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Abstract: This work shows the possibility of using arrays of ZnO nanorods grown on a glass 

substrate as a sensitive element for measuring air flow velocity. Since oxide semiconductors have a 

temperature dependence of resistance, a theoretical and experimental assessment was made of the 

influence of air velocity on the increase in resistance of a sensitive element. It has been theoretically 

shown that when air is blown through, the temperature of the free end of the ZnO nanorod can 

decrease by several degrees. An experimental evaluation showed that when gas is blown at a speed 

of 12.5 cm / s, the resistance of the sensing element increases by about 20%, which is equivalent to a 

temperature increase of about 4 degrees. In addition, it was found that the dependence of the 

increase in the resistance of the sensitive element when exposed to an air flow from 0 to 12.5 cm / s 

is close to linear. 
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1. Introduction 

Currently, the urgent task is to measure low air flow rates in flow metering systems, 

environmental monitoring, as well as in industrial ventilation systems [1]. The air flow has a three-

dimensional structure, which depends on the regime of fluid flow (laminar or turbulent) [2]. The 

measurement of flow velocities in the range of 0.4 - 2 m / s is performed by vane anemometers or hot-

wire anemometers [3]. However, for measuring air flow rates below 0.3-0.4 m / s, practically no 

instruments are proposed. 

It is known that wide-gap oxide semiconductors (zinc, tin, titanium oxide, etc.) have a 

temperature dependence of resistance, which, when these materials are used in a number of 

functional elements of electronics, reduces their operational characteristics [4, 5]. However, the 

positive side of this effect can be used to measure air flow rates. When airflow is applied to thin films 

of metal oxides heated to a certain temperature, their resistance will decrease due to heat transfer. As 

a result, it will be possible to obtain the dependence of the sample resistance on the air flow rate. In 

addition, metal oxides can be obtained in the form of nanostructures (nanotubes, nanorods, 

nanowires, etc.) [6-10]. Their use in measuring the speed of small air flows should be more effective. 

2. Materials and Methods 

Arrays of ZnO nanorods were synthesized on silica glass using the hydrothermal method [11, 

12], which was carried out in an aqueous solution of zinc nitrate and hexamethylenetetramine 

(C6H12N4). Hydrothermal treatment was carried out in the temperature range 90-97 ° C for 1-3 hours 

with vigorous stirring. The resulting ZnO nanorods had a predominantly vertical orientation with a 

height of 590–660 nm and an average transverse size of about 30–40 nm. Contact metallization of V-
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Cu-Ni with a thickness of 0.2-0.3 μm was deposited on top of the nanorods. The nanorods were in 

contact with each other so that they provided ohmic contact when transmitting current from one 

electrode to another [13]. The resistance of the obtained sensitive elements varied within hundreds - 

units of MΩ depending on the temperature of their heating. Figure 1 schematically shows the design 

of the sensing element. 

 

 

Figure 1. Schematically of the sensing element. Сontact metallization V-Cu-Ni (1), array of ZnO 

nanorods (2), glass substrate (3). 

It was suggested that, when a stream of ZnO nanorods is exposed to a stream of air at a certain 

speed, the temperature of their free ends will decrease. This should lead to an increase in the electrical 

resistance of the sensing element. To confirm the proposed mechanism, we evaluated the effect of air 

flow on the temperature distribution along the length of the ZnO nanorod, which is fixed at one end 

to a substrate heated to a certain temperature. The assessment was carried out according to the 

formula [14]: 

T2  =  T1
𝑘∙𝑎 

𝜇∙𝑠ℎ(𝑎∙𝑙)+𝑘∙𝑎∙𝑐ℎ(𝑎∙𝑙)
, (1) 

where 𝑎 = √
𝜇∙𝑝

𝑘∙𝜎
,  Т1, Т2 – temperature of the fixed end and temperature of the free end of the 

ZnO nanorod, respectively; l, σ, р – the length, area and perimeter of the cross section of the ZnO 

nanorod, respectively; k – the coefficient of thermal conductivity of the rod; μ - coefficient of heat 

transfer from the rod to the environment. 

Theoretical calculations carried out using the expression (1) showed that the temperature of the 

free end of the nanorod when it is blown with air can decrease from hundredths to several degrees, 

depending on the values k and μ.  

For experimental confirmation of the calculations, we measured the dependence of the resistance 

of the ZnO array of nanorods on temperature and air flow rate. The measurements were carried out 

on an automated bench for calibration of gas sensors of the center for collective use "Microsystem 

technique and integrated sensorics" of the Southern Federal University - Figure 2 [15]. To measure 

the dependence of the resistance of the ZnO array of nanorods, the sample was placed in a measuring 

chamber (7) on a heater. Heating was carried out using the power supply unit (11), synthetic air 

supply was controlled using the control unit for the gas distribution system (1) together with the 

elements of the stand (2-6). The resistance of the samples was measured using a Keithly 2450 

multimeter (10), displayed on a computer screen (9) and stored in its memory. The sample heating 

temperature (T) was controlled by a thermocouple; the measurement error was  +0,5 °С.  
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Figure 2. An automated stand for calibrating gas sensors: an electronic control unit for the gas 

distribution system (1), solenoid valves (2), a mixing chamber (3), a container for a mixture of gases 

(4), a flow control unit for the source gas components (5), a control unit a gas mixture stream (6); 

measuring chamber (7); cylinders with original gas components (8), personal computer (9), 

multimeter (10), power supply (11). 

In [16], the temperature dependence of the resistance (R) of a sensitive element based on ZnO 

nanorods was measured. The dependence has the form characteristic of semiconductors [17]. In the 

temperature range of 100 - 250 ° C, it is well approximated by a power-law dependence with a 

correlation coefficient of 0.95: 

R = 2,19 · 1010 · Т-4,21, (2) 

The dependence of the resistance of the ZnO array of nanorods on the air supply rate was also 

measured at the stand shown in Figure 2. For this, the temperature of the sample was maintained at 

200 + 0.5 ° C, and air was supplied at a speed of 0 to 12.5 cm / s. The resistance of the sensor increased 

by approximately 20% - Figure 3. 

The dependence shown in Figure 3 is well approximated by an expression with a correlation 

coefficient of 0.986: 

R = 0,0346 · V + R0, (3) 

where V is the air flow rate (cm / s); R0 is the resistance of the sensor structure at zero air flow 

rate. 
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Figure 3. The dependence of the resistance of the sensor structure on the speed of air flow (points - 

experiment; line - approximation). 

The calculation performed using expression (3) shows that the temperature of the sensor element 

based on ZnO nanorods should decrease by about 4 degrees. 

Thus, it was confirmed that with an increase in the air flow rate while blowing the sensor 

element, its resistance increases due to cooling of the free ends of the preheated ZnO nanorods.  

In addition, it can be noted that, in contrast to the known designs of hot-wire anemometers [18], 

the manufacturing technology of the sensitive element proposed in this paper seems simpler, and the 

measured gas flow rates are lower. 

3. Results 

Studies have shown that sensor elements based on ZnO nanorods can be used as a sensitive 

element for measuring low air velocities. The parameter sensitive to the flow velocity is the resistance 

of the sensor element, which linearly increases in the range of flow                         velocities 

0 - 12.5 cm / s.  
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