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Experimental Study of Ethanol Solution Vacuum Flash Characteristics Under
the Effect of Multi-walled Carbon Nanotube
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(Institute of Cool Storage Technology, Shanghai Maritime University, Shanghai, 201306, China)

Abstract To study the optimum operating condition of industrial ice making, an experimental system of the vacuum flash of ethanol solu-
tion under adsorption was designed based on the theory of flash evaporation. Under the same initial flash pressure (100 Pa) , the effects of
concentration, environment temperature, and size of multi-walled carbon nanotube (MWCNT) on the flash properties were studied. The
results indicated that adding ethanol could not only avoid recrystallization but also decrease the supercooling degree of water. Higher con-
centrations were found to be adverse to the flash process. The flash property of 5% mass concentration of ethanol was stable, and the su-
percooling degree of water could be decreased by as much as 60. 62%. With the rise in the environment temperature, the flash rate in-
creased as the flash rate increased from 25.45% to 44. 04% for an increase in the environment temperature from 10 °C to 20 °C. Thus,
lower environment temperatures were shown to be beneficial to the flash process. With the decrease in the practical size of MWCNT, the
supercooling of the MWCNT-ethanol solution decreased. The ice packing factor (IPF) of the solution to which 5-18 nm MWCNT was add-
ed was 51.45% higher than that of the 5% mass concentration ethanol and 38.22% higher than that of water. The supercooling degree of
the solution was 24. 36% smaller than that of ethanol and 70. 21% smaller than that of water, which shows the MWCNT-ethanol solution
has a significant effect on reducing the supercooling degree of water and improving the IPF.

Keywords ethanol solution; vacuum; evaporation; supercooling degree; ice packing factor( IPF')
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Fig.1 Dynamic experimental system of making ice slurry in vacum
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Fig.4 Temperature curve of water’s vacuum flash
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Fig.5 Temperature curve of ethanol solution flash with
the mass fraction of 4% .5%.6 %
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Tab.2 Flash experiment data of ethanol solution with different mass fraction

SR BWORIA ki, NZERY ﬁ\r@%fﬁ&ﬁ ;‘i\?%zaﬁ,ﬁ\ FURCYi v R,
/g g g AL/ C i EE/C C
w ()= 4% 59.12 16.23 24. 65 -4.943 -2.367 2.576  24.65 16.23
w (ZBE)=5% 57. 00 17.55 25.45 -4.936 -2.916 2.020  25.45 17.55
ZERIK 59. 41 19.23 21.36 -5.220 -0. 090 5130 21.36 19.23
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Fig.7 Temperature curve and pressure curve of ethanol solution flash under different initial temperature
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Tab.3 Flash experiment data of ethanol solution with different initial temperature

WA, K, NZERY AR EARA RS R/

JH T/ C ‘ : WHER/ % HIKE %
. g g g B/ C MREE/C C
10 57. 00 17.55 25.45 -4.936 -2.916 2.02 25.45 17.55
15 63. 65 0 36. 35 — — — 36. 35 0
20 55.96 0 44. 04 — — — 44. 04 0
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Tab.4 Flash experiment data of ethanol solution with different MWCNT sizes

WA, ks NZER, ARRIRE WRETRA R/

T g 5 : /T /T o EE% EWE%
4% 8~15 nm 37.97 26. 58 35.45 -4.562 -3.034 1.528  35.45 26. 58
A% 20~40 nm 50. 60 18.32 20.21 -5.337 -3.268 2.069  20.21 18.32
HM&E =50 nm 47.77 20. 12 25.36 -5.363 -3.069 2.294  25.36 20. 12
FEIRK 59. 41 19.23 21.36 -5.220 -0. 090 5.130  21.36 19.23
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Fig.8 Temperature curve and pressure curve of flashing with different MWCNT size
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