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Abstract Evaporation is ubiquitous in nature and engineering. The direct measurements of vapor transport during
evaporation are of great importance. A tunable diode laser emitting at around 1370 nm is used to in situ detect the
water evaporation from a free water surface subject to crossing wind at various velocities. Results show that the
observed profiles of water vapor partial pressure agree with the prediction of the similarity principle, with overall
deviation less than 4%.

Key words measurement; vapor pressure profile; absorption spectroscopy; evaporation; boundary layer

OCIS codes 300.6260; 300.1030; 140.2020; 120.56475

1 5 5

R R AR ARAUAE FSR rh P AR AE L AR BRI ER A W 28 W 0 A 5 ) AT T AL T3
50 TR B AR OB T T2 4 A TR AT . 26 e 3o 2 TR £ T AR A5 5 5% 3ot 4 % 8 A 34 i A
ST YRR R P RS R £ T A7 . % T35 R R R UM AT L B WG R T T AERRSE . o,
Y ang 82 P Ak B i 2t A0 O 2 0 T BB S T A 8 9 L 9 TR A fik £ K EC T 5 BP9 . Smith
SO R B RIR IS T OM 7 R EW T B REAS A TN A5 2 K . Innocenzi 54 FH 2T A1 T I T
6 L DT 922 ) 0 4 D0 20900 0 5L 5 5 . (13
T3 R ot B ST OB SE L R T Yang %810 0 W0 5 1 B IE 10 4 RO EE SE AT T I B O 75 4R

Y 5 B #: 2015-03-09; U 218 2055 H #: 2015-05-04
EEWE: BE A RBEIE S (50906064)  FH H 1+ 5 2 4 (20100141110022) 0 75 346 B4 2 8] 1 A 53 BHIF I 3h 2k 4 ¢ Bl
i H
EE BN /AN (1987—), B WL g A, 322N FEHOE I 2 Wi M A& UL R 58 . E-mail: mxb@whu.edu.cn
SUmE N I E I (1975—), 202 1A R, 32 AR A% AT T K B o A I i A T A F Y
E-mail: xjhu@whu.edu.cn(GE 75 R A)

1015003-1



S I S
AR WL o FR 3 SR T 28 il Bt b AR 2 A0 AR AR A SR A, T EL OB TG €0 325 T, UL 4 ) ik PR 3
AT A 35 2 5 MO IO 3% B2 R (TDLAS) 2 3 47 3R 2458 ) — Foft i K BE 09 0 2 0 T B, G0 T 33
78 28 8, A 319 DK IRE R LIOKS 248 3t 7 9 1Y B — Al BE b % I AC AR R, 2 T AR 0 2K - A A B
SR B E Il R A W PSR, R ARV 2 07 AT BT RS A SR TDLAS HOR M By 7K 3 11 2%
e K ZE SIS B MLEE  BIF ST A el K 2 T T K T ) ) AR UK 20 TR R A B, LAAY B O AR DG AIE S AL
T IV P i A — of i A 00 5k S A R 4R ) il 0l

2 TDLAS A 5
SRS T M TESE M T A 10 AR IR B R . 24 AL TR R A R A SR 4 T 1 SRR B
SRS 743 T8 2 Wi A S o 1 R O
AT — S B T () £ 6 TR o I B Pl T T MR A R B R AR L O TR 4 7 R, I 1
o MR HLR -0 5 AR A S RS 1) T LR
I(v)=1,(v)exp[-PS(T),LX], (1)
S W WOEHTR BB om™ L P TR L A7 atm(1 atm=0.1 MPa), L 4 682 , B 3 em , S(T) g 7 2k 9
LR AL em e atm ', T AR T %I 0 K B 7 L 2 IR B A0 B BB, b, 2R TR R B, A em, HL
Tbydv=1 XRS5 THEE . 5 H A S B 5 UV S5 MR 28 6 T AR A 2 1 L,
A

s 2
‘ ) . ' A
A A=—fln i (V) dv , AW A 26 A9 T R .
I, gas medium Iv)
—l - — — — — — >
L

P O RO 1 ) e TR R 2R

Fig.1 Schematic of laser absorption spectroscopy measurements

R
3.1 XWEE

S RGN 2 TR, EE d R SAREOE A RIS OB R g B R E R MEE B BRI
R XU IR A A SR AL . X B R T A 10 mW L KN 1370 nm (2 OGS
HEAT 200 I S O A A 00 I R 4 RS HORS h BOE A 00 TR BE T, R OR AR oo SR KRR e T
1370.967 nm , 3K Sl A5 He ki 11 4504y 4 Haz (4 5f8 245 i 459 41 Pl i B S O & TAE . OG A &t o 2ad v B B
J 3 S K R T b R BE AL, PRI A P PRI RO AR T R e Sy F AR S, e A ORI i i KL

(@) collimator detector ® wid

__________ distributor fan

laser 0]
controller | |

two-axis positioning stage

P2 S2o REE il . (a) IERLIET: (b) AL I

Fig.2 Schematic illustration of experimental setup. (a) Front view; (b) side view
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Fig.3 Direct absorption results of water vapor (averaged over ten scans). (a) Transmitted signal and baseline fit;
(b) absorption spectra and Voigt fit
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Fig.6 Dependence of dimensionless water vapor P* on dimensionless height n
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