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Reason for shielding of Solar wind



Earth’s magnetic field

Northern Lights



Motivation

❖ Suction flooded vertical centrifugal pump having a bottom suction

❖ Suction line being 793NB direct measurement of discharge of liquid 

sodium vapor of 800K is impractical

❖ Shunt line of 26NB is coupled with main flow line , equipped with  flow 

meter. 

❖ Measured flow rate in shunt line - correlated with discharge in  main flow 

line   

❖ Flow fluctuations in shunt line, indicating amplified fluctuations in main 

line, increasing with discharge



SOLIDWORKS Modelling of Original 
Assembly



Boundary Conditions

❖ Inlet: Inflow Volume Flow rate of Main Line

❖ Outlet: Open Boundary (Environmental Pressure)

❖ Real Walls: Shunt line Pipe, Gussets and Welds



Section at which Velocity Profile is taken 
(Flow Meter is placed)



Simulated Velocity Profile of Bypass Line
➢ Navier-Stokes momentum & Continuity equation were solved



Comparison of Simulated and Calibrated 
Bulk Flow vs Bypass Flow 
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Lorentz Force is 
accountable for the 
slight deviation 
between the 
calibrated and the 
simulated curve



COMSOL MULTIPHYSICS Simulation of 
Bypass Line with Magnetic Field
➢ Coupled Algebraic yplus and RANS Turbulence model was used
➢ Physics-controlled meshing has been performed for easy convergence 



Coupled Differential Equations for 
Magneto Hydrodynamics Flow



Lorentz Force

Where ‘kappa’ is the curvature vector or rate at which 
tangent vector changes



Fluctuations in Potential measurement

Lehtikangas et al, Reconstruction of velocity fields in electromagnetic flow tomography, Phil. Trans. R. Soc. A 374: 20150334.



Theoretical Velocity Profile of Pulsatile 
Flow (with Womersley Number ‘Wo’)



Complex Analysis for Pulsatile Flow

Fluctuations occur in 
Induced Electric Potential 
with the same frequency.



Maxwell’s Equation



Induction Equation: 
Magnetohydrodynamics



Flow field remains along magnetic field line
(Lundquist Theorem)

Considering with resistivity is 0



Lundquist Theorem: Continued

h || B/⍴



Can initial small magnetic energy grow 
with time?

Averaged over volume

The field saturates to a value if it grows (How ?)



Magnetohydrodynamic Wave: Alfven wave

Small perturbations is introduced to magnetic field, density and pressure



Alfven Wave: Continued

Alfven Wave Equation
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