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Convective 

instability of 

ferromagnetic 

fluids 

What happens when 
you apply a thermal 
gradient to a ferrofluid 
and a magnetic field? 

The researchers applied existing 
fluid models for particle 
distribution subject to thermal 
gradients to the ferric particles 
in a ferrofluid. 
Additional theoretical models 
for magnetic fields were applied 
to the distribution to simulate 
how the ferrofluid will react. 

A theoretical model was created 
describing the criteria which 
thermomagnetic convection 
occurs. 

N/A N/A Uniform This provides a through description of 
the theoretical model for 
thermomagnetic convection. The project 
does not account for many of the 
boundary conditions used in latter 
experiments. 

Convection of 
Paramagnetic 

Fluid in a Cube 

Heated and 
Cooled from Side 

Walls Magnet 

Comparison 

between 

Experiment and 

Numerical 
Computations 

Can theoretical for 
models 
thermomagnetic 
convection be used to 
verify experimental 
results? 

An experimental setup 
consisting of a cube under a 
thermal gradient subject to a 
strong magnetic field was 
constructed and filled with a oil 
based ferrofluid.  Sensors 
measured the temperature 
distribution within the chamber. 
A theoretical model of the fluid 
was constructed and numerically 
simulated. 

The experiential results were 
verified with the numerical 
models with high success rates in 
both the isotherms and the 
Nusselt efficiency. 

Glycerol and  
Simulation 

Constant 
0-10T 
static 

Near Uniform 
0-10T 

This paper provided experiential 
verification of the theory. Simulations 
were able to produce an accurate model 
of the experiment with a high degree of 
accuracy at measuring the fluid flow and 
the efficiency. 

Parametric 

modulation of 
thermomagnetic 

convection in 

magnetic fluids 

Can a periodic driving 
force improve or 
hinder convection? 

An experimental setup 
consisting of a variable magnetic 
field source was incorporated 
into a ferrofluid chamber. A 
thermal gradient was created 
and the thermal conductivity 
was measured. 

Thermal convection was found to 
be dependent on the driving 
frequency of a magnetic field. 
The frequency can varied to 
optimize the heat transport with 
low frequencies improving 
transport. 

Oil Heated top 
Cooled bottom 

0.03T  @ 
0-5Hz AC 

This work provided evidence for another 
phenomenon that the existing theory 
did not account for. This indicates that 
there is room to expand the theory or 
potential industrial applications to take 
advantage. 

Microgravity 
experiments on 

thermomagnetic 

convection in 
magnetic fluids 

Is it possible to cancel 
the gravitational 
influence, to measure 
the purely magnetic 
component? 

A cylindrical cell with an interior 
heating element was created. 
Thermistors measured the 
convective cells. This apparatus 
was dropped drop a drop tower 
to simulate microgravity 
environments. 

They found that under low 
gravity environments, 
thermodynamic convection is 
eliminated, the radial geometry 
seen is impossible to duplicate 
with thermodynamic convection 
with applications in geophysics.  

Oil Cylindrical, heated 
from the center 
cooled on outside in 
microgravity 
environment. 

Radial They applied the theory to another 
related phenomenon, thermodynamic 
convection, indicating that 
thermomagnetic convection can be used 
to study problems in other fields that 
are difficult or impossible to 
experimentally model. 

To the influence 
of uniform 

magnetic field on 

thermomagnetic 
convection in 

square cavity 

Is there an optimal 
orientation for the 
magnetic field? 

They simulated a 2D square, in 
separate experiments they 
heated the walls or the roof and 
floor. The magnetic field was 
uniform at an angle which is 
rotated. They measured the 
angle between the convection 
cells and the Nusselt efficiency.  

The researchers found that the 
angle between the convective 
cells rotates at a rate equal to 
twice that of the magnetic field, 
in the opposite direction. The 
optimal efficiency occurs when 
both cells have equal expose to 
the hot and cold plates. 

Simulation Square Angled at 22.5 
degree increments 
from the heat 
vector from 0 to 90 

Thermomagnetic convective cells can be 
manipulated by varying the orientation 
of the magnetic field, this changes the 
direction of fluid convection and the 
Nusselt Efficiency. 

Numerical 
investigation of 

thermomagnetic 

convection in a 
heated cylinder 

under the  

magnetic field of 
a solenoid 

How does a 
discontinues magnetic 
field impact the 
convective flow? 

The researchers simulated a 
cylindrical cavity with a magnetic 
solenoid interrupting the inner 
solenoid. The result was the 
middle of the cavity had a strong 
magnetic field with next to none 
in the outside of the cavity. 

The solenoid created a very 
strong convective flow, cells 
were not present, it appeared 
closer to a fluid pump. Extremely 
high efficiencies were recorded. 

Simulation Cylindrical cavity 
interrupted by 
cylindrical solenoid 

Non-uniform 
Dominant in center 

They discovered a massive improvement 
in convective efficiency by creating non-
uniform magnetic fields, serving as a 
heat pump. 



 


