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Figure 1 Scanning electron micrograph of silica aerogel network
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Table 1 Properties, features and applications of aerogel material®!
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Figure 2 The solid-like quasi lattice vibration phenomenon in the
interface of adjacent aerogel particles™
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Figure 3 The coupled heat transfer inside aerogel material'"!
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Figure 4 (Color online) Illustration of size effect of solid heat conduc-
tion. (a) Free space; (b) limited space
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Figure 7 (Color online) Schematic of aerogel structures*’!. (a) Aerogel

backbone; (b) regular triangular prism; (c) cube; (d) octahedron; (e)
regular hexagonal prism
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Figure 8 (Color online) Three fiber-aerogel structures®”. (a) Parallel to heat transfer direction; (b) perpendicular to heat transfer direction; (c) ran-
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Figure 10 Schematic of mixing model. (a) Nanoporous aerogel mate-
rials; (b) aerogel with opacifier particles; (c) aerogel with fibers; (d)
aerogel with opacifier particles and fibers
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K, 3N Oerae, Oerop, Oersern. PRI, Wi 5 FEAR AL
b A K AT 4 5 615 0 R ORI R G
GRS

AR S FRE A 1) G R U R B, T AR A A
P £1 A1 S 3 I o B0 0 e, S G ) A R T A )
TR R O opas Oer R MR ST FIE THH A 2. X
B, ORFAGAH R AR, HLAR W] 25 SC#k[38].

B G WUk R BRIE KL 7, ARPEMie BRI, BR
BRI A2 ISR 0 BRST, JHOGR A SR A S PR 1
TR T R B A A A N R

; (69)

(70)

C, 2 &
C, 22
0., = nrg :?;(Zn—i-l)Re[an +b,1, (73)
Qaj, = ch _Qsl’ (74)
Kb, Re WSS, kiR, p R ES

B, D=2r, 05 Qe N KW T, a, 50,54
Mie Uit 2 %, B AT85 J2 BB UKL 52 3 5 52 8 (n—ki)
(PR, LA Rk 2T £ B SCHIRTS8).
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_z - L 3,5 L
= ZD NQ,, = ZIQM b =2% 5 09
L 2 S 3 f
,=—> D'N.O =0, 22 (76
O-d/i 4; i IQA) ZQA Dl. 2QM.D ( )
O-e/l = O-sl +O-a/1 ZDZNQ
_é n f\‘;,i 3 L
_2;QW3;—2Q4D, (77)

Aorh, Nk BB T80 B2, noRiAREY, f, ik
FLF I RBUE 43 L, £, =nD; Ni/6.

52 N SBEI AR (0 25 2 25 X 4 5 7 A U
YEF, [l B W e — ¥ A3 R Ok BRI, £F 4R A
AT T B A B RE X0 5 S Y e DR, A o A S
A, & m bk e P e

F YRR — K 2 3~4 mm, EHARTE 3~7 um, £
FE KT EHA, R, BAgEEEITRKREE, Jf
I FH Mie 388 %5 T JC FR A 8 4T 9 FH OC 38 18 14547 K fiff
MRAEMiediie, JoBRA BIAE 52 2 G i i BRURE, HX)
NG O R L il R A S B

gﬁan:§%%$+2§imﬁ+szﬂ} (78)
QQﬂMz%R{%ﬁQi@J, (79)
guﬁn=%%%ﬁ+2gﬂ%ﬁ+MMﬂ} (80)
0. ula) = %Re(aon + 22 annj - %Re(Tz (©=0°), 81)

1 1
0, :E(Qsl,l + sA,H) > O :E(Qel,l + el,H)' (82)

ERER P W an, ba, am, bnllﬁﬁgﬂé&ﬁ&%ﬂ_%ﬁs
Y Jy £ AE AR ST 5 R B (n—ki) 1 pR B, L RIA SRR
AT 2 WAH G SCHR88].

KA HAMR LR 4 4w S AR S RS, 25 MBS i b
AHBE AR LA K HEAR T3 1) 19 53 A1 R KR, TN I A T 4
PRI ARAG £ Yl bR AR 48 S5 #2410 Cunnington
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Figure 11 (Color online) Comparison of predicted thermal conductivity value and experimental results of nanoporous aerogel insulation materials"™"".
(a) Variation of thermal conductivity of silica aerogel with temperature, p=100 kPa; (b) VARIATION of thermal conductivity of silica aerogel with
pressure, T=300 K, p,.=114 kg/m®; (c) comparison of predicted thermal conductivity value and experimental results of silica aerogel doped with TiO»;
(d) comparison of predicted thermal conductivity value and experimental results of silica aerogel doped with silica fiber
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A review of heat transfer models of nanoporous silica aerogel
insulation material

HE YaLing & XIE Tao

Key Laboratory of Thermo-Fluid Science and Engineering of Ministry of Education, School of Energy and Power Engineering, Xi’an Jiaotong
University, Xi’an 710049, China

In this paper, the development of effective thermal conductivity models for nanoporous silica aerogel insulation materials is
summarized. In the first part, heat transfer characteristics of nanoscale gaseous/solid/radiative heat transfer inside aerogel insulation
material are introduced. Then, the existing theoretical models, empirical models, and numerical methods for the thermal conductivity
of each heat transfer mode are reviewed and analyzed. After that, the advances in effective thermal conductivity models for the
nanoporous silica aerogel materials as well as their composite insulation materials after the addition of opacifiers and reinforced fibers
are presented. Next, the authors’ previous work is taken as an illustration of a procedure for establishing an effective thermal
conductivity model of an aerogel insulation material from nano- to macro-scale. A brief introduction to the application of molecular
dynamics in the simulation of aerogel materials is also given. In the end, further researchneeds are indicatedfor the nanoporous silica
aerogel insulation materials. These include: the coupled heat transfer behavior at the gas—solid contact interface, the influence of
scale/interfacial effects on the thermal conductivity of nanoscale solid particles, and the effect of different influencing factors on the
total heat transfer performance. Such studies could provide help in accurately predicting the thermal conductivity as well as optimizing
the insulation performance for the aerogel material and could provide guide for the design of new type aerogel insulation material
which can be used in industry such as aeronautics and astronautics, thermal insulation, building, chemical industry and so on.

nanoporous silica aerogel insulation material, effective thermal conductivity, gaseous heat transfer, solid heat transfer,
radiative heat transfer
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