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2. REPORT OF THE RESULT
2.1. SUMMARY

Standards that predict thermal comfort of living environment are designed to evaluate spaces of
uniform and constant thermal conditions, while the actual living spaces are not necessarily
uniform or constant, as there could be radiation from windows or heated floor which causes

vertical temperature variation, or draft which causes temperature variation over time.

Our studies are aimed to develop evaluation technique to predict human comfort/discomfort of
non-uniform, non-constant thermal environment, to establish evaluation criteria for more realistic
prediction of thermal comfort of living spaces and, in all, to make a proposal of ISO standard(s)
for evaluation method of thermal environment.

In the 3 year plan started in 1999 fiscal year being supported by National Institute of Bioscience
and Human-Technology, we have conducted, in cooperation with Kyushu Institute of Design,
projects of (1) Development of technique to evaluate dynamic thermal environment, (2) Analysis
of thermal sensitivity of human body sections, (3) Establishment of criteria for thermal comfort of
non-uniform, non-constant living environment and (4) Survey of related techniques and

conversion to database.

In the project of “Development of evaluation technique” by means of virtual human body thermal
model, this year, we concluded through human testee experiments that a combined and
improved system of “ Numerical simulation of thermal environment using computational fluid
dynamics (CFD)” and “Human body thermal model” which is the result of the development
project of “Application of human sense measurement technique,” is an effective method to

evaluate non-uniform thermal environment.

In the thermal mannequin project, a constructed thermal adult mannequin was used to determine
relation between temperature and heat loss of 20 human body sections. Comparison of the
equivalent temperature of non-uniform thermal environment derived from the measurements of
thermal mannequin, and the thermal feeling of human testees revealed that the former can
predict in a high accuracy the human feeling of non-uniform thermal condition.

Human testee experiments to find the effect of transient conditions, revealed that such conditions
gave psychological effect after the transition. The thermal sensitivity study of aged and young
male and female testees gave us some fundamental knowledge of limb sensitivity, which showed
more local variance than the central body in the sensitivity against changes.



In parallel with the studies, we, jointly with Human Environmental Systems Counsel, held an
open forum titled “International standards for non-uniform thermal environment, especially floor
heating,” to discuss the fundamental concept of criteria for floor heating.

Development of prediction method of thermal comfort/discomfort is undertaken mainly by the
members of the national committee for ISO/TC159 Ergonomics / SC5 Ergonomics of physical
environment / WG1 Thermal environment. The national committee for TC159/SC5 is chaired by
Prof. Tochihara of Kyushu Institute of Design who is also the leader of the national WG1 and the

committee chairman of the above studies for standardization of thermal environment evaluation.

The reference standard of these studies is ISO 7730, for which a revising proposal of floor
heating criteria and transient condtions and an addition proposal of prediction methods by the

human body thermal model and the thermal mannequin will be drafted towards the end of 2001
fiscal year.
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0.10
0.08
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#* 35 BHEEAEM - FH I L OERERB I OFrER

AIZEEH min. ERERR REFRHE  xf(x)=50 fxMAX) zxMAX
34 00 f(x) = 1.97E+0*x + -9.01E+0 0.147 29.95 46.54 28.20
34 02 f(x) = 2.04E+0*x + -8.55E+0 0.183 28.70 48.98 28.20
34 04 f(x) = 1.88E+0*x + -2.81E+0 0.181 28.09 49.96 28.07
34 06 f(x) = 1.61E+0*x + 4.50E+0 0.167 28.26 49.90 28.20
34 08 f(x) = 1.42E+0*x + 9.82E+0 0.129 28.30 49.96 28.27
34 10 f(x) = 1.34E+0*x + 1.20E+1 0.114 28.36 49.96 28.33
34 12 f(x) = 1.56E+0*x + 7.55E+0 0.174 27.21 51.81 28.37
34 14 f(x) = 1.65E+0*x + 5.84E+0 0.209 26.76 52.32 28.17
34 16 f(x) = 1.67E+0*x + 4.48E+0 0.207 27.26 51.74 28.30
34 18 f(x) = 1.68E+0*x + 4.75E+0 0.204 26.93 52.18 28.23
34 20 f(x) = 1.77E+0*x + 2.69E+0 0.219 26.73 52.66 28.23
34 22 f(x) = 1.80E+0*x + 2.52E+0 0.268 26.38 53.51 28.33
34 24 f(x) = 1.79E+0*x + 2.05E+0 0.254 26.79 52.83 28.37
34 26 f(x) = 1.81E+0*x + 1.49E+0 0.262 26.80 52.89 28.40
34 28 f(x) =2.11E+0*x + -5.78E+0 0.337 26.44 53.87 28.27
34 30 f(x) = 1.97E+0*x + -1.78E+0 0.282 26.28 53.71 28.17
34 32 f(x) = 2.01E+0*x + -3.02E+0 0.298 26.38 53.66 28.20
34 34 f(x) = 2.06E+0*x + -3.73E+0 0.321 26.08 54.30 28.17
34 36 f(x) = 2.05E+0*x + -4.48E+0 0.302 26.58 53.33 28.20
34 38 f(x) = 2.14E+0*x + -6.70E+0 0.323 26.50 53.80 28.27
34 40 f(x) = 2.13E+0*x + -6.41E+0 0.310 26.48 54.08 28.40
34 42 f(x) = 2.03E+0*x + -3.32E+0 0.282 26.27 54.07 28.27
34 44 f(x) =2.08E+0*x + -4.98E+0 0.295 26.43 53.53 28.13
34 46 f(x) = 2.24E+0*x + -8.70E+0 0.348 26.21 54.47 28.20
34 48 f(x) = 2.36E+0*x + -1.24E+1 0.339 26.44 54.08 28.17
34 50 f(x) = 2.22E+0*x + -9.00E+0 0.319 26.58 53.60 28.20
37 00 f(x) = 2.46E+0*x + -2.67E+1 0.172 31.18 50.37 31.33
37 02 f(x) = 2.06E+0*x + -1.36E+1 0.163 30.87 50.88 31.30
37 04 f(x) = 1.88E+0*x + -8.20E+0 0.176 30.96 50.64 31.30
37 06 f(x) = 1.83E+0*x + -6.63E+0 0.175 30.95 50.65 31.30
37 08 f(x) = 1.85E+0*x + -6.55E+0 0.181 30.57 51.23 31.23
37 10 f(x) = 1.74E+0*x + -2.60E+0 0.179 30.23 51.86 31.30
37 12 f(x) = 1.93E+0*x + -7.37E+0 0.185 29.73 53.04 31.30
37 14 f(x) = 1.79E+0*x + -3.21E+0 0.183 29.73 52.69 31.23
37 16 f(x) = 1.86E+0*x + -4.25E+0 0.197 29.17 54.02 31.33
37 18 f(x) = 1.94E+0*x + -5.65E+0 0.248 28.69 55.21 31.37
37 20 f(x) = 1.80E+0*x + -1.76E+0 0.219 28.76 54.53 31.27
37 22 f(x) = 1.70E+0*x + 1.71E+0 0.195 28.41 54.87 31.27
37 24 f(x) = 1.89E+0*x + -4.25E+0 0.246 28.70 54.91 31.30
37 26 f(x) = 1.91E+0*x + -4.67E+0 0.233 28.62 55.17 31.33
37 28 f(x) = 2.08E+0*x + -8.96E+0 0.257 28.35 56.00 31.23
37 30 f(x) = 2.32E+0*x + -1.64E+1 0.260 28.62 56.22 31.30
37 32 f(x) = 1.90E+0*x + -3.70E+0 0.230 28.26 55.64 31.23
37 34 f(x) = 1.87E+0*x + -2.99E+0 0.230 28.34 55.48 31.27
37 36 f(x) = 1.86E+0*x + -2.15E+0 0.235 28.04 56.07 31.30
37 38 f(x) =2.03E+0*x + -7.01E+0 0.270 28.08 56.67 31.37
37 40 f(x) = 2.26E+0*x + -1.36E+1 0.259 28.14 57.21 31.33
37 42 f(x) = 2.25E+0*x + -1.27E+1 0.322 27.87 57.88 31.37
37 44 f(x) = 2.20E+0*x + -1.14E+1 0.296 27.91 57.46 31.30
37 46 f(x) = 2.12E+0*x + -8.80E+0 0.256 27.74 57.41 31.23
37 48 f(x) = 2.21E+0*x + -1.12E+1 0.303 27.69 58.19 31.40
37 50 f(x) = 2.08E+0*x + -8.15E+0 0.293 27.96 57.16 31.40
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BE -1.8 1.3 -0.8 0.6 -1.3 0.9 -15 1.3

FERMH BERHE S & S B
BE average SD average SD average SD average SD
AITZE 0.7 0.9 0.4 0.5 0.6 0.9 0.6 0.4
35 0.7 0.6 0.5 0.8 1.1 1.9 0.8 0.7
CUESE: 1.4 1.0 0.9 0.9 1.1 14 1.8 15
it 0.9 1.1 0.9 0.9 15 1.9 1.1 1.0
T 0.6 0.6 05 0.5 2.7 3.1 1.8 14
% FRER 1.0 1.3 0.6 0.7 0.8 14 1.0 0.9
BH 0.7 0.8 0.4 0.6 1.2 1.3 1.0 0.6
L 0.4 0.4 0.4 0.6 1.8 36 1.0 0.5
B (Firm) 1.1 0.7 1.1 2.0 2.3 3.8 2.8 2.7
AT 0.7 0.7 0.4 0.3 1.1 0.9 1.0 0.8
FE 0.9 1.3 0.2 0.2 1.1 14 1.6 18
FE 0.7 0.4 0.4 0.7 0.8 0.8 1.1 10
B 1.0 1.1 0.6 0.7 1.0 1.1 2.6 2.2
KHR (FirmE) 14 1.3 0.6 0.5 16 2.7 1.8 25
KEE (&) 0.9 1.3 0.7 0.6 2.3 3.3 1.3 1.2
THE (48) 26 2.1 1.1 1.1 3.9 3.6 3.7 36
i 2.0 1.6 0.9 0.7 2.3 35 3.6 33
RIE 44 2.8 2.9 3.0 5.3 5.7 55 49
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&39 BIUIN—TITBILBMWADER - HEEIESE I L BTEROBEEMA

HFEBH BFEXMY EE R mE R

AR average SD average SD average SD average SD

HIZE -20093.6 27087.7  —-33292.8 434278  -37347A1 80073.8  -22978.6 575158
b2 -22625.2 21718.1 -33347.1 39408.8 -30058.3 35569.5  -28197.1 591493
EIEEE -206684.0 3125052 -2397514 1688349 -112820.5 183698.1 -67017.0 48785.2
i) ~117620.0 137969.8 -118964.5 114818.6 -102008.1 136926.2 -63424.8 567520
TRE -152963.3 2035585 -117735.4 119161.3  —49538.9 59911.3  -39400.1 58753.3
“IEER -114702.8 128686.6  —90833.3 635295 -59673.5 68822.2  -53132.3 65664.1
BHR -70208.5 849527 -102570.9 79489.7  -77265.7 85478.7 -41758.8 60716.8
& -112465.2 181779.7 -86514.8 51152.1 -68978.2 424379  -49691.9 521101
LBE(RIE) -96860.6 987264  -67363.6 603755  -57042.5 511845  -46271.5 40477.6
ol -52860.4 581999 -747514 791719  -76598.7 100473.6  —39208.0 344443
F5 -65984.9 79696.3  -59059.1 576050 —-32988.3 28456.9 -8547.3 33383.3
FE -60306.5 441042 -67475.8 75606.4 549489 64846.6  —13351.2 42860.7
B -139175.5 1745712  -92038.6 752545 -108094.6 186138.4  -81528.9 64373.3
KhR (BTE)  -65803.6 749275  -78957.1 46953.2 -84024.9 101032.2 -51170.2 41646.2
KEE(¥Hm) -92611.8 1147584 -167107.3 3281483 -105184.1 106920.6 -111555.8 111269.8
ThE (1) -109327.2 1291946 -153268.7 205304.1 -113258.0 1002715  —-55221.8 48520.3
i3 -94542.7 87173.6  —485550 265204  -45702.2 354945  -18373.9 10387.6
BE -56540.7 62896.4 -62570.3 661194  -65851.3 62426.8 -27921.5 199520

Frym kit Bk BE B

BRE average SD average SD average SD average SD

HiI%E 34785.9 52882.7 23289.3 18677.2 36295.2 60743.4 14789.9 217515
B2 56498.3 106088.8 39305.7 56939.8 34936.7 37898.3 243541 438963.8
BIZEED 54836.5 55720.0 84127.7 53614.8 79657.0 72695.9 455575 43556.1
i) 60276.9 55465.9 54796.1 46325.1 58012.6 81891.8 42305.1 56883.1
T 123685.3 122029.0 89026.6 74737.0 32000.5 30738.4 22820.1 23687.2
RIAER 347339 271325 54571.5 367105 59637.6 93863.4 272146 29481.9
BER 462915 33663.6 58412.2 35889.9 43170.3 53901.4 17176.7 24335.8
B 54631.4 589725 46073.4 19887.7 23489.2 23084.5 23631.0 37035.4
LBE(RIE) 1067993 150905.2 151954.0 162802.0 593184 43956.0 68803.9 159465.7
BiIfkE 49550.4 45551.2 49899.4 37929.2 36116.3 42645.7 18813.6 161194
5 40430.1 40975.0 83676.9 87267.4 50945.2 114157.0 120424 13608.0
F*E 39010.8 53510.6 50064.2 442925 31976.6 25176.6 23020.1 45767.2
B 58435.7 59397.9 140987.9 118558.5 58310.8 81798.3 33556.5 454193
KR (i) 56480.7 65870.7 95586.9 135572.2 68899.8 67369.2 28531.2 26864.1
KE& (&) 91979.5 111305.3 64809.9 62296.4 39220.8 54258.8 32001.9 26402.9
THE (4%) 200699.3 206802.0 230704.8  233286.9 161789.0 141546.5 49642.4 49063.9
i3 949735 152989.8  206129.0 2088922 95895.5 90918.2 40069.7 24230.3
ZE 2615925 332288.9 336873.7  386951.8 129614.2 912825 86284.3 75672.3

Riz, BHBRETIN—T DR -
66 & 67 TRT, BEBEHEOT—FTHBD L, BENELZDIE 700~1700W/m2z OHIFETH
D, WREICHERXTEENICEDMEIEIE <. EBPRBE. T Thaho 228, EEED
P IEUATOR, BETEZZ>TWeE, WENEL 201X 500~1100W/m2 OFFTH D, 51
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HARBE<, B B KB TRTE<Z-> TWhi,

% 38 KB IN—TDEEAICE TS 70— T OGN SRS - BEEBIXR I L
X TOREIROE(CE &M S EERZAETRT. FRRIC. & 39 K& —TOEEAICBT
% 70— T OZELBBRN SRE - BRESIEEZ LR E TORFRROREOME 2 P & Y
RAETRT . MEMBICOVWTEERZME TN —THOBEVWERFN L THD &, FiEEDET
BEEAEENRD SN, LML, MIERTIIERE S FEROENEEICREL, Gl
DHENERENECHEDICKRERZEFRIETENBDETH /=, £z, MOEMICEAL TH. B
LTElmBEOANEERICHR TR EEZEC2EERE FEIIREN /2. —F. BEICDNT
HEd 5 &, mEF. g4 7)) —TRICEZBDRV, LML, BEFERE. SHEEICHE
THFEBHOERER LAEZINEINo 7, UL, &AL THERT 2 &, TIE. b, Ba6. TR,
EETERER FAENMMBOTMICHRTREL RZEMI4A TN —TLbEH - FEICEDST
PHETH- . KiT, BHEOBEIMEZANT. 47— THOEEKEZTS &, HEREICEL
T BBRECELEBICISUETOR—a o EFo =, AR, BREEEICELTHE
BLTHDE, KERAMCEICEILIYUETOR—2 3> Thoz, T2 T M 68 ITKBIRE
BE L BURER OFENME & DBIfRERT .
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K68 RE - - mHEERNOKERALEEBEFEROBEME S DOREG%
FRBIRACE EARROBMMEE OBRIE., Z2ITRTEDIC. FIFEHBEGENKRD LD,
fi& 100000W/m2 OEBEMN. 2 COEFRENEEMHLE L TWE EHEHENS, LML, BE -
HE & HIT+100000Wm2 LA B F721E. —100000W/m2 L FTIRIES D EM K EL Ao TV 5,
(4) BZ%&

INETORRITET HERMER T, HAMERICBEL T, F—EREICH Kz 527 &
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EOFRGRRIL, AR>S S K> TROMEICE< 725 & EHN TE/=(Stevens, J. C,,
Marks, L. E., & Simonson, D. C. 1974). £/, VEEED FHEBROKE R TIZ. BEEBME I
>HEHPSFIPS KBS IRAQIETH 0. wEBEILE P> R > >aE> KROIEE 720 .
BREEGROBZMEITIIENENH 2 ZEERBL TV, KERNS S, BB OEMENEE
THILEZRRTDMERVBELSN, Eh, BAERHFERTIZLNZETEE TN, I
EROL LR TH >z, BFHEESRHEILBRL THAS L, FNOOTIENEETZD
TI2<, K0, BIETSHEM. DED. HEHEBSZUEMNMENERM A, St s &Iz k DK
KIBO2TNBENDIHMPHR TE e o HEZDODVWTHARZES, FFEHTIE. BiELD
HREOHN, FFZEOFHNMITEAL THREZENEWVERI R I NS, 2, BREICOVWTD,
ZNH B LT N & ThM NN, BZEMEWERALICEEL T3, BHO AL D{EL /2
LIEMNRD 5Nz, FHI ST, HaHIEZET> T, BRE L TWBENH S,

IN LTRSS DG HICIT R FRIC X A BENRD 5N TWEM, SE, B8 HEL D
U, EWDSERZBEANZIT 0 (£30W/m? AR 12785 7285 50 S I - BRIl 2 4T L

TRHAIT 2 HETT Y INEET o7z, TO L, BE - BEMMEZIMT 5 5k LT, KEE
DHIEST ., BFRROBIHER S5 NN, ZEECEMMHEICE > TOHBK T 2HNAETH - /=,

—RIC, EEREOHFTIE, WEOBENRACTEAME D BbEBOHNBESBEL D E N>
RlEZRBT S, ZNE RERSEENMREZTOBOE NS LDIF. EBIC biﬂifg’&%ﬁi&
DHEDATFINF—DRNEFEHAL ., HRITEA TNWD I EEZ2RBRLTNS, SBIIALNET
— 7 EREMRIC L DRAB IR RAMEE L OBRR E2RETANEND S,

Kz, AZE T, HFRASET IO I RF oNSEBLNET—F 52T, ADRKE
EWET D707 LEMET 2BHOEMERE LT, Bk 1 8 EMDIER - BB % sh
L7z, N5 ZERACEPHERREMEE L TTIida<, 25BEEBRL T\ < Bk
REEHZATREL TS HEERF L T BEND B,

IHIT, AMRREBKRIRICEOBESIN TN D, KENENE - B3 2 5803, Bflidh o
TRR<, BORNOEICREICI > THRUAHIIRRLZD, EL<BNZEZ A0 5 0RMHICX
DTCOREBEXIT D, FTHRI BIT, FMIC K2R - BEBELAOMOES Y F 1 ic L 2RE -
mEBED T — & WS ks 5 NGB FIEIC DN THRIE L T BRERE D EEZ 5N5,
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3. 3. FEEEN DAY — R AT ZEH OIR AP O FIEME DR L

3. 3. (1) FEFRRMIBE PN D UM O AL
1) Zr®iz

- EEFERIBEBREICDOWTIX, 1807730 “Ergonomics of the Thermal Environment —
Determination of the PMV and PPD Indices and Specification of the Conditions for
Thermal Comfort’MH/XED /2N T, TBARENSHERICBHLZ LI, BYO
30 73 [V PMV/PPD 28 IEREICRE SRRV ) EOERND BITBE M- -,
INEORBICKH L. HEROHEZOMUWEFRREZZEE £/, EBRE L TRERIINITK

REZEEL. EBROAEFITONWTHERBEERICE DEMNEZT> -,

2) f&am

KRR 725 NI T ORERITDONTIATRD. HBREERIC K 2 REOMMEREMOBTEIC DV
KRR L2DT, ZITIRERT S, RICTEORREERTIE. HEAOBLWEEZEEL
BREREE UTTRE 34, 37°C, 8B T0%RH OFM28E Lz, £z, DERE, AHBICONT
2fkmoE & URRIINAELE ES X5 Z ENtthkz,

THREERICI DB NZHEMmIL. BRAENSNSBRBEECBE L0, EEHREDIR
MEEEOFERNTREE 8o Tz,

3. 2. (2) AY—/xRARERE MO HUEM O K
1) iz

INETARYE—RBRRED—D & LU TKRERERE 2B SICHHN 21T 7=,

FEAEEEIL, 1S0159/SC5/W61 ODEETH BNt U KERBE. AFLOEEL S NICHEBED
ZMzR/T. HER BRSHMRZREL. HRCBI 2872 BEOEDDE X HITDONT
B GEHET> TE.

AERIZERNOHAEE, BACEULZEREMICH 2B EHOE - AELZRE, BRAH,
BRENCHmMEITD 28Ik, HERICBIHMEEOERRZENL. KERFICHBIT 5 HHEM
DHFFITEITD & E L,

TOEDITHEFREEEL, RHBEELTOI ORI LAZREL,

2) PRI LORE
PORTTLORMEICEZD, BIRAREEEC R R B S THE L EEEE T %
WCHRE LERML 72,

OBa#E S

ETEZEHICEE T 2R & U TR, AB—AERERARHE. AXRBERS, 2830 -5
HETHRELROERNHBHH, A, BE, HiERESOZBHREATH S AR —4£iE
RERSHREEETH LT,

TRl 241 1A5~6 HICHESNZERO—HEAELONBAI >RIIALELT
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PIURTPTLDEET T ELT (A REREOEBIEE - ICKREFEICDONWT) &
L. ZNETIKHADHEEMT O EMITRIC DOV TEEALTHELUTONEE#BETE S
FEEETHIEELTZ,
- BADOMFEREE, MFEORNZBERICHAUERICHE 2R TE 5NA.
- BRI IREE OB WIZ L 2 RE OEWE DTS,
- KREEREIC L KRS EICfd 5158,
- IRIEFICBE S 2 AMEE O R E 12 B9 2 15T
- HEEICBITEF 2 RIVDERE, 1507730 OflE. BHEZEOB X IcET 2#E
FrE BT EBEFEUFLDICEEL =,

A& A REREE O EBRESE — FITRBEEICDNT
BREEECENARZEES2 ZAE MNERTHERS

T EEEE

- ISO ITBIT B AR HRAREFEICDNT

B.W.Olesen (ISOTC159/SC 5/WG1 Ergonomics of the thermal environment ¥E R1wW)

- BERICBT 5 IKEE ORBEEFHEMIEOHRN  (EE H— KFTEXS)

- REEEEHFOER - IKBOHERFH & FORERE GEIR AR BEFRR)
- REREMEHE ORRRELME OB this BEREKRKZ REETHMEL I —)
- BRA—Ry NERAKEBORBEREMOLE  (BEH EE SELFRERER
RKIREERE O BERFFBEMES SKIECT EOE e ELRF KRATSIAS)
-BEOF D RVEAEREERETONT (HBRESD EBRRY B®BE)

3) VIRIPTLDEED
FRE 124 11 He A GEE BRIEKS) IKEBLEZS DRI ARDVWTEOBEL F
05,
OB Z
- BAME AT - AT  SERL 124 11 H 6 H(A)  13:30~17:00 #HFT : BRHAKFEERLEY
- FfE A - AEREREE
M AEREAARATE LW 5 — L)l F — RN A B e
- ERMERL : PRE : 6 0EX 30080 GRETHRE BIE ISO HhFy
BEHE : 30EX10 05 (B3 ISO kY
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- BRERNIEMEME - HQL B4, (% - FERMEENIE. 7 O ME A% %6,
&1 6 3HFR
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SINBNAOREZ ML L TIT o /2. EEEOREHIEITMA. AEEZ. DEOENOBZE
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ORI R ZAR
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CREERE xRS

CREERE ok JREURSE

* Floor * Heating
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* Thermal * Comfort
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@FEE W IR AR
FHEHE DRBARFEICDOWTHA L EREONEED Tz, MRICAWEZF—T— RILT
DEBDTH S
* Thermal * Sensation
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BIS07730
Z T, ISO7730 IZDW T L RiE D R E D 72, MRIZHW=F—7— RIZL
TOEBDTH S,
-ISO * 7730
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4. 3. 3. FNEZROOAZ K

The 24th Symposium on Human — Environment System,

Waseda University, 5-6 November, 2000.

It was a great pleasure for me to participate in the above symposium and especially in
Symposium II: Symposium on International Standards for Non-Uniform Thermal
Environments- With reference to Floor Heating Systems" At the moment the recommended
floor temperatures for comfort are based on European and American studies, where the only
contact between the floor and the person is the feet (shoes). This do not take into account the
traditional habits in Asia, where a person may often sit, lye or sleep on the floor. There is a
need to take that into account in the future standards. It was interesting to see how many
studies, which have been done in Japan and Korea on this subject. Several good over views
where presented at the symposium. It was, however also clear that it could be difficult to
compare the different studies because of different test procedures. Also many studies are with
a very limited number of subjects, which makes it difficult to give significant results due to
big individual differences from one person to the other. But the existing studies forms a very
good basis for planning some additional studies and then establish criteria for acceptable
floor temperatures, when sitting or lying on a floor.

I look forward to follow the progress with these research plans in Japan
Yours sincerely

Dr. Bjarne W. Olesen
Chair ISO TC159/SC5/WG1 ,, Ergonomics of the thermal environment*
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Symposium on International Standards for Non-Uniform Thermal Environments
— With Reference to Floor Heating Systems

Chair: Yutaka TOCHIHARA
Department of Ergonomics, Kyushu Institute of Design

The technical committee of the ISO (International Organization for Standardization: TC159, Ergonomics; SC5 ,
Environmental Ergonomics; WG1, Thermal Environments) has been active in the development of International
Standards (IS). ISO 7730, for example, introduced PMV and PPD for evaluating thermal comfort. Since, however,
non-uniform thermal environments are common in real living situations, there is a need for the IS to evaluate these
environments. To do so, we recently began a research project - with the assistance of the Japanese Government - on the
standardization of non-uniform thermal environments.

There has been discussion about revising ISO7730 and developing a new work item for evaluating thermal
comfort of floor heating systems: “Human contact with surfaces at moderate temperature (ISO/CD13732-2)”. This is
particularly needed because most of the ISO members are European and did not take into account the Japanese
life-style in which it is common to sit or lie on the floor. Information from Japan is necessary to develop an IS which
suits Japanese cultural norms.

This symposium will summarize findings on thermal comfort and floor heating systems by Dr. Olesen (Chair
of the TC159/SC5/WG1), by Prof. Sohn (Korean researcher on ondol heating systems), and by a number of Japanese

researchers.
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International Standards for Non-Uniform Thermal Environments

B. W. Olesen, Ph.D.,
Chair ISO TC159 SC5 WG1 “Ergonomics of the thermal environment”
D. F. Liedelt “Velta” GmbH, Norderstedt/Germany

1. INTRODUCTION

The main purpose of most buildings and installed heating and air conditioning systems is to
provide an environment that is acceptable and does not impair health and performance of the
occupant. The knowledge on the thermal climate parameters, their influence on the occupants
and the influence of buildings and systems on these parameters are to day relatively well
known and established in international standards. To be able to evaluate thermal comfort
criteria for the relevant thermal parameters must be known together with methods for
prediction (design stage) or measurements at these parameters (commissioning and operation
stage). Also during testing and development of new products there is a need for testing and
evaluating the impact on thermal comfort.

The paper presents some of the criteria which are being proposed in existing international
standards or standards in progress. Issues like air velocity and local thermal comfort
parameters like radiant asymmetry and floor temperatures are being discussed.

2. CRITERIA FOR LOCAL THERMAL COMFORT (NON-UNIFORMITY)

The environmental parameters which constitute the thermal environment are: Temperature
(air, radiant, surface), humidity, air velocity and the personal parameters: clothing together
with activity level..

Criteria for an acceptable thermal climate is specified as requirements to the general thermal
comfort (PMV-PPD or operative temperature (air- and mean radiant temperature), air velocity,
humidity) and to local thermal discomfort (draught (mean air velocity, turbulence intensity,
air temperature) vertical air temperature differences, radiant temperature asymmetry, surface
temperature of the floor). Such requirements can be found in standards and guidelines like EN
ISO 7730 [1], CR 1752 [2] and ASHRAE 55-92 [3].

For most of the thermal parameters it has been possible to establish a relation between the
parameter and a predicted percentage of people finding the conditions unacceptable. People
may be dissatisfied due to the general thermal comfort (PMV, Operative temperature) and/or
dissatisfied due to local thermal comfort parameters (draught, radiant asymmetry etc). To day
there exist no method for combining these percentages of dissatisfied persons to give a good
prediction of the total number of persons finding the environment unacceptable. Also there is
very little information on the combined influence of general and local thermal comfort
parameters.

The chosen level of thermal comfort may be influenced by what is technical possible,
economy, energy use, environmental pollution and performance. Therefore it is suggested in
the revision of ISO EN 7730 and ASHRAE-55 to specify different levels of acceptance like in
CR 1752. Individual countries or a contract between client and designer can then specify
which levels must be used. Table 1 gives recommended levels of acceptance for three classes
of environment [3].
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Table 1: Three categories of thermal environment. Percentage of dissatisfied due to general
comfort and local discomfort (CR 1752 [3].)

Category Thermal state of the body as a Local Thermal Discomfort
whole
PPD Predicted Draught Vertical Air | Warm or Radiant
Mean Vote Rate, DR Temp. Cool Floor Temperature
difference % Asymmetry
% % % %

A <6 -0.2<PMV <+0.2 <15 <3 <10 <5

B <10 -0.5 <PMV <+0.5 <20 <5 <10 <5

C <15 0.7<PMV < + 0.7 <25 <10 <15 <10

It is mainly people at light sedentary activity who are sensitive to local discomfort. The
diagrams and Table 2 apply to this group of people with a thermal sensation for the whole
body close to neutral. At higher activities people are less thermally sensitive and consequently
the risk of local discomfort is lower.

The criteria based on the three classes in Table 1 are in Table 2 listed for local discomfort
parameters (radiant temperature asymmetry, vertical air temperature differences and floor
surface temperatures.

Table 2. Recommended categories for local thermal discomfort parameters

Category Vertical air | Floor surface Radiant temperature asymmetry
temp. diff. temperature K
K °C Warm Cool ceiling | Cool wall | Warm wall
ceiling
A <2 19-29 <5 <14 <10 <23
B <3 19 -29 <5 <14 <10 <23
C <4 17-31 <7 <18 <13 <35
2.1 Draught

The air velocity in a space can lead to draught sensation, but may also lead to improved
comfort under warm conditions. The draught model, which are included both in ASHRAE
Standard 55 and ISO EN 7730, is listed below:

DR=((34-ta)*(v-0.05)"%)*(0.37*v*Tu+3.14)

where:

DR  is the draught rating, i.e. the percentage of people dissatisfied due to
draught;

t, is the local air temperature in °C;

v is the local mean air velocity in m/s; and

Tu is the local turbulence intensity in per cent.

The model of draught is based on studies comprising 150 subjects exposed to air temperatures
of 20-26°C, mean air velocities of 0.05-0.4 m/s and turbulence intensities of 0-70%. The
model applies to people at light, mainly sedentary activity with a thermal sensation for the
whole body close to neutral. The sensation of draught is lower at activities higher than
sedentary and for people feeling warmer than neutral.
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Figure 1. Mean air velocity as a function of local air temperature and turbulence intensity for
the three categories of the thermal environment.

Recent studies by Griefhahn [4] indicate that this model must be modified to take into account
length of exposure and activity level. Studies by Toftum et. al. ([5], [6],[7],[8])show
additional influence of the velocity directions. The two studies do not agree completely with
the above draught model. According to Griefhahn the models predict too low DR percentages
while according to Toftum et. al. it predicts too high values.

The study by Toftum et. al. [8] has also verified the diagram in ASHRAE 55-92, where an
elevated ambient temperature may be compensated by an increased air velocity if the
occupant has individual control (ceiling fans, open windows).

Further research related to draught will be available through an ASHRAE research project,
which will be finished in spring 2000.

The influence of air velocity on the general thermal comfort and on local thermal comfort has
been studied quite extensively both in USA, Europe and Japan. The effect of air velocity has
not only been studied with sedentary people in general thermal comfort; but also with people
at higher activity levels and who are on the warm or cold side of comfort.

2.2 Vertical air temperature difference

A high vertical air temperature difference between head and ankles may cause discomfort.
The values in Table 2 apply when the temperature increases upwards. People are less
sensitive for decreasing temperature.

The studies have mainly been made with seated people in general thermal comfort. There is a
need to extend the studies with people at other activity levels.

2.3  Floor temperature

If the floor is too warm or too cool, the occupants may feel uncomfortable due to warm or
cool feet. For people wearing light indoor shoes, it is the temperature of the floor rather than
the material of the floor covering which is important for the comfort. In Figure 2 is shown the
percentage of dissatisfied as a function of the floor temperature.

For spaces, which people are occupying with bare feet, both floor temperature and floor
material are important for comfort. (Table 3 - ISO/CD13732-2).

The studies on floor temperatures and comfort has been made for the situation, where only
the feet are in contact with the floor. In Asia it is often common to sit or lye on the floor. This
may have an effect on the preferred floor temperature. Several studies have also been made
in Japan and Korea, but often with a very limited number of subjects. It is here very
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important to distinguish between electrical heated floors and water based floor heating
systems.
%

80 LOCAL DISCOMFORT CAUSED BY
60 WARM AND COOL FLOORS

40

20

DISSATISFIED
)

1 T T T T T T T

5 10 15 20 25 30 35 40 °c
FLOOR TEMPERATURE

Figure 2: Local thermal discomfort caused by warm or cold floors
Table 3: Comfortable floor temperatures for standing people on typical floor constructions;
sedentary people prefer temperatures 1-2 °C higher.

Floor construction on concrete Heat loss to foot | Optimum floor Recommended floor
measured temperature temperature range °C
according to
DIN 52614
1 min. 10 1 min. | 10 min. 1 min. 10 min.
kJ/m? min. °C °C 10% 15%
kJ/m? dissatisfied dissatisfied

Textile layer 17 75 19 24 8-30 20-28
Wilton-carpet 20 91 21 24.5 12-30.5 21-28
Sisal-carpet 14 123 23 25 15.5-31 22.5-28
Needled felt sheet 21 111 22 25 13-30.5 22-28
5 mm cork 26 145 24 26 17-31 23-28
Pinewood floor 29 124 25 25 18.5-31 22.5-28
Oakwood floor 36 182 26 26 21.5-31.5 24.5-28
Wooden floor 38 134 26.5 25.5 22-31.5 23-28
Vinyl-asbestos tile 80 485 30 28.5 28-32.3 27.5-29
PVC-sheet with felt underlay 49 242 28 27 24.5-32 25.5-28
PVC-sheet (2 mm) 60 365 29 27.5 26-32 26.5-28.5
5 mm tessellated floor on gas 60 301 29 27 26-32 26-28.5
concrete
5 mm tessellated floor on 20 mm 63 211 29 26.5 26.5-32 25-28
cork
2.5 mm hard linoleum on wood 46 176 28 26 24-32 24-28
2.2 mm hard linoleum on concrete 45 296 28 27 23.5-32 26-28.5
Painted concrete floor 77 487 30 28.5 27.5-32.5 27.5-29
Concrete floor 50 298 28.5 27 24.6-32.0 26-28.5
Marble 75 511 30 29 27.5-32.5 28-29.5
Concrete slab finished with steel 63 475 29 28.5 26.5-32 27.5-29
trowel
Concrete slab finished with wooden 60 419 29 28 26.0-32 27-29
float
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2.4  Radiant asymmetry

Radiant asymmetry may also cause discomfort. People are most sensitive to radiant
asymmetry caused by warm ceilings or cool walls (windows). Recommended criteria are
listed in Table 2 for war ceiling, cool wall, cool ceiling or/and warm wall. Radiant asymmetry
is rarely a problem in ventilated/air-conditioned spaces, except at high illumination levels and
at large window areas. Direct solar radiation should be avoided in the occupied zone, by
means of building design or solar shading devices.

In industrial work places it is mainly the radiant asymmetry from overhead radiant heaters or
a hot roof which may cause a problem. The values established for sedentary persons are too
conservative for the higher activity levels and higher ceilings in industry.

A study by Langkilde et al. [9 ]shows that significantly higher radiant asymmetry are
acceptable. Based on criteria similar to the above requirements of less than 5% dissatisfied,
the recommended asymmetry limit is 10 -14°C .

In this area there is a great need for research, before it is possible to predict the total number
of dissatisfied in a space.

3. DISCUSSION AND CONCLUSION

Except for draught (air velocity) the local thermal discomfort parameters like vertical air
temperature differences, floor surface temperatures and radiant temperature asymmetry have
mainly been studied for younger, sedentary people in general thermal comfort. The studies
have in most cases only looked at one factor.

There is a need to extend the study on local thermal comfort parameters for other type of
activities and subject groups.

To be able to predict the combined influence of the thermal environment on people it is also
important to obtain more information on the combined effect of general and local comfort and
when exposed to several local discomfort parameters at the same time.

As there are very large individual responses to the thermal environment it is very important to
use relative large number of subject to be able to get statistical acceptable results.
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A Review of the Effect of Floor Heating
on Human Physiological and Psychological Responses in Japan

Shin-ichi WATANABE
Nagoya Institute of Technology

Floor heating systems have recently come into wide use in Japan. Many researchers have carried out their research on floor

heating from different points of view in order to create a comfortable living environment. These researchers have provided

valuable information for residents, i.e. comfortable conditions, optimal conditions and limiting conditions of floor heating

systems. The objective of this paper is to illustrate the comfortable, optimal and limiting conditions of floor heating systems on

a graph which contains abscissas and ordinates indicating air temperature and floor temperature, respectively. This review

contributes to the advance of research regarding floor heating systems.
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Recommend floor and air temperature range

when using a floor heating system, and the settle process

KUWASAWA Yasuo

Building Research Institute, Ministry of Construction

Recommend floor and air temperaturerange was settled on in the committee which was provided for the
Society of Heating, Air-Conditioning and Sanitary Engineers of Japan. In this paper, the range when using a floor
heating system, and the settle process are being explained. The purpose of the committee was to examine at the floor
heating system in the way of investigating, experimenting, computing and so on. The recommendation range was
settled on based on the result of the subjective experiments.

Some differences are seen when comparing the recommendation range with the international standard
value. The 1st point of difference is about whether or not it is heating a floor surface aggressively. The 2nd point of
difference is the wear coating form of the footing. As for the international standard value, it is desirable to be

reflected for a use state of the floor heating system in Japan.
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Table 1 Average of thermal sensation vote and Table 2 Ratio of TSV which is to -3 (%)

difference of it between sit on chair and floor Air temp. Floor temp.revel (C)
Temp. revel Ave. of TSV revel 24 26 328 30 52 34
. . . 24°C 0 0
air floor Chair Floor Difference 9990 0 5 6 11
18C 24°C -1.3 -0.2 +1.1 20C 14 10 9 7
18C 26°C -1.3 -0.7 +0.6 18C 39 19 27
18°C 28C -1.0 +0.3 +1.3
20°C 24°C -0.8 -0.3 +0.5
20C 26C -0.17 -0.4 +0.3 Table 3 Ratio of TSV which is more than or equal
20°C 28C -0.4 +0.5 +0.9 0 +2 (%)
20°C 30C  -0.5 1.3 1.8 o+
22°C 28°C -0.5 +0.6 +1.1 Air temp. Floor temp.revel (°C)
22°C 30C +0. 2 +0.7 +0.5 revel 26 28 30 32 34 36
sum #8.2 24C 422 25 29
22°C 0 0 18 22
20°C 2 3 0
18C 4 7
If higher than this floor surface temperature, If lower than this floor
continues contact, a temperature of the skin surface temperature, it is safe
doesn't decline and there is not it, being cold to a burn, and it is not hot
even if ifygits on the chair. =~~~ evenif it sits on the floor.
23 —“‘““'}.....ff?f?????f?%%f;&?fﬂ.%?E?%?.;......” é If lower than this room temperature,
o.....ooo...-......-.....--..--ooo.oo.oo . it is not hot even if
- it sits on the floor.
—_ 22 L.
O
0,
=
B 20 o QeI L I IR The difference between
] : d . the floor surface temperature
- : : : and the room temperature
1 19 | - should make not exceed 10°C.

< . only at existing habitation,
: : the maximum difference
. temperature is 12°C.

If higher than this llne“
18 | .it.is not, being cold..
even 1f it 51ts on. the chalr

17 ; i | i i i i % .
24 25 26 27 28 29 30 31 32
Floor Surface Temp. [C]

fig.1 Recommend floor and air temperature range when using a floor heating system,
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Evaluation of Thermal Comfort in Floor Heating

Yuji HORI Y, Naoaki ITO Y, Nobuyuki SUNAGA ?

1) Advanced Research Institute for Science and Engineering, Waseda University
2) Tokyo Metropolitan University, Graduate School of Engineering

In an ordinary heated room, the thermal environment becomes non-uniform due to drafts, cool surfaces, and so forth.
However, most thermal indexes assume a uniform thermal environment. Thus, it is difficult to evaluate non-uniform
thermal environments numerically. In addition, evaluations of thermal environments are usually based on thermal
sensation. Instead, these evaluations should be based on thermal comfort because it is primarily comfort condition
which determines temperature distribution. In other words, given similar thermal sensations, there are differences in
thermal comfort depending on temperature distribution. On this basis, a prediction method using thermal comfort
applied to non-uniform thermal environments is necessary to accurately evaluate thermal environments. This paper
presents the results of an experiment researching the effect of floor and air temperature on thermal comfort in floor
heated environments. Further, we examine the results of the thermal comfort evaluation method in non-uniform thermal
environments. The effect of a combination of floor and air temperatures was surveyed over a wide range. More than six
hundred human subjects participated in the experiment. This experiment clarifies the relationship between the
combination of floor and air temperature, and thermal comfort for the human body. From analysis of these results, an
evaluation method for thermal comfort based on local thermal sensation was developed. This new method provides a
thermal comfort predictor for non-uniform thermal environments.

24025 B —28RE OFENT AR, £ D —DITIE.

RIEFEZ, mWREENESN., TXNVF—HIC  BAREIHOSNEHELAREEELL TV Z
HbANBFIEESONTVWS, LrLANS, BfE ENBITEND, 2&ZPNRBIHEIESNSE
DERBEREDIZ &V EMNBES RO —TiREE BTHoTH, BREOAY—HIZL-> TR, B
BROFHEELTOWIENS, RBEBEOXSIIARY  ARREENESNRNIEDEZLNS, ENOZE
—IRRESMPEREINDENREDNAKICEDOL KNS, AMREN DRER A RETIEE
SRBBAREZEZ B OSTHEREBMTRT LN RLEEAEHTHD, ABERARCITREEDGRES
U<, 5IWTEHIZRINF—HEOENEZ kT 5 AifR & L7z, TRIINF—HEBEOEREDVLETH
FENRV, INET, KEFBICETLLOME 5. o T, ABEBEOEMIIBANMEEIC X > TR
WENZEIN, —BICREZREEOKRDZRDR  INBRETHD., BEORNSSERLEEED
EHEMNRINTDHNDN, TNFNICREESI N ZEEREANT., A -RERENSE SN DA
FHICOAFEEENDHOTH O, K (BFE) HE. PREMED TR - FHMEFEINRD 55,

BE - BINE DEGR. AMEDERBDZE, KA ZIZTIE, REERORAREEZHLMNIT S
DI/ &, ERICHEEIN S BNEABEICH EEHME LEN 600 £ 2R D HBRE B Dk
LU CHREMEZRIET 5 H D TIEARWN, RIZOWTHN, KEBEER (CREY—28EE) 1Bl

IKERFE73 EQORY— AR OFE, £33 72 2R REEIHFEORERCOVWTIRLT
REREOHENREE/Z DI, KES ZDOEE W5, BBARIE. T D~DICETEERLEDS
BHToND, TO—DN, BHEOMREEEON 0OTHBILEAELTHL,

IBRHETH D, B OENRAREARE—RRET KEREEEZKBENESRIC5LHE
HBHIZHEOS T, BEOL 13— DEEWL REDOENILAFORIZH S ENE—-THD
ARBCOSEISZR>THED, KEFEOLIBA  KEED. AREKECHL TRLRBENSHE SN

191



HEEETE S ERANR I NS, Figure 1 1%, BER
BOFMEROMERN S, LHIBGREZENOK
BELEJBEETERELTRLEDBOTHS, HF

2, FLWERBENE S N2 RIRE & EX

REOHASEDE GRBET 1) ZELL TS,
BB, ZOERTIE, FICKRARENAKOR K
RICHEADFEZHKICRI S0, KRABREEZERK
BEOAERESEEL. TOMOEERPRIHEE
EBIEZEKEEIFIESE L. [IRbBELEETH
fiZfr> T3,

HMIZRENS K DT, KERENER&25I124E
S THEWESTEETHELWERAERNEOLND, &
HRMEEREEICL TH0.5~-0.5 A I NS HIPH
EEZ D751, M ORENT MY T B KM
IREE EZESIREDHABDENBEICRD, £F0
BENTHSZL2EANE. TR F—EEOH
RN5-05 O EOMAEDENET IR EERD
BERELEEZILNS,

FZOERERTIE. KEREOEENEHE
MG 2 28, ZJUREOEHD /10 RET
HBDIENRINTVNS, Thbb, 2FRBEN
3L (=0) 7255, RERE S SERIBENE
HIZ 23.6COYH—/pREZEMEIC, KERENZTN
KDb 6 CRESVWES (Tf=30.0C) . ZXKREIX
0.6 CIEW 23.0C THI AL HFRBGEENEOLND, T
DIKREIRENERHRRIC S Z 52214, Operative
Temperature  PMV*EDEICBWTEHEIN
DEGHEHB L TR Eo TS, ZOHAIT
&, OT ® PMV BZE (F7/=IIAEK) ORFLTHEEB
ENDHDITHL. AMEDRITH U THER R TBIR & Fr
SDTWBIZENEREEDONS, E-HEREITIEHS
N, 2HRGHENBAICE2EE LR TERIBE
KT T HEMMNENEHEZ SND, WThicE
K. BRIEOBBRBEIEEICLDZ2EONRKRMETIE. KE
BROSFHEBBEELET I ENRESLZ L E X
%, REBREFMEIIONVWTIE, KEEEELKBER
ANSZET, 2HBRBERELSRT ZENT
E7z (r2=0.96) N, Z UL, BBEINmERSE
HOWRTHBZELEZHEL THL,

IREREE S BSIRENBWREEICE X SHE

REFROEHEREIL. KERE - ESERES
ANnsZET, BIZEEICHEMTES ZEREN
mo LDLANSE, ZELNEEEBERENESNDIK
R & BKIRE I EROMAGOERH D, #
AEORITK BBRE OARE— OB N IR R E
HICHERZRET HOEEZ BN,

Table 1: Condition of evaluation experiment.
Air velocity = 1.0m/s Humidity = 40%
Metsbolic rate = 1.0Met Cloth = 1.0clo
The total number of Subjects = 678

The average age of Subjects = 23.1 years

The length of exposure = 60min.
In a sitting position
Dimensions of test chamber :3.6mx3.6m h=2.6m

Component parts of floor: : Hot-water heating mat covered with
plywood.
Scales for evaluation (Near terms in Enghsh)

4 +3 +2 0 2 3 hd
{ Thermal sensation ] | t } l T t T T 1

Never  Hot ~ Wamm Slightly Neutral Sl ghﬂy Cool  Cold  Never
acceptable warm acceptable
+3 +2 41 0 1 2 3

[ Thermal comfort ] | + + + t + !
Very Comfortable  Slightly Neutral  Slightly  Discomfortablel ~ Very

comfortable
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Figure 1: Distribution of equivalent thermal sensation
from various combinations of floor temperature and air
temperature.
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Figure 2: The correlation between thermal sensation and
Predicted Percentage of Dissatisfy.

where, A T is the difference between the floor
temperature and air temperature, subtract air temperature
from floor temperature.
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Figure 3: Distribution of PPD from various combinations

of floor temperature and air temperature..
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TCL = Z (OTh - OPh) +1651

Expression 1

h : Height of body part from floor [mm]
OTh  : OT of room environment [C]

OPh  : OT that body parts feels neutrality [C]
TCL  : Load index for Thermal Comfort [C]

PPDn =14.2xTCL +5.66

Expression 2

PPDn : PPD in Non-Uniform Thermal Environment[%]
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Figure 5: Theoretical estimates of PPD.
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Figure 6: Calculation result of PPD from various
combinations of floor temperature and air temperature.
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A temperature that does not feel hot to the skin may cause moderate temperature burn if the skin is kept
contact with it for a long time. In this paper some previous researches on the moderate temperature burn are
arranged and three figures of the time-surface temperature thresholds are quoted from them. As the latest
experimental result by Suzuki et al. (1991), superficial dermal burn (SDB) was found 5 hours later at 41°C
exposure in rats. This paper also examines the human skin temperature in contact with the floor and the
enclosed floor surface temperatures of the hot water floor heating system that are closely related to the
moderate temperature burn. The examinations were carried out twice, in February and in October 1997. First
the floor surface temperatures were examined at an apartment for a week in February. The system was
controlled water temperatures at three levels, 54°C, 56°C and 60°C. The floor surface temperatures were
about 32°C through this examination. At hot water level 60 °C, the enclosed floor surface temperatures by a
female subject were constantly about 41°C during 60 minutes. Then SDB was not found in the subject.
Second floor surface temperatures and skin temperatures were examined at an environmental chamber in
October. The system was controlled water temperatures at five levels, 60°C, 65°C, 75°C, 80°C and 86°. The
longest exposure time was 6 hours and then the enclosed floor surface temperatures by a male subject were
about 43°C. During the 6 hours exposure the shoulder blade skin temperatures were between 39 and 40°C,
and SDB was not found in the male subject.
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1. Introduction

There are four distinctive seasons in Korea; a continental climate in winter and an oceanic climate in summer,
showing a large temperature difference throughout the year. Because of this climate condition, the warm house in
winter and the cool house in summer was needed for dwellers and the floor heating system called 'Ondol' was
developed for the winter living. Koreans usually sit on the floor without wearing shoes and the body(feet) has a direct
contact with the floor surface. Most Korean prefer a warm floor temperature when sitting and lying. Therefore,
thermal comfort change according to the variation of the floor surface temperature.

This article deals with the historical transition and some research results about thermal environment in Ondol space.
2. Korean Floor Heating System

2.1 Brief history of Ondol

Ondol has been used for over 1,500 years in Korea. The development of the Ondol system could be categorized into
two eras; the era of the traditional Ondol heating system Which supply heating air under the floor and the era of
using embedded hot water pipes. The fuel of the system used straw, firewood etc. earlier and used coal and oil with

development of industry
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1) Conventional Ondol

As shown in Fig. 1, the structure of conventional Ondol was one in which heated air passes through a hypocaust
flues after combustion and a hypocaust is heated up and then radiates heat into the room space. The temperature of
different parts of a room floor varied, thus temperature of the places nearest and farthest to the fireplace were not even.
Floor temperature distribution is shown in Fig. 2. Although people were in the same space, the difference of
temperature preference existed according 1o the age of them. The floor temperature was relatively hot because there

was an amount of infiltration air in the house.

2) Hot Water Ondol

As the traditional system became modernized, hot water Ondol(See Fig.3) came into use widely. Hot water passes
through embedded pipes and heat radiation from the floor surface makes occupants comfortable. It is used in most
housing(residences, apartments) as well as some hotels and hospitals. A large- scale heating source of district heating

system is adapted in large housing complexes in new towns.

2.2 Present Design criteria

The design criteria of the floor heating system in apartments is "the Code for the Equipment Criteria of Building",
established early 1980s, and it prescribes the heating equipment criteria of apartments and the installation criteria of
Ondol. The structure of the hot water Ondol is basically divided into a base layer, a heating storage layer and a
insulating layer on a concrete slab.(Fig. 4)

Table 1 shows the required performance criteria of Ondol components.
3. Thermal Environment in Ondol

3.1 Thermal comfort in asymmetric thermal radiation

There are problems in applying the comfort criteria which have been used in other countries to Korean without
adjusting them because heating methods and thermal sensation are different between Koreans and other countries. As
it is known that the V.R.T.(Vector Radiant Temperature) evaluates asymmetric radiation in some researches, V.R.T.

was used to describe the environmental quality of these spaces.
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Table. 1-Composition detail of Ondol
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Fig. 5 shows the experimental result on floor surface temperature. Both the upper and lower limits of V.R.T. were

defined to determine the optimum comfort limits on the heated floor space. The lined area of Fig. 5 represents the
optimum V.R.T. range in a floor heated space. Table 2 shows the standards and research results on floor temperature
and V.R.T. in the heating season. Most of the results on floor temperature were established by convective heating

systems. Therefore the low limits of floor Temperature are much lower than the results in this article.

3.2 Thermal comfort in the Partial Ondol Heating System

Koreans are familiar with the thermal sensation by contact with the warm floor. Therefore, even though room
temperature is within the comfort range, the thermal sensation will be different according to the floor surface
temperature. Recently, the heating loads of residential buildings have been reduced owing to the increased thermal
insulation and airtightness of the buildings. Consequently, the Ondol floor surface temperature can be mainta}ned
lower than the past. The Partial Ondol Heating System is devised to rise the floor surface temperature higher.

The experiment was conducted with a subject in the test room of the Ondol system which can be heated partially
was constructed. The comfort zone according to the heating ratios changes shown in Table 3. The range of a comfort
zone is changed according to heating ratios. In particular, the comfortable floor temperature is lower than that of a
partial heating according to the increase of heating ratios. Fig. 6 shows that the comfort range of a floor temperature
and a indoor temperature according to the heating ratio. According to the increasement of the heating ratio, the
comfort range of floor temperature falls and that of room temperature rises. But the range of an indoor comfort
temperature is lower than the existing comfort range in the case of partial heating because respondents felt

comfortable in a high floor temperature in spite of a low indoor temperature.
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Table. 2-Standards and results of experiment for
optimum comfort

Table. 3-Comfort zone with heating ratio
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Fig. 6-Comfort range of temperature in partial heating system
references -

(1) PARK B.Y. (1989) : Study on the Thermal Comfort Zone in Apartment House(I), Journal of the Architectural Institute of Korea, Vol.5, No.6, pp257-264

(2) LEE O.K. (1988) : Distribution of Thermal Environmental Elements and Neutral condition on each posture of the Human body in an Apartment house, Thesis for

master’s degree, Hanyang University, Korea

(3) YOON Y.J,, PARK S.D., SOHN 1.Y. (1992): Optimum Comfort Limits Determination through the Characteristics of Asymmetric Thermal Radiation in a Heated

Floor Space, ONDOL, The Annals of Physiological Anthropology Vol.11, No.5, pp517-522

(4) BAIK Y.K,, AHN B.W,, SOHN J.Y. (1995): The Characteristics of Thermal Environment and Comfort zone under the Partial ONDOL Heating System, The 5th
International Symposium on Building and Urban Environmental Engineering and Management, Kumamoto, Japan, pp207-212

(5) SOHN 1.Y. (1986) : Ondol in Korea and New Heating Plan, Journal of Heating, Air-Conditioning and Sanitary Engineers of Japan, Vol.61, No.4,

(6) SOHN 1.Y. (1986) : The State of Thermal Sensation Researches in Korea and Thermal Comfort in Ondol Space, The 10th Symposium on Man-Thermal Environment

system in Tokyo, Japan, pp93-98

206




ANH—AEERERR%E (EHR)

T151-0053 HRIEBARRARLZAR3H2 2511
AL F R B A 2R =N
Tel&Fax:03-3299-2336

24 A —EERERS DRI LAERITEES
T359-1192 FRRTi=+ & 2-579-15
=k s PN iR
Tel:042-947-6760 Fax:042-938-1318
K RDT NTET BB WEDE L
HEEAN AFAERE L2WEE > 5 —
T530-0003 KEkHILREE 1-2-5
#wkF AL EIL3F
Tel:06-6346-0234 Fax:06-6346-0456

207




EREEONEL AET AL, H57LD
1L — - T A TR
HABEEEBHAEES COER TS0,



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

