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Abstract: Numerical study on the new design of the liquid mass flow meter in infinitesimal flow rate for
semiconductor production is performed. The heater and thermistor are wired on the circular tube about 0.3mm inner
diameter with designed gap between them. After the time interval from the single pulse heating the thermistor reaches
its peak temperature and this time interval is almost inversely proportional to the liquid mass flow rate. The axial
conduction in tube wall and convection through the flow is combined. As a result, the peak temperature moving
velocity is much smaller than flow mean velocity and there is no linear relationship between them. In this study, the
effects of design parameters such as the tube inner/outer diameter, wired heater width, and the gap between heater and
thermistor are investigated and the trends of optimization in these parameters are discussed.
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Fig. 1 Schematic diagram of the liquid mass flow meter
suggested in present study
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Table 1 Computational case to optimize the design

Cases Tube gage Lt lgap
Case 1 1G26 I15mm 15mm
Case 2 1G24 15mm 15mm
Case 3 1G22 I15mm 15mm
Case 4 1G24 10mm 15mm
Case 5 1G24 20mm 15mm
Case 6 1G24 I15mm 10mm
Case 7 1G24 I15mm 20mm

1G26: d;=0.26mm, d,=0.36mm

Remark 1G24: d;=0.38mm, d,=0.56mm

1G22: d;=0.46mm, d,=0.72mm
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Fig. 2 Axial temperature variations for several time slots
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Fig. 4 Transient variation of thermistor temperature
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Fig. 5 Time interval variations along the mass flow rate

120

o
o

L, /At [mm/s]
s
'\\\\'\\H'\\\\'\\\\'\\H

gap

N
o

— : : : : : : :
- \rﬁ' I ' I ' - ' I ' - ' I '\ - ' - \' I
0.2 0.4 0.6 0.8 1

m [g/min]

o
© T

Fig. 6 Variations of the normalized time intervals along
the mass flow rate

HE e fEe Fddg #s 59 7
mddde] BgHor 44y Aot FE
Aol wpeh oiFgaadao] W A7
A% JFg e,

Fig. 5 o= A Weld] e A7 1149
WEtE vgd AlA GAdel diste] =AlEAH
AeEgFol S7kshd difol 93 Hazk olF
SZ7b wep A ASAREe] A adew
HE AISAIR el ARl ] wknldEste &
AL 7 Aew d58 5

s 7122 14358 ASAES] G549
lgap/AtE :FLE"}’O:] ;‘g%}:%%ﬂ EHEI’} Eﬂi}% Fig 6

ASF71el g A A 123

10

Case 1 1},”,“
Case2 T,
Case3”T,,,
Cased T,
Case5 T, 1
Casel Ap
Case2 Ap
- Case3 _Ap.._

N BN SEEEE R
-]

Ap [kPa]

S b
L

\i\ruwi\u\i\\\\‘uu‘uu
0.6 0.8 1 0

m [g/min]

Ll : i TTT'\?\;\OF\V%TT\ A

0 0.2 0.

o
20 2

Fig. 7 Variations of the tube maximum temperature and
pressure drop along the mass flow rate

of ZAlstgltt. ARl
g gtel A9 AgHow =
2y ASEe] AAG we dEErE b=
ok WAl 7 2 1G22 1 A AFAe] 7t
F Fs, @ Aol Rades nvAdgAol
BT = WETE Bl e Uy,
of AWM ASAIZE] AAAA g, 2 A3
£ SIASEBRE Iy, /At S S7He

N FFASF7IZA AREsHEW thE

Fohgel wet 773

HEe B 5 9

7bsstth. SHEAS aEgh
Ao ARG A ofo]
uke} ko] Aol F7hst
2 AFAIZre] =%l
7b A9 5s 2 AR&o] ofHrh FEA
A3 S Eel 35 2 113
NA 1y OF lygp ©1 B
& Aol 22 1G26 9
ZHt} Fig. 79 HAuewet ddEAS LA
1G26 Q1 A5 FHil2%=7}F 86T

=
o)

o

)

rJ

=

o Hi

St 2 =3, 9
HEAE 9kPa 7HA] F7bsle]l Abgo] o] HT}. I,
7F 10mm 2 7FASHH s|HF-o deudd di
o] FUhsle] 27 90C AEE Atz A
g ol v}

AR Az Lol e AdE BAE 2
H3le] AeS FET £ U BAHo] FHF A
Aol £o SHEEY =ojzg. BAo] i



124 A 8 4

sl MEAol Ymxw, Hiemel greliilol D23
Z7Vete] AlBte] Wk [, 7} o AEA ol (References)
st Hadek dostne H8o] Atdn. (1) Toda, K., Maeda, Y., Sanemasa, I., Ishikawa, K. and
W2 [, 7 S7FehE @ AIge] dojxm=z A} Kimura, N., 1998, “Characteristics of a Thermal Mass-
€ & gloh lyap of W3l A9l d&FE v flow Sensor in Vacuum Systems,” Sensors and Actuators
A, o] gro] F7FSIW SHEETF =#A AME A, Vol. 69, pp. 62~67.
g 4 gt (2) Kim, S. J. and Jang, S. P., 2001, “Experimental and
Aoret AGGSAZ7| = NS AZsnz & Numerical Analysis of Heat Transfer Phenomena in a
TAZ A BAEE 02 WA 4 I, A Sensor Tube of a Mass Flow Controller,” Int. J. Heat
g A AepoersZ7|ol w23 8oLl M| Ma.ss Tmnflfer, Vol. 44, pp. 1711~1724. o
SEE B A HolA] AEe AZs] AAEAS 3) Ylswanat an, M., i(andaswamy, A., Sree. ala, S. K. agd
. ] a Sajna, K. V., 2002, “Development, Modeling and Certain
A A S PN o FEeIT. Investigations on Thermal Mass Flow Meters,” Flow
4 A = Measurement and Instrumentation, Vol. 12, pp. 353~360.
’ (4) Kim, D. K., Han, I. Y. and Kim, S. J., 2007, “Study on
A3 AZo] QT EHE AL Fa Ao the Steady-state Characteristics of the Sensor Tube of a
AZ7)e] e MAA ote] tiate] £xF A Ao Thermal Mass Flow Meter,” Int. J. Heat Mass Transfer,
= olTatgny A7 AAs] Y o o Vol. 50, pp. 1206~1211.

(5) Cheesewright, R., Clark, C., Belhadj, A. and Hou, Y. Y.,

J
= ol
i = .94 3lEle N EF pa
= A= -9l sl A o SIE St A 2003, “The Dynamic Response of Coriolis Mass Flow
5

M =E ARele] A o] Wstel tiste] 23] Meters,” J. Fluids and Structures, Vol. 18, pp. 165~178,
Ads AEsSI o, &3 & A8S =E5 (6) Henrt, M. P., Clark, C., Duta, M., Cheesewright, R. and
S, Tombs, M., 2003, “Response of a Coriolis Mass Flow
() Aerst @&714gs fFHASF = ASHS Meter to Step Changes in Flow Rate,” Flow
23 Ardddy SEo o3 gigdAge ®al Measurement and Instrumentation, Vol. 14, pp. 109~118.
o] El o (7) Clark, C., Wang, S. and Cheesewright, R., 2006, “The

Performance Characteristics of a Micro-machined

- [e) = =] -
A 3’42 LH; 72107]1}:3; j::;jia gz} j ikﬂ Coriolis Flow Meter: An Evaluation by Simulation,”
) . S © o /TPt L‘;’ el ec Flow Measurement and Instrumentation, Vol. 17, pp.
Huy SHEHEETE =ity wfe] A4S dEAE 325-333.

vk o, HaEel e EAe] Frbste] ARE (8) Gaskin, I, Shapiro, E. and Drikakis, D., 2011,
of #|gto] wErt}, "Theoretical, Numerical, and Experimental Study of the
Q) I, 7t Aow APAo] padta HuLrw Time of Flight Flowmeter," ASEM J. Fluid Engineering,

Frane Aol AgAny Wi 1, 7h Fbet Vol 133, No. 4 pp. I8
W S| 7le] dojR e AL 4 9o} (9) Liu, R. P, Fuent, M. J., Henry, M. P. and Duta, M. D.,
@ Lo Wals AeAe] dske wAn, ol 2001, “A Neural Network to Correct Mass Flow Errors
gap e e ees ’ Caused by Two-phase Flow in a Digital Coriolis Mass
#el S7hstd SR&ErE meA AR 4 gl Flowmeter,” Flow Measurement and Instrumentation, Vol.

13— 7| 12, pp. 55~63.

(10) Bergman, T. L., Lavine, A. S., Incropera, F. P. and
H A3 E A9 AT 5 EAY] DeWitt, D. P, 2011, Fundamentals of Heat and Mass

o] YL wlo} =35 Q). Transfer, 7" ed., John Wiley & Sons Inc.



