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Development of Micro-machined Heat Flux Sensor
by using MEMS technology
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Abstract

New method for the design, fabrication, and calibration of micro-machined heat flux sensor has been de-
veloped. Two types of micro-machined heat flux sensor having different thicknesses of the thermal-resistance
layer are fabricated using the MEMS technique. Photo-resist patterning using a chrome mask, bulk-etching
and copper—nickel sputtering using a shadow mask are applied to make heat flux sensors, which are calibrated
in the convection-type heat flux calibration facility. The sensitivity of the device varies with thermal-
resistance layer, and hence can be used to measure the heat flux in heat-transfer phenomena.
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Fig. 1 Schematic diagram of the test facility
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Table 1 Experimental uncertainties

condition uncertainty
Lateral conduction 0.23 %
Vertical conduction 0.23 %

Radiation 0.10 %
Heat flux distribution 1.51 %
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Fig. 2 Schematic diagram of heat flux sensor
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Fig. 5 Fabrication process of heat flux sensor
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Table 2 Experimental conditions

Fig. 4 Fabrication process of heat flux sensor

i condition value
| Calibration | Reynolds number 0
Wall temp. (C) 50/60/65/70/75
Air temp. (C) 21.5
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Fig. 6 Sensitivity of micro-machined heat flux sensor

Aol whet A zfol 7} glo dA

=
o] Zpol7} YEhdt €S AV E
A 549 ZEAgo] AT o] 2.2 HollA
TH AT ERHAME AZst=d o] AREg
shadow P}2==9] AZ % o] ° 4 ¢
ol A] shadow WFA=AE FFE F AT A ZAL

A AAGE Ha AE FA= 100 o). whek

d

A Fesk UAL ol 88 B hzs A=
Eo] 247} 100 7k 5|9 o] vk WA GA
g5 oA JiAoE 2 AAe A Hol
dis 249 ode 488 ¢ Ak wR 24
o AZo] TG WF FLEAS W Svow
o GAwIL WS Af% FH QAR 4§
@ % v hAdem WA R Bal 44w
29 FAG o o7k vhebdeh TMAH 2
olgstel AeEe Azsw Ewel 2Est 9%
34 e AFol gov ol AAFF FAe
9ge = + Ak

2 1= MEMS & o]&38lo] A2
ARy F2E zhe vA dHE5AME
) AME A AA L A=t

AN AR NGEE

3
Fo Age gt 2

= ro

Hmén&m
A (e )

=)
=
N
2
ok
i
o
ik
H
=2
o,

[m J":l:‘”ﬂg] U]}\ﬂ = OE:]
AR N AR A3 dAFZ] FA
vl gk wizk=o] xjo] 7} A

S 213 A 2 (KAERD)2F NRL 9]

A7
4 A9e wob FANAOM, oo A} =

—1;(]

o},

oo, |r

ot 2L
T ol ri

1368



(M

2

(€)

“4)

)

(6)

()

®)

)

2004

ot
ot

i)

Diller, T.E., 1993, “Advances in Heat Flux Meas-
urements,” Advances in Heat Transfer, Vol. 23, Aca-
demic Press.

Hayashi, M., Sakrai, A. and Aso, S., 1987, “A Study
of a Multi-layered Thin Film Heat Transfer Gauge
and a New Method of Measuring Heat Transfer Rate
with It,” Japan Society Aeronaut. Space Sci. Trans,
Vol. 30, pp. 91-101.

Epstein, A.H., Guenette, GR., Norton, R.J.G. and
Cao, Y., 1986, “High Frequency Response Heat Flux
Gauge,” The Review of Scientific Instrument, Vol. 57,
pp- 639-649.

Hager, J.M., Onishi, S., Langley, L.W. and Diller,
T.E., 1989, “Heat Flux Microsensors,” In Transfer
Measurements, Analysis and Flow Visualization
(Shah, R. K. eds.), pp. 1-8, ASME, New York.
Hager, J.M., Simmons, S., Smith, D., Onishi, S.,
Langley, L.W. and Diller, T.E., 1991, “Experimental
Performance of a Heat Flux Microsensor,” ASME J.
Eng. Gas Turbines Power, Vol. 113, pp. 246-250.
Chun, Jaechul, Oh, Seokhwan, Lee, Seung S. and
Kim, Moo Hwan, 1999, “Design and Fabrication of
Micro Heat Flux Sensor,” Proc. of the 1999
IEEE/RSJ Int. Conf. on Intelligent Robots and Sys-
tems, Vol. 2, pp. 1045-1048.

Chun, Jaechul, Oh, Seokhwan, Lee, Seung S., and
Kim, Moo Hwan, 1999, “Design and Fabrication of
Micro Heat Flux Sensor,” Transducer '99, pp. 414-
417.

Gardon, R., 1960, “A Transducer for the Measure-
ment of Heat Flow Rate,” ASME J. Heat Transfer,
Vol. 82, pp. 396-398.

Oh, Seokhwan, Lee, Kwangcheol, Chun, Jaechul,
Kim Moo Hwan and Lee, Seung S., 2001, “Micro
Heat Flux Sensor using Copper Electroplating in
SU-8 Microstructures,” J. of Micromechanics and
Microengineering, Vol. 11, pp. 221-225.

(10)Hooncheul Yang, Chul Hwa Song, Moo Hwan Kim,

2004, "A Study on Calibration of Heat Flux Sensor
by using Convective Heat Transfer," KSME Journal
(B). (reviewed)

(11)Holmberg, D., Womeldorf C., 1998, “Report on the

First-Generation NIST Convective Heat Flux Cali-
bration Facility,” NIST Internal Report 6197.

(12)Holmberg, D., Womeldorf C., Grosshandler, W.,

1999, “Design and uncertainty analysis of a second-
generation convective heat flux calibration facility,”
Proc. of the ASME Heat Transfer Division, Vol. 4,
pp. 65-70.

1369



	INDEX
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장
	제10발표장
	제11발표장
	제12발표장




