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(1) Bi=

INT TOENBEXREEEREDRRIE. PartialGenericFlow &2 L
EETIVCEEI NS,

: Medium: PartialMedium
<<partial model>> '

PartialDistributedFlow [ EBROETARERMZRT (S WallFriction
INWT—ITEEINTUL S,
7 7 # )b (3 Detaild

<<partial model>> <} _ <<mo_de|>>_
PartialStaggeredFlowModel / NominalLaminarPipeFlow
___________________ <<redeclare>>
| WallFriction: Detailed | WallFriction—>LaminarAndQuadraticTurbulent
__________________ |
<<partial model>> <<model>>
PartialGenericPipeFlow NominalTurbulentPipeFlow

/ WallFriction—>LaminarAndQuadraticTurbulent

IRSAX—BCLDT TurbalentPipeFiow
’ ,:Egiézb\ ?5ﬁ%§5+§?—5 WallFriction—>Detailed

- BERENENEXEZETHEID <<model>>

7“2:_ t]J D g i 5 o DetailedPipeFlow
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WallFriction /SwHo —3
D1V —-T1—X Q@ BRR(CKLXDENEXKILL

<<partial package>> PartiallWallFriction <<package>> NoFriction
<Lconstant>> use_mu . = —
<<constant>> use_roughness J @ E)ﬁ@&h*ﬁ%%T“/
<<constant>> use_dp_small <]_,7 <<package>> Laminar
<<constant>> use_m_flow_small — N7y L\ N —
<<constant>> dp_is_zero @ _/Aﬂ1 ’{EL””[’_:ET“J
<<constant>> use Re_ turbulent <] L——— <<package>> QuadraticTurbulent
<<partial function>> massFlowRate_dp T L — AN E N R ~r
<<partial function>> pressurelLoss_m_flow < @ Elllht —/Aﬂﬂ’/{ﬁblllhmkz?ﬁ'}_ﬁ
<<partial function>> massFlowRate_dp_staticHead <<package>> LaminarAndQuadraticTurbulent
<<partial function> pressurelLoss_m_flow_staticHead <]—

® FHSELRET L

<<package>> Detailed

IEFR O SHERICEND EZTENNERNICEILT BIHFS
- massFlowRate_dp: ENEINSEEREZETEIT S
* pressureLoss_m_flow: EERENSENEXZEHETS

RNEmNICET BIEER/ N THEAOICESEBENRD DIER
« massFlowRate_dp_staticHead: EJIEXHSEEREZETEIT S
« pressureLoss_m_flow_staticHead: EERENSENEXEZETEIT D
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PartialGenericPipeFlow MOBEREF C(FEDEXDETEDEBD

if continuousFlowReversal then — _ —
// simple regularization } (2) /c{jx_g((_dzéﬁ-l-%jb_
if from_dp and not WallFriction.dp_is_zero then N B2\
m_flows = homotopy( ADZE DT

actual= WallFriction.massFlowRate_dp( .
dps_fg - {g*dheights[i]*rhos_act[i] for i in 1:n-1},
rhos_act,
rhos_act,
mus_act,
mus_act,
pathLengths_internal, L
diamete?s, (3) /—J—\:E |\ E
(crossAreas[1:n-1]+crossAreas[2:n])/2,
(roughnesses[1:n-1]+roughnesses[2:n])/2,
dp_small/(n-1),

Res_turbulent_internal)*nParallel,
simplified= m_flow_nominal/dp_nominal*(dps_fg - g*dheights*rho_nominal));
else
dps_fg = homotopy(

actual= WallFriction.pressurelLoss_m_flow(
m_flows/nParallel,
rhos_act,
rhos_act,
mus_act,
mus_act,
pathLengths_internal,
diameters,

(crossAreas[1:n-1]+crossAreas[2:n])/2,
(roughnesses[1:n-1]+roughnesses[2:n])/2,
m_flow_small/nParallel,
Res_turbulent_internal) + {g*dheights[i]*rhos_act[i] for i in 1:n-1},
simplified= dp_nominal/m_flow_nominal*m_flows + g*dheights*rho_nominal);
end if;
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else
// regularization for discontinuous flow reversal and static head
if from_dp and not WallFriction.dp_is_zero then
m_flows = homotopy(
actual= WallFriction.massFlowRate_dp_staticHead(
dps_fg,
rhos[1:n-1],
rhos[2:n],
mus[1:n-1],
mus[2:n],
pathLengths_internal,
diameters,
g*dheights,
(crossAreas[1:n-1]+crossAreas[2:n])/2,
(roughnesses[1:n-1]+roughnesses[2:n])/2,
dp_small/(n-1),
Res_turbulent_internal)*nParallel,
simplified= m_flow_nominal/dp_nominal*(dps_fg - g*dheights*rho_nominal));
else
dps_fg = homotopy(
actual= WallFriction.pressureloss_m_flow_staticHead(
m_flows/nParallel,
rhos[1:n-1],
rhos[2:n],
mus[1:n-1],
mus[2:n],
pathLengths_internal,
diameters,
g*dheights,
(crossAreas[1:n-1]+crossAreas[2:n])/2,
(roughnesses[1:n-1]+roughnesses[2:n])/2,
m_flow_small/nParallel,
Res_turbulent_internal),
simplified= dp_nominal/m_flow_nominal*m_flows + g*dheights*rho_nominal);
end if;
end if;
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(2) BB EDBESFIDINSKXA—5

@ from_dp
true E5EHNEHNSEEREZETEIT D
flase LSBEERENSENEEZETETD

momentumDynamics ([CK D THUIDEND
PartialGenericPipeFlow NEEE

parameter Boolean from_dp = momentumDynamics >= Types.Dynamics.SteadyStateInitial
"= true, use m_flow = f(dp), otherwise dp = f(m_flow)” annotation( ...);

nitialconditior

DynamicFreelnitial false

Fixedlnitial false m_flow_start
SteadyStatelnitial true d(m_flow)/dt=0
SteadyState true

@ WallFriction.dp_is_zero
FMEETJIERAEELUELVIGES true
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©) continuousFlowReversal

mE/}Ibb\ /}Ib 'ﬂjg_%t%}_jjb“ UbEI’]

PartialGenericPipeFlow NWESE

final parameter Boolean continuousFlowReversal=
(not useUpstreamScheme)
or constantPressurelLossCoefficient
or not allowFlowReversal

SNLON

« BLEEPXF—LTHEL

. Fﬂ?ﬁ%%*ﬂzb‘i—i

« WREERLILL)
DUVWFNHDIFZE true EED,

false MBS, KR regularization/®
ﬂ\gtfgéwt‘\%é\ﬁ(jjéo
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(3) hERE—FERERE—AXRL—5
B
« BT =ZaAL—23avVOHEREtT T —XTld. KSIFIERELE
NRZEDIRUEAE TR DENDDIGERH D,
MERE=ZEEGE., TF. BRICIET DETIU (simplified model)
ERRE. COETIVHSERBRDOET )U(actual model) FTEFTIL

EEMANCRETETEEEINT (L > TIERERERR
< AECTH Do

HRERE—ZH (homotopy transformation)
RDEDHERTAZE 0HS 1 T TEHGNICELSTE S,
Axactual + (1 — 1) = simplified

Modelica D RERE—ARL—5
MERE—FRL—5(F. IHEELDEINICATITDIZEHICHL T

RS
RERE—FRL—5
/

m_flows = homotpy(actual, simplified)

2017/12/07 F—TFYCAEV VIRI D LEER 9



(4) WallFriction.Detailed

FILY— - 91NNV I\OR
(Darcy-Weisbach Equation)

AP — Aﬁﬂ A BERAE (Darcy’s friction factor)
b2 plkg/m3]: BE
u[Pa.s]: fhl4E=
AP =Py = P, ETIRR u [m/s]: FEETRE
P; [Pa] P, [Pa]
Q. = ), D[m]: PE
S LmlEE
e [m]: REHE I (roughness)
A=L ABEE  Re= ”ZD L1 JILRH
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A EEERRZ M (Darcy’s friction factor)

Re < Re;, BA IN—=1"2 - IRF7 XA
(Hagen-Poiseuille flow)

64 AP r?
" Re u_T@
Re > Re, EH.¥: d—ILTILw D - RO+ RO

(Colebrook—White Equation)

2.5
—21lo ( + 0. 27A)
810 e\/—

Re; < Re < Re, &L E&ERDBZmEIEDEEH
0.0065)

A
[Samoilenko 1968; Idelchik 1994, p. 81, sect. 2.1.21]

Re; = Rewyrpyient = 4000

L _ (2 51 e/D)
1 ) _
NV

Re; = 745 exp (if A < 0.0065 then 1 else
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A, = ARe? DB A

ERDZE
64 _ /1_2 ) _
A—R—e & Re = 7 Frzld A, = 64 Re
Re - 0 T A IFFEAIT DM A, (FFEREALILL,
EA D))

—1 =—21 (2 0.2 A) < Re=-2./1,1 <2'51 0.2 A)
o + 7 e \/ o + 0.27
f—/l 810 Re f— 2 10810 r_/lz

=TI D - RO EORNBEHBTELELSD,
ERE 2, DEHR

L pu® puD 2D3p Lu?
AP =A———, Re=—— & A,=|A F
D e p ,= |Ap]| L2 Fzld Ap = +2D3p/1
BEREL L1/ IILHBOREKR
A D .
o0 =M s Re= L
Re = o m = pud m D e & HAl |
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massFlowRate_dp E/NEHNSEEREZEKXRDD

2D3p
@ 1, = |AP|

A
@) Re=6—jL FF. BRERELTLTJILZEERD S,

Re > Re; & v

2.51 BADEENT SELE
Re = =2 /2, loga (ﬁJf 0'2”) RELTLA JILZEERSD S,

Re < Re, 7o BRI C. HERBHTCL 1 /LA ZXH B,
Re = interplateRegion2(Re, Re{,Re,, A, A5)

A
@rh=i%Re L JILRMH S ERREEET S,
fﬁ%(mp(zéi\b’déo
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pressureLoss_m_flow EERENSENEEXRDD

@ Re = Elﬁll AID=— - J v 1D\ (Swamee-Jain equation)
A (O=ILTILY D - RO =OTDERITL)
-2
@ Re <Re; 55 _ [ {A 5.74}]
/1212 1 Re A =0.25 |log 37 + 209
Re = Rez 7Ld: '\O /

2

2 — .

Re; < Re < Re; 77 %%%%Eiﬁﬁd)ﬁ%ﬁl%%i&
A, = interplateInRegion2(Re, Rel, Re2,A)

L 2
Otp=t—r1, 1 NOENEEHETS,
P AEEmcahE 3,
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ERRIHORMELENE R

XI#T'S T DR Ax, Ay U\, Ay & Ax D3IRZIETRTHEBIL.
Re; &Re, C. TNENERBEHDO R EERBEIOHRIC. 1 BHOEXT

EBRICIEDEDICDIEL,

Modelica.Fluid.UsersGuid.ComponentDefinition.WallFrincion &D
relative roughness /D

n

10" ¢

Pipe pressure drop due to friction
T p[p T T 0.08
271 0.01
/" 10.001
/40

Ax Ay massFIowRate _dp D5
Ax, Ay : pressureLoss_m_flow OD%—

10° 10
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(8% 2. PartialLumpedVessel DEIETE T

(1) —R&EY7E R

ORIES

FIIERBRAEEDRERRIV
Q)RR —~DET EFEVBESDMEIE penetration

B)YREHVNSTVIFED regularization (FRNOEEAL)

(4)RERE
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(1) —RBISENDEXR BRI & ENDTRERRT

A . 2

P ¢ mz + "
Di —— G =D l
o ZpinAlZn n meAZ vesse vaesselAvessel
ATt BHE EAE=F S i EJl)as
_ + 1+ Az . n?
|:> Pin = Pvessel Cin Avessel 20 Alzn i
=
l}”JII:I:II + mz C mz mZ
Pvessel ~ =D
vesse 2pvesselAvessel out: 2poutAout o0 ZpoutAout
4T B ENEEX BE EE
Ayt ) 1
Pout = Pressel — | Sout + 1 — m’
|:> out vesse < out Avessel 2Dvessel Aout
1 A 2 s 2 N . "
BE L a AT M s e 0 BB T RILE—)
2 2pA%2  2pA?
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Q)BRMUNR— OB T ISEVMEE DHIE

BEARATIEOD (ry0r > Mowrpuont ) DH— I OFIE

1 2\ 1 _
P = Pogssels 12 ((l-nl. — 1+ v L ) penetration; - mi2
l
\

vessel/) Pin; |

|
kq

BRNSTRETIRD (11y0re< —Murputent ) PIR— S DERE

1 - 1 1
Pout = Pvessel; — m Zouti +1- A2
i

vessel

Pressel PeNEtration;

Y
kz

BAUMR—;ES+0.2DATICHEB E. penetration; <1 EEBo
MAROEDBEEINNSSED, RHEOEDNIBRNKXE<ES,
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penetration METET
penetration; = regStep(fluidLevel — height; — 0.1D;,1,1x1073,0.1D;)

ports_penetration[i]
= Utilities.regStep(fluidLevel - portsData_height[i] - 0.1«portsData_diameterl[i],

1, 1e-3, 0.1«portsData_diameter[i]);

penetration=1.0

N—k&3+0.2D

penetration

I fluidLevel

penetration=0.001

use_portsData=false M & & penetration; = 1

o
-
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Modelica.Fluid.Utilities.regStep
R Ty 7 BEHUE & e T Rl BE 5 FRER THE LT % B

X > Xsmall

v,
y = yL x>0 y = Y2, X < —Xsmall
y2, x<0
fylLy2) -

Xsmall S X< Xsmall

~Xsmall < X < xsmalla)1J 1_2(3: ylb\bYZ(L/m'fbg—%z\h
ZIRT f(x) TIEET B,

y :=smooth(1, if x > x_small then y1 else
If x < -x_small then y2 else
if x_small >0 then
(x/x_small)*((x/x_small)N2 - 3)*(y2-y1)/4 + (y1+y2)/2
else
(y1+y2)/2);
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(3) BRE lj\a'(,\ia%ﬁd) reqularization (GRiNMEE(L)

Pport = pvessell 2A regSqureZ(m mturbulent: kl» kz)

Pin tpout ;é-—_lmll < mturbulentimt (BN

Modelica.Fluid.Utilities.regSquare2 |y =regSquare(x,0.1,1,1.2)

y = regSquare(x, Xsmau, k1, k2, useyqo, yd0)

RNEf S A= FF OIFIFNVLIET (BF)

klxz, X = O, kl >0
—kzxz x < O k2 >0

78'_-: —Xsmall = X = Xsmall THESNCRRL, ’ ’ : ' ’
—Xsmall <x<0 t 0<x< Xsmall E %n%nﬁ]’? @3/R%IE_E_Cﬂ1u§_50
x = 0CHAMAEOICESEN,, (FEHNERKICESEO, )
o EHRIEC—EMDNERICLS,
« use_yd0=false (FTAILK) IE52D3RZIERD_BEMIN x =0 T—HI D,
« use_yd0 =true 5. x = 0[CH (TS —FEMD ydo Z5|ETIEET B,

y:
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(4) RERE—-ZKICLBIEREFENDEHE

MEEEDBRXOBENIEREEELDIDTHRERE—ARL—F %
BRI B,

actual model

1 .
Pport = Pvessel T 242 regSqure2 (1, Meyrpyient K1, k2)
simplified model

_ RERE—FARL—5
pport = Pvessel
homotopy mod?/

1 .
Pport = homotpy (pvessel + mregSqureZ(m, Miyrbuients K1, K2), Pressel )
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PartialVessel NEHEER

// fluid flow through ports
regularFlow[i] = fluidlLevel >= portsData_height[i];
inFlow[i] = not regularFlow[i] and (s[i] > @ or portsData_height[i] >= fluidlLevel_max);
if regularFlow[i] then
// regular operation: fluidlLevel is above ports[i]
// Note: >= covers default values of zero as well

if use_portsData then "E ~ E—Z‘/\ob—g regularization

/* Without regularization
c[i] + 0.5*ports[i].m_flow"2/portAreas[i]"2

ports[i].p = vessel_ps_sta
* noEvent (it ports[i].m_flow>0 then zeta_in[i]/portInDensities[i] else -zeta_out[i]/medium.d);

*/

ports[i].p = homotopy(vessel_ps_static[i] + (0.5/portAreas[i]"2*Utilities.regSquare2(ports[i].m_flow, m_flow_turbulent[i],
(portsData_zeta_in[i] - 1 + portAreas[i]"2/vesselArea”2)/portInDensities[i]*ports_penetration[i],
[(]_ (portsData_zeta_out[i] + 1 - portAreas[i]*2/vesselArea’2)/medium.d/ports_penetration[i])),
/////”/VEE;;I;ps_static[i]);
/> k,

// alternative formulation m_flow=f(dp); not allowing the ideal portsData_zeta_in[i]=1 though penetratlon
ports[i].m_flow = smooth(2, portAreas[i]*Utilities.regRoot2(ports[i].p - vessel_ps_static[i], dp_small,
2*portInDensities[i]/portsData_zeta_in[i],
2*medium.d/portsData_zeta_out[i]));
*/
else
ports[i].p = vessel_ps_static[i];
end if;
s[i] = fluidLevel - portsData_height[i];
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« The purpose of this document is introducing Media and Fluid
Libraries 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.

« Copyright and License of this document are written in the last page.
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Modelica Standard Library License
https://qgithub.com/modelica/ModelicaStandardLibrary/blob/master/LICENSE

BSD 3-Clause License

Copyright (c) 1998-2018, ABB, Austrian Institute of Technology, T. Bodrich, DLR, Dassault Systemes AB, ESI ITI,
Fraunhofer, A. Haumer, C. Kral, Modelon, TU Hamburg-Harburg, Politecnico di Milano, and XRG Simulation
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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https://github.com/modelica/ModelicaStandardLibrary/blob/master/LICENSE

€ OpenCAE
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This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.
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