Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2020.21.8.287

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 21, No. 8 pp. 287-297, 2020

kFobE fist AEe dEAS A Ad H BAA B

An Experimental Study on the Improvement of Insulation
Performance in Old University Buildings and Economic Evaluation

Jeongmin Lee, Wonho So, Kyungchan Cho, Dongnyeok Choi, Kwon-yeong Lee’

Department of Mechanical and Control Engineering, Handong Global University

2 o E d¥e =5otd dis dEY R 9 4 ol dist 20, digty AE W AAAY YAAEE woln
L35tE AEQ 94EaaE &ol7] ¥ APHh £ =52 gy LaujorE AE W oujA fuxte] o
3% ol digt A&H 84l St EAHES Aol Ay A AEES 7HA AL glon, RET} Ql
FAEY YR Hu S | 23S FRlste] A aAd et s34 Aot stugtes 459 548
a1 YolF &d F UE 94ES FAE dEAE A9 disty 2 euAS AP BY g wHEo]
Ao A] AR EE R HH GRS A AES APP. AF ZAE v R J1E AR AR XY AsE
E7ote] FAaTNE HHoHe FAG BIHE AAA. A Brhs A8 o]29 g, ALHN 4FH V|E0R
Z+zy AAE T A7, LalulokE 60 7] 3 Ao 0}0 %i(ﬁo T)% 141 %OE%ZHE TYstgE i, & 2ol AL
Hol= Hdl & 1,071,600 ¥ HeF & 4

Abstract This study examined ways of improving the internal insulation performance of aging university
buildings, and to enhance the convenience of occupants in university buildings and the insulation effect
of aging buildings. This research was conducted to solve the problem of continuous requests for
improving the insulation performance of office workers in the Nehemiah Hall building of Handong
University. The results showed that the internal temperature of Nehemiah Hall was low compared to the
internal temperature of the adjacent building. Considering the characteristics of the building, the
university chose insulating materials under the theme of internal insulation. The experiment was
conducted by installing internal wall insulation used in the market by producing a model room that
miniaturized the university professor's office. Based on the experimental results, an economic evaluation
was conducted to analyze the insulation effect by measuring the heating time and actual heat
transmission coefficient. An economic evaluation was conducted by experiment and theory and on a
winter and summer basis. According to the research, when an Isopink (30 T) was introduced as an
internal insulation material in 60 offices of Nehemiah Hall, it could save up to 1,071,600 won in total

during the winter season and 109,200 won during the summer season.
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Fig. 2. the inner corridor of the Nehemiah Hall.
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Table 1. Thermal Flow Rate Table for Building
Exterior Walls by Region[1]

(W/m2'K) Central | Central | Southern | Jeju
1% area|2™ area| region | island
an Less Less Less

Less than
Direct |apartment| than than 0.220 than
exposure| house | 0.150 | 0.170 ’ 0.290
The | © the' Not an | Less Less Less than Less
outer |OP€M @Il lapartment| than than 0320 than
wall house | 0.170 | 0.240 ' 0.410
of the an Less Less Less than Less
living Indirect |apartment| than than 0310 than
room | osure| house | 0210 | 0240 | O 0410
to the} Not an | Less Less | o than| L€
open air (apartment| than than 0.450 than
house | 0.240 | 0.340 ’ 0.560

Table 2. Thickness of Insulation Material in
Southern Koreall]

Allowable thickness by insulation
sulation grade| grade (mm)
1 2 3 4
an
Direct |apartment| 145 170 200 220
exposure house
The | t© the. Not an
outer |OP€M Al lapartment| 100 115 130 145
wall house
of the an
WVINg | 11 divect [apartment 100 | 115 | 135 | 150
room exposure house
to the | Not an
open air|apartment| 65 75 90 05
house
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Table 3. Example of the calculation of total heat
perfusion rate

Material Theiscskn k Fond Note
@ | WmR w2
External
- - 0.043
cond
Fireproof
Decked brick| 0.100 0.990 0.101 brick
(Red brick)
Hard Uretan Attach
Board | 0070 |  0.020 3500 ac
test report
type 1 no.3
Concrete | 0.200 1.600 0.125
Internal
Rw”d - - 0.110
Total - - 3.879
ApphcaZtlon 0.258
U(W/m”K)
Standz;rd Less than 0.320
U(W/m”K)
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Fig. 3. Small sized model room design for
insulation testing
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Fig. 4. Figure of chambers under experiments

Table 4. Experimental variables o] B Aule] =41 ¢, & Tdo| Fx| ko 7|2
Variations Values B 9] %hmt‘g] oz U ztog Aol
Insulation Materials Styrofoam(40 T)/Isopink(30 T)
Room temperature 13C
Heater off temperature 60°C c _ theazmeasured ( 6)
Heater on temperature 20C e U heatno isulation
T.. Air temperature
7}1007‘ Floor temperature
T, Insulation material surface 4 fglé-ll 7515'-}
temperature
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52 4.1 712 Mo Ciet &E A
t Heater on time
et . . 71 Ay Aol ©ho] Eo YA F2 LT
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Fig. 5. Variation of 7);, in the basic chamber
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Table 5. Results of basic chamber insulation experiment

Average of cycle Values
thoat(® 82
Period(s) 726
Csaving 1
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Table 6. Results of the Styrofoam(40 T) insulation
chamber experiment

Average of cycle Values
Eheat® 54
Period(s) 1153
Csaving 0.66
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Table 7. Results of the Isopink(30 T) insulation
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Temperature variation of isopink (30T) insulation experiment
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»5 in the Isopink(30T) insulation chamber
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Table 8. Types and areas of walls of Nehemiah Hall's
office
Types Quantity Areas
External air indirect wall 3 63
External air direct wall 1 6.3
Window 1 6.3
Floor 1 252
Ceiling 1 252
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Table 9. Heat transmission coefficient of no insulation

Table 10. Heat loss rate according to types at no

Nehemiah Hall's office insulation
Types Heat loss rate(W)
T Material Thicknes k R, 9] External air indirect wall 2010.487
e aterial S
® (m) (W/m-K) (m?k/W) (W/m”K) External air direct wall 272.163
External | Concrete 0.2 1.6 0.125 Window 155.625
air 4255 Floor 612.186
indirect | Internal ’ -
wall Rmnd 0.110 Ceiling 1051.218
Con4crete 02 6 0.125 Total loss 4101.679
External | Brick 0.1 099 | 0101 Heating input 398321
air direct| [p/Externa 2.639
wall 1 0.153 AlSlS E5t AMM T
Rmnd 521 =28= 32 oxl o7|'
Window 1509 gdo]l EHA g2 FLY t..,. AFAA I
Concrete | 16 | 0438 Coping= ©180N AAE H7HE APt Table
slab 9
Floor |In/Externa 1.484 11 oﬂ 7gxﬂé -‘%‘ ]’ ] r’Hﬁ_ ]”’ g}\—E‘o] Eéﬂqolq
1 0236 o] H7] G A9 b, 3504 Zolk, AEEE
cond
Conerete | o1& 6 | 0oos (40 ME FLET A £)00= 2313 0|1, offx] &
1ab ) . )
Cetling [ 5562 oF Zke 5832 MJ/Dayol®, HZ Hl&L 357
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o 0086 Won/dayolck. ofol4 HA(G0 TR BAT B, £,
£ 2208 Zo]H, o] Mok g2 5.832M]/Day, H7
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Table 12. Heat transmission coefficient table of
Isopink(30 T) insulated in Nehemiah
Hall’s office
Type Material Thic;(nes k cond U:
() (W/m'K) (m2 /W) (W/m>K)
Concrete 0.2 1.6 0.125
External -
i I i 0.03 0.027 1.111
A = P 0.743
indirect | Internal
all 0.110
wa }?umul
Concrete 0.2 1.6 0.125
Brick 0.1 0.99 0.101
External -
air direct Iso pink 0.03 0.036 1.111 0671
wall | In/Externa
1 0.153
cond
Window 1.509
Concrete |5 16 | 0438
slab
I ink 0.03 0.036 1.111
Floor *o pln 0.56
In/Externa
1 0.236
Rcon,d
Conerete | 15 16 | 00938
slab
Ceiling Internal 5.562
Rw”d 0.086

Table 13. Heat loss rate according to types at
Isopink(30 T) insulated

Table 14. Economic evaluation table by substituting
actual heat transmission coefficient of
insulation materials

Insulation materials tyeat Saving Saving
energy money
No insulation 3504 s - -
. - 13.392MJ/ 893
Isopink(30 T) 528 s day Wony/day
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15. ¢} Table 16. o =&F o] It}

Types Heat loss rate(W) Table 16. Economic evaluation table by substituting
External air indirect wall 351.068 actual heat transmission coefficient of
Extornal air direct wall 9201 insulation materials in the summer season
Window 155.625 Saving
Insulation materials | ©.y1n Saving money
Floor 231.013 Y | energy
Ceiling 1051.218 No insulation 674 s - -
Total loss 1858.125 S?;rOOfiC[’i%(goT;F) 331 s N}J%i 91 Won/day
Heating input 2641.875 D Y
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Table 15. Heat loss rate according to insulation in the summer season
Types Heat loss rate(W) / No Insulation Heat loss rate(W) / Isopink Insulation (30 T)

External air indirect wall 1340.325 234.045
External air direct wall 151.327 38.447
Window 86.53 86.53

Floor 340.386 128.447

Ceiling 700.812 700.812

Total loss 2619.38 1188.311

Cooling input 1380.62 2811.689
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