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Pressure Drops of Water Flow are less than 50, much lower than those of conventional filters.
. . . The Reynolds number is defined dEs,D/Bv, whereU,, is the

Th rOUgh Micromachined Particle inlet velocity, D the hole size3 the opening factotratio of area

Filters of holes to total areeof the filter, andv the kinematic viscosity of

the fluid. U;,/B represents the velocity of the fluid passing

through the opening.

Tzuna K. Hsiai The empirical formulas est_ablished for the conventional filters,_
ung sla [5,6], cannot accurately predict the pressure drop through the mi-

crofilters,[4]. Dagan et al[7] presented an infinite-series solution
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pressure drops deviated above those predicted by the Navier-
Stokes numerical simulation as the hole size was decreased to
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University of California, Los Angeles, CA 90095 to predict the pressure drop of air flow through MEMS filters by

embracing the Navier-Stokes numerical simulation with precise

. . geometrical data of the filter. Likewise, we would anticipate good
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of Technology, Pasadena, CA 91125 the pressure drop of fluid, which constitutes the basis of biomedi-
cal applications. In this context, we studied the pressure drop of
Chih-Ming Ho water flow through the MEMS based microfilters, and compared

. . . the experimental data with the results from three-dimensional
Mechanical and Aerospace Engineering Department,  Nayier-Stokes numerical simulatiofg].
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MEMS Filters

When the _particle is in the order of_microng, flow th_rough t_he The MEMS filters were fabricated by both surface and bulk
small opening produces a large velocity gradient, leading to hlgr'iluicromachining technologies. For details in fabrication processes,

viscous dissipation. Understanding the flow field is critical in de-

- i . - lease refer to Yang et 4], where they showed that the depo-
fow through fters abricated by tr‘n!Qré'?'eﬁe‘é?ﬁ’fﬁqévfhiﬁfgﬁiyvé?ég{“on of Parylene C polymer on the surface greatly improves the
(MEMS) techniques. The pressure drop calculated by a thre rength of the MEMS filters. Figure 1 illustrates the MEMS fil-

dimensional numerical code of the Navier-Stokes equations is ir# [s by photographs, geometric configuration and the sidewall pro-

resonable agreement with the experimental data if the diame% s taken from a scanning electron microsc¢B&M). The fil-

and the side wall profile of the holes are measured with hi% ring I’e%l?n vgasfan 8 mM 8 mm membrane Wgr}athmk”ess of
accuracy.[DOI: 10.1115/1.1514209 um, while the frame region was constructed from a 200-

thick silicon wafer. Two filters of different hole siz6MEMS
Filter | and MEMS Filter 1l, respectivelywere fabricated and
tested(Table 1.
Introduction As shown in Fig. {c), si.dewalls were not perfectly' perpendicu-
) ) . ) . lar to the surface of the filters. Consequently, the diameters of the
Filtration through thin perforated platé§lters) is a common ot and the back sides were differeffiable 1. This variation
technique to coI_Iect solid particles s_uspended in fluids, With inevitably occurred as a result of etching proces§@8—17.
the advent of micro electro mechanical systMEMS) technol-  Here the opening factdyB) was calculated from the hole diam-
ogy, micromachined filters have been desigri@s:4], to isolate gter D) of back side and spacing between the holggs (The
biological agents in the order of microns. The filter hole Size&ecision in measuring the hole diameter of the MEMS filters
must be less than or comparable to the sizes of target biologig¥enced the accuracy of pressure prediction. A piezo-
agents. Accordingly, the corresponding Reynolds numbers)(Rjectrically driven optical interferometer type profil&vYKO),
- which provides a lateral resolution of approximately 10 (01
!Currently at Nanogen, Inc., San Diego, CA 92121. um), was used to profile the surfaces of filtéFsg. 2(a)). Three
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Matsumoto. measured in both horizontal and vertical directions. A total of 57
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Fig. 1 Fabricated MEMS Filters with circular holes and thick-

ness of 3 um: (a) photographs of the MEMS Filter
factors in the MEMS Filter
and SEM pictures of the filtering hole

(b) geometric
(not to scale ) (c) side-wall profiles

Probability density, P(D)

(b)

Fig. 2 (a) Image of the MEMS filtering holes by WYKO surface
profiler and (b) probability density function of the hole size for
MEMS Filter | (see Table 1)

Experimental Apparatus

A water channel was designed to measure the pressure drops
through the MEMS filters. The water channel was built with an
inlet, a settling chamber with sponge and wire mesh, a contraction

holes were sampled using the WYKO system, from which thgyamper, and a test channel in which the MEMS filters were po-
probability density functions of the hole diameter and the meafyioned. The test channel spanned 16 cm with a cross-section area
diameters were obtained. FiguréoPshows the probability den- o¢ g mmx 8 mm to accommodate the filtering region of the
sity function of MEMS Filter I. The sidewall geometry of the\Ews filters. The contraction contour was derived from a fifth-

SEM picture was also profiled, modeled, and incorporated in thg

der polynomial equation to yield an area ratio 3:1. A pressure

three-dimensional Navier-Stokes numerical simulatieee Fig. {ransducefDruck LPX 9381, range O to 5 psivas used to mea-
1(c). The measured dimensions of two MEMS filters tested igyre the static pressure difference between upstream and down-

this experiment are shown in Table 1.

Table 1 Two MEMS filters (uncertainty in
+2.8%)

D*1% and in B

Hole Opening Filter
Diameter Factor Thickness
Name (D, um) (B, %) (t, um)
MEMS Filter | 6.3/6.0 11.2/10.1 3.0
front side/back side
MEMS Filter 11 7.417.2 15.3/14.5 3.0

front side/back side
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stream of the contraction within 0.1% accuracy. By the continuity
equation and Bernoulli's principle, we derived the volumetric flow
rate,[4,9]. The calculated flow rates validated those obtained from
the electromagnetic flow metdEMCD flow meter, type Mag
1100, which was installed downstream of the test channel. A
second pressure transducer, which was connected to two pressure
taps at 10 mm upstream and 10 mm downstream from the testing
filter, measured the pressure drop through the MEMS filters. The
uncertainty in both the pressure and inlet velocity measurement
was=*1.5%. The propagated uncertainties in other physical quan-
tities, which were estimated to be within the 95% confidence level
according to Kline et al[13] and Abernethy et al[14], are in-
cluded in the caption of Fig. 3.
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0w - The three-dimensional simulation demonstrated that the pres-
E 3 sure drop coefficient varied inversely with the opening fa¢r
to the second power and proportionally with the Reynolds number
to the first power. As shown in Fig. 3, the numerical simulation for
MEMS filter | overestimated the pressure drop atyRe&, but
underestimated at Re-5. For the MEMS filter 1l, the numerical
simulation overestimated in the entire testing range of .Rehe
scattering of the pressure drop may be mainly related to the sen-
sitivity of the numerical simulation to the hole diametBr, De-
spite the installation of two purification filters, impurities could
remain from the sponge and wire mesh used to regulate flow
upstream. Moreover, the polymer, Parylene C, used to coat the
surface of MEMS filters, is known to absorb water over prolonged
period of immersion in water.
Nevertheless, the experimental data reasonably agreed with the
i conventional Navier-Stokes three-dimensional numerical simula-
10" il vl S tion with a maximum of 40% deviation in the range okRe,
0.1 1 10 100 <20, suggesting that the Navier-Stokes equations in this range of
Rep Reynolds number could be applied to model the fluid flow at the
micron scale. The characteristic flow scdlihe hole size of
Fig. 3 The measured pressure drop of MEMS filters in com- MEMS filter) was larger than the molecular length scale charac-
parison with nondimensionalized numerical formula (Eq. (1)). terizing the structure of the fluid. Thus, the surface force effect,
(Uncertainty in K 82%/(3.5t/D+3)%+6.6% and in Re ,=3.3%). which might have been dominant in the micron scale, seemed not
critical.

O  MEMS filter I
+ MEMS filter II
~—— 3-D numerical simulation (Eq. (1)) 3

KBX(3.5t/D+3)

A constant hydrostatic pressure head was established using@nclusions
water tank 1.5 meters above the flow channel. The test fluid usetbagsyre drops across two MEMS filters with hole sizes of 6
was distilled qnd deionized watere.sistivity, >4 Mﬁjcm). The um and 7.2um, opening factors of 10.1% and 14.5%, and Rey-
water was delivered to the tank using a pufhjitie Giant Pump 5145 numbers from 20 down to 0.7 were measured and compared
Company, model A-430 Purification of the unwanted micropar-yyit three-dimensional numerical simulation. Geometric factors
ticles was established using two types of filtef} water was jncjyding precise ratio of hole diameter to filter thickness, side-
pumped through a capsule filtdfisher Scientific, pore size 0.45,, 5 profile, opening factors, and Reynolds number, were taken
pm) for two hours prior to experiment ar(@) during data collec- g account for accurate prediction of the pressure drop. By in-
tion, water was continuously pumped through a Millipore glassyrporating the three-dimensional numerical simulation with ac-
fiber filter (Fisher Scientific, pore size 0/8m). The flow rate was ¢,rate geometrical data, we were able to reasonably predict the

regulated by a ball valvéMcMaster-Carr Supply CO., Nylon pressure drop through the MEMS filters.
miniature ball valvg located upstream from the inlet.
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