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ABSTRACT: The flow characteristics have been numerically investigated for various shapes
of the diffuser/nozzles which are used for a valveless micro-pump. The important parameters
considered in this study are the throat width (15~120 #m), the taper angle (3.15~25.2°), and
the diffuser length (600~4,800 #m), and the size of the middle chamber (1~16 mm®). To find
the optimal values for these parameters, steady state calculations have been performed as-
suming the constant pressure difference between the inlet and exit of the flow. For the taper
angle and the throat width, it is found that there exists an optimum at which the net flow
rate is the greatest. The optimal taper angle is in the range of 10~20° for all the pressure
differences; and the throat width indicates an optimal value near 75 pgm for the case of 35
kPa pressure difference. The net flow rate is also influenced by the size of the middle cham-
ber. With decreasing chamber size, the net flow rate is reduced because of the interference
between two streams flowing into the middle chamber. The unsteady pulsating flow charac—
teristics for a micro-pump with a given diffuser/nozzle shape have been also investigated to
show the validity of the steady state parametric study.
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Fig. 2 Computational mesh for the micro-pump.
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Table 1 Dimension of the reference diffuser/nozzle and the middle chamber

Taper angle([°] Throat width [ #m)]

Length [ gm]

Area of middle chamber [mm?]

6.3 30

1,200 4




tlo]zg PES UFA/ =29 #F 5S4 38 CFD &4 547

< wE F A7) HEel 71Eo] He UFA/
w29 g4 712 A792 F3sd Table 1
3 ol AUt

22 8| FYAuE Y

A7 A HAFE A8 TS Mejo ¥
¥ W3z s HAsE dA9 v AN FE5E
FANN G Fo B 2 AP vz
Bateh, AAte] AlER HEo PA4L Fig. 2% §
Ay, AL F 50,0007, dFA/=F9 B
o] £& 300 um, AAMEL 9.8°, Heol+ 4,100 um
oln AW} IFA/ &9 HelE 300 gmoltt.

a8z vlelaz HE Fute] AFE HAME|
A AW AW FAARAE Fo YTE
()8 AMztel we} 2(3)7 2ol Ao
AE & BAEA

v, = 27rf><Amp>< sin(—%) "
3
Xsin(—%’-)x sin (2 7ft)

A, B #de 712 2 A2 =27, adx
%, y£ 979 FEHE gu . 7MY &
7t 3= JYREE2 ¥ " PYEZREV HI,
HE Rz g e IFR=V 9 FFH9
&7 "9 4EAARZ Aot

FAHNL o JEE YehlE AmpE 39
pmz AR, B AFFY] fe HIAIH
FHAT. FAHA Y AARALE FFFY
1/502 AA34d.

3.31M48x

guEcdMe F43e FY BHzRY 2
& AW Wie $39 ot

7;2,,,,=7;’L,,_p+ Md,ﬂ (4)

FFREANNY EHF m, = HS AHAA
¢ gz Soee #39 Yoz BAYG

My =mgs+m,, - &)

2 dFoNE BEnce FFRoON FY
Ave A4 Ay B YRS FIA F1
AME 989k o] A BE AL taA
Ao F&30] FIFRMY £4F
B okt 2 AL ¢ 5 AU .

Hznce FFRSoMY ojHP FHTol 2
o7} YEZ ol%e AREME RAY £4F
2 A7 go| Folste] AL R

) . + . )
Mm = mtszml,p (6)

248 $4%2 AEHd OFA/=FAN
238 438 e 2ol A & Atk

: N Lm
Mon pom = My pX
LY

Mt m.

My

Mg pm = My X
0
ml,m

md,sx m
s

ma’,s,m =

Mem
mt,s

mn.s.m = mn.sx

H@~N2HH e BANE € F AT

rhﬂ.ﬂ,m-*_»rhd,p.m = md.s,m-l_ mn,s,m (8)
vtol A2 HExd X & Fnet flow)

. . Magsm— Mapm
Myt = 2

. . 9
Magpm™ Musm

2

o2 Aidd
3.1 Atz A8

Fig. 49t Fo1A 4YdA HEzrce FFE
oM FfFol Vet Qi

GA AFF AANY EE BAIZG) dHA
ZRcdMY F/Fo] FTFREANY FHFR
o ozt Z2A UedE A& 4 £k o)Re



548 A58 - T5H - AAG - A - &4

100 ® 3.45(pump) L T T T T
[ o 31stsuppty)
a  §.3(pump) a
& 6.3(supply) 9
¢ 126(pump) °
80 H|. © 12.8(supply). g
®  18.9(pump) g
0 a  18.9(supply) A
- v 25.2(pump) b
g v 25.2(supply)
S 60 - -
2 & 2 o
jid 8
g
& 40 N o E
]
°
[ 3 o
20 | ° -
a
[«
o 1 1 1 1 1. 1 )
0 s 10 15 20 25 30 35 40

Presssure (kPa)

Fig. 4 Effect of the pressure on total flow
rate.
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Table 2 Complex effect of the throat width &
taper angle on net flow rate

Taper angle | Throat width | Net flow rate
fel [ #m] [mg/s]
6.3 ‘ 30 1.60
12.6 90 417
189 90 248
126 60 453
189 60 365
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