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Abstract

Aiming at the “thin-layer and high-efficiency” demand for external wall insulation of near-zero en-
ergy buildings (NZEBs) and the space occupation constraint in the renovation of old residential dis-
tricts, this study focuses on SiO: aerogel composite insulation boards. A three-dimensional heat
transfer model of the building external wall insulation system was established using Abaqus finite
element software to systematically analyze its temperature field distribution and heat flux transfer
characteristics. Performance comparison with traditional XPS insulation boards was conducted,
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and the model reliability was verified through experiments. The results show that a 40mm-thick
aerogel composite board achieves thermal insulation efficiency equivalent to a 100 mm-thick XPS
board, with an average heat flux density of only 2.1 W/m? (5.3 W/m? for XPS), a heat flux reduction
rate of 60.4%, and a 60% decrease in space occupation. Analysis of the core layer thickness indi-
cates that the thickness of the aerogel core layer has the most significant impact on thermal insula-
tion performance (sensitivity coefficient: 0.78). The relative error between the simulation results
and experimental data is <5.3%, demonstrating that the model accuracy meets engineering re-
quirements. This study provides precise numerical support for the structural optimization and en-
gineering application of aerogel composite insulation boards.
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1.1. ARER

TR AR RRAE o5 A1 2 SRR FEN 40%LA b, AP RS AL FAAR R & Ik 35%~40%, & ST RE A% 0 R
Wi B GRS AL R AR AR U A8 I RTE) (GBS55015-2021)SL i, ™53 X 4 45 A R ER AT
2 75%, EG R IEAEHIIE S XPS fRIBARF AR EL 0.032 W/(mK), 75 100 mm P FJEEA GEEAR,
SRS AR B — P K 3~5 m?; EPS B KA B2 K, KK P G RECA B854 A i B
KAEBE R L i T e K

TE 1t REORIR A BT, BRI B A ORIRAR AL, TRV UR ORIEAR . SR R AV ORI AR 55t (S 48 =
BEHAL o TR IR R IRAR BT K Sk A 2%, it PEREIE B, S EZEZ) 0.028~0.032 W/(m:K), {HAfiEH: K.
prapd ez, M LI SR, HAAE— PR R IR IR AR 3 A R 22 0.024~0.026
W/(mK), RG-SR, HNKEHLH Bl %, mil N SRERIICE 8554, <aREEK.

ML T, S E AR SRR BTKE 0.0065 W/(mK), HBG KSR A %35 350 kg/m?,
HE MBS waREA. REMERT FEERE, BB TG MR R YERERIAR ,  SOMUIEE [ HC A
Ve REAM LI R SR PR, ORI AR NS 2 IH /N X SO B R . (S AR SRS ORI SR S
B IE SV E R AL =, SCBE SO ORI 1 BE S Ak S AU R B A, 20 L AL
w5z N

1.2. IR

HUE R C O SRR AR RN TAERERT T2 O T B, BN A2 B g ki bl e &
TR R ARETT e T REIRER, (HEX B S A S MR R 1 R G T A AE B BBk

P A1 A BUE 5 S RIS & R T7E, 00 T B A AR (VIP) PR e i — A 4 Tk
e SR R R . A R A T BRSSO R . AR IR LR PR R B, R
WEL o 5 LA (R B 48 2 S B DR AT AR PR BRI 4G 42%, T AR IR AT R S5 R AL A S it 1 S i =2
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FAEL2IR M ABAQUS ¥AFEAL T EPS/XPS B & A4 BHR B - RIBII AL SR, i S
IAFERINT EL, B0 1 AT PRGN AT FEE(REUME -5 SCIME i 221X 6%) - BT TR 1 XPS ORIBRISR I #
FE{ELL EPS 5 4.9%, JufeGi R R IE R 5 S5 THR AL T 25 . (HAZBF TR FAE B R 1 2
HEWP, R KB R PR RETCHLORIEFRE,  HR 25 RS SR 1 80 535 S8 AR R P 0 A SR AR 1Y
s, AR RS b TR N AR ZE 57
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2. Abaqus BUE > #7
2.1. HEBEEST

2.1.1. JUR~T 54481

FT@HIE EANE 1), Z 00 H SRR A SRR AR PR B0 (8 2) M 8 = 4E B8 RSE N 2669 mm
() x 2900 mm (157) x 300 mm (&), & =45y HHRE L ARQ200 mm). fRIEZE(REK 40 mm/XPS 100
mm). JREEERYE(60 mm). BRI 3, [ 4,

AR 5 EARGEE 0.3%~1%)~ #fE FEGARANESE, X ORI Z IR E 3 AR B R < 3%,
LT LAV R ZE(<10%);  ZBEEN i 5 RLME S5 B E A X IR 22 <5.3%, A& BESTHTRL 0 A B2
Pt AN o B I AR 2R T BRI, ERE IR TS, ANRF & AR S F P SR I 3 ]-
[7]o 52 ZmE A i3 ATRT A oF 5, B ORORIELE 5 85 TR RS — 8.

2.1.2. BITEFESMERIS

1% Abaqus 1 DC3D8 FLIt(8 15 plZ ML FNHMA R D), EH TRESHE S0, iHERE 5K
S FEAC . K AR SIS R 53 AR Z (O AR X)) P AS N5 42 20 mm, JREE T 3R (R E X)) BN 50
mm. MR ER A SR, PR 1.2 (<2). HHiE <0.3(<0.5), i EBaURg Bk,

22. BHRE

SHEMERREIE S RRMSH, e SRR TECR 1), AR T AR H0m 1 B 7 3%
WA SRS

22. WAREHEES RS

2% (EHATRIE) (GB 50176-2016), BEEBAZM: ENMERE 20°C. XSmHBARE 10
W/(m?K)CERE AT /MU 0°C S /5L 8.7 W/(m?K) (XZ= V45 KUK 2 m/s); AR T
WD R E = 0), BEF AR (FE 2).
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Figure 1. CAD drawing of exterior wall panel

& 1. sMEIR CAD &

Figure 2. Assembly drawing of aerogel composite insulation board

2. SERESFERHEE

Figure 3. Exterior wall model of acrogel composite insulation board
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Figure 4. Exterior wall model with XPS insulation board

4. XPS {RiBIRIMEEE

Table 1. Thermophysical parameters of materials

= 1. MRRIBESY

PR £ FR JEEE mm T kg/m? SHREHW/I(MK) EL A T/(kg'K)
R BT 200 2350 1.74 8] 1000 [9]
XPS {Ri R 100 35 0.032 1470 [10]

B PRIR AR 40 350 0.0065 1000

Table 2. Boundary condition settings
T2 BARFHRE

e P s L
2 SN ST SN S TR
20 10 0 8.7

-
R

KH Abaqus/Standard FERBATREA 2 HT: HTIBIEALA “Static, General” , #IUGHK 0.1, AT K
1.0, WSHENPNRER PR ZE < le5.

2.3. BIGRIHT

2.3.1. BESHS

B ARG XPS W E A = B 5. 18 6 flas. FEEOCHEAL BIR B (G 3) AT SR IR
JENIESE 19.6°C (XPS 4 18.4°C), = AEREARE I 58 M SMUTEREHEL(1.8C vs 1.5°C), EN
AR ZEAB IR ZRYY) < 10%, (BB BE /A SH35), SR RO B 72 X 0.5°C, #ufk ShaeE .

2.3.2. BRRBEIIEL

PREEEE 7. B ) SEMEHEGEE 4)EBr: 40 mm ESEAR TR EE 2.51 Wm?, 5
100mm J& XPS #7(5.3 W/m?)J&/b 60.4%; 7= [A] 5 FH 2640 40%, RIS FERTE 60% 475 SE B AL R R . A
100m? ZEHUNE], B T I TR 3~4 m?, S5 G R .

2.4. B EERIE

KA B, VBB S B (20/30/40/50 mm), 32 JERE N 10 mm,  DARRGR 55 AR Ak %
THEBURE RHL.

wiE 9 froR, MR 20 mm B ZE 50 mm, FHAGFEEMN 3.8 Wm? FFE 1.5 Wm?, BN 10 mm
PN BE 23.7%, BURTEREL0.78, NEOCHEEME FR . HAER LK ORISR IG, FEEHNEKHEE
R, BRI
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Figure 5. Tem

perature nephogram of aerogel composite insulation board

E 5. SERESRERIMNERELE

NT11

+2.000e+
+1.833e+
+1.667e+
+1.500e+
+1.333e+
+1.167e+
+1.000e+
+8.333e+
+6.667e+
+5.000e+
+3.333e+
+1.667e+
+0.000e+

01
01
01
01
01
01
01
00
00
00
00
00
00

ot

ODB: Job-2.0db  Abaqus/Standard 2021 Fri Dec 12 14:30:54 GMT+08:00 2025
9% Step-1

Increment 6: Step Time = 1.000

F?E: NT11

AW AE . 4 AER  AmsAlLTT AL S Asm

Figure 6. Temperature nephogram of XPS exterior wall insulation board
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Figure 7. Heat flux density nephogram of aerogel composite insulation board
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Figure 8. Heat flux density nephogram of XPS exterior wall insulation board
8. XPS fRiBRIMERRE B =B

Table 3. Comparison of average heat flux density

3. FHRREEIILL

et J5-FE (mm) P HRGREE FE (W/m?) FRTEIR 2 (%) 25 18] b7 FH (%)
RERE A PRIRAR 40 25 60.4 40.00
XPS R 10 5.3 - 100.00

RiR B R X O Z R

4 —o— SERE&IMEFRER
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Figure 9. Influence of core layer thickness on heat flux density
9. B EEXHRE ERFM

3.1. KR ERE

RIGA R RBEEE A (300 mm x 300 mm x 40 mm, O NSERE A IS L3008, RYZ N
iy B L) XPS #(300 mm x 300 mm x 100 mm)~ X H v #&E 3300 mm x 300 mm x 200 mm. 300
mm x 300 mm x 60 mm). % $} 5 B G ] n] FA 2R o
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R WP WAL SR BUL G E+0.001 W/(mK)). £ mSRFEIC AL RS E£0.1°C) . HFM-200
PR RS FE+0.01 W/m?).

3.2. REHFZE

AL REEL - RIRE - REL B4R, BEN%,

B G — B IA A (EN 20C. EAM0C);

R B FR BRI < £2%F547 30 min)f5, 0 R R E S

AR EENR 3 ), BCEPEIME.
33. ER5REDHH

M SR AT IR ZE < 5.3%, 2 LR EERC10%). REFRT: O B2 R L
MRS FHALE; @ R SRIRE SOERE R . WE— 8 R, WRUFRA a5k,

Table 4. Measured experimental values

4. MEREE

kL2 JE FEF (mm) FRIEZ 2835 °C A HRGAL B (W/m?)
RBER E A RIRAR 40 19.43 2.63
XPS #R 10 18.04 5.58

4. ERTR

(1) ABHRE A ORISR I SR “HZ R0 RREH . 40 mm JFH)AEER B G RO R R
100 mm JERMES XPS HRAH Y, HAPAGR % BN 2.63 W/m?, 5 XPS #7(5.58 W/m?) I #AJi i/ R ik
52.8%, HZ508]) & F R EK 60%. X —HEME R4 100 m? ZHH N 3~4 m? (4 FHTE R, AR 7 1L5 1%
TR R RS O S 5 S A6 P 2 TR el A, G L IE I 22 H /N X 08 5525 8] 32 BR 3 5

(2) B P A R (I P R 1 S R 2R o I8 I S B U P A T mT R, A M s A TR R St A
W E R RBOE 078, NITA N R P iE. FEEOHERZMN 20 mm 32 50 mm, %M
3.8 Wm? [ 28 1.5 W/m?, BESEHN 10 mm S JERE, PR LT3 NI 23.7%, RPEKAE LIS
PRTHRIRBER L DT, RREIRE & RIEAR K S5 A B 4 7 IR 77 1m0

(3) FTHIEER) Abaqus #ufk 3 A PRICIE AL E 44 R AP AT SE 15 TRRE IV o AR 2L Jok 17 Ao B 7 &5 10 2
MR, ERIETE R ER, 2B 7B RS B . RIS IS R R, BME 5 R E A
PR <5.3%, 12 B TR < 10%0) TR R, nl AR 2 & ORI I TR 1T 5 1 R il
DN AHARS T 1) UM S A%

(4) ABHRE SRR RE Rt 5 2 e thae B RA LGS . BTG R BE, A RE ™
FEHLIX 100 m? (EBF 154 KL AEFE 1200 kWh, JREKZ) 960 kg, WEEF TR SN EESH: ERF A
B3 KEEHH 350 kg/m® (R EACKIYE, A RONEE 7L 48 EPS BOK R B E AR S 5 K A T 45 )
A, R RAN T BBV . SR B RE VL SE s R R E N . PR ORVE BT K R AR

SE K
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