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A study on the Characteristics of Indoor Thermal
Environment with Thermal Storage Heating System Using
Off-Peak Electricity

Yang, Chang-Nam

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University

Supervised by Professor Chai, Dong-Ho

Summary .

Recently, the number of thermal storage heating systems using off-peak
electricity for office buildings has increased because of the advantages
of cheap electric price, the keeping of clean indoor air and availability
of partial heating, etc. Many researches concerning this system have
been reported, but sufficient examinations on its performance are not
made yet. In this study, we examined the effect of the location of a
heater in a room and characteristics of indoor thermal distribution with
the system. The results may be summarized as follows:

1. The thermal storage heating system contributed to maintain indoor
air temperature due to emitting radiant flux continuously from the
surface during off heating.

2. The heat from the perimeter side compensated down draft and
radiant flux from the outer wall efficiently.

3. In case of setting heater at opposite side of perimeter zone, the
human body model showed significant difference of surface temperature
between the perimeter side and the opposite one,
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Fig. 2 Comparison of electric charge of housing, general,
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A ! Relative humidity(1.0m above ground)
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Fig. 3 Shapes and measuring points of experimental space

Table 1 Wall conditions of experimental zone

Modelroom Ttem window | OQuter wall Inner wall Serridor
Direction N N w E g -
Arealm? 6.48 7.56 2925 | 29.25 14.04
A 5 _ >
tranemission 32 0.447 0489 | 0.269 2.631
) IkeaVmmT) . .
Direction N N E w S
Area[m’] 6.48 756 | 2025 2925 14.04
B |- Tt
fransmussion | 32 | 0447 | 0257 0.269 2631
1 Dkealm’hc e
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Table 2 Specification of heating systems

Power Power Thermal ‘ Outlet wind
Ttem supply consumption :;g;caﬁs velocity
(o/V] w] [keall [m/s]
Thermal ;52{;‘,';? heating] /529 2,400 18,650 0.16
Electric heating system 1/220 2,500 - 0.25
Electric radiator 1/220 2,500 = -

3714 248 FFWol AMESE WIRURYE, 3497, vg2E Fol
Ao, ¥ d7dye FY A S AFHoa selar] o A
718 AUAHoR = AY] 2F7], A7] $E7], AV] v=EwdE AL
S8tk Girle AnAEge F94 Ar|LF)9) v RoE A
AP em 1d AE FYFL 15kWhez FYstA st

o dAddEd

) AR ¥4 L Fx

dAdArde Uit MPzAd Ba AU AYY 5¢ Frrer) e
AEET, B ATqNE dMe A 1 Ya4e I8 Ao
2 »us S99 2y ¥ ERAES 227 09mEo)) X0.44m(H ) X
0.34m(Ro))% 1.5mie 24, FA¥ J7 ERA 15m%Ye s TAbe
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T ..... styroform(50mm)
' heater coil(1.=34.5m)
- ———— gluminum plate(black color)

Fig. 4 Inner structure and surface distribution temperature
of the huran body model

(The photo of surface temp. is taken by thermo-camera)
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Fig. 5 Comparison of the human body models’ surface temps.
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£ AAsEY A9 JE3dE AFALRA7|(AVRIE ddHd 33
2 A9 BTIY 4 YAES HQon, AZFNE 544 ALEY
Addrde] Setold2s 22 A@s] A4Y AHo] FFY + 3
5% #9v 3, #9356 yxgd FYAMACH0 & MACH
“DAT/S, DUCATI energia’h & A& 284 A71£E79 aAed
2dd 2FHE AGL vjEun ASdHd 2944 ANLFr)d 2R
5= Ag9e L5kWEA, $ade dudde 59 1959 599 4
S H(15kWh) & Hetstel, Aobddo] FFHE 10417 B9 d&Ho=
FHFHAES &4

3 A3UFETLY dAAE e

7L 49 23

APUA FHe Aed v o), FNHoZE YA F2E 21
AT WAl BEEA 5 4F AL FAH Ao Ao g
gtk o)z Ash YA, BN 24T 4Pdde 43 YR w
7t 2ed Ao AR meN, & FolAE B AYe g4M F 43
o) WAL AES7) S8 Table 30 ANE 2AH Zo] T} 59
A A7IeFNE 4 A9 5D YA A AW 2dBAL $HE
dok AN ARGE 4 A9 Ay 7ELEg AXNgdvde) EHE
EE Assd, ¥ 4% e YAYET 2 4BBA B o) 9

Table 3 Check points identify experimental spaces

i . Input
. Loc Input time of
Model Heating system ation power
B of heater Dowef“ 1 capacity
. A_ Thermal stroage ‘Window 10 hour 15 kKWh
heating system side
room B
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Fig. 6 Varation of the human body model’s surface
and indoor air temp.
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Fig. 7 Comparison of loss amount of heat
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Fig. 8 Comparison with vertical air temp.
(1999. 1. 10. 12:00)
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Fig. 9 Correlation function of indoor air temp.(room B)
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Fig. 10 Correlation function of the human body model(room B)
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Table 4 Experimental condition

Location off Input Mean
" Ny Duration of | Representive | power | outdoor
Case |Room Condition hezht;]lﬁ e iment day capacity| temp.
sy kwh] | [(T]
Thermal storage window
A heating system | side(D) o /189?5,00
case 1 o 1999/01/12 1.0
Thermal storage corridor :
B heating system side(1) 01/13 10:00
Thermal storage window
A heating system side(1) 01 /12922'00
case 2 > 41 1999/01/17 18
Thermal storage window 01/19 18:00
B | heating system | side(2) /
o Th | stor: Wil'ld(;W -
A ctmal storage and 1999
heating sYStem  corridor side | /01/19 19:00
case 3 | — : o 1999/01/21 16
B Thermal storage window 01/23 18:00
heating system side(2)
N I 15
Thermal storage window
A | heating system | side(1) o1 /igggg_m
case 4 o 1999/01/15 09
B Electric heating W_irldOW 01/16 18:00
system side(1)
Thermal storage window
A heating system side(1) o /%69920(])
case 5 - ° AW 1999/01/28 30
B | Electric radiator | "29°% | 01/29 19:00
side(1)
A Thermal storage window
heating system side(1) /02/(173930_ 00
case 6 - - - e 1999/02/04 -0.05
Electric pannel ,
B heating system floor 02/05 18:00
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Fig. 11 Variations of air temp. and relative humidity .
(case 1, room A)
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Fig. 12 Local temp. distribution in supply jet
of thermal storage heating system
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Fig. 13 Varations of air temp. with time
and height (room A)
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Fig. 14 Variation of heater surface and
indoor air temp. (room A)
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Fig. 15 Variations of indoor air temp.
(room B, 1999. 1. 12. 09:00)
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Fig. 16 Temp. variation of human body model(case 1)
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Fig. 18 Variation of air temp. and relative humidity
(case 1, room B)
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Fig. 22 Variations of air temp. with time and height(room B)
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Fig. 23 The difference of human body model
surface temp. between(case 1)

skoh a3 A A FRAZIA Y A gold SEEIE 494
AdA e Aot LEASG A AR 2EEEE A (Fig22). ¢+H-E
EEE EF AY 1L0m, 20m F°o] ZF ¥ HEHE &3] FAE
Aestie d¥H4ANN HES A o] I3 74 228 ey
I ATH(Fig.20).

v AAEdREd gHes

4¥4BY AAeAdRY FULEE JdYHdASE e Bx& gy

_28_



A2 oz A Vet o7|A FE&or  AMGE IAEILL Y
BErZy 339 FUHLEAL AP AAd v& Ad4B7 dA-6 A ¢
B Holt}h(Fig.23). ol AL 94 AV|EE7 & AFH(AF)ANAM WFEF
(BE2) olggozd 3 2 9oz ie YEA U down drafte] 9
o] wirtEe], A& APHAdA AEQY dFHEG AAUAR DY S
& FH2Ea/ AuFez i ozl Re g Folgrh wEM, 434
Be} Zo] WFHo Wutr|g MAE HSole dFHd AXNYE A¢E
gjgola AUZ Fali= 2 YBAY JFoz AN/ w7 AHFLE
A7t FdEcE A #AE & AJ 283, ol e EAE A
A 2 Fg Fgo 53] 2A Jehla o

k. Ay EFex

Ad dAD EF2EA BES&HG FEI A4R 449 EFEEA
o] &=xHE Fig24el et F ALY E4LERE ded AT
drd BUIEANAN ABUBAA S F5 2T/ ddHARY ¥4 A
A vested, oL AXE ARG ahEARdsr o &
Ao 2 AZHAY. A% FAIie FHA A7|2F7|17t FA YA =
BAE AT gy UG T3 BALE HENREN, FH FIE
EgHo g AGH A 7]AF FHA= Foldr

08 — " .“__ ; ; ‘ ‘ ; ; : . P
0B t- ! LT R L room A
0_7 :I ‘..__E_____;___.. I. \ . . .

S A e —

05 S AL VA Lit bty | W
04 ‘r . , b 3 ! [ ‘; . , AR
08 f-mmebommel oot TN |
oMM e ‘

o1 A S A R S S S R S R

93— 99 99 B89~ 83 9% 9% 99 99 99- 93~ 9% 9%
M—12011201-12 011201120112 01120112 0112 (1-1201-12 01-12 0113
0:00 2:00 4:00 600 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00

Time

Temp. difference{ T}

Fig. 24 The differenc between window and
corridor side globe temp. (Case 1)

_29_



3 %49a A7|2F7)Y FAEF] AUHLABAA A ¥

(case 2)

7k AW FUIEE 9 Ades

dgdae Aule 25 % YEES Fig25o] YelidD dEd9
g12=E HA -18C, {3 50T ¥z HL-E vz glod, &
YiFE EF 97|24 AFHA 60~90%S) £EF Uetpgich I 4
9] AWZ|ESEE MR EL HEE ¥ HEHY] A 847
o F4%3td, A LX2 HojgWAM e FAFHE vt 2
T 2FTH) FeHE BNE AAR AWEEE Ao, o
ZAZHAE 27129 HgaE EFEn 43 d2U}E FU3A &
= Hay JdRW 42 FAFATHFig25). 4¥4dBe A%, dE7] A
A7t F7HEN Wt )Y £3-8Fd v 9] 49843 F
Yo = AgFo] dHLALT AHH R Z4dte SAAd FE28 9%
o] £452) R3tA W4 A=, GH LT £IF9 FAUt SuE A7)
£F719 FH2xEd WgHol, Fig269A & F Qe vieh go] F Az

S382883883
Relative hurmidity(%)

4l SO T S it BN
01-1701-1701-17 01-17 01-17 M-17 M-17 M-17NM-17 01-17 01-17 01-1701-18
0000 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

Tme

Fig. 25 Variation of air temp. and relative humaidity(case 2)

_30_



30— . | —— door ar termp. irmmA
28 ! { —o— Ngoor ar temp.(room A 50
. anaanms CoOrrection témp.(room k)
M. | —»— Heater surface t {roornA}
2% "Wy —— Heater surface lemp (room B)| - >
24 [ | | e
5 8
£ 22 00 o e - T - 30 §
a
B 20 Lo e o €
- 20 0
18 %
o
L1 S T
10
14
e w

01-17 01-1701-17 01-17 01-17 01-17 01-17 01-17 01-17 01-17 01-17 01-17 01-18
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

Time

Fig. 26 Variations of thermal storage heating system
surface and indoor air temp.(case 2)

ARYA 2

—_—— . ——

—O— —O— —A— —%— 4 3Y4B 16T

AB-1 AB-2 AB-3 AB-4
Fig. 27 Comparison with vertical air temnp.
(case 2, 1999. 1. 17. 09:00)
o Wirlgd exae o 9~20"c91 LERE Ueigled, oHE &
EA7F diieEd 9FE FUE ALe= wadv 4¥4AA BY A7)
TEZEE B A HF 1.9C, G At = BT 16TY H3
LE4E JEIATHFig2). ol AL A¥F 20) Fold WA 1,17 4
WAELE v GYE T Aoolr] g, T AYARE) Ay
FELEE AYA o2 vIEr] s, A€ 2GS o 4PYAUB
o] BALES AYdAY AU/ ELEE nustdel $uh(Fig26). 2 A
3, 494A9 AWE2ESG HY4BY EALEE GWAA zUldE
A9 dAstE A48 derdidod, vl Aziosl B FRAR)

_31_



window side

v .
:Lz,%t_/f\*/

N
¥1.96
- ., o
- ] -
\‘b\. E <Q§:’?
A N :
&

NAAW
AV
¥ 3

corridor side
room A room B

a) Variation of horizontal air temp.
(1.0m above ground)

celling
window cormidor
side side
window corndor
side * side

b) Variation of vertical air temp.

Fig. 28 Variations of indoor air ternp.
(case 2, 1999, 1. 17. 09:00)

CHEFE T A 2EAV FAHL AL € F Aok o HE Y
€ JdE4UBY B¢ IdHEHT S99 dFo FHoR AHomz AT
of AAYFEF F AW 2EAE FUHIHFig26). Al PFAG HA
HYABe Wiv] EHULE wong X&) BAE @3Eg Vd¥
T 2. & 4¥dA VY 2EAT £92] A7|237E FEF
ZdA71A &L A FAE x|t & FEA A Fd4H
A FE AUHANE Aed vieh 2o O] EUHLEAN A% Row
PRl B o, 84 AVIRFVIE FEY FIANALE AL, gAM VIEW

_32_



Difference temp.{T)

i S SR SN R N N GO V-, DO
000 Z00 400 600 800 10:00 12:00 14:00 16:00 1800 20:00 2200 0:00
Time

Fig. 29 Air temp. of difference upper lower
at the middle of room(case 2)

W] FELERE 0 FUs0) T AR AUF/eEgd At o
% A4 Aoz BUWL o4 4PARE, WIvld 59430 due

A7 Ao JFE X FF PLEN, FHAYN 253 HAEH
ojof & AMEYE dFe Aoz Foldv =¥, FE4A AVLF7E F
FLEAE UER Wiy EWE Fi A&SFoz EALE PEInz
WA E BE, g AIZtde d2A43E AAded ZA 718
ALz FAAY, AR T A FeE EEE AVWEY,
T A94d BEF FEY 9§ AolAe AEHA @ glew d FIH
(Fig.27¢] AB-23 Aol AF A7l 34T, AF4B7 29T Ha-e
Ex37F AZHAY, Fig28 A4 Im FHLSEEFXE A¥Ed HAHEHAYY
73S &% HEHE HYr) FEE Adstns 7YY 2 EEE et
s ek 9k, APABS AS- Wbyl FHY 2R B8 AYE4A AA
b vy gdd LEEIZE JEHdEd, A2 B8 3wy AXE%
Ao 9# ANSEREEY Aol& & F vt T3 AALx BIFAE
T AEAR B FHe LEETE AYIuE A SEEXE A
< e AR A2EAE A¥4BEY d¥4A7 g& 2A Y
R tH(Fig29). ols} & AL Fig.209 48 Zo) dubEg Agtgd &2
HEFE, vidd ADRELE F A0 AL ER Aol A ¥
Ho AEE € F Ak AL vt AIZd 2 WIEE FPdE 49
ABe] dwtr] EHESEYE d¥HPALT dAE Yomzg Huy Fozg

_33_



AAAA FAF LA A AR EEARE ARV THLE FHEEA
71 WEQ Aoz Foldrt

U, adAdged FHLE

bl FEFHE FAANNY AYERdy ZF FULEE Fo) @@
Zo] Bx2nvl A 12T A =4 VeERchFig30, 31). o] AL F 2
deogie WEA R A7 F/ AUZ AYEAE BT, FE9
&9 ArLE/NERH HEHE 2F U BAY 9ol i 3}%51%1

T T T T T Te—imen body modeisige) ] *
26 | loocii.ooloo! i .|——+uman body moda(window side) 5 5
! ' o ' | —o— Human bady modei(corTidor side) |
25 p --m---oms-o0 mda---o-- | Temp. diffarenca( ) 3
\' v S § T : 10T e
. : 25 §
e '
a 2 §
& 5
@
2 15 d
E
1 2
05
" N ] fiai: X o
01-17.01-17 01-17 01-17 01-17 01-17.01-17 01-17.01-17. 01-17 D1-17 01-17 01-18
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22;00 00:00
Tima
Fig. 30 Variation of the human body models’
surface temp.(room A)
. , . . . 4
» ——Fuman body model(side) ! X ' '
24 | —— Human body modek(w indow side) | | ! B Y
—o— Human body modekcorridor side) v ] ! ' -
23 | —w—Temo. diference(r) | L _______ | L )
! —
B T e .\ AR R 25 %
SIS 2 ) MR R R D ¢ B, - i iy N S B N &
[~ % 2 @
§ 20 f---dooodi. g
i 19 5 g
S R A AU - S R RO R B
|, &
- T A S <t TP N
71~ - 0.5
16 T 0

01-17 01-17 01-17 01-47 01-17 01-17 01-17 01-17 04-17 0117 01-17 01-17 01-18
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20-00 22:00 00:00

Tima

Fig. 31 Variation of the human body models’
surface temp.(room B)

- 34 -



S T L e
ST L Flman body medel(room A)|
| -0 Human body model(room B) [ " Qgirs -

1 ; ) . : -—correctlon ternp(room B , oo
17 L I I i — e

.
01-17 01-17 01-17 01-17 O1- 17 01- 17 01-17 01417 01-17 01-17 01-17 01-17 0118
00:00 D2:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

Toraa

Fig. 32 Variation of the human body models’
surface temp.(side)

7] WEeg Zoldd. ¥, o] FHE ALY = AAGEEY
9 2t B9 2EAE A SiHo, AYYE XF A9 U 2x8 4
Bt £3, 2t 4 AAREdEde] &7 FEr&3te LEAE v
B, T4 2F AY dAFE & + AvHFig30, 3D). 23, 4E4BY
ANgEeds) S L5F EAYFE o] 843 2P Fig.329 2ol
A3 4B dAGIdRe] FU2E/ APHART A= %
06T, Wb AZdAE 10CHE WA YegEE ¢ F o

o AW EFLE

AU E7ex £3 A4 QALdEd FALES F9& S48 U
ERa gldh &, Y & A& BErF0R 2588 & ARG &
A SFLET AU ZS dWU|EZREY BAF @ HELFY
d¥goe AYPUA BEF F&o] BExZud Ao 10T AL A deby
o dA g s F2 BExd 7% A Y3 &g Ve
(Fig.33, 34). =3, d¥dAe] A% AL T Hu2E9 Oy F8A Y
SEAE vuy A 20CHEY, AAHoz A &7 HEE e
Wl 28y, 4d84BY Ao AL T Anexg v} T84
9 &xx7} 30CAHE W 2ETFul £33 Ty F&8 (AAEE e
WATHFig.34). o] 2 4P4B7 HdFd oz digr]e g9 844F £499

_35_



e (H0bE tOMp. (Corridor snda —— Giobe temp.(w indow side)
-o—Correchgr? So ) .

ba termp.

2

- o

& §
[- %

Mg

: :

[+]

01-17 01-17 01-17 01-17 01-17 01-17 01-17 01-17 01-17 01-17 01-1701-17 01-18
00:00 02:00 04:00 08:00 0B:00 10;00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
Time
Fig. 33 Globe temp. variation(case 2, room A)
— Globe termp.(corridor side) Globa temp.(window side)
—o-—Correcnung be terrp

g

— [-%

g 5

(=9 e

E 9

" :

53

01-1701-17 01-17 01-17 01-17 01-17 01-17 01-17 01-17.01-17 01-17 01-17 01-18
00:00 02:00 04:00 08:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0000

Time

Fig. 34 Globe temp. variation(case 2, room A)

dFol H7] W&o, H#AA £ Azte] At wet FdFL F&3
Fadte] 2 F AR HAETE &3 F0) FrrHAT

4. 94 A712F7)Y £F L MAAHA/ APLdB R nxE=
4 & (Case 3)

7h A 372 E 3 JUeE

2 dde ] AXA fE I g APHoE mojges

_36_



A0 e C ey . 100
| —— Indaor air terp. roomAl | : | : | | i
35 | ——ndoaor air temp. roomA o s i 50
—+— Outdoor ar temp. \ / " 7 B
—o— Relative humidity {outdoar) | . i

Relative humidity{%

5 S T S S RN RN ST AR S O
01-2101-21 04-21 01-21 01-21 01-21 01-2101-21 01-21 01-21 01-21 01-21 01-22
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

Time

Fig. 35 Variation of air temp. and relative humaidity
(case3)

_ n N L ___L‘-_ I

—— Indoor a temp (raom A) | @
| —o— Indoor air temp.(room B) |:r o
1 | e COTTBCYION tamp. \

' ]
s L ) JETR

13 L

01-21 01-21 01-21 01-21 01-21 01-21 01-21 D1-21 01-29 01-21 01-21 01-21 01-22
00:00 02:00 04:00 OB:00 05:00 10:00 12:00 1400 16:00 18:00 20:00 22:00 00:00

Tere

Fig. 36 Comparison of air temp. of room A and B (case3)

A, G 2 Ba g $4d 7l $ e zdelEE 4y s
o 4AY AYPoitk. APHUAE FULFY FdA A/ LeFrs 49 U
FR(EES)S FRF2) ZzH 1Y HX % A 9-on, AYABE 2
W EEE A2 wAY AS2H 3 RaE ABFoz vy 5
Qe ol Wi YA oz da) ALY e Fyojt, YEdY o
71eE R 89 HJUFEE case 19 FAHE ~13~43T, 60~90%8) £X¥
& UEIRT AYAA, B AR ZeEiE ARG BARS) 2
0CHES L=XE UehiATHFig35). olAe duF zdo ol o
AL,09 9% =9 THY Aeln, AYAUBY 258 2AUS 23
MRS 2 AFe MAFHE APABE AYHAY AUSFLERY W

- 37 -



room A 2

Height{m)

AB-1 AB-2 AB3 AB-4

Fig. 37 Comparison with vertical air temp.
(1999, 1.21. (09:00)

Correction temp.(C)
[N

G D g |y e iy s [ iy
0:00 200 400 600 800 10:00 1200 14:00 16:00 1800 20:00 2200 O:00
Time

Fig. 38 Air temp. difference of upper and lower
at the middle of room(case 3)

FAAAE 15C, PRAZddE LOTAE B SE8 UBudt
(Fig.36). Y22 BRA9ADY A4deExs AgAE2 vy 8X9%
7 golstng A6 wal & ol ez glou, AFd(Fig.379
AB-23 £3)9 7% 4Y4LA, B 2z 227, 31T As&xa7 A
2590 2009 94 AVLT/NE B3o AXF AYUBY A
F7] FW(Figd7e) AB-1 23)9) 435 LEas AYYANY o5 @
A UERT. oRe AWAAY F& HAreEsly AETE SHvUa
429 9dd JAY 9w AWABY) A$ 20e) M/LEs)9 AT
AZ4 Y oy T gojd dEd AXHY) HEoE FHY A
Foge pe ARELERE HHuw, FPARgAE AYABS YA
ARG FELEAZ g2 34 dEyE 9w, add Agdels was

_38..



window side

[THeater

W ‘-"‘# /

-

Ve

2116

i

Haatr

corridor side
room A room B

a) Variation of horizontal air temp,
(1.0m above ground)

celling

comidor
side

window
side

corridor
side

window
side

b) Vanation of vertical air temp,

Fig. 39 Variations of indoor air temp.
(case 2. 1999. 1. 21. 09:00)

o] 4¥4AJ T aA HEREE & ¢ AcHFig38). o]H T Azt
el F A49dt A2 EAe e A72F7E AFREH)G uF
FEERE 2ANY 4YHAY 4F, dWFTY F1dqN 2 HEE
S0l 7+ 287 FUE FALZ nHF ZuF FaspzA FHE
ZA7F v ZAA Gebdel 9id, £37] 208 4FERGS) JAF 6A
¥ AYdBiAE ol wdE HELFo) ¥ Hesto e F
ARERAN BAFL2A pleksitel EEAF] FAHUY] HEYD A
o2 Eo|ldvHFig.39).

_39_



14

12 Fe g

1

08 ..

0e

0.4

Corrsction temp.[C)

02 oo

L.

!
I

Y O
i L

1) h RAd e
01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-22
00:00 02:00 D4:00 08:00 08:00 10:00 12:00 14:00 15:00 18:00 20:00 22:00 00:00

Tma

Fig. 40 The difference of human body model surface temp.
between window and corridor side.(case 3)

g
@
T
!
L

m

Cormrection tamp.{C}
(=1
[~}
K

o
IS

______________

o
[

LA g B Sep s T

| A ' ' : f |
0 o R A \N\""m/\ﬁ/ .
01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-21 01-22
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 18:00 18:00 20:00 22:00 00:00

Time

Fig. 41+ The differenc between window and corridor side
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Fig. 44 Air temp. difference of upper and lower
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Fig. 48 The difference of human body model surface temp.
between window and corridor side(case 4)

1.2

08
0.6 ‘
04 boel
02 | pah

&
N

Difference of air temp.{C}

YR S e S W VO S N S S B
99-0189-0109-0109-0199-016%9-0189-01689-0109-01-68-0189-0109-01089-01-
15 15 15 15 15 18 15 15 15 15 15 15 16
0:00 2:00 4:00 6:00 8:00 10:0012:0014:0016:00 18:0020:0022:00 0:00
Time

Fig. 49 The difference between window and corridor side
globe temp. at each room(case 4)
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Fig. 50 Variations of air temp. and relative humidity(case 5)
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Fig. 51 Variations of heater surface and indoor air temp(case 5)
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Fig. 52 Variations of air temp. with time and height(case 5, room B)
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Fig. B3 Variations of indoor air temp.
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Fig. 564 The difference of human body model surface temp.
between window and corridor side(case 5)
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Fig. 55 The difference between window and corridor side
globe temp. at each room(case 5)
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Fig. 56 variations of air temp. and relative humidity(case 6)
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Fig. 58 Air temp. difference of upper and lower
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Fig. 60 Variations of indoor air temp.
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Fig. 61 The difference of human body model surface temp.
between window and corridor side(case 6)
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Photo 1 View in room
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Photo 2 View inmeasurement room Photo 3 Heating experiment of thermal
storage heating system

Photo 4 Heating experiment of Photo 5 Heating experiment of
electric with heating system electric radiator

Photo 6 Heating experiment of Photo 7 Qutdoor view of room
electric panel heater

_59_



Photo 8 Electric with thermal Photo 9 Electric with heating system
storage heating system

Photo 10 Electric radiator Photo 11 Electric power controller

Photo 12 Slidax(SKVA) Photo 13 Electric power analyzer
(Watt, pf V/Hz Ammeter)
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PPhoto 14 Thermocouple Photo 15 Globe thermometer
(For measuring indoor air temp.)

Photo 16 Ventilation thermometer Photo 17 Relative humidity
(For measuring outdoor air temp.)

Photo 18 Automatic votage Photo 19 Data logger module
regulator(10KVA)
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AN

Photo 20 Surface temp. of electric Photo 21 Surface temp. of electric
wilth thermal storage heating system with thermal storage heating system

(The photo of surface temp. is laken  (The photo of surface temp. is taken
by thermo-camera) (front) by thermo-camera) (reverse)

Photo 22 Surface temp. of electric Photo 23 Surface temp. of electric

with heating system with heating system
(The photo of surface temp. is taken  (The photo of surface temp. is taken
by thermo-camera) (front) by thermo-camera) (reverse)

Photo 24 Surface temp. of Photo 25 Surface temp. of
electric radiator electric radiator
(The photo of surface temp. is taken  (The photo of surface temp. is taken
by thermo-camera) (front) by thermo-camnera) (reverse)
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