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The fractal dimensions observed in the simulations and 
experimental trials are somewhat different. One explanation of 
this difference may be that the simulations model larger physical 
domains, therefore allowing more accurate computations. It is 
observed that the fractal dimension is higher for Newtonian flow 
in both the experiments and simulations. These findings motivate 
further study of the connection between DLA type simulations 
and viscous fingering for Newtonian and non-Newtonian Hele-
Shaw flow.!
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Results 

The experimental trials begin by centering a viscous fluid in a 
Hele-Shaw cell. A less viscous fluid, e.g. dyed water, is injected 
into the cell by placing a weight  onto a syringe; this helps in 
simulating a constant flow-rate throughout each trial. Different 
values of the cell spacing and the flow rate, which is determined 
by the weight of the mass, are used from trial to trial. These 
parameters influence the critical wavelength of the instability as 
predicted by linear stability analysis[1]. Data and image 
analysis were  performed on videos capturing these 
experimental trials.  A key feature one can observe is the 
presence of thinner “fingers” present when the viscous fluid used 
is non-Newtonian.!

Experiments 

Simulation Figure 1: Experimental Setup 

This is an experimental,  theoretical, and computational study 
of  Saffman-Taylor instability in a Hele-Shaw flow involving 
the injection of a less viscous fluid into a more  viscous one in 
a thin gap between two plates.   The aim of this project is to 
study the instability when the more viscous fluid is non-
Newtonian, with viscosity that depends on shear rate.  To 
characterize the properties of the emerging patterns, different 
methods are used for calculating fractal dimensions based on 
the data collected from experimental trials and extensive 
simulations of diffusion limited aggregation type.  The 
instability development is quantified in both the experiments 
and simulations using Fourier analysis and is compared to 
analytical results obtained by linear stability analysis.  This 
project was carried out over the 2015-2016 school year by the 
NJIT applied mathematics Capstone class. Partial support by 
NSF grant No. 1211713 is acknowledged.!

Abstract 

Figure 2: Experimental trial with 
Newtonian Fluid (Glycerol) 

  

Figure 5: Newtonian Simulation 
with 1,000,000 walkers 

Figure 4: Newtonian Simulation 
with 100,000 walkers 

Figure 6: Non-Newtonian 
Simulation with 100,000 walkers 

Figure 7: Non-Newtonian 
Simulation with 1,000,000 walkers 

The number of fingers was measured by counting the number 
of fingers at the equivalent radius (radius of the circle with 
the same area as the pattern formed) as well as using Fourier 
analysis. From this result, we calculate the characteristic 
wavelength to be compared to the LSA analysis. The results 
are shown in table 3. For some parameters, the error is below 
5%. However, other parameters have a large error with over 
20%.!

Figure 3: Experimental trial with non-
Newtonian fluid (Polyethylene Oxide) 

Figure 8: Similarity of simulation to experiment versus simulation 
parameters 

By seeding simulations with frames from experimental 
videos and comparing the resulting behavior of the 
simulation to the rest of the experimental video, the 
similarity between simulations and experiments was 
found to be related primarily to the ratio of the 
simulation parameters A and B in the Newtonian case.!

b (mm) m (g) 
Fractal 

dimension 
0.73 200 1.580 
0.73 300 1.563 
0.73 400 1.591 
0.73 500 1.556 

b (mm) m (g) 
Fractal 

dimension 
0.425 400 1.670 
0.450 500 1.658 
0.550 500 1.633 
0.750 400 1.601 

Table 1: Newtonian experiments Table 2: Non-Newtonian experiments 

b 
(mm) m (g) 

Experiment-
al Fingers 

Theoretical 
Fingers 
(LSA) 

Relative 
Error (%) 

400 240 20 20.33 1.62 
450 500 20 27.09 26.17 
750 400 8 10.25 21.95 
850 500 14 13.38 4.63 

Table 3: Number of fingers in Newtonian experiments 
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