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Motivation — Faulty Pump Model #
DLR

= At design angular velocity and design head the volume flow rate was not the
design volume flow rate

Scaling
TDH_D Fom Design pressure head (max efficiency)  0.003
V_flow_D + m3fs Design volume flow (max efficiency)
omega_D v radfs Design angular velocity 0.002+

€
source sink 0.001

pump
0.000
000 o2 s o
p=p p=p+dp_ref
T=20°C
Re_ mod := (omega_hat*r"2)/(mu_in)*(omega s"1.5*f g"8.75);

referenceSpeed

* Reynolds number (missing density) — fixed 90% of the error but...
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5I.5pecificVolume mu_in = Medium.dynamicViscosity(state in) "Specific volume at inlet";



Motivation — Too complicated #
DLR

» Approach to extrapolate measurements data (water) to high viscosity fluids
like oll not suitable for water itself since scaling factors are not equal to 1 for

the reference fluid (water) — still 5% error
* Implementation as a function — hard to debug

0.0034

— Decision to design new pump models |
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SimplePump

= |deally controlled

DLR

= Mass flow rate 7 or volume flow rate V — FlowControlledSimplePump
» Pressure difference Ap or outlet pressure p,,+ — PressureControlledSimplePump

= Setpoint as paramater or input signal

2Ok

m_flow = 1 kg/s

"

Parameters
Medium | Medium_liquid v| + Medium model
eta_is | |' Fixed isentropic efficiency
Setpoint
setpoint ypes.PumpSetpointModeFlow.V_flow | ~ |' Pump setpoint (m_flow or V_flow)
setpointFromInput <Remove modifier=> input connector is enabled
m_flow_par Volume flow rate w rate
V_flow_par v omi3fs Constant volume flow rate
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Parameters

Medium | Medium_liquid v| 4 Medium model

eta_is | |' Fixed isentropic efficiency
Setpoint

setpoint 3umps.InternaI.'I':.rpes.PumpSetpointl\ﬂocls_-F’ressure.p_out|v |' Pump setpoint (dp or p_out)

setpointFromInput <Remove modiﬂer> = true, if setpoint input connector is enabled

| Pressure difference
dp_par | Constant pressure difference
p_out_par 2|v bar Constant outlet pressure



CentrifugalPump #
DLR

= |deally controlled

= Mass flow rate 7 or volume flow rate V — FlowControlledCentrifugalPump
» Pressure difference Ap or outlet pressure p,,: — PressureControlledCentrifugalPump
= Angular velocity w — SpeedControlledCentrifugalPump

= Or mechanical flange connector — CentrifugalPump

V_flow = 10 m¥h

w = 1500 rpm dp = 0.5 bar
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CentrifugalPump #
DLR

= Approximation of head and power with quadratic polynomial
= Similarity laws for arbitrary speeds (V~w, h~w?, P ~pw?)
» 5 Coefficients » BasedOnMeasurements or BasedOnCoefficients
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Comparison to Modelica.Fluid A#y
DLR

= Approximation instead of Interpolation (no Oscillation, Runge phenomena)
= No function call (works fine for w = 0)

Modelica.Fluid ThermofluidStream
. . _ 2
1.0 h = (é)z (cl+czw/‘;ref+...+cn (w/z,aref)n 1) h = (Cl (wfef) +62w£jer+C3,V2)
051 ) fPOIY(:_/'ETef) )
N 3 j ' 2 3 2
oo 075 ds0 025 b0 o35 obo 075 1bo P= (wif) (Cl “%Lref o (w /‘;ref) ) P=c (w“:ef) +e (wfef) Ve Uj:)ef V2
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CentrifugalPump BasedOnMeasurements

Parameterized by 3 vectors of measurement data of:

= \Volume flow rate {V, ..., .}
» Head/pressure difference {h4, ..., h,;}
= Power {P,, ..., B}

at reference speed w,r and reference density g ¢

Volume flow rate

W_flow | | + m3h  Volume flow rate data points

Head/Pressure rise

setHead [ ¢ = true, if head data points shall be given (= false, if pressure difference shall be given instead)
head iy m Head data points
dp | | * bar  Pressure rise data points
Fow
P W Power data points
P
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CentrifugalPump BasedOnCoefficients
DLR

i €9 head = 0.7
Parameterized by 5 N
Ex Jiead —
<] —
1. Head at zero volume flow rate 5% == C2head = ~0.3
o = "“--'.,___x-. o
href — h(V = 0w = wref) =3 Hh“‘“n
' ST s Sy -
2. Volume flow rate at zero head ¢ ¢ A £
Viet = V(h = 0,w = wWref) s 2
. 0 0.2 0.4 e s 1 E
3. Initial slope of head curve Volume flow rate ratio V/ Vi E
C2 head ~ 0.23 = 0.3 2
.. w 04 e &
4. Max Efficiency  Thef = INaxr)j oE _—
L E __:.;-;:ff; Volume flow rate ratio V, = V/V
Volume flow rate at max efficiency o =" =016
. ﬁ o2 |
V/Viet(maxn) &~ 0.51540.023 5 | @power = 7028
g Jpower — T 4
6. Curvature of power curve >
0

CS,power ~ _028 + 009 0 0.2 0.4 0.6 0.8 1

Volume flow rate ratio V/ V.
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