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ABSTRACT
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Purpose: The recent buildings are needed to maintain a certain level of comfortable temperature by using lower < o oAl Ek
=

energies without being affected by the surrounding environment. This requirement can show serious defects on the past =+ ool
building because airtightness and insulation performance would be weaker than before by new standard or guideline. It ~ Th=FE4

is necessary to analyze indoor temperature and humidity quantitatively on those buildings to adjust environmental

needs at current factional and/or economical levels. The purpose of this study is, therefore, to measure the amount of

Interior Spatial Environment
Internal Humidity Sources

internal humidity sources from present residential facilities and to estimate its original humidity-proof potentials  Estimation Model

reversely. Method: This study has selected seven detached or single residential units to measure internal humidity =~ Single Residential Units

sources first. The selected houses are verified to be able to protect indoor humidity from ambient climate. Then,

temperature and humidity were measured in those houses where real residents are living. The measured results were ACCEPTANCE INFO
calibrated finally by the formula defined by ISO 13790 and various algorithms integrated in Energy#. Result: The  Received Aug 10, 2018

suggested model could provide the most appropriate method for energy simulation that could fit to Korean own  Final revision received Sep 28, 2018

environmental properties as measured data have shown different values compared with the foreign standards.
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Fig. 1. Comparisons of Annual Humidity and Temperature
betweenHolkirchen, Germany and Seoul, Korea (Source:Fraunhofer,
IBP)
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Table 1. Design Overview of Testbed Houses for Monitoring
Location Structure | Story Pe(r{jr;r;::)lce H;:::::::d 2:;;‘
1 Pangyo | Concrete | B1-F2 2.6 1 97.76
2 | Hwacheon | Wooden F2 3.0 2 59.51
3 | Icheon#l Steel F2 33 1 59.56
4 | Icheon#2 | Wooden F1 4.8 1 98.1
5 | Daejeon#1 | Wooden | B1-F2 1.3 1 130.4
6 | Daejeon#2 | Wooden F2 3.0 1 96.45
7 | Hwaseong | Wooden F2 2.7 1 84.73
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Fig. 3. Sample Analysis Graph for Temperature Monitoring of
Indoor and outdoor Spaces (Pangyo)
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Fig. 4. Sample Analysis Graph for Humidity Monitoring of Indoor
and outdoor Spaces (Pangyo)
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Table 2. Test Result and Monitoring Period of House

Location Alr?ng:g ess ;:tf:nAa]:ldFlsouv:)p(l); Monitoring Period
(CMH)
1 Pangyo 0.56 140 13.08.10 ~ 13.09.10
2 | Hwacheon 0.7 200 13.08.06 ~ 13.08.09
3| Icheon#l 0.77 140 13.08.10 ~ 13.08.31
4 | Icheon#2 0.67 120 16.07.01 ~ 16.08.10
5 | Daejeon#l 0.4 180 15.07.01 ~ 15.08.31
6 | Daejeont#2 0.81 150 15.07.01 ~ 15.08.20
7 | Hwaseong 1.29 220 14.07.01 ~ 14.08.31
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A Relative Humidity (g/m°)

C : Constant 2.16679 (gK/])

Py : Atmospheric Pressure (Pa)

T : Atmospheric Temperature (C)

mT

(
Pws = Ax%10 T+ Tn

(hPa) =eeeees (A12) [15]

Pys : Saturation Vapor Pressure(hPa)
T @ Atmospheric Temperature (C)
A Constant (See Table 3.)

m : Constant (See Table 3.)

Tn : Constant (See Table 3.)
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Table 3. Absolute Humidity Calculation Constant and Error Range 600
s Maximum | Temperature 500
Condition A m Tn Error(%) Range .
6.116441 | 7.591386 | 240.7263 0.083 -20 ~+50°C i’: 300
6.004918 | 7.337936 | 229.3975 0.017 +50 ~+100°C é 0
“
5.856548 | 7.277310 | 225.1033 0.003 +100 ~ +150°C 2 A
Water é ;
6.002859 | 7.290361 | 227.1704 0.007 +150 ~ +200°C < 10
9.980622 | 7.388931 | 263.1239 0.395 +200 ~ +350°C 0
-300
6.089613 | 7.335020 | 230.3921 0.368 0~+200°C .
‘;;.03 10 '13.08.14 '13.08.17 '13.08.20 '13.08.23 '13.08.26 '13.08.29 '13.09.01 '13.09.04 '13.09.07 '13.09.10
Ice 6.114742 | 9.778707 | 273.1466 0.052 -70~0°C
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Fig. 5. Indoor Absolute Humidity per Hour
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Fig. 6. Indoor Absolute Humidity Loss by Heat Recovery

Ventilator
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SEF B4 dAlE Fig. 8.3 ot Data Average Outdoor Humidity(%) 775
Average Indoor Absolute Humidity (g/m’) 184
. Estimated Average Outdoor Absolute Humidity (g/m’) 20.8
- Value Indoor Humidity Source Per Hour and Person (g/P-h) 166.3
;f) “00 Indoor Humidity Source Per Hour and Area (g/m’ h) 5.4
% 200 4. Icheon#2
~§ , Average Indoor Temperature(°C) 28.6
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Table 4. Estimated Results for Seven Testbed Houses Indoor Humidity Source Per Hour and Area (g/m’ h) 43
Estimated Results 6. Daejeon#2
1. Pangyo Average Indoor Temperature(°C) 26.8
Average Indoor Temperature(°C) 28.5 Measured Average Outdoor Temperature(°C) 27.1
Measured Average Outdoor Temperature(°C) 29.5 Data Average Indoor Humidity(%) 70
Data Average Indoor Humidity(%) 64 Average Outdoor Humidity(%) 74.5
Average Outdoor Humidity(%) 85 Average Indoor Absolute Humidity (g/m’) 17.9
Average Indoor Absolute Humidity (g/m’) 16.0 Estimated Average Outdoor Absolute Humidity (g/m’) 19
Estimated Average Outdoor Absolute Humidity (g/m’) 17.4 Value Indoor Humidity Source Per Hour and Person (g/P-h) 202.7
Value Indoor Humidity Source Per Hour and Person (g/P-h) 157.3 Indoor Humidity Source Per Hour and Area (g/m?-h) 7.8
Indoor Humidity Source Per Hour and Area (g/m’h) 3.02 7. Hwaseong
2. Hwacheon Average Indoor Temperature(°C) 273
Average Indoor Temperature(°C) 28.1 Nl Average Outdoor Temperature(°C) 274
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Table 5. Energy Simulation Input data

Location Gwangju City Treated Floor 99m?
Building S
Type Residential Story 1
Envelope 0.26 W/m’K Normal Sliding
Performance | (Korean Building Code) Window system Window
Airtightness o . .
@050) 5 Ventilation Unit Applied
Table 6. Simulation Result
Unit Applied Foreign Indoor| Measured Indoor
Humidity Source Humidity Source
Heating Energy
Demand 51.72 51.72
2
Heating (kWh/m’)
Heating Load
(W) 423 423
Cooling Demand
(kWh/m?) 53.02 56.87
Cooling
Cooling|  Load(W/m?) 28.2 293
Dehumidification
Load 15.2 19.1
(W/m?)
Primary Energy (kWh/m?®) 238 242

Calculation

based

Indoor 6

Humidity
per Person

May

Jun Jui Aug

Monthly Dehumidification Demand(kWh/m?)

W Forerign Standard + Measured

Calculation

based
Indoor

Humidity

per
Area

May lun

Jul Aug

Monthly Dehumidification Demand(kWh/m?)

W Forerign Standard  m Measured
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Table 8. Average Indoor Data Achieved by the Building Monitoring

— _ - Measured Hwache | Icheon# | Icheon# | Daejeon | Daejeon | Hwaseon
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