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Abstract 
In this paper, a miniaturized bionic electronic nose system is developed in order to solve the 
problems arising in oil and gas detection for large size and inflexible operation in downhole. 
The bionic electronic nose chamber is designed by mimicking human nasal turbinate 
structure, V-groove structure on shark skin surface and flow field distribution around skin 
surface. The sensitivity of the bionic electronic nose system is investigated through 
experimentation. Radial Basis Function (RBF) and Support Vector Machines (SVM) of 10-fold 
cross validation are used to compare the recognition performance of the bionic electronic 
nose system and common one. The results show that the sensitivity of the bionic electronic 
nose system with bionic composite chamber (chamber B) is significantly improved compared 
with that with common chamber (chamber A). The recognition rate of chamber B is 4.27% 
higher than that of chamber A for the RBF algorithm, while for the SVM algorithm, the 
recognition rate of chamber B is 5.69% higher than that of chamber A. The three-dimensional 
simulation model of the chamber is built and verified by Computational Fluid Dynamics (CFD) 
simulation analysis. The number of vortices in chamber B is fewer than that in chamber A. 
The airflow velocity near the sensors inside chamber B is slower than that inside chamber A. 
The vortex intensity near the sensors in chamber B is 2.27 times as much as that in chamber 
A, which facilitates gas molecules to fully contact with the sensor surface and increases the 
intensity of sensor signal, and the contact strength and time between odorant molecules and 
sensor surface. Based on the theoretical investigation and test validation, it is   believed that 
the proposed bionic electronic nose system with bionic composite chamber has potential for 
oil and gas detection in downhole. 
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1. Introduction 

In the process of oil and gas detection, it is very important to discover and determine 

the specific location of oil and gas reservoirs. At present, the most commonly used methods 

for oil and gas detection are sidewall coring[1], electrical measurement[2] and gas 

chromatography analysis[3] where these technologies have been tried and tested on the well. 

However, the hysteresis and interference of upward oil and gas cannot be effectively 

eliminated because of the processes from the under- ground to the surface. Hence it is 

difficult to solve the problems of timeliness, continuity and quantification. Therefore, the 

quality of oil and gas detection and analysis is poor and the formation of oil and gas content 

cannot be effectively reflected[4]. The fluid and gas detection technology in drilling can be 

used to discover the underground position of oil and gas in time[5]. Among the fluid and gas 

detection technologies, electronic nose system has attracted many research and application 

interests. Electronic nose system comprises an array of electronic chemical sensors with 

partial specificity and an appropriate pattern recognition system and is capable of 

recognizing simple or complex odours. It has been widely used in food science[6], medical 

science[7], agricultural science[8], and environmental monitoring[9] in recent years. Electronic 

nose can meet the real time and accuracy requirements of oil and gas detection to some 

extent for the characteristics of fast detection speed, wide range of measurement and 

evaluation. At the same time, a series of achievements in oil and gas drilling, sampling and 

oil gas separation have also provided the basis for the use of electronic nose to detect 

underground oil and gas resources[10]. However, due to the narrow downhole space and 

complex environment, the detection system have to be small and sensitive. Electronic nose 

system is inspired by the olfactory perception system of organisms as the performance of 

biological olfaction depends on some variables, such as the nasal structure, the number of 

olfactory cells and the diffusion of odour molecules in the air and mucous membranes[11], so 

changing the internal structure or volume of the nasal cavity will significantly improve the 

olfactory function[12]. Therefore, the structural design of the electronic nose chamber, which 

mimics the structure and function of the nasal cavity, has an important effect on the 

miniaturization, sensitivity and stability of the electronic nose system[13]. Recently, many 

scholars have been working on the design of electronic nose chamber to improve the 

performance of electronic nose system. Francesco et al. designed a measurement chamber 



for the dynamic exposure of a sensor array to gaseous or liquid samples. The chamber is 

designed to have flow distributors with the same size and radial symmetry so that each 

sensor in the chamber can obtain the same sample concentration and sample flow rate. The 

device was designed to optimize sensor response signals in terms of stability, reproducibility, 

response time and amplitude[14]. Viccione et al.[15] pointed out that elec- tronic nose chamber 

plays an important role in the sampling process in which the sensor position strongly affects 

the response of the system. The key to the design of related geometries is to ensure that the 

injected volatile sample reaches a stable and uniform state in the cavity at the fastest 

possible time and minimize the presence of detention and/or recirculation zones. Therefore, 

in order to increase the contact surface of the volatile sample and the sensors, the fluid 

dynamic study of a cylindrical sensor chamber was proposed and a 3D model of the sensor 

chamber was developed to solve the transport equations of both momentum and mass[15]. 

The fluid dynamics of the chamber was analyzed to ensure uniform flow conditions. It can 

be seen that most re- searches focused on the analysis of fluid flow characteristics whilst 

little was considered about the effect of optimal design of inner chamber structure on fluid 

flow characteristics. There is a lack of specific optimization, comparison and improvement of 

the electronic nose chamber. However, the previous design idea of the chamber provides a 

reference for the proposed chamber design in this paper. 

The development of bionics provides an effective new way for engineering problem solving 

and techno- logical breakthrough and a new idea for the design of structural characteristics, 

surface morphology and size of microstructures. Researches show that the application of 

bionic research to the design of flow field control can effectively improve the performance 

and efficiency of the system[16,17]. At present, most studies of artificial olfactory are limited to 

the sensors mimicking olfactory cells and array optimization[17,18] and the pattern recognition 

algorithm of biological analysis and recognition[16,19]. However, the nasal cavity structure, the 

diffusion of gas molecules and the layout of the sensor array have significant influence on the 

performance of small and micro-gas-sensing detectors under special working conditions. As 

far as authors are aware, this is area that should be further investigated. It has been 

demonstrated that the structural changes of key olfactory areas have significant effect on the 

sensitivity of olfactory sensitive cells in which fluid structure is a key factor in the diffusion 

and retention of odour molecules in olfactory regions[20,21]. These provide a basis for the 



bionic optimization design of the electronic nose chamber structure where whole nasal cavity 

of human is dome-shaped from anterior to posterior, and the middle section is horizontal. 

The posterior section is curved at an angle of 30 degrees from the top of the nose to the 

bottom. When air flows in from the nostril, it enters the main nasal cavity through the nasal 

valve with the smallest cross-sectional area. After the gas enters the nasal cavity, it stays in 

there for a long time, which makes the odorant and the olfactory receptor in full contact to 

enhance the olfactory ability. The main reason for this phenomenon is that the cross-sectional 

area of the nasal cavity is much larger than that of the nostril[22]. That is to say, the sensitivity 

of human sense of smell is not only related to the type and distribution of olfactory sensory 

cells and nerve responses, but also to the structure of the nasal cavity[23]. The changes of the 

olfactory region and the flow channel, especially in the cavity, strongly affect the olfactory 

sense of smell[24]. According to the bionic inspiration, the airflow velocity in the cavity can be 

adjusted, the shape of the gas flow passage should be small in front and big in back. In this 

situation, the turbulence can be formed in the gas flow passage, so that the sensor and the gas 

substance can contact as fully as possible. In the normal nasal cycle, turbinates have a 

rhythmic expansion and contraction, so that the airflow in the nasal cavity changes, which has 

a great impact on the olfactory function[24]. The turbinate structure can guide the airflow into 

the nasal cavity, allowing more gas to reach the olfactory area, and further enhance the ability 

to smell[25]. Therefore, the analysis of the influence factors of olfactory is based on the 

structural features of the nasal cavity and hydrodynamic characteristics of airflow in the nasal 

cavity, which can provide theoretical support and design inspiration for the design of 

electronic nose chamber structure. The internal structure of the gas chamber combines the 

structure of the nasal bones and the spoiler, which is conducive to the turbulence of the gas 

chamber and prolongs the residence time of the gas in the gas chamber. Meanwhile, the 

design of the bulk- head can form a diversion area, which facilitates the turbulent flow in the 

sensor array area and result in a full contact between the sensor array and the smell[25]. Based 

on the structural characteristics of human olfactory system, Wen et al. established a three-

dimensional nasal cavity simulation model and the effects of the structural characteristics of 

the turbinate and the hydrodynamic characteristics of the airflow inside the nasal cavity on 

the olfaction were analyzed. This research provided the simulation basis for the ideal 

chamber design of sensor to collect odour signals steadily[25]. 



According to previous research[2], the introduction of the turbinate structure in the cavity 

makes the structure of the cavity more complicated, which increases the resistance of the fluid 

flow to a certain extent, decrease the fluid flow rate, and therefore affecting the detection 

sensitivity of the sensor. This resulted in the introduction of some bionic composite structures 

into the interior surface design of the fluid chamber may effectively reduce the resistance 

caused by the unnecessary added complicated structure. Sharks have very little resistance 

when swimming in water as its body is streamlined and the skin surface is also regularly 

distributed with many shield scales. On the surface of each scale, there are V-shaped micro 

grooves regularly arranged along the flow direction. This changes the fluid structure of the 

fluid boundary layer in the shark surface, which can effectively delay or inhibit the 

transformation of turbulence, thus effectively reducing the fluid resistance of sharks during 

swimming[26]. The successful application of the bionic structure inspired by shark skin in 

surface fluid research was presented[27]. This led to the intro- duction of the V-groove 

composite structure which can be used to reduce frictional resistance, and the friction 

between the wall of the chamber and the gas to be measured where to some extent, it can 

also reduce the vibration effect of the sensor. 

In this paper, a novel chamber structure of electronic nose is designed inspired by turbinate 

structure of human combined with the V groove structure of shark skin. The characteristics 

of olfactory activity in human with sensitive olfactory ability was mimicked by the turbinate 

structure. In order to effectively reduce the adverse effect of the increase of fluid flow 

resistance in the chamber caused by the structure of the turbinate, the inner surface of the 

chamber and external surface of the bionic turbinate were prepared with V groove structure 

inspired by the shark skin surface. The structure optimization design method is applied in the 

whole cavity according to the environment and characteristics of oil and gas detection. The 

effectiveness and accuracy of bionic composite structure of the bionic electronic nose 

chamber are verified through comparative experiments. It may provide the theoretical 

support and experimental foundation for the future application of bionic electronic nose 

system in downhole oil and gas detection.  



2. Method 

2.1 Chamber design 

 2.1.1 Common chamber design 

 

According to the fluid mechanics formula: 

 

where, Q represents the fluid flow (m3·s−1), v represents the fluid velocity (m·s−1), and s 

represents the cross-sectional area (m2). In the case of constant flow Q, the sudden increase 

of the cross-sectional area s will reduce the flow rate, so that the gas can stay longer in the 

nasal cavity. According to this characteristic, the common chamber structure is designed with 

“microstome and big cavity”. The ratio of the maximum cross-sectional area to the minimum  

cross-sectional area of nasal cavity in normal adults is between 6.9 and 10.9[28]. Considering 

the sensor base layout and the flexibility of the electronic nose chamber in different 

environments, the chamber of the electronic nose was designed as a circular cross section, 

and the ratio of the maximum cross-section to the minimum cross-section radius was 

between 2.6 and 3.3. In order to miniaturize the electronic nose system for subsequent 

integration with the drill bit, and allow the electronic nose chamber to be connected to the 

gas cylinder trachea and valve, the minimum cross-sectional diameter was set to 16 mm. In 

normal adults, the length of the nasal passage was about 100 mm. Considering the 

arrangement of sensors in the electronic nose chamber (Figaro Engineering Inc-2000 series 

sensors, Japan) and miniaturization structural design features, the minimum length of the 

electronic nose chamber was determined to be 102 mm. The orthogonal test method was 

used to determine the size of bionic chamber of electronic nose[29]. Four fac- tors of bionic 

chamber were investigated, including the ratio of maximum to minimum cross-section radius 

(A), the length of chamber (B), the flow rate of sampling   gas (C) and the sampling time (D). 

Based on these, 4 factors and 3  levels  of  L9(34)  orthogonal  test factors were established, as 

shown in Table 1  and  Table 2. 

The maximum response value detected by electronic nose was taken as the index, and the 

variance analysis and factor significance test were carried out with SPSS statistical software. 



 

 
 

The electronic nose was used to detect the odour of different samples, and each sample was 

repeated three times, then the average value was obtained. From the variance analysis, the 

influence degree of each factor on the maximum response value of electronic nose detection 

was A > C > B > D. By com- paring different detection conditions, the optimal com- bination 

of detection conditions was A2B1C2D1, that is, the ratio of the maximum cross-section to the 

minimum cross-section radius of the electronic nose chamber was 3, the length of  the  

electronic  nose  chamber  was  102 mm, the sampling gas flow rate was 0.8 m·s−1, and the 

sampling time was 60 s. Fig. 1 shows the common electronic nose chamber A. The chamber 

shell was obtained by 360 degrees rotation of three lines along the longitudinal axis, 

including a straight line at the front section, a curve at the middle section and a straight line 

at the back section. The wall thickness was 2 mm. The total length of the bionic chamber 

shell was 102 mm. The length of the front section was 5 mm. According to the shape of the 

outer wall of the bionic prototype of adult nasal passage, the middle curve is determined by 

the connection of two circular arcs whose radii were   38 mm and 40 mm. The length of the 

back section was 48 mm. TGS series gas sensor (Figaro Engineering Inc-2000, Japan), which 

is sensitive to the composition of gas components, was selected according to the 

characteristics of downhole volatile gas. Six sensors were fixed to the circular base, and the 

hole diameter was     8 mm. 



 

 

 
 

 

 2.1.2 3D model reconstruction and flow field analysis validation 

 

The nasal cavity scanning and 3D model reconstruction were performed on healthy adult 

males. The nasal cavity model was constructed by using MIMICS software with the smooth 

factor of 0.5. The optimal olfactory channel model was established, and the mesh number 

was 12256050. The optimized mesh model was fed into Fluent 6.3 to calculate the flow field 

of the nasal cavity model, and the flow field data of the CFD model were obtained during calm 

inspiration. Fig. 2 shows the velocity profile of steady-state inspiratory airflow of the nasal 

cavity in Fluent, which reflects the specific distribution of airflow velocity in the nasal cavity 

model. From the Reynolds number formula, in the nasal cavity, except the flow velocity, the 

other parameters of the model can be approximated as constant under the model setting 

condition. Due to that the olfactory receptor sites are confined in a relatively protected area 

of the nasal passage, it is possible that the transport of volatile chemicals to the olfactory 

receptor sites is critically dependent on the exact location of the maximum airflow velocity in 

the region of the olfactory epithelium[22]. The olfactory receptor sites are just the areas where 

the maximum velocity appears, that’s where the turbulence is most likely to occur. It was 

verified that the airflow near the olfactory region must be turbulent to be perceived by 

olfactory cells, which provides a theoretical support for the placement of the sensor array and 

the structure design of the diaphragm and spoiler for the next electronic nose study. 

 

 



 2.1.3. Bionic chamber design 

 

The engineering design of the integrated system, the straight spoiler structure which is 

similar to the structure of turbinate was added to the basis of the common chamber A. As 

the structure of human nasal turbinate is separated into the upper, middle and lower three 

channels, the bionic electronic nose chamber was divided into 6 regions using the clapboard. 

The clap- board acts as the nasal septum. Two spoilers were separately placed on the two 

sides of each clapboard, which is inspired by the turbinate structures of different human 

nasal cavity[14] where the proportion of the spoiler structure needs to be considered. 

The bionic composite chamber B consists of shell, support column, clapboard assembly, 

base assembly, and sensor group. The base assembly was fixedly connected with the right 

end of the rear section of the bionic chamber shell. The top circle of the half conical frustum 

in the base assembly was fixed to the right end of the support column. The inner end of the 

six septa in the clapboard assembly was fixed to the cylindrical surface of the cylinder of the 

supporting column, and the outer end of the six septa was fixed and connected with the 

inner wall of the rear section of the bionic chamber shell. At the same time, the V-shaped 

groove structure inspired by the shark skin surface was designed on the inner wall of the 

chamber, and the surface of clapboard and spoiler. The V-shaped groove structure of shark 

skin is shown in Fig. 3. 

The main dimensions of the support column, clapboard and spoiler were determined by 

orthogonal test[29]. Six factors were investigated, including the length of the support column 

(E), the diameter of the support column (F), the length of the clapboard (G), the width of the 

spoiler (H), the length ratio of upper and lower spoilers (I) and the length of the regular 

triangle V-shaped groove (J). Table 3 is the factor level table of L9(36) orthogonal test of six 

factors and three levels. The maximum response value detected by electronic nose was taken 

as the index, and the variance analysis and factor significance test were carried out by SPSS 

statistical software. The parameter setting was the same as that of the orthogonal test. By 

the comparison of different detection conditions, the optimal combination of detection 

conditions was E2F1G2H1I1J1, the length of the support column was 65 mm, the diameter of 

the support column was 10 mm, the length of the partition was 25 mm, the width of the 

spoiler was 10 mm, the length ratio of upper and lower spoilers was 1:2 and the length of the 



regular triangle V-shaped groove and slot spacing were equal, both 0.5 mm. The specific 

design of the bionic composite chamber is shown in Fig. 4. 

 

 

 



 

 

 

2.2 Sample implementation and electronic nose test 

 

The proposed design of the electronic nose chamber model was built with ABS plastic 

using a 3D printer, Project 5500 (3D System Corp, USA) 3D printer. The materials were ABS 

plastic and the printing accuracy was 750  750 dpi. The sample is shown in Fig. 5. Its 

dimension accuracy is ct7–ct8, and the roughness Ra is 32 m. The machining quality of the 

circular holes on the edge and the inner cavity of the printed bionic chamber model is better, 

which can meet the usage requirement. 

The test sample gas was collected from mines in the oil shale producing area of Nongan 

County, Jilin Province, China. The high temperature nitrogen gas was continuously injected 

into the mine, and the bottom hole temperature was slowly increased. The bottom gas was 

collected at five different temperatures.  A  total  of  165 bags of sample gas were collected, 

with 500 ml per bag. GC7890A/MSD5975C gas chromatography-mass spectrometry (Agilent 

Technologies, USA) was used to test one bag of sample gas at each temperature. The 

detection results show that the sample gas is mainly composed of nitrogen, carbon dioxide, 

hydrocarbon gas, sulfide and other 13 kinds of gas, and the composition and content of 

volatile substance of pyrolysis gas at different temperatures are different. With the increase 

of temperature, the content of nitrogen and carbon dioxide decreased gradually, and the 



content of hydrocarbon gas and sulfide increased gradually. Six gas sensors were selected to 

determine which were the more sensitive to the gas composition using the Figaro TGS2602, 

TGS2610, TGS2611, TGS2442, TGS2620, TGS2612, 2000 series gas sensor. According to the 

test results, the TGS2610, TGS2611 and TGS2620 sensors have good response to the mixed 

gas. Considering the complexity of downhole detection conditions, which may lead to sensor 

damage, three kinds of sensors were selected to be placed on the base of the chamber. For 

each kind of sensor, two sensors were used for test. A total of six sensors were assembled 

for the sensor array to carry out the final test. The bionic electronic nose system used in the 

test includes air pump, electromagnetic valve, gas mass flow controller, electronic nose and 

bionic chamber, filter noise reduction circuit, data acquisition instrument, computer and so 

on. The system composition is shown in Fig. 6. 

The signal generated by the sensor was collected by the data acquisition system, and 

transmitted to the PC computer for processing. Each electronic nose chamber was tested with 

4 groups of different entrance velocities in a clean air laboratory. The temperature in the 

laboratory was 22 ˚C ± 1 ˚C, and the humidity was 60% ± 1%. At the beginning of the test, the 

first chamber was placed at the base of electronic nose sensor. The electronic nose system was 

preheated and cleaned until the sensor reached a stable state. The flow valve was used to 

control the speed of gas flow, so that the speed of the gas met the test requirements. The signal 

acquisition system was used for data acquisition. After the data collection was completed, 

clean air was injected into the electronic nose chamber for cleaning before the next test was 

carried out as shown in Fig. 7. 

 

 



 

 

 

 

 

3. Results and discussion 

3.1 The sensor response analysis of different chambers 

 

In the multivariate test of the improved electronic nose chamber, the sensor did not 

respond immediately when the sample gas was injected. The response time was greatly 

affected by the sensitivity of the bionic electronic nose system. For the same electronic nose 

chamber, the response time of the sensor was changing with different inlet velocities, it was 

corresponding to the changes of airflow in human nasal cavity. If the air velocity was low, the 

gas flowed slowly. If the time to reach the olfactory area increased, and it was difficult to 

generate small gas eddies. The gas molecules cannot fully contact with the odour receptors. 

If the gas flow rate was too high, the residence time of gas molecules in the odour receptor 



was too short to produce the best olfactory effect. To further investigate the effect of the two 

different chambers on the electronic nose system, the data were normalized and the 

response curves of the three most responsive sensors in the two chambers were plotted. As 

shown in Fig. 8, the response speed of the three Figaro sensors TGS2610, TGS2611 and 

TGS2620 in the proposed bionic system chamber B was greater than that of the common 

chamber A. This was because that the added spoiler structure increased the flow resistance 

in the cavity. Due to the V shaped groove structure on the inner surface, the friction resistance 

was reduced. Meanwhile, because of the different length of spoiler and the annular groove 

structure at the bottom of support column, the gas turbulence was produced on the sensor 

surface. Consequently, the gas residence time was relatively increased, and the detection 

accuracy was improved to a certain extent. It was proved that the detection sensitivity of the 

bionic composite chamber B was higher than that of the chamber A. 

 

 
 

3.2 Recognition algorithm 

 

 

Using two kinds of recognition algorithm of RBF neural network and SVM[31,32], the 

recognition models of hydrocarbon gas in bionic electronic nose system were established 

respectively. By comparing the performance of the two recognition models, the chambers 

and algorithms which were more suitable for hydro- carbon gas detection and recognition 

were selected. 

Following the characteristics of hydrocarbon gas, the average value (mean) of the entire 

data set of the electronic nose response curve was extracted as the eigenvalue. According to 

the data model of bionic electronic nose, a RBF neural network structure with three layers 



(six input nodes, three hidden layer nodes, and three output nodes) was constructed, and 

SVM recognition model was established with the radial basis Eq. (2) with good classification 

performance and stability as the Kernel function of the support vector machine. The 

parameter γ of the kernel function was determined as 10 by experiment: 

 
 

10-fold cross validation method was used on 160 sets of valid data for data processing[33] in 

which the data sets were divided into ten, nine of them was taken as training set and one as 

verification set. The mean of results of 10 times test was taken as the estimation of the 

accuracy of   the   algorithm.   Therefore, the   data   of    the 160 groups were divided into 10 

groups, and each group has 16 sets of data. 10-fold cross validation was per- formed for 10 

times to obtain the average value where the average value of the sensor response was taken 

as the eigenvalue, and the calculation results were compared with the recognition rate shown 

in Table 4. 

 
 

For the same recognition algorithm, the recognition rate of chamber B is significantly 

higher than that of chamber A. For the same chamber, the recognition performance of SVM 

algorithm is better than that of RBF algorithm. When the average recognition rate was used 

as the eigenvalue, for the RBF algorithm, the recognition rate of chamber B was 4.27% higher 

than that of chamber A, for the SVM algorithm, the recognition rate of chamber B was 5.69% 

higher than that of chamber A. When the number of samples is small, the recognition rate of 

SVM algorithm is better than that of RBF algorithm. 

 

3.3 3D chamber model and CFD analysis 

 

In order to verify the validity of the bionic composite chamber, the two chambers were 

compared and analyzed applying fluid mechanics principles. A 3D simulation model of 



chamber A and chamber B were established by CATIA software. The model was introduced 

into mesh software of Gambit for meshing. Fig. 9 is a mesh independent curve for the 

chamber A and the chamber B at the inlet velocity of 0.8 m·s−1. Referring to the curve, the 

mesh number of the chamber A was determined as 465182, and the mesh number of the 

chamber B was determined as 511314. 

 

 
 

The aim of fluid dynamics analysis was mainly to explore the flow of gas in the chamber 

and the influence of the structure of the electronic nose chamber on its internal gas. The effect 

of the type of gas can be ignored. Therefore, the dry air was selected as computational fluid, 

and the inlet velocity was set as the best wind speed 0.8 m·s−1: 

 

 

where ρ represents the fluid density, ν represents the fluid velocity, d represents the cross-

sectional diameter, and η represents the viscous coefficient of fluid. The Reynolds number 

was 832, which can be calculated by Eq. (3). Laminar model was selected and the export 

condition was selected as free flow. Following the fluid simulation calculation, the CFD-POST 

software was used for data post-processing. Fig. 10 is the velocity vector diagrams of central 



cross-section of the  chamber A and the chamber B. 

From the velocity vector diagram, it can be seen that after the airflow enters the 

electronic nose chamber, theCre was a back-flow in the interior and exit of the chamber A, 

and vortices formed. Due to the addition of the spoiler structure, the generated gas vortices 

inside the bionic composite chamber B was less than that inside the common chamber A. The 

flow field inside the chamber was more uniform, so that the sensor array in the chamber B 

can fully contact with the airflow. This was consistent with the results of Alcitelli et al.[34]. 

Compared with the recognition results, it can be found that the existence of a large number 

of vortices in the chamber A caused a portion of the gas to remain in the electron nasal 

chamber, and meanwhile the time for the gas to be measured to reach the sensor surface 

increased. For the chamber B, due to the existence of bionic structure, the number of 

vortices in the chamber de- creased, and the time for the gas to reach the sensor surface 

decreased. This confirmed that the bionic composite chamber B is more favourable than the 

common chamber A in improving the time cost of electronic nose system detection. 

The velocity nephograms of central cross-sections of the chamber A and the chamber B were 

also obtained by analog simulation. As shown in Fig. 11, the airflow velocity of the inner 

sensor surface of the bionic composite chamber B was lower than that of the common 

chamber A. The calculation results of the recognition rate proved that the chamber B was 

more favourable for  the full contact between the gas molecules and the sensor surface than 

the chamber A, which is helpful for the improvement of signal strength of sensor. This is the 

main reason that the recognition rate of chamber B was better than that of chamber A for 

both SVM and RBF algorithms. 

 

 

 

 



  
 

  



 

 

 
 

 

Studies by Zhao et al.[21,23] showed that small vortices were produced in the olfactory region 

of the nasal cavity and the vortices can make odorant molecules contact with olfactory cells 

more fully. Similarly, the sensitivity of the electronic nose will be improved if small vortices 

are produced around the sensor in the electronic nose chamber. Thus, the gas molecules can 

fully contact with the surface of the sensor. In this paper, 10 points were chosen on the  

sensor surface  of the chamber A and the chamber B to compare the vortex intensity. 

Fig. 12 is the schematic diagram of the position of 10 points taken for analyzing vortex 

intensity. Fig. 13 shows the comparison of vortex intensity on the sensor surface between 



the two chambers. It can be clearly seen from Fig. 13 that the vortex intensity near the sensor 

in the chamber B was generally larger than that in the chamber A. The calculation results 

showed that the average vortex intensity near the chamber B sensor was chamber A and the 

chamber B to compare the vortex intensity. 

Fig. 12 is the schematic diagram of the position of 10 points taken for analyzing vortex 

intensity. Fig. 13 shows the comparison of vortex intensity on the sensor surface between the 

two chambers. It can be clearly seen from Fig. 13 that the vortex intensity near the sensor in 

the chamber B was generally larger than that in the chamber A. The calculation results 

showed that the average vortex intensity near the chamber B sensor was 4.914, and that near 

the chamber A sensor was 2.166. The vortex intensity near the chamber B sensor was 2.27 

times as much as that of the chamber A. This greatly facilitates the odorant molecules to the 

fully contact with the sensor surface. At the same time, the flow velocity on the surface of 

chamber B sensor was lower than that on the surface of chamber A, which increases the 

contact intensity and the contact time between the odorant molecules and the sensor surface. 

Again, it is proved that the chamber B is superior to the chamber A in the detection accuracy. 

 

4 Conclusion 

Based on the structural characteristics of human nasal bone and shark skin, an electronic 

nose chamber with a bionic composite structure was designed. The related fluid analysis was 

carried out to verify the validity of the design. The results show that the optimal design of 

electronic nose chamber was very important for the performance of bionic electronic nose 

system. For the same sensor array and the same pattern recognition method, the sensitivity 

of the electronic nose system with the bionic composite chamber was significantly improved 

compared with that of the common chamber at the optimal inlet velocity. The recognition rate 

of bionic composite chamber was 4.27% higher than that of common chamber by using RBF 

algorithm. When the SVM algorithm was used, the recognition rate was in- creased by 5.69%. 

The results of fluid analysis also verified that the bionic structure inside the optimal bionic 

composite chamber can reduce the time for gas passing through the non-detection area. The 

flow rate of the gas on the sensor surface was decreased and the turbulence was increased. 

It was proved that the spoiler and the bionic composite structure on interior surface of cavity 



have positive effect on the airflow disturbance in the chamber. The designed bionic composite 

chamber can improve the sensitivity of the sensor and the detecCtion performance of bionic 

electronic nose system. 
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