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Summary

Thermo-anemometer is one of the most helpful devices used to measure turbulent flow. It can quickly and easily mea-
sure air velocity or volumetric flow, as well as air temperature.
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1. Characteristics of turbulent flows.

Turbulent flows are characterized by rapid changes in 
speed, the frequency of which dates back several hundred 
kHz. To investigate such flows you need to be in possession 
of instruments which are able, in time, process such 
fluctuations in flow rate. Such a property is called the useful 
frequency band. It tells how device is able to measure the 
frequency (bandwidth) changes of the tested quantity.

In case of turbulent flows, velocity fluctuations are 
random. Still, there are some fluctuations in speed, i.e. 
speed and the flow direction are unpredictable. Turbulent 
flows are widespread and involve many areas of our lives. 
Phenomena of turbulence may be mentioned inter alia:
– Interstellar gas clouds and the solar wind,
– Movements of air and ocean waters,
– Flows in channels, layers perimeter, pouring nozzle,
– Flows in the footsteps of aerodynamic bodies are 

surrounded,
As it can be seen turbulence is interdisciplinary and 

is a topic of interest not only to engineers of industrial 
construction, and water, but also specialists in the field 
of turbomachinery, chemical equipment, environmental 
protection, air, land and water, as well as astrophysicists, 
meteorologists and specialists in many different fields.

This type of flow is characterized by the occurrence 
of vortices and other coherent structures. The movements 
of turbulent fluids are also reflected by the phenomena of 
detachment stream and the phenomenon of mixing. Thus, 
the integral feature of turbulence occurs in the vortices 
within a wide range of sizes, varying continuously from the 
largest to the smallest scale, indicating the existence of a 
wide range of wave numbers characterizing the movement. 
Particular attention should be paid to random variability 
in four-dimensional space-time. It indicates the existence 
of flow in which the velocity and pressure have a random 
character just in time, or only in space. I can not be assigned 
to a class of turbulent flows. Another important feature of 
turbulence is also the three-dimensional diffusion and 
character, which manifests itself in a drastic intensification 
of all the transport processes occurring in the flow. This is 
due to the complex movement of the vortices that transfer 
momentum, mass and heat from one point of the flow to 
another, where the preferred direction of transport always 

coincides with the maximum magnitude of the gradient. 
In turbulent flow vortices are involved at different scales 
and energy. Properties of the largest eddies with the lowest 
frequencies are determined by the average traffic conditions 
from which they draw his energy and transmit it then whirls 
about getting a smaller scale. The smaller the vortex, the 
greater the velocity gradient in the vortex and the higher 
shear stresses which counter swirling movement.

Laminar and turbulent flow

Turbulence as an interdisciplinary field dating back 
to the nineteenth century. The turbulent flows have been 
observed for the first time in 1839 by Gotthilf Hagen. His 
test, involving water flow in a pipe of circular cross section, 
resulted in the observation that there are two different types 
of traffic with a speed-dependent fluid viscosity and U v. 
However, the major development in this field occurred in 
1883, when O. Reynolds had introduced the concept of 
dimensionless size criterion Ud / v, which was later called 
the Reynolds number.

The behaviour of the flow in the vicinity of the division of vessels.
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2. Theoretical basis and principle of operation 
thermo-anemometer.

Anemometer serves to measure the instantaneous value 
of the fluid velocity in the turbulent flow. It is also used to 
measure the alternating field temperature, density, moisture 
or physical composition of the fluid. Thermo-anemometer 
is functionality based on the sensor made of a resistance 

two supports. The material, which is made of fibre sensor 
must be characterized by high volatility resistance with 
temperature (eg. Tungsten, platinum or platynoiryd).

In the case of a uniform fluid flow isothermal heat flux, 
discharged from the electrically heated resistance of the 
sensor element to the surrounding fluid depending on the 
flow rate and geometry and dimensions of the sensor. This 
relationship is used as the basis for the action of thermo-
anemometers. Without knowledge on the fundamental 
rights of the heat transfer between the sensor and the 
surrounding fluid can not properly use the instruments for 
determining the instantaneous velocity vector in the flow 
field, nor to interpret the electrical signals at the output.

Heat transfer in a stop element – the fluid occurs 
through natural convection, forced convection, and thermal 
radiation. Flow rate sensor should be chosen so that the 
dominant role in the exchange of heat convection played at 
limiting the impact of other factors. If the liquid is stationary 
or flow velocity is very low in the heat exchange process is 
dominated by natural convection. As the flow rate increases, 
more and more heat from the resistance element to the 
surroundings is dissipated by forced convection. The effect 
of heat radiation is minimized by selecting sufficiently low 
operating temperature sensor (200oC below). For a fibre, 
resistance of finite length should also take into account the 
heat loss by conduction to the supports, the temperature 
of which is equal to the coolant temperature sensor 
omywającego. The heat flux taken over by the fluid from 
the anvil by forced convection is:

qk = α π dL (T w – T a ) 

where:
α – heat transfer coefficient (dependent on the properties
physical fluid parameters of the fluid state, the type of flow
(Laminar, turbulent), shape, dimensions and condition
solid surface),
d, L – diameter and fiber length of resistance,
Tw – temperature fiber,
Ta – ambient temperature.

The balance (if only temporary) requires that the amount 
of energy delivered by the sensor into the environment is 
equal to the energy supplied by the sensor by the flowing 
electric current

qk = E2 / Rw 

where:
E – voltage across the sensor,
Rw – measuring the electrical resistance of fibers.
To a moderate resistance temperature range of the fiber is a 
linear function
temperatures

Rw = Ra [1 + b (Tw – Ta ) ]

where: b – temperature coefficient of resistance. Then we 
have:

E2/Rw=απ dL ((Rw/Ra)-I)/b

As mentioned previously, the resistance fibres of 
finite length to be incorporated into the outflow of heat by 
conduction to the probe bracket, the temperature of which 
is equal to the coolant temperature Tw. This heat flux is 
described Fourier law.

qp= (-λ d Tw)/d x

where in the thermal conductivity λ is the physical property 
of the fibre material. Because the accurate determination 
of the relationship between qk and qp theoretical way is 
not possible (due to the multitude of parameters affecting 
them), it is necessary to individually calibrate each sensor. 
Generally speaking, the response of the measurement 
system to change the flow rate may be expressed:

E2
w/Rw= (A’ + B’ V n) (Tw – T a) 

where: Ew – the voltage drop at the resistance of the sensor, 
A’ , B’ , n – constant.

Modern thermoanemometers are built in two basic 
systems: DC anemometer (I const) and the anemometer of 
constant temperature for which (T = const), and thus Rw = 
const. In the system I = const. the sensor fiber is heated by 
electric current of constant intensity, independent of flow 
rate. If necessary, the voltage drop at the resistance of the 
sensor determines the flow of electrical energy input, it 
is therefore a measure of flow velocity. Changes in speed 
V varies the temperature Tw of the sensor and thus the 
resistance Rw (sometimes due to the thermal capacity of the 
fibres such changes can not keep up with the rapid changes 
in the instantaneous velocity).
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Wiring diagram DC thermo-anemometer.

Wiring diagram DC thermo-anemometer.

In the system Tw = const (Thermoanemometer DC) the 
temperature of the fibre probe is maintained almost constant 
independent of the velocity V, which is achieved by the use 
of an electric circuit the negative feedback sensor balancing 
the heat loss to the environment. Thermo-anemometer 
working in a constant temperature has slightly lower 
sensitivity but thermal inertia fibre probe does not play an 
important role, allowing to achieve a frequency response up 
to 100 kHz. For this type of so-called thermo-anemometer 
occurs. Dependence on King:

E2 = A2 + B V n
ef

The coefficients A, B and n for medium speed range can 
be treated as fixed and set by calibration. Speed effective 
Vrms is the speed which determines the amount of heat 
received by the fluid from the sensor and for the simple 
wire is given by:

V2
ef = V 2( sin2 φ + k cos2 φ )

where: φ – the angle between the velocity vector V and the 
axis of the fiber.

For sensors, for which the L/d> 200 takes k = 0.2, 
the approximation can thus be assumed that the Vef is the 
component of the velocity vector perpendicular to the fiber 
probe.

Triangle speed oblique flow around the probe

The signal voltage at the terminals of the bridge of 
constant temperature, which is a response to the electrical 
system to changes in the conditions of heat exchange (in 
our case, the change in instantaneous velocity V) is:

E = Ē + e 

where: Ē – is the mean voltage value at the time,
e – Instantaneous deviation from the mean value.

One of CRB Sp. z o. o. thermo-anemometer

Equipped with Expertise Center Building Sp z o. O. 
There are several different types of thermo-anemometers. 
Digital Thermo-anemometer has the following features:
– Measurement of air velocity and temperature,
– Readings of maximum, minimum, average, and current,
– The choice between readings in degrees Celsius and 

Fahrenheit.
– Five units of measure air velocity: m / s, km / h, ft / min, 

knots, mph,
– Stop the last reading,
– Display of measurements on a backlit LCD screen,
– Remote and automatic shut-off device,
– Measurements in the Beaufort scale,
– Calculate the wind chill
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Thermo-anemometer with separate probe rotor connected 
with a USB cable.

Features LCD display of modern digital thermo-
anemometer:

1. The minimum air speed.
2. Average speed of air.
3. air speed indicator.
4. Stop the last reading.
5. The speed of the wind.
6. Temperature
7. The maximum air velocity.
8. The measurement of air velocity.
9. Indicator wind chill.
10. Beaufort Scale.
11. Wind speed units.
12. The temperature unit.

Example of CRB Sp. z o. o.. handheld thermo-anemometer.

Display of thermo-anemometer, calibrated to determine 
the weaker flows.

3. Conclusion and Summary

One of the basic size, measured during the experiments 
of flows is their speed. There are many methods and 
apparatus for measuring flow rates of fluids. In the case of 
turbulent flows (flows, the speed of which changes rapidly), 
one of the few useful instrument is the anemometer. Its main 
element is heated by current sensor which simultaneously 
cooled by an air flow, thereby changing the ratio of current 
and resistance of the fiber.
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