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Abstract - Two among the most discussed forms of occurrences of the phenomenon of Relaminarization which are the 
cylinder and wound tube with dye in flow examination and in an accelerated duct of a multi-element aerofoil is been tried to 
showcase here with affirmative stands on its possibility through various parameter adjustments as well as testing underwent 
with the miniature module of the Accelerated Duct in a multi-element aerofoil in comparison. The occurrences of this 
phenomenon is recorded through various types of observations and found to be possibly created artificially. Since Laminar 
flow is highly ordered and can cause a steep increase in efficiency in comparison to turbulent flows, Efforts are made to put 
this into mainstream duct designing which can cause an increment in the overall efficiency. 
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I. INTRODUCTION 
 
The nature of fluid flow was one of the most 
discussed topics since 1900s. The natural state of 
fluid flow is often described as turbulent and the flow 
continues to remain turbulent irrespective of external 
influential parameters until the observation of 
Relaminarization comes in the picture and led to the 
disbelief of the same. Relaminarization is the 
conversion of the flow state of a fluid from turbulent 
to laminar. External influential parameters can be 
considered as pressure (as in the case of accelerated 
duct), Centrifugal force (as in the case of coiled tube), 
temperature change (Thermodynamic variations) etc. 
Similar to the possibility of crystallization from 
fluids, the transition from disorder to order, then 
possibly the occurrence of Relaminarization. This 
phenomenon can be analyzed with some of the 
explanative flow visualization techniques, like dye 
injection. In this paper we shall carefully examine 
two of the mostly discussed possibilities of 
Relaminarization which are the cylinder and wound 
tube and the evaluation of this phenomenon occurring 
in an accelerated duct. We will further exploit the 
possibilities of artificial creation of ordered flow so as 
to determine the flow nature change in advance. 
As discussed above one of the most understandable 
form of Relaminarization occurs in the Accelerated 
Ducts. The fluid flow in between a multi-element 
aerofoil, is subjected to Relaminarization thereby 
increasing lift co-efficient. The turbulent decays 
where the typical depreciation of the flow passage 
area starts subject to the condition that no flow 
separation within the passage. The flow gets 
streamlined as soon as the fluid flows beyond the 
transition. At the same time references of applications 
done on the typical cylinder and wound tube 
experiment where the smooth less diameter tube gets 
an ordered flow even after forcible creation of 

turbulence. The created turbulence gradually dies and 
the reversion takes place. 
Recent developments of this phenomenon had even 
had its progress through isotropic turbulence and wall 
bounded parallel shear flows. While considering the 
accelerated flows, the possibility of appraisal of 
streamlined flows through an accelerated passage also 
have its segment of Relaminarization. Whereas this 
area of workspace also develops a variation in 
pressure in which careful exploitation of the 
availability is in requirement. The modern researches 
have also started to examine the Relaminarization of 
Axisymmetric turbulent flows and Relaminarization 
on swept leading edges under high lift conditions.  
Effective utilization of this phenomenon can open the 
passage of possibilities for better design aspects of 
aerofoils and subsequent efficient aircrafts. The flow 
visualization techniques that we ponder upon are 
fundamental requirement substantial understanding of 
such flows.      

                                                                  
1. II. LITERATURE SURVEY  

 
Taking into account of the various findings of papers 
in regard to the topic of Relaminarization its found 
that there are innumerable occasions of the 
occurrences of the same (Narasimha. R, K. R 
Sreenivasan; “Relaminarization of fluid flows”, 1979) 
but there is little reference of the possibility of using 
it for positive efficiency or quality incrementation of 
a specific system. Its also taken into consideration 
that the various systems of different dimensions’ 
approach to the same point of Relaminarization 
atleast once in the loop. The flow reversion 
techniques have taken a giant leap in this field too. Its 
found that this phenomenon could occur due to 
numerous effects of the surroundings like the effect 
of flow curvature, temperature variation of the fluid 
and its surrounding, effect of acceleration caused due 
to flow passage diameter decrement (Mirzkirch. W, 
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“Flow Visualization”, 1987). The artificial turbulence 
which are created in some form of experiments dies 
as the flow approaches any of the above said 
conditions. The transition point of the occurrence of 
this phenomenon even depends in the flow speed 
variation as velocity is also a factor of the Reynold’s 
number. (Popov, Andrei Vladimir; Botez, Ruxandra 
Michaela and Labib, Michael (2008), “Transition 
point direction from the surface pressure distribution 
for controller design”).  There are other findings 
which explains the negativity of the same 
phenomenon due to unintentional variation in flow 
characteristics. Even there are references of many 
types of Relaminarization, we have taken two types 
which can be easily created as well as examined. First 
type that’s taken into consideration is the Cylinder 
and Wound Tube Experiment, (Taylor, G.I; “The 
criterion for turbulence in curved pipes”; 1929) in 
which the setup resembles the typical flow 
visualization representation in a cylinder of 
considerably larger diameter wounded by a smaller 
tube. Different from typical dye use in the wound 
tube to visualize the flow, we use powdered Al as the 
tracer particle. The second type is a setup which is 
made in comparison with the duct which has an 
accelerated flow which are mostly found in a multi-
element aerofoils. The work area is created in such a 
way that there is a diameter depreciation while 
approaching the end and thereby an acceleration 
happening directing the flow to be streamlined. The 
tracer particle used for the flow visualization 
representation is ‘Saw Dust’.  Metal sheets are cut in 
such a way to demonstrate the diameter depreciation 
of the passage. These modifications will in turn be 
helpful enough for flawless representation.  
 
III. DETAILS EXPERIMENTAL  
 
3.1Cylinder and Wound Tube. 
First Setup consists of a PVC Cylinder with a 
diameter of 180mm and its wound tube with a 
12.5mm diameter and a submersible motor of 20W. 
This setup can give an appropriate visualization of the 
phenomenon of Relaminarization. The flow which is 
streamlined can be captured with an HD Camera. 
Since there is no speed controller in the 20W 
submersible motor the flow speed variation can’t be 
done. The setup also includes some needles for 
turbulence creation which is required only because of 
low power of the motor. Further the effect of gravity, 
atmospheric pressure variation and tube wall friction 
are least considerable. 
3.2 Flow Visualization Setup with an  Accelerated 
Duct   
The second setup consists of a flow visualization 
system consisting of a flow visualization apparatus, 
0.5HP motor and a speed controller. Certain regions 
in work areas are modified using cut metal sheets to 
form a diameter depreciating region in the form of 
duct which has an accelerated passage to create a 

streamlined flow. Wall friction and atmospheric 
disturbances are neglected. There are possibilities of 
wave disturbances which can act negative to the flow 
visualization, it should be carefully administered. 
Since the work area more it is easy to capture the 
transition as well as streamline conversion of the 
flows. There are some segments in which the wave 
disturbances affect the transition points also.    
3.3 Tracer Particles 
Selecting tracer particles has got a numerous forms of 
errors arise due to the particle characteristic 
variations. After many experiments done on different 
types of tracer particles, including Glitter powder, 
Basel Seeds, ink as dye etc., came into conclusion 
with two different tracer particles for the two 
experiments which are Powdered Aluminium for 
Cylinder and Wound Tube Experiment. This tracer 
particle can cause a color change in the water, but it 
won’t affect the flow state except a slight difference 
in the viscosity.  The tracer particle is ‘Saw Dust’ for 
Flow Visualization setup with an Accelerated Duct. 
 

2. IV. PROCEDURE AND EXPERIMENTAL 
OBSERVATIONS 
 
 4.1   Procedure 
4.1.1 Cylinder and Wound Tube 
Firstly, the cylinder is selected of 180 mm diameter 
and a wound tube of 12.5 mm. A submersible motor 
of 20W and a surge of 5L is also taken. The Cylinder 
is kept on a flat surface so as the surge tank. The 
surge tank is filled with water and the tube is wound 
around the cylinder with 5-7 wounds. The inlet of the 
tube is connected to the motor inlet whereas the outlet 
is directed to the surge itself to ensure the recycle. 
The motor is switched on and the flow starts. For the 
creation of turbulence, its found to create obstructions 
using needles which are inserted in the tube and the 
insertion is sealed using adhesive. Further the 
selected tracer particle is put in the surge and the flow 
continues. The motor discharge, time taken for one 
loop were already noted. The same experiment is 
done with 200mm diameter cylinder also. Further the 
observations are recorded. 

 4.1.2 Flow Visualization Setup with an            
Accelerated Duct   
It starts with creation of an apparatus to do the flow 
visualization. The setup is created with motor, pedals 
and speed controller attached to the apparatus. 
Honeycomb structures made of small diameter pipes 
to decrease wave disturbances. It then starts to re-
circulate. Centre portion of the apparatus is taken as 
the work area (Refer Picture). Further a long metal 
sheet is cut in such a way that it forms the shape of a 
duct which is accelerated. Then, the initializing of the 
tracer particle is done. Saw dust which is selected as 
the tracer particle for this setup is added to the flow 
of water. The speed controller is used to adjust the 
speeds when required. Different speeds are tested for 
the same. In some segments its also tried to use 
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certain small obstructions to create vortices of the 
tracer particle, there by extra turbulence and finally 
observation of the death of turbulence is also 
recorded. Different levels of water are also tested 
with same. The apparatus is then moved to a dark 
room. Then with High Definition Cameras, the 
images are taken and the flow is recorder for further 
observations which described the next section. 
 
4.2. Experimental Observations 
4.2.1 Cylinder and Wound Tube 
This flow shows the creation of turbulence at the 
starting of experiment using needles. Each needles 
will create a specific amount of flow disturbances 
which can be visualized. To create extra turbulence, 
these needles are also inserted at different angles in 
the wound tube. The clear observation of the created 
turbulence is recorded. Then the flow which is 
turbulent in nature, flows through wound tube to 
reach the surge and is made to re-circulate. Now, the 
visualization of Relaminarization is done by the 
introduction of tracer particles into system. At that 
particular segment of the system were turbulence is 
created, visualization is so beautiful that we can 
easily capture it. Through the flow turbulent tracer 
particles are visualized. As it approaches the 5th 
wound, the turbulence starts to decay. This point of 
decaying can be termed as the point of transition. 
Further Relaminarization occurs on the 6th wound. As 
the flow reaches the exit, the flow becomes turbulent 
again. We can clearly observe the vortices created by 
the needles which will in turn die in the 5th wound 
and hence Relaminarization. 
The flow however faces a high decrease of turbulence 
energy which can be seen in the flow of the wound 
tube. Double sided tapes were stick to the cylinder 
and tube wounds were perfectly sticking to the 
cylinder which helped the stability of the flow. At 
some instances the flow could be observed as having 
a slight increase in the flow velocity due to the effect 
of gravity. At the same time, an attempt was also 
made to allow the flow to go against the gravity 
which could also form an energy decrease in 
turbulence which could make the reversion a little bit 
earlier in comparison to flow harnessing gravity. The 
stability of the surface where the motor, surge and 
cylinder are kept at the same height from the ground 
which will help the system to trigger less errors. 
Power and discharge stability of the submersible 
pump also helped the system to be error free. Hence 
its observed that this system is one of the good 
examples of fluid reversion technique. All the 
observation captured and recorded. Refer Figure a1 & 
a2 for a clear cut picture of the experimental setup 
and the observations.                                                                                                                                                             
  
4.2.2 Flow Visualization Setup with an            
Accelerated Duct   
The experimental setup is examined by various 
methods of evaluations before doing the work up. 

The filled apparatus with water is then switched on 
and water circulation is pursued. The speed controller 
is used for the adjustments of speeds; suitable speed 
is fixed. The honeycomb structures made of small 
pipes which are placed near the pedal will reduce the 
wave disturbances caused due to the pedaling of the 
motor. The turbulent flow which is generated by 
pedaling will flow through the system and reach the 
work area. The work area consists of a single segment 
in the total system and the flow characteristics of that 
particular area is taken into consideration. The metal 
sheet which is cut and aligned to form a miniature 
model of the duct which is accelerated is evaluated of 
the turbulent flow progressing through that particular 
region. We can make out the flow through the duct is 
approaching to streamline flow. 
For the perfect visualization of the same, tracer 
particles are introduced. Thus we can see the saw dust 
moving with the flow. We can clearly see the 
turbulence of the flow at the starting of the work area. 
As it approaches the duct, it marks the starting of 
streamlining of the flow. The flow can be observed 
with clear cut form of unordered and ordered type of 
flows. The streamlined flow is clearly captured using 
cameras at different angles. Further speed controller 
is adjusted to continue the experiment at different 
speeds. There is a change occurring in the transition 
point each time. Its observed that an increased 
concentration of tracer particles makes it difficult for 
flow visualization as the tracer particles have a 
tendency to stick to the walls of the system. If the 
concentration is normal, then we can see the flow of 
these particles completely change into an ordered and 
streamlined flow.  
This change of flow characteristics can be called as 
Relaminarization. It’s also observed after a 
considerable number of complete loops; the tracer 
particles tend to sink down instead of floating. So all 
the observations are done before that. We can see the 
distinguished layers of streamlined flow, as its 
comparatively of larger dimensions than the first 
experiment its very easy to capture the flow 
characteristic variations at micro level. Refer the 
pictures b1 & b2 for a clear cut understanding. 
 
4.3 Pictures for Reference 
4.3.1Cylinder and Wound Tube  

 
Fig a1 
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Fig a2 

  
4.2.2 Flow Visualization Setup with an              
Accelerated Duct 

 

 
Fig b1 

 

 
Fig b2 

 
V. ANALYSIS 
 
5.1 Occurrence of Relaminarization 
As the observations in the previous segments give a 
good picture of the mode at which it acts, we now 
analyze the its way of actions and the technical 
parameters. The flow undergoes transition before its 
converted to laminar flow. The water molecules 
which are disturbed in the turbulent flow suddenly 
acts ordered. It can be said that, Relaminarization 
may cause a difference in pressure, temperature and 
height but the reality is the differences occurring in 
these parameter which are basic leads to this 
phenomenon. Once the possibility of reversion is 
accepted, then it can be seen everywhere. In the first 
segment, the turbulence energy is lost mainly by the 
action of molecular transport parameters like 
viscosity and electrical resistivity. Even if it is 
negligible, the gravity does its work both when its 
pursuing for as well as against the gravity. Likewise, 
we know the advantages of a laminar flow as flow 
having identifiable layers of flow smoother 
progression, less heat dissipation etc. 

5.2 Pressure Parameters 
A laminar flow has less pressure compared to 
turbulent flow inside the water molecules. The 
pressure reduction on the walls of the passage can 
cause an energy decrement which can lead to 
Relaminarization. The pressure head of the flows as 
we already mentioned about the action of gravity can 
also give a significant effect of what went through. 
The friction factor which also depends upon 
viscosity, the effect of pressure in each layers of flow 
could be determined only by their radial distance 
from the center of the flow passage. 
 
5.3 The Curvature 
The effect of flow curvature has a big effect on this 
phenomenon. It can affect the point of transition to 
some extend as the magnitude of curvature can make 
the transition point to occur even faster. Curvature 
effects gets reduced once the flow is Re-Laminarized. 
It also has a dependence on the convexity of the 
curvature. We can state that the effect of convexities 
also has it effects considerably on Relaminarization. 
 
5.4 Centrifugal Force 

 The Cylinder and wound tube experiment have given 
us a clean idea of the possibility of occurrence of this 
phenomenon. The centrifugal force, when the fluid 
flows around the cylinder causes the inside extreme 
layers to stick or have attraction towards the cylinder. 
This attraction absorbs a certain amount of energy 
where the inner layers of the fluid are unaffected. 
Since the effect on the cylinder doesn’t cause any 
major variation to the cylinder parameters, we neglect 
that. But the effect of this force to the flowing can 
also contribute to this phenomenon of 
Relaminarization. 
 

 5.5 Accelerated Flows 
The segments at which the flows are accelerated have 
a greater possibility of reversion, at least on some of 
the layers of the flow. The flow transition can be seen 
as gradual changes to get to the orderly nature and not 
a sudden variation. We can also articulate that the 
boundary layer thins down to a great extend during 
acceleration. So it can be said that, the probability of 
reversion is higher in comparison to non-accelerated 
flows. The streamwise fluctuation near the wall 
decreased at first, then increased and very low effect 
on the core region of the passage is very low. The 
skin friction fluid viscosity has a relation between, so 
their togetherness can affect this phenomenon too. 
Only considering the skin friction won’t be sufficient 
enough for the complete representation of 
Relaminarization So, only the diameter depreciating 
work area was created to give the possibility or the 
advantage of a segment to contribute to this 
Phenomenon. 
5.6 Drag Reduction 
The drag is considerably larger in turbulent flows 
than in laminar. Hence the merit of laminar flow at 
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least in a certain region can cause big variation in the 
total efficiency of a system, such as in an aircraft 
which was one of the biggest motivation to articulate 
light upon this topic, thereby increasing the ways of 
the drag reduction. 
 
CONCLUSION 
 
In the previous sections we have examined two main 
types of Relaminarization occurrence. There are 
variety of other types of reverting flows in this 
segment, since these are two of the easily evaluable 
forms of this phenomenon, we decided to spread light 
on it. Its irrelevant to reanalyze the above to 
experiments but we can clearly say that, there is net 
energy decrease; Always. This can be due variety of 
reasons including molecular energy losses, viscosity, 
skin friction, wall friction, gravity, electrical 
resistivity etc. also the effect of curvature on a 
turbulent flow is also essentially strong and its even 
higher if convexity also starts its effect. Some forms 
of reversions can also have explained as the 
destruction of large scale quasi-order of turbulent 
flows into small state disordered laminar flows. 
 
The reversions which occurs due to acceleration are 
also having formations of new laminar layer, but the 
shear stress inside are not destroyed, its just 
ineffective. So in those particular situations the 
turbulence doesn’t have time for the reversion to be 
visualized, so only laminar layers are distinctively 
seen. At the same time, in low speed flows the 
surroundings continues its domination, not because 
the turbulence is non-destructive but the system is 
much larger. Thus the ability of a flow which gets 
Re-Laminarized need not be completely Laminarized 
but visibly only. In some cases, the laminar nature is 
completely accepted only if it has the capability to 

become turbulent again as in direct transition. But 
after the Re-Laminarisation the transition is gradual 
and asymptotic not like the catastrophic nature in 
direct transitions. 
 
The occurrence of Relaminarization is thereby a 
combination of many mechanisms together. The 
knowledge of the rate at which different mechanisms 
contribute to this phenomenon can have a 
considerable improvement in this studies. The effect 
of Relaminarization in swept leading edges at high 
lift in aircraft design applications is essentially large 
when the change in the efficiency is considered. So 
we hope the studies we considered could have a 
positive advantage on the design of certain segments 
of aircrafts which in turn helps the aviation industries 
to achieve an influential stride in their journey 
towards efficiency Increment in Totality. 
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