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Abstract

The microchannel flow in miniature TCDs (thermal conductivity detectors) is investigated numerically.
The solutions based on the boundary layer approximation are not very accurate in the region of the
duct inlet for low Reynolds numbers. In this study, two-dimensional Navier-Stokes equations are
considered to analyze the gas flow in a miniature TCD. Effects of channel size, inlet and boundary
conditions on the heat transfer rate are examined. When the gas stream is not preheated, the distances
for a miniature TCD to reach the conduction-dominant region for duct flow are found to be
approximately two and three times the thermal entry length for duct flow with constant properties,
respectively, for constant wall temperature and constant wall heat flux boundary conditions. If the gas
temperature at the channel inlet is close to the mean gas temperature in the conduction-dominant
region, the entrance region is much shorter compared to other cases considered in this study.
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Fig. 1 A schematic diagram of the typical thermal

conductivity detector bridge circuit
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Fig. 2 A miniature TCD"*: (a)the heating element
of the TCD; (b) a schematic diagram of the
microchannel flow in the TCD
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Table 1 Collision functions for prediction of
transport properties of carrier gas

T/(&/x) R,=9,
10 0.8242
20 0.7432
30 0.7005
40 0.6718
50 0.6504

Table 2 Grid dependence test of the non-dimensional surface heat fluxes at different x locations

5 at

x location 2 %
15 ym 30 4m 45 ym 60 ym 75 ym 90 ym 105 um
80x 20 2.41597 1.46093 1.18934 1.08133 1.03331 1.01115 1.00063
160x 40 2.41548 1.46014 1.18919 1.08128 1.03324 1.01114 1.00057
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Table 3 Channel depth and initial conditions

constant constant

Case H T; U;  temperature  heat flux
(pm) (K) (mhs) T, (K) g, (kWnd)
a 50 300 2333 500 600
b 50 300 4667 500 600
c 50 400 2333 500 600
d 6 300 6667 500 5000
e 6 300 6667 320 500
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Fig. 3 Variation of heat fluxes as a function of
normalized x coordinate (uniform temperature
conditions on both upper and lower walls)
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Table 4 Entrance length subjected to uniform
temperature conditions

Case Re M X X
a 0.953 0.66 0.95 1.9
b 1.91 0.35 0.5 1
[ 0.585 1.06 1.51 1.5
d 0.327 1.87 2.67 5.3
€ 0.327 1.87 2.67 5.3
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Table 5 Thermal entry length subjected to uniform
heat flux on the channel floor

o

o8 ro

o K

iy O g0
2 o
X

N e b
:io it

fu
m:i
do 4o 1

Case X X
a 0.95 3
b 0.5 1.5
c 1.51 1.5
d 2.67 8
e 2.67 8

(a)

Z& Fig. 59 YEHHAT. Fig. SolA
TAR S ARSI H¢ o
FGolM =7zt e FAHH F2 &
FoaAgA g Gty P & 5 Sdvh 9
8 Zol FAZF ZAAE AHSE FAHHL §
TEHNA EHo g BEdA & 2=
& UEhly o2 gl dTdolrt A FH
He Zog gudr

33 98 #8% z7Y 329 B 2%
Fig. 6o 28%7 94 944 249 3%
o BAQsE A X'of AP gare ww
25 WHE UEUAT 4 gise AEs}

Fig. 6 Variation of channel floor temperature as
a function of normalized x coordinate
(uniform heat flux on the channel floor)

(&)

Fig. § Temperature contour using (a) boundary layer approximation and (b) Navier-Stokes equations



446 AW - A4%

1.1
1 Tt = 300 K
c
1.0
L
«
508
P
o8
abd
0.7+ - T T ¥
w0y K X* A 1

Fig. 7 Variation of channel floor temperature as a
function of normalized x  coordinate

(uniform heat flux on the channel floor)"”

AR Q) dAAe) F2IE FB 257 4F
exzAAMY g% 2E9 ZEE dgsAHt
Fig. 694 FALAY X' 4 @2 ALAU
on] RHLE T A7t Az ddA
AP AN 2% F, JhaBAYH FPae
BASAS A%d M9 & T, ge# 2
of FA 4% FAT.

Th=Tu/(Te+ asHl #) (11

AN, ke T T, A7 ARHH
AR FBHE 2JIY A T &l AIAFIE
2 uEgoa ANHYC

%2 gTMe ge AAFE % gHE
Ase ognjgimz g7 dHdMe TiE 3L
#e vehdn gAAZ A whet A7
ol Z7AE Tie AAY FNEA Hn AR
A Fgo) BEstE A9 19 g ek
t}. Case e 85 FHEo] Fol it FW2
w7 HlEZd 2 geld 12 F2§s] dEd o
g A% T, IAR U ASE Ry ¢ &
siet.

AAZ ZAHE ol &sto] AMAE FHE Chen
7 wu'Ps 232 Fig 79 JEIRAY. Chend
wuPE= 94 dg& z=dolA Case a, b, d, €9
A% QAo 0.20]1 Case ¢ H-$ 0.052
Foldn 2AHG o o]RE& A Reynolds F
SFEAN AAZ TANE ALF AN AFoln

« Kuan Chen < #71

Z Re 49 #Ag 498 22 ge& usd
t}. 28y} Table 50 viehd zhel zho] B -+
o A% AYFAN Xy Rewel upeh ©rar
Case a3, b, 4, e8 A% X5,° o 3924 47
LE 249 A% ddTdelun ZAdE #
atg oy} Case ¢ UA £x:x27d F%9 4
Bt ol X5, 2L ;e WERRAT

4. 2 B

B oAz 28 TCDoA Re 9] ¥3t 4
Qrzde] BE PTG G AEANE
Navier-Stokes A A& Zo} FPstgvh. A
He) 59N A2 9 BHE 25 94
22339 STAR-CDZ A#E nlmsld £ 9
T AR AXFS HAsF

Ywrgoz 28 TCDS AFYLeNM Re 53
400 o}3}9) A Reynolds & FHolmz Hd <
FRANAY y FEY LTF AR R I
of gg APl w§ Fostd. dEdA AAS
ZAAe AES A A% IYTEIE T4
8 < gith. Re £F HIAAH ZFAST A
s} wjma A B 79 BF Re F 40 o}3e)
N AAZ TAFA3 Navier-Stokes A4 & A}-%
& =37t Aolg BYE Edsdd.

2 4, 7t 94 exxdd o fdk
7 EueEs $US d9HA %8 7t2sE
A% 5L F2 Sy Lndel AW 24
2 Wwaz A dYTrPe] XnE X 289
e dEiE AULET R AL B 2
REges dad Hesged 49 24A 8y
o 9% FFo) FAH IP-FLel Xt #F
ol EAA 4RF B4Y X9 &I 2ot
22 Q3

AA dfE ZAAA LA ¥ TtEEE
g 799 duTAael X,e X9 o 3w
A 9A RRzAY dYFHolETg HolAd,
e 2 A, BHE SR EdgeR Jdst
W XLE X% 22 3%e Y.

EA
Ea
=
.

HIEH



2% Thermal Conductivity Detector?] 47432 AFo] thg FX 34 447

(1) Scott, R. P. W., 1998, Introduction to
Analytical Gas Chromatography 2nd edn., Marcel
Dekker, New York, NY.

(2) Fowlis, I. A., 1996, Gas Chromatography, 2nd
edn., Wiley, Chicherster, West Sussex, England.

(3) Noebels, H. J., Wall, R. F., Brenner, N. (Eds.),
1961, Gas Chromatography: Second International
Symposium on Gas Chromatography, Academic
Press, New York, NY.

(4) Lawson, A. E. Jr., Miller, J. M. 1966, J. of
Chromatography Science, Vol.4.

(5) Daynes, H. A,

measurement of thermal conductivity, Cambridge

1933, Gas analysis by

Univ. Press, Canbridge, Great Britain.

(6) Wiseman, W. A, 1959, "Katharometer
Behivior," Ann. N. Y. Acad. Sci., Vol. 72.

(7) Snowden, F. C. and Eanes, R. D., 1959, "Thermal
Conductivity Detectors for Process Control," Ann. N.
Y. Acad. Sci, Vol. 72, pp. 764~778.

(8) Reston, R. R. and Kolesar, E. S., 1994,
"Silicon-Micromachined Gas Chromatography
System used to Seperate and Detect Ammonia and
Nitrogen Dioxide-Part 1. Design, Fabrication and
Integration of the Gas Chromatography System,"
IEEE/ASME J. Microelectromech. Syst., Vol. 3, pp.
134~ 146.

(9) Kolesar, E. S. and Reston, R. R. 1994,
"Silicon-Micromachined Gas Chromatography
System used to Seperate and Detect Ammonia and
Nitrogen Dioxide-Part II: Evaluation, Analysis and
Theoretical Modeling of the Gas Chromatography
System," IEEE/ASME J. Microelectromech. Syst.,
Vol. 3, pp. 147~154.

(10) Kolesar, E. S. 1998, "Review and Summary of
a Silicon Micromachined Gas Chromatography
System," [EEE Trans. on Components, Packaging,
and Manufacturing Tech., Part B, Vol. 21, No. 4,

pp. 324~328.

(11) Mcnair, H. M. and Miller, J. M., 1998, Basic
Gas Chromatography, John Wiley and Sons, New
York.

(12) Jerman, J. H., 1981, "A Miniature Thin-Film
Thermal Conductivity Detector for an Integrated
Gas Chromatograph,” PhD thesis, Stanford Univ.,
Stanford, CA.

(13) Terry, S. C., Jerman, J. H. and Angell, J. B,
1979, "A Gas Chromatographic Air Analyser
Fabricated on a Silicon Wafer," IEEE Trans.
Electron Devices ED-26, Vol. 12, pp. 1880~ 1886.
(14) Huang, Y., Bau, H. H., 1997, "The Effects of
Forced Convection on the Power Dissipation of
Conductivity
Sensors," Journal of Heat Transfer, Vol. 119, pp.
30~37.

(15) Chen, K. and Wu, Y. E., 2000, "Thermal
Analysis and Simulation of the Microchannel Flow

Constant-Temperature Thermal

in Miniature Thermal Conductivity Detectors,"
Sensors and Actuators A Physical, Vol. 79, pp.
211~218.

(16) Kakac, S., Shah, R. K. and Aung, W., 1987,
Handbook  of  Single-Phase
Transfer, John Wiley & Sons.
(17) Duncan, A. B. and Peterson, G. P., 1994,
"Review of Microscale Heat Transfer," Appl.
Mech. Rev., Vol47, No.9, ASME, pp. 397~428.
(18) Arkilic, E. B., Breuer, K. S. and Schmidt, M.
A., 1994, "Gaseous Flow in Microchannels,”
Application  of  Microfabrication  to  Fluid
Mechanics, FED-Vol. 197, ASME, pp. 57 ~66.
(19) Hirschfelder, J. O., Bird, R. B. and Sportz, E.
L., 1949, Chem. Revs., Vol. 44,

(20) Chen, R. Y., 1973, "Flow in the Entrance
Region at Low Reynolds Numbers," J Fluids
Eng., Vol. 95, pp. 153 ~158.

Convective  Heat



