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Enhancement of Oxygen Transter Efficiency Using Vibrating lung Assist Device
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ABSTRACT

This paper presents the enhancement of oxygen transfer efficiency using the vibrating intravascular lung assist
device (VIVLAD) in in-vitro experiments for patients having chronic respiratory problems. The test section was a
cyfinder duct with the inner diameter of 30 mm. The flow rate was controlled by the pump and monitored by a
built-in flow meter. The vibration apparatus was composed of a piezo-vibrator, a function generator, and a power
amplifier. The direction of vibration was radial to the fluid flow. Gas flow rates of up to 6 I/min through the
120-cm-long hollow fibers have been achieved by exciting a piezo-vibrator. The output of PVDF sensor were
investigated by various frequencies in VIVLAD. The experimental results showed that VIVLLAD would be enhance
oxygen transfer efficiency.

H A,

|5

Key Words : Lung assistant device(®] . 3°¢*]), Hollow fiber membrane(%-& A} ¥}, PVDF sensor(S}# ¥l
PZT actuator(PZT <5<l o] E]), Pressure drop($F® % 3}), Membrane oxygenator(¥ 4}8}7]

1.6 B A2 FE Aol Hgsidh e, ol Al
Al Ballon ¥lQlom QFel7kalst Al A
H A BEgAc) &4ty st hdAR w2 FRetA QEEAAE BN & ol dEe
ol -8 WEdy BEAAI A5 A “"‘ﬂ'o}‘/] 4 2 LA 1R =
g, AFBA N AFE BAE olE "%’5} ool 9hd Kl-”"lﬂ"L(piezoe]ectric intelligent
7] 93 AT7F QAEn 9l Aot} # Rt materials) ¥ o] 8-3to] # WzGR 9] AAAet gH
el B, dA #He ARG FelE 218 ARDS & 377 2% A 'o bl“‘(wbmtmn module) % 2
Gt A A7 IES BE ]‘7] HAste] Aol st 714 "]” EHE Sugste vHAe w4
ubs ol Hl(extra-corporeal membrane oxygenator, ek g wyo s ] 1: W KA e] At
ECMO)et= Al )8k Aol @3k 5ot W s BE AT FAgoR Mde 47t
ek #HAeli A AR A 5Lgkg ) R il HWE §E% 1%y 8 mxEA
Ql ZFEH ol Abgsly] §i8ko] #&atA 17 A In-vitro %157 4=
Holf, oa 7« watztvle) AbsAY wH e ¥
ek Zlof Wieted v QAR A2 HH9 s) 2. 7| =gt Aln ol
2] w8 A2 Hattler?} Federspiel, 54 o] 7]ut3h
Hattler Respiratory Support Catheter®] T} o] i+ & 3] 9 7 Si(piezoelectric materials)is <1y A 7
4 Al (hallow fiber membrane: HFM) 3 8.7 %3] 7100 A Al Al g o Sof o] l(actuator) B AFB-BEH L

1332



bzl oMFofolE e} MlA](sensor)E AME3EA] ¢kt
LAY AdE AAGrd e vME AEL
WA e AEE AT ok ol d A
Ase At dFooigii Ag3rs Byl
ol F=0 ]HQ} WA E AR Sl #3 AlH A
Lo sty o] &% 4 e AHE FHSL T

L1
4

t{w

Table 1. Properties of materials

Property, PVDF PZT
o (kg/m" 1.78( X 10%) 1.48
d31(pC/N) 23 -
231(10-3)Vm/N 216 -
E(GPa) 2 5.0
v 12 - 0.31

‘..  P9DF Sensor

Fig. 1 Confieuraion of a cantilevered composite beam
with piezo-film sensors and piezo-ceramic

actuators.
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Fig. 2 Moment applied through PZT actuator
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Fig. 3 Detail of the test module.

Flow out

A
===\
7

PZT Actualor

Flow in

Fig. 4 Experimental set-up of test module with
magnitude system
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Table 1. Dimensions of hollow fiber modules
holrl\i)(:\‘/ (;bee | Packine | Frontal area

membrane | density (em?)

Type 1 100 0.03 6.84

Type 2 200 0.06 6.61

Type 3 300 0.10 6.39

0.14 6.05

0.22 B 534
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Fig. 6 Relationship between pressure drop and
flow-rate characteristics
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Fig. 7 Oxygen transfer rate for VIVLAD using bovine

blood at various excited frequencies.
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Fig. 8 Amplitude of PVDF sensor output at the
system for various excited frequencies using
bovine blood.
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