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A quick measuring method for liquid surface tension by laser beam
ZHUANG Qi-ren, GONG Dong-mei, TAO Hai-min, FAN Jin-you
(College of Information Science and Engineering , Huaqiao University , Quanzhou 362021 ,China)

Abstract: A new quick measuring method for liquid surface tension by a parallel rectangle beam of di-
ode laser and two pieces of linear array CCD sensors is presented. To avoid individual influence, liquid
surface tension is measured by detecting angles of incidence at cylindrical liquid menisci instead of de-
tecting climb height of liquid on flashboard. The relation between surface tension and the angle of in-
cidence, and calculation formulas for the incidence angle measured with CCDs are developed based on
the fundamentals of plate insertion method, the parameters are designed, and their errors are ana-
lyzed. The analysis shows that by a wider laser beam and big incidence angles, as well as keeping a
long distance between two CCD sensors, the accuracy of liquid surface tension measurement will be
improved. It is also found that the width detecting errors of laser beam is an important factor to accu-
racy of liquid surface tension measurement. For example, to measure water surface tension with a la-
ser beam width of 1 mm and errors of 5 ym, the surface tension measurement accuracy is 1%. If re-
duce the beam width errors to 2 um, the surface tension measurement accuracy will be 0. 5%. Experi-
mental results have proved that the surface tension of water measurement accuracy is better than 1%

with this method.
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Fig.1 Scheme of detecting principle

SRR T 8 — 25 T T G 2R B S BE A A T
F14 i B2 AH EE A2 6 S IF 5 AT IR B 980 M 7 SF Al Ak 3
T 14 b T BE R R 1) 2 T 5K ) Ry AR
55V HZ E] ) e i ffy 00 Z A R G R

08

SER o AR g 9T I . 2 (1)
K O AR 3+ P 0 25 X T A ARy 19725 ]
T £ 15 T R S L A

y= 2—}/(1*sin 9 . (2)
N og

WéNE AWM BT EL WM A, B
P 1] @:g—sb,ﬁ/\it(l)#wﬁ’%:

yZZA/K)lgsin% ; (3

(%5 A L Y= —tan 6, FRA GO MBS

H
dx\/gicofﬁfddn : 4
AWy A
= é[ln(tan%)+2cos(%)}+c , (5)

%E%H ﬁi{f%ﬁlﬁ L1 NI {IJ-IU ¢1 \952 ’ Hﬂfﬁ(5)



664 e K TR

515 &

[ln<tn¢z>+200%< )—ln(tan%)—zcos( )}

TORAT BN AR AT 5K ) R BT A 5

IOg(IZ I )?
—2c0s(¢,/2) +In(tan(¢, /4)

T T hGan($,/0) )T 2058 /D
(6)
PP AT HOE R I B G E A T, BHOE R 5
B d=x, —x W ¢, ¢, RKRECRMW A UTE «
H e, A0 AT A AR A TLART D 2 YA 3 T 1Y) S
SR SRE. A B E S, S, B
WHAF T WA/ ¢ FI 6, TR UTTF R R

/BAC=2¢,=arctan (fé )

BC
m)

/' B’A’'C’'=2¢, =arctan (%)

arctan(

4 L=BC=B'C".AY,=AC=AC —BB',

AY,=A'C" A5
Y L
$, = 5 arctan(AYZ ) L

- 7
é —%arctan(ﬁ)J

s XD M d = o — 20 ARAC6) i 7]
SRR WK T Ry,

3 M Tk AR EAE G

SEE R E AN 2 BTN G URER 4 B Ot ik
B LD K A =650 nm) | JO6HE B Ok aE 4 14
(BHE Lo Ly, GBI AL Do L) 1 84 D, 41
BE1 A i B P S, S, 43 ik B S R R
CCD i CCD, 1 CCD, , HHh S, -7 il a1 — F
AR Ry 4512 R B BT My % 3T R K OF-F- T
(F5 RE R A #& M, 191 5 A1 CCD, .CCD,, [ B %
FEE WA CCDUZF g 7% 50) KB L s A
CCD Vi 3] M, W B 2 225K 15 . RS A i i)

B 638 43 At CCD — # 4% F4 51 4 i 352 iy
CCD%?&%E% Ehd E’JL%?&*HFF&?ELE?JET

53] AY, F1AY, . % CCD, it 515 5 1Y # il
DX#ﬁJ:*ﬂ‘jﬂ Y, %ﬂ Y, ,CCD, %utﬂ%ﬁff/ E’?E@Wj
ijl{%Xd‘@ﬂéﬁ?ﬁff Yl/*u Yz/eljlxu AY, :Yl/ —Y,

AY, =Y, —Y,,

SR LR A & O R A S o
(WAL BB HOL R R AR S H WA E 20
T ABREE 8 d .CCD, #l CCD, [ #H X &5 L,

LD

Ly

D—Y—
1 Y, S,

L, cCD, | St

CCD,
v

v

0 x1 x X

B 2 D e R B
Fig. 2 Schematic diagram of detecting set

I R 22 e . AR C6) (T RGN B
TRE (M XFRE) N
_ |9y
Ay= ﬁAd ‘ ——Ad, +’ ——A$, | =
g—ZAd‘-l— ;SZ(‘%AL + (,)ZS{);/A(AYJ )‘+
«:)}/ (’)¢2 (’)¢2
a¢}( aLAL‘+ aAYZA(AYz)‘ (8)
T T AK B 2% T 5K ) ZR 80 8 B T S5
&ﬁﬁm%ﬁﬁomﬁﬁmﬁﬁﬁ%ﬁﬁﬁ

y=72.75 mN/m, /K% & p=1 000 kgm *, %
REEFERE d—=1 mm , BT H] y (1480 15R 2
Ay ¢ fRE AR ALy 22 it Ze i 3 fros . Horp
i 0 Y2 X B iR 25y 0. 01°, AT UL ) KR,
y BYZE XTI R 25 Ay B,
MR AR 0 30TRAE kAR B A TE

JEd 33 Ay B d 2R 2E i L mE 4, Horp
fBeise d 1 4a X &R 2524 0. 005 mm, W] UL d Bk
Koy B2 0I5 13R 22 Ay B

AT LR EE X 606, TR BE Y 52
M, 1 =X (7 AT A

1, tan(2¢,)
2L 1+ (tan(2¢,))°

_ 1 tan(2¢,)
AP =5 TF (tan(28,))°

REF ¢ b A BT AR5 Ad A, B L A2
PR 22 M AT 5, B L O, Ay B2 I 4 ik 22

A¢1 - ALa

AL



>

i)
w
&

JE AT L 45 2 3R T 5K T SO DR N R 7k 665

3X107™* T T T T

2X107* 7

AyNm'!

1X10™ b

0 20 25 30 35 40 45

"/ )
B3 yERESANMAS R

Relationship between y errors and incidence

Fig. 3
angles ¢,

Ady AP, B/

LA B398 AT 45 20 2598 - A R ok 1 R
By (IR E L W OR K A R B Y d L K I
SR 0., BRI CCD AIXTEE RS L, AT
T H WM AT RBEEA R, HeaE 58 i d AN
o — AT IR d =1~2 mm, A G806
FETA AT b b RO A S 2 fil A 0, AR
ANBE by By ATRER T 45°, W RO R R S 00 T
K LLF A CCD #2050 2145 5, i LAk fRHIE
b1 b NT A5 OGN S A AR AT — o B S (AT 3k
0.5 mm ZA47) . M CCD -1 AH X BE 85 Ll v %
Z &M CCD KM BRI . >4 CCD K JE 25 mm
B L FHEAREKT 12 mm,

0.001 T T T

-1

§ 5X107* 3

A

1
0.8 1.0 1.2 1.4 1.6
d/mm

B4 y R 2E S AETIRE d YL HR
Relationship between errors y and slit

widths d

Fig. 4

W LA SR R AT ALY R e Y S
w2 AT A . AR U (8D, i R 2 R
L=10 mm,d = 1. 2 mm, AY, = 13. 18 mm,
AY,=5.76 mm,AL=0.1 mm, Ad=0. 005 mm,
ACAY)=0.01 mm, A(AY,)=0.01 mm, &

S5 L X R 2576 0.6 X107 Nm ' 3t 2%, il
WAEE 1R, BTy i R 22
BORVE T IREETE S d MR 25 Ad (WAL 6) .k
BEVERE d [ AR LIRS A ] 2 pm J2 W]
SCE . B3 B oy B9 OH R R 2 H
0.3>X107% Nm™ ', RBP4 A3k 0. 5% &2,

3IX10™* T T T T

2X107 [t

A¢/Rad

1X10™

L/mm

Bl 5 ¢ .6 MERES CCDAMRIER L KR
Fig. 5 Relationship between errors of ¢, and ¢, and

relative distances L of CCDs

0.001 T T T
é 5X107 7]
<
0 1 1 1 1

L/mm

K6 REMERE Ay SHRETLNEIRE Ad KR

Fig. 6 Relationship between errors Ay and errors Ad

4 MXLERL5H,H

W57 Z2 1R K 1Y i 5K ) R AR 1L
WA K (ER) 27C, e E 4=
1.03 mm, CCD, #1 CCD, Hy #H %} 5 & L =
10. 6 mm,

F 1 iR 2 U A5 5 A A D 2
/ANFE£1 mN / m,6 PR E 5 k12 ]
Bas 71018 mN / m b SR K IR
30C ) 2= K 0.81 mN / m, Kt Al LA N 525
MEAEERASMKT 1%, NEPITFE,AY, M
AY, BT 5 M 22 %5 2% T 7K ) B B R R AR K



666 P o

K% 142

515 &

1 R e AY, WS B, R 5
4.1 ZEHIRE

RCEIES MRS A RS TR RS TR A
JEEREF] CCDy B U H M4 . 4 —(H AL AL 71
W . I DLk (A Ak R I 5 7R R
R R DL b AR 27 A —E S R, i DI R
FEPE R B 45 10 55 AN B 5 T B R 0 L R Y
PREER ML,

K1 KHRERNFZHNESER

Tab.1 Measuring coefficients of water surface tensions

Repeat AY) AY, é, b, Y

numbers  mm mm Rad. Rad. mN/m
1 6.64 13.18 0.5056 0.3387 71.96
2 6.67 13.21 0.5046 0.3381 71.99
3 6.66 13.22 0.5049 0.3379 71.56
4 6.66 13.20 0.5049 0.3383 72.00
5 6.65 13.15 0.5053 0.3392 72.72
6 6.65 13.20 0.5053 0.3383 71.73

Average 6.66 13.19 0.5051 0.3384 71.99

4.2 HEIRTTESIRBMIRE

WARE H AR SO AR KRR AR,
e R o8 - A 98 T IR R R O L
0 2 T 5K ) I A B Al 58 42 IR T O S H T
B B ARE A REHE AT B I A L (EL AR I B 2 IR
Z o AR ICR e P AT R R IR I — s I ) gk
B8 TR A3 Y I EORE S AR A AR
LR 3~4 mm. XAEE A AR P25 E

S E 3k

B F PRI R H A SRR A SR A R 2
SRS H e Ik PR e RS TR R 2% .

J3 41 CCD [ A1 [ 45 Wt 751 L CCD R I8 iR Jif
e AT AR 21 LR WO SOGB4 A
AT SITE T B 1R 22 L Ot R G ORI L HD
BIUBR AR G0 42 56 11 i 2 A HEL 2 7 A 1 i 22 5 DR 1Y
REEIER ST AY) B AY, BTN A

I SR EOE A SOfE BDE S R 57 E1F
Pl 5 2B CCD &8s - fiff e 17 47 A i
TR T 5K 7 28 0T o 0 e Y TR A A A A T Y
T i R A ik £ RS 0 A AT 5l TN IR
AR . BRISHE S A0 SC B0 25 AR UE ] T o I Ty
LIRS L. O T w2 5K T AR B I R
JEE Al AL IR 2R R W R RS AT BE K A A 3
TR TERE WO AST A CCD AR iR . BEIR 4y
Hra W] SOER T8 B R 2 0 5 pm B X 7K
F 2 THT 5K 7 22 Bt A7 ) ek HORS B O 1065 45 0 Ol

G JEE P I R 2 Uk /N B 2 e USRS T
K RBORIRRGEE AT 35 0. 5% . IR A5 REH] T
TR B T 5K 3 Z2 00 RS BEIRE 100, el 4y
TEARAR Sy 3 Bl Ak B A 0 A 5000 A B R A oL 5
ORI TR DAY i U N = oI KV Ul h = IE )
WOEC A RE = m T A AT B I B AT DL —
A4 v R OR

[1] TAKEI T,MUKASA K,KOFUJI M, et al.. Changes in density and surface tension of water in silica pores[]J].

Colloid & Polymer Science, 2000, 278(5); 475-480.

[2] GAOY A,HOU W G,WANG ZH N, et al.. Dynamic surface tensions of fluorous surfactant solutions[ ]J]. Chin.

J. Chem. ,2005,23(4),362-366.

[3] WANG H,WEI B. Surface tension and specific heat of liquid Niso.; Sis. s alloy[J]. Chin. Sci. Bull., 2005, 50

(10): 945-949.

[4] EGRY I The surface tension of binary alloys: simple models for complex phenomenal J 1. International Journal of

Thermophysics, 2005,26(4) . 931-939.

(5] & A#. 28048 L O2B, O, SR m 72 [ ], # 22 4 4k . 2006,55(1) : 76-79.
SHI X M, WANG Q, NIU X J. Physical properties of Li,O-2B, Qs melt[J]. Acta Physica Sinica, 2006,55(1)

76-79. (in Chinese)

[6] MORITA A,CARASTAN D,DEMARQUETTE N. Influence of drop volume on surface tension evaluated using
the pendant drop method[J]. Colloid & Polymer Science, 2002, 280(9) . 857-864.



i JE AT L 45 2 3R T 5K T SO DR N R 7k 667

[7]

[8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

MOLINARI V,MOSTACCIA D,PREMUDA M. A kinetic approach to the calculation of surface tension of a spher-
ical drop[J]. Ewr. Phys. J. B, 2006,50; 89-93 .
FRF .o a ST AR WK ) D S RE ST, AL AR F 4R 2006,27(1): 61-64.
LID Y., SHI D Q. Development of a liquid surface tension tester based on the new principle[J]. Chin. J. Sci. In-
strum. » 2006, 27(1): 61-64. (in Chinese)
Ak k@ B A M. bR B R SCRR AL, 1995,
CHENG CH X. Physical chemistry of surface[ M]. Beijing:Science and Technology Literature Publishing Compa-
ny, 1995. (in Chinese)
BRF W, BRI K 1A SR BENT TS (1], 445 R % £ 4R.2004,21(2) 5 172-177.
RAN M Y, CHEN J W. New proof and discussion of the formula for measuring surface tension by neumann meth-
od[J]. J. Huagiao Univ. , 2004,21(2) . 172-177. (in Chinese)
HEA, M AL F. —METRIDCREFMBOLEED L] b5 4% T42,2006,14(5) . 740-744.
XIAO M CH,JIANG Y L, TAN H M, et al.. An adjusting method of plane-concave laser resonator based on
Gaussian beam[]]. Opt. Precision Eng. ., 2006, 14(5), 141-145. (in Chinese)
K. R F R HORIML JE R0 R R 5 1979.
ZHANG ZH X. Tables of physics in common use[ M ]. Beijing: Science Publishing Company,1979. (in Chinese)
ERORGINE R RS SR A S E AT R S Y R B T ], e F M % L A2,2006,14(3) :520-525.
WANG Y Y,SUN ZH M, CAI ZH. Estimation of PSF of image system using modified SVD method[ J]. Opt.
Precision Eng. , 2006, 14(3). 520-525. (in Chinese)
W & SR AL BRI RGP IR 22 00 M Mk R BE AR [T ). R M T42,1997,5(1):133-
144.
WU X B,AN W D, YANG G. Error Analysing and approaches of improving measureing precision in image meas-
uring system[]J]. Opt. Precision Eng. , 1997, 5(1): 133-144. (in Chinese)
Robgn, JEE I R ORISR AR L] b F A5 E T42,1993,1(5) : 141-145.
ZHANG X H. A study of laser scanning probe in non-contact measurement[J|. Opt. Precision Eng. , 1993, 1
(5): 141-145. (in Chinese)
R A=, A, Gk . KON A Bragg 34 VT EC AR JRORT L 2 S BRIT . o5 4% T42,2005,13(6)
364-370.
ZHUANG Q R,GONG D M, ZENG Y X. Influence of chirp cffects on FBG wavelength- matched demodulation
precision and it's elimination[J]. Opt. Precision Eng. , 2005, 13(6):364-370. (in Chinese)

EER N EHAZ1960—) 5 A RN K225 B2 5 TR 2 Be AT 78 3 - EBEOTFE i Il Aot AR il B R L Dl 7

B AR . E-mail: qrzhuang@hqu. edu. cn



