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Background

The typical behaviour of the smoke from a cigarette
is shown in Figure 1; a smooth column of smoke at
the beginning and then expanding in a more circulate
pattern. Does this mean that the flow is turbulent or
laminar?

Usually, the Reynolds number can tell if a flow is
turbulent or laminar. The Reynolds number is the ra-
tio between the inertial forces and the viscous forces
in a fluid, and is a important parameter when the flow
should be analyzed. In a laminar flow, the viscous
forces are dominant and the velocity of the flow usu-
ally relatively low. The turbulent flow though, is dom-
inated by the inertial forces, and occurs usually at high
velocities. The Reynolds number can also tell when
the transition from laminar to turbulent flow occurs.
For example when designing aircraft wings, it is of
high interest to know the behaviour of the flow around
them, in order to analyze the performance of the air-
craft and the strength of the wing.

1 Cigarette smoke behaviour

Heated smoke rising from a cigarette can be described
with three flow regions. The first region being smooth
laminar flow which after a distance enters the sec-
ond region where the flow behaviour changes where
it starts to flutter and finally it starts to transition into
the third region of unsteady turbulent flow. This be-
haviour can be attributed to what is known as the
Reynolds Number seen in the equation below. [1]
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Where p is fluid density, V is local flow velocity,
d is characteristic length, pt is dynamic viscosity and
v is kinematic viscosity. As the Reynolds number in-
creases, either by increasing the length d or velocity
V or decreasing viscosity v, it will eventually reach
a critical point where turbulent flow will occur [2].
Why exactly this transition happens is a very complex
process which is still being researched, it is thought
to be triggered by different types of flow disturbances
varying on such factors as pressure gradients, com-
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pressibility or heat transfers [3].

[4] Due to being continuously heated by the
cigarette, the outgoing smoke is very warm and has
a lower density in relation to the cold air around it.
The smoke then rises and as it does it gains speed due
to being less dense than the surrounding air, creating
a sort of buoyancy similar to a helium balloon. As the
smoke comes out is of laminar flow but as it acceler-
ates, eventually it will reach its critical point Reynolds
number and transition to turbulent flow.[5]

Fig. 1 . Smoke from a cigarette
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