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Abstract: A thin film structure consisting in a spiral shaped (coiled) trace of copper, carried out on 
a flexible PCB (Printed Circuit Board) foil is studied in this paper, as sensible element of a hot-film 
anemometer. The dimensions of the structure are 19 x 6 mm2, with lines and gaps of 50 μm width 
and, respectively, 18 μm height (thickness of the copper film), laminated on a polyimide substrate 
of 12.5 μm thickness.  The assembly was bonded with a thin and uniform layer of cyanoacrylate 
glue on a uncovered FR 4 PCB of 0.5 mm. The configuration of this structure has been made through 
a photochemical machining process, also known as photoetching or selective chemical erosion 
using a photoresist mask. An original installation was used to calibrate the new considered 
structure and the sensor characteristic was determined. 
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1. Introduction 
 
A hot-wire or hot-film anemometer is a device used 
for measuring velocity of fluid whose applications 
can be found in meteorology, wind energy [1], in 
fluid flow study through pipelines or around various 
bodies, in the study of air currents from an enclosure 
or in flow measurements (to measure the fluid flow 
passing through a pipe) [2-6]. This device is based on 
changing of certain thermal characteristics of a 
sensible element, which is exposed to flowing fluids. 

The main element of a hot-wire or hot-film 
anemometer is the sensor (the heating resistive 
sensible element). 

The measuring principle of a hot-wire or hot-film 
anemometer relies on three processes: 

1.  the change of temperature of the sensor when 
the fluid velocity is modified, as a consequence of the 
complex heat transfer between the sensible element 
(which is  electrically heated at a temperature higher 
than the fluid one) and the fluid in which this is 

immersed; the complex heat transfer takes place: a) 
through conduction, under a static or dynamic 
condition, inside the sensible element and between 
this one and its support; b) through convection 
between the sensible element and the fluid, and c) 
through radiation between the sensible element, the 
fluid and the adjacent bodies; 

2.  the change of sensible element resistance 
when modifying its temperature; 

3.  the change of voltage or of current intensity 
in the circuit attached to the sensible element, when 
its resistance modifies. 

The first two processes take place strictly at the 
level of the sensible element, while the third one 
takes place at the level of the adapting block.  

The final result is the dependence of fluid velocity 
on the voltage or current intensity. In this case, the 
voltage or current intensity is the modulated 
quantities (amplitude is the modulated parameter). 
This is the metrological signal. 

 

 

 
Figure 1: Basic sketch of a hot-wire or hot-film anemometer 
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Figure 2: General classification of hot-wire and hot-film probes 

 
In figure 1, the basic diagram of a hot element 
anemometer is presented, as follows: the probe 
(velocity transducer) with the sensor (resistive hot-
wire or hot-film sensible element); the adapting 
block, represented by an electrical circuit through 
which the metrological signal (voltage or intensity) 
is modulated; the signal conditioning block consisting 
of a linearization circuit, filters, amplifiers, 
correlation circuit, spectral analyzer etc.; the 
visualization subassembly, which can be made of an 
analogue or digital voltmeter, an oscilloscope, a 
recorder etc.; the data acquisition system, which 
consists of the data acquisition board, the computer 
and the application program. 

A classification of hot-wire and hot-film probes of 
anemometers can be made according to the criteria 
given in figure 2. After the way the adapting block 
works, anemometers are of three types: of constant 
temperature (resistance) – CTA, constant electric 
intensity, and constant voltage. Rectangular hot-wire 

[7] and hot-film probes [8-11] were created because 
a greater sensitivity is obtained due to an increased 
heat transfer. 

A hot-element type sensor must have two 
characteristics to make it a useful device: 

• a high temperature coefficient of resistance; 
• an electrical resistance such that it can be easily 
heated with an electrical current at practical 
voltage and current levels. 
The most common wire materials are metals such 

as tungsten, platinum and platinum-
iridium/rhodium alloys, or semiconductor (doped 
polycrystalline silicon) and ceramics like the 
polymer-derived ceramic (PDC) material class. 

The hot-film sensor is essentially a conducting 
film deposited on a dielectric (flexible) substrate: 
platinum, gold, nickel, copper, using chromium or 
titanium as intermediate adherence layer, deposited 
on substrate of polyimide, kapton and parylene. 
Among the metals, copper shows interest because its 

Shape of the element’s frame: 
- probes with an even frame 
- probes with a bent frame 

Shape of wire section: 
- circular 
- rectangular [7] 

Element’s position to the probe axis: 
- probes with perpendicular element 
- probes with axial element 
- probes with oblique element 

Number of probes: 
- probes with a single element 
- probes with two elements (parallel, X-shaped or 
V-shaped) 
- probes with three elements 
- probes with a temperature regulator element 

CLASSIFICATION OF HOT-WIRE AND HOT-FILM PROBES  ACCORDING TO CRITERIA 

Fluid temperature: 
- probes for measuring fluids at low 
temperatures 
- probes for measuring fluids at high 
temperatures 

Fluid type: 
- gas probes 
- probes for electrically non-conducting 
liquids 
- probes for electrically conducting liquids 

Parameters which need to be measured or 
determined: 
- size, direction and orientation of the velocity 
vector 
- components of the local or average  instant  
velocity 
- velocity distribution 
- average temporal values of velocity 
components   in a point 
- pulsating values of velocity components in a 
point 
- movement tensions tensor 
- Reynolds tensions tensor 
- turbulence intensity 
- turbulence spectrum 
- a.s.o. 

Material of the element: 
- tungsten 
- tungsten covered with platinum  
- platinum 
- platinum-iridium (20% ) 
- platinum-rhodium (10% Rh) 
- nickel, gold, copper, Si-poly, SiAlCN, SiCN 

Shape of the film substrate: 
- cylindrical 
- wedge-shaped 
- conical 
- (flat) foil 
- flush-mounting 
 - spherical 
- V-edge  
 - parabolic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Size of sensible element: 
- probes with short element (miniature) 
- probes with thickened ends 
- probes with long element 

 

Type of sensible element: 
- probes with hot-wire element 
- probes with hot-film element 



Study of Thin Film Structures for Uses in Anemometry 

 

 

International Journal of Mechatronics and Applied Mechanics, 2018, Issue 4  203 

useful properties, as well: good electrical 
conductivity, good thermal conductivity, corrosion 
resistance, easily joined, ductile and tough at the 
same time. Copper allows heat to pass through it 
quickly. 

It is therefore used in many applications where 
quick heat transfer is important, as is the case of 
anemometry too. In addition, copper is available as a 
laminated layer on a thin insulating polymer film, 
commonly used in the printed circuit board (PCB) 
technology, which involves a cheap achieving 

process compared to the other materials deposited 
through  expensive methods of thin film technology. 
 

2. The Calibration Installation 
 
Previous accomplishments include design and 
implementation of a calibration installation of 
velocity transducers and development of program 
that manages data acquisition and processing. The 
calibration method is based on a convergent nozzle, 
in top of which the velocity transducer is placed. 
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Figure 3: Set-up of the air-jet calibration installation of velocity transducers 
 

Set-up of the air-jet calibration installation is 

shown in figure 3 and consists of: pressure source - 

1, valve - 2, pressure regulator piloted with a stepper 

motor (MPP) - 3, which allows variation of air 

velocity at the exit of nozzle in the range 050 m/s, 

MPP interface - 4, nozzle cylinder - 5, hot-element 

probe - 6, anemometer unit - 7, pressure transducer 

used to measure absolute pressure pa - 8, absolute 

pressure transducer interface - 9, pressure port - 10, 

temperature transducer used to measure absolute 

settling chamber temperature T1 - 11, pressure 

transducer used to measure settling chamber gage 

pressure p1 - 12, pressure transducer interface - 13, 

temperature transducer interface - 14, heating 

system - 15, heating system interface - 16, data 

acquisition board AX5411 - 17, PC - 18. 

 

Velocity of the air at the exit of the convergent 

nozzle of calibration installation is determined with 

the relation: 





































χ

1χ

1

2
12

p

p
1RT

1χ

2χ
v                (1) 

where: - 
1/χ

1

222

p

p
εμξ1

1













  velocity 

coefficient; 
         -  local pressure loss coefficient (loss of 
pressure in the nozzle); 
        - 10 /AAε   strangulation coefficient; 

        - 02/AAμ   contraction coefficient; 

        - A1 inner area of cylinder; 
        - A0 area of nozzle;   
        - A2 contracted area of the jet from the nozzle 
exit; 
        -  adiabatic coefficient (for air  = 1.4); 
        - R molar gas constant (for air R = 287.04 J/kgK); 
        - T1 absolute settling chamber temperature; 



Study of Thin Film Structures for Uses in Anemometry 

 

 

International Journal of Mechatronics and Applied Mechanics, 2018, Issue 4  204 

The inner diameter of the cylinder 5 is d1 = 64 mm 
and nozzle diameter is d0 = 20 mm, strangulation 
coefficient resulting  = 0.0976 and the velocity 
coefficient was estimated at  = 0.835 value. 

 
a) 

 

 
b) 

 
c) 

Figure 4: The obtained structures: the photomask (a); 
photoetching structure (b);  

cutting individual structure (c) 
 

3. The Sensible Element Obtaining 
 
The thin film structure consisting in a spiral shaped 
(coiled) trace of copper, carried out on a flexible PCB 
(Printed Circuit Board) foil has been studied in this 
paper, as sensible element of a hot-film anemometer.  

The dimensions of the structure are 19 x 6 mm2, 
with lines and gaps of 50 μm width and, respectively, 
18 μm height (thickness of the copper film), 

laminated on a polyimide substrate of 12.5 μm 
thickness. 

The configuration of this structure, presented in 
figure 4, has been made through photoetching also 
known as selective chemical erosion using a 
photoresist mask. 

The following stages have been performed: 
chemical polishing, photolithography, copper layer 
etching and photoresist mask removing. Finally, the 
thin film structure has been bonded with a thin and 
uniform layer of cyanoacrylate glue on a uncovered 
FR 4 PCB of 0.5 mm. 
 

4. Experimental Results and the Sensor 
Characteristic Determining 
 
For the experiments was used a constant voltage 
anemometer with an adaptation circuit scheme 
given in figure 5, where RS is the sensor resistance 
and RL is the load resistance. 

 
Figure 5: Scheme of the adaptation circuit 

 

 
Figure 6: Electrical connection 

 
The electrical connections of the sensor are 
presented in figure 6. The velocity transducer is 
mounted perpendicular to the direction of flow (fig. 
7). Running the program of acquisition and data 
processing it allows determine the characteristic of 
constant voltage anemometer based on the increase 
in air velocity (in the range of 0 - 20 m/s). The 
calibration stand of hot sensitive elements, used in 
experiments, is presented in figure 8. Based on data 
resulted from calibration, the Table 1 has been 
completed (atmospheric pressure patm = 101345 Pa, 
air temperature tatm = 30 ˚C). 
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The sensor characteristic is presented in figure 9. 
 

 

Figure 7: Fixing and alignment of the sensor in the 
flow direction of the fluid 

 

Table 1. Calibration data 
No. Pressure 

p (Pa) 
Velocity 
v2 (m/s) 

Voltage 
U (V) 

1 0.057 0.827 1.317 

2 1.12 1.160 1.333 

3 1.34 1.268 1.352 

4 1.92 1.518 1.367 

5 4.59 2.347 1.382 

6 9.82 3.432 1.394 

7 15.38 4.296 1.402 

8 23.93 5.359 1.407 

9 79.46 9.764 1.420 

 

 
Figure 8: The calibration stand of hot sensitive elements 
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Figure 9: The voltage variation as a function of the fluid velocity 

 

5. Conclusions 
 
Use of a structure from copper thin film available as 
a laminated layer on a thin insulating polymer 
(polyimide) substrate, commonly employed in the 

printed circuit board (PCB) technology, was 
performed through microfabrication techniques and 
validated as sensible element of a constant voltage 
anemometer. For this purpose, an original 
installation was used to calibrate the new considered 



Study of Thin Film Structures for Uses in Anemometry 

 

 

International Journal of Mechatronics and Applied Mechanics, 2018, Issue 4  206 

structure and the sensor characteristic was 
determined. 

As future research, the experiments will be 
broadened considering also other thin film materials 
and orientations of the routes structure relative to 
the fluid flow direction. 
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