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Development of PDMS-based Drag Force-type Flowmeter with Graphite-CNT
Composite as Piezoresistive Material

Sang Jun Park"*, Min Gi Shin"*, Noh Yeon Kim', and Sang Hoon Lee""

Abstract

In this study, a polydimethylsiloxane (PDMS)-based drag force-type flowmeter was fabricated using a graphite—carbon nanotube
(CNT) composite as a piezoresistive material and evaluated. The device was in the form of a cantilever, which was composed of the
soft material, PDMS, and fabricated using a mold manufactured by a three-dimensional printer. The cost-effective graphite was mixed
with CNTs to serve as a piezoresistive material. The optimal mixing ratio was investigated, and the piezoresistive material formed using
a graphite:PDMS:CNT ratio of 1.5:1:0.01 was adopted, which showed a stable output and a high sensitivity. Various forward and back-
ward air flows in the range of 0—10 m/s were measured using the fabricated flowmeter, and both tensile and compression characteristics
were evaluated. The measured results showed a stable output, with the resistance change gradually increasing with the air flow rate.
Repeatability characteristics were also tested at a repeated air flow of 10 m/s, and the flowmeter responded to the applied air flow well.
Consequently, the fabricated device has a high sensitivity and can be used as a flowmeter.
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Fig. 1. The deformation mechanism of the flowmeter with respect to
the air flow direction: (a) forward direction (tensile response)
and (b) backward direction (compressive response)
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Fig. 2. Cantilever deformation under the uniform load
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Fig. 3. Deflection graphs about (a) the cantilever length and (b) can-
tilever thickness.
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Fig. 4. Fabricated mold shape: (a)1®, (b)2", and (c)3"
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Fig. 5. Picture of the fabricated flowmeter with the composite of
graphite and CNT as the piezoresistive.
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Fig. 6. Experimental setup with wind tunnel: (a) overview of test sys-
tem, (b) honeycomb structure, and (c) sensor in the wind tunnel.

A3E wol val, A7 ONTE Eqtelol Ada 39 5
Qo] #3517} Folbrl sht, CNTS] Hlgo] Jrha o2 ups
sobA] 7] wEe] A FA /A e 135EO R Wobd
& 1Y 9ok

32535 A8 X

Az A E opFelnst f4 A3 AR AZ sk #
& A9 AA= Fig 60l veht o, $F719M f52 2
AL G790 48 Fig. 6(b)¢] SUF +2E 53l TF
2 A A AN frE5E 7HeH ek s 1A ol Al <t
o2 27| @ FEAE AAANA AA 9] A7 wste} F
A SA5e &S vl

5l olsl FAFAY A1 ==

2 77 pEdde Qs A9 /452 2mselM 10mss
7 2 mysH e 9027t AR S
20 AZE SAPT frEE 122 oE FAsH st
of Aysiaint. Auskee A3 st 27143
o ARRRGZ AlRFsIlom, A Al testo 4051 AHTHAR
&5 Al st vasisld.

H

4.1 AX A FH ol [HE MEHsE

axte] FAE AAs] Y8 FAEE U 54 A8
2 3sAh Fig. 72 PDMS9} S-S E3ste] & i
@A o] FA ol et A A ] dolrt Bolun Fej=e W

0.15
@ 1.5mm Tension
B 1.5mm Compression
01 1.0mm Tension
;\3 10mm Compression| A r 3
Soos AT e
N ey e
= SR R <+
z’ 0 7&‘---:::_- ““““““ -
g TN a
£-005 TR
8 R
€ 01 T w
"4
-0.15
0 2 4 6 8 10

Flow rate (m/s)

Fig. 7. Sensitivity about the thickness (I mm and 1.5 mm).

ol fr&or AhiskeS S49 a2 zolnt

Zefze A Rl = ARe] GAFA L] FA7F 1.5 mmE
o Imm7F HRS w, 97E o]l ¢ ARES & < Ut 7]
Ao HA A o] A7} RS E AR €] $1217F PDMS
ojgre] FYUEH AR H 1, o] 5 Fal A WF A
o] t AX = &3t WA G} whebr, s Jpol A= o
AgA o] FAE AT Al A Zsh= Aol frElsitt. 2,
3D ZdH 9| S E T AA A1, P A A Ayl
ofF 5lm, 2% slE PDMSS] FA|9F 2 A8 =& W%t
=7} YEREE PDMS £9] 4015 1 mmZ HF A9t

4275

atoll IHE MM Xi3 2k 8}

421 AWYE RS 5

Fig. 8 & @GRS Qol7h Soluhs Wgo 43 274
o Agustas SHT Aolth, LEE X 29E FEE
28%014 AT f40] Z7htol whek Aol Pl 7}
She 2L BRI 5 glow, fo] AFTLE AAHE A9
]

Heprhe 2g 2 5 9l

A ghe) WMBhE oleld AL g
e wmolz7t rid oz

Aok o, A 21 10 m/sell
= AL 2RI 5 Ak
2250 12
— Resistance
Flow rate 10
2200 .
c 8 X
2 2150 6 &
(%]
g :
4 4 =
2100
2
2050 0
0 90 180 270 360 450
Time(s)

Fig. 8. Resistance change with respect to the forward air flow rate.

J. Sens. Sci. Technol. Vol. 32, No. 1, 2023



Sang Jun Park, Min Gi Shin, Noh Yeon Kim, and Sang Hoon Lee

1820 12

1800 10
S 8 L
g 1780 m— Resistance g/
c 2
o] Flow rate 6 ©
2 1760 z
& 4 u_?

1740 5

1720 0

0 90 180 270 360 450
Time(s)
Fig. 9. Resistance change with respect to the backward air flow rate.

o

Fig. 9 & A& o7} ashe Wdo 2] f634 &
ko] Mgt 24 Azfolt), o] gt dEUE A= A
& F& S e S APES A3 o] woll=
f&2] St whE) hEo] dojuhH, ool el A3 gtk 3
Al Zashe Ae geld 4= o) 9 Wk S A9} upzly)
AR frgo] AT FAHE Aol A= 0|23 AFA
S ke AE B Jdon, ke §4 S8 v
slo] Aoz e wo|=y) A

4.3 5%, PDMS, CNT 2§ H| 20| 2 DIz T #Hst

Fig. 10 2 3<1: PDMS: CNT2] B &S WA A7 2 71zt
T2 8wt 2 zolt). aoA] Hi ule} 7o) 3¢ 9 H]
o] 7Fd 22 1.4:1:0.019] ¥l&S 7H] &AFE T} 1.5:1:0.019]

HlEE 71 2A7} A4 b R o NS} e A
S Fold 4 9t} AUt o 7 5 H|Fo| ZolASE Hite

7 3ok BE
W 93]2] Qv el

_H_om 1% el el “}O}X]ﬂl i

N
-
f

=7t = 1510014 :Leﬂueiuj_,xﬁﬂxqgi
W=7} 0.04 2 YERL ©
H A9 Ak 52 kA el

2AtH4,13-16].

B3
=

T2 UERS golg 5

Fig. 11. & 1.5: 1: 0.01 (£<3: PDMS: CNT)ARFE 307+ oF

J. Sens. Sci. Technol. Vol. 32, No. 1, 2023

48

Sensitivity(AR/Ry)

0.08
@14 Tension 1.4 Compression
0.06 W15 Tension X 1.5 Compression ,/‘.
1.6 Tension o
0.04 -
n
0.02 0 S— P Co— *
0 V"c_:':::::IZZE“A:"""‘"“""* """
__________ X-_‘_\__“
-0.02 LS .
i S .
-0.04 X
-0.06
0 2 8 10

Fig.

Resistance(QQ)

Fig.

A8l 2 30x7¢
o HHE A A

F719] o)k A G U AR A

© 2 3l Fig. 12(b)2} 7ol A3

4
Flow rate(m/s)

10. Sensitivity graph according to the air flow rate by mixing
ratio (graphite: PDMS: CNT).

13
e Resistance
e FlOW rate
2290
82
E
[5
s
2240 3
3
2190 -2
0 20 40 60 80 100 120 140 160 180 200 220 240
Time(s)

11. Repeatability results of the flowmeter at 10 m/s air flow.

1= O 2~
=%

opre] Bahe

442 4= WE Mg Helg e 54
Fig. 12(a)= 1.5:1:0.0183F] 57 1 mm 2242 5k
32 43] wkEgl Agjolt), FU3 5 Wl tis)] A &H 2
2 Ago] Fastar dlom, Agusks 3k fAke AFE S
Hehe As gRld o ok 01 *E‘%*OHAM HolEHES Ht
_ir

AdE 5 BANE E%o}‘}it‘r °l =4

o}Fo| =

ol testozt=} W] 3FA T} Testo

s=g Aysigon, og

=73l LCD
SIATE ol st <42 Fig. 133 2ol 71& f
fr&A19 3t

A<

1

s

oft

1O B E2E
e



Development of PDMS-based drag force-type flowmeter with graphite-CNT composite as piezoresistive material

0.01
0
< 001
o
)
2 -002
=
€ 003
(V2]
-0.04
-0.05
0 90 180 270 360 450
Time(s)
(@)
12
) 10
‘ y = 3112.3x2 - 151.88x + 0.0788
K 6 £
e 2
© ©
."-. 4 2
------ 9
Q... 2 °
""" ®0
-0.04 -0.03 -0.02 -0.01 0

Relative sensitivity(AR/R,)
(b)

Fig. 12. The experimental results with backward air flow: (a) indi-
vidual and (b) average sensitivity.

Fig. 13. Comparison of measured air flow rate between the fabri-
cated flowmeter (left) and the reference flowmeter (right).
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