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In microfluidic chips, most micro-channel cross-section shapes are rectangular or tri-
angular in existing chip fabricating technologies, including hot embossing, lithography,
etching, injection molding, etc. However, compared with the above micro-channel shapes,
a circular shape has advantages in aspects of fluid flow, droplet generation, heat trans-
fer and blood vessel replication. This paper presents a sandwich-like microfluidic chip
with circular cross-section micro-channels. The sandwich-like structure includes three
layers. The top and bottom layers are PDMS material while the middle layer is com-
posed of micron glass capillaries (used as micro-channels) with circular cross-sections.
The glass capillaries are made of borosilicate tube by a glass heating process. Sphere
shaped paraffin wax is used as a sacrificial material to form micro-channel junctions.
To test the functions of the fabricated micro sandwich-like microfluidic chip, a droplet
generating experiment was conducted in the T-junction chip. The droplet size can be
controlled in the range of 20-400 pum by varying the water and oil flow rates. This pro-
posed microfluidic chip structure has the advantages of short processing cycle, low cost
and small flow resistance.

Keywords: Microfluidic chip; micro-droplets; capillary; T-junction; chip fabrication.

PACS numbers: 47.55.D-, 47.60.41, 45.05.+x

1. Introduction

In recent decades, microfluidics in biological applications has experienced signifi-
cant growth due to its advantages of small volume, low cost, short reaction time
and high throughput.! Microfluidic technology has been integrated in a few square
centimeters of glass or polymer in a platform in the field of microfluidic chips,
which resulted in basic operation or partial integration. Many microfluidic chip

*Corresponding author.
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Temperature Induces Self-assembly of Silicon Nano/

Micro-structure based on Multi-physics Approach

ZHANG Linan', CHENG COllg'Xilll, SONG Jihwan?*, WU Liqlml, KIM Dongchoul""“
(1. School of Mechanical Engineering, Hangzhou Dianzi University, Hangzhou 310018, China; 2. Department of Mechanical Engineering,
Sogang University, Seoul, 121-742, Republic of Korea))

Abstract: A three-dimensional dynamic model for nano/micro-fabrications of silicon was presented.

With the developed model, the fabrication process of silicon on nothing (SON) structure was quantitatively

investigated. We employ a diffuse interface model that incorporates the mechanism of surface diffusion. The

mechanism of the fabrication is systematically integrated for high reliability of computational analysis. A

semi-implicit Fourier spectral scheme is applied for high efficiency and numerical stability. Moreover, the

theoretical analysis provides the guidance that is ordered by the fundamental geometrical design parameters to

guide different fabrications of SON structures. The performed simulations suggest a substantial potential of the

presented model for a reliable design technology of nano/micro-fabrications.

Key words: nano/micro-structure; phase field model; silicon on nothing; self-assembly

1 Introduction

The fabrication of silicon on nothing (SON)
structure with precise structure has attracted significant
interest in recent years' ™. In the work of Sudoh,
thermal induced shape transformation without any
chemical reaction at the interface between the solid
and the ambient gas has been described *. They
demonstrated that the numerical model including
only surface diffusion produces the shape changes
by the annealing. It is difficult to explain and control
the detailed features such as the formation of the
fabricated holes by using their models, so that surface
migration strategy is hard to be indicated in the
morphological evolution. It is important to develop
a model to study the different fabrications in detail.
Meanwhile, many experimental studies and modeling
of SON structure have been expounded””.. But they
did not indicate the details on the mechanism of
the fabrication, it was hard for us to understand the
whole process of the fabrication. Other models on

© Wuhan University of Technology and Springer-Verlag GmbH
Germany, Part of Springer Nature 2018
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representing various morphological changes of SON
related with temperature have been introduced"’"?.
The performed works could not provide any guidance
on nano/micro-fabrications which are induced by
temperature. Our work presents a comprehensive study
of the fabrication of SON structure in generalized case
instead of the special case, the special case is designed
only depending on its own initial structures. We
consider that the mechanism for causing microstructure
evolution in the silicon substrate is surface diffusion
driven by the minimization of their surface energy.
Once the annealing is performed, the initial substrate
starts to have morphological shape changes. If time is
long enough, all the substrates tend to the final stable
structure which has no empty space in the inner of the
substrate, and the top surface also goes to be flatly. The
driving force comes from the minimization of their
surface energy to ensure that the final structure has the
stable shape.

Here, we proposed a three-dimensional dynamic
model for nano/micro-fabrications of SON structure
in silicon substrate. We consider that surface diffusion
as mass transport mechanisms causes microstructure
evolution when the annealing is performed. The
evolving morphologies of nano/micro-structures
cause computational challenge, which is addressed by
employing a diffuse interface model, and the reliability
and effectiveness of the model is demonstrated.
Detailed process and modeling on the formation of
SON structure in silicon were clarified as follows.
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Continuous micro-feeding of fine cohesive powders actuated by pulse inertia M)

Check for

force and acoustic radiation force in ultrasonic standing wave field s

Hongcheng Wang, Liqun Wu', Ting Zhang, Rangrang Chen, Linan Zhang

School of Mechanical Engineering, Hangzhou Dianzi University, Hangzhou 310018, China

ARTICLE INFO ABSTRACT

Stable continuous micro-feeding of fine cohesive powders has recently gained importance in many fields.
However, it remains a great challenge in practice because of the powder aggregate caused by interparticle
cohesive forces in small capillaries. This paper describes a novel method of feeding fine cohesive powder ac-
tuated by a pulse inertia force and acoustic radiation force simultaneously in an ultrasonic standing wave field
using a tapered glass nozzle. Nozzles with different outlet diameters are fabricated using glass via a heating
process. A pulse inertia force is excited to drive powder movement to the outlet section of the nozzle in a
consolidated columnar rod mode. An acoustic radiation force is generated to suspend the particles and make the
rod break into large quantities of small agglomerates which impact each other randomly. So the aggregation
phenomenon in the fluidization of cohesive powders can be eliminated. The suspended powder is discharged
continuously from the nozzle orifice owing to the self-gravities and collisions between the inner particles. The
micro-feeding rates can be controlled accurately and the minimum values for RespitoseSV003 and Granulac230
are 0.4 mg/s and 0.5 mg/s respectively. The relative standard deviations of all data points are below 0.12, which

Keywords:

Lactose

Cohesive powders
Micro-feeding

Ultrasonic standing wave
Inertia force

is considerably smaller than those of existing vibration feeders with small capillaries.

1. Introduction

Continuous micro-feeding of powders has recently gained im-
portance owing to the rapidly increasing interest in many industrial
operations, and is a topic of intense research. Such operations include
the micro-feeding of powder in pharmaceutical research, development,
and production, in particular for high-potency active pharmaceutical
ingredients (HPAPI) (Mehrotra, 2010) with only a few mg (or less) of an
active pharmaceutical ingredient (API) in a drug product. In such cases,
feed rates below 10 g/h might be needed. However, most of the API and
its excipient powders (e.g., a-lactose monohydrate powder) are cohe-
sive materials and made of very fine or sticky particles (Hertel et al.,
2018). In these powders, the size of individual particles is reduced
below several microns, the interparticle cohesive forces begin to play a
major role in the bulk powder behavior. Van der Waals forces are the
main cohesive forces between fine powders (Li et al., 2004). The strong
interparticle attraction forces determine the formation of aggregates
(Barletta and Poletto, 2012), which influence powder flowability and
may cause the micro-feeding process to be unstable and inaccurate.
Because of this, the operations to fill capsules or blisters with such small
powder quantities are generally very difficult, especially in a com-
mercial-scale manufacturing process.

* Corresponding author.
E-mail address: wuliqun@hdu.edu.cn (L. Wu).
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In recent years, many continuous mass powder feeding techniques,
such as pneumatic (Kaur et al., 2017; Graham et al., 2013), volumetric,
screw/auger, and electrostatic methods, have been emerging in the
research field of solid freeforming (Yang and Evans, 2007) and phar-
maceuticals. The pipeline gas pressure is the driving force in the
pneumatic conveying of fine powders and it is suitable for feeding
massive amounts of powder in several industries, such as coal fired
thermal power plants (Mittal et al., 2014). Corona/tribo charging guns
are widely used in electrostatic methods to spray fine powders. The
powder is actuated in an electric field generated by the ionization of air
by imposing a high voltage on a sharp, pointed needle-like electrode.
However, its complexity makes their use impractical (Yang et al.,
2017). Thus, continuous powder feeding at mass flow rates above
300 mg/s is possible on a routine basis with some restrictions for
strongly compressible or cohesive materials.

The accurate continuous micro-feeding of fine powders appears to
remain a critical step in practice, and has recently gained importance in
many fields, especially in pharmaceutical development. In cohesive fine
powder micro-feeders (feed rate below 100 mg/s), the most commonly
used are vibration methods, the most common of which are the acoustic
vibration feeder (Yang and Evans, 2005; Chen et al., 2012a,b) and ul-
trasonic vibration feeder (Lu et al., 2008) according to the vibration
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Micro-feeding characteristics of chromium powder with irregular
micron-size particles actuated by acoustic radiation force

WANG Hong-cheng, ZHANG Ting, WU Li-qun® ., CHEN Rang-rang, ZHANG Li-nan

(School of Mechanical Engineering . Hangzhou Dianzi University, Hangzhou 310018, China)

* Corresponding author, E-mail: wuliqun@hdu. edu. cn

Abstract: Stable micro-feeding of micron-size metal powder is one of the core issues in advanced metal
parts manufacturing technology, including laser cladding deposition and 3D micro-printing. This study
solves the difficult problem associated with the aggregation of irregular shape metal powder, which is
unavoidable in existing methods when the feeding mass has a broad range. Such methods are based on
the use of a gas-powder feeding system. ultrasonic vibration, pulse inertia force and etc. This study u-
ses acoustic radiation force in an ultrasonic standing wave field as the driving force. so that the aggre-
gating powder is suspended in a nozzle to realize a stable pulse dose in a continuous feed mode. The
commonly used irregular shape chromium and titanium alloy powder, which can block the nozzle easily
during laser cladding deposition, is adopted as the research object to conduct experiments on micro-
feeding accuracy and stability. The particle sizes are 100-mesh, 200-mesh, and 300-mesh. The experi-

mental results show that the pulse dose mass for the 300-mesh irregular shape chromium powder is in
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Abstract: Micro-dosing of fine cohesive powders is the key technology in additive manufacturing
and especially in high-potency active pharmaceutical ingredients (HPAPI). However, high accuracy
micro-dosing (<5 mg) of fine cohesive powder is less trivial and still remains a challenge because it is
difficult to eliminate the aggregation phenomena caused by the strong interparticle cohesive forces
(in small capillaries). This paper presents a novel micro-dose method of fine cohesive powders via a
pulse inertia force system. A piezoelectric actuator is used to provide a high enough pulse inertia
force for a tapered glass nozzle and drive powder particles in the nozzle to be discharged from the
nozzle orifice with the help of particle self-gravity. The nozzles with outlet diameters in the range
of 100—2000 pm were fabricated via a glass heating process. The x-lactose monohydrate powder is
used as the micro-dosing powder. The influences of the tapered nozzle outlet diameter, amplitude
of the applied pulse voltage, and angle of the nozzle axis on micro-dosing mass are researched.
The minimum mean dose mass is 0.6 mg for a single pulse inertia force. The coefficient of variation of
dose mass, which represents the micro-dosing stability, can be controlled below 5% when the dose
mass is relatively small.

Keywords: fine powder; micro-dosing; piezoelectric actuator; nozzle; pulse inertia force

1. Introduction

Micro-dosing of fine powders can be applied in additive manufacturing [1] and in the
pharmaceutical industries, typically, in selective laser sintering (SLS) [2], three-dimensional printing
(3DP) [3], and high-potency active pharmaceutical ingredients (HPAPI). For example, in HPAPI [4],
the dosing of only a few mg (or less) of active pharmaceutical ingredient (API) powders in a drug
product is needed. However, these API powders (e.g., a-lactose monohydrate powder) are made of
very fine and sticky particles [5]. The size of individual particles is reduced below several microns.
The interparticle cohesive forces begin to play a major role in the bulk powder behavior. Van der Waals
forces are the main cohesive forces between fine particles. The strong interparticle adhesion forces cause
the formation of aggregates [6,7], which may cause micro-dosing process unstability and inaccuracy.
So, accurate micro-dosing of these fine cohesive powders appears to be an extremely critical step
in practice.

In recent years, many powder dosing techniques, such as pneumatic methods [8,9] and vibratory
methods, have been emerging in the above research fields. In a pneumatic powder dosing system,
the compressed gas is used to form gas-powder streams and the powder will be discharged out of a
multi-channel nozzle. However, the powder is easy to form dense-phase [10] and aggregates in the
nozzle. Another drawback of the pneumatic method is that the powder convergence is low when the
powder is ejecting out of the nozzle, and as a result, it is difficult to control the powder dosing location.
The vibration methods mainly include an acoustic vibration feeder [11] and ultrasonic vibration feeders,

Micromachines 2018, 9, 73; d0i:10.3390/mi9020073 www.mdpi.com/journal /micromachines
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Abstract. This paper presents a three-dimensional dynamic model of laser controlled dynamic self-
assembly of nanostructure. A phase field model is employed to study the surface fabrication of
silicon which is induced by the laser. The mechanism of the surface fabrication is that the heating
effect enhances surface diffusion mobility results in atoms outward flow. The computational model
systematically integrate for high reliability of the whole analysis, the experimental and simulated
measurements have been quantitatively investigated. A semi-implicit Fourier spectral scheme is
applied for high efficiency and numerical stability. The performed simulations suggest a substantial
potential of the presented model, which provides a reliable technology of nanostructure fabrications
on the surface of silicon.

Introduction

Self-assembly of nano-structural surface modification have received more attentions in recent
years [1-7]. The experiments made the effort to observe morphological surface modification which
is induced by cumulated laser pulses, especially to the appearance of periodical microstructures [3,
6]. The periodic surface structure is similar to the classical ripples, which are characterized by long
and nearly parallel lines extending over the entire irradiated area. Meanwhile, the fact of various
morphologies of surface modification has been introduced by some experimental observations [2,
7]. These researches provided a new perspective to study the modification on nano structural
surface, but it was hard for us to understand the mechanism of the fabrication, and how to design
various structures on the surface.

Such numerical models for simulating the heat transfer through the material have been utilized to
investigate the nanofabrication on the surface [8, 9]. They corroborated that variety of surface
modifications of silicon is related with the different laser energy, which is achieved by
incorporating the one- or two-dimensional temperature field in the numerical models. The
mechanism is the laser energy converting into thermal energy to generate a series of surface
modifications.

In this work, self-assembly of surface modification with precise structure has been expounded.
We propose a three-dimensional dynamic model for surface modification design. This is addressed
by employing a phase field model. The main contribution of our work is providing a new and
effective approach to simulate and predict morphology and size of spot. Our work promises to guide
the next industrial revolution and replace our entire manufacturing based with a new, radically
precise, less expensive, and more flexible way to make innumerable products.

Sample Preparation

Before the experiment, the cantilever must be fixed on experimental stage, in order to ensure that
the free end of cantilever keeps at room temperature before laser irradiation. The whole
experimental process is carried out in the air condition without using any ambient gas and vacuum.
In the process of experiment, the basic parameters of laser are listed as follows: The pulse duration
of femtosecond is 120fs. The wavelength of femtosecond A4 is 532nm, which approximately is

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.ttp.net. (#95198357-21/07/17,11:05:29)
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Study on Motion Control Way for Acoustic Suspended Particles Inside a Component

Wang Yaxing Wu Liqun Lin Zhipeng Ye Miaohong Zhuang lLong

Hangzhou Dianzi University, Hangzhou,310018

Abstract: In order to machine the structure inside a component directly. a new processing method
was put forward with the ultrasonic suspension technology. Firstly. a controlled particle motion mod-
el was established through theoretical study of ultrasonic suspension. and then a new test system was
designed. After some suspended particles’ control movement testss relationship among the suspension
forces and particle diameters. channel sizes. transmission thicknesses was obtained. Results show
that the proposed method can drive the particles in 3D space moving to any position freely with higher
accuracy. The control scheme is feasible and inspiring.

Key words: inner machining; ultrasound suspension;micro particle;motion control

0 5T FMIEBABERRET RS AR EZENR
2003 . E—LEHMWMIEBEERIT R KB Z.HWM.ELEEEMIAE . REABESM
FEMMPEMIEERTEZERAIIMI. FH AP MIMIAE HIFUBERBRERMIAZE. XL

75 % AT SE B BY A 1R = AL B OF A BB E B AT iR
2, BEEER AR R ZREAEMESHIES
EABAMECRAEHEIMRARE.ANEEHRARTE
FTRBEANRBNBZENRIEFEZMELIRIEERE
RIS AT E A EIEE B B R A R N SERE N &R
HENIRERAZIBESEHXE REETE
T—HEEBEMRBOMENBEMERENI A E. BEENANIRAZEGNPRITAR. UBIT
METEEEZHNNHABEHMEEMNIRA, RATEREENEEMNTRE.
EMITEMMIAESEARBIERFTERMLER B R 53

T IMIMBAMEEEZESESM . REE

EigE: At AFEFEMI TR MR E
HEMAME ULEEEMIANETHOMRE
(BP“AINI™ R? Ha7. i TH AR IS E
MREXLMEBEEERAMBAELELFEMEMT
£ AR RERIE AR AR B9 RLSRE E LU E R E R E
EHMENRESASEMIY . FREAA TR H

EHIRIATR M REY  EH KD B FR R
REEEDNTFEEK. EEREERTFHRHER
MM REY . BRERSPARZNMESE
RE . BAUBRTUZEF BT LERE. AR
ERBANREERY . ZHAF A ZHESH

Y A H.2015—02—11
EeTMB.ERABAMNEEESFAPMBEGLIT5134): 3 IH AR
HEESAHESTB (LZISE0004): i I A BAREES
FENT B (LY15E050024)

» 2996 =

Bl A8SHEERERERER. B REBT
L inESEMIVAR. BEINIHMESE
NiBER. BIHNBEEEANTENEZSS RaH
RERNERIARBZHREENN. BEEEER
IR ENME 2 FiR.BR.0 ABESE.
1.1 RHENEEFARIEHNER

BRAMAFEARERE. ZHAF-ENFE
TEZEYE LR BERESEBRNR.ZTHLE
@i FRTBEEANMRE. FIBEREAEIR.



$TBE2M moM X 5 KW OF XK Vol. 27, No. 2

2015 % 2 B HIGH POWER LASER AND PARTICLE BEAMS Feb. , 2015

Modeling and controlling of particles’ motion based on
dimensionally orthogonal ultrasonic standing waves

Wu Liqun. Ye Miaohong, Wang Yaxing, Lin Zhipeng. Yang Xianlong

(School o f Mechanical Engineering + Hangzhou Dianzi University « Hangzhou 310018, China)

Abstract: In order to obtain the uniform inverted pyramid micro-structures on the surface of multi-crystal-
line silicon. this paper presents a new way of using two orthogonal ultrasonic standing waves exerted dimension-
ally to assist wet chemical erosion and improve the performance of light trapping. A 2D geometrical mode of
grid-like arrangements is established firstly after some comparison. Then the theory of particles’ aggregation
motion formatting the grid-like model under the field of ultrasonic standing waves is studied and verified with

’

simulation tool. Experiments are carried out to test the effects of particles’ controlled motion. The multi-crys-
talline silicon erosion results illustrate that the idea of application of ultrasonic standing waves on grid microma-
chining is feasible and excellent,

Key words: grid micromachining; ultrasonic standing waves; particle control; multi-erystalline sili-
con

PACS: 81.16.-¢; 81.16.Nd; 81.65.-b
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The particles in the sound field will be affected by an acoustic radiation force, which is generated by the
nonlinear effect of sound field. This phenomenon was first described in the late 1800s by Kundt and Leh-

[, and its details were studied” . In 1934 King'® firstly calculated the acoustic radiation force generated

man
on rigid spheres in standing wave field through rigorous derivation. In 1955, Yosioka and Kawasima'" ex-
tended King's theory to apply to compressible spheres. In 1962 an alternative formulation for acoustic radia-
tion force dependent on the spatial gradients of the time-averaged kinetic and potential energies was derived
by Gor'kov'™.

Acoustic radiation force acting on the particles demonstrates broad application prospects. such as acous-

tic levitation'™ , particle manipulation techniques'™ and biomedical techniques*

. Ultrasonic manipulation of
the particles in the micro system has a more in-depth development. For example, microfluidic system is a re-
sult of the development of particle manipulation using ultrasonic in a microchip system, and it has a variety of

[9-10]

particle control action mainly in the particle capture, arrangement and sorting Ultrasonic control also

has developed in spatial dimension. from one-dimension to two-dimension and three-dimension-'"'%

Among the ways of processing silicon surface micro-structures, the chemical etching method has been
widely used for mono-crystalline silicon. However, this method has shown some disadvantages for mc-sili-
con. To ensure better machining quality and solar energy conversion efficiency of mc-silicon as well, a new
kind of method about the action of silicon corrosion is introduced. which is under the ultrasonic standing
waves. 1 he reaction of the particle” s motion control is achieved through the establishment of ultrasonic
standing waves, which makes the corrosion area arranged orderly. This article applies orthogonal ultrasonic

standing waves on particle” s control to micromachining of polycrystalline silicon for light trapping

structure. This article establishes one-dimensional and two-dimensional equations of particle’s motion in ul -

* Received date;2014-09-18; Revised date:2014-11-04
Foundation item:supported by National Natural Science Foundation of China (51175134)
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Particles motion controlling and modeling in two-dimensional
ultrasonic standing waves

YANG Xianlong' WU Liqun CHAO Yan
( School of Mechanical Engineering , Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract In order to achieve the uniform processing on the surface of multi-crystalline silicon (mc-Si) solar
cell, this paper presents orthogonal ultrasonic standing wave to manufacture regular morphology on the surface
of me-Si to improve the light trapping. The theory of particle motion formatting the grid-like arrangement in the
field of ultrasonic standing wave was studied, and a two-dimensional model of motion was established. The
process of particle motion was programmed and simulated. A experiment has been designed to test the
efficiency of particle motion controlling and modeling, and the result illustrates that the application of ultrasonic
standing wave grid micromachining is feasible to control particle motion.

Key words Orthogonal ultrasonic standing wave, Particle control, Multicrystalline silicon, Grid micromachining
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Abstract: Catalytic gas sensors are widely used for measuring concentrations of combustible gases
to prevent explosive accidents in industrial and domestic environments. The typical structure
of the sensitive element of the sensor consists of carrier and catalyst materials, which are in and
around a platinum coil. However, the size of the platinum coil is micron-grade and typically has a
cylindrical shape. It is extremely difficult to control the amount of carrier and catalyst materials and
to fulfill the inner cavity of the coil, which adds to the irreproducibility and uncertainty of the sensor
performance. To solve this problem, this paper presents a new method which uses a drop-on-demand
droplet generator to add the carrier and catalytic materials into the platinum coil and fabricate the
micropellistor. The materials in this article include finely dispersed Al,O3 suspension and platinum
palladium (Pd-Pt) catalyst. The size of the micropellistor with carrier material can be controlled
by the number of the suspension droplets, while the amount of Pd-Pt catalyst can be controlled
by the number of catalyst droplets. A bridge circuit is used to obtain the output signal of the gas
sensors. The original signals of the micropellistor at 140 mV and 80 mV remain after aging treatment.
The sensitivity and power consumption of the pellistor are 32 mV /% CH4 and 120 mW, respectively.

Keywords: gas sensor; micropellistor; microdroplet; pulse inertia force; methane

1. Introduction

Catalytic combustion type gas detectors that operate on catalytic oxidation of combustible gases
are widely used for detecting gas concentration and maintaining it at below the lower explosion
limit (LEL) [1]. It is an effective means to prevent explosive accidents in industrial and domestic
environments [2,3]. The combustive gases include hydrogen (Hz), methane (CHy), carbon monoxide
(CO), organic vapors, etc. As is shown in Figure 1, the widely applicable structure of the sensitive
element (called a pellistor) in the catalytic combustion type gas detectors consists of a porous structure
and a platinum coil [4,5]. Therefore, the pellistor is a kind of solid phase gas sensor [6] and has a much
higher sensitivity, though much effort has been put into developing a silicon microheater potentially
with a high-temperature and low-power consumption [7,8]. The porous structure, constructed around
the platinum coil, is called a carrier. On the inner surface is catalyst which has a catalytic effect during
the detecting process. The platinum coil can heat the catalyst to a sufficiently high temperature, at which
any flammable gas molecules present can produce flameless combustion [9,10] and release combustion
heat. Besides that, the Pt coil serves not only as a catalyst heater, but also as a resistance thermometer.

Micromachines 2019, 10, 71; doi:10.3390/mi10010071 www.mdpi.com /journal/micromachines
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Window Shape Design and Flow Characteristic Analysis of Caged Regulating Valve Sleeve
ZHANG Ting, WANG Hongcheng, CHEN Rangrang, WU Liqun
(School of Mechanical Engineering, Hangzhou Dianzi University, Hangzhou Zhejiang 310018, China)

Abstract: Caged regulating valve technology development is started late in our country. The traditional design process often de-
pends on empirical formula. There is a great error between the experimental results and the design requirements of the product. There—
fore, taking the sleeve of caged regulating valve as the design object, based on the theorem of orifice-plate flowmeter, general formulae
for the cross section of sleeve and cross section area under different opening of sleeve of four kinds of flow characteristics (linear flow
characteristics, equal percentage flow characteristics, parabolic flow characteristics and fast open flow characteristics) were obtained.
The model was built and simulation was made with FLUENT software. The experimental values of the relative flow of the regulating
valve under different open degrees were compared with the design values. The simulation results show that the design method is reliable
when the control valve opening is 30% ~80%, which not only meets the design requirements effectively, but also has short design cy-
cle, low cost and high accuracy. In addition, through the general area formula of the caged regulating valve’ s sleeve, sleeve with spe—
cific requirement can be gotten through change the pressure value of the inlet and outlet of the sleeve and different inherent flow charac—
teristics, so it has certain engineering application value.

Keywords: Caged regulating valve; Fluid simulation; Sleeve window design; Inherent flow characteristics
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Approach to Arbitrary Transportation of
Suspended Particles Based on Ultrasonic Composite Field
Zhuang l.ong Wu Liqun Du Xibiao Zhang Linan
Hangzhou Dianzi University, Hangzhou.310018

Abstract: A particle suspension transport method was proposed based on ultrasonic composite
field. Firstly. the array focusing model and accumulated force equation were established based on
phased array ultrasonic cells delay.then integrated with the standing wave ultrasonic field radiation
force calculation method. the particle motion control model and driving force formula under the com-
bined ultrasound field were introduced. Through the MATILAB simulation of complex ultrasound
field. the factors that affected the focusing performance and control performance were analysed.and
the preliminary test results were given and discussed. Finally.arbitrary control scheme of particle mo-
tion was put forward by compound ultrasonic driving field.

Key words:inner machining; ultrasonic suspension; composite field; particle transportation
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Abstract Metal-assisted chemical etching (MaCE) of
silicon (Si) is a well-used method for the fabrication of Si
nanostructures. To simplify the control etching for the
fabrication of Si 3D nanostructures, we developed a new
method using direct-alternating electric field to control the
etching direction. We examined the MaCE process in the
electric field, and evaluated the effect of different electric
field frequencies and ultrasonic ion bubbles on the pro-
duction of Si nanostructures. The results demonstrate that
electric fields can effectively control etching direction and
can be used to fabricate Si 3D nanostructures. Optimization
of the electric current density and electric field frequency
range has been performed.

1 Introduction

Silicon nanostructures exhibit promising application
potentials in the fields of opto-electronics [1], biochemical
sensors [2], Micro and Nanoelectromechanical Systems
[3], energy conversion, and energy storage [4]. Control-
lable fabrication of Si nanostructures is a prerequisite for
their application. Various methods can be used to fabricate
Si nanostructures, including vapor-liquid-solid (VLS),
reactive ion etching (RIE), electron beam lithography
(EBL) [5] and metal-assisted chemical etching (MaCE).
Fabricating complex 2D and 3D geometry is challenging
for all of these techniques, however, and can be cost-pro-
hibitive [6]. Metal-assisted chemical etching has attracted
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jxdear@163.com

' School of Mechanical Engineering, Hangzhou Dianzi
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increasing attention in recent years because it allows cost-
efficient fabrication of Si nanostructures with high feature
fidelity and high aspect ratio.

In MaCE, a metal catalyst is used to locally increase the
silicon dissolution rate in a solution containing hydrofluoric
acid and an oxidizing agent by creating a localized galvanic
cell around the metal catalyst particle. The etching process
starts as H,0, is catalytically reduced on the metal catalyst to
form a local cathode which consumes the electrons from
silicon atoms. Silicon atoms are oxidized to Si** or Si** with
the reaction continuing as the metal catalyst travels into
substrate as the silicon around and beneath the metal catalyst
is dissolved. Obviously, the movement track of the metal
catalyst determines the structure in MaCE, and H,0- affects
the etching rate, direction, and feature fidelity. In addition,
the etchant compoition, crystallographic orientation, metal
catalyst material and etching temperature can also affect the
etching direction [7-9]. The ability of controlling the etching
direction is critical for fabricating complex 2D and 3D
nanostructures and fabricating real-world devices for sci-
entific and industrial uses. Numerous articles report strate-
gies for control of the etching direction by limiting the
motion of the metal catalyst [9-13]. Owen et al. [ 12] report a
new method of fabricating complex 3D nanostrutures with
high feature fidelity using a shaped metal catalyst in MaCE.
Others have reported that an etchant with different molarity
ratio of H,O, to HF can affect the movement direction of
metal catalyst as well as etching direction [7, 9, 14, 15]. Inan
etchant with a high [HF]/[H,O] ratio, a Si (111) wafer is
etched along (100) direction. When the ratio is sufficiently
low, etching direction proceeds along the (111) direction [7].
The back bond strength and the surface oxidation atate of Si
contribute to the etching direction, among other factors [16],
but (100) direction is the preferential etching direction of Si.
Much research has been dedicated to control of the etching
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