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ABSTRACT: The flow of a liquid on single walled carbon (SWNTs) or multi-walled Nanotube (MWNTs) bundles 

induces a voltage in the sample along the direction of the flow. The magnitude of the voltage depends on the sensitivity 

on the ionic conductivity and on the polar nature of the liquid. This makes nanotubes as highly sensitive flow sensors 

and energy conversion devices. Carbon nanotubes have been among the most studied materials during the last two 

decades. They have many remarkable properties, such as high tensile strength, electrical conductivity however, one of 

the unique property is its viscoelastic behaviour in a wide range of temperature that is not shown even by any solid so 

far. The present article reviews the recent advances in carbon and its allotropes, the allotropes that are used to develop 

nanotubes, the wonderful properties of nanotubes and their applications in science and technology with special 

emphasis on the carbon Nanotube flow sensors. 
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I. INTRODUCTION 

 

Carbon has maximum allotropes [1] as it is capable for creating the most diverse variety of compounds [2]. Fullerenes 

and nanotubes are the latest addition to this list [3]. The most studied allotrope of carbon is Graphite which has a two 

dimensional structure due to sp
2 
hybridization. Diamond is another important allotrope of carbon with sp

3 
hybridization. 

The two-dimensional sheets made of sp
2  

hybridized carbon can curl, like a piece of paper and can make cylinders. 

Hexagons alone cannot produce closed three-dimensional structures. The inclusion of pentagons result in a closed cage 

structure [4]. Minimum six pentagons are needed on each side of the cylinder, thereby making a closed pipe. This is 

called a nanotube as the diameter of such a tube is in the nanometer range. Tube can be open or closed and length can 

be several hundred times the width. The structure of a cylinder is described in terms of a tubular diameter d and a chiral 

angle theta, �. The chiral vector C=na1+ma2 along with two parameters d and � define the tube. The unit vectors a1 

and a2 define the graphene sheet (a single sheet of graphite is called graphene [5], a carbon nanotube is produced by 

curling a graphene sheet) [6]. The properties of the tube get modified depending on the chiral angle � and the diameter 

d. 

Carbon nanotubes were first noticed in the graphite soot deposited on the negatively charged electrodes used in the 

arc-discharge synthesis of Fullerenes [7]. Due to its unparalleled properties it finds use in wide range of 

applications [8, 9, 10, 11]. 

 

II. RELATED WORK 

 

Several authors have studied preparation properties and applications of carbon and its allotropes[1, 2, 3, 5] such as 

fullerenes, carbon nanotubes, nanowires, nanorods, nanocomposites, nanocrystals. All these nano materials have 

been studied in detail and many reviews have also been written[4, 5, 7]. They have wonderful properties [8, 9, 10, 

11] which have drawn attention of scientists and technologists to research and develop new techniques using these 

materials. The challenges such as creating efficient heat sinks, super conduction in electronics, cancer therapy in 

medical science, etc., can all be overcome by exploiting the potential of these allotropes.  A lot of work has been 

reported so far on the nanomaterials, however, the wonderful applicationof carbon nanotubes in flow sensor[27] 

seems greatly neglected. The author has made an effort to emphasize on this important application which has a 
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great future especially in the science of gas spectrometry and analysis as it offers a  cheap and highly efficient 

device for the same. Thus, the properties of carbon nanotubes specifically pertinent to the application of flow 

sensor have been compiled and described here. 

 

III. PROPERTIES OF CNTS 

 

Carbon Nanotubes (CNTs) shows excellent physio-chemical properties [12]. 

 

1) Electronic properties: It depends on the chirality. There are three structures such as zigzag, chiral and armchair. The 

first two can be semi-conducting or metallic, but armchair is always metallic. This means that nanotubes can be treated 

as quantum wires at least at very low temperatures. 

 

2) Mechanical properties: The strength of C-C bond is among the highest, as a result any structure with this bond will 

have ultimate strength. Nanotubes therefore are highly strong carbon fibers [13]. 

 

3) Physical properties: Nanotubes have a high strength to weight ratio (1.8g/cm
2
 for MWNTs and 0.8g/cm

2 
SWNTs) 

[14]. This property is very useful for lightweight applications. This value is 100 times that of steel and over twice that 

of conventional carbon fibers. Nanotubes are also highly resistant to chemical attack [15]. It is difficult to oxidize them 

[16]. Temperature is also not a limitation in practical applications of nanotubes [17]. Nanotubes have a high thermal 

conductivity [18] and the conductivity increases with the decrease in diameter. 

 

IV. APPLICATIONS OF NANOTUBES 

 

Use of Nanotubes as electrical conductors is an exciting possibility [19]. Nanotube based single molecule field effect 

transistor [20] is already been built and its performance is comparable to that of semiconductor based devices, but its 

integration into circuits still require a lot of effort [21]. It has been found that it is not possible to fabricate nanotube 

based connectors. This developed a need to make devices that can adopt newer kind of approaches for making contacts. 

Such interconnectors between structures patterned on substrates have also now been made. One of the areas of 

immediate commercial application of nanotubes is CNT based emission-displays [22]. Here CNTs act as electron 

emitters at lower turn-on voltages and high emissivity. 

 

Nanotubes tips can also be used as nanoprobes [23]. The functionalization of tips can also be used in chemical force 

microscopy. Research has also shown that nanotubes have the ability to store hydrogen [24].  

 

A flow sensor using nanotubes has also been demonstrated. The flow generates an electrical potential of the order of 

few millivolts. The potential is sensitive both to flow velocity as well as the dipole moment of the analyte. Gas flow 

sensors have been developed along similar lines. Nanotube based gas sensors have also been developed [25]. 

Nanotube-based filters have also been demonstrated as a wonderful application. 

 

V. INTRODUCTION TO FLOW SENSORS 

 

Flow Sensors are used in number of monitoring and control applications to measure both air and liquid flows. Flow 

meters that have no movable parts usually need less attention than units with moving parts but all flow meters 

eventually require some type of maintenance. Applications where coating can occur poses potential problems in 

devices such as magnetic and ultrasonic units. If the coating is insulating and   electrodes get insulated then the 

operation of magnetic flow meters is ultimately impaired. Similarly with ultrasonic flow meters, refraction angles may 

change and the sonic energy absorbed by the coating cause the meter to become inoperative. 

 

VI. MECHANISM OF CNT FLOW SENSOR 

 

Several studies have been made to understand the novel behavior of Carbon nanotubes such as their structural, 

electronic and mechanical properties and to explore their immense potential for its applications in nano electronics as 
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actuators [26] and sensors [27]. Scientists have shown theoretically the generation of electric current in a metallic 

carbon nanotube immersed in a flowing liquid. Two mechanisms are discussed here : 

 

1. One mechanism they have suggested for the generation of electric current and voltage is the transfer of 

momentum from the flowing liquid molecules to the acoustic phonons in the nanotube as the phonon quasi-

momentum which in turn drags free charge carriers in the nanotube [28]. 

2. Another mechanism suggested by these authors involves a direct scattering of the free carriers from the 

fluctuating coulombic fields of the ions or polar molecules in the flowing liquid. 

 

The latter mechanism suggests that a current that is five times in magnitude smaller than the current that results from 

the phonon-induced electron drag. 

 

This led them to propose a mechanism for the observed flow induced voltage based on a pulsating asymmetrical 

thermal rachet model [29]. This mechanism involves the fluctuating coulombic potentials that result from the ionic 

liquid in flow, where the symmetry is provided by velocity gradient (sheer) at the liquid-solid interface. Finally, a flow 

sensor that is based on SWNT [30] directly produces an electrical signal in response to a fluid flow. It is believed that 

this sensor can be scaled down to length dimensions on the order of micrometers, i.e., the length of the individual 

nanotube making it usable even in very small liquid volumes. The sensor also has high sensitivity at low velocities and 

fast response time (better than 1ms). The nanotubes also could be used to make a voltage and current source in a 

flowing liquid environment which have numerous interesting engineering and biomedical applications [9, 31, 32]. 

 

VII. CONCLUSION 

 

Carbon nanotubes have been among the most studied materials for the past two decades, as explained above they 

display remarkable properties [12] which has become an attraction point for various applications especially as sensors 

in the field of science and technology [33]. Researchers in this field are leaving no stones unturned to make use of 

these properties in the implementation and improvement of technology that may further lead to the improvement of 

lifestyle. In other words the core novelty in science and technology on the scale of nanometer is that the scientists and 

technologists do not invent the word ex novo as in the past but de novo since the new artifacts are made of 

components that have no natural analogs. The term “nano” refers to measurement, the nanometer as it indicates the 

size of the matter and does not refer to any object. This explains the unlimited spectrum of nano since all physical 

matter irrespective of its nature can be measured. Nanoscience is not limited to traditional boundaries of disciplines, 

but is trans-disciplinary [34] in nature. It controls building blocks of all objects of the living and non-living world, 

thus influencing each and every area of life. Its knowledge and implementation will take science and technology to 

another level that is most desired now. 
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