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A numerical dynamic simulation study of licorice concentration process
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Abstract: Objective Taking the concentration process of liquorice extract as the research object, the dynamic simulation process of
concentration of Chinese materia medica (CMM) was constructed by combining experimental analysis with theoretical simulation,
which provided the model support and theoretical analysis basis for the process research and equipment development of
concentration process of CMM. Methods The corresponding relationship between boiling point and saturated vapor pressure of
liquorice solution was determined by dynamic method. The experimental data were fitted by thermodynamic model to obtain relevant
parameters. On this basis, the simulation process of liquorice water extract concentration was constructed by using ASPEN PLUS.
According to the simulation of dynamic process, the effects of heating power, feed rate, and vacuum degree on liquorice solution
concentration process in an external thermal concentrator were discussed. Finally, the equations about concentration time and heating
power were obtained by simulation. Results The results of parameter fitting were Ajj = 1.63, Aji = 2.32, Bjj = 336.38, Bji = 792.00,
and Cij = 0.5. Finally, the functional equation for the concentration time and heating power was t = 2 329 c1H/coQ. Conclusion In
this study, the effects of different process parameters on the concentration process of TCM were analyzed by simulation and related
theories, and a simple prediction of the concentration process was realized. It also perfected and optimized the process simulation
data, filled the relevant scientific research gap, and was of great significance to industrial guidance. Firstly, the relevant experimental
data was obtained by fitting the thermodynamic model with the relevant experimental data. Then, under the ideal process conditions,
the influencing factors of liquorice concentration process were analyzed and discussed by dynamic simulation. It was concluded that
heating power was the key factor affecting the concentration process, and the concentration time gradually decreased with the
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increase of heating power. However, their functional relationship was non-linear. At the same time, the functional equation can be

used to roughly predict the concentration time of CMM. To a certain extent, this fills in the gap between the related theoretical

research and data of chemical thermodynamics, which provides theoretical support for the process research and equipment

development of the concentration process of CMM.

Key words: Glycyrrhiza uralensis Fisch.; Glycyrrhizae Radix et Rhizoma aqueous extract; concentration of Chinese materia medica;

dynamic simulation; heating power
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Fig. 1 Boiling point-saturation vapor pressure detection device by dynamic method
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Fig. 2 Dynamic simulation flow chart of liquorice aqueous extract concentration
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Table 1 Boiling point-saturation vapor pressure for varied concentrations of liquorice solution
W%  JEkPa RIEIK | %% B JikPa IBEIK | WE/%  EJikPa  JEEIK | % R Si/kPa IRIEIK
3.74 8.10 314.39 | 13.18 6.64 31094 | 17.41 6.77 31242 | 2520 6.65  312.22
11.83  324.17 9.20 317.35 9.44  319.33 9.21 318.14
1463  328.02 11.79  321.90 11.82  323.67 11.81  322.88
16.88  330.49 1440  325.95 15.14  328.12 1429  326.64
19.82  333.75 17.09  329.60 17.36  331.58 17.10  330.39
22.66  336.32 19.80  332.76 19.98 33454 19.81  333.85
2543  338.98 2261  335.72 2275  337.20 2235  337.11
29.09  341.85 25.26  338.09 25,53  339.77 2531  339.08
31.96  344.12 28.12  340.66 28.27  342.04 30.90 344.71
3795  348.07 30.97 34293 31.01 34412 33.61  346.69
40.74  349.75 3385 34491 33.95  346.39 36.60  348.27
4474  352.02 36.69  346.88 36.95  348.36 40.52  350.83
48.81  354.09 40.72  349.45 4091  350.73 4452  353.20
52.89  356.07 48.88  353.89 4474 35271 4856  355.08
56.84 357.94 52.85  355.87 4898  354.88 52.70  357.05
61.21  359.72 57.04  357.75 53.10  356.46 56.82  358.83
65.50  361.50 61.04  359.52 57.22  358.63 61.00 360.51
69.65  363.08 65.39  361.30 6141  360.21 65.28  362.19
74.13  364.66 68.55  362.49 66.60  362.49 68.66  363.57
7835  366.14 75.05  364.96 7145  364.17 75.01  365.84
8391  367.92 8175  367.23 78.06  366.44 81.62  368.02
89.43  369.60 86.11  368.61 84.88  368.61 87.20  369.89
94.11  371.18 93.08  370.68 9269  371.08 9352 37177
101.34  373.25 101.31  373.15 101.31 37355 101.29  374.04
8.55 6.73  311.73 | 15.73 749 31538 | 21.38 6.47  311.33 | 29.00 6.45  313.80
930 317.85 9.30 319.72 9.20 318.34 9.00 31943
11.88  322.79 1223 324.17 11.85  323.58 1159  326.24
1445  326.54 1538  328.61 1443 327.53 16.89  332.46
17.06  330.00 17.90  331.67 17.03  331.18 19.35  334.93
19.76  333.16 2055 33454 19.72 33454 22.28  338.98
2257  336.02 2397  337.90 2243  337.40 25.03  340.56
25.42  338.59 26.65  340.17 25.32  340.07 28.02  343.13
29.05  341.65 2934 34234 28.14 34254 30.70  345.50
31.82  343.72 32.06  344.32 30.74 34461 33.75  348.07
34.67  345.70 3494  346.29 33.87  346.69 36.67  348.96
37.74  347.67 41.80 350.54 36.70  348.56 40.21  351.23
41.70  350.14 4528 35251 40.71  350.93 4454  353.40
4552 35231 4990  354.88 4461  353.20 48.62  355.47
49.64  354.39 53.81  356.76 48.75  355.28 52.73  357.45
5391  356.46 58.01  358.63 56.89  358.83 56.77  359.42
5796  358.34 62.42  360.51 61.08  360.51 61.00  361.20
63.34  360.12 66.56  362.09 64.48  362.09 65.05  362.78
66.51  361.80 72.03  364.17 68.72  363.38 69.28  364.46
73.07  364.17 78.43  366.44 7521  365.75 75.93  366.83
79.39  366.44 85.18  368.71 80.62  367.62 81.43  368.71
87.55  368.71 89.59  369.99 86.29  369.40 87.54  370.58
92,52  370.49 96.82  372.16 93.04  371.47 9335 37216
101.31  373.15 101.27  373.45 101.27  373.45 101.34  374.44
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TR % J% 71/kPa TE/K 5% J% 71/kPa IRE/K TIRI% JE 71/kPa IE/K
35.61 6.69 314.98 39.98 6.96 312.02 45,91 6.54 312.61
9.37 320.61 10.50 320.02 9.29 319.03
11.53 324.37 12.21 323.18 11.85 323.77
14.33 328.42 14.12 326.14 14.44 327.82
17.10 331.97 16.85 329.90 16.93 331.18
19.29 334.44 19.25 334.04 19.77 334.54
22.13 337.30 25.19 339.48 22.43 337.30
25.16 340.07 27.97 341.94 25.23 339.97
30.85 344.61 30.98 344.02 28.05 342.44
33.77 346.59 34.17 346.39 30.69 344.81
37.04 348.76 36.73 348.17 33.87 346.88
39.63 350.44 40.35 350.54 36.79 348.86
43.22 352.41 44.22 352.71 40.72 351.33
47.27 354.59 48.66 355.08 44,79 353.70
51.32 356.56 52.77 357.55 48.74 355.77
55.67 358.54 56.87 359.72 52.96 357.84
59.83 360.41 61.11 361.60 57.03 359.52
64.09 362.09 65.48 363.47 62.12 362.29
68.39 363.77 69.75 365.05 69.84 365.25
74.90 366.14 76.29 367.52 76.22 367.33
81.59 368.41 83.02 369.70 81.92 369.30
88.31 370.58 88.32 371.37 87.54 371.18
93.83 372.56 94.13 372.95 92.14 372.26
101.34 374.73 101.31 375.13 101.31 375.32
12
1
210 H
9 — 15.73% — %Z%
----- 13.18%
8
12
1
210
JR— — g0 e
00027 00029 0.003 1 00027 0.0029 0.003 1 00027 00029 0.003 1
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Fig. 3 Functional relationship between Inp and 1/T at varied concentrations of liquorice solution
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#2 TERESBTHEARR AHm
Table 2 Value of latent heat of vaporization at varied
concentrations of liquorice solution

o AHn/ o AHn/
BRI% r2 BRI% r2
(kJ -kg’l) (kJ -kg’l)
3.74 2 395 0.9992 | 25.20 2 353 0.999 8
8.55 2372 0.9999 | 29.00 2485 0.999 3
13.18 2344 0.9999 | 35.61 2 455 0.999 3
15.73 2420 0.9994 | 39.98 2283 0.9997
17.41 2 399 0.9999 | 45.91 2351 0.999 8
21.38 2375 0.999 8
200+ ——30kPa0.2 Gl-ht
---30 kPa 0.3 GJ-ht
-.30 kPa 0.4 GJ-ht
--~-30 kPa 0.5 GJ-h!
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Fig. 4 Trend of feed rate changed by heating power under different pressures
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Fig. 5 Depth of liquid changed by heating power under different pressures
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Fig. 6 Diagram of liquorice solution concentration process

under heating power of 0.4 GJ/h at 20.0 kPa
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Fig. 8 Trend of changing liquorice water extract feed rate
under different heating power
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Fig.10 Trend of time changed by heating power
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