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Abstract

This paper presents Raman scattering of liquid water to obtain the characteristics with variation of
temperature. Very clear Stokes-Raman signals were observed, which shows H-O vibration stretching and
H-O-H vibration bending. The obtained spectrum were processed by FFT filter to extract the noise and
base. The spectral shape of the H-O stretching provided a various sensitive signature which allowed
temperature to be determined by a curve-fitting technique. Those are Maximum Intensity, Maximum
Wave Length, FWHM(Full Width at Half Maximum), PMCR(Polymer Monomer Concentration Ratio)
and TSIR(Temperature Sensitive Intensity Ratio). TSIR method shows the highest accuracy of 0.1 in

mean error and 0.32°C in maximum error.
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12 =
iy ety N N\
1.0 }V\ ‘ hY
: A VA
— / \ \\
g o8 e
l"",
50 ] ——90°c [T\&
o | N
Lt qu Qo ,:/1 ----- 50 \\l.‘I
= Lo || 70°C e,
0.2 r‘{‘"’r’ H o 90 OC ﬁ{
8 572 676 6580 6584 588 EO2 596 800
A (nm)
g t ----- 50°C 7N
o 0.2~ o - X
------ 70°C Y '\
....... 0, ! . R “.
g°~1""" 90 °C "/', Y
! B
[} “ -
- ~
E o . A - f‘,r‘ —
N b
g N Pl
0.1 > Yo
.g e
02 -

508 672 78 680 G584 683 602 506 800
A (nm)
Fig. 3 Raman spectra of fluid water at different

temperatures,



FMLE ¥ito] & Raman 43 ¥4

Fig. 3 & Zt7 =0 wg &3 99
Raman AM¢e] 2¥E2#H & o F(filtering)¥ A7
o 71E8%Q 30Ty 2¥ERI Aol vERY
I Y= L59) Fs1 wa} 577.60mN M= g
o] A #1 589.4nm A€ Ftol FiEe F
Karl®] o834 I %& A% & 7 ok 2
577.6nmt  589.4nmy=  F % M(polymer)$t ¢FA
(monomer)®] HXEZA LF Ao we} FEA
7t @i ML Foteke Wadolern #hgich

wat ol YL LY W uE ATy
9] Wi ~¥EYe] IFdAe A: & HA,
AWEZDQ o) FH(bandwidth), GEHHMS} 2 A Y
g 59 o8 AAEg olfttd FAUAE T
WO RA L&A o4 + UAWUCL

3. AlH HA

£ A7ede g7l dee g dA &
W] ol® Raman ~¥WEHS Hg TEH
Btk AME#l Lasere] #H4E argon ©]2
Laser(Innova90C-5, Coherent Inc.)24] 488nm Blue
9] mono line®& AH#3TE AW E{He HAHH
#H4]& $8 JOBIN YVON A9 T64000 2¥=
d  E %A 7](spectrum discrimination system)#
ALg-8 T FA&4A & CCD detectoro]™ &7
probe= macro chamber@t AME#GoVt Jo =
%A fr(light fiber)@ AH8-21] super headoll 24
ato] A A H (control volume)& HA2 § oA
olth. Fig. 4 o] £ Yo A8 A2¥h9] /M
= A5

7B EE T-Typed €A% (thermocouple)& At
B2 ERQFRon ALEHE QHF Ei¥
(resolution) & 0.1°Co|t},

Table 1 o A¥EAEF FAF3UCH

4. Noise2| HAH

CCD 7helgtel A wrol@ql Raman 2¥EF A
3 ¥E SNR(Signal to Noise Ratio)o] i uj7
(base)d] W& wooz oF B oy
A Mdshe o) YastA Aok

SNRE £7FA7]e 713 dod 3L 53
& F7M471= Aol SNRL BAFHQY oA
# T¥sta glerz &YAF FIHAHCEA

623

Table 1 Experimental condition.

Measurement range 19~90TC
Measurement interval | 0.1~04C
Number of points 421
Measurement time 5 sec

Slit hight / width 0.2mm / 0.5mm

Grating (mode)

600gr/mm (single)

Laser power

0.6W

Fig. 4 Schematic diagram of experimental apparatus.
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Table 2 Result of curve fitting for various factors.

F(T) = A-T*+ B-T+C

T~ ] A B C
Maximum _
Intensity 6.29386E-6 | 1.55653E-3 | 1.036536
Maximum

Wave length -960126E-5 | 2.24028E-2 | 585.0804
FWHM | -1.16116E-4 | 3.32518E-4 | 14.65796
PMCR 5.06602E-5 | -1.21157E-2 | 1.152444

Table 3 Statistical result of various factors.

Mean Maximum Standard
Error Error Deviation
Madmum | 7899 | 21055 | 095233

Intensity

Maximum
Wenenoum, | 36800 | 13659 | 47262

FWHM 1.3201 44728 16714
PMCR 0.2019 0.5540 0.2474
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