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Abstract - The purpose of this study is to provide the thermal comfort range according to the residential
style and clothing level at radiant floor heating space, and compare the annual energy consumption and
energy cost for each condition. Lower neutral point temperature has been stood for floor sitting style than
chair sitting style, which appears that the thermal sensation was affected by local heat transfer between
floor surface and the human body. The result of research indicates that neutral point temperature was in
inverse proportion with the clothing level. It is interpreted that the increasing of clothing level results
decrement of heat loss from human body, and is available to achieve same thermal comfort at lower room
temperature. It was analyzed that the floor sitting style is more economical residential style than the chair
sitting style, because the energy consumption of the floor sitting style is saved by 6.0% in average to
compare with that of the chair sitting style. It is analyzed that energy consumption has been decreased
by 13.5% with the clothing level of 1.2 Clo than with that of 1.0 Clo, and decreased by 18.0% than
with that of 0.8 Clo, which explains that the energy saving can be achieved with the variation in life
habit to increase the clothing level.

Key words : Residential style, Clothing level, Thermal comfort range, Thermal sensation vote, Predicted
mean vote, Energy modeling, Energy cost
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Fig. 1. Test chamber plan and measuring position of
environmental factors
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Table 1. Measuring items and equipment
Item Position Equipment
Room Air 9Points in the height of
Temperature | 1.1m above the floor T vple
Mean Radiant | 1Points in the height of Globe Thermormeter
Temperature | 1.1m above the floor
Predicted 1Points in the height of | Thermal Comfort Meter
Mean Vote 1.1m above the floor Module UA 1276
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Fig. 3. Thermal sensation vote survey procedure

Fig. 4. Thermal sensation vote scale survey form
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Table 2. Correlation of room air temperature and thermal
sensation(clothing level=0.8)

Thermal | Residential Regression Comfort Range[ C]
Sensation Style Formulas (Neutral Point[ C])
Floor y=0.4052x-9.3730 | 21.90<x <24.37
Thermal | gjtting R=0.7671 (x =23.13)
Sensation
Vote Chair | y=0.3883x-9.1172 | 22.19<x <24.77
Sitting R=0.6574 (x =23.48)
Predicted y=0.3172x-7.7967 | 23.00<x <26.16
Mean Vote R>=0.9939 (x =24.58)

y=0.4052x-9.373 y=0.3883x-9.1172 y=0.3172x-7.7967
R2=0.7671 R2=0.6574 R2=0.9939
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Fig. 5. Room air temperature & thermal sensation by
residential style(clothing level=0.8)
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Fig. 6. Room air temperature & thermal sensation by
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Fig. 7. Room air temperature & thermal sensation by
residential style(clothing level=1.2)
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Table 3. Correlation of room air temperature and thermal
sensation(clothing level=1.0)

Thermal | Residential
Sensation Style

Floor y=0.3944x-8.9512

Regression
Formulas

Comfort Range[ C]
(Neutral Point[ C])

21.41<x <23.96

Thermal | Gying R=0.7982 (x =22.70)
Sensation
Vote Chair | y=0.3597x-83171 | 21.73<x <2451
Sitting R=0.7837 (x =23.12)
Predicted y=02726x-64150 | 21.70<x <2537
Mean Vote R=0.9843 (x =23.53)

Table 4. Correlation of room air temperature and thermal
sensation(clothing level=1.2)

Thermal | Residential Regression Comfort Range[ C]
Sensation Style Formulas (Neutral Point[ C])
Floor y=04198x-8.9214 | 20.06<x <22.44
Thermal | gjiting R=0.6023 (x =21.25)
Sensation
Vote Chair y=0.3912x-8.6836 | 20.92<x <2348
Sitting R>=0.7193 (x =22.20)
Predicted y=0.2514x-5.6833 | 20.62<x <24.60
Mean Vote R>=0.9888 (x =22.61)
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Table 5. Room modeling input parameter

=

Classification Input Parameter
External Wall U-factor 0.263 WmrK
Internal Wall U-factor 0.367 Wm*K
Building [ ) ing Usfactor 1.5 WK
Envelope
Glazing SHGC 0.40
Fenestration Area 25.3%
4 People
T
3BATYPC | Gensible:72W,Latent31W)
People
5 People
4Bed T .
1 (Sensible:72W, Latent:31W)
Internal
Load o 3Bed Type 1,130 W (8.0 W/m?)
Lighting
4Bed Type 1,192 W (7.4 W)
3Bed Type 5.0 W/m?
Misc.
4Bed Type 5.0 Win
Air Ventilation 0.5 ACH
Flow Infiltration 02 ACH
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Fig. 11. plan of energy modeling object area

Table 6. System and plant modeling input parameter

Classification Input Parameter
Heating System Type Radiant Heating
Svstem T Outdoor Air 100%,
VS pe Room Direct
Sensible Effectiveness
at 100% Airflow : 61%,
Ventilation . Sensible Eﬁ"ectlveness
Exhaust Air Energy | at 75% Airflow : 65%,
Recovery Latent Effectiveness
at 100% Airflow : 38%,
Latent Effectiveness
at 75% Airflow : 40%,
Type Gas Fired Hot Water Boiler
. . Oversizing 25%
Plant Heating Capacity for Heating Load
Energy Efficiency 91%

Table 7. Set point temperature by residential style &
clothing level

Residential Set Point Temperature[ C]
Style 0.8clo 1.0clo 1.2clo

Floor Sitting 21.90 2143 20.06

Chair Sitting 2.19 21.73 2092

Journal of Energy Engineering, Vol. 24, No. 1 (2015)



30 e
30,000 -
Z
2,000 g
— 25,000 2
; =l
= 20,000 1,500 §
< g
% 15,000 =
) - 1,000 —
e %
10,000 o
9] O
3 500
5,000 &
]
=}
&)
0.8 Clo 1.0 Clo 1.2 Clo
m Floor Sitting ® Chair Sitting
Fig. 12. Energy use & cost by residential style
30,000 -
Z
- 2,000 £
— 25,000 2
—
= E
§20,000 1,500 ¢
.M 3
) 2
15,000
2 - 1,005
> %]
%010,000 S
= - 500 &
= 5,000 &
)
o
0 Lo &
Floor Sitting Chair Sitting
(.8 Clo 1.0 Clo 1.2 Clo
Fig. 13. Energy use & cost by clothing level
B2 qsigict
Al AL 242 Table 70] e 27} o]
Sl7EMe Fatol waE gaA W9l sk
NEOR 674 95 At X mdy sk
oL Am-82 AbES7] 913t EAIZRS ©7h= 2015

AN

919 19 LAy
kWhe 2 gagich

Zelg kg el 7539

5. OflLXIAEE 24
%E 33} o|LAXIALESES
Joll whe o] AMgYT} 4 Fig 12
ble 801 Lelich, 221 0. Clo Aol 4
01- 2lo] QAR WL 39%9] o A AEF
1l g| o] AztEl= Aoz Yepdth Zelek 1.0 Clo AF
el 2ajERAlo] JajEgAlETt 4%9] oy
AARgT 9 vlgo] AEE Ao eyt Hel
1.2 Clo Afefellals 2Ha1g8halo] dalaghyalnct

o= 0 71
11%9] oA AMg e 9 ulgo] AZhels Zow vet

E A

=

Ol{X|Z3 HM243 HM1Z 2015

Table 8. Energy use and cost by residential style & clothing

level
Energy Use Energy Cost
Residential [kWhiyr] [thousand won/yr]
swle 0.8clo | 1.0clo | 1.2clo |0.8clo | 1.0clo | 1.2clo
Floor Sitting | 24,714 | 23,306 | 19,449 | 1,862 | 1,756 | 1,465
Chair Sitting | 25,603 | 24,201 | 21,823 | 1,929 | 1,823 | 1,644
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