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ABSTRACT

To obtain stable solution flow is very important to biological cell micro injection; this paper adopts the method of
computational fluid dynamics, unsteady flow dynamic characteristics of the conical micro channel initial flow were
researched. The independence of the model grid was verified; the error between exit speed and the theoretical value
is within 5%. Established the micro channel gas-liquid two phase unsteady flow model, under different inlet
pressure, flux and flow resistance characteristics of the solution in the conical micro channel were studied. Through
the study found that flux is fluctuation in the initial period of the micro channel flow, under the minimum inlet
pressure that can flow, except the time liquid film flow fluctuation broken, flow tends to be stable within the entire
circulation time, and the flow is very small. With the increase of inlet pressure, micro channel flow increasing,
within flow time flux volatility increases, and the greater the inlet pressure, the earlier the volatility moments. Micro
channel flow resistance change over time, the smaller the inlet pressure, the greater the resistance and the
instantaneous maximum flow resistance after flow stability. The results show that Choose inlet pressure dightly
higher than the critical flow pressure can get good liquidity; flow is stable and easy to control. The study provides
reference for the research of biological micro fluid injection.
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INTRODUCTION

Micro channel device has excellent performanceianddely applied in biological cell injection, nix flow heat
exchange, micro fluidic device, bionics, printerzale, and transmission of reactants, particle sejwer and the
micro flow sensor [1-4]. With the development ofcno/nano technology, more attention paid to theystaf micro

channel flow and heat transfer, the research ofa¥scale flow and heat transfer not only provideevispace for
the application of MEMS technology, but also hasyvienportant academic significance to enrich andqm the

theory of fluid mechanics [5-7].

At present, the study of micro channel flow chasdstics are mostly steady flow and the fluid resise
characteristics after flow stability. Alma Halelfddcused on analytical optimization of a rectarguhicro channel
heat sink, they analyzed the effects of the teniperathe channel aspect ratio, the channel wab ta the flow
characteristic [8]. Na Liu had studied the pressimg during condensation of R152a in circular agdare micro
channels .The results show that heat-transfer icamffs and pressure drop both increase with istngamass flux
and vapor mass quality while decrease with incrgpsaturation temperature. Channel geometry has wifiect on
heat transfer at low mass fluxes while has littfec@ on pressure drop [9]. Yan Han have investigathe
characteristics of gas flow in micro channels unither coupled effects of random surface roughnedsvafocity
slip by the method of computational fluid dynamit8].

Due to the phenomenon of capillary in micro chaniteheeds to overcome the surface tension in thegss of
initial flow to flow, so flux fluctuation and unemephenomenon exist in flow process of the initlaif and the
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research is relatively small. But given the flowatslity is of great significance for injection, tidtial moments flux
has great influence on the subsequent micro floid. fDue to the initial flow cannot obtain the qtigative solution
by adjusting biological micro injection machine, isds necessary to simulate the flow process afraichannel
initial flow. In this paper, through the simulatiaf solution flow process in micro channel initi@riod, the flow
characteristics are analyzed and the results aanda references to the research in the field afonfluid injection.

1. MICRO CHANNEL FLOW PROCESS SIMULATION
2.1 Control equation
Due to Kn < 0.1, so the control equation is stilhtinuous equation and Navier - Stockes equation:
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Thereinto,p is the general dependent varialfig,is all the other phase that cannot be represexgembnvection or
diffusion item.

2.2 Calculation model and boundary conditions

This article uses the taper pipe channel to sirayabcess of micro needle injection, shaft seabochannel model

is shown in figurel, circular diameter of chanredt®n is D and d respectively, long is L, workimgdium is water.
Boundary conditions are shown in figure 2, inletgsure is given, outlet pressure is atmospherigspre, and no
slip wall for adiabatic wall, initial flow are& is water, regiondl is air, temperature is 293K, the effect of surface
tension is considered.

I > Rut

Fig 1 Channel model simplified figure Fig 2 Boundary conditions

2. NUMERICAL CALCULATION

Grid computing area figure is shown in figure3, tiréd total quantity is 9600. Before the formal adhtion, it
needs to verify the result of calculation is nopeiedent on the grid and the correctness of theeotgm procedures,
for pipe of the diameter D and length L laminarwfldield, numerical simulation was done, and comgaitee
velocity distribution at the exit calculated withetanalytical solution of the pipe laminar flowldieDue to the pipe
geometric symmetry, only calculates half of thenflfield, the calculation results are shown in fig4, compared
with the theoretical value, the error of numericalculation results is less than 5%.
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Fig 3 Grid of computing domain Fig 4 Entrance velocity diagram

3. CALCULATION RESULTSAND ANALYSIS

3.1 Theinfluence of different inlet pressure on the flux

For the above channel, micro needle injection chhfiow characteristics were calculated when tHetipressure
P, = 0.0925, 0.095, 0.10, 0.12 MPa, including the=P0.0925 MPa, which is the minimum inlet pressomiero
needle syringe can flow, figure5 is the volume fiat velocity vector diagram of;P= 0.0925 MPa, figure6 is the
micro channel mass flow rate under different iplegssure.

t=0.1us t=1us
Fig5 Pin = 0.0925 M Pa flow state diagram at different time
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Fig 6 Mass flow rate variation over time

The figure5 shows that at the initial flow momefat; the water in the micro channel, and the outsideld is the

gas, liquid membrane formed at the gas and liquitttjon, liquid membrane have a retarding effecflow, this

effect is called surface tension and the size dfsa tension is with the relevant of the shapthefliquid film. In

order to observe the flow state of water near idpgd film easily, the micro channel exit flow areas intercepted
and amplified which is shown in figure5. When the=0.0925MPa, the initial stage of the micro charflel, due

to the influence of surface tension, liquid memleréormed at the exit, and no liquid flow inside tinéro needle
syringe; As time increases, the liquid film incresgradually, when t=1 us, liquid film reachesicaitbroken state,
water reflux near the liquid membrane, it indicatest there are inverse pressure gradient; Wherdlimembrane
broken, water spewing from the micro channel; wiwt0 us, the micro channel flow leveling off, spawiwater
near the micro channel exit formed a mushroom fieadarea.

With the increase of inlet pressure, in instantaiseaf liquid membrane broken, flow peak increases, the flow is
greater volatility in the short term. When thg=R.0925 MPa, flow gradually become stable aftetitigfilm
crushing, the late flow was stable in 1X920"%g/s, which is the smallest flux. When thg iRcreases to 0.095MPa,
with the increase of time flows slowly rising, wherl0 us, the flux is 3.58 10*kg/s. When the =0.10MPa,
flow increased gradually after liquid film crushinghen t=9 us, flow surged, from x40 kg/s to 2.5<10*
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kg/s, when the =0.12MPa, flow surge moment is t=0.58 us aheadhws,tflux sharply increased from 210
kg/s to 3.3< 10 kg/s. Visible, when £=0.0925MPa, under the minimum inlet pressure ofrtiiro channel flow,
except flow fluctuation when the liquid film brokethe entire circulation time flow tends to be #aland the flux
is very small. With the increase of inlet pressuné&ro channel flow increase, and flux of micro ichal increased,
and in the circulation time flux volatility incread, the greater the inlet pressure the earlievadketility moments.

3.2 Influence of different inlet pressure on the drag coefficient

Flow is incompressible flow, the friction coefficief is function of import and export pressure differerdP, form
is as follows:
f= 2D, AP

2

poJ L 6)
Thereinto,U is cross section average speed; fluid average densitid,, andL are respectively the hydraulic
diameter and length of micro channel.

Figures 7 and 8 are outlet pressure and velociygimg with time curve respectively under differaét pressure,
when the inlet pressure is 0.925MPa, export pressusbout 0.9MPa, far higher than the other thrgees, and the
outlet pressure over time slowly decreases, artdveldcity is relatively stable; When the inlet gseare increased to
0.10MPa, at 8.5us export pressure plummeted to2M0@, exit velocity reached 4.5 m/s at the same tithe
syringe will spit out a lot of water at the momeintis difficult to complete quantitative injectipiVhen the inlet
pressure is 0.12MPa, export pressure drop momeat@sus in advance, and exit velocity increases.som/s. All
the above, when the inlet pressure is critical floessure, outlet pressure is bigger, flow geer#igy to control.

In order to study the influence of inlet pressubargge on the change of the friction factor, figui9 changes
under different inlet pressure. It can be found thigial moment due to liquid film has not beerstteyed, so liquid
flow velocity is zero in the micro needle chanrtbk flow resistance is infinity, when liquid membeadamaged,
the instantaneous flow resistance is almost zeegsisRance coefficient decreases with the increhsded pressure,
drag coefficient is reduced, the peak decreased,tlam peak moment in advance, that shows increasilét

pressure can improve the flow ability of fluid, khe flow fluctuation is bigger, it is not condueito quantitative
injection, and the inlet pressure is too small,rmichannel liquidity becomes bad, and even cani.fChoose inlet
pressure slightly higher than the critical flow ggare can get good liquidity; flow is stable angyeta control.
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Fig 7 Outlet pressure variation with time Fig 8 Exit velocity variation over time
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Fig9 Friction coefficient variation over time
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CONCLUSION

(1) The flow is fluctuating in the early period of th@cro channel flow, under the minimum inlet presstivat can
flow, except the flow fluctuation at the liquid rfil of broken time, flow tends to be stable throughiie
circulation time, and flux is very small. Micro air@el flow increase with the increase of inlet poess and
flow volatility increased at whole circulation timand the greater the inlet pressure, the eahervolatility
moments.

(2) The micro channel flow resistance changes over,tthre smaller the inlet pressure, the greater ¢ésestance
after flow stability, the greater the instantanemaximum flow resistance too.

(3) Choose inlet pressure slightly higher than thecaiitflow pressure can get good liquidity; flowstable and
easy to control.
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