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Comparison of the Heating Characteristics of Electric Heating System
with or without Thermal Storage, and Electric Radiant Heating System
Using Off-peak Electricity

Dong-Ho Choi* and Chang-Nam Yang**

ABSTRACT

This paper examines the characteristics of electric heating system using off-peak electricity and compares the
heating characteristics of electric heating and radiant systems. And we examined the comfort of occupants
according to the heating systems by measuring the superficial temperature of human body models which is
located in experimental space. From this study. we obtained the brief results as follows. The electric heating
system with thermal storage have several advantages, one of which is to be able to maintain the optimal
indoor temperature in a very short time at the beginning of heating due to the radiant heat and the control of
indoor temperature deterioration. We confirmed that the electric heating system with thermal storage of heating
systems considered in this experiment might improve the comfort of occupants by comparing the temperature
difference between the upper and lower space.

Key Words : Off-peak electricity. Thermal storage, Indoor thermal environment, Heating system design
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Table 1 Specification of heating systems

Power Power

. TSC owv
Item supply |consumption [keal] | [m/s)
[e/V] (w) )

Thermal storage
heating 17220 2.400 18,650 0.16
system

Electric heating 17290 2500 _ 0%
system

Electric radiator | 1/220 2500 - -

TSC : thermal storage capacity OWV : outlet wind velocity

Table 2 Wall conditions of experimental zone

Model [tem win- Outer [nner Corridor
room dow wall wall side wall
Direction N N W E S
Area[m‘] | 648 7.56 29.25 | 2925 14.04
room
A Heat
transmission -
coefficient 32 0.447 0.489 | 0269 | 2631
[keal/m'h'C]
Direction N N E W S
Area[m‘] | 648 | 7.36 | 29.25 2025 1404
room
Hegt‘
transmission y 35 | 0447|0257 [ 0269 2631
coefficient
[keal/mh'C]

Fig. 2 Inner view of the electric with
thermal storage heating system
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Fig. 3 Inner structure and surface distribution
temperature of the human body model
(The photo of surface temp. is taken
by thermo-camera)

310
09 B room A
AC!JS OroomB
o A7
a 06

£ A5
2 x4
3 ;3
€ ;2

@ 1
00
29
28

FIS FBS LTS Les LTS 8BS RTS ReBS S
Location of measuring pants

Fig. 4 Comparison of the human body model’s
surface temps

FTS : front and top side RTS : Right and top side
FBS : front and bottom side RBS : Right and bottom side
LTS : Left and top side ReTS : Rear and top side
LBS : Left and bottom side ReBS : Rear and bottom side
TS : Top side

ERess gUsl £48 £ A=S wasge
9, SHA g2ds 23d FANAES £HY ¢
2ol§ Aol e ARAAD,

2222 AALERY BEH2Z FUY HE

A S P} F2E AALLELCAE)
€ Ao AFAA B 7z AsH 4 <A
BEedd FYHE €F2 622keal/M(75W) 2N 2

200

A BRI dAgel A ez 43S
Fig. 391 MA@ EH=EE 938 FA(TVS- 2000
Mk II. NIPPON AVIO-NICSAH & o] &3t &F%
REEH, S8 U FBLEE Yehidrh 2749
AALLRd A7) EARXE FZZAHFAHA <
@ F3A)E Fig. 4ol et 5327 st
H, 4 2de= g 04Colste 2=AE YErd
o2M Hud ¥ WggE Yehhch

£ AgAME GAA(T-type)ol 3 4d F7|
2%, BEURE AU FFLE 97T § % 180
q4E FFUt AW FVI2 = Fig 10 verd
uiel go], & 4EAT 0494 FFsaen &7
2k ol FYW(12Y) ¥ JALEEDY] U
T(OME 2AHAY. EF, & AFPLL 15284
2 F4ol FTFLEAE G4 dAstd AU BAg
3g A&s9d.

2 dFdME AY Im I8 7IEFIR 7HEe
I, 71EEeld 25 33 F AALERd Hpd
HAg A FY 239 HE 258 AWrEeER
AAEA ol AW 7IERRE 4 A8 dHEe 2
E2M, i 9 3] dXYR)) gE a#HEg
FY5ts 8% AE2 €890t & Ao 2xdo
Bt Data Logger (Data-scan 7320, Datascanrh) &
Edl ojRultt FAFE YA E=E s

232 HUiS

FdEEE Fig. 191 Jebd ulg Zol. & 4 F
249 A4 Im Folol 17444 HREATE 4
A4d =4 A7IAYA F=AHD 8608TC/150.
Delta OHMAD 24, Data LoggerE &3 vj&wich
HAFE ) g

233 T

¥4 F712¥71d FFHe AHES Yot
H(22A~08A) ol A7ISIHZE FFEe AYH 3
A (0841 ~18A4D o BE BE FEA7Ied 2
£3 FHoR FEAT Ho|v, mlauvg 293,



AOKIZIE 0128 AYA| HIIRE| ¥ HISTAl FIIREY|, ALYl LHASA 8
S/, oo

o] 5oz FAY A2 E AFsiod 2 43F
Aol £33 AoE ¥ & A=E AAg
AY A2 AFAYZAINAVRIE A3
HAY A¥L 23 4 USE o, 2524
= 294 #7|eEvis AARLedd ZajoldA
g 77t Adsd, 43¢ dYo] 238 4 U=ES
FAc £ Y2 uxgd AFA(MACH30
& MACH-DAT/S. DUCATI energiarh) & 433t
294 A7)12E79 AARIndd FFHe AY
2 wgoit A&agch 484 A B EIste A
PR(15kWh) ¢ 242 SdstA 4Fslo] 7 49 &
PR e PEFR Yon, 394 F7LENNA F
F5= AP MopdHo] FFHE 10/ B¢ &
¢Aoz TFHEE dud

31 AME =A

Ay L2 Aed b go), FWH22E
Wy F2E &2 AT YA ddxd F 24
232 9 zPdez g4Hd WA ¥t o=
s APAA BoA &3 A¥EH: 45 A@
A vzl 2@ ALoE AlsEd. weN, & 3
s & 4¥e @A F 239 dPYE JES
913 Table 3ol MAIG 2FH Zo] I FE4
A7 28718 4 A9 Y AA 4R A &
deFe ¥HaHT WAY AEAE 4 49 AW
NE2xst AALYRYe] EAHLEE ASSA. &
Ae] 2=a AP E % 4B8A BT oz ¥
AE Y BREFE AUFo2A ATRE &4
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ow
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heating side
room B

system

Fg At 492 19999 1€ 99 12:30~10¢
12:3091 A A1 A

3248 2%

N34 49 @3 (Fig. 5 Jatd, F 2Tele o
29 =7 A&HYow, 2¥4B7 2PEA &
o 4 22 2xE Yehlifich e FFHe
FAATRY F A AW 71E2=EAE 02~06C
9 A7t AFE wd, udg Addols Hd 1C
A= A7t AU A JIEE B oplz
AfLERde EULEE AW 7[&2Es §98
A¢s Jehiz glon 4¥4BY QAEERD2
APLALT F30e) 05C. oftel 1C 7HF 9 U
EtsiTh

—~19 b g PO
gt

~~0—human body model(side. room A)}- 4

Qy
18 b-- ] human body model(side. room B) | § T
,ﬂ’ : g —&—Indoor ar temp(room A) |

\ii :
"l ™Indoor air lemp{room B) i I

15 freet
14 | b
13 feori e N ——————
12 .
B B B P T B B T B B B B B
01-08 01-08 0108 01-09 01-08 01-09 01-10 01~10 01-1C 01-10 01-10 01-10 01-10
1230 1430 160 18BN 00 20 _?Exao 023 0430 063 08 1G:L 120
me

Fig. 5 Variation of the human body model's
surface and indoor air temp.
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Fig. 17 Variations of air temp. and relative
humidity

Indaor air temp (room A) —— Indoor air temp (room B)
—ua—Heater surface temp (room A) —e— Radiator surface temp (room B)

Temp.(C)
88588

]

4 - :
10 i 1 1
99-0199-0189-01989-0189-0189-0189-0189-0189-0189-0189-0189-0169-01-

i

28 28 28 28 28 28 28 28 28 28 28 28 29
0:00 2:00 4:00 6:00 8:00 10:0012:0014:00 16:00 18:00 20:00 22:00 0:00
Time

Fig. 18 Variations of heater surface and indoor
air temp
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Fig. 19 Variations of air temp. with time and
height(room B)
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Fig. 20 Variations of indoor air temp.
(room B, 1999. 1. 28. 09:00)
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Fig. 21 The difference of human body model
surface temp. between window and
corridor side
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Fig. 22 The difference between window and
corridor side globe temp. at each
room
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