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Using Optical Technique
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Abstract

A new non-contact method of the frost thickness measurement has been developed. The method is based
on the digital image processing technique to identify the reflection edge of the image captured by a CCD
camera under laser sheet light illumination. To insure the accuracy of frost layer thickness, an in-situ
calibration procedure is carried out with a calibration target with 0.5mm holes. Using the mapping function
obtained by the calibration procedure, the contour of frost surface can be estimated with sub-pixel resolutions.
The developed method is applied to study the effect of cooling plate temperature on the frost thickness in a

small low speed wind tunnel.

1. M2

BEFZFAA FE AMEEHE ERE7|AA
ks é‘ﬁ}_ frost £ EudriY 353 “a‘@ A
7t 247 wFol olARE frost o FA D #hH
olg 2 YA AT} Bol Aol FohO
F9 z3q Lf’rE frost 9 #AP s]2HA A

A2 EMEZE fost 9 FA, 2E, EHEES}
%ok agx .].Lﬁ7]x_ AeolEe oy A3
J g Eofof fﬂ‘:}. aglm FY Z2H WE frost
o i 32 9 A4%4E 328 F de AR
Faqt "‘a‘tﬁfli E F dth. B HdFAME HH
o] x4 uhE frost 9 FA =3 PHE A}
1AL gkt

HAo =g AHBE frost o £01E A=
HES g4 AZ2A00 3 g HEAO0000 7
YE & doh ZFEAE 4AT "o EoldA

sabojsta ekl 7)Ao
Fk

Rabvieta ojsted 7143
Fkok

Bt 7 A F o

frost o] Hol o] &A FAE Y ¥olE 53
sl ol AEA F2 AMESE §4 F
L=ge]

A2E= micrometer(2)(3), dial gauge, cathetometer 35 <=
Argsto] AT HE 2o T frost o H
do] 2o o} UFsA whgstr] " 54
X7} frost &) ERY THo) =3 frost 7}

i Fayo] Ay WE FAF I WS of
%E} :LEiUr Hlﬂﬁ 22 %L%J_% o] 4-817] ol
& HAs st cep vt
olv}x] #5o] Wex 4
1 oot ¥ APAME I Hwe) 4%
S fost o FAE EA8] AN FsrHel
g ol &k AA9 =EAAE CCD FHHet
o) olulx] ol WA YFFHE frost o 4
Aol el SRR Tl 2 AdAA A}
gatt Wde cop vz olold A5 F
mapping function & ©]-&8}A CCD stwlete] ofx]
=z A AAYo) frost o FAE SAstTA

@},

- 654 -



2.1

=
(=)

o

Frost 57 =7 A& A48 EF5&
EHOIE} a3 FEL F$F), AAA, FFR, A
g5, SdEz e £ Uk 3719 Alge
220V/35W/2.7m’/min/25mmAq °lth. 1831 AYS
Z2A3A TEF UEY $EE Imis~4mis 7R W3
Al & gl %%71011*1 et §48 224
at7] A4 Mesh & £FF E:‘l ARG AT
o 57 WAL SHVE 3 AU A
3}04 ulay} uL;\ng};q AT 2 u}- S04 o v A
TRh A &4 WEE {E(fully developed flow)

RE7] YA FF Pl S8 LA 9Ede
o APRY HRE FEF BREOZREH
5 wgkow ¢k 700mm ©]t}. Alg R ol THe
2.5cmx2.5cm ©] o}, Fig. 1 & Ao Algd ¥5e
Mo,

22 Azt Tx|

Agola Algd Wzt #3 (Cooling Circuit)= A}
EUE F A 344 B3 AFE YW A

A FEH Ldo] stdgoz o=
A (Peltier Effect)® ©]-8% Temperature Electric
Cooler (TEC)Z AH2-39 T}

TEC 9] ¥%, & %2 2 32L& TEC o 7}
T A X%Trﬂl o7 AdA g AHg¥ TEC
T A%E A eV, dFE Ad 6A ot} o234
S 2E TEC 9 Yol g 3 & e 2%
T 40°C olslo|th. TEC ¢ B4 o] 2714
AW e FHe =AY A "y a2y =A
AW FHE T8I YAA A gow mAYA
Hol do] A7k oz o] F3] wi ¥z
9 2= F¥3 W 47 ¢gA fd uwEky
=AY "o He dol B £E gow 4y

N J
)

N
N
£ o X
s
)

O

A
" o rlo
wg M0

20°C oJ3lE WF7] 9
(TIMHE ‘}—t— 2ol BFH7 B Ao
Fig. 2 & A3@g TEC 9 4do) ‘o P4

o
x

23 7B MEE

Frost 771 54 A3 93 ALg8 230

Blower Settling Chamber Test Sectlon  DifTuser

Screen Contraction

Cocling Water

Fig. 1 Schematic diagram of wind tunne]

Copper Plate

Cool Face

Hot Face

Cooling Fin

Fig. 2 Schematic diagram of cooling circuit

Table 1 Test condition

Condition
20°C (293K)

Air temperature (Ty,)

Air humidity (W) 63%

Air Velocity (V) 1.0 m/s

\jlate temperature (T.) -3.0,-10.0,-20.0°C
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Fig. 3 Schematic diagram of measurement of frost height
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Fig. 5 Calibration Image

Fig. 6 Center of a point
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Fig. 7 Test image for frost thickness
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