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Abstract

Upgrading the building components of vacuum panel insulation enhances superior thermal
properties in them. In this article, by making a vacuum panel with an aerogel core, the effect
of radiation reflective layers and matting agents on the heat transfer coefficient of the panel
has been investigated. Vacuum panels were made with aerogel blanket, aerogel blanket with
multi-layer aluminum foil, aerogel blanket containing powder matting and panel containing
blanket with foil and matting at the same time. The power loss of the samples was measured
and compared by a power meter. Creating a vacuum and adding an aluminum reflective
layer and an active carbon matting additive to the insulating panel under vacuum led to a
decrease in the aerogel blanket heat transfer coefficient from 0.022 to 0.0127 W/m.K in a
vacuum of 15 millitorr. In general, the results showed that creating a normal vacuum in the
panel and the use of aerogel blanket and reflector layer and Activated carbon and ironoxide
matting materials composite as the central material of the panel causes a 40% reduction in
the heat transfer of the insulation panel compared to the aerogel blanket in atmospheric
pressure.

Keywords: Vacuum insulation panel, nanoporous silica airgel blanket, heat
transfer coefficient, matting
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Figure 1. Comparison of the required thickness of different building insulation materials to
achieve the same loss [8]
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Figure 2. a)different section of VIP and b)cross section of it [12]
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Figure 3. The effect of pressure on the thermal conductivity of different insulating materials [11]
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Figure 4. The real and schematic form of the combination of MLI and aerogel blanket [22]
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Figure 5. a) TEM and b) SEM analyzes of Pakan Atiyeh Nanoscience's flexible aerogel blanket
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Table 1. Properties of flexible aerogel blanket of Pakan Atiyeh Nanoscience

Property | Heat transfer | Densit Longitudinal Transverse Pore | Specific
perty .y 3y linear shrinkage | linear shrinkage | size surface
title coefficient | (kg/m’) at 649C at649C (nm) area
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(W/mK at (m?/g)
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Table 2. Information and physical and chemical properties of the used additives

. CAS molecular | Molecular melpng Density | Physical | Solubility
Material . point 3 .
number formula weight °C) (g/cm®) | form in water
. Less
Activated | 246 44.0 c 12011 | than | 15 | BRK Tinsoible
carbon powder
3500
Iron 1 1309-37-1 | Fe0s 150069 | 1538 | 5242 | "9 1 soluple
trioxide powder
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Figure 7. a) schematic and b) real of the powermeter system c) inside the powermeter enclosure
d) Charts of the power consumed of the sample; Recorded by the powermeter system and sent to
the computer
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Figure 8. The right side of the real image of the HFM device and the left side of the schematic
image of its operation
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Figure 9. Surface image of a) VIP without rigid plastic sheet and b) VIP with rigid plastic sheet
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Figure 10. The effect of the number of VIP core layers on its power consumed at 60°C
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Figure 11. How to place reflector plates a) schematically and b) gold sheet and c¢) aluminum foil
to create LCI as the core of the panel
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Figure 12. The effect of a single reflective layer on the power consumed of a three layers LCI
with plastic sheet at 60°C
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Figure 13. a) Use of activated carbon opacifier b) The placement of an aerogel layers in the
envelope
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Figure 14. Additive effect on the power consumed of two layers VIP at 60°C
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Figure 15. Additive effect on the power consumed of five layers VIP at 60°C
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Figure 16. The effect of reflective layers on the power consumed of nine layers LCI with plastic
sheet at 60°C
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Figure 17. The effect of VIP vacuum on power consumption at 60°C
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Figure 18. Bar chart of heat transfer coefficient at 10°C

Thermal Conductivity (W/m.K)

L VIP g5 (91 i g4 olawi Ligl53l a5 ols oLis VIP a5 s aiad cs¥ sl il s,
gyt ads o VIP a4 sl b 559 0,5 a8l uoren a0 o ials gile cwls iolidl Lo«
sl Bas o VO Mtorr M olwl ol &)l > sl oo 5 Gials o g 0als lso 51 BL 5 S
NFAWIMK < /2YY 5ol Jlsl cgpo 2alS by 093 5159 p] dilanie 59 59, » claw
By 0529 a5 Cuwl > j0 oplecdl palS VYA e 4 &)l Jl o o (Ko Ojle s ol ylid
ok Sl S 5l & il Lannss ol B aalS” l amsom el 1y By > Sl (Sl

..)9.3
ool el ol s vy ol oasline VIP (8rae (lg » aiandd goalsl Y Sl (o) 5o
Bl 65 0 gy olKiws lawgs Y 4 g Y 4w LCI 45 ganlio b ogd oo Jb slagle lss B
B3 4 Cumd poatagll Ji58 (00l izren sl Sl oanlish 4Y G 5 g nl o 4Y 0 b 4Y 4
St B Sl JB a5 S5t 5 (S sl Sl 3550 G B el 42300 (550 o



chlario 590 Oyl JESH co o 5l LOVIVA aS oog +/+ VFF WIMK L 1y poricagd] sailisb saY G
ol pieaddl s (s Sisnl Oyl Gale Bl S i SRl (rizmen sl 00 508 g0
ol 0091 go paeieagll Jigd gAY ST Ly ptinds &)l ! QUL e

by piass Qi s a4 Bl olg SWI alS VIP (Bras (g 5 Q3> 05 (59938 ST oy b
5 JUd ()5 (S99 sl Y w9 90 Sl bl (AS samlie b (S jebay al ssalin jog (S593
sl a5 Ju oo ssdl ol 4 33 Bl sl ol bags AlDgal ]
e ol 8l 5 gl sl sloil ple 5l s 5 e Ly o Shee (IDpaT s8] g3
s> Y 93 b ol JU o po Ol Gile el 5 (e coly Dlidod S e 8155 b aniils
TPUNY 5] oty o5 hlanio (5% s Con 45 o055 [+ V¥e WIMK L oy Jleb 0,5 y050 S0g38l
Lol b $0938] Canlico o S 5l lis aS cwl oS

003l oY oS 5 b (ile 5oml Oyl JE o 0 4 e sl B Glapialejl s @z g L
oozl Y S a5 el ) CM Casleds b J5enl 5 Y g0 Lol ale opl s azsles saiiScle
oa onilingy Jlad 105 5 J3g 0] chlanie (655 (Ao sl 5| (S5 (59, 5 418,518 il (ylee 50 portansl]
Oyl Jll oo a4 g0 BLjo oole cpl e o, Sles ¢ 09381 Glaie 4 S QLBsl s el
Goim 4 Cad Bole pl 0 Ol sl co o ralS e ool plo ccwl </VYY WIMK 3le ol 3.80
sl osmlie LB VA IS5 40 Sligios 35 50 L3155 s sl 0sd TYYIYY L s J3g,e cilanio

S S5 4o O
sloul el ol J3ls sanS ol § oanlisb slaasy 5l eoliiwl g J59,1 calario 590 (saiwd L VIP oS 5
sl iolosl 5l Lol zls auS oo el 8 105 ¢ jLad alisee Layl ;0 00,008 0,0, L (598 Jlws Bile O
w‘y) C).w:bo..\.u rnl.';u‘
S ably ol Ll o ls e alaly T (5,50 W1 zals LVIP 3l slaaY slaws iol;él e
Sy 359 b Y g0 VIP LVIP g5 8 ras p mdaw zlosel 5 ais ga¥ olaws Sl ) j0 @
ol Jdo sl anslo 1) o Slae oo i L sle plo & cas /[ VFAWIMK &)l > Jlasl o o b
ghe by piais Ol JUSl Bl GU3L g (Setdly 35 b VIP mha JolS (o9 Slo aes



S5 g zlagel Hlee jo 0okl alo 4y slo JsSUge Bix L s M olow! Sl (yiran ¢ Blo
el 00l 1 lgs B zals 4 ymie VIP a5 00l slaa¥ 0,5 sl

el 00y (oM (355 Sounlil saY A Cund pariedd] Goanlil s 3 Sles

ol ol bl ZOYIVA zals el M3 b ol jod 4 50 VIP & poiagll g8 a0¥ < y0938!
ol ools zals <[ VFE WIMK 1) T &> sl o po g ool

ol 0ol o1 lgs BN wgaome ialS el VIP 4 sasSle oyog38!

el allle Jd 1) 05 599381 L Y g0 VIP o aisis slacdls le o o Sles oy s
ol odal Caws @y <[ VY e WIMK Jol> gle &)l > Jlas! oo o

Sl aLils Y iy VIP jo 1) o Slee oy g FE203 cais wle

@ i cpiais Goonlil leie 4 poiagll Y ST g8 g saSOle lgie 4 Jlad S el
Al 2 [AYYWIMK &> sl co o b aY aw LCI 668 s 3ile SO a olws

S gy S

5 Sl ooy 8 LSl o el (ilsgils 4l (S gy o8 5 ) alewsinos i Gl Qi
Ao 1y S JleS ok 5921 593 €l

&b

[1] Zeynep Ulker, D. S., Can Erkey. (2014). Supercritical Fluid Technology for Energy and

Environmental Application (M. F. Vladimir Anikeev, Ed. 1 ed.).
https://doi.org/https//:doi.org/10.1016/C2012-0-00267-0

[2] Economidou, M., Todeschi, V., Bertoldi, P., D'Agostino, D., Zangheri, P., & Castellazzi,
L. (2020). Review of 50 years of EU energy efficiency policies for buildings. Energy and
Buildings, 225, 110322. https://doi.org/https://doi.org/10.1016/j.enbuild.2020.110322

[3] Yousefi amiri, T., Bargozin, H., & Mahmoudi, R. (2018). Aerogel-Based Renders and

Plasters as New Insulating Materials in Buildings, Iranian Chemical Engineering
Journal, vol. 17, no. 97, pp. 76-85, 2018 , In Persian, [Online]. Available:
https://www.ijche.ir/article 112627 b6409fdd6e2d6fbc4341ef1f1882363e.pdf

[4] Aditya, L., Mahlia, T. M. I., Rismanchi, B., Ng, H. M., Hasan, M. H., Metselaar, H. S.
C., Muraza, O., & Aditiya, H. B. (2017). A review on insulation materials for energy


https://doi.org/https:/doi.org/10.1016/C2012-0-00267-0
https://doi.org/https:/doi.org/10.1016/j.enbuild.2020.110322
https://www.ijche.ir/article_112627_b6409fdd6e2d6fbc4341ef1f1882363e.pdf

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

conservation in buildings. Renewable and Sustainable Energy Reviews, 73, 1352-1365 .
https://doi.org/https://doi.org/10.1016/j.rser.2017.02.034.

Evangelisti, L., Guattari, C., & Rubeis, T. d. (2021). Preliminary analysis of the influence
of environmental boundary conditions on convective heat transfer coefficients. Journal of
Physics: Conference Series, 1868(1), 012024. https://doi.org/10.1088/1742-
6596/1868/1/012024.

Li, C., Li, B., Pan, N., Chen, Z., Saeed, M. U., Xu, T., & Yang, Y. (2016). Thermo-
physical properties of polyester fiber reinforced fumed silica/hollow glass microsphere
composite core and resulted vacuum insulation panel. Energy and Buildings, 125, 298-
309. https://doi.org/https://doi.org/10.1016/j.enbuild.2016.05.013.

Lakatos, A., & Kovacs, Z. (2021). Comparison of thermal insulation performance of
vacuum insulation panels with EPS protection layers measured with different methods.
Energy and Buildings, 236, 110771.
https://doi.org/https://doi.org/10.1016/j.enbuild.2021.110771.

Cuce ,E., Cuce, P. M., Wood, C. J., & Riffat, S. B. (2014). Toward aerogel based thermal
superinsulation in buildings: A comprehensive review. Renewable and Sustainable
Energy Reviews, 34, 273-299. https://doi.org/https://doi.org/10.1016/j.rser.2014.03.017.
Baetens, R., Jelle, B. P., Thue, J. V., Tenpierik, M. J., Grynning, S., Uvslgkk, S., &
Gustavsen, A. (2010). Vacuum insulation panels for building applications: A review and
beyond. Energy and Buildings, 42(2), 147-172.
https://doi.org/https://doi.org/10.1016/j.enbuild.2009.09.005.

Kim, J.-H., Kim, S.-M., & Kim, J.-T. (2017). Simulation Performance of Building Wall
with Vacuum Insulation Panel. Procedia Engineering, 180, 1247-1255.
https://doi.org/https://doi.org/10.1016/j.proeng.2017.04.286.

Kalnas, S. E., & Jelle, B. P. (2014). Vacuum insulation panel products: A state-of-the-art
review and future research pathways. Applied Energy, 116, 355-375.
https://doi.org/https://doi.org/10.1016/j.apenergy.2013.11.032.

Alam, M., Singh, H., & Limbachiya, M. C. (2011). Vacuum Insulation Panels (\VIPs) for
building construction industry — A review of the contemporary developments and future
directions. Applied Energy, 88(11), 3592-3602.
https://doi.org/https://doi.org/10.1016/j.apenergy.2011.04.040.

Mao, S., Kan, A., & Wang, N. (2020). Numerical analysis and experimental investigation
on thermal bridge effect of vacuum insulation panel. Applied Thermal Engineering, 169,
114980. https://doi.org/https://doi.org/10.1016/j.applthermaleng.2020.114980.
Yamamoto, H., & Ogura, D. (2021). Dependence of gas permeation and adsorption on
temperature in vacuum insulation panels (VIPs) containing getter materials. Journal of
Building Physics, 45(5), 604-628. https://doi.org/10.1177/17442591211017154.

Di, X., Xie, Z. g., Chen, J., & Zheng, S. (2020). Residual gas analysis in vacuum
insulation panel (VIP) with glass fiber core and investigation of getter for VIP. Building
and Environment, 186, 107337.
https://doi.org/https://doi.org/10.1016/j.buildenv.2020.107337.



https://doi.org/https:/doi.org/10.1016/j.rser.2017.02.034
https://doi.org/https:/doi.org/10.1016/j.rser.2017.02.034
https://doi.org/10.1088/1742-6596/1868/1/012024
https://doi.org/10.1088/1742-6596/1868/1/012024
https://doi.org/https:/doi.org/10.1016/j.enbuild.2016.05.013
https://doi.org/https:/doi.org/10.1016/j.enbuild.2021.110771
https://doi.org/https:/doi.org/10.1016/j.rser.2014.03.017
https://doi.org/https:/doi.org/10.1016/j.enbuild.2009.09.005
https://doi.org/https:/doi.org/10.1016/j.proeng.2017.04.286
https://doi.org/https:/doi.org/10.1016/j.apenergy.2013.11.032
https://doi.org/https:/doi.org/10.1016/j.apenergy.2011.04.040
https://doi.org/https:/doi.org/10.1016/j.applthermaleng.2020.114980
https://doi.org/10.1177/17442591211017154

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Yu, W. S., Zhu, Z. W., Chen, J., & Zheng, Q. (2016). Synthesis of the Getter for Vacuum
Insulation Panels (VIPs) used on Marine Reefer Containers. MATEC Web of
Conferences, 67, 06105. https://doi.org/10.1051/matecconf/20166706105.

Liang, Y., Wu, H., Huang, G., Yang, J., & Ding, Y. (2017). Prediction and Optimization
of Thermal Conductivity of Vacuum Insulation Panels with Aerogel Composite Cores.
Procedia Engineering, 205, 2855-2862.
https://doi.org/https://doi.org/10.1016/j.proeng.2017.09.909.

Resalati, S., Okoroafor, T., Henshall, P., Simdes, N ,.Gongalves, M., & Alam, M. (2021).
Comparative life cycle assessment of different vacuum insulation panel core materials
using a cradle to gate approach. Building and Environment, 188, 107501.
https://doi.org/https://doi.org/10.1016/j.buildenv.2020.107501.

Liang, Y., Wu, H., Huang, G., Yang, J., & Wang, H. (2017). Thermal performance and
service life of vacuum insulation panels with aerogel composite cores. Energy and
Buildings, 154, 606-617. https://doi.org/https://doi.org/10.1016/j.enbuild.2017.08.085.
Tenpierik, M. (2010). Vacuum Insulation Panels Applied in Building Constructions.
Singelstraat 1c.

Tao Xie, Y.-L. H., Zi-Jun Hub. (2012). Theoretical study on thermal conductivities of
silica aerogel composite insulating material. International Journal of Heat and Mass
Transfer, 58, 540-552.
https://doi.org/http://dx.doi.org/10.1016/j.ijheatmasstransfer.2012.11.016.

Demko, J., Fesmire, J. E., & Shu, Q. S. (2022). Cryogenic Heat Management. CRC
Press. https://books.google.com/books?id=GUC9zgEACAAJ.

Yousefi amiri, T., Bargozin, H., Farhadipour, M., & Jamali, Z. (2021), Polycarbonate
sheets filled with silica aerogel: new lighting with thermal insulation properties to reduce
energy consumption in buildings, Iranian Chemical Engineering Journal, vol. 40, no. 1,
pp. 349-358, 2021, In Persian, [Online]. Available:

https://www.nsmsi.ir/article 36161 49985f5c6a2eb3c1b0246138d3f76789.pdf.

Yousefi amiri, T., Bargozin, H., & Moghaddas, J. S. (2020) "Aerogel-Based Renders and
Plasters as New Insulating Materials in Buildings, Iranian Chemical Engineering Journal,
19(108), 49-69, In Persian,

https://www.ijche.ir/article_113411 cb0c06d23a37d3c53alb73a87f1c1e89.pdf
Goncalves, M., Simdes, N., Serra, C., & Flores-Colen, I. (2020). A review of the
challenges posed by the use of vacuum panels in external insulation finishing systems.
Applied Energy, 257, 114028.
https://doi.org/https://doi.org/10.1016/j.apenergy.2019.114028.

Deng, B., Yang, S., Xie, X., Wang, Y., Bian, X., Gong, L., & Li, Q. (2019). Study of the
thermal performance of multilayer insulation used in cryogenic transfer lines.
Cryogenics, 100, 114-122.
https://doi.org/https://doi.org/10.1016/j.cryogenics.2019.01.005.

Jang, C., Kim, J., & Song, T.-H. (2011). Combined heat transfer of radiation and
conduction in stacked radiation shields for vacuum insulation panels. Energy and



https://doi.org/10.1051/matecconf/20166706105
https://doi.org/https:/doi.org/10.1016/j.proeng.2017.09.909
https://doi.org/https:/doi.org/10.1016/j.buildenv.2020.107501
https://doi.org/https:/doi.org/10.1016/j.enbuild.2017.08.085
https://doi.org/http:/dx.doi.org/10.1016/j.ijheatmasstransfer.2012.11.016
https://books.google.com/books?id=GUC9zgEACAAJ
https://www.nsmsi.ir/article_36161_49985f5c6a2eb3c1b0246138d3f76789.pdf
https://doi.org/https:/doi.org/10.1016/j.apenergy.2019.114028
https://doi.org/https:/doi.org/10.1016/j.cryogenics.2019.01.005

Buildings, 43(12), 3343-3352.
https://doi.org/https://doi.org/10.1016/j.enbuild.2011.08.036.

[28] Caltagirone, J.-P. (2023). Conservation of mass-momentum-energy versus conservation
of acceleration. https://hal.science/hal-04148140



https://hal.science/hal-04148140

