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Geometry Effects of Capillary on the Evaporation from the Meniscus
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Abstract

The effect of capillary cross-section geometry on evaporation is investigated in terms of the meniscus
shape, evaporation rate and evaporation-induced flow for circular, square and rectangular cross-sectional
capillaries. The shapes of water and ethanol menisci are not much different from each other in square and
rectangular capillaries even though the surface tension of water is much larger than that of ethanol. On the
other hand, the shapes of water and ethanol menisci are very different from each other in circular capillary.
The averaged evaporation fluxes in circular and rectangular capillaries are measured by tracking the meniscus
position. At a given position, the averaged evaporation flux in rectangular capillaries is much larger than that
in circular capillary with comparable hydraulic diameter. The flow near the evaporating meniscus is also
measured using micro-PIV, so that the rotating vortex motion is observed near the evaporating ethanol and
methanol menisci except for the case of methanol meniscus in rectangular capillary. This difference is
considered to be due to the existence of corner menisci at the four corners.
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Fig. 1 Schematic of experimental setup
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Fig. 2 Meniscus shape in the capillaries: (a) Circular (D = 400 pm) - water, (b) Circular (D = 400 um) - ethanol, (c)
Rectangular (400 * 40 pm) - water, (d) Rectangular (400 x 40 pm) - Ethanol, (¢) Square (400 x 400 pm) -

water, (f) Sqaure (400 x 400 um) - ethanol
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Table 1 Classification of capillary evaporation
according to the existence of rotating
vortex near the meniscus: 0-vortex motion

is observed; x-vortex motion is not
observed
Water Ethanol | Methanol
Circular X o o
Rectangular
200 % 20 um X © X
Rectangular
400 x 40 pm X © o
5. HHAHA FH 7S
Micro-PIVE F3tq dU2A~ Fd {585 @
Fa7) AANE =S Adalr]) A 22 A3
Igoz oFat: UzAxY 9XE BE
ojulx] <tollA BAG HAA| AHAAE T4,

dpE oz dyaA Xz FHe §719 QA9
5‘24 o]z 93t wiuAAL BEME W

1 BAE ) W&o ojmiA el A 7HE WA Ve
1"_}‘:} o]g 8 AL micro-PIVE FHE3led o4
9 gdoz ALY £ YA, WHA LA
29 4Ng Fevd F £80] AT} o)F o83}
of Zt ojm| Ao A WA Yehte WyzALY 9
Ag 2e F AUL 2 AY2ALIL A e

Ao g -‘Hi]"ﬂ NE=F o) FAA dyzFL
AXE nAAZG =T o]FA AYH o|AE
2% st Hag o] nAFANE vy2A
& RET YA YeEvE ovAE 2 F A5,
M oju| Aol A HFE olv|AE BoRH 8L v
UaAs B2E A Dﬂ‘«]’*ﬂ’*"ﬂ/ﬂ dojrt
T 29 Bio® A% AE Fola HysAx
o o}F ZHT 449 4—577}%] A 5 A
=3

Fig. 7 200 x 20-um A}Zt sj oA &, de&
aga dgge] F4E o HuyaAs FHEY F
54 et 22 A% dyxAxg olF
E5E 247t 21 £ 02 pm/s B EF ¥ U
7b2 wjolw ok 20 s T 12009 Y =
B Aot
A et A vyzAL F4E
2 A 2820 FFo] BEEE Fig. 7b
53] <& 4 g¢lt}. Buffone 3 Sefiane < 32
A7 48 Ader T o AysAs
A Fig. 710)% & HFol FAHE AL
a3 wl Yok® 258 o i_g_%o

e

tlo tlo

N

AN

fo & (& ox i |o

]

T

S PN

=
[e]
TrE

—_



318 Ao

e
ofe

Adgstn o slolaz
EaE ”‘*M?l
Ho Fujrt Big wel
¥ 1 A9 —TLHH7} &

o off Kl of A
r}oJRoE
rﬂmﬁlﬂ
27
ll?i_'.f
[
o g
= fl
oﬂ'.ff_g
g oL
ozl_,

5L FYA

Table 1 ol &, €& 22jx dghZo] 943 Ad
2 A1z g oA T2 of A4E0] FEY Al
A4 o82E Jehddd B9 FHSole oy Ad
QoA E £4Fo] fr5o] BEHA g} oL
B9 Fdd EAsle 227 2480 52 ¥
A whge md ZF Fulg DAAR £l

9 Aoz gad A9 Aetgx buez

i ox
2

22 g FA Agole e ZAE W
A 2880l FFol TAHAUM

a3y EolstAE 200 x 20-um ZAFH oA
wele W@ Aot A8E0 5S B
& Atk olg s d4E Faty AL A
Aol HuyzAs FH 5 dE¢E
= QJZUP utg sy o Fykol OME}“ RE 4
g 4 9o o] AFHERE EE 200 x 20-pm &
A °}°ﬂ’\1 o) gh-&0] Z%}Q o 2450
g #EY 5 U gidErie JE Aol
.53 ZAge 377 2vda @ Agx A
g Z2ElstAY ZAR AZo] deigd A
#H7h g8t = J& FHolvh At Yo T
A2 RE $dE ZAT 99 FAo] dyx
Az FH9 4350 T8 JFL 72 £ U}
= AMEES ¢ Uk As] & A7 Anwt
ozt iy Ao UL 73,3%5}71] Lot =
AL B715 stk AT ¢4 ATE T =2
A dJaA27 4 2} Alde 5% @48 99
Ade L d4F tdE2A ¥ ‘:—t— a3 A=
F ddete AL ¢ F dBeBE BZAY vy
2A 27t FHR Qs %*@3}5 ez Fgf

N

l#“miﬁmw

o

ﬂl

l

¢

lU

0, 4 2 ALAHE Ul uld el

ohjet BAY MUZALE GAAE Do]
Lm WEol 2AY AULA2E FAS] A9
CRERISECES LN B SRS 3
A7t 37 VYT ¢ F Aok ol BARE F
Fo Jajo] MlUzAL Fue] 50| TS ¥
2 Zolgt $2% 5 A oA AHolY AL
A& 2Asn olHss) ANAE ddzA~
J 2 54,4 7 AY GIA FHHAE A2
Azl RBE G BH B ol A4 F
HozRE mAE AUzAx Fo2 oFse

r-1= A m]o

b

ol-}

slAE Qla & st Rolg 2EE 4 Yok

rﬁ
:10
ol
ne.

Fig. 7 Flow fields near the meniscus: (a) Water, (b)
Ethanol, (c) Methanol

% 28 2 2AY UsAL e §F 54
O

2o 4R 437 Basidn & 4



ufolz 2 Ajde & FAdo] Ad W FA9
Fuo nXe 4 (}% %0}171 At
A47ry A, 449% AL 085 wyx
Az g4, S48 93, ddxAs Fde §5
Y 5 BRIAL 48 A dolA B3 o
g2 fyaAsr 24 FHAY o2 9
& 1 moko] tEA Jelgdh a8y 4 2+ Ay
St A MlUyAaAL BFe BE Fo 2 AolE
A3 QEoE EFEtn & AolE BojA &t
o oRE ¥ BAFd PP EAMF #HY2A
27 Bold Hy2ALE o}l Brla glo] BW
Feo] thEox EFsta 1 Beko|l IA thEXA
7] wjEoleta AztdEh

dquaA2 YJAE ol sl TEHFL 3
A% 943 Adol vl 4 ZF AN a9 ER
A Zubgol o A Jehgddh oL BAF

-

oy =
:;Zg'a

AUzAsst Sl & dolus slolaz 99
2 2 AN 3 AAT 4T FYe o
$A7 2% vehd ol & 4 Aok

E3 Fdo] dojd o) HYaAL FH K5
€ Micro-PIV 7| & o] &3l9 #&9d). dEd
) 200 x 20-um A @ SHolA FLE BHE A e
|50 5ol FEHAUG. AL ¥4 Ad
o= vlolaz JH9 3t THE As) UA
=27} vl ay dF ang dovr] 9

o2 AAAY 4 2 Add AS viFay
Fek opuel ] EAEY 4" EAE Ay
27} 7% e 4L vjAE o= #y

O

>i rlOf

ap e

=4
4
o
o

5to] wloldz Ad
2 Ad 9 Aol F JFE
& 5 olon 53] 4y Agx
3 4 74 Qg AolHel & A
Atk ol d zhojel FH AUL 4 7 YEo =
Ao EAste BAY dyxAz9 ol
dEdEct. aejEz 9% AHdy Al AEy F
2 3L MR de dE 28 @idole A7
Ho 3 $89 BHAA ui¢ T¥ze F&
AT7} o]FoAof st FAHE & F 9

A7 E4
AL vEd = 3l

48 A,

319
LAtel 2

o] A7 ¥FHIAY AA vlolAZFA|2H
AFHAE Y] Yoz F£EPHJL2Z o]d A=
gy

ADEH

(1) Renk, FJ. and Wayner Jr, P.C., 1979, “An
Evaporating Ethanol Meniscus: Part I, Experimental

Studies,” Journal of Heat Transfer, Vol. 101, pp.
55~58.
(2) Renk, FJ. and Wayner Jr, P.C, 1979, “An

Evaporating Ethanol Meniscus: Part II, Analytical
Studies,” Journal of Heat Transfer, Vol. 101, pp.
59~62.

(3) Moosman, S. and Homsy, GM., 1980, “Evaporating
Menisci of Wetting Fluids,” Journal of Colloid and
Interface Science, Vol. 73, pp.212~223.

(4) Hohmann, C. and Stephan, P.C., 2002, “Microscale
Temperature Measurement at an Evaporating Liquid
Meniscus,” Experimental Thermal and Fluid Science,
Vol. 26, pp. 157~162.

(5) Park, J.S., Kim, HJ. and Kihm, K.D., 2001,
“Molecular Tagging Fluorescence Velocimetry
(MTFV) for Lagrangian Flow Field Mapping Inside
Evaporating Meniscus: Potential Use for Microscale
Applications,” Journal of Flow Visualization and
Image Processing, Vol. 8, pp. 177~187.

(6) Kim, S., Jin, S. and Yoo, J.Y., 2006, “Fluid Near the
Meniscus of a Pressure-Driven Water Slug in
Microchannels,” Journal of Mechanical Science and
Technology, Vol. 20, pp. 710~716.

(7) Park, J.S., Kim, H.J., Kihm, K.D. and Allen, J.S.,
2003, “ Optically-Sectioned Micro PIV Measurements
Using CLSM,” Journal of Heat Transfer, Vol. 125, pp.
542.

(8) Buffone, C. and Sefiane, XK., 2004, “IR Measurement
of Interfacial Temperature during Phase Change in a
Confined Environment,” Experimental Thermal and
Fluid Science, Vol. 29, pp. 65~74.

(9) Buffone, C. and Sefiane, K., 2004, “Investigation of
Thermocapillary Convection Patterns and Their Role
in the Enhancement of Evaporation from Pores,”
International Journal of Multiphase Flow,” Vol. 30, pp.
1071~1091.

(10) Camassel, B., Sghaier, N., Part, M. and Ben
Nasrallah, S., 2005, “Evaporation in a Capillary Tube
of Square Cross-section: Application to Ion Transport,”
Chemical Engineering Science, Vol. 60, pp. 815~826.



