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Abstract ‘Microfluidic Channel Designs Dynamic Wetting Modeling
We compare experiments and simulations of multiphase flow behavior as Open Chamber Single Post Simulated the spreading dynamics ot an axi-symmetric drop Increasing Slip Length Reduces Velocity Dependence
one liquid displaces another in micro-scale geometries. Microfluidic A 5 | *Used level-set methods to simulate the moving interface 0
channels with posts pa.rtlally obstr}lctlng the flow path were made with *Employe d a modified Blake Wetting model to P ermit wall Slip (U#O ) _ 120
different surface energies to examine how the dynamic contact angle 1 : , g
affects multiphase transport 1n a hydrocarbon-water system. Laser- near the moving contact line o 1001
scanning fluorescence confocal microscopy was used to monitor the [ = f((b, L)VW sinh Lg(cos@ i~ COS 0 )J E’ .
interface dynamics while simultaneous pressure measurements were used ) o
to measure fluctuations in capillary forces. These results are compared to 0 when ¢ > [ / P) S o
computational work modeling the wetting line motion using level set- Four Post Post Array ( ) _ ‘ (b‘ e
based finite element methods (FEM) for multiphase transport in f ¢ 11 when ¢ <L / ) E 40
microchannels. To accurately model the multiphase motion, we use the . L / 2 a o
interfacial tension, equilibrium contact angle, and a Blake model to ) o _
describe how the contact angle changes with the velocity of the three- 'VW—36.5]JIII/S ’ g:2-29 ) Qequil = 18.8 o+
phase contact line. ‘1= 3100 mPa-s: p= 1.03 g/mL . =21.7 mN/m 0 50 100 150 200 250 300 350 400
? ’ lv Velocity (um/s)
Number of Elements 3000-5000 (1element = ~66um); 60s of
. . 1 t- t k 1 k . 1 The Effect of Slip Length on the Discrepancy Between
Exp erlments simulation takes ~1 wWeek o1 a Slng C processor Simulation Output and Blake Model Input
*Simulation results of drop spreading are analyzed to measure the 1407 —
. * Test Setup contact angle and the contact line velocity 120 4 ~— Blake Fit
Interfaces Investigated : \ .
. . eqe . . g . Time = 0.22851 Right Gontact Angle (deg) = 1225 Tt
*Water/Air 1n a silicone elastomer microfluidic device g
- =t [~ E 8.0 1
| ‘ = BT
*Flow Visualization | | | = 2
: : L v ® 40 ——— : i
*Use a Zeiss LSM510 Meta confocal microscope Time - 242851 e o it [ ‘ \/\
. . . . . . g 7 s [ 20 M~ .
scanning only 1n a single plane for image uniformity > 220 : ’
and maximum frame rate (2 fps, 256x256 resolution) 8 A
*Fluorescent dyes are mixed 1nto the liquids to allow Slip Layer (# Elements)
visualization of the interface — TR » Deviation from the input model plateaus at a slip
*Water soluble dyes used *Results . | o e layer length of 6-8 elements
Alexa Fluor® 488 (A,,=495nm/A_,,=519nm) » Water (0.1 m/g/ mla Alexallglzlior 488) displacing Air A ) * Residual error remains that could be due to finite
~ G, =73mN/m ;0. = I . . .
eAlexa Fluor® 633 (A =632nm/A__=647nm) o equil ] level set width, mesh size, and time step.

 Fabrication of Microfluidic Devices

*Sylgard 184 (Silicone Elastomer)
Pattern a S1 wafer with SU-8 photoresist using photolithography

P Reduced Order Model Summary o
. . : , , , * Developed an experimental platform to test sitmulation methods to
* Microfluidic models are thin and uniform in vertical predict multiphase flows in microchannels

(30um t;lick) (hepradecat] s o ) dimension -> reduce modeling to 2D » Microfabricated simple geometries with posts for “trapping” the
*Vapor deposit (heptadecafluoro-1,1,2,2-tetrahydrooctyl)- Haines i . . . . . . . . di h
, : aines jump phenomena — rapid advance of contact line as pressure builds up and and cannot ° receeding pnase
trichlorosilane (FDTS) onto wafer be balanced by interface curvature (Laplace/capillary pressure) Include viscous (.P01se.u1lle) ,and caplllary (Blake Wettlng) « Determined the diffuse length scale for slip to obtain self-consistency in
.M.i x Sylgard 184 Elastomer Base + Curing Agent (10:1 parts by ® : : : eftects from vertical dimension level-set predictions of axi-symmetric drop spreading
Welght) a;nd Ccllegas 1n V?flugm Cham];)ier o Watel' + IOII]M SDS (0.1 mg/mL AleXa FthI’ 488) dlSplaCIIlg AII’ fow | Fcous = 12 1 u/ hAA ° DeVeloped a reduced order model for that 1s excellent at predicting
*Pour Sylgard over mold, degas, and cure [(51 =40mN/m : 0 | = 690] — water ) air - 1 . :
°Spin cont Sylgard 184 onto an glass <Jide to make a cover plate and \% equi , /F B F;sg;l:;y =20 [g arcs1nh(u/vw)+cos(GSmﬁc)JS (LS)AA multlphase flows through 2D geometries
curc L, « capillary

o 1s surface tension, p is viscosity, AA is in-plane area element,
O4.tic 1S static contact angle, U 1s the in-plane velocity, h is the
micromodel depth, v, and g are Blake model parameters, and

O(LS) 1s a delta function of the level set function. F Utu re WO rk

* Investigate water/decane flows and devices made of different materials
(e.g. SU-8, glass)

*Punch holes 1n patterned Sylgard using syringe tip
*Plasma clean flat and patterned surfaces using an air plasma (20% O,)
*Press the layers together to bond

e Finite Element Simulation with Level Set Formulation

Glass Slide (~1mm t\hick) sEeieEeEElE /P%ltterned SU-8 Photoresist with FDTS ) i
. . __ Si Wafer « Acquire simultaneous pressure data
} pour sitone Water (blue) 1s  Sharpen interface prediction using level-set methods
| pmeesien - A ijected with e Attempt simulation of more complex geometries/channel networks (e.g.
l Cure and Pecl constant pressurc post array)
| . EpT— throught upper
i inlet and displaces
Hre ][I [T ][] ] air (purple
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