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COMPUTATIONAL SIMULATIONS OF FLOW CHARACTERISTICS

Numerical simulations were performed using commercial software (COMSOL Multiphysics 5.0; COMSOL,
Inc.). To calculate laminar two-phase flow, phase field model that is appropriate to consider two-phase system
was considered with the contributing forces. In addition, Navier-Stokes and continuity equations were considered,
and the fluid flow was assumed to be laminar, steady, viscous and incompressible. The governing equations of

phase field model based on the Cahn-Hilliard equation are employed as follows.
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, where ¢ is the phase field function and it is defined as ¢ =1.0 in air and ¢ = 0.0 in solution sample. u, ¥, 4,
¢ are the fluid velocity, mobility, mixing energy density, and interface thickness, respectively. The surface

tension is proportional to the ratio between the mixing energy density and the interface thickness as Fs < A/ &,

The fluid velocity is calculated with Navier-Stokes and continuity equations as follows.
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, where O, H, p and g represent the density of fluid, dynamic viscosity of fluid, pressure, gravity vector,

respectively. Fs is the surface tension force. The fluid was considered to be water, and its density and dynamic
viscosity were set as 10° kg/m® and 107 Pa/s. The thickness of interface was set to be Ac/2, where k. is the
characteristic mesh size in the region passed by the interface. The surface tension was set to be 0.07 N/m. The
atmospheric pressure condition was assigned at the inlet. At the outlet, the five different outflow rates were
assigned to describe the absorption by the pad. Wetted wall boundary conditions were applied at all device walls

to describe the surface tension.
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Supplementary Figure 1. The exploded of the LIGHT.
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Supplementary Figure 2. Photograph of the LIGHT for rapid and precise identification of pathogens in urine
samples.
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Supplementary Figure 3. Time for 30 PCR thermal cycles obtained with different diameters of the
chamber.
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Supplementary Figure 4. Configuration of the LIGHT setup.



Supplementary Figure 5. Fluorescent images of E. coli after the illumination of a blue light (A =447.5 nm)
for 1 minute. Green dye: all bacteria (SYTO 9 stain), Red dye: dead bacteria (propidium iodide stain).
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Supplementary Figure 6. Fluorescent detection of E. coli from 10° to 10° bacterial concentration.



1200
- F coli

s 1000+ C. freundi
A= P ageruginosa
8004 ¥ K pneumoniae

Relative fluorescence / a.u.

600+
400+
200+
0 1|0 2|0 | 3|0 4|0 50
Cycle no.

Supplementary Figure 7. The specificity of TagMan probe for E. coli. Four types of bacteria strains including
E. coli, C. freundi, P. aeruginosa, and K. pneumoniae at 10° CFU/ml were tested by using benchtop thermal
cycler.
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Supplementary Figure 8. Configuration of the LIGHT integrating optical detection module.
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Supplementary Figure 9. Sequential images of bacterial enrichment in the LIGHT.
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Supplementary Fig. 10. Representative fluorescent images: (a) The original image (b) The selected image
by Magic wand tool in Photoshop (c) The extracted image.
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