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BIODR Y TEFILICDWNT

—— pumpt —— pumy

. —— pump1.head vs pump1.V_flow ™ s R \Ctiow
— z ] —
Mo = M
R - A B
'HI§ B e E A ' SR SE ) BRI ; ‘ '
{FREMRE [m3/s] {FREME [m3/s] {FREMRE [m3/s]
constantSpeed?2
183.26
K\
tank 7% boundary1

>

= =
pump pipe1

i
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BN T 2
AXE (L. Modelica Standard Library @ Modelica.Fluid.Machines [C&E N &L
> (centrifugal pump) MEFILICDUVWT, V—XOA—REEHSEBONTIBHRE T

EICHARTZECEBNIBDENTI, CORVYITEFIVE. RIYTFA—A—DF—5>—
~AOEERIL E NS B SN DIHEE™FE (head curve) & EMEN IR (power curve) Tzl
THEREFME (efficiency curve)Z{ERHU TR TOEEZETILILLE T,

Contents
o FILVRY T EREHIE
o RN Y TETILDHEARIFR
e PartialPump GELRY THR—ZXEFID)
e PrescribedPump (BIEEIRERY )
O Pump ( 5E§J7Ryj)

e ControlledPump (BERE - HEEADRERY )
e FLH
Examples

e PumpExample1 (PrescribedPump)
e PumpExample2 (PrescribedPump)
e PumpExample3 (Pump)

e PumpExample4 (ControlledPump)
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mIL ) DB HIE
o IZLIN> T (Centrifugal Pump) DIREEZE
o SFILVNY T DIERERATR (BEMDEREICH (T S FFHE)
o JLVRY T OMEEEIE T (DI EZE X TIHS D)
o BV T DA i
o BRIBHAN W =




DRV T EN Y T OERREE 4

IR > 7 (Centrifugal pump) MIRFEE L

It HHE7] (discharge pressure)
port_b.p(start = p_by,,,,) [Pa]

-

~JILD (shaft torque) 7 [Nm]
f45E[E (angular velocity) w [rad/s]

Ji=E (mass flow rate)

m_flowg, ., [kg/s]

=)

KAIE (suction pressure)
port_a.p(start = p_ay,.,) [Pa]

—

(BIETiE (volumetric flow rate) [O]FREN (rotational speed)
m flO single N = @w [rpm]

V_flowgyee = p [m3/s] 2

iz (head) SEE (pressure increase)

dp_pum
head = e il [m] dp_pump = port_b.p — port_a.p [Pa]
P8
SEEE] (power consumption), HliEI7] (shaft power)
Wsingle = WT [W] P = medium . d [kg/m3] ZE (density)

g [m/s2]: ENNNZEE (acceleration of gravity)
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ZLR Y T OMERERER (B2EMEREN(CH (T SFHYE)

BEEGEN N=N__ (&I RIIOEH

7k&7] (water power),

% (efficiency) y EBsHEN D (theoretical powe

A BESM (head curve)
< _idp_pump - V_flowg,,
}7 —
K5 (efficiency curve) Wsmgle
\ N BEN /] (shaft power)
NS ORI,
AN A—N—HSREETNEF—5
fhEN 451 (power curve) DEERNSES,

>

ARERE V_flow . [m3/s]  HEIIEMEDEEMEEE S5O NLE

B2 (head curve)  head,, . .= flowCharacteristic(V_flow, . ;) [m]
smEN 4% (power curve) W, i, = powerCharacteristic(V_ flow, ....) [W]
ML (efficiency curve)  Muomina = €tficiencyCharacteristic(V_ flow, ;1)
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FDR Y TORRERE (QEHEBEXTHES O

FERE (volumetric flow rate) O] SR ZLLE
N N
v f lOWsmgle — N V—f lownominal ( N . )
nominal nominal
Btz (head) N 2
head = head,,, .. i
N, nominal
SHEREN] (power consumptior3l), &1 7] (shaft power)
N P
Wsingle — N Wnominal
nominal Prominal
“TUE BIEHNAED O TEMR 1 REDSTHVWEREL TROHS5N B,
N = Hnominal
< pré head V_flowsmgle _ Prominal * 8 headnominal ) V—fZOWnominal
Wsingle Wnominal 3
0 head - V_ flowg,,, p N
<> W single — nominal — Wnominal
Prominal haednominal ) V—f lownominal Prominal Nnominal
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IR > T DO SiER:
Q Nparailel BIDRY THiMiliEHRSN TS,

IRAIE (suction pressure) f I EF (discharge pressure)
port_a.p port_b.p
' . ' 180K T
EERE (mass flow rate) 5 m_ flow
m_ flow = port_a.m_ flow m_flowg,e1. = P
(start = m_ flow,,,,) [kg/s] arane
V_flow
FERE (volumetric flow rate) V_flowgingle = "
m flOW Parallels
V_flOW — _p [m3/s] Wsingle
SEEE] (power consumption), HliEI7] (shaft power)
WtOtal — Wsingle " Nparalel [W]
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BMBEANY FOEHESE

(available net positive suction head)

AT LD FrEF—YaVBRETSNUET SIEE

NPSPa = [BAOERE - BHAOBRNRSE
NPDPa = T O&E - THOfEMNBSKE
NPSHa = NPSPa / (IRAOZEE X EFINEE)

W i k i ped i a https://ja.wikipedia.org/wiki/%E6%9C%89%E5%8A%B9%E5%90%B8%E8%BE%BC%E 3%81%BF%E 3%83%98%E 3%83%83%E3%83%89
BRPEAHNY R

KPHER ERAREDEZDOMHEICEWT, BMETOREDEHE., FORET
DRIEDEIEDEZRITYIEETH D,

Po IKEIDEA
Po — Py Py BRIFERE T, ICBITRERIE
NPSH, = + Az—-h |
A pe ¢ L p TN R E

Az JKEIENE1DEEE
hy EIIKER


https://ja.wikipedia.org/wiki/%E6%9C%89%E5%8A%B9%E5%90%B8%E8%BE%BC%E3%81%BF%E3%83%98%E3%83%83%E3%83%89

BT BEmORY TOEEIE

EeERl /) — b, KB, IRRESR, p.87
available net positive suction head
R TAODEANY R SBRDETEANY K &5|WcFIRARTRREEMIRVAHNY

Ps Uy

2

\)

(NPSH) 4 = ( +=

=(Z - Z)+ <% - ZF—%) T W
1 S

TXILF—REN

P1
ng‘l‘_:gZS
P1

= (4f~é+21{a> ”7

pv> »
Ps

Ps

BRI E(CKBDIBERIRILF—

2

2
Ps | U B
+—+—+ ) F
2 2

p zlz — Ds l&ﬂaj‘ "7:,
P P IRAHFE
Z, A OaEs b RAHRRE

FEDEERZRE
| [RHAERT

d FABRE

«Z FKEORAEST
P BYKEDREE ]
P1 BFKIBRDEE

e FENKLSHEENTRRAMNSEAOEI TCHRBEEZRT S

7% {85 hvaE

FTZEESHTZLERIOGEVDD S,

o FMICIACONZE]
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%&EcEEL?E TR s

e LK
" Medium: PartialMedium | " Medium: PartialMedium |
<<partial model>> '----oiqmmoomooo «partial model» '----p--mmmmmmmmssessooooooooo =
PartialLumpedVolume Partial TwoPort k - FluidPort_a ”"lwa)

medium: Medium.BaseProperties

A FluidPort_b slltblllilll-.ﬁ_ I\
BE(RFH port_b -
A IXRILF—{FZEH replaceable class

__________________________________________________ « | BERFYE

iﬂowCharacteristic: baseFlow

ipowerCharacteristic: quadraticPower i Ejﬂﬁﬁ
- a » —_ efficiencyCharacteristic: constantEfficiency !
RIL) — . .
BIDIRY TDNR—AET I ; R

iHeatTransfer: IdealHeatTransfer

<<partial model>> ;L_Mc_npltorlng: PumpMonitoringBase

PartialPump

heatTransfer: HeatTransfer :E: 9 IJ yg‘

monitoring: Monitoring * HeatPort_a

heatPort —
(TER—

<<redeclare>> flowcharacteristic <- quadraticFlow

______________________________________________

/\

<protected>
; Reallnput
«model» m_flow_set_internal
«model> «model> ControlledPump <protected>
i ®——— Reallnput P
Pump ‘_shaft Flange_a PrescribedPump N_in o_set_internal Reallnput

BERETEE

BHERENN > T MRS 3RS

EEBRRER> T




=GN

BN Y TETILDOMARER

replaceable class (1)
B2 (head curve)

«partial function»
baseFlow

JAN

«partial function»

BENRE C IR
«function» _
linearFlow headyomina = €1+ V_floWnominas * €2
«function» BENRED 2 XRZIHEL
quadraticFlow head nominal = €1 1 |4 flownominal Cy + 4 flO
«function» i NARE D n RZIET
polynomialFlow il 1
head = ) V_flow'™" -,
i=1
Eh /1Y% (power curve)
basePower
«function» BNEN I DURE SR
linearPower W, omina = €1+ V_flow,, .. 1+ ¢Cy
«functionss EREN D DNRE D 2PRZIET
quadraticPower Wnommal =C)t+ V_ flO nominal * €2 1 V_ flO

nominal ~ €3

nominal

!

11
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replaceable class (2)

RO (efficiency curve)
«partial function» T2k «partial model>
baseEfficiency n=10.38 PartialVesselHeatTransfer
/\ TH3E A\ & /\
«function> XD%E\E;& «model>»
constantEfficiency N = Nnominal IdealHeatTransfer
«model>
ConstantHeatTransfer
JTEZSVYIG o
R III BRBHAGE
«model> BIIAE S NPSPa
PumpMonitoringBase B E] RACDERE & BMAREDE
5 NP5SHa — NPDPa
«model> NPSPa LH T > — A =
PumpMonitoringNPSH NPDP it O DFfE & RAZAKEDE
¢ NPSPa
NPSHa =
assertPositiveDifference(p, p_sat) D73V X L Pin * 8
algorithm
dp = p - t; T =T
agsertF()p >F=)_FS)?sat, 4message); %ﬁ t"zi\’ 0)%
end assertPositiveDifference;




@I PartialPump

PartialPump GEORY TOR—XEF L)

o JAS X—5 (parameters)
e ZEKE—ZHh (homotopy transformation)
¢ actual models

e simplified models

e B52(R778 (mass balances)
o TRILF¥—{®7ZHI (energy balance)

13



RG>V PartialPump 14
O =um
INSAX—43 (parameters)

INGA—Y B ES _ F7#b
_______________________ N_ nommalrpmﬁﬁﬁﬁé&
. rho_nominal ] kg/m3 B#gE@mE Medum®F T Uk
__________________________________ v o m3 RyTmAm . 0[m3]
________________________ nParallels & MHwyJowHsm b oooa&al
______________________ chekcvalve & truer BIEAREREERMES 00 o false

true: EEN SRS
use PowerCharacteristic i false
b falser M EES
_____________ useHeatTransfertrueﬁ?@“*@‘%ﬁ?%false
show_NPSHa ‘true: NPSHa Z 1719 % (obsolete) | false
IHAE/ RS X —5 (|n|t|al values)
p—astart — SyStem 'pstart [I&LEzjj
P_byu: = DP_ag ITHE 7]
m_ flow,,,,, = system.m_flow,,,, Bahs NERE—ZMD simplified
l <y
V_fZOWSingle init — n_Jlov = ‘// JET)IJ_C{@ e
- Pnominal * "Parallel

delta _head.

init —

= flowCharacteristic(V_ flow flowCharacteristic(0)

single_ mzt)



@I PartialPump

RE ~E—Z¥a (homotopy transformation)

V=1L —2 3 VOV CEE CIHEE AENRZED IR UEIE CTHRIZAI(C.
EFIVEBRICEBENRESNDET IU(simplified models) S EEERDET U

(actual models) & CEHGMICE

g3,

/ homotopy ZRL —%5

y = homotopy(actual = actural, ssmplitied = simplified)

&y = actual - A + simplified - (1 — 1), 1=0->1

FERE. BiE. @HE]. MEOSHERNSERELAENLO THRERE—ZRE

AEREDHREIN

ow equations

ow = homotopy(m_flow/rho, <
m_flow/rho_nominal); «— simplified model

actual model

15

1TDo0



@I PartialPump

actual models (1) AR DR & RS 5

constant unitHead =1
constant unitMassFlowRate = 1

"fiow final constant unit_m_{flow =1

P [
_ _low S DB s =

nParallel unit_m_flow

{FRETRE (volumetric flow rate)

Vflow —

Vflow_single

512 (head)
W 1IEREERELL L checkValve = false

2
N . L N nominal
head = flowCharacteristic { V_ flowg;,,, ,s =0
N nominal N

WIEREERESH D checkValve = true

-

2 v
( Nnj;’mal) flowCharacteristic (V_f lOW 01 ( ]n\;l >>, s >0
head = < ,
( = - ) flowCharacteristic(0) — s - unitHead, s<0
nominal
unitMassFlowRate p - V_f lOWsingle

. , >0 &s5= :
V_flowgel = {S P ’ unitMassFlowRate
0,

s <0
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actual models (2)

EFERHE (power curve) HEEIN (power consumption), #liE 7] (shaft power)
RS use_ powerCharacteristic = true

N,

nominal

3
N N )
Wingte — P powerCharacteristic ( V_ flawsingl . fipuind
Pnominal N

), — dp_pump - V_flowg,
Wsingle
MRS EES use_powerCharacteristic = false
. S L N nominal
n = efficiencyCharacteristic { V_ flowg;,,, i
dp_pump - V_flowg,,,
W. =
single

n
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simplified models

{FETRE (volumetric flow rate)

m_ flow
V_flow = =

Prominal

BiE (head)
V_ flowyj,g, - delta_head,,;, f |V fl | 5 0
.o , 1 __flow.. .
head = (HowCharacteristic(0) + x), x = V_floWsingle_init st L
nominal O, P

s - unitMassFlowRate _ V_f lOwsingle

V_ﬂOWsmgze = S5 = SV p—
Prominal Prominal * UNIIMassFlowkate

RIS (power curve) SEHEEIH (power consumption), EiE7 (shaft power)

MNHEZES
N V—f lOwsingle . .
Wiingle = powerCharacteristic(V_ flow;, 1, inir)
N nominal V—f lOWSingle_init -
wjgﬁﬁ’éﬁj s dp_pump - V_flowgge inis
n = efficiencyCharacteristic(V_ flow,ine ini)s  Wiingre =

n



@I PartialPump

EE2(F7=8I (mass balances)

PartialLumpedVolume « EREHENT (TTFILE) DIHZE

dm (F A0
— =mb_ flow

” THR | yrumimcosizad

Xi massDynamics ZZ & L C.
dmAT _ mbXi_flow R YES ! B

dt V>Oe:§_§o

dmCeq  mbC_flow NIhNIE
d

3. Modelica.FluidS12J5Y,
Cnommaz (Hlj\*ﬁ;u E‘) FluidExample2 volume €5 JLER

https:/www.amane.to/wp-content/uploads/2018/12/

Part i a3 I Pump *%5}151,5\ é: F | U | d Port 5 %’ ‘j|l:’§— 5 5 ffe08c971d7476d067b0f2910bebdd63.pdf

mb_ flow = port_a.m_ flow + port_b.m_ flow
mbXi_ flow =

FHE

port_a.m_ flow - actualStream(port_a . Xi_outflow)

+port_b.m_ flow - actualStream(port_b . Xi_outflow) 45 Yes
port_a . Xi_outflow = medium . Xi

port_b . Xi_outflow = medium . Xi

mbC_flow = port_a.m_ flow - actualStream(port_a . C_outflow)

+port_b.m_ flow - actualStream(port_b . C_outflow)
port_a.C_outflow = C

RpEREY =)
port_b.C_outflow = C

19


https://www.amane.to/wp-content/uploads/2018/12/ffe08c971d7476d067b0f2910be6dd63.pdf
https://www.amane.to/wp-content/uploads/2018/12/ffe08c971d7476d067b0f2910be6dd63.pdf
https://www.amane.to/wp-content/uploads/2018/12/ffe08c971d7476d067b0f2910be6dd63.pdf

RG>V PartialPump 20

I RILF—{RZHI (energy balance)

PartialLumpedVolume o TR (T AILRN) DIES
dU (FEDHAEO
— =Hb_flow+ Ob_ flow + Wb_ flow . B -
g = Ho-Slow+0b_f / . EERERNCT BIBAR
energyDynamics ZZ&E L C.
PartialPump V>0 £9%,
3. Modelica.FluidS1r75Y,
HEICLDIRILXF—Z1L FluidExample2 volume €5 JLEIR
https://www.amane.to/wp-content/uploads/2018/12/
Wb_ flow =W, mEN7] (shaft power) ffe08c971d7476d067b0F2910be6dd63.pdf

Qb_ flow = heatTransfer . Qg [ 1]

FluidPort SOOIV 7ILEREH

Hb_ flow = port_a.m_ flow - actualStream(port_a . h_outflow)
+port_b.m_ flow - actualStream(port_b . h_outflow)

port_a . h_outflow = medium . h
port_b .h_outflow = medium . h


https://www.amane.to/wp-content/uploads/2018/12/ffe08c971d7476d067b0f2910be6dd63.pdf
https://www.amane.to/wp-content/uploads/2018/12/ffe08c971d7476d067b0f2910be6dd63.pdf
https://www.amane.to/wp-content/uploads/2018/12/ffe08c971d7476d067b0f2910be6dd63.pdf
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PrescribedPump ([BIEEEIRER > ) N_in

AN EHEIT SR T /
INSAX—5

use N_in = true ADNIAXRDS N_in &{ES

connect(N_in, N_in_internal)

use_N_in = true INSX—8 N_const &{FES

N _ni_internal = N_const

port_a port_b

N\

%name heatPort

AW TOEERE N [rpm](E. REBRIIC(SE protected EE TN/ IXDT S N_in_internal
TREIND,
N = max(N_in_internal,1 X 10_3)
NUSw— (EESRO TRIE)
NS X—7S use_N_in (§ N_in_internal DEXEFEZIRIRT B,
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=IOV PrescribedPump PumpExamplel

PumpExample1
PrescribedPump OITHODEEREZ 10T 0.001 [m3/s] M50.041 [m3/s] T 0.041 [m3/s]
L3, ~ E—— s
-1 {AERE

system const1

deaus [E]#ER#7 1000 [rpm] 0.001 [m3/s]

A gl S &

ooy a \ ;;;;;

K=1000 gain2 Vflow2
massflow2 /
‘4—4<‘—<X
: k=-1.0 * pump2.rho_nominal durati0n=1 0
pump?2
const
[OERZEN 1750 [rpm]
f gain1 Vilow1
tank k=1750 massflow1
t& @ k=-1.0 * pump1.rho_nominal durati0n=1 0
pump
101325 [Pa]
BEEZNICHEREZEEREICERT D

293.15 [K]
OpenModelica (1.14.0-dev-26499-g3e12ff2)DF T # L=V IVIN—=TIE. 1FAERE 0 [m3/s] ' XF—KkTF B L.
0.0001 [M3/s] W5 XS — kT BEHEENINEL B A

division by zero £1EDE T, F/z.
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PrescribedPumpDI4EEERE
EXOER#E 1750 [rpm]
REIm3/s] 2BE[m]  WEHIKW]
... 0000 39000 5000 0.000
... 0034 27400 14700 0.620
0.040 22.800! 14.850;  0.600
Modelica.Fluid.Machines.PrescribedPump pump1(
redeclare package Medium = Medium, S
redeclare function flowCharacteristic = o
Modelica.Fluid.Machines.BaseClasses.PumpCharacteristics.quadraticFlow (
V_flow_nominal={0,0.034,0.04}, head_nominal={39.0,27.0,22.8}), —

redeclare function powerCharacteristic = o
Modelica.Fluid.Machines.BaseClasses.PumpCharacteristics.quadraticPower (
V_flow_nominal={0,0.034,0.04}, W_nominal={5000,14700,17000}),

N_nominal = 1750, FLEDOFEREN 1750 [rpm]
checkValve = true, I EAEEEER R

m_flow_start = 0.0001, BERE#HAME 0.0001 [kg/s]
use_N_in = true, ClEREE AJIIRDT I THEET D

use_powerCharacteristic = true) annotation( **); EWEFNEBUEEFEHTS

flowCharacteristic 2 powerCharacteristic (. EFEDI - EREHICRBIT S EMNTEIXT,
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J=aLb—3IavVER

[kg/s]

?%E [m]

pump1 1750 [rpm]

\

pump2 1000 [rpm]

.......................

xxxxxxx

H%F'a‘?l [s]

pump2 1000 [rpm]

KSR [m3/s]

22222

E17) (W]

DItEH:T:ﬁ [bar]

pump2 1000 [rpm]

BFRS [s]

pump1 1750 [rpm]

pump2 1000 [rpm]

B /
o T
0 0.04

KRR [m3/s]

-
7]\ /
° ° ° ° o o e
2 Q 8 2 & & 2
TR R AFRPEI IR SRR B |

24

—_..pumpT 1750 [rpm]

pump2 1000 [rpm]

1ZISFE % [m3/s]
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pump & Boundary_pT ZBEEEHRIT D&

PumpExamp|ez IERRR (time = 0) ARUEE L (C < U\

boundary1

PrescribedPump OITHOIC/ N1 T & DILOWCTHODIKEE (head) Z&ILSTEH D,
PrescribedPump M4EEESE (S Examplel & @k,

4+

system const1 pump?
defaults — s
[Ol#ER#X 1000 [rpm . B
\/gl > Lrpm] 7K88 (head) ZE(pressure)CEIRT D
—— p=pg-head2+p,.,
boundary?2 pIees e —— headty — heacy
head? E head
T.
pump?2 pipe2 f 52 head?2
const .
[OIERZ 1750 [rppm] duration=10
g = time [s]
p = pg - headl +p,,,,
tank k=1750 boundary1 pressure1 time 0 - 10
R head1 | 0.01 - 38.91

head1 head2 | 0.01 = 12.71

®
<
p.» = 101325 [Pa] =

Tamb = 29315 [K] diameter = ()1 [m] duration=10
length = 20 [m]

pump DI EHCOENEAZERIIC(E volume BT ILICTE D TB DT staticpipe ILED flow EF I ZEHE T DIETOHNLET Do

pump1
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J=aLb—3IavVER

BE [m]

pump1 1750 [rpm]

pump?2 1000 [rpm]

......................

B5RS [s]

f pump2 1000 [rpm]

15 =

‘0_\

5]

0 ———— — , — , —
0 0.05 0.06

pump1 1750 [rpm]

TS

0

==

=PI

[m3/s]

aaaaaa

222222

BHENTT [W]

ItHES [bar]

H%F'eﬁ [s]

—— pump1.W_single vs pump1.V_flow —— pump2.W_single vs pump2.V_flow

pump1 1750 [rpm]

pump2 1000 [rpm]

- /
0=
0

RERE [m3/s]

R [-]
Rl R

26

—— pumpT.eta vs pump1.V_flow —— pump2.eta piuump 1 1 7 5 @ [ r pm ]

pump2 1000 [rpm]

T [m3/s]
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Pump (quﬂajﬂ"’/j shaft: Flange_a

shaft (8) EEMEL T, EEMEMBNERET SRV T v
@ = shaft.phi  [rad]: QEGAEE
d
w="2 [rad/s]: ARE port_a port_b
dt
N = Modelica . SIUnits . Conversions . to_rpm(w) \
/ /sname heatPort
Wiingle = @ - shaft .tau  [W]: &7 60
N=—w [rom]: [ClEREY
27
<<connetor|>> Modelica.Mechanics.Rotationlas.Interfaces.Flange
Flange
phi: SI.Angle .
<flow> tau: Sl.Torque QY = Shdft phl [rad]: O %%1E
AN T = shaft.tau [Nm]: <UD

«connector»
Flange_a

Modelica.Mechanics.Rotationlas.Interfaces.Flange_a
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PumpExample3

PumpExample2 &[@E#HRIC Pump OITHOIC/ N1 T & DILOWTHOMDIKEE (head) Z&{LETE D,

system constantSpeed1
\"e/f"";‘”;’lv /?\ 3RS 104.72 [rad/s]
I T 104.72 (1000 [rpm]) .
o p =pg - head2 +p,,,
bou ndary2 pressurez — headl.y —— headz2.y

4‘ head?2 ” head
= <

pump2 pipe2 > . head2
constantSpeed?2 .

/‘\ ARE 183.26 [rad/s] duration=10

183.26 (1750 [rpm])
I\

tank /797

......................

p=pg-headl +p,.,, = time[s]

pressure1

)
Lo . . time 0->10

head1 | 0.01 =» 38.91
head2 | 0.01 = 12.71

boundary1

L

f>

duration=10

p.» = 101325 [Pa]

diameter = 0.1 [m]
— K
Tamp = 293.15 K] length = 20 [m]
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Pump MDI4EREERTE

B[
RE[m3/s] 2\RIm]  WEHKW]  E

in# 1750 [rpm]

. 0000] 39000 5000 0000
.....0.034| 27400 14700 0620
0.040 22.800! 14.850.  0.600
Modelica.Fluid.Machines.Pump pump1(
redeclare package Medium = Medium, SO
redeclare function flowCharacteristic = e \

Modelica.Fluid.Machines.BaseClasses.PumpCharacteristics.quadraticFlow(
V_flow_nominal={0,0.034,0.04}, head nominal = {39.0, 27.0, 22.8}),
redeclare function powerCharacteristic =
Modelica.Fluid.Machines.BaseClasses.PumpCharacteristics.quadraticPower(
V_flow_nominal={0,0.034,0.04}, W_nominal={5000,14700,17000}),
redeclare model Monitoring = Modelica.Fluid.Machines.Base(Classes.PumpMonitoring.PumpMonitoringNPSH,

EJIPAL ST

N_nominal = 1750, HEEE#ERE 1750 [rpm] NG e~ e =
checkValve = true, | A NPSHa OEZH U VT %Z1TD
m_flow start = 1, BEMREVIHAE 1 [kg/s]

use_powerCharacteristic = true) #E 4= FHT S

annotation( :);
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J=aLb—3IavVER

1.port_b.p (bar) —— pump2.port_b.p (bar) —— constantSpeed1.flange .tau (N.m) —— constantSpeed2.flange.tau (N.m,

—— pump1.port_a.m_flow (kg/s) —— pump2.port_a.m_flow (kg/s)

E% pump1 183.26 [rad/s] E§Ai pumpl 183.26 [rad/s] Eg; pump1 183.26 [rad/s]

1B R o

K2 H =

mm»e H A1 .

ML .| oump2 104.72 [rad = i,#,,ff#~f**””’#’”’#ﬂﬂﬂgf## e
. pump [ra /S] B pump2 1@4 72 [rad/s]“*'“ pump2 104,72 [rad/s]

B [s SRS [s] BERS []

e S eeen e e —esrst=183 26 [rad/s]

pump? 183.26 [rad/s] “T pump] 183.26 [rad/s]

B [m]
g 53?% [a_] 5

fipumpz 104.72 [rad/s

\ pump2 104.72 [rad/s]

.................................

877 (W]

pump2 104.72 [rad/s]

.................................

AR [m3/s] ERE m3/s] KRR [m3/s]
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=aLb—>3avER

\“

E /pump1 183.26 [rad/s] _r;c NPDPa _‘E NPDP3

s "E =

2y - e

Q. pump2 104.72 [rad/s] g NPSP3 E NPSP3
B3R [s] B3R [s] B [s]

pump1 183.26 [rad/s] pump2 104.72 [rad/s]
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ControlledPump (BEEfiE - HHENDRER> T)

BERENTIHENZERETSIHYT m_flow_set  p_set
ROTOFEOEEMNR 2 RN ESICES
R TOEESHERINISA—5 port_a port_b
m_ flow, ... [kg/s]: ITHRBOELEE
P _%ominal [Pal: IRIAETDOEXEE(E \
P_byominai Pal: MtHEIDE (S aname  heatPort
NDHTERET Do CRDXS 1 KEH)
mEVCHEHENDDERRESE
control_m_ flow_set = true EE‘FE HlfE T B,
use_m_ flow_set = true SANIXTS m_flow set THIEIT B,
false SEEREF/ISA—5 m_flow,, .. (c1L3,
control_m_ flow_set = false HHENZFIFHT S,
use_p_set = true IS5 ANIAXRDT S p_set THIMEIT B,

false HeSEEAF/INSA—S5 p_b,, ... (155,
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ControlledPump®iZi24H4

m—f lownominal

V_flow_op =
Prominal
P _Bnominal — P—%ominal

head_op =
Prominal8

v_ flow = {0,V_flow_op,1.5V_flow_op}

nominal —

head, = {2head_op, head_op,0}

ominal —

(0, 2head_op)

® >

e EFILOASBICIZILRED L SLBEIFENZETIND,
e COEFILCIF. ENEERBEDERIIN Y TEADEERRICI D THREINDD
T. COEMICTENDTLL,

33
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Pump PumpExample4

PumpExample4

ControlledPump MDAIRE, pump1 (FBEERE% 40 [kg/s] (CHE L. pump2 (FMEHE% 300000 [Pa]
([CHRET Do pipel & pipe2 OHEONENZ 10 BT 101325 [Pa] M5 196325 [Pa] F TEILT

[ERS P

const1

ITHET

Y

300000 [Pa]

34

system

v
s

time [s] | 0 — 10
on __/ pressure [Pa] [101325 196325

/_>

duration=10

pressure

k=300000
—>,
const pump2 pipe2
4 SENE
40 [kg/s
k=40 [ 9 ]
tank
pump1 pipe1

p.» = 101325 [Pa]

T, ., =293.15 [

K]

N\

diameter = 0.1 [m]

O

length = 20 [m]
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ControlledPump DI4RESEE

pump1 DEXE ANIROSTHEREEHRET S
REEREITD(TT 4 IUET control_m_flow = true)

35

m_flow nominal = 40,
p_a_nominal = 101325,
p_b_nominal = 351325,

annotation( **+);

Modelica.Fluid.Machines.ControlledPump pump1(
redeclare package Medium = Medium,

[kg/s]: EHREDE%(E
[Pal: A I DE#E(E

| [Pal: HHEDOE%EE
use_m_flow _set = true) BEEREDATIIAXRIT S ZE{EDS

pump2 DERE ANIROUAITHHEEHEZERET S

Modelica.Fluid.Machines.ControlledPump pump2(
redeclare package Medium = Medium,

ENEHRET S

control_m_flow = false, <
m_flow _nominal = 40, |
p_a_nominal = 101325,
p_b_nominal = 351325,

annotation(::+);

[kg/s]: HHREDE%E(E
[Pa]: IAFE D DE%E(E
[Pal: THFEDDOEA(E

use_p_set = true) uiHj;;—tjj@)\jjj:zDQEEB
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=1L —

oy

—

)1

77N

=

[kg/s]

aER

—— pump1.port_a.m_flow (kg/s) —— pump2.port_a.m_flow (kg/s)

pump2 /3%7&5@77373‘*1%7(

| pump2 [t FEF] 300000 [Pa]

36

—— pump1.port_b.p (bar) —— pump2.port_b.p (bar) —— pressure.ports[1].p (bar)

/

95 & JILEE 73\/DZ’J\

OB

5
=
R o
1 - pump? ILHEE A/ 1 FD
pump?1 BERE 40 [kg/s] H ENBES/  THEONEN
= - KOKREN
---------- o . Hfjmmrn |
R [s] B

= [-]

7 [W)

pump? EREN D (FRE & & E IR T

........

..................

, REE

N MSE;}ILE
dp_pump - V_ flowg,,

H%F'a‘?l [s]

Wsingle

 EhEh ]
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FEH

Modelica.Fluid.Machines RN FEFIVIE. 1BERHE (head curve) & EEN %% (power curve) E T

(IR (efficiency curve) ZFERAU TR Y TOEEFE €5 ILIET D,

o BER (head curve). EHENTIFHE (power curve) KR (efficiency curve) (& replaceable function (C
o TCHH. - —EREHCKITLARETH B,

o RIUTOIEEAIZ volume EFILICIEDTULD, IS AXA—IDRYTARBE V [m3] X massDynamics.
energyDynamics ZEREIT D EIC LD CHERHNLIBEFRFEPIXINF—RFRREEZERIDICENTET D,

* Monitoring EFILVERET D E(CK DT NPSHa IEE DEENTIRETH Do

* Pump (&. Modelica.Mechanics.Rotational @ Flange RIS &&EHIT D EMTET D,

* PrescribedPump. Real ORI S FZ(F/ S A—S CREBEHRET Do

e ControlledPump (. RY TORFERF+IBSNLVESICHERAL, BEREFTEHEENERET B,

Licensed by Amane Tanaka under the Modelica License 2

Copyright(c) 2019, Amane Tanaka
» The purpose of this document are introducing the centrifugal pump models of
Modelica.Fluid which are included in the Modelica Standard Library (MSL). This
document uses libraries, software, figures, and documents included in MSL, and those
modifications. Licenses and copyrights of those are written in next page.

« This document is free and the use is completely at your own risk; it can be
redistributed and/or modified under the terms of the Modelica license 2, see the
license conditions (including the disclaimer of warranty) at
http:/www.modelica.org/licenses/Modelical icense?
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Modelica Standard Library License

https://github.com/modelica/ModelicaStandardLibrary/blob/master/LICENSE

38

BSD 3-Clause License

Copyright (c) 1998-2019, Modelica Association and contributors
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

* Neither the name of the copyright holder nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE

DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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