STUDY ON THE EVALUATION OF CROSS VENTILATION PERFORMANCE OF
DETACHED HOUSE BY EFFECTIVE AIR CHANGE RATE AND
EFFECTIVE OPENING AREA OF WINDOWS RATIO

* *k *kk Kkkk

Yuki ARINAMI,Shin-ichi AKABAYASHI, Takuya OSHIMA and Jun SAKAGUCHI

The effect of improving indoor environment by the cross ventilation, the rate to discharge thermal energy by the
ventilation is larger than the reduction effects of SET* by indoor air flow. In this study, the relationship between the
difference of indoor temperature and outdoor temperature by the effect of ventilation will be less than 1°C and the opening
area of windows ratio are calculated for a simple and the standerd AlJ detached house model. The relationship between
the air change rate, opening area of windows conditions and cross ventilation performance of the detached house is
clarified.

The results are as follows;

(1) When air change rate is 20 times/h, the inside air temperature becomes nearly equal to the outside air temperature

due to the discharge thermal energy by the ventilation.

(2) The opening area of windows ratio tends to be high in the inland, and it tends to be low in the city along the sea in

Japan.

(3) Results of standard AlJ detached house model, the opening area of windows ratio with which ventilation rate is 20
times/h becomes a low value of feasibility. The opening area of windows ratio with which ventilation rate is 10 times/h

becomes a values that may be realized.

Keywords : Detached House Model,Cross Ventilation,Effective Air Change Rate,Effective Opening Area of Windows Ratio

12000

o, CVDHI, =
10000 H s — 3
O CVDHI | —
= :
& 8000 H CVDHI| g |
= —
26000 f—r- — = = = = = = = =
o —
oy
BFao00 b — — = =B = = = = = ¥
)
. 2000 —  — = = =EH =E =EH =B =B I
LTIZEZE LA O CVDHI (B NEE T 7 Y 7 U — Cross

Ventilation Degree Hour of Inside Area ) Z/d, #EIZL D= 0 : : ' '

EHERICIE, BEIC L PR (CVDHL, ) & BRNRGE X1 ODHI(FWBATY Y7 7—) EREASWEE L. AMEHERISHETHEIE
e CEORRES A - BE- SRR TE - BRNES) . WeEH (RNAROE

FEC L A EEGEE DK TS (CVDHI, ) 23 5, EH S OBEEOR # o BREOELE) . RIS (RUOMERE  BK-FE-HOS. o2 —tE)
. ., s PRI EEEERRBEEMRE SET) ISE-CHELEb0. B 50OBEDHE
0 cknE, BRI K 2 EEO B BRECEE - BAROE (EExm2. 8. 6. 10) Tk BRI >TADNEERETHE (FEBLOE

. N s - i~ . TZET) ELTEBREHMREICSVTRBELTHEELTWLS,
B SEPNFEAVE SITHT D BEIC LD HER (CVDHL) OEIADHED | o, AHSOREERFAERIELT. WAL LD ENOBEEMSHET S

BEHE.

TREV, BRBRZDREOICHAT 572010, BRI X 25 PR X3 COVDHL: BAIC &> TH L ATREMIC & BHBEEDETHE,
F (CVDHIp) (2 B L CENERBREUED R BRI T H2LERH 5, 11 CVDHI

Graduate Students,Division of Science and Technology,Graduate School of Niigata Univ.
Prof.,Division of Science and Technology,Graduate School of Niigata Univ,Dr.Eng.
( ) Research Assoc, Faculty of Engineering, Niigata University, Ph. D. Environ.

( ) Prof.,Faculty of International Studies and Regional Development, Department of
International Studies and Regional Development,University of Niigata Prefecture,DrEng.



- 000€¢

~ 00€6 = @

( )
)
(
-—>
11100

4400

50
[
33300

30
2600

10

TRNSYS

11
CFD

2.1
(

13
50

/(

1900 x 1800
56.3
:2.16
19

7=
=

50

8500

0085

7800

7800

11100

1,080,104  74(x) x 88(y) x 37(z) 240,944 68(x) x 68(y) x 41(z) 189,584  B5a(x) x 54(y) x 41(z) 119,556

164(x) x 178(y) x 37(z)

50

10

50

10



CFD

) ( )
(
11
( ) 10 30 50
842
CFD 1/4
10 30 50 CFD
10 30 50 6.5
3.0m/s
2.2
(GED)
TRNSYS
( »w
)
( )
(GED)
€
( CFD2000) CFD 16
)
(GED)
SCHEDULE
(
12
TRNSYS
SCHEDULE
LDK
QD)
CFD 16
( 6.5
1.0m/s )
( 0.96 )
QD)
70
80

3.1
)
)
23
23 20 /h
0.7
( ( )
AR R [ 31 16
oS BT E 54(x) X 54(y) X 37(z)=107,892
it ¥ T 7T 78(x) X 72(y) X 41(2)=230,256
o3 HiEE 26(x) X 26(y) X 19(2)=12,844
ENRAVL AR Faene 42(x) X 36(y) X 23(2)=34,776
< HiEE 100.44m
EARER | eene 108 98
5 BiiEE 09x1.8X12=19.44m
ERFOES e 1552m
A 1/4FB (RESE6.5m, AE3O0m/s)
R &H ot BB
ERETIV | E#k-c ETIVER)
o N Bif{EE 2.16W/(mi*K)
iiacalina BEEE | 1.98W/(mi-K)
( 10 30 50 )
AR AT BB 5K 16 @M
EHE10% | 164(x) X 178(y) X 37(2)=1,080,104
BT | BEE30% | 96(x) X 110(y) X 37(z)=390,720
SE b oS EEE50% 74(x) X 88(y) X 37(z) =240,944
TR Ay 2l BREE10% | 68(x) X 68(y) X 41(z)=189.584
BERE | BEE0% 60(x) X 60(y) X 41(z)=147,600
EHE0% 54(x) X 54(y) X 41(2)=119,556
2 Ay BiEE 26(x) X 26(y) X 19(z2)=12,844
ERRTAYS AR Faere 42(x) X 36(y) X 23(z)=34,776
. BrE 100.44m
E~RER | Seepe 100.98m
P BiEFE 0.9%1.8X8=13.0m
LEMOER FEEE 15.52m
EREH AR ERER N
ELRETIL B#k-c ETILER)
W/ _ K
( 160 ) 0.215
(160 ) 0.209
( 40) 0.431
( 40 ) 0.408
(100 ) 0.337
2 ( ) 1.916
27
11
i JEBE = R T3 EE[m/s]
AL 6/29~9/10 76H 1.78
(= 6/12~9/25 105H 1.86
R 5/7~10/12 1588 1.76
£2EE 5/71~10/13 1598 2.14
ik 5/29~10/2 1268 241
&R 5/8~10/13 1588 151
N 5/6~10/10 157H 1.96
HWE 5/8~10/18 163H 2.18
ES 5/7~10/5 159H 1.77
(=8l 5/15~10/19 1578 1.43
izl 5/8~11/17 1838 2.07




20

3.2
)

10

RESEFICLEBIT AL

CFD

BERTEZIC LM A E
TRNSYS

3000
2500
—2000
@ 1500

1000

500

CFD

20 /h

(6

]

0.5

10 30 50

] 60%5_;(;\

]
]
]

18
&
Z
&

5%

6%

2
3
4

<
<
<
<
<
<

0<n
181<n
2E|<n
3&I<n
4%E|<n
5%|<n

B, )18 % EE ()

-

6%I<n

100%

1 90%

80%
70%

50% H#Z

A

1 40%
1 30%
1 20%
1 10%

0%

o

Il Il Il Il Il Il
BERE B/h—)L2 ObqL2 BFHEE =CB2
BhAL1 mR—)L1 OZ%E

nHE

ocB1
81 DK

‘
MB ‘

(&)

I

il

w

]

N

L

0:00
1:00
2:00
3:00
4:.00
5:00
6:00
7:00
8:00
9:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00
19:00
20:00
21:00
22:00
23:00

~

o

.;ﬂ:.

=]

BEHENMEEZ (R -5KEB)[C]

o

E1F

AR

HE &HE #HR =& KR #F

=il

Nl

2R




11 11 Grade
( ( )
) 30 ( 50 ) 290 292 ) 29@
y = 329.16x - - -
10 ( ) 50 ( BEZ0% " R’= 09977 - - -
50 ) oF y =327.37x — — -
R®=0.9959 - - -
( ) y = 74.099x y = 74.104x y = 74.098x y = 74.105x
" R’=0.9923 R’=0.9923 R’=0.9923 R’=0.9923
12 50 RikzR10% o v =89.700x | y = 89.7x v =89.477x | y = 89.475x
R%= 09927 R®= 09927 R’= 09928 R’= 09927
1F y =33.269x y = 33.269x y = 33.266x y =33.267x
40 60 20 30 BIEEI0% R*= 09955 | R°=00955 | R*=09955 | R*=0.9955
oF y = 61.41x y =61409x | v =60.906x | y =60.91x
R’= 0.9894 R’= 09894 R’= 09894 R’= 09894
1F y =23.157x y = 23.16x y =23.158x y = 23.16x
B E50% R®= 0.9667 R®=0.9668 R®=0.9667 R®=0.9668
50 oF y = 46.571x y = 46.564x y = 45.325x y =45.307x
R’=0.9648 R’=0.9654 R’=0.964 R’=0.964
10
( ) 60% : : : : ‘ :
41 | ( ) 10 30 50
( ) 50%
13 /
40%
ﬁ I
23 20 =
)
/h 0.6 ]
T
( ) 20 /h 20%
14 11 20 /h I | I
o ) ﬂl Ml ul
o 78 il oL DAREE I
( ( )
11 11
( )
(3) BREHIC & HER MR
13 60
20 10 0.5 /h
AR EIEL L UGl EPEREREM Grade Grade
10
Grade [
154.
90 27
o[- *F ¢ F pa
mF 10 O F 10
NE Pl
AF 30 AF 30 ;ie
60 — e F 50 o F 50 -
50 755.

S E % (E/h)
5

BN w
o o o

o

29

772.
15

806:
29 ¢

10

12 50




4.2

) 140
12 15 « ) 11 (Grade )
( ) 18 11
10
30 50 Grade
0.96
100%
] m1F
) 11 (Grade ) o5 a2F
16 11 b
T 1
90% |
( i
B g5y
)y 100 ( 50 ) 2
+
10 ( ) |
140 ( 50 ) 50
140 75% o
o e 0 I Il i Il
17 50 0%
80 IR E RE LGB #FHE TH KR #®WF LB =4 EE
90 14 11 20 /h
( ( ): ( )
57 110
) *
= ¢ B O o (1F) 100 10 : 10 el
6 (G} 23 () L L] o
;‘; / @7 23 (1) o0 Ha 0 4 20
= = R | 0 . 50 o 50 =
! / m7 23 (2F) ( )l
n 70
u / 60 \
25 Bl 49 V 0
{%ﬂ 1 1 Grade %30 =
T = ‘
M i g - e —
i M -
0
[ 7] 0% 5% 10% 15% 20% 25% 30%
13 15
( ( )) ( ( ): )
( ( ))
EXS ERE10% EHEE30% ERE50%
iF 2F 1F 2F 1F 2F 1F 2F

NNE

y = 208.67x — 3.8896

y =223.1x + 3.8323

y = 24.995x - 0.1321

v = 30.124x + 1.0423]ly

=12.236x + 0.2122

y = 16.674x + 0.7372

y = 2.6469x + 0.5807|y

= 11.106x - 0.0768

NE

y = 157.27x — 2.2731

y = 177.59x + 11.346

y = 21.386x + 0.5047

y =29.213x + 1.3259

y = 14.703x + 0.3385

y=17.77x + 0.5514

y = 8.1271x + 0.6922

y = 11.936x — 0.0791

ENE

y = 138x + 3.3624

y=179.61x + 8.8624

v = 19.724x + 0.3346

y = 31.743x + 0.6989

y = 15.34x + 0.4679

y = 17.309x + 0.5182

y = 9.6766x + 0.6833

y = 8.5206x + 0.3435

y = 82.997x + 6.4504

y =217.66x — 1.1405]y =

13.571x + 0.558

vy =41.99x + 0.2117

= 11.8x + 0.3867

y = 24.4x + 0.0803

= 14.825x + 0.0662]y =

11.876x + 0.16

ESE

y = 167.84x — 0.2775

y = 255.22x + 2.1669

y = 20.026x + 0.211

y = 45.118x — 0.1454|y

= 14.177x + 0.4253

y = 29.436x — 0.2862

y = 8.8564x + 0.8297]y

=17.72x = 0.2297

y = 300.89x + 40431

y = 309.55x + 2.1158

y = 33.162x + 0.167

y = 44.402x + 0.2022,

y = 17.104x + 0.4196

y = 30476x — 0.1132

y = 7.2921x + 0.8399

y = 20.47x — 0.5291

SSE

y = 361.09x + 4.9087

y = 299.78x — 0.6746

y = 33.162x + 0.167

y = 47.647x + 0.2374|y =

17.414x + 0.296

y = 27.936x + 0.1768

y = 6.1601x + 0.362

= 16.932x — 0.238

y = 361.23x + 3.8366

y = 280.12x + 0.5861

y = 50.153x + 0.906

y = 47.256x + 0.6153|ly

= 18.144x + 0.0528

y = 23.387x + 0.6229

y = 5.0792x + 0.1252]y

=10.611x + 0.3179

=0.9998

R

R* =0.98

R’ =0.9641

R* =0.9994

R’ = 0.9995

R =0.9987

R* =0.9928

SSW

y = 314.52x + 1.6983

y = 221.29x + 2.6075

y = 43.802x + 0.5211

y = 35.983x + 0.5749

y = 14.899x + 0.3868|y =

13.674x + 0.845

y = 4.6023x + 0.429

y =9.099x + 0.2147

y = 213.46x + 6.7297

y=1258x + 9.6884

y = 32.116x + 1.1632

y =19.731x + 1.0028]y = 16.2x + 0.5541

y = 13.555x + 0.6432

y = 7.6799x + 0.905

y = 12.397x + 0.0261

WSW

y = 219.91x + 2.9737]y =

141.75x + 2.5817

y = 37.078x + 0.5257

y = 28.202x + 0.1053]ly =

18.053x + 0.5427]y =

16.861x + 0.1529]ly =

10.708x + 0.6187]y =

13.2x + 0.1836

y = 282.11x + 0.282

= 138.04x — 0.4959

y = 45.285x + 0.4034

y = 28.984x + 0.016

y = 16.266x + 0.5524|y =

18.591x + 0.0856|y =

13.886x + 0.106

y = 9.3979x + 0.6087

WNW

y = 302.84x + 3.5879

y = 197.38x + 1.5166

y = 50.252x + 0.321

y = 29.423x — 0.1922

y = 24.188x + 0.2278

y = 18.956x — 0.0949

y = 12.624x + 0.3711

y = 10.802x + 0.3892

y = 341.83x — 0.2351

y = 231.36x + 5.1032]y =

52.411x + 0.0662

y = 34.538x + 0.0322

y = 22.513x + 0.1305]y =

18.36x + 0.0537

= 10.337x + 0.6048

y=12.767x — 0.1348

NNW

y = 259.9x — 2.2042

y = 238.82x + 5.3604

y = 35.861x + 0.2384

y = 33.314x + 0.8824|y

= 16.492x + 0.0159

y =20.114x + 0.278

y = 4.6419x + 0.3685

y = 9.7234x - 0.0017

y = 186.6x — 2.6804

y =21821x + 4.6499

v = 22.545x + 0.0788

y = 34.451x + 1.0659

v = 8.2558x + 0.0184

y =19.287x + 0.5815

v = 7.4554x + 0.1234|y

= 10.606x + 0.1171




QD) (Crade ) 20 /h

19 50 20 /h
70 50 60 90
Grade
)
50 40 60
20 30

5.1
)

160% 160%

( ) 10 30 50 [ ( ) 10 30 50

140% Ml N m m 140%

120% | - I _ 120%
) 1 B
#R 100 — L #m 100%

: I e

%80%7 1 T HH Hl %80%
T T

60% 1 - i 60%

40% —H H 1 1 40%

20 <H 1 1 i 20% A Wﬁfi i

o I 0 il o il il Il ” il % n” u|] I:IH n|] n|] n n |:||:| o n[l
16 11 18 11

( ( ):Grade ( 20 /h) ) ( ( ):Grade ( 10 /h) )

17 50 19 50
( ( ):Grade ( 20 /h) ) ( ( ):Grade ( 10 /h) )



5.2 ( )
(D)

20 /h
OBRUIT L > THLND FHEPIMNEEZ LK, SRS L L&
WET L TERREEARROENS1CRIE, 1°C, 2°C, 3C, 4C
Pl &7 2¥RIER 20, 10, 4, 2. 0.5 /h & Hx OFHRIE
e U GRIEMEREREM Grade O~ Grade ®® 5 BXFEICHFE L, P
FEEoERMEEZ T 5.,
) Grade : 20 /h
50 80 90
140

QMR 10% TITAEZNEBEERN 30 ~ 50%FE L ERMEOH HHE L
B3, BEfEEE 30, 50% TIX AN A mESR I Hikiz X - T 100%

50 140
() Grade : 10 /h
50 70
50 60
Grade

5.3

13

@EmE LM E - BEOHOME, BB OO EE. R
TONEECH DB OMOEEICHONTIL, SHBF L, WHRLIET
WETLTETH D,

1)
,No.568,pp.49-56,2003.6
2)
No.633,pp. 1261-1266,2008.11
3
,No.456,pp.9-16,1994.2

4

pp.457-458,1983.9
5)

2D 8~ 10, ARBEZRRSAAEEMEME , BRETS, pp. 547-552, 1990. 9
6)

LES ° ,45°

,Pp.661-664,2000.9

7
10, ,D-2,pp.623-626,2001.8
8 )
15 16, ,D-2,pp.753-756,2007
9) FRk - IROM  FEETERRE U@ EERERHEICE T 25%E 2o 17,
,D-2,pp.699-700,2008
10) FRAK - A : FEETZRE Lic@EM e MICBE -+ 505 18
20, ,D-2,pp.717-721,2009
11) :
,1999.12

) 0.5 /h
14 16 18 20 30 40 /h( )

10 12

[n/s]
6.5 ( 3.0m/s) [m/s]

< 9o

)  SCHEDULE
)

19 ( ) (
0.5 /h)

20 /h

10)

11

)

12) ( ) 10 30 50

13



