﬁ%ﬁ%&é’ﬁéﬂ ig%uggip%&? UPS AR among

derived and mathematically expressed as:

those equations, which will be solved from the performance curves of the
fluid-transport machines.

The abovementioned quadratic polynomial equation (3) can match
the reality very well; therefore, the performance curve of the
fluid-transport machine at a given rotation speed can be mathematically
expressed as:

AP, = C,05 + C,0; + Cs, (18)

’

AP, =Cy, Q92 +C5, Oy +Cy; (19)
wherein Cs;, Csp , Cs3 , C’s1, C’so , and C’g3 are all constants, and the

subscript S denotes the fluid-transport machine. Except AP, and AP,

each term in left sides of the equal signs of equations (13)~(17) is the

total pressure loss coefficient multiplied by the flow rate squared. In order

to add AP and AP, into the calculation of the equations, via formula

method, equations (18) and (19) are rewritten as:

APy = CS1G82 +Cy, (20)
APy, =Cg, G92 +Csy (2D
’ 2
wherein Gy =0+ Cs2 > G, =0, + Cso 7, Csy=Cy3— Cs2 , and
2C, 2C, 4Cy,
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G$-Q8=2Cs1 CS2 G9-g9=2CS1 (23) (24) 15 So far, the system of
equations has 11 equations and 11 unknowns, and thus, the flow rates of
all the pipe sections can be solved. The K. (n=1, 2, ...., 9) in equations
(13)-(17) are all known values, and they are the coefficients of the total
pressure loss, which includes: the loss caused by the friction between the
fluid and theZpipe and the minor loss caused by 20 the devices and S
Cinstafled T SZ%’pi§é], F\%FHiiSrﬁ?‘?hS’iP(Fa‘-}ﬁ’églcg e sgbﬂgimﬂqgfgﬁﬁgfor
to the pipe4l &s coefficients. When the fluid-transport machines of the
same specification are 10 coupled in parallel, the flow rate in the
ABgrfonrggiesienr(b3ilpad sepisange he ieamstrido Be Wes fluid-transport
machine does. Fig.3 shows the performance curves of the systems
having differept numbers, of parallel-coupled fluid-transport machines
operating’at iked E%d._/&é;g}i Shbwh in ig.l3,=£1a_n tfentical pressure(,zz)
the flow rate provided by two parallel-coupled fluid-transport machines is
the dobbiei kirlyatieoyifedsba sihghePfluidirithnapgrt masiineiddisn{Oy and
at an identical pressure, the flow rate provided by three parallel-coupled
2%id-tran ort machines.is the triple of that provided by a sj %Bre
ChdigamAGRRURSEHIE. TR othe 199brAl th SRR ERi6LT)- 1t can
change with the quantities of parallel-coupled fluid-transport machines. If
bahfopadormandditiovet@fthe unknowns of flow rates, there are still two

unknowns Gg and Gy existing in the left sides of the equal signs, and
therefore, further two equations are needed, i.e. increasing one
fluid-transport machine will increase one unknown also. From the process
of the formula method, the relationships of Gg and Gy versus the flow
rates of the corresponding pipe sections can be derived and

mathematically expressed as:

C
G.—0 =52 23
—0=3 23)
G, -0, =S5z, (24)
2Cs1

So far, the system of equations has 11 equations and 11 unknowns, and

thus, the flow rates of all the pipe sections can be solved. The K, (n=I,

2, ...., 9) in equations (13)~(17) are all known values, and they are the
coefficients of the total pressure loss, which includes: the loss caused by
the friction between the fluid and the pipe, and the minor loss caused by
the devices and parts installed to the pipe; therefore, the K values can be
obtained via referring to the pipe loss coefficients.

When the fluid-transport machines of the same specification are

10
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single fluid-transport machine is mathematically expressed as:

P=CSIQ2+CS2Q +CS3 (25) wherein Csz, Cs2, and Cs3 are constants.

Let Q. (n=1, 2, 3, ..., n) denote 15 the integrated flow rate of the system of

the parallel-coupled fluid-transport machines with n denoting the number

of the_parallel-coupled fluid-transport machines. When n fluid-transport
COHBiffhdB d?ér@élfé?e&m PR TatRe ihFatBEHOEBRARAFifcYES e Wi h also
. times, i.e. Qn:n-g,; substitute it infQ equation (25) to obtain the 20
INFIFSRRN g e R HBES2853 5% HY R TR AROEtnTHAC s. Fig.3 shows

L el SR S el SR o
j . F licat ipi t if th tti f th t
SRR e e

to the.total flaw rate squared. A system impedapnce curye can be formed
Sh g e R S PRRERe S two

PSP N SR et 5 8 o iy ifyiced
R S T R L DTSR PRsure, the
flow rate provided by three parallel-coupled fluid-transport machines is
the triple of that provided by a single fluid-transport machine. In other
words, the performance curves change with the quantities of

parallel-coupled fluid-transport machines. If the performance curve of a

single fluid-transport machine is mathematically expressed as:

P=C,0*+C,,0 +C,, (25)

wherein Cs;, Csy, and Cs; are constants. Let O, (n=1, 2, 3, ..., n) denote
the integrated flow rate of the system of the parallel-coupled
fluid-transport machines with n denoting the number of the
parallel-coupled fluid-transport machines. When n fluid-transport

machines are coupled in parallel, the fluid rate thereof will increase by n

times, i.e. Q,=n-Q ; substitute it into equation (25) to obtain the

following equation:
P=S0i+520 4, (26)

which mathematically expresses the performance curve of the single
equivalent machine of the system of multiple parallel-coupled
fluid-transport machines.

For a complicated piping system, if the setting of the system is

11
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known, the system impedance curve can be acquired thereby. 10 Fig.4
shows a system impedance curve and a performance curve of a single
fluid-transport machine and an intercept point of them. The pressure and
the flow rate corresponding to the intercept point are exactly the total
pressure loss and the total flow rate of the system respectively, and,

unRpbAErd. thGifite PrEvIHEGs Ofe @ tHE S parifoR N plike IRtARSIONal to
piping system of a single fluid-transport machine, the total pressuge loss, .

thsftm@lsﬁq&nr%%am&e%ﬁé@% w&ﬁ(ﬁ%@%@ %Y@iﬁa@aﬁ&feﬁmed via
machine, and the total flow rate of the. system is equal to the flow rate of

IR EidliF AL RSO AEHEh e e LGShLaipkd and can be

rformﬁa\nc curve of the fluid-transport machine and the system 20

m C& OV RTESRA ; Substitute equation (27) into the equation of

the performance curve to obtain: K,,Q, CsiQ +Cs2Q +Cs3 =2 (28) and

then, dMairrthe-&blutions of Q, -the flow rate at the intercept point (the (27)
operational point) of the those two curves-via the formula method: 12

wHescifr SE-4CR K2 bitahtCand KeJ (2) fiRy ﬁ)f&licfi%%%%té?atﬁ@i%%tem,

installed if"a piping system and opérating at a fixed rotation speed, the

flow rate thereof can be solved 5 from equation (29). If the solved flow rate
and néfthe xpactédtehlpecshordldasateicahehs yripiste dierefarginyithe the

rotation speed of the fluid-transport machine. When the rotation speed of
sy MMIEIHRNBRM unchanged, if the pressures at some flow rates are

known, the system impedance curve can be acquired thereby.

Fig.4 shows a system impedance curve and a performance curve
of a single fluid-transport machine and an intercept point of them. The
pressure and the flow rate corresponding to the intercept point are exactly
the total pressure loss and the total flow rate of the system respectively,
and therefore, the intercept point is called the operational point. In the
piping system of a single fluid-transport machine, the total pressure loss
of the system is equal to the pressure provided by the fluid-transport
machine, and the total flow rate of the system is equal to the flow rate of
the fluid-transport machine. If the mathematic expressions of the
performance curve of the fluid-transport machine and the system
impedance curve are known, substitute equation (27) into the equation of

the performance curve to obtain:

Cs0;, +Cs,0,, +Cs; =K, 07 (28)
and then, obtain the solutions of Q  —the flow rate at the intercept point
(the operational point) of the those two curves—uvia the formula method:

12



10

15

20

machine is changed, the performance curve thereof also changes, and the
operational point too. The performance curve of the fluid-transport 10
machine can be worked out via the calculation according to the Affinity
Law, and the relationships of flow rate versus rotation speed, pressure
versus rotation speed, and power versus rotation speed have been shown
in equation (1). Fig.5 shows the performance curves of a fluid-transport
machine 15 when it operat t the rotation speeds of 1750 rpm and
2275rpm, whérgit #Gmt—ﬁél?x_é Pliim-)gsare the operational points for 29
differeHt»rotation sp @glln the )lxed system. From equation (27), the (29)
following relationship can be obtained: PA K,SQA QA (30) =PaKQB Q 2

B 20 ding to ti 1), th lati i t Point A in th

ror G T S SEr gt TEE T B b Harfo A SUNiSy and

227 itt :QOA=N 31 N2275 13 PA N 32) PC
ofABE g mt IR R et il R NSS N HisTaeh S A e

fr(()?hei)e%uation (29). If the solved flow rate is not the expected value, the

flow rate can be adjusted via changing the rotation speed of the
fluid-transport machine. When the rotation speed of the fluid-transport
machine is changed, the performance curve thereof also changes, and the
operational point too. The performance curve of the fluid-transport
machine can be worked out via the calculation according to the Affinity
Law, and the relationships of flow rate versus rotation speed, pressure
versus rotation speed, and power versus rotation speed have been shown
in equation (1).

Fig.5 shows the performance curves of a fluid-transport machine
when it operates at the rotation speeds of 1750 rpm and 2275rpm,
wherein Point A and Point B are the operational points for different
rotation speeds in the fixed system. From equation (27), the following

relationship can be obtained:

P, _K,0, 0 (30)
P B K .s‘ysQZZB lei’

According to equation (1), the relationship between Point A in the

performance curve of 1750rpm and Point C in the performance curve of

22775rpm can be written as:

& — Nizso 31
Oc Ny

13
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PC QC Via comparing equation (30) and equation (33), it is found: that
Point B is 5 exactly Point C. Therefore, when Operational Point A is

known, Operational Point B, i.e. the intercept point of another

performance curve and the system impedance curve, can be worked out
with the Affipity Law. When the pressure and the flow rate of Point B is

the tar Fek/glﬂessure and the target flow rate of the system yet with thé¢32)
rotationgspeeddf the fluid-transport machine being unknown, the rotation

SEPSsAGR %ﬁdﬂ%&?‘éﬂ#ﬁﬁé"é‘ 16HTE)acHR GG lp equation (27),
the parameter Kos is obtained by: K PB Q 2/(34) B 15 Suppose that the

perforrian_c@_i:urve of the fluid-transport machine operating at the rotati?§3)
speed pf 1750rpm can be mathematically expressed as equation (25).
Substitute the coefficients of equation (25) and equation (34) into
Visgoarpaey eqsttaimtndHonehes satiensidionit GufoundnthaicBaingB is
to equation (1), the rotation speed can be obtained 20 by: B -N1750Q A
exaslrhif®ite {arget hovetare, canlrnoddpssatinadld iy thd rétatlorown,

speed of the fluid-transport machine to Nis. According to equation (1), the
Opgrational Point B, i.e. the intercept point of another performance curve

and the system impedance curve, can be worked out with the Affinity
Law.

When the pressure and the flow rate of Point B is the target
pressure and the target flow rate of the system yet with the rotation speed
of the fluid-transport machine being unknown, the rotation speed can be

worked out as follows:

Firstly, according to equation (27), the parameter K is obtained by:
K, == (34)

Suppose that the performance curve of the fluid-transport machine
operating at the rotation speed of 1750rpm can be mathematically
expressed as equation (25). Substitute the coefficients of equation (25)

and equation (34) into equation (29) to obtain the flow rate of the system
0, . Then, according to equation (1), the rotation speed can be obtained

by:

N.s‘y.s‘ =Nz g_j (35)

Thus, the target flow rate can be obtained via adjusting the rotation speed

of the fluid-transport machine to N . According to equation (1), the

14
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performance curve of the adjusted rotation speed can be mathematically
expressed as: 1750 Q) + N N1250 P=CS1(N1SYS '750 Q)" +Cs2( Nrys /
sys G/ Rearrange it to obtain: N N2 5P =CS1Q2 +C ~'S2 Q + 2~ Cs3
N1750 N1750 (36) (37) According to the principles mentioned above, and
based on the data shown in Fig.6 and Fig.7, the performance curve of,

PEEHPHRANCSC AN &hAhE N IERfdEdiaenpspepdkERa DL Mgt ically
700 (38) 10 In this exemplification, three fluid-transport machines of the

CXA S patification are coupled in parallel. According to equation (26), the
performaznce curve of the single equivalent fluid-transport machine can be
matheMaticglly ex ?é_%s%a ; —MG@&? +2.2222Q + 700 (39) 15
Via equa@jpr? (2%,@(}{(!; ta?n%Pﬂz_E)WWSY = 0.552 402 (40) Substitute t %6)
coefficients of the equation (39) and the constant of

Rearrange it to obtain:

2

NS‘ S N.S‘ S
P=CyQ’+Cyy ™0+ Cy, (37)

2
1750 1750

According to the principles mentioned above, and based on the
data shown in Fig.6 and Fig.7, the performance curve of Fig.8 can be

mathematically expressed as:

P =-0.88890° + 6.6667Q + 700 (38)
In this exemplification, three fluid-transport machines of the same
specification are coupled in parallel. According to equation (26), the

performance curve of the single equivalent fluid-transport machine can be

mathematically expressed as:

P =-0.09880> +2.22220 + 700 (39)

Via equation (27), K, 1is obtained by:

_303 _ 0350 (40)

Sys AL()Z -

K

Substitute the coefficients of the equation (39) and the constant of

equation (40) into equation (29) to obtain:

—2.2222—/2.2222 — 4(- 0.0988 — 0.352)700
2(-0.0988 - 0.352)

=419 (c¢fs). As shown in

styr =
Fig.9, the worked-out total flow rate of the system is 41.9¢fs; however,

the total flow rate required by the system is only 40cfs; therefore, the

rotation speed of the fluid-transport machine should be lowered. Suppose

15
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equation (40) into equation (29) to obtain: -2.2222-
2.2222-4(-0.0988-0.352700 =41.9 (cfs). As shown in 2(- 0.0988 - 0.352)
20 Fig.9, the worked-out total flow rate of the system is 41.9cfs; however,
the total flow rate required by the system is only 40cfs; therefore, the
rotation s{geed of the fluid-transport machine should be lowered. Suppose

cquEgtatden 138) i9bf the RIFEHHBABECURYE Y té rBigtidRgbRY speed of

1750rpm. The d sir,ed(i\lotation speed can be obtained accordingto .
179{10.&% (A8FbyNIrEN TPEY OB SPRSE 462 679 (AR eAdRRrdIng to

rotationésapéergéjs reduced n 41.9 5 to 1670rpm, the performance curve
CqRLnD

d according to equation (37) and mathematically
expresse@as: P=-0.888902+6,3619Q+637.46 (41) Adopt the .
Npeﬁd}[ma@_e‘_cwégmtﬁé A XNZEQEO% Qo SPagdyke reduced

recalculatéd total flow rate will be 40 cfs, and the flow 10 rates of all

toOLEROTBIE, aliagsétteniiaacaraiie piesberebtiieied e alasudieqiation

as shown in the portion for three parallel-coupled machines of Fig. 10.

(3Agcardingathéneasambynethoek 4bé ngtation speed required by two
parallel-coupled machines can also be worked out, and the rotation speed

thereopsggg!ggggga@qg%)lér%pggmtl@s shown in the portion for two 1%41

parallel-coupled machines of Fig. 10, the flow rates of all outlets are also

almozfﬁigentical and the errors of the pressure%are within only 2%. As {o
the eqtiBHficitiy REFREMIRGS 1 G camithemabbaliy rasrstesdy by

e SR D T B AR P g e Tow
rates of all outlets are almost identical, and the pressures thereof are also
uniform, as shown in the portion for three parallel-coupled machines of
Fig.10. According to the same method, the rotation speed required by two
parallel-coupled machines can also be worked out, and the rotation speed
thereof should be raised to 1850rpm. As shown in the portion for two
parallel-coupled machines of Fig.10, the flow rates of all outlets are also
almost identical, and the errors of the pressures are within only 2%.

As to the equal-efficiency curves in Fig.1, they cannot be deduced
theoretically but are obtained experimentally form practical operation by
the manufacturer, and those data is no more further analyzed but will be

used directly.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a diagram showing the data of a centrifugal fluid-transport
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20 used directly. BRIEF DESCRIPTION OF THE DRAWINGS 25 Fig.1 is
a diagram showing the data of a centrifugal fluid-transport 16 machine.
Fig.2 is a diagram showing the system of multiple parallel-coupled
fluid-transport machines and the load piping system. Fig.3 is a diagram
showing the performance curves of a single 5 fluid-transport machine, the
systdR6h#Re- parallel-coupled fluid-transport machines and the system

ree pa llel-coupled fluid-transport machines. Fig.4 is a diagram
lﬁwévv‘rﬁgath “e@&e%ﬁa SAERANbof TRl & HleEoupled
syst pedance curve, 10 F| 19 gram showin the performance
curvif%?gma%h%b%% L ol dpa’m\% S3S68H epeeds o

17 0 mana22759qlm 6|sa |agramiE howing the structur ofaload1
SySteM A5 owitd th f §WSHinduity adrs™®

thed ta faII esectlo s 15 F .8 |sa ram howmgt e
pera i aSiese ofmﬁu.aﬂ%anspon e Tpeldiihy Bt bqurled

speed LLEAAN ﬁﬁge% N hOW' O ot e FRIRYIeR Bled

each 0 nspo mac Ines operate a

rotati Fig. 10 is a diagram showing the flow rate
H P }17 F{]
[ % e out

dlstrl tlon ine ets when the fluid-transport machines

F%’@r?éea"’“cﬂ& FRIAUORO AR %dt?lf 1?@9158% ide L A8 ahAW s port

e flow rate nd the pressure required by the
machine and the system impedance curve.

Fig.5 is a diagram showing the performance curves of a fluid-transport
machine operating at the rotation speeds of 1750rpm and 227S5rpm.

Fig.6 is a diagram showing the structure of a load piping system.

Fig.7 is a diagram showing the data of a working fluid and the data of all
pipe sections.

Fig.8 is a diagram showing the performance curves of a fluid-transport
machine operating at the rotation speed of 1750rpm.

Fig.9 is a diagram showing the flow rate distribution in each of the outlets
when the fluid-transport machines operate at the rotation speed of
1750rpm.

Fig.10 is a diagram showing the flow rate distribution in each of the
outlets when the fluid-transport machines operate at the rotation
speed of 1670rpm.

Fig.11 is a diagram showing the flow rate and the pressure required by the
system and the performance curves of the system of two
parallel-coupled fluid-transport machines and the system of three

parallel-coupled fluid-transport machines.
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system and the performance curves of the system of two 25
parallel-coupled fluid-transport machines and the system of three
parallel-coupled fluid-transport machines. 17 Fig. 12 is a diagram showing
the performance curves of the system of two parallel-coupled
fluid-transport machines and the system of three parallel-coupled

Figui2varspirermmheyipg the ReafgrpansesrBiviay tldbasyremmgfitvo

pressure and flow rat and containing equal-efficiency curves Fig. 14 js
a diaa?aﬁﬁgﬂ&seml%i fi’a AFBIPOBE eediod e fystem of ‘three

operationgl method of the.gresent invention..Fig. 15 is a diagram showing
tho LT R o PRSP E LS iventon 10 Fig. 16 15 o
diagyam showing the architecture of the system control. DETAILED,
Fig R B O PRV R A e RSP ARG il iy Tate
allowed,to determine o(ferftti? al.e%arameters is very short; therefore, it is
-¢ O%c

hard %8%&]%13%%1%%& iGhs G&d &58VE Yo calculate the operational

R G R BRI D Sl I B ARSI IR R IR %und he
stem; thus, the require erational parameters are worke out
bef . : directl lied t
el eSO RTTRGh2re drecty aopiec o
Fi .%‘ﬂt%"’ﬁ”_&ﬁglg}%ﬁf{'%ﬁ'(}j‘%vﬁ%o‘fﬁg‘%%ﬁ?do? UG AR HIRCAARPYE G he
the practicalcases. The embodiment to be discussed below supposes

that theBowy iR Rired by the system is Q, and the pressure of the
system is a 25 constant pressure P, and the maximum flow rate a single

FiU®i¢andiferam showing the architecture of the system control.

DETAILED DESCRIPTION OF THE INVENTION

In practical operation, the time allowed to determine operational
parameters is very short; therefore, it is hard to utilize the equations
deduced above to calculate the operational parameters and then apply the
worked-out parameters to control the system; thus, the required
operational parameters are worked out beforehand, and then, the work-out
parameters are directly applied to the system. The embodiments described
below are to exemplify that the results worked out via the
abovementioned equations are directly applied to the practical cases.

The embodiment to be discussed below supposes that the flow

rate required by the system is Q,, and the pressure of the system is a

constant pressure P,, and the maximum flow rate a single pump can

18
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provides is Q" and the maximum pressure a single pump can provide is P,
. When the system uses multiple pumps, the embodiment also supposes
that those pumps are of the same specification of the same manufacturer
in principle. From the abovementioned basic data, it is known: if QT > Q" 5
a single pump cannot meet the requirement of flow rate, and if P, > Pz , it

preandesas thg, reaquiréhee ma pressupeessube esinghtignangperatipnaiide 1s
method, the system impedance can be calculated from the piping layout

and the flow rate of each pipe section, and the system impedance curve
P e BER ARy oG Hd St 6P 0D MR el hoby Pses
and the conventional operational method comprises the following
thptddwergir(i)sTare oh thirsapgrgpawiicstnuoEibasamEigiknuhacturer

performance curve of the single pump (the solid curve) cannot intercept

intpeisyspde) Frnedarcetaweenrhn@patalivasiddinl fif kndwandfQa. > g,
QT ; 15 (2) Turn on a second pump with the operational conditions the
same as that of the first pump; the performance curve of two | .

a pHglfPdEORICAMah pRcEL-fligtarcaits tendy_teHPmpatfartedetivd at £ » 1t
Point X, which exceeds the system requirement; then, the rotation speeds

canf these theorqapumpesaatlofvpredsare thus, the performance curve of two
20 parallel-coupled pumps (- -) can intercept the system impedance

curve bt GprecativraltiRoial Op@atiarthirthptnod j<ledsoyriemad mpeasnce can
shown in Fig. 12, via appropriately adjusting the rotation speed of each

bepoalpuatdidritothahagegingHaycasenfitthe dloavieh to ofledqbupips, tbetion,

performance curve of three 19 parallel-coupled pumps can also intercept
anglethgssorstémpeareckoasye uav O geratvndbpPoied oyla plotting the system
impedance against the flow rate, and the conventional operational method
comprises the following procedures:

(1) Turn on a first pump; however, as shown in Fig.11, the performance

curve of the single pump (the solid curve) cannot intercept the system

impedance curve at Operational Point O of P=P, and Q0=0,;

(2) Turn on a second pump with the operational conditions the same as
that of the first pump; the performance curve of two parallel-coupled
pumps (---) intercepts the system impedance curve at Point X, which
exceeds the system requirement; then, the rotation speeds of those two

pumps are lowered, and thus, the performance curve of two

parallel-coupled pumps (- ® -) can intercept the system impedance

curve at Operational Point O;
(3) If a third pump is also turned on, as shown in Fig.12, via appropriately
adjusting the rotation speed of each pump similar to that used in the

case of two parallel-coupled pumps, the performance curve of three
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(4) Keep on increasing the number of operating pumps, via appropriately
adjusting the rotation speed of each pump similarly, the performance 5
curve of multiple parallel-coupled pumps can also intercept the system
impedance curve at Operational Point 0; (5) Thus, the system requirement
can be satisfied with only two parallel-coupled pumps or more. However,
thBUSHFATRRINRICSHBITBR 4 Heths IRISFES R e 0 YSIBMinE ProlaBRts GBI ve
be solved: how many pumps should be parallel coupled so that the

SR SEH 1909, ﬁ’ngt@hergy-eﬁicient, and how to adjust the number of

AR KEERRS i Ve B MG LBy T b ARG Mo e HogbRipriately
which are alsp the subjects the present invention .15 desires to overcome.
TSNS RGN PRRWRL Sk T LD Yoo PG ATce

PR B9 SRS TS R ORI R the

théCcase o S more enéergy-efiicie e case O

- Theref [ fl t be 20 [ will
oo R R & R AR AR e of cach pump 0
l, ' ' I I
e s S R et e RATCR Y ovo

each RUOIR.SAP 1A PRIAIPELPYREPPXQ HP = constant

However, the conventional operational method leaves the

following problems to be solved: how many pumps should be parallel
coupled so that the system can be the most energy-efficient, and how to
adjust the number of parallel-coupled pumps to achieve the optimal state
when the system impedance curve is changed by the change of the
required flow rate, which are also the subjects the present invention
desires to overcome.

From the pump theory, it is known: when the output flow rate of

each pump is the same, energy saving is more likely to achieve. For

example, the case of Q =0, =0, is more energy-efficient that the case of

0, # 0, #0Q,. Therefore, making the flow rate output by each pump be

equal will be the first task intended to do.
To enable the flow rate of each pump to be equal, power meters
are respectively installed to all the pumps, and according to the values

detected by the power meters, the flow rate of each pump can be obtained

by:
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(42) wherein P is the system pressure and maintained unchanged; the
constant is the product of the pump efficiency and the unit conversion
factor. The efficiency should be identical when the states of all the pumps
are the 5 same. Once the power is known, the flow rate will be known

also. In other words, if the power of each pump is identical, i.e. HP1 = HP
= HP,}QPEQZ:@SQ Flow meters can also be installed to the pumps, and
the flow rate gandtargirectly detected; however, the error of the flow meiez{z)
is great, and the response thereof is also slow; therefore, using power

eters more suitable measure. The abo ioned method can
w Sﬁ‘?é() a%éh@r%ﬁé‘?&&}@?ﬁé?éﬂ? &Hélc{%ﬁ%mﬂﬁ %Lﬂﬂ ‘g] ofpigant

llel, but t det h hould b llel
is dhR g e R R é?%g,c%gi%ﬁﬁ?e SO The
t det hich_ 15 3a Q2 is bett
AR L evge;]fi]?r%é%%eecﬁlrf\% AT éﬁuﬁ DU g the

sath%.p%Sfr?éé“iﬁ &SRS L ORgS }Poﬁ?e“’i*PoB\?%g%' Wi Eﬁmgﬁ gso: In
erein via e ers, those twd pumps are a Juste so tha
P,=P =P, .The da rve is the p rformance curve 20 of two
Otﬁﬁram%%p\éal}ﬁnngwn 3@ Ewgeay A AEREHL rbiadoh ped 47
each pump can enable the performance curve of two parallel-coupled

Q%'] MPS 9, NFIREPHYR B SRMIRP SRANRHR AUUe 81t ipRahRAIROlow

e solid curve is the performance curve of one of 21 those two
S BFLES HUTGr W QR 5 G S0 1S SEHUr A KEIVaSh i dp Ereat.
aIP(fjl t%lel:elrggﬁgrll%g I%Her:rllrg(s)fa {]sd eWseopﬁggvrmt rg:(lzrg o%veu%gr?gn epgwer meters is a
more suitable measure.
The abovementioned method can achieve a better energy-efficient
effect when multiple pumps are coupled in parallel, but it cannot
determine how many pumps should be parallel coupled to achieve the

best energy-efficient effect yet; for example, it cannot determine which

oneof 0, =0,=0, and Q =0, is better.

Fig.12 shows the performance curve of two parallel-coupled
pumps and the performance curve of one of those two parallel-coupled

pumps, wherein via flow meters, those two pumps are adjusted so that

Qr

0,=0,==L and P, =P, =P, . The dashed curve is the performance curve

of two parallel-coupled pumps, and appropriately adjusting the rotation
speed of each pump can enable the performance curve of two
parallel-coupled pumps to intercept the system impedance curve at

Operational Point O. The solid curve is the performance curve of one of
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those three parallel-coupled pumps, wherein via flow meters, those three

5 pumps are adjusted so that Q,=QT=0Q3=3QT and P,=PT=P3=PT. The

dot-dashed curve is the performance curve of three parallel-coupled

pumps, and similarly, appropriately adjusting the rotation speed of each

pump can enable the performance curve of three parallel-coupled pumps
thtesiniaveepathl slystenp lath pusmpe, candePui0p@ratioew diais @h& Héo1o rate

performance curve of one of those three parallel-coupled pumps is
ted by the other solid curve,and Point03 thereof has the flow rate of
O A BETTOr 7 Pk A O B B REE B urve
pumps and the measure of three parallel-coupled pumps can achieve the
ofpibssarp@nliekdchupiod puPs rendirde bpehosysteae. ThievsregSupas of
15 provided by the pumps of both the measures are all equal to PT ;
thpswéhege tpemdleraevpeslipemby.tivenstigipsvad Hdomhaeirrasihesardiree
respectively QT and QT , and Point 02 is different from PointO3 . As

pungpsioned abpuseethesnathataairepprodides-ipe agdaletficiency eutvesThe
for each specification of pump. Plotting the 26 equal-efficiency curves on

St %*E{&% FiQ-Jtﬁ%iT B YRRIRRUE ?ﬁ?%d@ﬁ“(ﬁ?e@rzﬁé?ag@(}/fé‘éupled

respectively the equal-efficiency curves ot /0% efticiency
IC Y/ % efficien 7 ' I -dire, t
e R SR A AR RSSO
pdﬁﬁf%%ﬁ%ﬁ’@&lé%ff&’ﬁéfﬁﬁ%ﬂzﬁ%@@ﬁ%&%ﬁ%@rfdﬁa‘l'?@l— Rt Emps
constant pressure P1, Point Oz, Point O" and Point O are all on the same

tohpiZRBEHINRe IR it 3, QRS OR theeceauabplicienmnarupemf 60%The

efficiency (77), and Point O, is on the 5 equal-efficiency curve of about

Ge0pmtlienurte). dhedatal GFtpHbseoWeR! tharaRleba: M
P (HP)T is the product of (HP)SINGLE p PURIE OIS is

denoted by the other solid curve, and PointO, thereof has the flow rate of

%QT and the pressure of P.. Both the measure of two parallel-coupled

pumps and the measure of three parallel-coupled pumps can achieve the

pressure P, and the flow rate Q, required by the system. The pressures

provided by the pumps of both the measures are all equal to P, ; however,

the flow rates provided by the pumps of both the measures are

respectively % and %, and PointO, 1is different from Point O, .

As mentioned above, the manufacturer provides the
equal-efficiency curves for each specification of pump. Plotting the
equal-efficiency curves on Fig.12 will obtain Fig.13. The hyperbolic

dashed curves on Fig.13 are respectively the equal-efficiency curves of

70% efficiency (77), 60% efficiency () and 50% efficiency (7), which

are plotted directly from the data provided by the manufacturer, and the
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pump and the number n of parallel-coupled pumps: (HP)T = HPSINGLE

pump x the number of pumps (n) (43) wherein (H )SINGLEPIIMP = Pr X

Q 10 constant x i7C/0) (44) Thus, (HP) 12 Pr x1Qr x2 = constant x(60%)

PrxQr constant x (60%) P1 ~] (HP) = Px 3QP x3 _ PrxCr constantx

(65%) constantx (65%) (45) (46) From equations (45) and (46), it is
battamnPaLiES, HRrsRTatier tﬂaﬁrﬁwpeﬁe&.tﬂwéq%%%ha EPfReAs

parallel-coupled pumps is smaller than that of two parallel-coupled
thpenpss the athes wanas aheepstent girtnsgreparalldasipled foenpe i@, , and

more energy-efficient than the system of two parallel-coupled pumps.
POIEB UE YRS IRuiaie ehanded g meqt e reauirgmant of 20 oy e

, ystem impedance curve will also ¢tiange. en the'flow

23 rate increases, the system impedance curve will shift right, and when

edhel-efficiency curve of 60% efficiency (7), and Point O, is on the

equal-efficiency curve of about 65% efficiency (7). The total output

power of the parallel-coupled pumps (HP)t is the product of (HP)siNGLE

pump and the number n of parallel-coupled pumps:

(HP)r = HPsiGLe pump X the number of pumps (n) (43)

wherein
F.xQ
(A5 smGLE PuME = d
congstant <%0) (44)
Thus,
1
(H}.D:I P;" * E Qr 2 Pj"‘ * QI‘
= Wi =
7 congtant x(50%) constant = (60%)
(45)
1
(HP) B lDJ"Kggf' 3 = ADTXQI‘
T constantx (65%) constantx (5%
(46)

From equations (45) and (46), it is known: (HP)., is smaller than (HP),,

1.e. the total output power of three parallel-coupled pumps is smaller than
that of two parallel-coupled pumps; in other words, the system of three
parallel-coupled pumps is more energy-efficient than the system of two
parallel-coupled pumps.

When the system flow rate is changed to meet the requirement of

fabrication, the system impedance curve will also change. When the flow

23



10

15

20

25

flow rate decreases, the system impedance curve will shift left. When the
flow rate increases, there are two measures to deal with it: (1) do not
increase the number of pumps but raise the rotation speed of the existing
5 pumps, (2) do not raise the rotation speed of the pumps but increase the
number of pumps (In this case, the rotation speed may even need to
raffe dRCASAF CACHRF ARG ENINETHISSIRRRE rftiohEd Wit GG [BBtofIh s the
of those two measures can be respectjvely worked out to determing which
1l A8l e R SEoaR IeHS CBh CHREABRCS LG Wakk AR He Tl B the

measure is to be adopted. When the flow rate decreasgs, there are also
MG AR5 To SIS, 1] WG HBE S (e RLAABT oF Ao ot

. butl th ti d of th isti .(2)d tl the. .
RS e Pl s P 8 B i
o L LA RN AN R T g e

nISISUTIBR WOIFAEAPUAR 095 STalir RO SONSUAoR, SN dRed (o

measure Is'to chosen depends on'w measure cons

dePide W&&ﬁﬂg%@%ﬁ&&d&&ﬁ%@@ﬁqﬁé‘%‘&@al pgwers

increasing, or main pump an operation

o R A ORI PRFAS R BUPRSI IR AN AIHEN e

the high-tech factory. It 1s well known: high-tech factories take maintaining

miR §FRPIYs Ok ARSIRIONRIGEYITeOERh BB SR Sbhe N ARAIORHAE  which

change of operational environment will endanger the fabricating products.

midS1Een repBed Myghainawaea Thertiosiabiiy aberaouer iépbiMre also

instantly harms local manufacturers and causes considerabie loss.
tWASGREANGHER the aERCRIRIPfithe PrdermencR crese 2Advhamither roRpnps

speed of pumps is changed, the pressure of fluid supply

but lower the rotation speed of the existing pumps, (2) do not lower the
rotation speed of the pumps but decrease the number of pumps (In this
case, the rotation speed may even need to increase). Similarly, the total
powers of those two measures can be respectively worked out to
determine which measure has smaller power consumption, and which
measure is to be chosen depends on which measure consumes less power.

When the system impedance curve is changed, decreasing,
increasing, or maintaining the number of pumps needs an operation
action to change the rotation speeds of the pumps, which is very critical
to the high-tech factory. It is well known: high-tech factories take
maintaining the stability of operational environment very seriously;
inappropriate change of operational environment will endanger the
fabricating products. It is often reported by the news: a short instability of

power supply instantly harms local manufacturers and causes

considerable loss. According to the principle of the performance curve,
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would be changed also. Similar to the change of power supply voltage,
the change of pressure also has a profound influence. Just a slight
imprudence may cause a serious damage. For the current system, the
time 5 allowed to adjust the system is very short; further, after the
ressure is changed, the system requires response time to resume the

WheihilG SPRHARGREGH PRy PsniforbR BEerhIbsaPTREtHER QlbNdhaupply

RS eSS e i et SR e
o RS R SASHFe] AR s
e A R T
SRR 5 R AR,

i B SSRUAIS R SRS Tk The BORORTRa EIANS of

of pressure will cause ange of the flow rate supply a

p&?&'ﬁf@z‘ﬂﬂ“ “té%ﬁ%tﬁ{ MppALRI ARS8 I%BEP%'&@%'E

, Qm %:eds
always besets the manufacturers, the operators and the maintenance

toPRISRIRE)- 1005 ,Vﬁi%ti98€it§89“§rgl§éqi & WheR tfi?sf?ﬁ%fé@&”é&fst%% ly

rate Is decreased, how to lower the rotation speed of pumps or how man

thREAIRS R BeLYENESLA I8 A uAnOWR: herefrrgsihe MeasiiBio HeR! the

with the change is often not to change, i.e. the operational tonditions is

roRBREREHNENARERS PUbRESPIR AU dSTRMGIRS 14 1 0RYI9YN¥rdhan

spending precious energy in vain. Accordingly, the present invention
thBrepp§e & b eraeyta samichy 2 anBceneey-rifigianiysgeatviéhriised once

abovementioned flow rate change.
more. After a period of repeating the abovementioned process, the system
finally assumes a stable pressure performance at the set pressure. The
relationship of pressure (P) versus time (T) of the abovementioned
process is shown by the dashed curve of Fig.14.

Pressure is the driving force of fluid. The inappropriate change of
pressure will cause the sudden change of the flow rate supply at the
outlets, which will certainly bring about damage on the products and
always besets the manufacturers, the operators and the maintenance
personnel. In the conventional technologies, when the requirement of
flow rate is decreased, how to lower the rotation speed of pumps or how
many pumps is to be turned off is an unknown; therefore, the measure to
deal with the change is often not to change, i.e. the operational conditions
is maintained unchanged, but the surplus fluid is recycled. It is obviously

spending precious energy in vain.

Accordingly, the present invention proposes a scheme to rapidly
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From those discussed above, it is known: when the system impedance

curve is changed (i.e., the required flow rate is changed), the system and

method proposed by the present invention can quickly work out the 5

optimal number of operating pumps and the optimal rotation speed

thereof. Thus, the rotation speed of pumps will be adjusted to be slightly
andsengamtralidpianEvdisabratBethartRoveRenecind digngsate change.

confirmed, the pumps will be slightly adjusted once more to operate at the
FrophntBastatibne dpeet 2p0Y feld idﬁslﬁwflﬁre\gg&%% vorsisdniidperiapee

e T B SR B AR R S SOtE T ane
aﬂg ﬁle flow SUSDF’S% at Eﬂe outlets will n?ﬁ?&ore increase .and decrease h
MEHP .atB’fQPﬂ% 156, e AYESSALH NI R0 AR JBICHY oAy out the

oG YEpmuch 15 Acoraing i (12 embodimeniS o BIESEt peed
invention, the Ssysiem ener ICtent and constant-pre's sure

BRSBTS USRS PRSI YETBhe siighily

comprises: multiple” varia equency centrifugal flurd-transport

i i s |
RS E T ML SET.TRCRie R (GBS e i
2 64). Mifiple Control -
R e R T R

thEI8 IR RGFAT ARG, trgeCNQbAhiies iUt the Frtertaltitme (T)

present invention. In'conclusion, the present invention proposes a system

ofothe> ARVemBHiGE At Seesian-RIRS B PRl ey Rledve of Fig.14.

fluid-transport machines, wherein the data required by the

Tg%;%;!;ﬂg#gl@@ﬁ%%f@@%‘ﬁ% RiacBine i wekedouhiiaiersgsaidly,
and the flow supply at the outlets will no more increase and decrease
alternately. Therefore, the present invention advantages the quality
stability very much.

According to the embodiments of the present invention, the
system of energy-efficient and constant-pressure parallel-coupled
fluid-transport machines of the present invention comprises: multiple
variable-frequency centrifugal fluid-transport machines (61), multiple
power meters (62), multiple pressure gauges (63), multiple flow meters
(64), multiple controllers (65) and a load piping system (66), as shown in
Fig.15. The functions of those constituent parts, the interactions thereof
and the control procedures are shown in Fig.16 a diagram showing the
control architecture of the system of the present invention.

In conclusion, the present invention proposes a system of

energy-efficient and constant-pressure parallel-coupled fluid-transport

machines, wherein the data required by the parallel-coupled
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equation deduction; the worked-out data is used to control the system of
parallel-coupled fluid-transport machines so that the system operation can
be secure and quick. Further, the present invention can work out the 5
output powers of the system of different numbers of parallel-coupled
fluid-transport machines and then can determine the number of operating

fwidatirniasei maghiees wiicheskestniive the hEagrdigylemidypis and
performance according to th tput powers thereof. The present
&1@1’ gystem of

0
eqHOLIHbASE BRIEARE Hm R Vélﬁﬁé]rﬁ%rﬂéd%ﬁgli%é@%@h
therefore, thl%a\c/ﬁeliand non-obvioEsness of the present invention is
PY8ubtesB s ERDIRA i IDRCRIBGS S BRL ARFSY U RIB QRS AHON can
constant-pre lel-coupled fluid-tr rt machines, compris

b ST IR or RATS sl ENERby IBRALIR L BNk L dhe
o L e S S R SR G couptea
SYEGARGRPIREh R Ratalily Wherein each said paralel caupld b

pIping syStem further comprises: a variablé -frequency centrifugal

ﬂﬁiﬁ%ﬁ?ﬂjﬁﬁﬁ%ﬂiﬂ%?%fo@ e&%ﬁ?' AERTEVES ﬂ?é‘ggéc?tf '%‘%él’giyt‘?lé%ﬁcient

and a co e system of energy-efficient and cons tant-pre s

pe‘i%?rﬂ%ﬁ‘?él?"%%@&%ﬂn i‘?éraﬂ%"(’wi OrggdBClaihd. present

wherein said performance curves o system of energy-efficient an

int@neBAPEs diigRaraligherupied By HARSRAE ABAChEIAT RlkeVOpfEnts;

out according to the relationships of the flow rate and the 15 pressure of

thedd il cayRlaguiddr ool MeaEH_ s3of NBSYSIBERAS invention is

energy-efficient and cons tant-pre s sure parallel-coupled
doubtless.
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fluid-transport machines according to claim 1, wherein said system
impedance curves of loads are worked out with the relationships of the
flow rate and the impedance deduced from the load piping layout. 20 4.
The system of energy-efficient and cons tant-pre s sure parallel-coupled
fluid-transport machines according to claim 1, wherein said

Weitds iisd i8arves are derived from the data provided by the
m nufacturer&nd stored in the form of a database containing thﬁ function
l-re& ”bﬁ{e

HOREAIPs Bh RS i 516 Hn & ile SO APk Brefsuis fiafa e -coupled

energy-efficient and cons tant-pre s sure parallel-coupled fluid-transpart .
LS SRR GH1546 A 1 COMBERT R BEHAERRStreGhaiey Of said

R e S SR
A s R et
e S o W
L R ER e R S e e
TEGHRREY ESH{BH%H:G@WEH%'I%%% feserent gy-ﬁﬂ@@-@mort

cons tant-pre s sure parallel-coupled fluid-transport machines accor

5 e VARNRIP SRIGRICHRUEURANERS A CAFRATR A E ChiiARIG AR Rer.

of fluid-transport pipes in order to maintain the state of constant pressure.

2 19 Be THR YA AhERS BIEHiEIRNE AR LERRERIpREEsRU Sarallel-coupled

parallel-coupled fluid-transport machines according to claim 1, wherein
sqldidowehsport machines according to claim 1, wherein said

performance curves of said system of energy-efficient and
constant-pressure  parallel-coupled fluid-transport machines are
worked out according to the relationships of the flow rate and the

pressure of said parallel-coupled fluid-transport machine.

. The system of energy-efficient and constant-pressure parallel-coupled

fluid-transport machines according to claim 1, wherein said system
impedance curves of loads are worked out with the relationships of the

flow rate and the impedance deduced from the load piping layout.

. The system of energy-efficient and constant-pressure parallel-coupled

fluid-transport machines according to claim 1, wherein said
equal-efficiency curves are derived from the data provided by the
manufacturer and stored in the form of a database containing the

function relationships between flow rate and pressure.

. The system of energy-efficient and constant-pressure parallel-coupled

fluid-transport machines according to claim 1, wherein said
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meters are used to measure the power output by said variable- frequency
centrifugal fluid-transport machines, and the flow rate can be obtained via
substituting the measured power into the 20 equation: flow
rate=(powerxconstant)/(pressure), and said constant is a unit conversion
factor. 10.The system of energy-efficient and cons tant-pre s sure
paaRIGEpredeMGY-HaRUpBIEAabMi4raBEBRIh e AHIRS BrmHevaRed of
said ﬂOV\{ eters are used tg. measure the flow rate output by said 25
varskblar Jer R YASR W ERSport machines in order to 29

guarantee that each said machine outgut an identical flow rate. 11. The
syt HHERR Gl SRS @6}%@&&9&@8&8&5@%&%&B%L?J%Arcoupled

fluid-transport machines according to ¢laim 2, wherein said controller is .
(BT SRS RO, 2 TASBING S i AEEATTHE i hdBiMe il va) PP B U gsaid
performance curves of sai stem-pf.enerqy -efficient and  constant-pre
e e D S R S e A e AR of

C%'g%a'gﬁfggf}? 'Tgﬁl?%i%teeﬁrﬁfu%%‘f%\e@%?m and cons tant-pre s sure

parallel-coup ransport machines according to claim 3, wherein

n data of said syStem impedance curves o er to execute

r%ﬁ?—tﬁ%ﬁﬂ@%@”ﬁﬁﬁﬁeﬁsm&fﬁﬁ "9YePMigiaNtAng CORSHAATE Said

sure par coupled fluid-transport machines according to claim 4,

WhsreiB R RRRUPT: R SR ed alia PIRSFRMMARS RS SRNOHSIed of

and has built-in data’ of said equal-efficiency curves in order to execute

r%ﬁg[ﬂ@@@ﬂghcgébgﬂ&iﬂgﬂ@Qﬁg@gggrﬁfficient and cons tant-pre s

sure parallel-couple

8. The system of energy-efficient and constant-pressure parallel-coupled

fluid-transport machines according to claim 1, wherein said pressure
gauges are used to detect the pressure of fluid-transport pipes in order

to maintain the state of constant pressure.

. The system of energy-efficient and constant-pressure parallel-coupled

fluid-transport machines according to claim 1, wherein said power
meters are used to measure the power output by said
variable-frequency centrifugal fluid-transport machines, and the flow

rate can be obtained via substituting the measured power into the

equation: flow rate=(powerxconstant)/(pressure), and said constant is a

unit conversion factor.

10.The system of energy-efficient and constant-pressure parallel-coupled

fluid-transport machines according to claim 1, wherein said flow
meters are used to measure the flow rate output by said

variable-frequency centrifugal fluid-transport machines in order to
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fluid-transport machines according to claim 2, wherein said controller is
formed of a computer and has built-in data of said performance 20 curves
of said system of energy-efficient and constant-pres sure parallel-coupled
fluid-transport machines in order to execute related calculation. 15.The
system of energy-efficient and cons tant-pre s sure parallel-coupled

GRS M £atheaid g o UsRHIR R sksaticabiHQuntsRer 25
rmed of a computer angggas buﬂtg data of said system i ﬁﬁ nce
L %@ssaﬁtsgasom}e@x L ARG SO RSIRDIARETS S36CL B4 %f fpled
A AR EA DS RGP D e Foharan i?ﬁaam@ngoﬂer
f d of t dh t-in.data of said |-effi
.ﬁ%ﬁgﬁs@ﬁﬁféﬁ%&@aﬁ”;ﬁ%@cﬁﬁvé fhey iR B bkt
nd. onsetr at Flrens(i eslu:/(\a/ PV arallel- fcouE{) &\dst%up traniport mac e%lcoent and

accordlr?g to cla ereln accor ing alculation re ts, Sal

prooq{E{RHEaé) \‘9}% ” 8l %”tfgéfﬂ‘uldr?}%}{gﬁ 11%919 1%é’sa”1fi‘%Fder to

-frequency rans pump, or a Afiab

Tégﬁgglrgﬂfle ﬁlﬂl(? er, or a 10 variable- frequency centrlfugal

f|UI -transport ex aust an. 18.The system of energy-efficient and cons

léaf‘hé’r é%f?&aéﬂ%spéﬂ*ﬁcﬁeﬁk“gﬁ&a%ﬂgﬁmj% Qf&'lﬂﬂ t@o%liﬂed

claim 1 whereln according to calculation result id co puter contr

ﬂﬁdﬁi@t@ﬁﬂ hofchivrLaplenik (gglrl]éterﬂ?)éfeﬁﬂt{'@Jg&ﬁh“é‘i‘@nt%ap(%htroller

pump, or a 15 variable- frequency ifugal fluid-transport blower, or a

vagigbigndgBreaqyeenitiaablyitbbanRaliexaushiPRasbuilt-in data of

said system impedance curves of loads in order to execute related
calculation.

13.The system of energy-efficient and constant-pressure parallel-coupled
fluid-transport machines according to claim 4, wherein said controller
is formed of a programmable logic controller and has built-in data of
said equal-efficiency curves in order to execute related calculation.

14.The system of energy-efficient and constant-pressure parallel-coupled
fluid-transport machines according to claim 2, wherein said controller
is formed of a computer and has built-in data of said performance
curves of said system of energy-efficient and constant-pressure
parallel-coupled fluid-transport machines in order to execute related
calculation.

15.The system of energy-efficient and constant-pressure parallel-coupled
fluid-transport machines according to claim 3, wherein said controller
is formed of a computer and has built-in data of said system

impedance curves of loads in order to execute related calculation.
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16.The system of energy-efficient and constant-pressure parallel-coupled
fluid-transport machines according to claim 4, wherein said controller
is formed of a computer and has built-in data of said equal-efficiency
curves in order to execute related calculation.

17.The system of energy-efficient and constant-pressure parallel-coupled
fluid-transport machines according to claim 11, wherein according to
calculation results, said programmable logic controller controls the
rotation speed of a variable-frequency centrifugal fluid-transport pump,
or a variable-frequency centrifugal fluid-transport blower, or a
variable-frequency centrifugal fluid-transport exhaust fan.

18.The system of energy-efficient and constant-pressure parallel-coupled
fluid-transport machines according to claim 14, wherein according to
calculation results, said computer controls the rotation speed of a
variable-frequency  centrifugal  fluid-transport pump, or a
variable-frequency  centrifugal  fluid-transport blower, or a

variable-frequency centrifugal fluid-transport exhaust fan.
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