Journal of the Korean Society of Manufacturing Technology Engineers Vol.22 No.1 2013. 2. pp. 15~21

http://dx.doi.org/10.7735/ksmte.2013.22.1.15

ISSN 2233-6036

njo]2 8 3

o|ME*
1o

g’

BA|FA A AW o]F Ao =4

o|gs"

(Manuscript received: Sep, 11, 2012 / Revised: Jan, 18, 2013 / Accepted: Jan, 30, 2013)

Measurements of Flow Meniscus Movement in a Micro Capillary Tube
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Abstract

higher-viscosity fluid.
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In this paper, a high-speed imaging and an image processing technique have been applied to detect the position of a
meniscus as a function of time in the micro capillary flows. Two fluids with low and high viscosities, ethylene glycol
and glycerin, were dropped into the entrance well of a circular capillary tube. The filling times of the meniscus in both
cases of ethylene glycol and glycerin were compared with the theoretical models - Washburn model and its modified model
based on Newman's dynamic contact angle equation. To evaluate the model coefficients of Newman's dynamic contact angle,
time-varying contact angles under the capillary flows were measured using an image processing technique. By considering
the dynamic contact angle, the estimated filling time from the modified Washburn model agrees well with the experimental

data. Especially, for the lower-viscosity fluid, the consideration of dynamic contact angle is more significant than for the
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Fig. 2 Measurement of flow time and contact angle in the micro
channel; (a) schematic diagram, (b) experimental equipment
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Fig. 6 Equilibrium contact angle for a stationary fluid in the
capillary tube; (a) ethylene glycol, (b) glycerine

Table 1 Material properties measured at the room temperature

25C)
Fluid material Ethylene glycol Glycerine
Density, g/cc 1.102 1.232
Surface tension, mN/m 49.39 64.90
Viscosity, mPa-s 16.99 717.1
C(?ntact angle in a 0 454
capillary tube, degree

Jo Afo] 2t} otH(arc) H2 o]§-3FArt. webA 3 4
Yo FYUS ge s dAE, o]z Y H5Z]
AR ot G4 s el o 3 Ao HA 2 et

™, X Lo A= oF 2 pixel (17 pm)2] 227} &4
2 299 o=d Fea 2e49e §
Al E43= Table 1] 2|5kt

5. A2t 7A[He| oS
BAE AR o)l Ut 71E At R Bk
2% o R AW HEAZS AZ3A. T8 g 947
ol 9lo] o] 2 melo] oI |2 x|ek U4 4 Holeigke] ol
7t HuEgon, 2 dpoaL 712 o2 ndlo] gAY
& 3237] gl5te] Newmand] 54 §52 2D Aeat 5

19

2 3 4 5 6 7 8 9 10
Position from entrance of capillary tube (mm)

Fig. 7 Dynamic contact angle for a moving fluid (glycerin) in
the capillary tube
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