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ABSTRACT 
The Micro pump is an essential component in a 

Micro Total Analysis System (μTAS). A feasible and reliable 
design of the micro pump is a key for the development of the 
μTAS. The Valve-less Rectification Micro Pump (VRMP) has 
many advantages, such as:  non-moving parts, independent of 
fluids and channels properties, reliable, and easy to fabricate. 
Fluid diodicity is an essential parameter of the VRMP design. 
In this study, we investigate the fluid diodicity (the ratio of 
forward to reverse flow’s pressure drop) of micro rectifying 
geometries for more effective design of VRMPs. An 
experimental apparatus is designed and constructed.  In our 
preliminary experiments, we measured diodicities of four 
different rectifying geometries, including bifurcation, heart 
shape, semi-circle and triangle. Experimental results 
demonstrate that rectifying geometries can take different 
designs that differ from the conventional diffuser-nozzle and 
Tesla’s designs; therefore, there is an opportunity to enhance 
the performances of VRMP by choosing the application-
specific rectifying geometries 

 
INTRODUCTION 

With technological advancements in micro-
electromechanical (MEMS) systems and semiconductor 
micro-fabrication methods, along with the influx of genomic 
and proteomic data, μTAS will continue to provide superior 
benefits in many fields including pharmaceuticals, 
biotechnology, life science, defense, public health, and 
food/agriculture. An effective micro pump is a key component 
in any micro system that contains liquids flow.  

There are a large number of publications focusing on the 
design, fabrication, testing, optimization, analysis, and 
modeling of micro pumps that have different pumping 
mechanisms [1]. One of those is VRMP, which has several 
advantages over other types of micro pumps. First, it has no 
moving parts and has a much simpler design than typical 
mechanical micro pumps, which require components such as 
check valves [2]. Second, VRMP can pump a wide range of 
fluids regardless of their conductivity. In contrast, other types 
of non-mechanical micro pumps are restricted to fluids with a 

narrower range of conductivity; for example, 
magnetohydrodynamic micro pumps use high conductivity 
liquids [3] and electrohydrodynamic micro pumps typically 
use low conductivity liquids. Third, VRMP can pump liquids 
in micro channels made of different kinds of materials; other 
types of non-mechanical micro pumps require specific channel 
materials. For example, electro-osmotic micro pumps depend 
on the wall properties of the micro channels [4].  

The design of VRMP is similar to the design of check-
valve pumps. The only difference is using rectifying 
geometries instead of check valves for flow rectification. 
Rectification efficiency is a function of fluidic diodicity, 
which characterize the performance of the rectifying 
structures:                      
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where Δpnegative  and Δppositive are the pressure loss of the 
rectification geometries in negative and  positive flow 
direction. 

VRMP pumping mechanism depends on rectifying 
oscillating flow, typically generated by piezoelectric disc, to 
one way flow [5].  Rectification (convert oscillating flow to 
one-way flow) requires no check valves. The rectification 
effect is directly proportional to the fluidic diodicity [6]. 
Therefore, increasing the fluidic diodicity will improve the 
efficiency of the VRMP. Tesla [7] and nozzle/diffuser [8] 
micro pumps use valvular conduit and nozzle/diffuser 
structures, respectively, to rectify fluids. Efficiency 
enhancement has been the focus of different published papers. 
For example, a numerical and experimental study has been 
conducted to optimize the geometry of Tesla pump [9,10]. The 
effect of Reynolds number and shape design on the 
performance of nozzle/diffuser micro pump was presented in 
[11]. Optimizing the micro pump’s geometry by increasing the 
fluidic diodicity will result in designing high efficiency 
VRMP. 

In this study, we experimentally explore different 
rectifying geometries; therefore, we are expanding the 
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database of the rectifying geometries, which will not only 
provide opportunities for designing a higher efficiency 
VRMP, but also will give the designers more options to match 
different application-specific performance requirements (i.e., 
higher flow rate, higher pressure gradient, higher pump 
efficiency or a specific pressure/flow rate relation).   

 
MICRO CHANNEL FABRICATION 
 
  Soft photolithograpy was used in the fabrication 
process of the rectifying geometries. A negative photo resist 
was used to generate the micro channels’ molds on silicone 
wafers in accordance with a mask design. The casts were 
made of PDMS (Polydimethylsilaxane), and the channels’ 
casts were sealed by bonding the PDMS to a glass through the 
use of a plasma asher.  The detailed procedure is shown in 
Figure 1 
 

 

 

 

 

 

 

 

 

 

 
Figure1: Principles of Negative-Ton Photoresist 

Microfabrication 
 

EXPERIMENTAL APPARATUS 

We observed the pressure drop over the rectifying 
geometries in the forward and backward flow. A water tank 
was pressurized with compressed gas (Nitrogen) and 
connected to a manifold where the pressure was measured. 
Four pressure transducers were connected to the manifold to 
measure the pressure at the channel entrance, outlet, and 
before and after the rectifying geometry under investigation, 
respectively. The exit pressure was atmospheric during all the 
experiments.  The pressure transducers were connected to an 
A/D converter, and the measurements were displayed and 
analyzed by a PC connected to the converter. The PDMS 
assembly, embedded with the micro rectifying geometry, was 
firmly secured on the experimental platform against o-rings by 
a retainer. The platform is made of aluminum.  

The entrance pressure was the same in the forward and 
backward flow; in other words, the total pressure drop over the 
whole micro channel was constant. Therefore, the fluidic 
diodicity in all experiments was measured at the same 

boundary conditions. Figure 1 shows the experimental 
apparatus. 
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Figure 2: Micro Flow Measurements Apparatus 

 
RESULTS AND DISCUSSION  
 
Figure 3 shows the rectifying geometries that are investigated 
in this study.  Four different rectifying geometries (i.e., semi-
circle, heart shape, bifurcation, and triangle) are used in the 
experiments. Each geometry was tested at three different 
entrance pressures. The diodicity was calculated by dividing 
the forward flow’s pressure drop by the backward flow’s 
pressure drop across the rectifying geometry. The size of the 
micro channels were 600 micron wide and 100 micron high. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Rectifying Geometries Used in the Study.A. 
Bifurcation with Four Generations; B. Semicircle; C. Trangle; 
D. Heart Shape 
 

The preliminary results of our experiments are presented 
in Figure 4. Each graph displays the value of diodicity for a 
rectifying geometry at three different entrance pressures. As 
shown in Figure 4, the measured diodicity values are as low as 
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1.1 and as high as 2.8. A diodicity value of one means that the 
pressure drops in the forward and backward flow directions 
are the same; therefore, there will be no rectification effect. 
Figure 4 also shows that the fluidic diodicity is a function of 
entrance pressure or with the total pressure difference. It is 
noted that the diodicities of the heart shape and the semi-circle 
geometry as a function of the entrance pressure share the 
similar patterns where the diodicities decrease monotonically 
with the increase of the entrance pressure.  However, the 
diodicty decreasing rate declined as the entrance pressure 
further increases. With bifurcation and triangle shapes, in 
general, diodicity increased with the increase of the entrance 
pressure;  the triangle shape has a sharp increase at the lower 
entrance pressure while the bifurcation geometry has a sharp 
increase at the higher entrance pressure.  Thus, there is no 
general formula to control the relation between diodicity and 
entrance pressure. More experiments are needed to support 
these observations. 

Figure 4 indirectly demonstrates that the fluid flow 
phenomenon around the rectifying geometry is quite complex, 
and also a function of Reynolds number. More investigation 
studies are needed to understand the fluid-geometry 
interactions to maximize the flow rectification.  
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Diodicity Vs. Entrance Pressure (Bifurcation Shape)

 
 

Diodicity Vs. Entrance Pressure (Semi-Circle)
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Diodicity Vs. Entrance Pressure (Triangle Shape)

0

0.5

1

1.5

2

2.5

0 10 20 30 40 50 60

Entrance Pressure (psi)

Di
od

ic
ity

 

 

C

 
Diodicity Vs. Entrance Pressure (Heart Shape)
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Figure 4: Effects of Entrance Pressure on Fluid Diodicity A. 
Bifurcation with four generations; B. Semicircle; C. Triangle; 
D. Heart Shape  
 
SUMMARY 
 

An experimental appratus and procedure are designed and 
used successfully to measure the fluidic diodicty for different 
rectifying geometries.  

B Preliminary experiments shows that fluid flow 
characteristics around the rectifying geometry are quite 
complex. Fluid diodiciy of a micro structure is a function of 
the geometry as well as Reynolds number. 

More studies are needed to fully understand the fluid-
geometry interactions for an optimum design of flow 
rectification.  
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