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{ SUMMARY )

1. Development of 0.008W/mk grades Vacuum Insulation Panel.
2. Development of the source technique for forming a space between the metal
panel to create the space panel (minimizing minimum gas pressure).
3. Development of a seal source technology to maintain the vacuum of the
metal panel.
4. Standards establishment of a portable vacuum pump for maintenance after
construction of a metal vacuum insulated panel.
5. Simulate curtain wall using Dry Panels for Reducing the Closing Process
with finishing materials.
1. Development of 0.008W/mk grades Vacuum Insulation Panel.

: Review the physical and chemical conditions of the metal panels, such as
material and surface treatment, etc., and change physical and chemical

Purpose & conditions.

Contents Change the physical and chemical condition of the metal panel according
to the vacuum pressure reading (analysis).

2. Development of the source technique for forming a space between the metal
panel to create the space panel (minimizing minimum gas pressure).
3. Development of a seal source technology to maintain the vacuum of the
metal panel.

: Sealer Investigation of possible joints in metal vacuum insulation panels
and materials available for joints in bonded joints.
4. Development of a portable vacuum pump for maintenance after construction
of a metal vacuum insulated panel.
5. Simulate curtain wall using Dry Panels for Reducing the Closing Process
with finishing materials.
Development of mit Technology for Metal Vacuum Insulation and Maintaining
Vacuum Pressure.

Results Development of Integrated Metal filler Applied Metal vacuum Insulation Panel.
1) Development of advanced technologies for development of advanced
technology materials for the development of vacuum insulation in the field of
construction, and securing advanced technologies for securing advanced
technologies.

2) Raising the Effects of the Domestic Building Vacuum Insulation Materials
Expected and the Additional Economic Growth in Korea.

Contribution

3) The government's plan to address the government's policy on low—carbon
green growth, including Zero Energy House Supply and Energy Supply, which
belongs to the mid — and long—term plan for mid — and long—term energy
growth.

Keywords

) Ultra high
Filler Vacuum Metal panel . .g Sea
insulation
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o G35t AR AT

Description Unit Spec.
60HZ m3/lh 36
, L/min 600
Displacement speed
5017 m3/h 30
L/min 500
Gas ballast C 5x 10-4
Ultimate pressure Gas ballast | torr 5x 10-8
Gas ballast |l 5 x 10-2
Water vapour tolerance torr 25
Oil filling L 2.3
Inlet port DN 25KF
Outlet port DN 25KF
Motor power kW 0.75
. 60Hz R.P.M 1750
Rotational speed of pump 50Hy RP M 1450
Noise level(without gas ballast) dB 52
Weight kg 41
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ay | apay | ay | by | RCR
Ni-0 19.5 83.97 96.28 32.92 36.09 111.64 37.03
Ni-25 20.0 86.84 99.88 31.58 36.80 111.75 36.80
Ni-50 19.5 87.19 100.31 32.67 36.98 105.13 37.10
Ni-75 19.0 93.03 107.03 33.54 36.52 108.09 36.80
Ni-100 18.5 91.25 114.63 33.28 37.48 119.56 37.90
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SEM HV: 10.0 kV

WD: 10.08 mm MIRA3 TESCAN| SEM HV: 10.0 kV
SEM MAG: 3.83 kx Det: SE

SEM MAG: 3.84 kx
Date(midiy): 11/28/17 knu Date(midiy): 11/28/17

WD: 10.01 mm I MIRA3 TESCAN|
Det: SE 20 pm

knu

7F mAske] ZElm A9k Aol TS 01—r°17<4 & 2o °l$oi7ﬂ oz detAn

SEM HV: 10.0 kV WD: 9.72 mm

| I

MIRA3 TESCAN SEM HV: 10.0 kV
SEM MAG: 3.54 kx Det: SE 20 pm
Date(midiy): 11/28/17

WD: 9.83 mm | MIRA3 TESCAN|
Det: SE 20 pm

knu

SEM MAG: 3.85 kx
knu

28 56 WaFEAAE 3 Ni-0 sample(3) Ni-50 sample(-%-) ( x5000 )
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€ AR BBX A 1A SFE N0 WA A A} A e NS0 0
Fol A 7

= A7h 9 dehd e 38 5 ok

_63_



BAge u7od F50 net A3GAEL B8 stemE 47E Fstud Ao
Ay 2R FEHAY stauE 47 AW FYsA AYsAT. 1T sizer
300X300mm Z&H AL LUFH A7) 71980, 94 297m=E AR S A LS 235 T,

_64_



I:II_ OF -
ZIH A oring =l S 712 A =
3500 =
soon ™ ]
— 3000
— 23500
) 2500
= 2000
iJ' 1500 B LEFR DT T
= 1000 = o
500 HE m om m g —_—OHE Tt AL
1 2 3 1 2 3 1 2 3
sic T MBR-70

| ek thsl g)
s N gno=d B0 W =

[ T e T e e e e Y e o e |

=y,
T

[ S O R K )
-
o -
- -

09 58 ATedy FRE aME 4T AE

AESAH A 9 O9 567 2ol ysgton, A& (Sic)e =2 AITte] oF 3300sec 48 = A
o VIT(Viton) 2 NBR-709] 74 -%-= F A 550secell Al 800sec7t#] Ael= ASZ YEGT
FAWME A A EGSioZE H4 0.2, Ha 0.4g 7hA WHslsls Ao 2 Vet A9, &
Sojde] UH AR AFES o Aste] Agsto]oksle EA9 5T HE S IS
Al ERFe ERIs] 1R AAR) gdo] 877 ol JFE=2A dAglen
AlWst w3k Fol Al AdS AASAT

_65_



H. 25 ZI3 59 md UF FI2A A MO 9 5 4d47F)

) YA 72& Z= 7714 AR U HE

714 A E=Z PP, PC, PVC, AC, PE, PTFE % 6% R/ AdES HAAsA AFE 13 st
o Eme, A7k BEEe] B AR U] 9lstel Behay Txb Uy 7234
& Agatel Agsta S

A
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Vacuum time

oo & Vacuum tme

Stabilization time

PC PP PC AC PE PTFE
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Honeycomb Weight change 20X 20cm
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a =
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= 0.2
=
0102 301 2 31 2 3 1 2 3 1 2 3 1 2 3
-0.2 PV PP PC A PE PTFE
plastic materia
= - -
a3 62 YR Fx g2y AE JtawiEsd A1
Honeycomb Weight change 25 X 25 cm
1
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= 0.6
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= .
£ D4
=
= 0.2

(=]

-0.2 PVC PP PC AC PE PTFE
Plastic materia
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= AYNT Fe dAEES JEQAT Dgo] £47F B4 ool o % IREgol
JERA ehe Aow dueldn. Mol edAole] wAl Leak® FE & flor] wEFedel
o] o] Ro| XA grol WFo] FAHALT ATk Bkt

FHAEES A3 A Hekdk A& 7hAokstH 300 X 300mme] Z7]of st of gt 3}
A AFFEHE FASH] e BEE At ofst=d o] REAA B 1HE 3t A
2+S st A R, vlA Leaks &S & it

Setpoint Mo. 3
Setpoint Upper: 30 °C
Setpoint Lower: 10 °C
Temperature Upper: 30,01 *C
CalibFactor Upper: | 0.015594
Results Upper: 0.03397 W/mK
Temperature Lower: 10.02 °C
CalibFactor Lower: 0.013829
Results Lower: 0.03396 W/mkK

Percent Difference: 0.02%

Thermal Equilibrium Criteria:

Temperatu 0.2
Between BI 49
HFM Perce 2
Min Mumb 4
Calculation Blocks: 3

Results Table -- S| Units

Mean Temp Upper Lower Results
22.52 0.03305 0.03296 0.03301
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Setpoint N 1
Setpoint 30 °C
Setpoint 10°C

Temper,  30.03 °C
CalibFar 0.013614

Results Upper: 0.0893 W/mK
HeatFlux Upper: 51.21 W/m?
Temper;  10.01 °C

CalibFar 0.018441

Results Lower: 0.09218 W/mK
Fercent 3.16%
HeatFlux Lower: 52.85 W/m?

Thermal Equilibrium Criteria:
Temperatu 0.2

Between Bl 49
HFM Perce 2
Min Mumb 4
Calculation Blocks: 3

Results Table -- Sl Units

Mean Temp Upper Cond Lower Cond Average Cond
20.02 0.0893 0.09216 0.09073
29 88 FHUY A4S T GAE
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CalibFactor Upper 0.01539%
Results Upper. 0.09518 W/mK

Setpaint No. 1 SR TN \ |-,
Setpoint Upper. 30°C 4 . _ ' :
Setpoint Lower: 10°C D | - .
Temperature Uppe 3003 °C '

HeatFlux Upper: 49.66 W/m?

Temperature Lowe 1002 °C .. A ;
CalibFactor Lower 0.016192 . SRR & ] .
Results Lower 009171 W/mK B - -
Percent Difference  3.71% ' " -
HeatFlux Lower: 47,85 W/m?

Thermal Equilibrium Criteria:
Temperatt 0.2

Between E 49
HFM Perce 2
Min Numt 4
Calculation Blocks: 3

Results Table -- S| Units

IMean Temp Upper CorLower Cor Average Cond
20.02 0.09518 0.09171 009344

oY 80, [HE FEAE ALE BF GAEE 57
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Setpoint No. 1

Setpoint Upper. 30°C

Setpoint Lower: 10°C
Temperature Uppe 3002 °C
CalibFactor Upper 0.015614
Results Upper. 0.08809 W/mK
HeatFlux Upper: 5059 W/m?
Temperature Lowe ~ 1001°C
CalibFactor Lower 0.01644

Results Lower;
Percent Difference
HeatFlux Lower:

0.08861 W/mK
0.58%
50.89 W/m?

Thermal Equilibrium Criteria:
Temperatt 0.2

Between E 49

HFM Perct 2

Min Numt 4
Calculation Blocks: 3

Results Table -- SI Units

Mean Temp
20.02

Upper Cond
0.08809

Lower Con
0.08861

d

.

‘e

Average Cond
0.08835
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Setpaint No.
Setpeint Upper: 30°C
Setpoint Lower: 10°C
Temperature Upper. 3001 °C
CalibFactor Upper. 0.013615

Results Upper. 0.04455 W/mK
HeatFlux Upper. 27.8% W/m?
Temperature Lower: 1001 °C

CalibFactor Lower. 0.016441

Results Lower: 0.04906 W/mK
Percent Difference:  0.99%

HeatFlux Lower. 2762 W/m:

Thermal Equilibrium Criteria:
Temperatu 0.2
Between Bl 49

HFI Perce Z
Win Numb 4
Calculation Blocks: 3

Results Table - Sl Units

Mean Temp Upper Con Lower Con Average Cond
2001 Upper = 004955 Lower  0.04906 Results ' 0.04931

1% 91 STS 316 2 7|22 A E AgE o8 JAFgaFHild =8 54
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Setpoint No. 1
Setpoint Upper. 30°C
Setpoint Lower. 10°C
Temperature Uppe 3003 °C
CalibFactor Upper 0.015396
Results Upper: 0.05477 W/mK
HeatFlux Upper. 31.06 W/m?
Temperature Lowe 1002 °C
CalibFactor Lower 0016192

Results Lower: 0.05263 W/mK
Percent Difference 3.98%
HeatFlux Lower: 29.85 W/m?2

Thermal Equilibrium Criteria:
Temperatt 0.2

Between E 49
HFM Perct 2
Min Numt 4
Calculation Blocks: 3

Results Table -- SI Units

Mean Temp Upper Cond Lower Cond Average Cond
2002 0.05477 0.05263 0.0537

99 92 FolHUA 2 FxEANTOR AAR ATFENY AAES 54
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Setpoint No. 1
Setpoint Upper. 35°C
Setpoint Lower. 10°C
Temperature Uppe ~ 3502°C
CalibFactor Upper 0015506
Results Upper. 002114 W/mK
HeatFlux Upper. 10.28 W/m?
Temperature Lowe  10.01°C
CalibFactor Lower 0.016441

Results Lower: 002128 W/mK
Percent Difference 0.64%
HeatFlux Lower: 10.34 W/m?

Thermal Equilibrium Criteria:
Temperatt 0.2

Between E 49
HFM Perct 2
Min Numt 4
Calculation Blocks: 3

Results Table -- SI Units

Mean Temp Upper CoiLower Cor Average Cond
22.51 002114 0.02128 0.02121
a9 93 ZIEZAYEE 283 51 HE dAE=E A

_86_



L}. MOCK UP TESTE S¢ot Sx gags 7|
= HEl(FHzks))

MM
o
ra
I
ol
il
r2
O
1
1u
<>
ﬂ
N

D Ms

Mock up Test& &3 @#HFE& 7I&S WFste I3 48 4 71 PSS sty st
U, 1 48 £x xdo] § F = 0.001torroll =% 3t& o Mock up testE 53H

]_
ABFEL ZHT ZE /1L WE e S PHow YL WA

Q
o
o
o

a[ ) o o o E
22 g %o 22 1y Sio 2 o £ 3T

2% 94, Imx1m 24949 =4

23 95 Imx1m F£&3d

AL W SAlol 28 ARgste] Ad S A on, AT ¥H aAlolae et 2o

_87_



WRS-A52RAR &2

B, oot
oG v
| B
I i B |
| I =
W
V4 :
| e
Vi T
P HIZEAL: (F)QLIoME 2 OEM
_d ﬂﬂlﬂzlﬂ{l‘q
PHEER 365 L
P 1H: B50x580x1910
v v »25 :0-10C

@ 49 A%

AYe WF A0z LEE ACE BH 2, R BRANL 54
A, - 9% LEAE QEDTE AFste] APL WA STk o - 9% L
£ Axste] 2425 S SAT

=4 = =
F 9 FES AYgon, oJf= 532 Fof A4S JB st =3 &
8t Gl EE AMEste 18 HHo 2 48 39

1=
T

l
e
2

o ¢



Q) 243 2%

= &0

20
18
16
14
12

L= ORI R = ]

SFAAEH MF ASM

orAstE o, A3 Ax= oS g
Oro|A~ 3 (52
N CRNARRT Y2 RLCEERREZE80528205
2 A ZH{m)

_89_

111



2l L=
b
30
25
20
o
UT 15
" —aHy e 55
gy 2|8
10
5
4]
1 4 7 10 13 16 1% 22 25 28 31 34 37 40 43 46 43 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 57 100103106109112 115
3™ AI7H(m)
AEH R (BY)
AT DCE il L
=5 SCHEId
30
25
212
20
-
4
H 15
o —AEH Y 2E

AEM g 2

10

W

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100103106
FZ M (m)

AL A L=yt BT 125C gor, AFTLAe] A4S 126C2 SHUL AF
Wz AT LR FASA dEhow, o8 Fal 13D dnFsel AT
A FAR Ao Bl HYor, JUEE T FAY Zloj BuAn,

_90_



B =S

J

ks
pil

Z7hA A Bk

=
=

o= Qs FA

nd

N
Nlo

—

<P

ol
sy

B

e A5 8%

o A
f=la]

<

S

3]

2

STk mekA

o

3}

T+ 5em©|

A 7ol =717} 300X300mm =

o
=

bl

=42 KS L 9016 o <3

3
=

IHAIG e 2 [EA/ECBCS

A& A

b VIP)Y d=

o

S

712 Vacuum Insulation Panel(°]

A& =72 05 X 05 nf o)L

B

B

d

3L
o

|

A+

XA

Ae| F40) e}

ol A&

bl XY= 7] o

S

=
=

t}. =3 VIPE ¢Fu)EHto)

SFA

ks
pul

1o}

F70] 4+ ¥ ojo}

Ak

=
T
kil

of

|

| dj &l XF=ol

s

AHE

27198 AAE
1 X 1 nfo]

o
=

4

o =27+

71 o

S

= A7F A

SRS

3ff oF

=
=

ol 2 Al 1y

Md Nz gor Y 4%

ZAlAE [ 119 2

3| A >

o1 g3t om,

STAR-CCM" 13.04.011<

A gz z el

A& o]

212

= o
=

Whre] 244

S
=

ZHE region

il

_9‘]_



[ Plan the ]
Regions Layout

Construct the
Regions Layout

[Prepare for Analysis]
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= . Models
@) Constant Density
‘:":' Gradients
f":' Implicit Unsteady
°) segregated Solid Energy
@) Solid
(@) Three Dimensional
+-&@ Reference Values
+- @ Initial Conditions
= . silicon
& Models
@) Constant Density
‘:":' Gradients
?:' Implicit Ungteady
?;" segregated Solid Energy
(@) Salid
~-(®) Three Dimensional
+-IE HReference Values
+- @ Initial Conditions
=t . steel
= - Models
@) Constant Density
‘_"3' Gradients
?:' Implicit Ungteady
f‘:‘ segregated Solid Energy
#-(®) Solid
~-(®) Three Dimensional
+- & Reference Values
+- @ Initial Conditions
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7] A]
R : thermal contact resistance per unit area
q" : relation between the heat flux across the contact interface
AT: temperature difference

© A4 T
« Steady and Transient

o Laminar and Turbulent
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» Newtonian and Non-Newtonian Flow
 Incompressible and Compressible Flow

« Heat Transfer(convection, conduction, radiation)
» Mass Transfer

« Distributed Resistances(porous media)

« Buoyancy and Rotation

+ Gravity

 Surface-to-surface Radiation

» View Factors Calculator
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A Study on the Gas Emission of Constituent
Materials making Metal Vacuum Panel
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Mll'lhnﬂ.-l;nlhhnhth-unhmﬂ s ht Fiatrials vl e i o o
matal vacuum pasds o it andd i reised, Hheie de s by, Ao I maierial,
metal shovis, famed concrvie s 3 oore material, and pobymer materisls 25 3 waling matertal
bt iruetal ahvts ity ssberted, Experimaits am the type anad (e degrer of bevading of metsl
Mﬂﬂ-l«wﬂ1~dmwummwdﬂwlhﬂthlﬁﬂﬂwn'ﬂﬁ
in o ot plate, bt it v 3 ety 48 trma i e of W3 aned
m-mvum.mnmmwmmm-wwwm-nmhm
s alumiesin s inadeuate in tems of processabilily at e time of fabvicating the metal
i panel, Alwo, vacuum arrival times and weight changes with incroming loam oonent of
Inongani fnamed concrels incoessed fnvem 22,000 sy i 2,000 wx with incwasing foaming rae and
sk, the weight change incoessed from |.7% i #%. Also, the axperimantal results on. e bype of
bty it s, I et v i i i Frinchibg, tsve o 0,000 st il with &
right change of 0.5% ared the FTFE (Poly-tetraliacen sthyler) wolh & vauu raching line of
4,000 e anl with a gl chunge ol 2 5% o the epimum value

Keywads: metal varusm pasel; vicum Insulation {'aned; enevgy; g amission fosm ooncre
hnyramh materisls

L Intenduction

I the case of silings that b e sgnilicant i, e i AP o the
-wprhwdmm-iudnnhr‘ It ks very importand i impanve the thermal inalation
ehormane of e i coves o he ifame of saving the sik ery ine. 3] There & & sy
of e higheperiomsare inmikation die b iwallctend prefommnarce of the euisling insulation el
e this purpose (-9

Applicabilty of Yacuum Insulstion anel fhereinafer reiversd 1o s VI used i hoome
appliands i well as seropels b he alklings bs Being stustind, aniularty n VEP cas, it insuliton
In il i L maniwy hil & visuin s keiied nide by i bifwen spedal vinyl sheel with
ahuninin boil s a batier sl glos wool o fimed silics s cone materal, |10-13)

o, when sch 2 vacuum insulstion panel is used for fhe hullding, many problans sch
s e pomaility o it damiageat the tie ol idallation. the dliculfy in installaten, theit high
et the dificulry i maislaining the vacuum stile dus 1o pas emision of o malrria, i the
imprsaibility o repuair of reinfoscemend sven when the imalation functioning is lnwered due to the
v frvakage

ﬁlhmmﬁmﬂmhm‘ﬂl‘hm Mmﬂmumlnmn.lmll
waruum insulation panel is consid which the | applied a
ekt ol it wal e mc thid I i gl o il
Impeovement. [0
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varuim arvival time of S0 muterisl was inoneased Dt mo weight change was shiwn, Especially,
covldering the evsral and workability of the meal pasel s s consquentlal durability, i is
o e appavepriaie bevaisse the weelighi change sooarding in ihe flexaral strengih did nod ogour,
Vacuam sivival time ard woighl change soconding to loam raie of Hghwelght foamsd oonoee
incressed with incressing frams eate. This showed that Ehe pore of the foamed concree b 2 dontinuous
orve ancd ther bengah v thee airflow s bang o that the process of sucking air in the pare s requined. 18 is
Fredubied s develop thae cune isaterial havisg a shost sir e length ) & Laler time.
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ilvylene) with 4 vacuum nesching ime of 29,000 s and with 8 wright change of 2 2% wetv fourd
o b the erics] approprale.
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and measurement of the thermal conductivity thevend,
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Compressive Strength of Light Weight Foamed Concrete for Panel
using Waste Concrete Powder as Filler

FHE 39 947 4 8 77 I
Hong, Sang Hun Jung, Ui In Eim, Beng Joo Him, Jin Man

ABSTRACT
Tha process in recycled sggregate manufecturing protess incroases, tha by — prodoct wnsta concrats
powdar i= also incresming, Soch waste concrote powder is not currently recyeled but iz mostly used s
nn puxilinry loyer or ms o roadbod motariel, The chemieal composition of sich weste concrete powdar
neeounis for abouot 0% of S0k and 30—40% of Cal This chamical composition 5 considered o be
renctive when used in outoclave curing, In this study, the strength change of the lightweight (oomad
concrate wused in the core of the ponel was investigeted by using waste concrets powdar, Tha
experimeantin] resulis show thot the smaller the particle size of the waste concrate, the higher the

strangth, and it is possible to substitute fer notursl silics,
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Table 5. The propertles of cemsnt

Crinfireaslva

Typa Slurry danspypgdo Flosat il dry danaivygion III-I"DDEI-I!IJIEFI'J
Flakn 0 &6 21 0,62 6,1
LR —25 (=] i I GBI 62
150 0 B5 20 I 6L 5.2
1{K—TH 0. 23 Fal] 0 &0 5.1
L0 —1HF 023 Z1Z 0.8 4.3
20—25 0,25 230 o & [
2050 0 23 pa ) i 50 62
2075 (== pra ] 0.5 6.2
E0—100 0, 22 15 L 5.7
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A Study on the Flexural Compressive Strength of Lightweight Agpgregate
Concrete for Vacuum FPanel Core Using EPS Beads

FA4E #8F AT gy FT
Hong, Sang Hm Yoo, Mam Gyu  WJung 1A In Eim, Bong Joo

ABSTRACT

Corrently, research is being conducted for lightweight concrete in Korem, The wose of lightweight
concrete is widely used for structural, roof, and fireprood coatings, nnd structurnl bHghtweight concrete
is widely used, EPS is a lightweight aggregnte with low thermal conduectivity, which is excelipnt in
thermal insulation and is also wsed as & materisl for insulation, Korea is trying hard to schieve mero
energy house by 2020, But there s no renl slernotive, In order to soive this problem, = stedy om
vacuum insolstion materinl has been corried out and m basic stody for the development of A vecuum
panel that can improve the adiabatic effect by using lightweight aggregate concrete osing EFS as a comn
of o vacuum panel, In this siudy, we investignte the optimel replicement rotio of EFS lightweight
npgregete by changing the flexural compressive strength according to the replecement matio,
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Table 6. The properties of cement

(3days)
Type Flesxural strengthi MPa) Compressive  strengih| MPa)

EPS 0% (110} . 16.31

EPS 25% (1:0p = 349

EPS 50% {1:0h - 1.46

EPS 75% (1:0) . 017

EP5 0% (1:2) [ %] 202

EPS 253% (1:2) 48 9.1

EPS 50% (1:1) 0g 0.7

EPS 75% {1:1) - 0
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