H36 % 45 M bR % e B R Vol.36 No.5
202645 H China  Safety Science Journal May 2 0 2 6

RS AR AR 2R B, A K AR B R N S A PRRIE [ 1] P 2 e, 2026,36(5)  131-138.
25| F4&3K:Shi Yu, Li Ying, Bi Cheng, et al. Adsorption and heat transfer characteristics of silica aerogels with water content[ J]. China
Safety Science Journal, 2026, 36(5) . 131-138.

BIK ZE W WO 5 R ARE

& AElasar, A, BORG, BAEE war, HFRY, REA!
(1 BLBRBEAE ZARFEIRER, KT TL 710054; 2 B LA R E&BRR AN K,
BET T5%,710065; 3 WL RBEAF IR G20 H TAEF R, EE W% 710049;

4 BEAFHEEHGARARAE,KE FL 710523)

PTEDES X937 NERPREES: A DOI : 10. 16265/ . cnki. issn1003—-3033. 2026. 05. 0191
HESNME . EREANSFE SR (52130604) ; B FEL BRRNFEMFARITRIBTIB (2025JC-YBMS-491, 2024]C-
YBMS-449) ,

([ E] VYRR EREHN FRARARERASE, EAAERE T/0 FHATHEUS
(LAMMPS) ¥ An N 71 3 R FHEA, LRI 4 2 T 31 B e R o0 W0 = At KB ROR I A 2
Fhfehat, EREV . MESKER I, —ANERERN KD THEWEZHE S, LAAR
WEAREMK, FATRE, FABHERE, K THED R, 7R A NWE R AT 0 RM
ERD HHADPTHREN S, WAEN KT 5 A WERRRAENEE n, gk — A MES
BRI AR TR ER A, e KE FREEN, —FTEASTZEMELHFEREE S K
FENZRAMERERN, 7 —FT AP TFREDREAA T HAYNRERILR, RELFH-F
fome SRR R BT B A, — R R AR R A TR KR AR A R AR A
AREH A, AR 2 18] R P BR AR RE OK R R R R R R e R R
T,

[X&im] —AtERRER; RME; KoaT; 2KE; #HeF

Adsorption and heat transfer characteristics of silica aerogels

with water content

Shi Yu', Li Ying', Bi Cheng’, Tang Guihua’, Huang Shenglin’, Song Zhanli*

(1 School of Safety Science and Engineering, Xi‘an University of Science and Technology,
Xi‘an Shaanxi 710054, China; 2 Xi‘an Special Equipment Inspection Institute, Xi‘an Shaanxi
710065, China; 3 School of Energy and Power Engineering, Xi‘an Jiaotong University,
Xi‘an Shaanxi 710049, China; 4 Shaanxi Huanyu Intelligent Fire Technology
Co., Ltd., Xi“an Shaanxi 710523, China)

Abstract:  To optimize the aerogel structure and reduce the effective thermal conductivity of the aerogel ,
the force field, atomic model, heating and cooling calculation modules were added to large-scale atomic/

molecular parallel simulator( LAMMPS) to accurately simulate the adsorption of water molecules by silica
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aerogels and heat transfer processes. The results show that the adsorption capacity of silica aerogels to
water molecules increases as the water content increases, showing a significant rise followed by an
equilibrium state. With the increase of temperature, the thermal movement of water molecules intensifies,
and the adsorption capacity of silica aerogels to water molecules decreases. However, the free water
molecular weight increases. As the pressure increases, the collision frequency of water molecules and silica
aerogels increases, resulting in an increase in adsorption capacity. When the water content increases and
the temperature decreases, the mutual squeezing among water molecules promotes more water molecules to
penetrate into the interior of silica aerogels, meanwhile, the thermal motion of water molecules slows
down, which is not conducive to their escape from the aerogels pores, resulting in an increase in the
number density of the silica aerogels system. Silica aerogels form water films by adsorbing water

molecules, and the water films constitute " water bridges". With the increase of water content, the

connectivity among " water bridges" is enhanced, and the contact area increases, leading to an increase in
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effective thermal conductivity of silica aerogels and significant degradation of thermal insulation.
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