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Part Parameter
Prototype Fluidic Oscillator ‘Throat width 25mm
Outlet semi-spread angle 50°
Feedback channel length 218.6 mm
Modified Fluidic Oscillator ‘Throat width 25mm
Outlet semi-spread angle 50°
Maximum feedback channel length | 321.8 mm
Minimum feedback channel length | 207.8 mm
Length of resonators 128 mm
Mixing chamber length 1744 mm
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invariant parameters the width of the pump cavity W (mm) 66
the height of the pump cavity H (mm) 60
the radial clearance between the rotor and the pump casing &, (mm) o1
the radial clearance between the rotors 8; (mm) o1
variant parameters [ diameter-to-pitch ratio = 2R,,/D 147 139 132
blade number Z 23 2304 23415
helix angle ¢ | vz |
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Nozzle Impeller
Number of blades Z=6
Nozzle length =2 mm Inlet diameter D, = 47.5 mm
Outlet diameter D, =92 mm Outlet diameter D=
129.5 mm
Effuser Blade inlet angle B =36
Blade outlet angle B, =375
Throat diameter D, = 15 mm Diffuser
Inlet area length Ly =125 mm Number of vanes Z=5
Throat length Ly=25mm Tnlet diameter Dy =53 mm
Diffuser tube length | Ly = 62 mm Outlet diameter Ds = 160 mm
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‘ PSO-Elman 95.8 86.7
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Schwefels2.2 Fl Fe9= Sl ﬁ"‘vl [-10, 10] 0
i
Schwefel's1.2 F2 =5 )'f’x/)z (~100, 100] 0
=
Schwefel’s2.21 " f(x) = max;{lx|,1<i<n} [~100, 100] 0
Rosenbrock F4 fi= E[lﬂﬂ(x,.. e (] [-30, 30] 0
=
Noise F5 f= z a0 (-1.28, 1.28] 0
Rastrigin ¥6 f= i[x?—mcos(Zﬂx.)ﬂﬂ] [-5.12,5.12] 0
=
Ackley F7 (-32,32) 0
Shekel’s Foxholes F8 [-65, 65] 1
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Value PSO BA ILBA

F1 Average Value L54E-01  331E+01 | 6.15E-02
Maximum Value 599E-01 | L69E+02 | 2.53E-01

Minimum Value 6A7E-03  7.80E+00 = 113E-03

Standard Deviation | 1.50E-01  3.75E+01 = 7.01E-02

F2 Average Value 794E+01 | 5.11E+01 | 5.82E-02
Maximum Value 140E+02  8.16E+01  4.10E-01

Minimum Value 315E+01 | 228E+01 | 127E-06

Standard Deviation | 3.56E+01  1.47E+01 | 9.90E-02

B3 Average Value LISE+00  117E+01 = 187E-02
Maximum Value L80E+00  2.32E+01 | 636E-02

Minimum Value 781E-01 | 224E+00 | 622E-05

Standard Deviation | 223E-01  5.20E+00 = 176E-02

F4 Average Value LOSE+02  8.78E+02  291E+01
Maximum Value 477E+02  1.49E+03 | 2.94E+01

Minimum Value 266E+01 | 230E+02 | 2.90E+01

Standard Deviation | 8.54E+01  3.33E+02  L03E-01

5 Average Value L97E-01  4.22E+01 | 381E-03
Maximum Value 403E-01 = 557E+01 | 8.84E-03

Minimum Value LOIE-01  240E+01  7.79E-04

Standard Deviation | 7.13E-02  8.70E+00 = 2.08E-03

F6 Average Value 553E+01 | 279E+02 | 8.52E-03
Maximum Value 886E+01 | 329E+02 | 6.63E-02

Minimum Value 317E+01 | 224E+02 | 6.72E-07

Standard Deviation | 1.33E+01  2.41E+01 = 159E-02

F7 Average Value 363E-01 | LO2E+01 | 223E-02
Maximum Value 150E+00  1.92E+01  109E-01

Minimum Value 400E-03  3.12E+00 = 178E-04

Standard Deviation | 565E-01  7.26E+00 = 2.12E-02

F8 Average Value 333E+00  293E+00 | LI3E+00
Maximum Value LOSE+01  1OSE+01  495E+00

Minimum Value 998E-01 | 9.98E-01 | 9.98E-01

Standard Deviation | 2.33E+00  2.11E+00 = 7.09E-01
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ILBA NP=30,A0=1,A0= 1, 70= 0, oo = L, Fnax = 1, Fruin = 0, B

Experimental Value

BA NP=30,a=

9, Fax = 1, Frin =09,1,=07 Reference Value

PSO NP = 30, Winax = 09, Wi = 02, ¢, = 2, ;= 2 Reference Value
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by Impeller outlet width, mm

by Volute inlet width, mm

C, Pressure specific heat capacity, J/kg/K

4 Impeller inlet diameter, mm

d, Impeller outlet diameter, mm

d, Volute inlet diameter, mm

n Rotating speed of the impeller, r/min

ny Specific speed for pumps (p, pressure, Pa)

Input power for the rotor, W

Q Flow rate, L/min

s Heat source, W

T Temperature, K

t Time, s

u Velocity, m/s

x Coordinate, m

EN Number of blades

Greek letters

AP Design pressure rise, Pa

n Efficiency, -

A Thermal conductivity, W/m/K
Aer Effective thermal conductivity, W/m/K
u Viscosity, Pass

Hep Effective viscosity, Pa-s

p Density, kg/m’

® Dissipation, W/m®
Superscripts

- Time-averaged component

Fluctuating component

Subscripts

d At design condition

i Free index

ji k Dummy index
Abbreviations

ECP Electric coolant pump
Exp Experimental

PCB Printed circuit board

CFD Computational fluid dynamics
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Type IMF1 IMF2 IMF3 [IMF4 [IMF5 IMF6 IMF7

P06 | 100626 | 290.62 = 11329 | 3764 1243 ‘ 383 219 ‘

P07 97517 | 27524 | 11884 | 3582 1781 ‘ 744 2.42}
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Type IMF1 (%) IMF2 (%) IMF3 (%) IMF4 (%) IMF5 (%) IMF6 (%)

P06 119 650 1321 569 23.05 49.44 ‘ 092

P07 092 429 797 545 2204 5151 ‘ 783
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Type IMF2  IMF3  IMF4 IMF5 IMF6
PO1 26122 16654 6856 1379 662 -
P02 19423 | 13528 | 6237 1056 684 302
P03 11539 4904 18.38 7.61 277 -
P04 11255 2005 808 456 224 -
P05 11536 5037 3070 13.06 406 205
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IMF1 (%) IMF2 (%) IMF3 (%) IMF4 (%) IMF5 (%)
PO1 3136 2293 15.27 1951 10.93 -
P02 3833 15.85 9.63 29.04 577 1.38%
P03 88.04 539 407 217 033 -
Po4 9429 388 147 0.16 020 -
P05 88.78 7.76 152 097 044 0.53%
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Element type Elements

Draft Tube Hexahedral 661010
Runner Hexahedral 1417500
Guide Vane Hexahedral 1272960
Stay Vane Hexahedral | 1157856
Volute [ Tetrahedral 676265

Total - 5185591
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&l 168E-06 | 0.00856 000678 | 0005732 | 0.005639
GCI, | 00002% | 1.0793%  08532% | 07207% | 0.7089%
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Quantity

tus

App:

Uncertainty

Flow Rate Electromagnetic Flow Meter £0.18%
Rotation Speed Rotary Encoder £0.02%
Head Differential Pressure Sensor £0.05%

Torque Load Sensor £0.05%

Torque Excitation Amplifier £0.02%
Tailwater Pressure Static Pressure Sensor £0.10%
Guide Vane Opening Angle | Angular Displacement Sensor £0.10°
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2481821 18 16

Number of grids (*10°) 29 | 48 | 57 | 70 ‘
Predicting head (m) 1968 | 1897 | 1857 | 1846 1842‘

Predicting efficiency (%) 7721 | 7688 | 7602 7598 7596
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ysical property Fitting formula

p (kg/m*) =3.569 x 10°°T* + 1.56 x 10> - 0.377T? + 47.183T - 1256.518
| 4 (kg/mls) 1,554 x 10772 = 1.266 x 10T +0.026375

G, (1/kglk) ~7.669 x 10°°T" +3.929 x 10T - 1.14314 7% + 187.3563 T - 10743.206
7 A (Wim/k) 3259 x 10T* ~ 1.569 x 10°T* +4.242 x 10772 — 0.06047T + 3.868
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Impeller Bridge radius of hub ry (mm)

Number of blade Z; Leading-edge radius of case 1 r; (mm)
Diameter of the shroud D (mm) 50 Leading-edge radius of case 3 r; (mm) 155
Diameter of the hub Dy; (mm) 216 Diffuser
Diameter of the outlet Doy, (mm) 79.19 Number of vane Z, 7
Width of the outlet by (mm) | 13 Diameter of outlet outer Douy (mm) 216
Impeller diameter D, (mm) 70 Diameter of outlet inner Doy, (mm) 50
Bridge radius of the shroud ry (mm) 875
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Parameter Symbol
Impeller inlet diameter d, 34 mm
Impeller outlet diameter d, 57 mm
Impeller outlet width by 75 mm
Number of blades 2 7
Volute inlet diameter ds 58 mm
Volute inlet width by 11 mm
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Flow domain

leading edge (WO)
trailing-edge region (W1)
near-wake region (W2)

far-field region (W3)

Non-cavitation model AS;, (W/K)

168 x 10
584 % 107
438 x 10

872x 10

SS cavitation model ASp, (W/K) (0 = 2
155 x 107
204 x 10
133 x 10°

114 x 107
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Particle properties

Wall properties

Parameter name Unit umerical calibration
Density kg/m’ 2650
Particle size mm 1
Volume concentration % 3
Flow rate m/s 3
Poisson’s ratio - 0.17 (Uzi and Levy, 2018)
Young's modulus pa 107
Restitution coefficient - 095 (Uzi and Levy, 2018)
Static friction coefficient - 0,005 (Uzi and Levy, 2018)
Coefficient of rolling friction - 04 (Uzi and Levy, 2018)
Density kg/m’ 7800
Poisson’s ratio - 03 (Uzi and Levy, 2018)
Young's modulus pa 2x10" (Uzi and Levy, 2018)

Restitution coefficient

0.737 (Uzi and Levy, 2018)

Static friction coefficient

Cocfficient of rolling friction

0.2 (Uzi and Levy, 2018)

0.3 (Uzi and Levy, 2018)
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Particle properties

Wall properties

Parameter name Unit
Density kg/m®
Particle size mm 05
Mass flow kgls 0235
Flow rate m/s 4
Poisson’s ratio - 023
Young’s modulus pa 5.9%10"
Restitution coefficient - 09
Density kg/m’ 8200
Poisson’s ratio - 03
Young’s modulus pa 207x10"
Restitution coefficient - 08
Static friction coefficient - 02
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Parameter Numerical

name calibration
Particle Density kg/m® 2450
properties
Particle size mm 232
Volume % 233
concentration
Flow rate mls 1888
Poisson’s ratio - 03
Young’s modulus pa 1x107
‘Wall properties density kg/m® 2150
Poisson’s ratio - 03
Young's modulus pa 26x10°
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alysis step L} 1]} v
Analysis type Steady state Steady state Steady state ‘ Transient
Interface model Stage Stage Stage ‘ Transient rotor-stator

Cavitation model None None Rayleigh-Plesset ‘ Rayleigh-Plesset
Turbulence model ssT ssT ssT ‘ SBES
Advection scheme Upwind High resolution High resolution ‘ High resolution

Time step le-3s Auto timescale Auto timescale ‘ Auto timescale
Convergence target RMS 1e-4 RMS 1e5 | RMS le5 ‘ RMS le5

Fluid properties
Vapor properties

Pump status

Puater = 970 kKgM™, fyqier = 8.9¢-4 Pas
Prapor = 2.3e-2 kgm™, fiyapor = 9.8e-6 Pas

Fixed at 1475 rpm

Turbine status

Boundary details
Heat transfer model

Saturation pressure

Varied from 0 to 1465.2 rpm
No slip and smooth wall
50 C isothermal

1233343 Pa
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Number of grids in pump flow field Global size Time Pump wheel

setting (mm) consumption (min) torque (N-m)

83,036 35 6 286,377

121512 3 10 277.062 32
163,254 25 16 [ 269.734 296
248,045 2 30 261.862 266
364,704 17 50 | 258.997 159
679,386 | 13 89 | 257.700 089
1,406,380 1 140 | 256.837 034
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Parameters Valu

Circular circle outer diameter, D (mm) 575
Circular circle inner diameter, d (mm) 276
Baffle diameter, dy (mm) 320
Baffle thickness, s (mm) 5
Impeller material ZL101 A
Rotation speed of pump, np (r/min) 1475
Number of pump blades, BNy 46
Number of turbine blades, BNy 45
Minimum blade thickness,  (mm) 3
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