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MCEN 5151-Flow Visualization

1. Introduction 
     This report is a general overview of the first team assignment on 

MCEN 5151 Flow Visualization, in which Alex, Daniel and I took an active 
part developing various images of the non-Newtonian fluid—oobleck. This 
assignment was intended to provide a stage where students can work 

together on things that they are interested in and gain some practical 
experience on imaging techniques and scientific observation.  

2. Image Basics 
      This image on the cover is one of hundreds of oobleck images our team 

has made and I think it particularly reveals the shiny, glossy finish of the 
oobleck. We made a whole bowl of oobleck by commingling cornstarch and 

water until it got viscous enough to have properties of solids and liquids. 
Then we decanted the oobleck into a couple of cocktail glasses and colored 
them with food dye. Finally we splashed the oobleck of different colors onto 

cardboard pieces and made attempts to take images from different angles. 
The image I choose has an ISO of 1600 and I edited it with Polarr Editor 
to polish the surface of the big oobleck droplet and make it even glossier. 

3. Fluid Physics 
      In this assignment, our team has 
presented a very typ ica l non-
Newtonian fluid, a shear thickening 

fluid to be exact, the oobleck and the 
name oobleck was actually derived 

from the book “Bartholomew and the 
Oobleck” by Dr. Seuss that was 
published in 1949. As a non-Newtonian 

fluid, the oobleck does not have an 
important feature that Newtonian 
fluids have—a linearity in the 

relation between the shear force and 
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Figure 1: Micrograph of the cornstarch particles[1]



MCEN 5151-Flow Visualization

the shear rate, which can be 

denoted as ! , where !  is 

the shear force and !  is the 

viscosity. The oobleck is perhaps 

the best-known example of of a 
shear-thickening suspension: 

cornstarch particles suspended in 
water.[1]  

      Stress tests show that the 

viscosity decreases with 
increasing applied stress at 
low stresses, exhibiting shear-

thinning behavior. As the 
stress goes up, the viscosity 

increases and shear-thickening 
behavior can be observed. 
The p rop e r ty o f s h ea r  

thickening can explain some 
magical things people can 
achieve with the oobleck. For 

example, a person is able to walk 
on a large tub of oobleck without sinking.[3] From our observations, when 
the oobleck in the bowl turns “solid” enough, it “holds” your fist when you 

punch the surface and bounces your fist off without leaving cornstarch mud 
among your fingers.  

τ = µ du
dy

τ

µ
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Figure 2: Apparent viscosity vs shear rate 
when performing a step stress test in a 
vane-in-cup geometry. [1]

(MRI) rheometer from which we directly get the local
velocity distribution in a Couette geometry with a gap of
1.85 cm [14]. We investigated the stationary flows for inner
cylinder rotational velocity ! ranging between 0.2 and
10 rpm, corresponding to overall shear rates between
0.04 and 2:35 s!1. The velocity profiles show that for
low rotation rates of the inner cylinder, there is shear
localization (Fig. 1): the velocity profile is composed of
two regions: the part close to the inner cylinder is moving,
and the rest is not. The MRI also allows us to measure the
particle concentration; to within the experimental uncer-
tainty of "0:2% in volume fraction the particle concentra-
tion is homogeneous throughout the gap. This however
does not completely rule out particle migration; we will
estimate possible maximum migration below at around
0.1%. Thus, it is possible that the particle concentration
in the flowing part of the material is slightly lower than that
in the ‘‘solid’’ part.

Upon increasing the rotation rate, a larger part of the
fluid is sheared, and for the highest rotation speeds the
sheared region occupies the whole gap. We are unable to go
to higher rotation rates since the shear thickening sets in
when shear band occupies the whole gap of the Couette
cell, and when it does the motor of the rheometer is no
longer sufficiently strong to rotate the inner cylinder: shear
thickening is observed as an abrupt increase of the mea-
sured torque on the rotation axis.

For the lower rotation speeds, since the part of the
material that does not move is subjected to a stress, this
means that the suspension has a yield stress. The yield
stress can be determined from the critical radius rc at
which the flow stops: the shear stress at a given radius r
as a function of the applied torque C and the fluid height H
follows from momentum balance, and thus the yield stress
at rc follows immediately as !c # C=2"Hr2

c. The yield
stress turns out to be on the order of 0.3 Pa. Although it
appears obvious that concentrated suspensions that show
shear thickening also have a yield stress, we have not found

literature comparing the prethickening flow behavior to a
Herschel-Bulkley model as we do here. This is probably
due to the fact that the yield stress is low: it is too small to
be detected from a simple experiment such as an inclined
plane test [15]. We can detect it relatively easily here
because we use the MRI data. The stress for the MRI setup
is measured on a rheometer with exactly the same mea-
surement geometry as used in the MRI. In the flowing part,
the shear rate can be deduced from the velocity profile v$r%
as _# # @v

@r ! v
r , where the second term on the right-hand

side is due to the fact that in a Couette geometry the stress
is not constant. Then, r can be eliminated from this equa-
tion when combined with the equation for the stress to
deduce the constitutive equation of the fluid. This is shown
in Fig. 1, and also shows that the suspension has a yield
stress !c & 0:3 Pa.

In the standard rheology experiments depicted in Fig. 2,
the first important observation is that the critical stress for
the onset of shear thickening is roughly constant at
& 20 Pa. This implies that there are two critical stresses
for which the viscosity becomes infinite: First, upon ap-
proaching the yield stress from above, the viscosity di-
verges in a continuous fashion, in agreement with the MRI
observations that the flow behavior is close to that of a
Herschel-Bulkley fluid. Second, at the critical stress for
thickening, a discontinuous jump of the viscosity is ob-
served. When taken together, these results strongly re-
semble the theoretical proposition [11] that shear
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FIG. 1. Dimensionless velocity profile in the gap obtained by
MRI measurements. Inset: Local shear stress as a function the
local shear rate. The line is a fit to the Herschel-Bulkley model:
! # !c ' k _#n with !c # 0:3 Pa, k # 0:33 Pa ( s, and n # 0:88.
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FIG. 2. (a) Apparent viscosity and normal stress as a function
of shear rate for different gaps. Measurements were made with a
plate-plate rheometer (Bohlin C-VOR 200) with radius R #
20 mm. (b) Viscosity as a function of applied stress, showing
the reentrant jamming transition.
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Figure 3: Viscosity as a function of applied stress, 
showing the reentrant jamming 
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4. Photographic Techniques 
      Cardboard pieces with oobleck on them 

were placed against the back of a chair and 
a tripod has been set up for the camera. 
This image was taken in household indoor 

light condition, which, technically, wasn’t 
really suitable for taking images with such a 
high contrast. The original image wasn’t 

interesting because it looked fairly dim; the 
oobleck splash wasn’t impressive and did 

not stand out. Luckily, glitches like these 
can be improving by retouching the image 
with softwares. I edited the image to 

increase its sharpness and change the 
diffusion of the light.  

5. Conclusion 
      This image reveals interesting properties of the typical non-Newtonian 

fluid—oobleck and exhibits a scene of a high contrast. Personally, I think 
the focal length of this image is excellent and it makes the ridges on the 
splash visible. In general, the image demonstrates what we are trying to 

observe and the physics behind the flow. 
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Figure 4: The original image


