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Abstract Linear Stability (cont.) Monte Carlo Simulations (cont.) 

References 

Experimental Set-up 

Experimental Results: Newtonian 

Experimental Results: Non-Newtonian 

Monte Carlo Simulations 

Simulation  Results: Newtonian 

Simulation  Results: Non-Newtonian 

• An optical table was used. Four stand bars where secured in the 

table, so they could hold up the cell.  

• A white piece of paper with a needle sized hole in the center 

was placed on top of the bars.  

• The two plates, identical expect for a needle sized hole in the 

center of one, where used.  

• A piece of tape was placed over the hole in the plate, and that 

plate was placed on top of the white paper.  

• Spacers where placed around the edges of that plate.  

Fluid 1: Glycerol 

Fluid 2: Water 

Spacing: 0.82 mm 

Fractal Dimension: 1.880 

Fluid 1: PEO (Polymer Solution) 

Fluid 2: Water 

Spacing: 0.82 mm 

Fractal Dimension1.755 

 We present the results of semester long project focusing on 

the instabilities that develop in two-phase flow in Hele-Shaw 

geometry.  Experimentally, we have considered few different fluid 

combinations: water-glycerol, water-PEO, and water-8CB  (nematic 

liquid crystal flow). The last two combinations are known to exhibit 

non-Newtonian behavior that influences the pattern formation 

process. Theoretically, we have carried out linear stability analysis 

and compared the predictions with the experimental results. 

Computationally, we have carried out Monte Carlo type of 

simulations based on Diffusion Limited Aggregation (DLA) 

approach.  We have computed various measures of the emerging 

patterns, including fractal dimension for both experimental  and 

computational results, and we discuss to which degree non-

Newtonian behavior of the considered fluids influences these 

measures. 
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Surface Tension of simulations vs. 

space between fingers compared 

to a square root relation as seen in 

linear stability analysis. 

Experimental Set-up (cont.) 

• Fluid 1 was poured in the center of the plate. The other plate was 

placed on top.  

• A syringe, connected to tubing and a needle, was filled with Fluid 

2, and the needle was placed in the hole in the bottom plate.  

• A camera was mounted above the system to record the results.  

• A weight was placed on the plunger of the syringe, and Fluid 2 

was injected into Fluid 1.  

Fractal Dimension: 1.6895  

Comparison of Linear Stability & Experimental Results 
Fluid 1: Glycerol 

Fluid 2: Water 

Spacing: 0.82 mm 

Fractal Dimension: 1.865 

Fluid 1: PEO (Polymer Solution) 

Fluid 2: Water 

Spacing: 0.22 mm 

Fractal Dimension: 1.790 

Fractal Dimension: 1.7933 

Hele-Shaw Cell and Saffman-Taylor Instability 

b=0.22 mm b=0.62 mm 

Above we see comparison of linear stability and experimental 

results as a function of flow rate for two different separation 

distances between the plates, b. 

It is noteworthy to include that by assuming surface tension is zero, 

the Hele-Shaw problem can be simplified and have exact solutions 

obtainable through complex variables methods (such as conformal 

mapping).  However surface tension is a key to regularizing the 

problem -- without it, arbitrary solutions can be found and physical 

applications, such as the distance between fingers, cannot be 

predicted. 
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