MPUKACITUMCKUHN JKYPHAA: ynpaBaeHHe H BLICOKHE TEXHOAOTHH, Ne 4 (36), 2016 r. 99

EXPERIMENTAL AND NUMERICAL INVESTIGATIONS
OF ICE CRYSTALLIZATION IN AQUEOUS SOLUTIONS

The article has been received by editorial board 26.08.2016, in the final version — 05.11.2016.

Chegnimonhan Kouamy Victorin, Ph.D. (Engineering), Associate Professor, Teacher in the Department of
Thermal Engineering and Energetics, Polytechnic School of the University of Nantes, Laboratory of Thermokinetics
BP 50609, 44306 Nantes, France; (LTN) — CNRS UMR 6607, e-mail: victorin.chegnimonhan@univ-nantes. fr

Guidi Tognon Clotilde, Ph.D. (Engineering), Associate Professor, Laboratory Processes and Technol-
ogy Innovation (LaPIT), University Institute of Technology Lokossa, Lokossa University, BP 133 Lokossa, Be-
nin, e-mail: iut.lokossa@yahoo.fr, guidi6S@mail.ru

Toukourou Chakirou Akanho, Ph.D. (Engineering), Master — Assistant, Laboratory of Thermophysical
Characterization of Materials and Energy Appropriation (Laboratoire de Caractérisation Thermophysique des
Matériaux et d’ Appropriation Energétique, LABO — C. T. M. A. E.), Laboratory of Energetics and Applied Mechan-
ics (LEMA), University of Abomey-Calavi, 01 BP 2009 Cotonou, Benin, e-mail: potemat@yahoo. fr

Josset Christophe, Ph.D. (Engineering), Associate Professor, Teacher in the Department of Thermal
Engineering and Energetics, Polytechnic School of the University of Nantes, Laboratory of Thermokinetics
BP 50609, 44306 Nantes, France; (LTN) — CNRS UMR 6607, e-mail: christophe.josset@univ-nantes. fr

Galimova Larisa V., Doctor of Technical Sciences, Professor. Laboratory of Refrigerating Machinery
Astrakhan State Technical University, 16 Tatishcheva, Astrakhan 414025, Russia, Corpus 2, e-mail:
galimova_lv@mail.ru

Vianou Antoine, Ph.D. (Engineering), Professor, Laboratory of Thermophysical Characterization of
Materials and Energy Appropriation (Laboratoire de Caractérisation Thermophysique des Matériaux et
d’ Appropriation Energétique, LABO-C. T. M. A. E.), University of Abomey-Calavi, 01 BP 2009 Cotonou, Be-
nin, 01 BP 2009 Cotonou, Benin, e-mail: avianou@yahoo.fr

The formation of ice slurry from pure water or different aqueous solutions of Mono Propylene Glycol (MPG) im-
mersed in an isothermal cooling bath is studied. The mathematical model is based on the unsteady heat equation coupled with
a kinetic description of crystal growth obtained from classical nucleation theory. The kinetics approach takes into account the
stochastic behaviour of nucleation and includes molecules diffusion involved in crystal growth. A focus is made on the im-
plementation of the method and its validity. The approach is suitable to describe ice growth in MPG-water binary solutions
(weight concentration range we % from 0 to 25). A correlation is proposed to address ice kinetics of crystallisation for slur-
ries obtained from MPG solutions.
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SKCHHEPUMEHTAJIBHBIE 1 YU CJIEHHBIE UCCJIEJOBAHUA
KPUCTAJVIN3AIIMUA JIBJJA B BOJHBIX PACTBOPAX
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B craTbe u3ydeHsl npolecchl KPUCTAIUIM3ALMH JIbJ]a U3 YUCTOH BOJbI M Pa3IMUHBIX BOJIHBIX PACTBOPOB MOHOIIPO-
mteHrikons (MPG), norpyxeHHbIX B 0aHIO ¢ H30TePMHYECKUM oxJaxaeHueM. [Ipunsras MareMaTHdeckass MOJENb Mpo-
1iecca OCHOBAaHA Ha MCIIOJIB30BAHUU HECTALMOHAPHOI'O yPaBHEHUsI TEIUIONPOBOJHOCTU B COUETaHUH C KUHETHYECKUM OIHCa-
HHEM POCTa KPUCTAJIJIOB, MOMYYSHHBIX U3 KIACCHYECKON Teopur Hykieauu. Kunernueckoe npuOIKeHHEe YIUTHIBAET CTO-
XaCTHYECKOE TOBEJCHUE ISl TIPOLIECCOB 3aPOXKJICHUs KPUCTAJLIOB; BKIIFOYAET B ce0st MOJIEKYISIpHYIO0 1} dys3uto, BoBieueH-
HYIO B IIPOLIECC POCTa KPUCTAJUIOB. AKIIEHT C/IeJIaH Ha YMCIICHHOH peanu3aiuy Metona. ONMCcaHHBIN B cTaTbe MOAXO0[ IPH-
TOJICH JUIsl ONUCaHUs 00pa30BaHUs KPHCTAJUIOB JIb/la B OMHApHBIX pacTBopax MPG Boze (BecoBoii Anana3oH KOHLEHTPALHit
Mmacc ot 0 10 25 %). MccnenoBana Koppessius Mexly KHHETHKON MPOLECCOB KPUCTAIM3ALMH UIsl IUTaMOB, HMOIYYSHHBIX
n3 pactsopos MPG.

KuroueBble ciioBa: jie1, KpHCTaJUIN3ALMs, IJIAMOBBIE, BTOPUYHBII XJIaJ[ar€HT, YCTOWUYUBOE pa3BUTHE, SHEprocoe-
pexeHue, BTOPUYHBIN XJIaJareHT, oOpaTHbI METOl, HAKOIUICHUE SHEPruu, o0pa3oBaHUE JIb/A, 3aPOXKICHUE, XOIOJUIbHAS
TEXHHKA, FeHETHYECKUH aIropuT™

Introduction. In scientific and engineering literature have been widely discussed and proven the advan-
tages of using ice slurry as a secondary coolant for energy saving [14, 20]. In the literature can be found even some
original applications in medicine [15]. Yet it’s still worth outlining that the main interesting properties of ice slur-
ries and other phase change materials are their high cooling energy storage potential. Moreover usage of ice slurries
make it possible the distribution of cold working fluid at an almost constant temperature. When applying these mat-
ters in cooling systems, less quantity of fluid is needed, compared with classical secondary refrigerant (cooled water
or one-phase aqueous solutions) and are available high thermal and environmental performances.

But the key drawbacks of this technology remain the costs of ice slurry generation and the building
of the necessary secondary distribution loop. But these hindrances will be overcome by improving energy stor-
age devices and systems by the means of fundamental research works and technical improvements on the sub-
ject. In this context some research works are interested in «phase change materials» (PCMs) slurries modelling
in order to improve ice generators and their monitoring, or to produce better quality PCMs and to develop energy
efficient distribution loops.

The main goals of this article have been experimental investigation of ice crystallization in aqueous so-
lutions; comparing experimental data with results of numerical (computer) modeling for such processes.



