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Abstract:

The structure and operating principle of micro valveless pump were investigated theoretically and

experimentally. The mathematical model of pressure and flow rate within the micro nozzle/diffuser was estab-

lished to analyze the effects of nozzle/diffuser parameters on the output flow rate of the micro valveless pump.

The experiments were carried out with different structural parameters, driving frequenciess vibration ampli-

tudes and stiffness of the driving diaphragms. Effects of the structural parameters and driving conditions on the

operation performance of the pump are discussed in detail. The work provides useful reference for structure op-

timization selection of the driving diaphragm of micro valveless pump.
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INTRODUCTION

The micro pump is key component of micro
fluidic system. The integration of micro pump
with other micro fluidic components can be wide-
ly used for minimal injection of medicament, fu-
el spray, cell separation technology,
cooler for super integrated circuit etc. (Yin et

and as

al., 2000a). Micro pumps are commonly divid-
ed into micro valvate pump and micro valveless
pump according to their having valve plate or not
(Anders et al., 1996). A number of research
works on micro valvate pump were recently re-
ported. Industrial application of micro valvate
pumps however, is very limited due to high
manufacturing cost> complex processing tech-
nique and instability of flow parameters.
Compared with micro valvate pump, micro
valveless pump is structurally much simpler
(Jiang et al., 1998). The advantage of having
no valve plates largely simplifies the manufacture
processing and also largely reduces the cost. The
structural characteristics and operating principle
of the micro valveless pump are described in
Fig. 1 and Fig.2. When the driving diaphragm is
moving down, pressure inside the pump is posi-

Micro valveless pump: MEMS, Driving diaphragm, Optimal design
CLC number:

TH137: TH39

tive. The flow rates in the nozzle and diffuser are
different due to the difference of the pressure
distribution when Qumer > Quume - When the
driving diaphragm is moving up> however; pres-
sure inside the pump is negative and the pressure
distribution in the
versed> resulting in Q jigeer < Qoo -

diffuser is re-
If the pro-
cesses are periodically going on, the fluid can be

nozzle and

pumped from the nozzle side to the diffuser side.
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Fig.1 Schematic of micro valveless pump structure
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Fig.2 Operating principle of micro valveless pump
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THEORETICAL CALCULATION OF STRUCTUR-
AL PARAMETERS

The struciture of nozzle/diffuser is shown in
Fig.3. The dimension of nozzle/diffuser can be
described by three parameters: cone angle @,
lengih [ and minimum sectional diameter d .

Fig.3 Parameters of nozzle/diffuser

According to hydrodynamics, when 0 is
about 5° — 7°, the dynamic flow resistance is
minimum and therefore 0 = 5°is selecied in cal-
culation as well as in experiment. The
equation of clearance> and pressure distribution

flow

of nozzle is given by

D)2
(%) -
P=p —Dp o (D
[2) -
d
And pressure disiribution of diffuser can be
expressed as
d 2
- (5 )
p=pi—8p — 2>
(5

where h, sectional diameter of nozzle/diffuser
The flow rate of nozzle is given by the Ber-
noulli equation
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and
2
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When § = 5°and £ = 0.0045, the flow rate of

nozzle () can be expressed as

Q =
wd? 1 @

teXe-(g) 0 °

UzAz =

(3

and the flow rate of the diffuser can also be ex-
pressed as

Q= Av =

2 /2
o 2

The mathematical model mentioned above is
solved by MATLAB. The relationship between
pressure and flow rate, related to &, [ and d
has been numerically achieved. The typical sim-

(6

ulation resulis under the condition of d = 0.6
mm> 0.3 mm and 0.2 mm are given in Fig.4,
from which we can come io the following conclu-
slons .
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Fig.4 Simulation result of flow rate with different d
(a) d=0.6mm; (L) d=0.3mm;: (¢) d=0.2mm

1. Decreasing d» reduces the flow rate in
nozzle and diffuser,

OdilTum\r! Ommzk- .

2. With increasing . the flow rate in the

but increases the ratio of

diffuser increases faster than that in the nozzle;
and the ratio of Q e/ O porle INCTEASES .

3. Increasing [, increases the flow rate in
diffuser faster than that in the nozzle; and in-
creases the ratio Q geer! Q nomle -

EXPERIMENTAL RESULTS AND DISCUSSIONS

Experimental set-up

In order to observe the circumfluence in the
nozzle/diffuser, the micro valveless pump was
fabricated with transparent material, polymethyl-
methacrylate. Three different elastic materials
such as rubber film, latex film and thin latex
film were used to fabricate the driving diaphragm
so that the effects of the diaphragm rigidity on
the characteristics of the flowing fluid can be
evaluated. The experiment system shown in Fig.
5 consists of a micro vibratile device, signal-
generator, measuring cylinder and capillary glass
tube. The micro vibratile device is a Mini Shak-
er 4800 from Briiel & kjser Company in Den-
mark . The output parameters of the shaker are 0
=3 mm, 0—15 N and O -5 kHz. The pump
flow rate is measured by the cylinder. The capil-
lary glass tube is used to evaluate the delivery

capacity. The output pressure is calibrated by
the water column height.
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Fig.5 Set-up of experiment

Experimental results and discussions

The flow characteristics of two model pumps
with minimum sectional diameters of 0. 6 mm
and 0.3 mm were experimentally investigated.
The measurement results of flow rate and output
pressure under the different conditions of driving
frequency and vibration amplitude are given as
follows:

Fig.6 on the effects of driving frequency on
the output flow rate of the pump shows nonlinear

—a—d=0.6mm
74 —e—d=0.3mm

Flow rate (il /min)
W

0 15 20 25 30
Frequency (Hz)

(e

Fig.6 Flow rate/frequency

relation between flow rate and driving fre-
quency . The change of minimum sectional diam-
eter d also led to a shift in flow rate. When the
frequency was < 12 Hz, the flow rate increase of
the d = 0.3 mm pump was a little larger than
that of the d = 0.6 mm. But when the frequency
was > 12 Hz, the flow rate decrease of the d =
0.3 mm pump was also a little larger than that of
the d = 0.6 mm pump. This phenomenon indi-
cated that smaller d led to higher pump efficien-
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cy. As the output flow rate reached its peak val-
ues however, the absolute flow rate depended
not only on the efficiency of the pump but also
On this
occasion, the effecis of the efficiency are subject
to the diameters, resulting in the output flow rate

on the diameters of the nozzle/diffuser.

of the d = 0.6 mm pump exceeding that of the d
=0.3 mm pump.

Fig. 7 shows the shifts of ouipui pressures
versus minimum sectional diameter d and driving
frequency. It can be seen that the output pres-
sure of d =0.3 mm pump is much higher than
that of d = 0.6 mm pump, which indicates that
diminishing d could achieve higher-pressure out-
put. On the other hand,
reaches ouipui pressure peak at a much lower

d = 0.3 mm pump

driving frequency than d = 0.6 mm pump does,
which means that the relation between the ouiput
pressures and driving frequency is related to the

Smaller d leads

steeper rise of the ouiput pressure, and maxi-

minimum sectional-diameter.

mum pressure outpui can be reached at the lower
driving frequency as well.
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Fig.7 Output pressure/frequency

Fig.8 shows the change of flow rate with dif-
fereni amplitude at the same driving frequency.
From the figure, it can be seen that the flow rate
increases with the incremeni of amplitude, bui
the shifts of the flow rate are nonlinear.

In the experiment, three types of driving di-
aphragms with different rigidity were used to ana-
lyze the driving characteristic. The results in
Fig.9 show thai siiffer driving diaphragm resulis
in beiter delivery capacity. For the same driving
diaphragm, however; delivery capacity fluctu-
ates irregularly with the shift of the driving fre-
quency. Fluctuation of the delivery capacity can
be explained as due o the coupling of driving
frequency and the pipe-period of the micro

-8 4~0.6mm
-& &=0.3mm

1.8 Frequency=10Hz

(mi/min)

Flow rate

Amplitude {mm)

Fig.8 Flow rate/amplitude

pump. That is» when the motion of the driving
diaphragm is in the same direction with the tran-
sient pressure generated by the pump itself, the
delivery capacity reaches iis crest; otherwise,
the delivery capacity goes down gradually to the
wave trough (Fu et al., 1999; Douglas et al.,
1992).
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Fig.9 Influence of stiffness of driving diagram on
delivery capacity

COMPARISON OF MICRO VALVATE AND
VALVELESS PUMP

Compared with the micro valvate pump, mi-
cro valveless pump has a number of advantages.
Firsily, it has no valve plate, which largely re-
duces fabricating and bonding costs. Secondly,
it has betier flow performance, which can be
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proved by comparing the resulis presented in this
paper with the experimental observaiion of Yin
Zhizhong (Yin et al., 2000b) whose work con-
firmed inactivity of the micro valvate pump at
lower driving frequency due to the low natural
frequency of the valve plate. Finally, advantages
of the micro valveless pump are also clearly seen
in the parametric design, flow resistance and mi-
cro flow visualization .

CONCLUSIONS

As a new kind of high efficiency micro fluid-
ic machine, the micro valveless pump has the
advantages of simple structure, low cost> and
excellent controllability. It is in fact widely ac-
cepted that the micro valveless pump is becoming
the most potential micro power supply for micro
fluidic system. In this paper, the flow patiern
and the influence of working parameters on out-
put characteristic of micro valveless pump is giv-
en> from which we can come to the following
conclusions .

1. The driving frequency, vibration ampli-
tude and rigidity of driving diaphragm are the
main factors that greatly influence the outpui
the

range, the increasing of driving frequency and

performance. In controllable frequency
vibration amplitude will increase the flow rate
and ouiput pressure of the pump. When the mo-

tion of the driving diaphragm is in the same di-

rection as that of the transient pressure generated
by the pump iiself; the delivery capacity reaches
its wave crest. Besides, increasing the driving
diaphragm rigidity is the most effective means to
expand the controllable flow rate range.

2. The structural parameters of the nozzle/
diffuser are also key faciors determining the flow
performance of the pump.

3. The micro valveless pump operated by the

diffuser/nozzle is especially suitable for the

MEMS products that require frictionless trans-
mission.
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