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Fig. 1. Imaging light path diagram of the liquid
core cylindrical lens: (a) schematic diagram of three-
dimensional imaging; (b) schematic diagram of two-

dimensional imaging.
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Fig. 2. Ethylene glycol and water diffusion process
image, nc =1.3434: (a) t = 660 s; (b) t = 780 s; (c)
t =900 s; (d) ¢ = 1020 s; (e) t = 1140 s; (f) t = 1260
s; (g) t = 1380 s; (h) t = 1500 s; (i) ¢ = 1620 s. The

arrow is the focus position.
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Fig. 3. Ethylene glycol and water diffusion process im-
age, nc =1.3522: (a) t = 1740 s; (b) t = 1920 s; (c)
t=2100s; (d) t = 2280 s; (e) ¢ = 2460 s; (f) ¢ = 2640
s; (g) t = 2820 s; (h) ¢ = 3000 s. The arrow is the
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Table 1. The data of the refractive index spatial dis-
tribution method (t = 1740 s).

erfinv

focus position. Z{/um X /um n; C; SR 7E R
135 83.6 1.3506  0.1630 0.6946
180 105.6 1.3501  0.1586 0.7071
250 123.2 1.3499 0.1560 0.7148
300 136.4 1.3494 0.1509 0.7303
340 154.0 1.3489  0.1457 0.7462
390 171.6 1.3483  0.1396 0.7652
4 BEEY BEGEERFERER (t = 1740 s) 430 189.2 1.3477  0.1335 0.7847
Fig. 4. The data sampling schematic diagram of the 465 202.4 1.3474  0.1310 0.7933
transient diffusion image(t = 1740 s). 500 220.0 1.3470  0.1266 0.8079
555 237.6 1.3465  0.1214 0.8258
AR (4) P AR = 1740 s, RFELE 615 264.0  1.3459  0.1154 0.8474
ST HICRE B VR BEAEL s (20) RVR %25 0 B, D 0 a6 La 0100 osms
BIEER 1 s, 720 3124  1.3448  0.1042 0.8897
K2 AR 2RI 5 2 A ) A
Table 2. The data of the refractive index spatial distribution method at different time.
t/s KA 5L PALER /um AR RS (R?) D/cm?2.s71 AR ZE /%
660 14 y = 1881.92 — 1737.9 0.9898 1.342x1075 14.70
780 12 y = 2071.7z — 1910.1 0.9987 1.376x1075 17.61
900 10 y = 2164.1z — 1986.8 0.9987 1.301x1075 12.20
1020 8 y = 2115.2x — 1924.9 0.9963 1.097x107° 6.24
1140 5 y = 2216.1x — 2062.6 0.9973 1.077x107° 7.95
1740 14 y = 2828.9z — 1789.9 0.9893 1.150%x 1075 1.71
1920 13 y = 3032.8z — 1956.4 0.9779 1.198x1075 2.39
2100 13 y = 3104.9z — 1996.0 0.9882 1.148x107° 1.88
2280 12 y = 3223.5z — 2068.5 0.9949 1.139x10~° 2.65
2460 11 y = 3357.2x — 2151.4 0.9949 1.145%107° 2.14
2640 10 y = 3553.3z — 2283.0 0.9906 1.196x10~5 2.22
2820 8 y = 3697.2z — 2382.0 0.9920 1.212x1075 3.59
3000 7 y = 3545.1x — 2223.1 0.9893 1.047x1075 10.51
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Table 3. The data of equivalent refractive index location varies with time.

PR ZE ne = 1.3434

PR E ne = 1.3522

il ¢/s Vi WRRE 27 /um i ¢/ Vi WRAE 2! /um

660 25.69 120.6 1740 41.71 73.8
780 27.93 252 1920 43.82 162

900 30.00 414 2100 45.83 241.2
1020 31.94 536.4 2280 47.75 327.6
1140 33.76 653.4 2460 49.60 423

1260 35.50 759.6 2640 51.38 502.2
1380 37.15 867.6 2820 53.10 574.2
1500 38.73 988.2 3000 54.77 653.4
1620 40.25 1060.2 — — —
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Rapid measurement of the diffusion coefficient of liquids
using a liquid-core cylindrical lens: a method for
analysing an instantaneous diffusive picture”
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Abstract

This paper studies the equivalent refractive index method and other methods to measure the liquid diffusion co-
efficient. Based on this, a quick method to measure the liquid diffusion coefficient is proposed, i.e. using a specially
designed asymmetric liquid-core cylindrical lens as both diffusive pool and imaging element. By means of this system
with the liquid-core cylindrical lens to measure the diffusion coefficient, we can eliminate the spherical aberration and
improve the accuracy in refractive index measurement. Based on the spatially resolving ability of the cylindrical lens in
measuring the refractive index, only one instantaneous diffusive picture is required. Depending on the correspondence
between the image width and the refractive index, we thus can quickly calculate the diffusion coefficient D by the Fick’s
second law. Then the diffusive process of ethylene glycol in water at 25 °C is investigated by this method. We calcu-
late the diffusion coefficient between 660—3000 s with the method to analyse an instantaneous diffusion picture. At
the beginning, injection will cause the liquid turbulent, and thus create a larger diffusion coefficient. In the course of
diffusion, the influence of turbulence on the diffusion coefficient gradually decreases, but the image narrowing can make
inaccurate results. Therefore, this method is required to be used at an appropriate time and an appropriate position to
reduce experimental errors. After repeated experiments we can conclude that, between 1500—2700 s we may select the
appropriate measurement of location for measuring liquid diffusion coefficient by the method to analyze an instantaneous
diffusive picture. This not only can avoid the effect of turbulence but also avoid the effect of fewer sampling points.
Compared with other methods reported in the literature, the results show that this method is characterized by short
time (~20 ms) in data acquisition, faster measurement (<1 s), high-accuracy (relative error <3%), and easy operation,

thus providing a new method for measuring the diffusion coefficient of liquids rapidly.

Keywords: diffusion coefficient, fast measurement, spatial distribution of refractive index, liquid-core

cylindrical lens
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