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Heat and Mass Transfer during Solution Crystallization in
a Single Honeycomb Cell
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100044, China; 2. Beijing United Gas Engineering & Technology Company, Beijing 100023, China)

Abstract  Solution crystallization energy storage can enhance the thermochemical storage density by coupling the solution concentration
with solid - liquid phase change. In this study, a honeycomb LiBr-H,O crystallization energy storage system was developed, and a single-
cell heat- and mass-transfer model was developed. The experiments were used to study the crystallization evolution, while the
simulations examined the effects of heat-source temperature and initial solution mass fraction. A mass-transfer Péclet number was
introduced to quantify the competition between the interfacial evaporation and internal diffusion. The crystallization process comprised
three stages, i. e. , solution concentration, crystal - liquid coexistence, and crystal dehydration. Increasing the heat-source temperature
from 120 °C to 140 °C raised the peak heat flux from 2. 465x10* W/m*to 3. 512x10* W/m® and the peak mass-transfer flux from 1. 680 mol/
(m?+s) to 2. 572 mol/(m+s). Increasing the initial solution mass fraction from 53% to 57% enhanced the mass-transfer flux but reduced
the mass-transfer coefficient because higher viscosity limited the liquid-phase diffusion. When the mass-transfer Péclet number exceeded
1, the interfacial evaporation dominated the internal diffusion compensation, promoting LiBr enrichment near the gas - liquid interface
and preferential crystallization. These results provide a basis for optimizing the heat and mass transfer in the energy storage units of
honeycomb solution crystallization.
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Fig.1 Experimental system for solution crystallization

energy storage with honeycomb structure

(a) FEFRAS I BT

() Hephiiie
2 AR BTSN

Fig.2 Structure of the solution crystallization test unit

1.2 TS HINRHEES

SIS ) B I e AN B SR A bR T
R S B 5 A A5 ) A ) ) AN T R
2R



TR SRS, 5 - BB T R A L T R A 5

x1 XWRESH

Tab.1 Specifications of the experimental equipment

E IS IV Bl E BB
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B IR AL RS T#
W .+0.5°C
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JE A8 ik NEXONPA2000

W £0.25%FS

45 i BT I OMEGASTC-TT-T- ] : ~267~260 C

HL A 30-72 W21 °C
R2AHEE
Tab.2 Measurement uncertainties
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Fig.3 Physical model
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Fig.4 Mesh discretization inside and outside the

honeycomb cell
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Fig.5 Variations in the heat and mass transfer coefficients

with mesh number
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