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Generator for single bubbles of controllable size
C. D. Ohla)

Department of Applied Physics, TU Twente, Postbus 217, 7500 AE Enschede, The Netherlands

~Received 6 June 2000; accepted for publication 9 October 2000!

A new type of apparatus for the production of single bubbles of adjustable size is presented. A single
bubble is generated by injecting a short burst of gas into a liquid channel flow. The radius of the
bubble can be varied continuously from 300mm up to a 3 mm byadjusting the timing of a valve
injecting the gas. The device works also in liquids with variable pressure and can be microcomputer
controlled. © 2001 American Institute of Physics.@DOI: 10.1063/1.1329900#
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I. INTRODUCTION

In many areas of science, e.g., the study of bubbly
uids, and technology, e.g., the aeration of liquid pools, g
liquid reactors and bubble-lift pumps, there is the need
produce bubbles of controllable sizes. Conventional nee
type bubble generators1 have a severe drawback: they pr
duce trains of bubbles with strong surface oscillations. F
ther, when they are applied in conditions of variable pr
sure, residual gas pockets in the needle might expand du
a depressurization and disturb the measurements. More
vanced needle injectors as used by Kok2 have the disadvan
tage of being costly and difficult to use in pressurized set
The bubble generator presented by Kameda and Matsum3

which produces bubbles by ‘‘squeezing’’ air with a rubb
plunger through a pin hole is able to generate small bubb
However, the size of the bubble is mainly determined by
size of the pinhole and thus cannot be easily controlled.

In this new apparatus a single bubble is produced
injecting pressurized gas into a liquid channel flow. T
channel flow is generated from a pressurized liquid reser
connected with a valve to a cylindrical channel. After t
flow has established a burst of pressurized air is injec
Near the tip of the injector tiny gas bubbles form and co
lesce into a single bubble. This bubble is transported by
flow through the channel and an attached Plexiglas tub
towards a smooth expansion outlet of the channel where
released into the main experimental container. The par
eters which determine the bubble size are mainly the ope
time of the gas injector and the pressure of the gas reser

II. DESCRIPTION OF APPARATUS

Figure 1 sketches the bubble generator. The pressur
the gas (Pgas) injection ~upper valve in Fig. 1! is adjusted
with a precision pressure controller~Buddenberg Ni-spanC
tube!. The lower valve for the channel flow is connected to
pressurized liquid reservoir at (Pliquid) controlled with a
simple manometer~Metalwork!. We use air as the gas an
highly purified water~filtered with Micropore! as the liquid
medium. The two fast solenoid valves are common inject
valves for gasoline engines~Bosch EV 1.3A!. They have a

a!Electronic mail: c.d.ohl@tn.utwente.nl
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mechanical opening time of 1.5 ms and can work with d
ference pressures up to 3 bar. The valves fit onto a polyv
chloride ~PVC! block containing the channel and are sea
with rubber O rings. The diameter of the channel and
Plexiglas tubing is 4 mm. Large bubbles with diameters
the order of the tube diameter are in contact with the tub
while being transported by the liquid flow. The smooth e
pansion section for the release into the main working fl
helps to prevent a break up of these large bubbles. Addit
ally, by taking care that the surface of the channel and
transition between the channel and tubing are smooth
makes sure that these bubbles do not become trapped.

Figure 2 shows the electric circuit for driving one sol
noid valve. A power metal–oxide–semiconductor fiel
effect transistor~MOSFET! connected to a capacitor delive
the current for opening the valve. The current is control

FIG. 1. Sketch of the apparatus, the lower valve applies a liquid stream f
a pressurized reservoir, the upper one injects a short burst of pressu
gas.
© 2001 American Institute of Physics

 license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



a

p
ed
e-

lin

-

e
ge

-

en
r
lie
r
-
to

ra

.
e
re
co
to
us

all

r-
pict
ir
of

ea-
ese
ich

a
f
e

dii
t of
y

253Rev. Sci. Instrum., Vol. 72, No. 1, January 2001 Generator for single bubbles
by adjusting the charging voltage of the capacitor with
voltage stabilizer~LM 350T! in conjunction with a potenti-
ometer. To prevent reverse current, a diode is connected
allel to the solenoid. The timing of the valves is deliver
with a microcontroller, having a serial line interface to r
ceive the timing data from the lab computer~RxD!, two digi-
tal outputs connected to the MOSFET and an interrupt
~INT! which serves as a trigger input~Fig. 3!. The microcon-
troller is clocked with a crystal oscillator at 10 MHz. A pro
gram listing for a PIC16F84~Microchip Corp.! can be found
here.4

Figure 4 depicts the timing diagram for the valves. Aft
a trigger has been received the lower valves opens and
erates a channel flow fort11t21t3 . Then aftert1 the gas
supply valve opens for a timet2 . The bubble is being trans
ported during the timet3 .

We now investigate the performance of the bubble g
erator working with air as the gaseous medium and wate
the liquid medium. In this experiment, the pressure app
on the air valve is kept fixed toPgas50.268 bar and the wate
reservoir is pressurized toPliquid50.9 bar. The bubble gen
erator is triggered and the individual bubbles are pho
graphed after rising 1 m with a high speed video came
~Kodak EktaPro CR Imager 2000, 5123384 pixel having a
single pixel resolution of 71mm! at 250 frames per second
The exposure time is 300ms. Depending on the bubble siz
20–50 frames of the bubble with it present can be captu
These frames are transferred and processed on a lab
puter. Here, the bubble shape is determined with a con
tracing algorithm from which the equivalent bubble radi

FIG. 2. Electric circuit of the MOSFET driver for one injection valve.

FIG. 3. Sketch of the microcontroller circuit for the timing.
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and the center of mass is obtained. By averaging over
frames of a sequence a mean bubble radiusRmean is calcu-
lated.

In Figure 5 the results from multiple runs for five diffe
ent opening times are summarized. The open symbols de
the average ofRmean over ten runs, and the error bars the
standard deviation. The standard deviation is about 10%
the bubble radius. However, for the largest bubbles m
sured,R'2.8 mm, the standard deviation increases. Th
bubbles are more strongly deformed, compare Fig. 6, wh
makes it harder to obtain an equivalent bubble radius.

Additionally, in Fig. 5 a closed symbol is plotted for
different gas pressure,Pgas50.148 bar, where bubbles o
smaller size down toR50.4 mm but less reproducible can b
generated. The smallest bubbles of radius down toR
50.33 mm have been found for Pgas50.122 bar,
Pliquid50.6 bar andt2510 ms.

With the described setup air bubbles in water with ra
between 0.3 and 3 mm can be generated. The lower limi
0.3 mm might be given by the dissolution time of the tin

FIG. 4. Timing diagram of the valves.

FIG. 5. Obtained bubble radius~air in water! vs opening timet2 for
Pair50.268 bar~open symbols! andPair50.148~closed symbol! plotted with
the standard deviations over ten runs. The timings aret15520 ms andt3

53.1 s.
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bubbles and the upper limit is determined by the breakup
to surface oscillations when the bubble passes through
smooth expansion section. The author hopes that this de
will be of value for others working in the field of multiphas
flow.

FIG. 6. Snapshots of bubbles generated with the device. The indivi
picture size is 8.5 mm35.7 mm.
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