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ABSTRACT 

 
INTRODUCTION 

Slowing down fluid flow has been used to increase the 

available incubation time for reagent mixing, and thus 
increase the sensitivity in diagnostic tests for detecting 
Human IgG antibodies [3] and also as a method of timing 
reagent delivery [4]. Slowing fluid flow has been achieved 
using various methods such as printed wax pillars [3], using 
absorbing shunts [4] and dissolved sucrose [5]. These 
methods enable limited control of the flow rate in porous 
channels, however since they act solely by slowing the flow 
rate, this limits usage when rapid analysis is required and 
may also lead to loss of sample through evaporation [6]. 

Fundamental analysis of fluid mechanics systems have 
shown [9] [11] that the meniscus rise of fluid between one 
rigid and one flexible sheet can rise indefinitely, 
overcoming the normal equilibrium (Jurin) height. This 
meniscus rise is due to a flexible sheet deforming under 
capillary force, toward the rigid sheet, creating an 
infinitesimal gap between the two surfaces. This 
elastocapillary principle has been used in a microfluidic 
device [12], where a porous filter paper substrate was 
sandwiched between two polyester flexible cover-slips, 
increasing flow velocity. This increase in flow velocity 
gave increased sensitivity in detecting pesticide, as liquid 
flowed more rapidly into an incubation area for longer 
incubation time. However, this design is limited in 
controlling flow (for example minimising fluid volume) 
since the width of the fast-flow channel is defined by the 
width of the flexible coverslip, which may not easily be 
altered along the channel length. The complexity of 
fabricating a 3-tiered structure also reduces the attractive 
simplicity of PADS. 
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Figure 1 (A) Diagram of the cross section of the elastocapillary channel. (B) Channel deformation during 
elastocapillary imbibition. (C) Diagram showing how fluid is loaded onto the channel end. 
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In this work, we present the design, fabrication and 
analysis of an elastocapillary channel, using wax-printed 
nitrocellulose membranes. Development of nitrocellulose 
membranes is particularly attractive in applications where 
very low volumes of liquid are available, or desirable, for
example a blood sample for POC diagnostics. The 
advantages of nitrocellulose include its low thickness 
(~ 120 m) which means little liquid is lost in void volume, 
well characterised flow and potential for antibody 
immobilisation.  The design is very simple to fabricate, 
whereby the nitrocellulose membrane is itself used as the 
flexible sheet in an elastocapillary system. The design 
comprises a nitrocellulose membrane with a wax printed 
channel, suspended over a glass substrate using a double-
sided adhesive.  

METHODOLOGY 
Design of elastocapillary channel 
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Fabrication of elastocapillary channel 

To demonstrate the ability to control the flow rate a
channel of variable width, with discrete channel widths of 
(0.45, 1.20 and 2.46 mm) was fabricated. 

RESULTS AND DISCUSSION
To measure the flow of liquid through the 

elastocapillary system, 15 L of water (containing 1% v/v 
red (Wilton) food colouring) was pipetted onto one end of 
the flow channel as shown in Figure 1 (C). The imbibition 
of the liquid into each channel was measured using a digital 
video camera, and the distance travelled of the liquid front 
was measured at set time points. The results are shown in 
Figure 2, comparing the liquid front position of varying 
width suspended channels and non-suspended channels of 
0.7 to 2.4 mm width and with a visual comparison shown 
in Figure 3. A marked increase in the flow velocity is 
observed when the channels are suspended. After 5 
seconds, the 2.4 and 0.7 mm width channels, respectively 
show 4.45 and 1.97 factor increase in liquid front position 
over the non-suspended channels. 
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Figure 2. Position of the liquid front over time in 
suspended elastocapillary channels of 0.7 and 2.4 
mm compared with non-suspended channels 

  Not suspended
  0.7 mm suspended channel
  2.4 mm suspended channel
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A channel of variable width (3 discreet regions of 0.45, 
1.20 and 2.46 mm) was also fabricated (visible in Figure 4 
inset), and the flow velocity in each region was measured, 
decreasing by 29 % and 79 % as the channel width is 
decreased, as shown in Figure 4.  

 

Figure 3. Video stills after 0,2.0 and 5.0 seconds of liquid 
imbibition into non-suspended (A, B) and suspended (C, D) 
channels 2.4 (A, C) and 0.7 mm width (B, D). 

Figure 4. Liquid front position over time in an 
elastocapillary channel of controlled width from 0.45 to 
2.46 mm. (Inset) image of variable width channel. 

The flow velocity in non-suspended variable width 
channels is not largely affected by the width of the channel, 
when moving from larger to smaller channels [14], whereas 

in the suspended channel, the flow demonstrably slows as 
it enters each narrower section. 

Furthermore, for single (constant) width channels, the 
flow velocity in non-suspended channels is not affected by 
width (in wet-out flow). This is visible in Figure 3 (A,B) 
where the meniscus fronts in channels of 0.7 and 2.4 mm 
width flow at the same velocity. However we have 
measured the front position over time of a number of 
suspended channels (width 0.60 to 2.48 mm), and show in 
Figure 5 that the meniscus front position x(t) follows time1/2 
and the square root of channel width wc1/2 linearly; which 
demonstrates that the flow dynamics in this channel follow 
the behaviour described in Equation (4).  We note that the 
x vs. time1/2 flow velocity is similar to the behaviour 
observed in two-ply channels by Martinez et al. [7].  

The wide range of flow velocity achieved with 
relatively small changes in channel width demonstrates that 
elastocapillary channels are a simple method of controlling 
fluid velocity in PADS, which is greatly useful in POC 
devices where precise reagent mixing time is required. 

Figure 5. Liquid front position divided by wc1/2 plotted 
against the square root of time in suspended channels of 
varying width between 0.60 and 2.48 mm.  
 
CONCLUSIONS 

wc1/2
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