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Abstract

Cooling the building by natural ventilation is one of the passive methods widely used from
ancient times. It can be effectively applied especially in case of cooling load during the
intermediate season of the year. In this study, the effect of 4 cases of window ventilation control
mode which are ‘Always Close’, ‘Temperature’, ‘Enthalpy’ and ‘ Always Open’ is simulated by
Energyplus program and analyzed to improve the comfort of occupants and reduce energy
consumption of the school classroom.

Keywords: 2}12H7](Natural ventilation) Y% &7H(Cooling effect), & (Window), 2H7] =
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Table 1 Types of ventilation control mode

Case Description
1 Always Close - All of classroom external windows are closed at all times independent of indoor or outdoor conditions
2 Temperature - All of classroom external windows are opened if Tzone > Tout and Tzone > Tset
3 Enthalpy - All of classroom external windows are opened if Hzone > Hout and Tzone > Tset
4 Always Open - All of classroom external windows are opened independent of indoor or outdoor conditions

% Tout : Outdoor air temperature, Tzone : The previous timestep’s zone air temperature,
Tset : The temperature above which all the openable windows in the zone will be opened(here 23°C is set),
Hzone : The specific enthalpy of zone air from the previous time step, Hout : The specific enthalpy of outdoor air

Fig. 1 Example building
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Table 2 Window opening modulation variables®

Example of venting area modulation

Variables Value . .. . .
according to inside-outside temperature difference
Minimum venting Open Factor 0.0
Mullirplwer on
Indoor and outdoor temperature difference 0°C Factor® 0"
lower limit for maximum venting open factor 1.0
Indoor and outdoor temperature difference 10°C
upper limit for minimum venting open factor Limit Value on N
ultiplier for
. Moduplat‘mg Venting : H
Indoor and outdoor enthalpy difference lower Open Factor 00 i
. . X 0.0 J/kg - = . C———
limit for maximum venting open factor - zone 7 o
Lower Value on Upper Value on
Inside/Qutside Inside/Qutside
Indoor and outdoor enthalpy difference upper o\ e el T e
limit for minimum venting open factor Open Facter Open Factor
Table 3 Simulation model condition
Input category Input values
Site Ulsan
Dimension Classroom : 7.5 x 9 x 2.6 m, hall : 7.5 X9 x2.5m

External wall : 0.307 W/m® - K, Internal wall : 1.775 W/m*-K
Others : Adiabatic condition as a intermediate class

Construction K-value External window : 1.800 W/m?>K, Light transmission 0.667, SHGC 0.482
Internal window : 2.200 W/m*-K
Size External window : 3 x 1.7 m % 2 ea (sliding type, openable area 50%)
Internal window : 1.6 x 1.4 m x 2 ea (sliding type openable area 50%)
0.44 W/m?, 30 persons,
» Occupancy CO, generation rate per unit of activity level : 0.0000000382 m*/s-W
Indoor condition CO; outdoor level 400 ppm (yearly constant)
Light 8 W/n, [lluminance 300 lux
Operation schedule Monday - Friday : 8~18 on condition, Saturday, Sunday : off condition

1 2 10A17HHE Y 08:00~18:00)% ASHRAE Standard 55-20102] 80% 55 9E& A|7F 571 5A17H1 A9 50% 2 AP
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Fig. 2 Acceptable operative temperature ranges for naturally conditioned spaces (ANSI/ASHRAE Standard 55-2010)°

Table 4 Outdoor weather condition

Item Apr. May Sept. Oct.
Avg. 13.3 17.7 21.7 15.9
Outdoor drybulb temp. (°C) Max. 25.9 29.3 30.8 27.1
Min. 1.5 7.3 12.5 4.6
Avg. 5.0 11.6 17.8 8.7
Outdoor dewpoint temp (°C) Max. 17.3 18.4 25.0 17.8
Min. -11.1 1.7 6.1 -2.6
Avg. 2.1 2.0 1.7 2.0
Wind speed (m/s) Max. 6.6 5.5 7.2 6.9
Min. 0.0 0.0 0.0 0.0
N 40 32 39 47
NE 5 3 11 8
E 15 15 11 3
SE 12 15 3 4
Wind direction percentages (%)
S 7 2
SW 7 9 4
W 8 11 12 10
NW 5 7 14 22
ASHRAE Standard 55-2010 Upper limit 254 26.8 28.0 26.2
80% acceptability range operative temp.(°C) Lower limit 18.4 19.8 21.0 19.2

3. 24 2 Zit b

Fig. 32 47}4] 7] 24 B E=(Case)oll W2 ZA41(Apr. 1 to May 31) 2 FA(Sept. 1 to Oct. 31) 571712
WA 2825 (0T)2} ASHRAE Standard 55-2010 adaptive comfort model 2] 1A A4 Q194 80% =&
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7R=l5}= Case 3 (Enthalpy control mode) 2} A 35 E AFA] 7HHF6= Case 4 (Always open control mode)
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(b) From September 1 to October 31

Fig. 3 Temperature distributions for 4 cases ( : school day)
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0] :5(19.8~26.8°C)& Ho|1 Qlrt. I3}, 9€ofh= 4714] Case 25 80% FZ7+2] upper limit?] 28.0CE
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(b) Enthalpy difference of Case 3

Fig. 4 Temperature & enthalpy difference and venting open factors ( : school day)
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Fig. 6 Monthly average volume flow rate (m3/hr) and direction ( : classroom, : corridor)
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Fig. 7 CO, concentration from September 1 to October 31 ( : school day)
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