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ü STREAM ver.14 ü æç

CFD ü æç

1984 STREAM

ü æç [99]

×

STREAM ×

ü ü

3 3.4 °

 

5.1 CFD ü STREAM ver.14
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2L 10L 5L
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° °

Block 2

6,436,328 10 

3.0 m/s 0.1 

m/s

℃ 50 m

s= 0.2

° t U 0 u

 

P = 0

4 k-u  
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5.1.4 ´u�È 

CFD

[101-105] ×

2020 1 21 22 2 °

8:00 20:00 2

0°m22.5° 0.1 m/s

3

 

DNS RANS

LES 3 [106] ° RANS

δ °

°

5.1  

 

CFD Code STREAM
Discretization Scheme 
for advection term First order upwind scheme

Algorithm SIMPLE

Domain volume (m) Root; 132�152.6�68.7 (m)
Block; 12.4�9.7�8.7 (m)

Standard length (mm) Root; 225 (mm)
Block; 60 (mm)

Mesh elements
Root; 71�68�44=212,432
Block; 233�168�159=6,223,896
Total 6,436,328 elements

Reynolds number 1.67�106

Boundary condition

Inlet 
Velocity : 3.0 m/s
Reference height : 10 m
Exponent α=0.2

Outlet Fixed static pressure

Walls Wall : No slip
Symmetry : Free slip

Turbulence model Modified LK k-εmodel
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° RANS RANS

°

ü æç  4 °° k-u RNG 

k-u LK k-u MP k-u

QUICK [99, 107]

° 2  

5.2 3 N2 C2 S2 R

RMSE 2 2 4

LK k-u  

5.2 RMSE 
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5.2 nç#B) 

5.3 3

4

° 5

Simple Casement Vertical pivot Horizontal pivot

Top-hung 5 °

°

× ° ×

5.4

45l 90l 2 1 1

90l 45l ℃ 8

15l ℃ 5 ° 45l

℃ 1.44 1 4 600n2400 1 2

850n1700 1 1 1200n1200 2 1 1700n850 4 1 2400n600 5  
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5.3 nçµ� 

5.3.1 ²�Ø×xv�Ø�Äu�D��yà 

5.5 1 1 45°

℃ 1.5 1.6  m/s ×× ° °
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×
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×× ° Room A

45l
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5.6 1 1 90l

45l

°

45l

1.77 m/s

℃1.3 2.28 m/s ° °

°

℃ 2.4 m/s

æ °

0.1 m/s

 

5.7 1 1 45l 90l

1.5 m

℃ 1.62 m/s 90l ℃ 1.70 m/s °
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45l 1.5 m

90l
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45l 1.5 m
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5.3.2 Ø]�¸���D��yà 

90l 1 4 1 2 1 1 2 1 4 1

5.8 5.9 5.10 5.11 5.12

° 4 1

5.11 (a) 
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1.5 m 5.13 45l

90l

℃1.6 1.7 m/s 0.1 m/s
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90l °

7 1 5.14

4 1 1.5 m °

 

5.3.3 Ø��ÝkI¹AÖ��D��yà 

90l

Outside Inside

Half + half 3 °°

150 mm 1200 mm 8 5.5 5.15  

5.16 1.5 m Outside

2 ℃ 1.6 1.8 m/s °

Outside 450 mm 1.5 m

150 mm Inside 300 600 mm Half + half 750 mm

Outside Half + half 450 mm 1.5 m
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5.4 ±�è������½ÉM 

5.4.1 ÉM�� 

 

× °

×

[108]

1/20 α

×

5% [108]

°

 

Scale for Ventilation Efficiency

[110] SVE1 SVE3 × [111] SVE4 SVE6

SVE1

SVE2 2

SVE3

SVE4

SVE5

SVE6

5.18 [112]  

° ×

° ×

°  

5.19 3m

3 Low Middle High ℃ 5 n 5 = 25
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C1 C5 R1 R5

5 n 5 n 3 = 75 5 cm  

 

5.19  

 

5.18  
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5.4.2 ²�Ø×xv�D��yà 

5.20 5 1 1 45l

℃ 1.0

2.0

℃ 1.0

℃1.4 ×× ℃2.0

℃2.0  
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1 2 m
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5.4.3 Ø]�¸���D��yà 

45l 1 4

5.24 1 1 1 4

5.20

×× δ

××

 

45l 4 1

5.25 1 1 4 1 5.20

℃ 1.4 ××

℃ 1.8 ℃ 1.3 2.0 ℃ 1.4 1.5

2.0  

90l 1 4

5.26 1 1 1 4 5.22

δ

 

90l 4 1

5.27 1 1 4 1 5.22
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5.5 ³��� 

 CFD

5 2 5
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° °
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- * *
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• ××

2)l - * δ

ö

° 100 ç
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1 2 ×
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6   

PKºp 

6.1 ¾ Óå���4-'7!B<@"�jw� 

3

α

29.0x

75.5 1.2 m/s SET* 27.7x

36.3x 32.5x α

δ ° 1.7 Met

1.2 m/s °

1.11 g/min α

α  -0.23 ℃ 4 -2

-1

°

α
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8 α

2 α

α α
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×

°
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°
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5

ö 90l

°
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4 1
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 p
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 c
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 c
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 d
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 c
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 d
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( 1  )
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

N=1,271 (100%)
Average: 14.4h

------ Window-Opening

N=299 (23.5%)
Average: 23.2h

N=218 (17.2%)
Average: 6.1h

N=972 (76.5%)
Average: 11.6h

Window-Opening Patterns (Hot-Humid Cities)

N=754 (59.3%)
Average: 13.2h

N=433 (34.1%)
Average: 14.5h

N=321 (25.3%)
Average: 11.5h

N=304 (23.9%)
Average: 15.4h

N=129 (10.1%)
Average: 12.3h

N=205 (16.1%)
Average: 12.4h

N=116 (9.1%)
Average: 9.9h
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◼��������

6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

------ Window-Opening

Window-Opening Patterns (Relatively Cool City)

N=299 (100%)
Average: 3.8h

N=168 (56.2%)
Average: 2.5h

N=298 (99.7%)
Average: 3.7h

N=287 (96.0%)
Average: 3.5h

N=1 (0.3%)
Average: 22.0h

N=11 (3.7%)
Average: 10.8h

N=119 (39.8%)
Average: 4.8h

N=1 (0.3%)
Average: 9.0h

N=167 (55.9%)
Average: 2.5h

N=91 (30.4%)
Average: 2.9h

N=76 (25.4%)
Average: 1.9h



5

Classification Results of Cluster Analyses Using Window-Opening Variables

Climate N Share
(%)

Hours with high performed rate (>50%) Window-
opening 
(hour)6:00 12:00 18:00 24:00

Hot-
Humid

299 23.5 23.2 
433 34.1 14.5 
321 25.3 11.5 
218 17.2 6.1

Total 1,271 100.0 15.4

Relatively
Cool

119     41.6 4.8
91 31.8 2.9
76   26.6 1.9

Total 286 100.0 3.4

Profile of the Groups

6

Classification Results of Cluster Analyses Using Window-Opening Variables

Households in 
Hot-Humid Cities

Households in 
Relatively Cool City

All-day Daytime 
& Evening Daytime Never Sunrise 

& Sunset Sunrise

23.5% 34.1% 25.3%N=1,271

41.6% 31.8%N=286

26.6%

Window-Opening Patterns

17.2%
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◼�������

6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

N=1,271 (100%)
Average: 2.2h

------ AC Usage

N=966 (76.0%)
Average: 0.2h

AC Usage Patterns (Hot-Humid Cities)

N=261 (20.5%)
Average: 8.1h

N=218 (17.2%)
Average: 7.5h

N=1,227 (96.5%)
Average: 1.9h

N=44 (3.5%)
Average: 12.1h

N=137 (10.8%)
Average: 7.5h

N=81 (6.5%)
Average: 7.5h

N=43 (3.4%)
Average: 11.1h

N=14 (1.1%)
Average: 13.2h

N=30 (2.4%)
Average: 11.7h
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◼��������

6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

------ AC Usage

AC Usage Patterns (Relatively Cool City)

N=299 (100%)
Average: 1.9h

N=104 (34.8%)
Average: 5.5h

N=195 (65.2%)
Average: 0.0h

N=63 (21.1%)
Average: 5.1h

N=41 (13.7%)
Average: 6.2h

N=4 (1.3%)
Average: 9.0h

N=37 (12.4%)
Average: 5.9h

N=47 (15.7%)
Average: 4.7h

N=16 (5.4%)
Average: 6.3h

N=3 (1.0%)
Average: 6.7h

N=1 (0.3%)
Average: 16.0h
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Classification Results of Cluster Analyses Using Air Conditioner Usage Variables

Climate N Share
(%)

Hours with high performed rate (>50%) AC Usage
(hour)

AC 
Ownership

(%)6:00 12:00 18:00 24:00

Hot-
Humid

137 11.5 7.5 100.0
81 6.8 7.5 100.0

966 81.6 0.2 5.8
Total 1,184 100.0 1.5 23.1

Relatively
Cool

16     5.4 6.3 100.0
37 12.5 5.9 100.0
47 15.9 4.7 100.0

195   66.1 0.0 0.0
Total 295 100.0 1.8 33.9

Profile of the Groups

12

Classification Results of Cluster Analyses Using Air Conditioner Usage Variables

Nighttime Evening
& Nighttime Early Evening Evening

11.5% 6.8%

66.1%15.9%

Air Conditioner Usage Patterns

Households in 
Hot-Humid Cities

Households in 
Relatively Cool City

N=1,184

N=295

81.6%

Afternoon Never

12.5% 5.4%
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples

Result of Hierarchical Cluster Analysis 
(squared Euclid's distance, Ward's method)

N=361 (100%)
Average: 7.8h

------ AC Usage

N=43 (11.9%)
Average: 10.9h

AC Usage Patterns (Households with ACs in Hot-Humid Cities)

N=272 (75.3%)
Average: 6.5h

N=315 (87.3%)
Average: 7.1h

N=46 (12.7%)
Average: 12.5h

N=104 (28.8%)
Average: 3.7h

N=168 (46.5%)
Average: 8.3h

N=13 (3.6%)
Average: 14.4h

N=108 (29.9%)
Average: 7.8h

N=33 (9.1%)
Average: 11.7h

N=60 (16.6%)
Average: 9.4h
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(  )
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

------ Fan Usage

Fan Usage Patterns (Hot-Humid Cities)

N=1,271 (100%)
Average: 14.0h

N=293 (23.1%)
Average: 23.2h

N=876 (68.9%)
Average:16.4h

N=395 (31.1%)
Average: 8.6h

N=283 (22.3%)
Average:11.7h

N=593 (46.7%)
Average:18.6h

N=300 (23.6%)
Average: 14.2h

N=206 (16.2%)
Average: 13.8h

N=189 (14.9%)
Average: 2.9h

N=143 (11.3%)
Average: 11.0h

N=157 (12.4%)
Average: 17.1h
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◼��������

6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

------ Fan Usage

Fan Usage Patterns (Relatively Cool City)

N=299 (100%)
Average: 0.5h

N=298 (99.7%)
Average: 0.4h

N=293 (98.0%)
Average: 0.4h

N=285 (95.3%)
Average: 0.3h

N=272 (91.0%)
Average: 0.1h

N=13 (4.3%)
Average:3.8

N=8 (2.7%)
Average: 4.3h

N=5 (1.7%)
Average: 4.8h

N=1 (0.3%)
Average: 2.6h

N=10 (3.3%)
Average: 4.2h

N=3 (1.0%)
Average: 2.7h
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Classification Results of Cluster Analyses Using Fan Usage Variables

Profile of the Groups

Climate N Share
(%)

Hours with high performed rate (>50%) Fan Usage
(hour)

Fan 
Ownership 

(%)6:00 12:0
0

18:0
0

24:0
0

Hot-
Humid

293 23.1 23.2 98.0        
300 23.6 14.2 96.3
283 22.3 11.7 96.8
206 16.2 13.8 99.5
189 14.9 2.9 56.1

Total 1,271 100.0 14.0 91.3
Relatively

Cool 272     100.0 0.1 5.9

Total 272 100.0 0.1 5.9

20

Classification Results of Cluster Analyses Using Fan Usage Variables

All-day Nighttime
& Afternoon Nighttime Daytime 

& Evening

23.1% 23.6%

100.0%

Window-Opening Patterns

16.2% 14.9%

Households in 
Hot-Humid Cities

Households in 
Relatively Cool City

N=1,271

N=272

22.3%

Never
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5  ( ) )
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

N=1,271 (100%)
Average: 14.4h, 14.0h, 2.2h

------ Window-Opening
------ Fan Usage
------ AC Usage

N=1,001 (78.8%)
Average: 14.9h, 14.5h, 0.4h

N=1,226 (96.5%)
Average: 14.4h, 14.0h, 1.9h

Adaptive Behavioral Patterns (Hot-Humid Cities)

N=45 (3.5%)
Average: 14.4h, 14.0h, 12.2h

N=225 (17.7%)
Average: 12.3h, 11.8h, 8.3h

N=833 (65.5%)
Average: 16.6h, 15.1h, 0.3h

N=168 (13.2%)
Average: 6.8h, 11.9h, 1.2h

Average: 10.7h, 11.7h, 8.2h

N=76 (6.0%)

N=149 (11.7%)

Average: 11.7h, 11.8h, 8.3h

N=229 (18.0%)
Average: 22.7h, 12.7h, 0.1h

Average: 14.2h, 14.3h, 0.3h

N=604 (47.5%)
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

N=299 (100%)
Average: 3.8h, 0.5h, 1.9h

------ Window-Opening
------ Fan Usage
------ AC Usage

N=297 (99.3%)
Average: 3.7h, 0.4h, 1.9h

Adaptive Behavioral Patterns (Relatively Cool City)

N=2 (0.7%)
Average: 12.4h, 3.4h, 0.0h

N=1 (0.3%)
Average: 2.7h, 2.6h, 0.0h

N=1 (0.3%)
Average: 22.0h, 4.3h, 0.0h

N=294 (98.3%)
Average: 3.7h, 0.4h, 2.0h

N=3 (1.0%)
Average: 6.3h, 3.9h, 0.0h

N=9 (3.0%)
Average: 2.6h, 4.1h, 0.9h

N=285 (95.3%)
Average: 3.8h, 0.3h, 2.0h

N=283 (94.6%)
Average: 3.8h, 0.3h, 1.9h

N=2 (0.7%)
Average: 3.1h, 0.0h, 12.0h



Window-Opening Fan UsageAC Usage
Group A1

Group A2

------ Window-Opening
------ Fan Usage
------ AC Usage

Adaptive Behavioral Patterns (Hot-Humid Cities)

Group A5

Group A3

Group A4

N=168 (13.2%)
Average: 6.8h, 11.9h, 1.2h

N=76 (6.0%)
Average: 10.7h, 11.7h, 8.2h

N=149 (11.7%)
Average: 11.7h, 11.8h, 8.3h

N=229 (18.0%)
Average: 22.7h, 12.7h, 0.1h

N=604 (47.5%)
Average: 14.2h, 14.3h, 0.3h

Window-Opening Fan UsageAC Usage
Group B

------ Window-Opening
------ Fan Usage
------ AC Usage

N=297 (99.3%)
Average: 3.7h, 0.4h, 1.9h

Adaptive Behavioral Patterns (Relatively Cool City)
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Classification Results of Cluster Analyses Using Three Adaptive Behavioral Variables

Climate Group N Share
(%)

AC Usage 
(hour)

Window-
opening 
(hour)

Fan Usage 
(hour)

AC
Ownership 

(%)

Fan
Ownership 

(%)

Hot-Humid

A1 149 12.2 8.3 11.7 11.8 100.0 84.6 

A2 76 6.2   8.2 10.7 11.7 100.0 89.5 

A3 229 18.7 0.1 22.7 12.7 1.7 94.3

A4 604 49.3 0.3 14.2 14.3 8.8 93.4 

A5 168 13.8 1.2 6.8 11.9 20.2 87.5

Total 1,226 100.0 1.8 14.2 13.2 25.8 91.4 

Relatively Cool
B 297 100.0 1.9 3.7 0.4 35.0 13.8

Total 297 100.0 1.9 3.7 0.4 35.0 13.8 

Profile of the Groups






