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Abstract— The paper talks about the efforts made in the direction of building an apparatus for the development of Taylor-
Couette Flow. It also involves the analysis of the fluid flow thus obtained. It describes the methodology adopted in building 
the apparatus. It also describes the fluid flow obtained for a particular composition of the mixture of Glycerol and water thus 
providing an ideal behavior of the said fluid. The paper attempts to establish a relationship between the behaviors of the fluid 
flowpattern as the Reynolds number of the inner cylinder is changed, keeping the Reynolds number of the outer cylinder as 
constant. The paper also recognizes the problems faced while building an apparatus for the fluid flow visualization of Taylor 
Couette flow phenomenon between the annulus of two cylinders, one rotating and another stationary, and thus provides 
future scope for the development of better apparatus for the same. 
 
Index Terms— Taylor-Couette Flow, apparatus, Glycerol, water, Reynolds number. 
 
I. INTRODUCTION 
 
In the early days, circular motion of the fluid was first 
brought into light by Sir Issac Newton (1642-1727) 
where he put forward the definition of ‘Newtonian 
fluid’. This was further explained by Sir George 
Gabriel Stokes (1819-1903) where he put forward the 
boundary conditions for two rotating cylinders about 
a common axis. Mallock conducted an experiment 
where he rotated the inner cylinder and outer one was 
kept stationary. The work was further continued by 
Maurice Marie Alfred Couette (1858 – 1943) who 
rotated the outer cylinder keeping the inner cylinder 
fixed. He also conducted experiments similar to 
Mallock where they both found vortices forming in 
the fluids. An explanation for the development of 
these vortices was given by Lord Rayleigh and 
further by Geoffrey Ingram Taylor (1886 – 1975) and 
hence the name “Taylor Vortices”. He talked about 
stability of the fluid between two rotating cylinders. 
His investigation was a key development in the 
modern study of fluid mechanics for three reasons: 
 
1)It was considered by many as a convincing proof of 
the no-slip boundary condition wherein the velocity 
of a particle in contact with a wall moves at the same 
velocity as the wall. Although this concept has 
become a fundamental tenet for the study of fluid 
flow, it was questioned until Taylor used it with such 
success in his analysis for the stability of Taylor-
Couette flow. 
2)It offered convincing proof that the Navier-Stokes 
equations indeed accurately describes the flow of a 
Newtonian fluid, not just at the base flow level, but at 
a level that permitted the analysis of secondary flows 
and instabilities. 
3) It was the first successful application of linear 
stability analysis that accurately predicted 
experimental results, namely the transition from 
stable flow to vortical Taylor-Couette flow. 

II. TAYLOR COUETTE FLOW 
 

Taylor-Couetteinstability occurs in the annulus 
between differentially rotating concentric cylinders 
when the rotation rate exceeds a critical 
value.Taylor–Couette flow consists of a viscous fluid 
confined in the gap between two rotating cylinders. 
For low angular velocities, measured by the Reynolds 
number (Re), the flow is steady.This basic state is 
known as circular flow. If the speed is increased 
above certain threshold the flow becomes unstable. In 
its simplest form, Taylor-Couette flow arises from the 
shear flow between a rotating inner cylinder and a 
concentric, fixed outer cylinder. 
The Taylor-Couette flow is mainly characterized by:  
1) The angular velocities of the inner and outer 
cylinders. 
2) The inner and outer radius. 
 
One of the significances of Taylor–Couette flow is 
due to the changes in flow regimes which eventually 
lead to turbulence. By studying these systems more 
insight can be obtained into turbulence flow studies. 
 
As the Reynolds number is increased, by changing 
either the viscosity or the speed of the cylinder, there 
are different flow regimes that are obtained.  
 
They are classified as: 

1) TVF - Taylor Vortex Flow 
2) WVF – Wavy Vortex Flow 
3) MWV – Modulated Wavy Vortices 
4) TTV – Turbulent Taylor Vortices 
5) TUR – Featureless Turbulent Flow 

The project aims to verify the regime map for 
different fluids. The Regime Map describes the 
changes from stable flow to transition flow to 
turbulent flow in a graphical manner. It is a graph of 
Reynolds number of the inner cylinder v/s Reynolds 
number of outer cylinder. It is shown in Figure 1.  
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By changing the Reynolds number of either the inner 
cylinder or the outer cylinder, different areas of the 
graph can be explored. 
 

 
Figure 1: Flow regime map 

Courtesy: Pattern Formation in Viscous Flows (By Rita Meyer 
and Max Planck) 

 
The main objective of this project is to keep the outer 
cylinder stationary i.e., outer Reynolds number is 
zero, and changing only the Reynolds number of the 
inner cylinder. Hence this project is based along the 
line Ro = Zero. 
This flow is frequently studied because it is easy to 
produce in small closed systems. It demonstrates a 
fundamental fluid flow phenomenon that can be 
mathematically predicted from basic principles. 
 
III. METHODOLOGY 
 
Taylor Couette flow, as described above, occurs 
between two rotating cylinders. An apparatus was to 
be built where only the inner cylinder is to rotate and 
the outer cylinder is to remain stationary because, the 
behavior of fluid in this condition is similar compared 
to fluid behavior between two rotating cylinders. 
 
The first aspect in building the apparatus was to 
obtain the dimensions of the inner and outer cylinder. 
This was calculated for the Glycerol-Water mixture 
with the help of the regime map. It was seen that the 
Taylor-Couette flow was obtained at a Reynolds 
number of above 500 for the inner cylinder. Reynolds 
number (Re) is given by, 
푅푒 = 	 	

µ
                                                                (1) 

Where:   = Density of the fluid in Kg/m3 
V= Velocity of fluid in m2/s 
D= Diameter of the Cylinder in m 
= Dynamic Viscosity in N/m2s  
 
For this range of Reynolds number, the dimensions 
were calculated and were found to be: 
Inner cylinder diameter – 0.06m 
Outer cylinder diameter – 0.09m 
 
Based on the Reynolds number it was found that an 
RPM ranging from 10-300 was approximately needed 
to obtain the Taylor-Couette flow.  

Preliminary Design: 
 
To satisfy the requirement of speed, a DC Geared 
motor with specifications of 12V, 1000 rpm with 
6mm shaft was used. To control the speed of this 
motor, so as to obtain the varying Reynolds number, 
a PWM (Pulse Width Modulator) was used. 
 
At first to get an approximate idea of the apparatus, a 
prototype was constructed using water bottles and 
plastic container. Thus we came to know of the type 
of coupling that could be used to connect the motor to 
the inner cylinder. 
 
To build the actual apparatus a 1liter glass beaker 
with a diameter of approximately 0.09m was selected 
as the stationary outer cylinder and a hollow plastic 
fiber glass cylinder with a diameter of 0.06m was 
selected as the inner cylinder. Using 3D printer 
certain parts as shown were printed to couple the 
inner cylinder to the motor and foam board was used 
to act as a bearing to the inner cylinder. These printed 
parts were bonded to the inner cylinder using a strong 
adhesive (Araldite). The inner cylinder was coupled 
to the motor using a square key. 
  

 
Figure 2: Preliminary Design Apparatus 

 
Problems in the Design: 
On testing the apparatus, the following challenges 
were found - 
1)  The support-stand was not able to hold the motor 
firmly leading to vibrations which were setup in the 
entire apparatus. 
2) The foam board bearing was getting crushed due to 
low strength and was also getting eroded. 
3) Intense vibration of the apparatus was setup due to 
the torque on the motor. 
4) Lateral vibration of the inner cylinder due to 
insufficient supports was setup. 
5) Loss of power due to friction and vibrations. 
6) Outer cylinder, not being completely stationary, 
was subjected to the induced vibrations and hence 
leading to offsets of the cylinders. 
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7) Apparatus, not being spill proof, was making the 
working fluid to spill outside the outer cylinder. 
 
Final Design: 
The entire design of the apparatus was reworked to 
counter the above problems. 
A second and more efficient design was made and 
most of the parts of the apparatus were printed using 
the above said 3D printing facility. 
The dimensions of the cylinders being kept constant 
and using the same DC Geared motor and the PWM 
for controlling its speed, the support structures were 
completely remodeled. 
The following changes were added to the design, as 
compared to the preliminary design, majorly to avoid 
the development of the vibrations. 
 
1) A support structure holding the inner hollow 
cylinder at the bottom was remodeled and a short 
cylindrical structure was designed and both of these 
were coupled together using a metal bearing. 
2) The outer cylinder was made completely stationary 
by keeping an outer support structure on the outside 
along with four pillars. 
3) The motor which was the source for most of the 
vibrations setup in the apparatus was enclosed 
completely with the help of a support part which was 
also designed to enable the efficient coupling 
between the motor and the inner cylinder. 
4) The upper support part and the lower support 
structure for the outer cylinder were coupled together 
using the above said four pillars. 
 
This being done and after the above said parts were 
obtained from the 3D printing facility, the apparatus 
was assembled making sure of the dimensional 
stability between the couplers. The inner cylinder was 
made completely water-proof using adequate 
adhesives. 
 

 
Figure 3: Finalized Taylor-Couette Flow Apparatus 

 
After the assembly, the apparatus was first tested with 
plain water as the working fluid medium. Certain 
flow patterns, though unclear, was obtained through 
the trial run. 
 

The apparatus was further tested using 40 to 60 
percent by volume of Glycerol - Water mixture and 
the same patterns i.e., 3 bands in succession were 
obtained though it was seen that those were due to the 
mixing of air and the mixture at the top of the 
cylinders. 
 
Further the apparatus was tested using a, 80 to 20 
percent by volume, solution of the same mixture was 
used. This trial too yielded the same results.   
 
In all the above explained test runs, though the 
patterns were seen from the bubbles arising due to the 
mixing of air with the fluids, several other agents 
were added to see if the patterns were visible like 
mustard seeds, sawdust, sand etc. Those proved to be 
ineffective. 
 
IV. SIMULATIONS AND EXPERIMENTAL 
RESULTS 
 
The above problem was solved in Ansys fluent and 
subsequently analyzed in Tec plot Software. To begin 
with, a cylindrical model was created with 
dimensions same as the apparatus i.e. an outer 
diameter of 0.09m and inner diameter of 0.065m.  
 
In the next step (related to meshing) primarily the 
inner and outer cylinders were divided into 150 
divisions each and mapped - meshed to the whole 
body.  
 
Pressure based and steady state solver was 
used.Energy equation was set to off and viscous 
model to laminar. The properties of the fluid were 
mentioned. The density of the fluid was given as 500 
kg/m3 and the dynamic viscosity set to 0.012 Ns/m2. 
The Boundary conditions are: 
1) The outer cylinder is stationary. 
2) The inner cylinder rotated with velocities ranging 
from 15 rpm to 500 rpm with no slip condition. 
 
The criterion for convergence was set to a tolerance 
of 10-3.The number of iterations was set to 500. The 
solution was initialized from the inner wall. To plot 
the obtained results an X-Y plane and a Y-Z plane in 
the Ansys Fluent Software is created. The results 
obtained in the Fluent were transported to Tec plot 
were the contour plot and the vectors were plotted in 
the software Tec plot. 
 
RESULTS 
 
After solving the above following results were 
obtained, VelocityVectors: Due to the rotation of the 
inner cylinder, following velocity profiles were 
obtained. Here as the outer cylinder is stationary, 
maximum velocity is obtained at the interface of 
inner cylinder. 
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Figure 4: Velocity Vectors for inner cylinder rotating and 

Outer Cylinder stationary 
 
To obtain the vortices obtained during the different 
rotational speed of the inner cylinder vorticity 
magnitude in the x-axis is plotted it is seen as the 
Reynolds number is increased from 150 to 2000 the 
different patterns are obtained at Re 153 it is vortices 
are only formed in the edge and is in less magnitude 
as the Reynolds number is increased to 583 at this 
point we can ordered nature in which the vortices are 
formed and on further increasing it to Re 2000 the 
vortices become haphazard in nature. 
 

 
Figure 5: Contour Plot of vorticity and Velocity Vector Plot for 

Re = 153 

 
Figure 6: Contour Plot of vorticity and Velocity Vector Plot for 

Re = 583 
 

 
Figure 7: Contour plot of vorticity and Velocity Vector Plot at 

Re = 2000 
 
CONCLUSION 
 
Experimental Setup: 
A Taylor-Couette Flow Apparatus has been built. 
Though vibrations have been completely stopped, the 
pattern is still unrecognizable due to inhabitancy in 
the visualization of the fluid currents. Due to the 
interfacial interactions between air inside the setup 
and the working fluids there is disturbance at the 
interface. Three test runs were made with different 
compositions of fluids. In the first case, plain water 
was used, in the second one, 40 to 60 % by volume of 
Glycerol water mixture was used and in the third 
case, 80 to 20 % by volume of the same two fluids. In 
all the three cases, three prominent bands were 
observed due to the arising air bubbles. 
 
Computational Fluid Dynamics Simulation: 
Reynolds number was varied by changing only the 
speed of the inner cylinder and thus Taylor vortex 
flow was observed for different Reynolds number. It 
is seen from the simulation that, it agrees with the 
regime map i.e., for a Reynolds number of around 
500 - 600. It is seen that we get Taylor Vortex Flow.  
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