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The equations needed to describe the ramp are the Navier-
Stokes equation for incompressible fluids 

𝛻𝑝 = 𝜂 Δ𝑢 + 𝜌 𝑓 
with no-slip boundary conditions on all boundaries except the 
plane of symmetry, the inlet and the outlet, see Figure 1, were 
appropriate conditions are chosen. 
The concentration profile is then calculated using an advection-
diffusion equation 

𝜕𝑐

𝜕𝑡
+ 𝛻 ⋅ 𝑗 = 0  with  𝑗 = 𝐷 𝛻𝑐 − 𝑢 − 𝑔𝐳 𝑐 

where the latter expression also accounts for gravitation and 
buoyancy. The inlet boundary is set to a constant concentration 
𝑐 = 𝑐0, the outlet and the ramp floor only allow convective 
transport. All other boundaries are insulating. 

 
Figure 2 shows a comparison between the ramp structure 
and a comparable straight channel. An increase of the 
concentration of about 22% is achieved in this case. Figure 
3 shows simulations for higher fluid velocities. Here the 
capture rate is increased by about 18%. These values can be 
improved by lowering the velocity, extending the ramp or 
by changing the ratio of the entrance area to the outlet 
area.  
 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Simulations show, that the model can be adapted to even 
higher velocities than proposed by A. Weddemann et al. [2]. 
This comes at a cost of a severe change in height and length 
of the channel and most of the particles floating in the 
upper half of the channel will unlikely reach the sensor. 

 

 
 

1. Wang SX, Li G, Advances in giant magnetoresistance 
biosensors with magnetic nanoparticle tags: review and 
outlook, IEEE Trans Magn, 44, 1687-1702 (2008) 

2. A. Weddemann, F. Wittbracht, A. Auge, A.Hütten, Positioning 
system for particles in microfluidic structures, Microfluidics 
and Nanofluidics, 7, 849-655 (2009) 

Figure 3. Comparison between a straight channel (a,b) and 
a ramp structure (c,d). a) and c) show the concentration 

distribution inside the geometries. b) and d) a mapping of 
the initial height an the ramp’s floor 

Figure 4. Simulations of the initial height mapping (left) and 
the concentration distribution (right) for different 
geometries and fluid velocities. a) 250µm/s b) 500µm/s   

c) 2500µm/s 

 
The possibility to detect and probe particles in microfluidic 
devices gives rise to interesting applications [1]. There are 
different approaches on the realization. A common issue is the 
deposition of the particles on the sensor, as it typically requires 
the probed objects to be close to or in contact with the sensor 
area. Therefore it is important to increase the density of 
particles on the sensor. 
This is achieved by a change in the geometry of the microfluidic 
channel, see Figure 1. The change in the flow profile combined 
with the gravitational force results in an increased 
concentration on the structures floor. Depending on the models 
parameters, this structure leads to an increase of the particles 
concentration on the ramp’s floor of up to 100% [2]. 
 
 
 
 
 
 
 
 

 

Motivation 

Figure 1. Model of 
the ramp structure 
with all contributing 
effects. Gravitation 
(red), buoyancy 
(black), and the flow 
profile (blue) 

Governing equations 
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