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Introduction: Korteweg proposed in 1901 that a 

nonuniform density (concentration or temperature) 
distribution leads to stresses in a fluid.[1]   His paper 
was the first to propose a model how miscible fluids 
could behave like immiscible fluids.  When two misci-
ble fluids are brought in contact, a large concentration 
(and density) gradient exists, which relaxes through 
diffusion.  He supposed that stresses caused by the 
density gradient acted like a surface tension that would 
also relax with time. 

Zeldovich published an excellent work in which he 
showed that an interfacial tension should exist between 
miscible fluids brought into contact.[2] Davis proposed 
that when two miscible fluids are placed in contact 
they will immediately begin to mix diffusively across 
the concentration front, and the composition inho-
mogeneities can give rise to pressure anisotropies and 
to a tension between the contacted fluids.[3]   

Joseph deserved credit for providing an excellent 
review of the history of this question.  Joseph and 
Renardy have impressive pictures of behavior in mis-
cible fluids that appears to follow behavior attributed 
to interfacial tension.[4] They also present experiments 
with drops of water rising in glycerin.  He and his col-
leagues also considered many problems with Korteweg 
stress. [5-8] 

Chen and Meiburg  performed numerical simula-
tions of miscible displacement that include Korteweg 
stress. [9-12] 

There have been several reports of phenomena in 
which the authors invoke an interfacial tension with 
miscible systems.  Garik et al. injected water into a 
CuSO4 solution or glycerin into water.  They proposed 
that the pattern formation they observed was not vis-
cous fingering but an interfacial-tension induced insta-
bility.[13]  Ma et al. performed a theoretical work in-
cluding molecular dynamics simulations of initially 
miscible fluids showing that the effective interfacial 
tension relaxes according to a 1/t1/2 rule.[14]  Mungall 
reported that miscible molten silicates form a menis-
cus, indicating an interfacial tension.[15]  He proposed 
a theoretical model in terms of the gradient stresses.  
Castellanos and González proposed that the wave 
length selection in the electrohydrodynamic instability 
between miscible fluids of different conductivities can 
be explained by a transient interfacial tension.[16] Pe-
titjeans and Maxworthy estimated the EIT from the 
wavelength selection of the displacement of water into 
glycerin in a capillary tube and determined a value of 
0.43 mN/m.[17] 

The first definitive measurements of an effective 
interfacial tension was performed by Pojman et al. [18] 
and Zoltowski et al. [19] 

Convection Caused by Interfacial Tension.  Gradi-
ents in interfacial tension between two fluids can cause 
convection.  Such gradients can be caused by gradients 
in the concentration of a chemical species or tempera-
ture.  Pojman et al. have studied numerically how con-
vection could be caused by concentration and tempera-
ture gradients at the transition zone between miscible 
fluids.[20-23] 

Isobutyric Acid and Water: A major problem in 
studying interfacial phenomena in miscible systems is 
lack of reproducibility.  Because the systems are not at 
equilibrium, the results for any measurement of an 
interfacial tension would necessarily depend on the 
path taken to achieve the conditions and the amount of 
elapsed since the fluids were brought in contact.  Em-
ploying fluids with a critical solution temperature can 
help avoid this.  For example, isobutyric acid (IBA) 
and water exhibit an Upper Critical Solution Tempera-
ture (UCST) a 26.3 ˚C, which means that above the 
UCST the materials are miscible in all proportions but 
below it they form two phases.Isobutyric acid and wa-
ter  
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Figure 1.  The phase diagram of IBA and water 
 
 Experimental Design: We have demonstrated in 
ground-based experiments that miscible fluids can ex-
hibit an effective interfacial tension if the gradient be-
tween the fluids is large.  Unknown is whether a gradi-
ent of such an effective interfacial tension can be cre-
ated by a temperature gradient that will result in ob-
servable fluid flow.  Our attempts in ground-based 
experiments to observe such Effective-Interfacial-
Tension-Driven Convection have been foiled by buoy-
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ancy-driven convection.  Therefore, we need to per-
form the experiment in weightlessness. 
 If isobutyric acid (IBA) and water are mixed below 
27 ˚C (the Upper Critical Solution Temperature, 
UCST), they form two phases.  The IBA rich phase 
floats on top of the water-rich phase.  If the tempera-
ture is raised above 27 ˚C, the phases are now miscible 
but diffusion is very slow.  This process allows us to 
create a configuration in which two miscible fluids are 
separated by a sharp concentration gradient that acts as 
an effective interfacial tension.  
 Our experiment is simple:  We will use an interface 
between isobutyric acid (IBA) and water as a model 
system.  A pre-equilibrated system in a glass cuvette 
will be maintained at 25 ˚C with Peltier heater-cooler.   
When weightlessness is achieved, the cuvette will be 
heated to 28 ˚C.  Once that temperature is achieved, a 
heater along the side of the cuvette will be activated to 
create a temperature gradient.  The fluid flow will be 
imaged by a laser sheet and nickel-coated glass micro-
spheres.  A control cuvette containing only water will 
be heated by a heater to allow us to determine the 
amount of buoyancy-driven convection caused by the 
residual acceleration. 

 
Figure 2.  Schematic of planned experiment 
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