
Sensors and Actuators A 272 (2018) 11–17

Contents lists available at ScienceDirect

Sensors  and  Actuators  A:  Physical

journa l homepage: www.e lsev ier .com/ locate /sna

Modeling  of  the  pressure  fluctuations  induced  by  the  process  of
droplet  formation  in  a  T-junction  microdroplet  generator

Wen  Zeng ∗, Songjing  Li,  Hai  Fu
Department of Fluid Control and Automation, Harbin Institute of Technology, Harbin, China

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 25 July 2017
Received in revised form 5 January 2018
Accepted 6 January 2018

Keywords:
Microdroplet generator
Pressure fluctuation
T-junction

a  b  s  t  r  a  c  t

To  quantitatively  study  the  pressure  fluctuations  induced  by  the process  of  droplet  formation  in a T-
junction  microdroplet  generator,  the  mathematical  model  which  can  accurately  predict  the  amplitude
and  the frequency  of  the  pressure  fluctuations  is demonstrated.  Different  geometries  of  the  T-junction
microchannels  are  designed  for the experiments  of  droplet  formation,  and  the  time-varying  pressure
difference  between  the  upstream  and  downstream  of each  droplet  is measured  during  the  droplet  produc-
tion  progress.  From  both  theoretical  and  experimental  study,  it can  be  observed  the  pressure  difference  is
a periodic  function  of  time  for the  whole  process  of  droplet  generation.  In  particular,  the  frequency  of  the
pressure  fluctuations  coincides  with  the production  rate  of  droplets,  and  the  amplitude  of the  pressure
fluctuations  varies  with  the  geometrical  parameters  of  the  T-junctions.  Additionally,  good  agreements
are  shown  between  the  theoretical  calculations  and the  experimental  measurements  of the  magnitude
of  the  pressure  fluctuations.  Therefore,  our  mathematical  model  is  validated  experimentally,  and  the
magnitude  of the  pressure  fluctuations  can be drastically  reduced  by  optimization  of  the  geometrical
parameters  of the T-junction.

©  2018  Elsevier  B.V.  All  rights  reserved.

1. Introduction

The stability of droplet formation is of great importance for
droplet microfluidics [1–4]. To date, droplet-based microfluidic sys-
tems are being applied for the interdisciplinary research, which
includes particle synthesis [5,6], chemical reactions [7–10] and
biomedical analysis [11–14]. For droplet microfluidic systems, the
dynamic process of droplet formation can induce instability of the
microfluidic flows, which will lead to the periodic fluctuations of
the droplet velocity [15,16] and the droplet size [17]. Especially,
the time-varying pressures in a T-junction microdroplet genera-
tor have been investigated theoretically and experimentally during
drop formation, and pressure oscillations can be observed at the
T-junctions for each period of droplet production [18,19]. In partic-
ular, for both squeezing and dripping regimes of droplet formation,
the pressure of the T-junction is a periodic function of time, and the
frequency of the pressure fluctuations increases with the Capillary
number.

The control precision of the flow rates is quite important for
the stability of droplet microfluidic systems [20,21]. According to
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the literature, the flow rates of fluids are mainly supplied by the
syringe-pump-driven or pressure-driven microfluidic devices and
to the best of our knowledge, periodic flow-rate [22] and pressure
[23] fluctuations will be induced by the mechanical oscillations
of the pump motor. By integrating the pressure-driven device
with the droplet microfluidic systems, the magnitude of pres-
sure oscillation is greatly reduced for the T-junctions, which can
significantly increase the stability of droplet generation [24–26].
Consequently, during droplet formation, the pressure fluctuations
of the microchannel can be induced by both the flow-rate insta-
bility coming from the pump source and the droplet production
progress. Additionally, the pressure fluctuations in the microchan-
nels can induce damage to the cell structures for medical study of
cell detection [27,28]. More importantly, the pressure fluctuations
in microchannels will greatly affect the efficiency and accuracy of
the analyzing results for high-throughput biological assays [29].
However, to the best of our knowledge, the experimental studies of
the pressure fluctuations induced by the process of droplet forma-
tion are mostly qualitative, and a mathematical model which can
quantitatively describe the principle of the pressure fluctuations
during droplet formation has not been reported.

In this paper, for a T-junction microdroplet generator, a math-
ematical model which can quantify both the magnitude and
frequency of the pressure fluctuations induced by the process of
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Fig. 1. Schematic of the experimental system for measuring the pressure fluctuations in T-junction microdroplet generators.

droplet formation is established. For different geometries of the
T-junctions, the experiments of droplet generation are performed
and the time-varying pressure difference between the upstream
and downstream of each droplet is measured during the droplet
production progress. The pressure-driven device is integrated with
the droplet microfluidic system and by increasing the droplet pro-
duction speed, the relation between the frequency of the pressure
fluctuations and the production rate of droplets is obtained. Most
importantly, by comparing the experimental measurements of the
magnitude of the pressure fluctuations with that of the theoretical
calculations, the mathematical model we demonstrated here can be
verified experimentally. Possible solutions to reduce the magnitude
of the pressure fluctuations are also suggested.

2. Experimental setup

A T-junction microdroplet generator is designed for measuring
the pressure fluctuations induced by the process of droplet for-
mation. For our experiments of droplet formation, the flow rates
of the droplet microfluidic system are supplied by the pressure-
driven flows, which can eliminate the instability of the flow rates
coming from the pump source. Fig. 1 shows the schematic of the
experimental system for testing pressure fluctuations in the T-
junction microdroplet generators, including the real image of the
experimental system setup. Particularly, the flow rates of the fluids
are controlled by the pressure-driven device for the microfluidic
system. More importantly, different geometries of the T-junction
microchannels are designed for droplet production, where wc is the
channel width of the continuous phase, wd is the channel width of
the disperse phase and h is the channel height of the T-junction.
For our experiments of droplet formation, the Sylgard 184 is used
to fabricate the PDMS microchannels, the mixing ratio of the base

polymer to the curing agent is chosen as 10 to 1, and heating
occurs at the curing temperature of 70 for 10 h. After the PDMS
microchannels are fabricated, they are bonded together with the
glass slide. More importantly, by varying the width of the mask
used for the process of photolithography, the PDMS microchan-
nels with a variety of widths spanning from 50 to 300 �m can be
obtained, consequently, the experiments of droplet formation are
conducted for different geometries of the microchannel.

For the T-junction microdroplet generator, the DI water is cho-
sen as the disperse phase and the silicone oil is chosen as the
continuous phase. The viscosity of the DI water is �d = 1 cP and the
viscosity of the silicone oil is �c = 10 cP. The interfacial tension �
between the two  phases is approximated as � = 20 mN/m.  During
droplet generation, by regulating the flow rates of the two  phases,
the production rates of droplets can be verified.

Based on the schematic of the experimental system, the pres-
sure difference between the upstream and downstream of each
droplet is mainly concerned, which can vary with time during the
whole process of droplet generation. By integrating the pressure-
driven device with the droplet microfluidic system, the effects of
the flow-rate instability of the pump source on the pressure fluc-
tuations within the microchannel can be neglected. During droplet
formation, the pressure difference is measured by a pressure sen-
sor (OMEGA PX26-005GV, 0–5 psi), and the response frequency of
the pressure transducer can reach 1000 Hz. For our experiments
of droplet generation, the droplet production speed spans from 2
to 30 s−1 and the sampling frequency of the pressure fluctuation
acquisition is set as 100 Hz, which is much higher than maximum
speed of droplet production. As a result, the pressure fluctuations
induced by the process of droplet formation can be precisely cap-
tured in T-junction microdroplet generators.
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