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Abstract A new PIV-system which measures all three velocity-components (3C) instantaneously in a
microscopic two-dimensional plane is used to investigate the flow behind a backward facing step in
microscopic length scales. It is the first application of a system which combines the principles of stereo
microscopy and PIV to investigate unsteady three dimensional flows.
The new measuring system has been developed for a wide range of applications, e.g. in the medical
technology (stent flow), in biological systems (flow induced by micro organisms) or in MEMS structures
(lab on a chip), where the knowledge about the instantaneous three-dimensional flow structures and mixture
conditions are essential.

1. Introduction
Today, microscopic flows are being investigated in many fields in science and engineering. Current
examples are the stent flow from medical science, mixing or heat exchange problems in engineering
and new bionic micro sensors in biological science. To investigate these configurations a new
measurement system was developed that allows the observation of velocity fields with characteristic
sizes of 1 mm x 1 mm. The system has been designed to deliver instantaneous velocity fields with
all three velocity components to allow the investigation of three-dimensional flow fields. There is
no averaging of velocity fields necessary to measure a 2D-3C velocity field as in previous setups
(Klank 2001). This feature is particularly interesting for the investigation of unsteady flows which
occur in mixing configurations or in biological micro flows for example.
The measurement system is based on the PIV method which is in use for microscopic flow
measurements with great success be a number of other authors (Meinhardt et al. 1999, Santiago et
al. 1998, Lindken et al. 2004). Here, a stereo-PIV setup is used together with a true stereomicroscope to obtain instantaneous 2D-3C vector fields. The setup was first described by Oschatz et
al. (2004) (see also Klasen et al. 2005), the current status of the system is presented in section 2.
The first measurement campaign is designated to the validation of the system. Two configurations
were chosen to measure flow fields with the new µ-stereo PIV system. The configurations are the
flow in a channel with a rectangular cross section and the flow around a step with a finite length
placed in the same channel. Both configurations are also investigated by numerical simulation for
reasons of comparison. Experimental data for the channel flow was also available from Heinzel
(2004) which indicated, that wall slip has occurred in this geometry. The numerical simulation was
then performed using CFX 10 for various Reynolds-numbers including a model for wall slip using
the experimentally obtained slip-length (Heinzel 2005) and auto-adjustment of the slip velocity. The
numerical simulations including the slip conditions provided the best agreement to the experimental
data. An example which also illustrates the channel-step geometry is shown in fig.1. Further below
we present selected results for comparison with experimental results for Re = 10 in section 3.
A discussion of the results and an outlook is given in section 4.
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Fig. 1. Velocity field near the step, colour: numerical simulation of the slip velocity

2. Stereo Micro-PIV experimental setup
The Stereo-PIV setup comprises two PIV-cameras, the filter box, the stereo-microscope and a lens.
The setup is depicted in figure 2. The cameras are Dantec Hi-Sense cameras with 1280 pixel x 1024
pixel CCD. They are placed on the camera output on the stereo head of a Zeiss Stemi 11
microscope. Below, a rotating filter drum allows the use of filter-sets for epifluorescense
microscopy and the connection of a light source for coaxial illumination. The lens is a leica planapo
lens with a short focal length of 15 mm. It allows a view angle of 25° for each of the optical paths.
The two CCD cameras generate a double frame image pair. These images are cross correlated with
an interrogation area size of 32 pixel x 32 pixel. The third velocity-component (out-of-plane
component) is obtained from the usual stereo PIV vector processing approach (Prasad and Adrian
1993). The setup allows the measurement of flow fields in an observation area down to 500 µm x
600 µm, with interrogation area sizes down to 12 µm x 12 µm.
The two illumination options are illustrated in figure 3. In the left setup the light from a pulsed
green 5W LED is used as a standard illumination from the background. Since no optical filtering is
used the low light intensity compared to an illumination from a pulse laser is sufficient for
recognizing the particles. This mode is designed as the standard procedure for the planned
biological flow investigations such as flow around micro-organisms or flow in cells which are easily
destroyed under laser-light. The second illumination option allows the illumination coaxial with the
view axes and requires the use of filter boxes with dichroitic mirrors and fluorescent particles in the
flow. In this case only the fluorescence light from the particles is forwarded to the cameras. The
present measurements were performed with the first option using 1µm monodisperse silicate
particles from Micromod.
The test object, displayed in figure 4, is a micro channel with a cross section of 200 µm x 200 µm
and an optional step of 100 µm length and height which has been manufactured in transparent
polystyrol by Greiner BioOne. The length of the channel is 200 times the width. The wall roughness
of the channels is below 0.05 µm. The channels are closed by a transparent polystyrol plate which is
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chemically bonded to achieve complete water tightness. The flow through the channel is driven by a
medical syringe pump. The test object is moved by a three-axis arrangement of linear traverses with
a minimum step size of 0.2 µm. The vertical movement is also used in conjunction with a dotmatrix target for the stereo-PIV calibration.
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Fig. 2. Experimental setup of the stereo-micro PIV system
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Fig. 3. Options for the illumination: left: direct illumination, right: coaxial illumination through the lens,
using fluorescent particles
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Fig. 4. Layout and dimensions of the test objects channel (top) and channel with additional step (bottom)

3. Results
In a first series of measurements the flow through a channel with a rectangular cross-section of 200
µm x 200 µm has been observed. The results shown here are obtained for a Reynolds number based
on the channel width of Re = 10.
In figure 5, the out of plane velocity component w is depicted as colour plot, additionally velocity
vectors of the mean flow component (u) is drawn on cross-flow lines to give an impression of the
velocity profile. Two fields are presented in figure 5, one with a distance from the channel floor (zcoordinate) of 50 µm (top) the other closer to the floor at z = 25 µm. Both fields are an average
from 100 instantaneous fields. The velocity profiles show a parabolic profile, clearly the velocity
magnitude is lower in the profiles closer to the channel floor. The w-component is on average one
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Fig. 5. Experimental result of the flow in a channel with a cross section of 200µm x 200 µm, colour:
velocity w, top: plane z = 25 µm, bottom: plane z = 50 µm
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Fig. 6. Flow in the channel from fig. 5, plane z = 50 µm, colour: velocity component w, top: stereo-µ PIV
result (averaged field), bottom: numerical simulation with ANSYS cfx 10

order of magnitude smaller than the u-component on the centreline while the w-component intensity
plot gives the impression that there is more structure in the flow at z = 50 µm than at z = 25 µm.
In figure 6 the magnitude of the u-component is compared between the experimental and the
numerical results. Although the velocity distribution is following a parabolic profile in both cases,
the numerical results show higher centreline velocities. All experimentally obtained velocity
profiles lack extreme velocity values. This behaviour results from a large interrogation volume
leading to averaging effects. On the centreline the interrogation depth is large, thus the maximal
velocity values are underestimated due to averaging with lower layers.
In a second series of measurements the flow around a finite step with a length and height of 100 µm
which as been placed in the channel described above is observed. The Reynolds number of the flow
based on the channel width is Re = 10.
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Fig. 7. Experimental results of the flow in the same channel as in fig. 6, with an additional 100 µm long and
100 µm high step, colour: velocity component u, top: plane at z = 25 µm, bottom: plane at z = 50 µm

In figure 7 the magnitude of the u-component oriented in main flow direction is depicted as colour
plot for two distances from the channel floor, z = 25 µm (top) and z = 50 µm (bottom). Two flow
regions can easily be distinguished. Upstream of the step (grey box) the u-velocity drops shortly
before the step as a result of the upward motion. In the wake of the step, however the region of low
u-velocity extends much further than upstream of the step. This effect is more pronounced for the
field closer to the channel floor (z = 25 µm).
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Fig. 8. Experimental (top) and numerical (bottom) results of the flow in the channel from fig. 7, plane z =
50 µm, colour: velocity component w, top: Stereo-µ PIV result (averaged field), bottom: numerical
simulation with ANSYS cfx 10
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Finally, in figure 8 the vertical velocity (w-component) is presented as colour plots from the
experimental result (top) and the numerical solution (bottom) for the plane z = 50 µm. Additionally
velocity vectors of the in-plane components (u,v) are shown. Now the two regions mentioned above
are clearly recognised as the centers of vertical motion. Upstream of the step in a close distance to
the edge of the step the motion is oriented upwards, in the wake of the step downward motion is
detected with a significant distance to the backward edge of the step, thus forming a well defined
wake flow region. While the irregularities in the experimental results show that there is considerable
noise in the measurement process, it should be mentioned that the overall position, general shape
and the maximum values are correctly represented in the experimental velocity field in comparison
to the numerical solution.

4. Discussion
First results have been obtained with a new stereo-micro PIV setup to demonstrate the possibilities
of this measurement technology.
The experimental results from the investigation of the flow through a micro-channel show a good
agreement with results from numerical simulation using a solver for the Reynolds-averaged Navier
Stokes equations (see figure 6). The simulation also includes a newly designed algorithm to
incorporate the wall slip. The magnitude of the maximum velocity on the centerline is reduced
compared to the numerical results due to the correlation depth of the PIV-field. This problem can be
reduced in future measurements by using smaller seeding particles and a stronger light source.
A series of 2D-3C velocity fields could be obtained at the backward facing step. The flow fields
allow a quantitative study of the wake, particularly the 3D flow field and also concerning the
unsteady behaviour since the instantaneous velocity fields are available with this stereo-micro PIV
method. The comparison shows that there is a good agreement between the experimental and
numerical results. The representation of the third velocity component (out of plane components)
matches the flow topology as well as the in-plane components (see figure 8).
In the next step of development the stereo-micro PIV system will receive stronger illumination
equipment. Currently several measurement projects are scheduled including the investigation of the
flow around bionic micro sensors, the flow near micro-organisms and the flow in micro-medical
applications.
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