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1. Introduction 

Global population growth and urbanization have increased 

electricity demand, necessitating a shift towards renewable 

energy sources like solar, wind, and sound energy. This not only 

meets energy requirements but also reduces greenhouse gas 

emissions, impacting climate and weather conditions [1–3]. 

When it comes to nonconventional energy resources, ambient 

energy harvesting is a significant field that has lately evolved to 

make use of the unused energy present in the environment. 

Ambient energy refers to any form of energy available in the 

environment for electrical energy generation. It can be natural, 

such as heat and wind energy, or artificial, such as human 

activities or devices [4]. The creation of specific novel 

prototypes can lead to the use of this ambient energy that is now 

underutilized. These widely available power sources have the 

potential to enable real-time energy harvesting and storage for 

later use, making them an alternative to conventional batteries. 

We mostly rely on locally accessible energy sources for energy 

collection, and the energy produced is used for local applications 

where a small amount of energy is sufficient to meet the need. 

To activate wireless sensors, for instance, we may use this 

energy [5]. Environmental energy harvesting converts ambient 

energy into electricity due to its small volume, extended lifespan, 
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and high energy density. This requires sophisticated technology 

and procedures. Common transduction mechanisms include 

photoelectric, thermoelectric, induction, piezoelectric, and 

electromagnetic effects. Our study focuses on converting 

environmental airflow or motion-based energy sources into 

electrical energy, including wind and airflow in everyday life [6]. 

Through the vibrational energy harvesting technique of airflow 

excited piezoelectric energy harvesting, structural vibrations are 

converted into electrical energy [7]. The three primary energy 

transduction mechanisms for motion-based or vibrational 

movements are piezoelectric, electrostatic, and electromagnetic 

effects. Our area of interest and concern among these effects is 

the transmission mechanism based on piezoelectricity. 

Piezoelectric technology is making its way into the field of 

sensing systems and energy harvesting [8]. 

Piezoelectric energy harvesting is a sophisticated technology 

using smart materials like piezoelectric materials for mechanical 

energy-based ambient energy collection. Mechanical stress 

produces electrical energy, while electrical disturbances cause 

mechanical deformation, resulting in charge separation and 

voltage production [9]. The direct piezoelectric effect formula 

can be used to represent a material's piezoelectric activity and is 

given by:    

𝐃 = 𝐝 𝐓 + 𝛆 𝐄                                    (𝟏) 

The displacement is represented by "D", the applied mechanical 

stress is denoted by "T", the material permittivity is indicated by 

"ε", the piezoelectric coefficient is shown by "d", and the electric 

field is indicated by "E". The material with a higher piezoelectric 

coefficient value "d" produces a greater piezoelectric voltage for 

a given amount of applied mechanical stress [10]. 

Piezoelectric materials fall into three primary categories, such as 

polymers, ceramics, and crystals. Comparing polymeric 

piezoelectric materials to other piezoelectric materials, they are 

less brittle, less poisonous, and more mechanically stable with 

flexibility, which makes them perfect for ambient energy 

collection [11]. The remarkable mechanical stability and 

customizable electrical properties of nanoscale-based 

piezoelectric polymer materials, along with their high porosity 

and surface-to-volume ratio, make them highly effective in 

producing electrical signals even from minute physical changes 

[12]. Any nanostructured material that may use the 

piezoelectricity principle to convert external kinetic energy into 

an electrical potential or electrical energy is defined as a 

piezoelectric nanogenerator [13]. To capture underutilized 

mechanical energy present in the environment, piezo-active 

nanofiber mats fabricated via the electrospinning technique are 

utilized as the primary medium in the current study. Excellent 

piezo-stability in polymer-based nanofiber membranes is 

primarily attained through the electrospinning method. Here, a 

stronger electric field is used to create nanofibers by utilizing 

electrostatic repulsion forces [14]. Electrospinning involves 

electrifying a liquid droplet to create a jet, which is stretched and 

extended to create fibers. The polymer solution is loaded onto a 

syringe, controlled by an injection pump, and kept at a specific 

distance from a rotating drum collector. The main source for 

electrification is a high-voltage power supply. The liquid droplet 

undergoes electrification when a high-voltage power supply is 

turned on, forming a Taylor cone with small jets due to its high 

charge density. These jets stretch and extend, forming elongated 

ultrafine filaments [15]. 

Our primary choice of polymer associated with environmental 

airflow energy harvesting in the current study is PVDF, which is 

one of the best piezoelectric polymers with a piezoelectric 

coefficient value in the range of 20–40 pC/N. The advantages of 

PVDF and its copolymers are numerous and include excellent 

halogen and acid resistance, good biocompatibility, good 

flexibility, and environmental friendliness. PVDF is an excellent 

option for piezoelectric applications due to its polar crystalline 

structure, which produces high voltages at low strains [16]. Long 

chain molecules of the semicrystalline thermoplastic 

fluoropolymer PVDF [C2H2F2)n] are created when vinylidene 

difluoride (CH2 = CF2) monomer units are polymerized. It is a 

50–60 % crystallinity non-reactive polymer that is extremely 

stable. Because PVDF is polymorphic, it typically appears in five 

crystalline phases: α, β, , δ, and ε. The most common 

polymorphic phases in this case are α, β, and , with β-phases, 
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which draws the attention due to its piezoelectric properties [17].  

The piezoelectric response of the polymeric PVDF is solely 

attributed to the β-phase. Several intriguing features of PVDF 

are produced by the distinct spatial configurations of the CH2 and 

CF2 groups along the polymer chain. About 3 wt.% of PVDF is 

hydrogen, and 59.4 wt.% is fluorine. The fluorine level of PVDF 

has a significant impact on the chemical and electrical 

characteristics of materials. PVDF molecules contain an internal 

dipole moment due to the presence of electronegative fluorine 

and electropositive hydrogen [18]. The β polymorph has an 

orthorhombic crystallographic system with all trans-trans 

(TTTT) molecular conformations [19]. The β-phase's all TTTT 

planar zigzag molecule shape produced a non-zero net dipole 

moment, and the C-F dipoles and C-C chain backbone are 

arranged in such a way that they cancel out each other [20]. 

PVDF nanofibers are used in sensor technologies and energy 

harvesting, among other smart system applications. [21]. 

Systems that need the measurement or detection of contact use a 

primary type of PVDF sensor known as a tactile sensor. For 

sensing pulses and physiological signals in medical applications 

(e.g., heart rate and respiratory cycle monitoring), PVDF tactile 

sensors are perfect choice [22]. Due to their fast reaction times 

and high sensitivity to physical strain, they are perfect for 

teleoperations and the prevention of diseases that require 

constant body monitoring [23]. Also, they are used to detect 

damage to structurally significant components in complicated 

systems. After being appropriately built and equipped to fit the 

curvature and shape of each component, the PVDF can be 

applied to the surfaces of the pipes, ducts, beams, and other 

components [24]. The sensor can then measure the change in 

strain to identify any damage, such as a crack [25]. PVDF and 

piezoelectric sensors have the advantage of being self-excited, 

which lowers their costs as they don't need an external power 

source to function. Owing to its great sensitivity, the sensor has 

been demonstrated in experiments to accurately detect not just 

contact force but also the tactile "smoothness" of various 

materials, which is similar to our fingers' tactile sense [26]. Flow 

velocity measurements are a significant additional application 

for PVDF sensors since the voltage they produce is directly 

proportional to the airflow velocity [27]. It has been 

demonstrated that the force exerted by the gas on the nanofiber 

is dependent on the airflow velocity's second power [28, 29]. The 

breath airflow of patients with sleep apnea can be measured with 

this kind of sensor, which is similar to high-end 

pneumotachographs [30]. 

The abovementioned applications of PVDF clearly prove the 

scope of these polymer and polymer-based composites in the 

field of small-scale wind energy harvesting and airflow sensing 

applications [28-35]. Some studies have proven the scope of lead 

zirconate titanate (PZT) in the field of airflow sensing based on 

piezoelectricity [36]. The sensing and energy generation 

capabilities of the PVDF nanostructures can be enhanced by the 

addition of certain dopants or nanofillers along with the PVDF 

solution during the electrospinning process [37]. Some of the 

most common additives used with PVDF to enhance the 

piezoelectric response include zinc oxide (ZnO), graphene 

nanosheets, carbon nanotubes (CNTs), copper nanoparticles, 

PZT, etc. [38–42]. In addition, the β-phase content of the PVDF-

based nanofibers was increased by certain compositions based 

on polymers. Thus, combining TPU with PVDF for 

electrospinning is an efficient way to develop electrospun 

nanomembranes with excellent piezoelectric and pyroelectric 

properties with the advantage of the elastomeric properties of 

TPU [43]. TPU is a very adaptable elastomer with special 

qualities that provide excellent processing flexibility and 

stretchability in addition to excellent performance. TPU is a 

special kind of plastic that bridges the gap between plastic and 

rubber. A TPU is a block copolymer made up of hard and soft 

segments arranged in alternating order [44]. The hard parts are 

isocyanates; depending on the kind, they might be categorized as 

aromatic or aliphatic. The reacted polyol is what makes up the 

soft segments. The qualities of the resulting TPU are determined 

by the type of isocyanate and polyol, in addition to the ratio of 

hard to soft segments in a certain grade of TPU [45]. A different 

study evaluated the impact of incorporating TPU with PVDF 

nanofibers on mechanical and piezoelectric capabilities [46]. 
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Most of the studies lacks the utilization of PVDF and PVDF 

composite-based nanofibers utilization in the field of airflow 

sensing and wind energy harnessing. The present study deals 

with the behavior of electrospun PVDF and PVDF-TPU-based 

nanomats on the uniform airflow as a part of their scope in small-

scale wind energy harvesting technology. 

2. Experimental Methodology 

2.1. Materials 

Polyvinylidene (PVDF, Kynar®, King of Prussia, PA, 

USA) with molecular weight (Mwt) = 444, 000 g/mol was 

supplied by Arkema. Thermoplastic polyurethane (TPU, BASF 

Co., Ltd., Berlin, Germany) was purchased with a Mwt= 107, 

020 g/mol and a polydispersity index (PDI) of 1.83. 

Dimethylformamide (DMF, 98%, Sigma Aldrich, Taufkirchen, 

Germany) was used as a solvent for the preparation of the 

polymer solution. A 10 wt.% PVDF solution was prepared by 

dissolving 1 gram (g) of PVDF powder in ten milliliters (ml) of 

DMF. Also, a 10 wt.% TPU polymer solution was made by 

mixing 1 g of TPU pellets in 10 ml of DMF. Three different 

compositions of PVDF-TPU were prepared by adding 5, 10, and 

15 wt.% of TPU to a pure PVDF solution. The preparation 

methods associated with the polymer compositions were 

identical to the ones that we used in our previous work on 

stretchable electrospun PVDF-TPU-based nanofiber [46, 49]. 

All four compositions (i.e., pure PVDF, PVDF-TPU 5 wt.%, 

PVDF-TPU 10 wt.%, and PVDF-TPU 15 wt.%) were fabricated, 

and their solutions were electrospun for the fabrication of 

nanofibers [46]. 

2.2. Methods 

The PVDF-TPU nanofibers in our study are fabricated using 

the traditional electrospinning process setup, as shown in Figure 

1. It is composed of an injection pump (NE1000-Single Syringe 

Pump, New Era, Farmingdale, New York, NY, USA) that 

controls the flow rate of the sample solution at 1.5 ml/hr. Also, 

it contains an 18-gauge metallic needle with a purely circular 

opening at the tip; a plastic syringe with a capacity of 10 ml; and 

a revolving collector coated in aluminium foil fixed 15 cm away 

from the needle tip. A positive high-voltage in the order of 25 

kV is applied to the metallic needle using a high-voltage power 

supply from Divotech (30 kV/1.65 mA).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic representation of the traditional electrospinning setup used for the fabrication of nanofibers. 
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3. Characterization 

Using a scanning electron microscope (SEM) (JEOL JSM-

6010LV-SEM, Tokyo, Japan) with a 20 kV accelerating voltage, 

the surface morphology of the optimum PVDF-TPU nanofibrous 

membranes was investigated. After being deposited on carbon 

tape that was adhered to aluminium stubs, the electrospun 

nanofiber samples were platinum sputter coated. Using Image-J 

software (Madison, WI, USA), the mean diameter size of the 

nanofibers was determined. The response of these nanofibers to 

piezoelectric activity was examined using Fourier Transform 

Infrared (FTIR) spectroscopy, taking into consideration the beta 

sheet composition of the nanofibers. A FTIR spectrometer can 

be used to easily assess the sample's molecular fingerprint based 

on the functional groups that are present and how they interact. 

The transmittance spectra of PVDF nanofibers were generated 

using a Perkin Elmer FTIR spectrometer that has a scanning 

resolution of 5 cm-1 over a range of 4100–400 cm-1. 

A piece of the same nanofiber mat sheet was tested for 

piezoelectric performance through the application of mechanical 

perturbation in the form of uniform airflow. The effect of airflow 

sensing and harvesting on the prototypes is tested by varying the 

velocity of airflow. The fabricated nanofiber membranes were 

sliced to the proper size of 2.5 x 2.5 cm. Then, they were placed 

between two sheets of aluminium foil that had insulated stainless 

steel wires attached to them. Using paper tape, the membrane 

comprised of aluminium foil sheets was assembled into a single 

unit, or nanofiber patch, as shown in Figure 2.  

A piece of PVDF-TPU-based nanofiber membrane is also clearly 

shown in Figure 2, along with the nanofiber patch. The apparatus 

utilized to generate the wind flow consists of an electric air 

duster attached to a nozzle of radius 1 cm aimed towards the 

center of the PVDF or PVDF-TPU based sandwiched unit, as 

depicted in Figure 2.  

Here, the airflow-based perturbation is applied to the sample 

vertically. The velocity of the airflow can be altered by adjusting 

the distance between the nozzle tip and the sample prototype. 

The velocity of airflow falling on the sample patch was measured 

using a velocity meter or anemometer included in the setup. The 

distance between the fan blade of the velocity meter and the tip 

of the air duster was measured with a ruler. Thus, the vertical 

distance between the fan blade and the tip of the air duster is 

fixed for each required velocity. The air duster was positioned at 

the appropriate height and directed towards the center of the 

sample for every airflow speed value. After exposing the sample 

to airflow for one second, the oscilloscope was used to measure 

the average of six separate peak-to-peak voltage measurements 

from the provided signal. A total of seven different speeds of 

airflow are reported, and the corresponding piezoelectric output 

voltage is measured for all four compositions, including pure 

PVDF and PVDF-TPU-based nanomembranes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Experimental setup showing the airflow sensing-based analysis of PVDF-based nanofiber mat. 
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4. Results and Discussion 

The surface morphology of the generated electrospun 

nanofiber mat was studied using SEM. The corresponding image 

of the optimum composition of PVDF with 15 wt.% TPU is 

shown in Figure (3a). The matching fiber diameter distribution 

is displayed in Figure (3b), where the average diameter of the 

randomly distributed nanofibers is found to be around 370.23 

nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The β-sheet content associated with each composition can be 

calculated directly from the FTIR spectra shown in Figure 4. The 

FTIR spectra of PVDF make its crystalline phases quite evident. 

The primary electroactive polar phase of PVDF, which is 

responsible for its piezoelectric capabilities, is the β-phase, while 

the α-phase is the stable non-polar phase. Because of the 

alignment of induced dipoles under the influence of an electric 

field, the electrospinning process significantly increased the 

inherent β-phase. In relation to the crystal phase, the most 

prominent bands of PVDF are observed in the wavenumber 

range of 700 cm-1 to 1500 cm-1. Of these, the β-phase is clearly 

associated to the transmittance peaks at 840, 880, 1175, and 1275 

cm-1, and the α-phase is related to the peaks at 410, 489, 532, 

614, 762, 796, 875, 976, 1210, and 1383 cm-1. Several peaks 

linked to the "" phase may be found at 431, 482, 811, and 1234 

cm-1 [47]. The electroactive β-phase content for each 

composition can be calculated using Beer Lambert's law by 

measuring the intensity of absorbance bands at 760 cm-1 and 840 

cm-1 and is given by: 

 𝐟(𝛃) =
𝐀𝛃

𝟏. 𝟐𝟔 𝐀𝛂 + 𝐀𝛃
                             (𝟐) 

where 𝐴𝛽 and 𝐴𝛼 represent the absorbance values at 840 cm-1 and 

760 cm-1[44, 45]. 

The absorbance peak at 760 cm−1, which corresponds to the 

crystalline α-phase, is caused by the CF2 bending mode and the 

skeleton bending vibration mode of C(H)-C(F)-C(H). Similarly, 

the absorbance peak at 840 cm-1 of the polar β-phase, owing to 

CH2, shows a rocking vibrational band as well as C-C and CF2 

stretching. Two other peaks are recorded at 1175 cm-1 and 1400 

cm-1, respectively, which correspond to the C-H and C-F 

vibrations [48–51]. The primary characteristic bands linked to 

TPU are located at 1533, 1735, 2971, and 3365 cm-1. These 

peaks primarily correlate with the asymmetric bonds -CONH-, 

C=O, C-H, and N-H stretching, respectively [52, 53]. Certain 

nonpolar α-phase peaks, like 489, 614, 760, and 796 cm-1 have 

diminished as a result of the TPU polymer's integration with 

Figure 3. (a) SEM image of the fabricated PVDF-TPU 15 wt.% nanofiber mat at a scale bar of 10 µm and 

(b) histogram representing the corresponding fiber diameter distribution curve. 



 
Integrated Nano, 2024, Vol. X, Iss. X, 27-40 

 

DOI: 10.62184/in.jin0101202422 

 

                                                                                                                                                                                                                                
                                                                                                 

 
33 

 

 

Research Article 

PVDF; this is evident in the spectra. The transmittance peaks at 

760 cm-1 and 840 cm-1 are marked in Figure 6. The decrease in 

the transmittance peak corresponding to 760 cm-1 by the addition 

of TPU is visualized in Figure 4. Thus, by checking the 

absorbance values corresponding to 760 cm-1 and 840 cm-1 and 

applying in Beer Lambert’s law gave us an idea about β-sheet 

content and crystallinity for each composition. The β-phase 

content percentages for pure PVDF, PVDF-TPU with 10 and 15 

wt.% nanomat are roughly calculated to be 70.3%, 73.9%, and 

80.4%, respectively, indicating the potential of PVDF-TPU-

based nanomats for energy harvesting and sensing applications 

as depicted in Table 1. The mechanical flexibility of TPU, which 

helps to reposition electric dipoles inside the composite 

nanofiber when mechanical excitation is applied, accounts for 15 

wt.% of TPU's high β-phase concentration [54].

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The calculated β-phase content percentage of 

PVDF/TPU nanocomposite nanofibers. 

Nanofiber Composition β-Phase Content (%) 

Pure PVDF 70.3 

PVDF-TPU 10 wt % 73.9 

PVDF-TPU 15 wt % 80.4 

The piezoelectric response enhancement of PVDF-based 

nanomats by the addition of TPU is confirmed by our previously 

published work [38, 43]. The additive TPU, which has higher 

mechanical elasticity than PVDF, greatly supports for the 

enhancement of piezoelectric activity. Thus, a piezoelastic 

membrane is constructed, and the mechanical elasticity of TPU 

provides an increase in flexibility for dipole excitations inside 

PVDF. Our earlier research, which focused on various PVDF-

TPU blends, unequivocally demonstrated that the addition of 

TPU above specific threshold concentrations, such as 17.5%, 

reduced the composition's piezo-responsiveness. A detailed 

investigation of these compositions showed that the most 

effective piezoelectric membrane was obtained for 

concentrations of 15 wt.% and 17.5 wt.% of TPU with PVDF. 

As a result, the current study is restricted to PVDF with a TPU 

of 15 wt.% and doesn't test for a TPU at 20 wt.%, which will be 

weak according to our earlier findings [43]. However, the 

behaviour of PVDF-TPU-based nanomats towards perturbations 

associated with airflow is not yet reported. Present studies based 

on PVDF-TPU-based nanomats revealed a positive response 

towards airflow sensing and energy harvesting utilizing airflow. 

Among the four compositions, including pure PVDF and PVDF-

TPU with 5, 10, and 15 wt.%, PVDF-TPU with 5 wt.% doesn’t 

respond well to airflow-based perturbation. This clearly shows 

the inhibition of the piezoelectric activity of PVDF caused by the 

addition of TPU, and this matches our previously published 

piezo-characterization results. The PVDF-TPU with 5 wt.% 

Figure 4. FTIR spectra of the electrospun piezo-active PVDF and PVDF-TPU-based nanomats. 
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didn’t exhibit any piezoelectric response, showing the baseline 

only in the oscilloscope, and no enhancement from the baseline 

was observed. All three other samples sensed the airflow and 

piezoelectric voltage being generated. PVDF-TPU of 10 and 15 

wt.% generated more voltage than the pure PVDF, showing the 

piezoelectric response enhancement behaviour of the 

composition. The piezoelectric voltage developed across the 

electrospun nanofiber mat is tabulated in Table 2.

Table 2. Piezoelectric voltage with sensitivity values for different air flow velocities. 

 

Airflow Velocity 

(km/h) 

Pure PVDF PVDF-TPU 10 wt% PVDF-TPU 15 wt% 

Output Voltage 

(mV) 

Sensitivity 

mV/ kmh-1 

Output Voltage 

(mV) 

Sensitivity 

mV/ kmh-1 

Output Voltage 

(mV) 

Sensitivity 

mV/ kmh-1 

6 ±1.5 31.3±1 

 

3.85 

35±1.2 

 

4.71 

54±1.9 

 

4.76 

9 ±1.5 43.7±1 51±1 70±0.1 

12 ±1.5 56.3±1 66±1 87±1.2 

15 ±1.5 62±1.2 82.5±1.2 99±1 

18 ±1.5 73.7±1 92.5±1.2 114±1.9 

21 ±1.5 82.5±1.2 105±1.6 129±1.8 

24±1.5 107.5±2 126.2±2 139±1 

 

The piezoelectric potential formed across the nanomat in 

response to the typical excitation force associated with airflow 

applied vertically is known as the sensitivity parameter. It is a 

measurement that shows the sample's piezoelectric reaction to 

the airflow and can be calculated from the slope of the velocity 

of airflow-voltage graph [46]. The relationship between the 

generated voltage and velocity of the airflow for the three 

compositions are shown in Figure 5. The plot clearly represents 

the enhancement in generated voltage occurred by the addition 

of TPU with 10 and 15 wt.%. Here, an electric potential is 

developed when the wind force or airflow-based force creates a 

stress in the nano-membrane and this perturbation is expressed 

out in the form of an electric potential [55]. PVDF-based 

nanomatsexhibited a sensitivity of 3.85 mV/kmh-1. Similarly, 

PVDF-TPU with 10 and 15 wt.% showed a sensitivity of 4.71 

mV/kmh-1 and 4.76 mV/kmh-1, respectively. This scenario of 

wind energy mainly deals with the dynamic mechanical energy 

conversion to electric energy and can be considered as a part of 

vibrational energy harvesting [56]. 

The PVDF-TPU with 10 and 15 wt.% showed almost the same 

sensitivity. These types of dedicated electrospun nanomats 

experience a dense dipole moment due to the high surface-to-

volume ratio of their fibrillar structure, that greatly promotes the 

piezoelectric activity and the prototype. This results in the 

generation of voltage from both the small piece of nanomat and 

the weak force associated with uniform airflow. Time-based 

waveforms produced in response to the wind force for each 

composition at a specific airflow velocity of 24 km/h are 

displayed in Figure 6. As shown in Figure 6, the visual 

representation of the obtained pulsed waveform voltage for each 

composition is derived from the airflow perturbations. 

Furthermore, the increase in piezo-responsiveness obtained for 

PVDF-TPU composites is associated with the flexibility of the 

dipole excitations. The advantage of elastomeric properties such 

as flexibility in TPU greatly influenced the dipole excitations 

positively occurring inside PVDF, increasing the piezoelectric 

activity. The increase in piezoelectric activity of the primary 

material is associated with the increase in polar crystalline β-

phase content. First of all, the electrospinning method itself has 

the ability to generate fabricated nanomaterials with enhanced β-
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phase content due to the application of an electric field during 

the phenomenon. Hence, it can give the effect of electric poling. 

In addition, the blending of TPU with PVDF greatly improved 

the electroactive β-sheet contents, which was displayed in the 

form of improved piezo-responsiveness [57].

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Conclusion 

 Piezoelastic electrospun nanomats were fabricated to be 

applied in the fields of small-scale wind energy harvesting and 

airflow sensing. The focus was placed on examining how various 

airflow velocities affected the fabricated nanomats, where the 

sensitivity was examined. Piezoelectric voltage exhibits a 

positive linear trend as airflow velocities increases for three 

compositions of the tested samples. The incorporation of TPU to 

be blended in PVDF enhanced the sensing and energy harvesting 

performance towards environmental energy flow. An optimum 

Figure 5. Relationship between peak-to-peak piezoelectric output voltage and airflow velocity. 

Figure 6. Airflow-based piezoelectric voltage waveform for pure PVDF and PVDF-TPU-based 

nanomats at 24 km/h airflow velocity. 
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piezoelectric voltage of 139 ± 1 mV is developed across PVDF-

TPU at 15 wt.% under the influence of an airflow velocity of 24 

km/h. The β-sheet composition was found to be around 80% in 

the most successful prototype, which combined 15 wt.% of TPU 

and PVDF. The presented work effectively demonstrated 

piezoelectric energy harvester-based nanofibers that can sense 

and capture ambient airflow. 
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