
		
			[image: GJN.jpg]
		

	
		
			Short communication

			Volume 4 Issue 1 - april 2018

			DOI: 10.19080/GJN.2018.04.555630

		

		
			Calculation of Mass Transfer and Power Loss

			 in a Nanofluidic Circuit

			Yongbin Zhang*

			Changzhou University, China

			Submission: April 01, 2018; Published: April 24, 2018

			*Corresponding author: Yongbin Zhang, College of Mechanical Engineering, Changzhou University, China, Email: engmech1@sina.com

			Abstract

			The methods for calculating the mass/volume flow rate and the power loss in a nanofluidic circuit are shown, by using the concept of the flow resistance. In a nanofluidic circuit, there may be a lot of branches and may be involved the nanopump or/and the nanovalve. The exemplary analysis shows that in such a nanofluidic circuit, the mass/volume flow rate and the power loss can be easily calculated, by using the derived equations.
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			Introduction 

			Experiments on nanofluidics have been done plentifully [1-4]. Fabrication of nanochannel and inventions of nano pump and nano valve have been in fast progress [5-10]. Nanofluidics have their special applications in transportation, purification, drug delivery, chemical analysis, DNA analysis and battery [11,12]. Nanochannel flow shows its special phenomena governed by the dynamic, non-continuum and interfacial slippage effects of the confined film, not obeying conventional fluid mechanics [13-16]. This makes the theoretical evaluation of the performance of nanofluidics quite challenging. It has been supposed that nanofluidic circuits can be fabricated as like electric circuits [17,18]. They can even be developed into an integrated system on a small size. This would greatly propel the application of nanofluidics. Karnik et al. [18] experimentally found that by applying the gate voltage, the flow of protein in nanochannel can be turned on or turned off. This function is undoubtedly important for nanofluidic circuits.

			Analytical methods must be developed for nanofluidic circuits, which should not be limited to experimental fabrication. However, realization of this purpose is not easy since the study on nanochannel flow has mainly relied on numerical simulations like molecular dynamics simulation, the lattice Boltzman simulation, the dissipative particle dynamics simulation and the multiscale hybrid simulation [19-22]. For the Poiseuille flow occurring in the cylindrical nanotube shown in Figure 1, in the absence of the fluid-wall interfacial slippage, the flow equation has been proposed as follows [23]:

			[image: ] ……… (1)

			where qm is the mass flow rate through the tube, l is the length of the section of the nanotube, [image: ] is the pressure drop along the length l of the nanotube, R is the inner radius of the nanotube, [image: ] and [image: ] are respectively the average density and the effective viscosity of the confined fluid across the tube radius, S is the parameter depicting the non-continuum effect of the confined fluid across the tube radius ( [image: ] ), [image: ] , and [image: ] is the critical inner radius of the tube for the fluid to become continuum across the tube radius. Equation (1) is valid for a simple fluid flow in a nanotube [23]. Regarding ionic flows, the validity of Equation (1) needs to be further verified; It might still stand by just modifying the rheological parameters [image: ] , [image: ] and S [24]. The mass flow resistance was ever proposed by Alibakhshi et al [25]. Here, the flow resistance of the section of the nanotube in Figure 1a is defined as [26]:
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			The section of the nanotube in Figure 1 can thus just be simplified as the flow resistance with the value as shown in Figure 1. 

			[image: ]

			Two flow resistances [image: ] and [image: ] can be in series connection or in parallel connection as shown in Figure 2. In whichever connection, they can also be simplified into one flow resistance with the value [image: ] as shown in Figure 1. For the series connection, [image: ] is [26]:
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			For the parallel connection, [image: ] is [26]:
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			The power loss on the flow resistance in Figure1 is [26]:

			                         [image: ]  ………………….. (5)

			where [image: ] and [image: ] are respectively the pressure drop on and the volume flow rate through the flow resistance. Equation (5) can become [26]:
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			Equations (2)-(6) are like those in electric circuits. They can be used for analysis of a nanofluidic circuit. Figure 3 shows the flow resistance with the value [image: ] and the nano pump with the power [image: ] in parallel connection. The pressure drop on both of them is [image: ]. The volume flow rates through the two branch circuits and the main circuit are respectively:

			[image: ] , [image: ] , [image: ]   ………….(7)

			The power loss on the whole circuits in Figure 3 is [image: ] .

			Figure 3 A nanofluidic circuit where the flow resistance ([image: ]) is in parallel connection with the nano pump.
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			Figure 4 shows the flow resistance with the value   and the nano valve with the constant mass flow rate   in series connection. The power losses on the flow resistance and the nano valve are respectively:

			[image: ] , [image: ]   ………………….. (8)

			Figure 4 A nanofluidic circuit where the flow resistance ([image: ]) is in series connection with the nano valve.
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			Conclusion

			In a conclusion, this paper presents the methods for calculating the mass/volume flow rate and the power loss in a nanofluidic circuit, by introducing the concept of the flow resistance. The derived equations for calculating these parameters are like those in electric circuits. The exemplary analysis shows that these equations can be easily implemented for calculating the corresponding performance parameters in a nanofluidic circuit.
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Figure 1: a) A section of the cylindrical nanotube with the inner
radius R and the length I; (b) The simplified expression of the
nanotube in (a) in a nanofiuidic circuit with the flow resistance
i, [26].
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Figure 4: Ananofiuidic circuit where the flow resistance (¢, ) is in
series connection with the nano valve.
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Figure 2: (a) Two flow resistances in series connection; (b) Two
flow resistances in parallel connection
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Figure 3: Ananofiuidic circuit where the flow resistance (¢, ) is in

parallel connection with the nano pump





OEBPS/image/36950.png
pow,,





OEBPS/image/JP_Logo_for_web_310x90-01(1).png
.junlp

UBL\SHERS






OEBPS/image/36818.png





OEBPS/image/37013.png





OEBPS/image/Image16392652.png





OEBPS/image/Image16256481.png





OEBPS/image/36792.png





OEBPS/image/Image16288757.png





OEBPS/image/36762.png
_ il (RISR)IR Ap

@y - .
an (R





OEBPS/image/36958.png
N





OEBPS/image/Image16254678.png





OEBPS/image/Image16352955.png





OEBPS/image/36800.png





OEBPS/image/GJN.jpg





OEBPS/image/36979.png
4,=q,, %4,





OEBPS/image/Image16371167.png





