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A Study on Non-contact Surface Temperature Field Measurement of a Body
Immerged in Water Using Thermographic Phosphor Thermometry

Yoonseong Park’, Tao Cai’ and Kyung Chun Kim'

Abstract Thermographic phosphor (TP) thermometry is a noncontact optical measurement method and
has been applied in many fields such as combustion and heat transfer. However, due to the limitation
of bonding technology and measurement method, most TP thermometry studies were conducted only
on the air environment with water-soluble binders. In this paper, a temperature measurement
technology in water using TP is proposed by coatings of manganese activated magnesium
fluorogermanate (Mg4FGeO6:Mn4+, MFG) with Polydimethylsiloxane (PDMS). Four MFG-PDMS
coatings with different thicknesses were prepared. The lifetime of MFG was not affected by the
thickness of the coating as a result of the experiment and analysis of phosphor intensity using a
photomultiplier tube. To measure the surface temperature field of an immerged body in water, a
cylinder-type cartridge heater was coated with MFG doped PDMS. Transient surface temperature field
was successfully measured even the initial temperature is higher than the boiling point of water.

Key Words : Thermographic phosphor thermometry(7+ ] Q13325 A)), Temperature field measurement
(=57 574), Immerged body in water(Z5°l 71 EA)
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Fig. 1. Schematic of coating process
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Table 1. Thickness of specimens

Specimens Thickness
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a) PDMS-80 b) PDMS-160
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a) PDMS-240

Fig. 2. Calibration setup in air with PMT Photo
of Specimens, a) PDMS-80 b) PDMS-160
c) PDMS-240 d) PDMS-320

5 mme] o §= A% 20 mm x 20 mm ©]ch
T2 Hd MFGSIPDMSE FHE 7} A]#9
A=

S48} AF Alpha-step D-500 (KLA-Tencor)S
ARgste] S781la, 23 go] Sl whE A
He] 7= Table 1oﬂ Uitk A3 go] 3}
4 AL 4719 S 5 ~ 8 bar® AF oY
o] YAz %X]HX] Feplonw, 4 At
el Estar 7 Al A7 AP AL

2 7V e JJr—e— LiERth

Fig. 3 (v A@EA9 F4%ola, (b= A
Al T2 3y Wil PDMS-320 AlH] <lgR
&olth y_x% 288 93] %_1]:_ ZAo] 71538k
FZH)ES A8, k 8 GAUE 0|83}
ZF /\]Jil,] o2 Folsldt) 7oA <] E_X']
A A, SHEEClE 9o 7} 7 AlES F
gk Aol AT = SelAe] AR 0}71
913 100 mm x 100 mm x 100 mm®] F7]=
Xﬂz}ﬁ T i“‘ﬂ Ulel] vfero 2 5ER0 mmiz©]
o] &5 A9 i, rEYolES] AR &%

75%‘—2— Aii}o} F ElZE A AFE-ELe

Power source &
Gain Controller
) =

PMT Module

385nm
UV-LED

O-AV‘|

Hnt plate heater

Pulse|(Generator

/
/

Copper E

a) Schematic of calibration setup

b) Photo of setup with PDMS-320
Fig. 3. Calibration setup in air with PMT
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Fig. 4. Schematic of quenching experiment setup
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Fig. 6. Lifetime calibration data with different
thickness specimens in air
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