Excerpt from the Proceedings of the COMSOL Conference 2009 Milan

LAAS-CNRS Simulation Bubble Nucleation and Bubble Growth of a Thermal-Bubble Microejector

Hongwei Zhou*, A.M.Gué
Laboratoire d’Analyse et d’Architecture de systemes (LAAS—CNRS), Université de Toulouse
7 Avenue du Colonel Roche, 31077 Toulouse Cedex, France
*E_mail: think.zhou@gmail.com

The present study investigates simulation model and droplet ejection performance of a thermal-bubble microejector. This model simulates the bubble nucleation and
the bubble growth, to predict the droplet ejection process. Specificity, it is achieved by coupling an electric-thermal model and flow model with bubble dynamics
equations. The model is validated by comparing prediction results with experimental data. Moreover, the bubble nucleation mechanisms, nucleation temperature and
nucleation rate also are studied. In this paper, this model is solved by the FEM software of COMSOL Multiphysics.

The microejector Ejector structure to computational model Bubble growth and governing equations
The microejector is a bubble pressure driven jet. . . ,
The working principle is based on a thermal-bubble inkjet. | Passivation Heat transfer equation pCa—:+ pCu- V)T = Qg — V- (kVT)
* Each ejection deposits 1’ oligonucleotide " . L1 1
R Pressure in vapor P, = pambexp[_<___)]
* Each ejection is individually actuated kp\Tp, T

by Clapeyron equation

How it works P =

A very short electric pulse is applied to a resistive heater to Mass flux m Z‘(AIZW)""‘vVTv“C”L (T;T““)
generate a high heat flux. If the surface temperature of the liquid is Reservoir Passivation layer Sus Nozzle Air Glass slide i "

higher than the nucleation temperature, a vapor bubble is formed ! L : ™ Dynamics interface tracking 30 Wi Vi Vi

at the surface of the passivation layer. Sudden formation of the 4 o \ By Cahn-Hilliard equation E“"V@_ma(pv * pL)= Ve
vapor bubble generates a pressure impulse, the rapid growth of the H™ \\ Heater

bubl?le expels a.small liquid drop from the nozzle exit. After the : Navier-Stocks equations pf’_u+ puv- () = V- [—pl +n,(Vu + (Vi)D)] + pg
applied current is removed, the temperature and pressure of the 1 S g for incompressible flow at

vapor decrease quickly, once the bubble collapses, the nozzle refills 60HM  40pm 350pm V-u=0

due to capillary forces for the next ejecting. Max; B0
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Simulation approaches

Simulation process is divided into two stages by nucleation

time point

 Before bubble is nucleated, the temperature distribution
of liquid and solid is calculated by the heat transfer
equation (v, ;4 = 0).

 |f the surface temperature of passivation layer is more
than nucleation temperature, the nucleation bubble is
placed on the surface heater in 0.01us. After the bubble is
nucleated, Bubble pressure is calculated by Clapeyron
equation. Pressure gradient is inputted to the N-S
equations, which is coupled with the heat transfer
equation for calculating the velocity of the liquid flow
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Evolution of liquid profile with temperature (K) contours inside liquid when | = 20mA, t=5us

Effects of energy and geometry on droplet volume and speed
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°In forming a droplet, the ejection volume increases linearly with the pulse width (the thermal energy)
*The variation range of the pulse width is within ~0.2 us for forming a droplet
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energy, but droplet speed increases
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Comparing with experimental and G | Why boils at 270 °C:
. . . . 550 | 7 1 P . .
simulation results of droplet ejection The liquid in microejector

| starts to nucleate only when
it is heated close to the
| superheat temperature of
1 270°C.
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el ARRIE ol | *Because the liquid is heated
extreme quickly, and the
. . . . a) r=24.5pm b) r=25.5pm 007 | heat flux as high as ~4.6x103
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* Homogeneous nucleation, nucleation temperature (270°C), and nucleation probability (0.01ps)

* This model was achieved by coupling electric-thermal and flow model with bubble dynamics equations for simulation bubble growth and collapse of the microejector.

* This model was used to study the droplet ejection performance and predict the droplet ejection process. The effects of current and pulse width , geometry on droplet
volume and speed, satellite droplet generation were studied.

* In forming one droplet, the results show that ejection volume increases linearly with thermal energy. The variation range of the pulse width is within ~0.2 us. Droplet
volume: 1 pL - 11 pL (ng), power consumption: 45 mW - 0.4 W

 Thinner thickness of the chamber, bigger surface area of the heater and appropriate current with pulse width can help to eliminate the satellite droplets

* This model was used to understand, help to design and verify the operation of the microejector, can optimize ejector design and droplet ejection performance g
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