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ABSTRACT: Ondol heating, a kind of radiant floor heating, is a main method used in housing
units in Korea. Building energy simulation including ondol and relevant facilities has not been per-
formed due to its complexity. For evaluating energy consumption and indoor temperature variation,
a new method should be proposed. At the present work, a dynamic simulation on ondol heating
was tried by combining TRNSYS and EES. Characteristic functions for a pump, hot water coils
and a gas boiler were simutaneouly solved by EES, and calculated flow rates and supply tem-
perature of hot water were provided as inputs of the active layer of TYPE 56 in TRNSYS. The
results by the simulation on a typical housing unit in Korea shows a good trend in a viewpoint

of actual behavior of ondol heating.
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Fig. 1 The plan of an apartment house used in
simulation.
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Fig. 2 Section of floor with ondol coil.

Table 1 Ondol coil specifications
length additional flow

zone ?rrn%a)l of coil length by rate
(m) valve{m) (lpm)
bedroom 1 20.7 104 0 3.6
bedroom 2 109 55 80 31
bedroom 3 81 41 100 3.0
parg end g1z 1082 0 36
bathroom 49 25 130 29
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Fig. 3 Ondol coil with hot water distributor.
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Table 2 Flow rate and pressure drop

case room 1 room 2 room 3 |living room | bath room (kg}:ilin) A(ﬁg‘;’;”
1 354 3.11 3.04 712 2.90 19.72 62.1
2 4.05 3.56 3.48 8.15 0 19.24 63.1
3 6.04 5.30 5.19 0 0 16.53 68.6
4 7.34 6.45 0 0 0 13.79 735
5 8.83 0 0 0 0 8.83 80.6
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Fig. 4 Return temp. vs. supply temp. and boiler
output.
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Table 3 Daily heating energy consumption(G]J)

1 2 3 4 5 6 7 total
ideal 0.401 0.283 0.265 0.255 0.257 0.229 0.252 194
on/off 0.552 0.301 0.265 0.261 0.270 0.202 0.327 2.18

constant flow 0.581 0.295 0.250

0.236 0.310 0.197 0.272 2.15

Table 4 Average room and surface temperatures with over-and under-heating

room 1 room 2 room 3 living bath

air temp.(C) 24.1 24.0 24.2 24.0 24.2

on/off surface temp.(C) 26.7 21.2 25.8 26.6 25.4
>245C(%) 24.3 11.0 32.2 14.4 33.7
<235C(%) 1.8 1.1 0 0.7 0

air temp.(C) 24.1 24.0 24.3 241 24.2

constant | surface temp.(C) 26.7 27.2 25.9 26.6 25.4
flow >245C (%) 26.1 179 50.3 26.9 30.1
<235T(%) 0.1 0 0 0 0
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Fig. 5 Energy supplied by boiler.
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I

[ R H

ON/OFF

_I room2”

L]

[

_’—| room1” n "

L]

T T T T J
0 24 48 72
Time(hour)

[

T T T T
9 120 144 168

Fig. 7 On/off status of each room.

AZE 235~245TCE Hojue 39, AYF0%
EA4sA "} olE 2daHd J)Ad esdy
o] EAoln, LG A E oJHA = 29lolth
g Aol7t AHLE FAlo felgdx AE W
el B Alad Sl Hof Al #Hgo] o
olfol71E dth = 245TE YA Wdrxeloe]

o AFHE do] Aol W&o
A& FsAIA Dot

r—{o

o

FARE &
AeEs

23]

i o
flo = uh

Table 4 154 7Y AU 9 &
=9} 34 2dA5H 6 7+ A4, F
eI 53] ¥ 39 HENES9
w3l 33 Adoel slth Fig. 13 2o
wEo] g9 o w3l v 35k #muyrt A
22 o HAAsHom, o2 Qs Rt
2o } A} ol BHFA ¥ S5ZYY Aol
W HH ) HEsle] RAFgoEN AR s

H o

£ %t

Lo
fu e wo ro

—(m m{m



3t ojdez deo] FHE 3loltt

dE AEE Aol o AaA veye
t 235C olst7h HE g dde A et
8BS & T Utk F FYo) AW Gz
T Folut AFolnt £ AFF LAl &
LEYART AE WoA Bedvte 428 =&
st7ls oo, % THiv A8 42 A #
2 % odol W u By d4 A =
otk & & gict

Table 3ollA o34 @g7]71eh 2Eo o
Wie] FHEF Aole vz £E % IUAdR
W2 A9 ¢ gtk Aed vl o] Yz
HAeE 2 AR 20CTE Faged, o8
4T2 ASA7E U BE AuAst g o
At EE] A dE AW Et 45T =23
T By ZFo] fE o] Tl B2 Ho] Aud

2
)
i
i
o
=
32
£
O i 1>
2
ox
ot
_E
a
2%
N
N
el

C
AZol™, Fig. 69 Zo| &7 o8 BTE UWEY
Y 30TE 9rle 49E= A9 gloh

39 H EHR LV} oA v 32 Fig. 79
R npe} Zro] bl y) o dbof] mle) AR
GolAE AE & F doH, g @ gl A

fu
i
r
X
tlo
4
pics
Ir &
N
o
2

=
o] 7] AAzARTY RS &
o= dhle dA4e B AR gomg nA

#% zEwne 230 $23L HAT F ok

OE el Wl e A uksh, FEHE 7
A= AR g mE Yol AEA FA Wil
ool Ao7t HFHBA A hAAE FF
e $Ao] sluprtel @t

uYe §Fo] B5% B, 3 Aol % A
519 7bs Aol gom, AUz Juisk ARy Astz
Adge. Bz AU 30l 2A A49E
YA FolE ANLES PHAINE A ge AT

o] &850] HA4 AR ootk Ho| BH
T = 10~100%9] E 9o} LFA7 7Hedt B
B os e AL U F & AR A
o ols} #Aste] A, Ry §F W Wy
wi71e] Ao} Fol sl AP wlag F3s}
FEATAM A=A dE Felnh

2 et

b

2 B

TRNSYS¢ EESE fAste 28w g
B4 Aggolde #y3gY. Ix= 2
HlAAE, Rd#e H5dFE EESE
i Fa, aEd 72t B 2R F
& u] AZvitt TRNSYS TYPES6e] €
AFsts H4S gk EES 2dyo) %
Azte AANEE & 33 AoR s}

328y ol EE UFoE 15749 719
3 AEoR A gl Az ol
NUA & o] 44 Wir|E HAZ
AZ Z %S 29 a8y 14 29

FolE R, 259 £YEY
Aol 213 Ao A 4 9]

2 x (o r
RS

)

it

w2 o
R

o
il

By
XN,

ﬁ)J_,
%
©
f
1o
®

i)
Ho

o,
Rl
A
2
o
oft iy Jdot 1o &2

oX %.EL = rlo
o
L
TN
G 1
ot X
o i
M
r4£
e o
e
o
2
b ©
w
O
ol "o
NELNO
B
_%_Il
o ¥
a
ullie!

o
23

o 2
oL
>
Lo
off
_\:J_,
% 5y o
1o o B R 2 of

>
ok
o
—Iﬁ—‘
i,
32
£ 2
v
r2
X
2 rr
N

X g ro o
to
T 1k
PR

ETRLLEE SRS

&2
ox
o
fo
utl
Flrlj
B
%
s
0,
fo

o oy
[0
o
X

N

o
e
o
—?—1-'4
£

GRS
)

2 w2 ap
(i
o
L
o
N
P‘L
=

ot 32 of
i)

e ol T

>
2
>
-

[«

ok
=2
£ o
P
=)
X

BN
-

N
a
o o
flo
=
o
oy
fo
gt
o
dob
r o
ot
B
pac
3
i

T -



382

F87] - AN B

of heating energy in a Korean-style apartment
building 3 : The effect of room condition settings,
Korean ]J. of Air Conditioning and Refrigeration
Engineering, Vol. 17, No. 8, pp. 722-728.

. Lee, K. N,, Ryu, S. R, Kim, Y.-Y,, Yeo, M. S.

and Kim, K. W,, 2004, A study on the energy
simulation considering the response time of radi-
ant floor heating system, Proceeding of the
SAREK 2004, Summer Conference, pp. 620-625.

. Hong, W., Bae, H., Kim, S. and Choi, M., 1998,

A study on the energy consumption by the life
style of resident in apartment houses, Korean

Journal of AKI, Vo. 14, No. 6, pp. 193-200.

. Yoo, H,, Hyun, S. K,, Park, Y. W,, Kim, Y. and

Hong, H., 2004, Analysis of heating energy in
a Korean-style apartment building 1 : the effect
of location, Korean J. of Air Conditioning and
Refrigeration Engineering, Vol. 16, No. 1, pp.
101-110.

. Samyang Valve, 2003, Design for Ondol Hot

water Heating and Header.

. Solar Energy Lab., 2005, TRNSYS 16.1 refer-

ence manual, University of Wisconsin-Madison.

. Klein, S. A., Engineering Equation Solver.



