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Measurement of Liquid Diffusion Coefficient Based on
Double Liquid-Core Cylindrical Lens: Equivalent
Observation Altitude Measurement Method
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Abstract A method to measure liquid diffusion coefficients based on double liquid-core cylindrical lens (DLCL) :
equivalent observation altitude measurement method is introduced. The front liquid core of DLCL is used as both
diffusive pool and main imaging element, and the rear liquid core is used as aplanatic auxiliary element. A fixed
altitude of DLCL is selected as observation position. Based on the Fick’s second law, the liquid diffusion coefficient
is calculated according to the relationship between the diffusion image width and time. The diffusion coefficient of
0.33 mol/L KCl aqueous solution is D=1.8530X10 ° ¢cm*/s, which is measured at the room temperature (25 “C)
and by equivalent observation altitude measurement method. The relative error between the measured results and
the literature values is 0.65%. The proposed method makes use of the advantage of DLCL that can reduce the
spherical aberration in certain range of refractive index, which makes the liquid diffusion coefficients have the
characteristics of high accuracy (relative error is less than 1%), high speed (measurement time is about 60 min),
and the visualization of diffusion process.
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Fig. 1 Diagram of experimental facility. (a) Physical device; (b) top view of designed DLCL and

image capture display system
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Fig. 2 Sums of SA versus refractive index of rear

liquid core for KCI diffusion system, the insert is that the
SA varies with the refractive index of front liquid core,
when the rear liquid core is filled with the best reduced
SA liquid n'=1.3974 for KCI diffusion system
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Fig. 3 Imaging principle of the DLCL.
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Fig. 4 Top view of the imaging of the designed DLCL
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Table 1 Data of refractive index, experiment image width and calculated image width by Gaussian formula

Refractive index n 1.3330 1.3341 1.3351 1.3355 1.3370 1.3376 1.3379 1.3389
Calculated image width S /pixel 121 92 66 55 16 1 8 34
Experiment image width X /pixel 123 89 69 53 15 7 15 40

Refractive index n 1.3399 1.3408 1.3418 1.3427 1.3473 1.3501 1.3568 1.3600
Calculated image width X /pixel 61 84 110 134 254 327 501 584
Experiment image width X /pixel 63 81 108 130 251 327 505 590
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Table 2 Diffusion coefficients measured at different observation altitudes

Z /pixels 1135 1165 1175 1185 1195 1205 1215 1235

D /X107em?®/s 1.814 1.836 1.853 1.8463 1.8574 1.8631 1.8736 1.8826
Deviation /X 10 °cm?/s —0.0393 —0.0173 —0.0003 —0.007 0.0041 0.0098 0.0203 0.0293
Relative error —1.47% —0.27% 0.65% 0.29% 0.89% 1.20% 1.77% 2.26%
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