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WIND AND LIGHT ENVIRONMENT OF IN-SPACE OF LIVING SPACE
IN CONTEMPORARY HOUSES IN HO CHI MINH CITY

BN B&*, A B #*, NGUYEN TRAN Yen Khang™®
Yui HASEGAWA, Ryo MURATA and NGUYEN TRAN Yen Khang

Spatial porosity is a essential concept of passive design in tropical climate of Southeast Asia where urbanization is rap-
idly expanding. Simultaneously, it is a challenge to intake natural wind and light while avoiding intense sunshine and
heat in a dense residential area, like Ho Chi Minh City in Vietnam. Thus, it is assumed that various brightness and
wind distribution occur in living space due to conflicts between spatial and environmental particularities. This paper
aims to clarify the spatial composition, the wind and light environment in living space in contemporary houses in Ho Chi
Minh City.
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no.5 Binh Thanh House Chapter 3 : Spatial composition and wind Table 1 Site orientation
- ’ North (9) East (9) South (13) | West (14)
Chapter 2 : Spatial composition of in-space in living space i it £ 3] i)
Location characteristics IOt NVL\/\AJ\'E N
Site orientation WD East T o AT
Site area and building area | Bt & BYIDOAEE 85% [©) B - o~
Spatial composition of living space U £~ J Dz 300 ; P —
Volume Sk Small e 250 100%. - 5% b
- sl o L — P b7 50%
Void iR None Wind environment 5|mu|at|on (section) T "€ 200 BANY . i
Outdoor space HMERZERS Existence Date In-space Wind velocity S s 150 .
Window-wall ratio omES High April 5-1 0.3m/s Slow 2 L
Openable window ratio | BiEisE High noon12:00 | 5-2 0.3m/s Slow 2 5100 TS 75~100% 34/45]°
0 tt RI/S42> | Porous type Ch 4 Spatial composition and light 2 50 “g P 50~75% 9/45|
penness pattern 7 yP apter 4: environment of in-space in living K ~50% 2/45
Spatial composition of in-space EISHPROERL £ : !
n- pen— o1 ) 0 700 200 300 400 500 600
n-space Site area FUERE (ni)
sort s a b Fig. 2 Site area and building area
Distance from window BEEE Near  |Near 1200
Height from ground B High |High 1200} 'Sr;r}\all 22) La;kqe (23)
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window R | Surface | Surface [27th April | 5-1 387lux Bright ,rmmmmﬁ B—
Void and sky light WikE xR |None |None |noon12:00| 5-2 325lux Bright 20077 T HHHHHH
Chapter 5 : Spatial composition and wind and light environment of in-space in living space | C i Ci ‘nght group 0 Living space 'J £ P

Fig. 1 Analysis example
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Fig. 3 Volume of living space
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“f e 3 g 3 [Wind- wmdow type| Porous type
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5 ? = A s1= 7) 1| 2 1
SR w2 & |83 A KB
£ IS (14) (8)

0 5 10 1520 25 30 35 40 45 50

Openable window ratio BIEASR (%)

Fig. 4 Openness of living space by window
Table 2 Sort of in-space

a: sofa 4) | Tablel, Fig.2~4,10 Note: “Number” in the table and
b dinin 39 figures indicate the number of corresponding works.
= 9 - Table2,5,6,8,9, Fig.5,7,9 Note: “Number” in the tables
¢ - table and chair 15 | and figures indicate the number of corresponding
d : only chair 20 | in-spaces.
e : piano 4 Table3,4 Note: “Number” in the tables indicate the
Total 120 number of corresponding in-spaces near window.
ota Table7 Note: “Number” in the table indicate
Average 2.7 | the number of corresponding dark in-spaces.
’516 Arrangement pattern of in-space
Y14 Near| Far: ! Distance from window
{uE (16;) (55)77= - Near (65) Far (55)
e SN . ese
mw s 3T i iii
SNy @) (20)
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'_QST 2 :;-‘.: ‘ e Low( (78) -1 :‘,‘_:’é (43) (35)
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Distance from window ZH'5 DEEEE (m)

Fig. 5 Arrangement of in-space

Table 3 Openable window Table 5 Void and sky light

Existence of openable window Void Pxik
54/65 Existence (87) | None (33)

Table 4 Shading device £ %ﬁ
in front of window |  above window K|z L§, 45 0

B Bt 2 |@

lattice lattice | surface _E

U~
19/65 10/65 | 33/65

XU HET % (Fig.6), Mo
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ME L CELEwEET VB LT, &

TEMEL, FEO

fEid, FEMTROAAKIBEDRESHEROZ 4 A (FH) @EtFé: L.
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oL (Fig D,

55234 < (75/120), 0.1m/s

~ 0.3m/s RIS 7E (51/75) BNEF LTS, FRITHEFIZ 0.4m/s

~ 0.8m/s Kiii 23 % < (30/45) .

T/, BREL 1.7m/s TH D,

Simulation software STREAM ver.13

BEITY 7 b

Turbulence model : Standard k- € model

Boundary condition : All surface is smooth

Route block : Standard length is x,y,z=1m,
limit width is x,y,z=0.1Tm

Surface roughness classification : Il

Power exponent : a=0.2

ARETIV 2 k-e ETIV

BREM  2TOEEREET S

J—h70Ovy BEREE xyz=1m
BREMEIE x,y,2=0.1m

HREHEEXS

NEEH a=02

Climate (by WEADAC)

SR (WEADAC &£V )

Location : Ho Chi Minh City, Vietnam WP R—F I oW, ANMFL
Date : noon 12:00 ,April HES : 4 BR 12:00

Wind velocity : 3m/s LR : 3m/s

Wind orientation : South-southeast Rm : FERR

Calculation method of wind velocity EERDBHAZE

-7
|

The analysis area is up to 1.5m from
the floor of each in-space.

- ﬁﬁtﬁﬂ)ﬁﬁﬁbﬁﬁi Analysis area of wind velocity

SN
OB 1 E
LS ﬁ'ﬂ uj
~ Iy L migmiomkm  Floor of in- -space

BEBFAOKREDNS 1.5m £ TOERA%E
RIS L. RSO EEZ BI5FT

The average wind velocity in the areawas ~ DOEZEE L TEH LTz,
calculated as the wind velocity in in-space.
Target house TREY

Indoor space : Include stairs and kitchen

Openings : Openable windows and doors
are open

Plants : Not include plants

Orientation : Set according to each target

PIERZER] © PR PENREL EORRERS

FREIER - FRPARTRERREOERIE T N TR
Regs Lrc

TR R B R0

B BT EIGEE

Neighboring buildings models

BAIENDETILE

Building on the opposite side of road
BIEDERR D R 3 HRI DD

height
=E 10m

Target house

pSE3=27)

+— Building adjacent to site boundary
- B RAR IR T S

KO 5m from neighbor boundary line

BESIEFRD S 0.5m

Neighboring buildings are modeled as box shapes, not including eaves.
BEiE. EPHORIEEDT. BEARRY1—LETS,

Fig. 6 Outline of simulation of wind environment
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Fig. 7 Wind velocity of in-space

Table 6 Openness of living space and wind evironment

Wind velocity Weak(75) Strong(45)
Openness pattél Jbr3 55 38
BARUNZ > <0.4m/s 0.4m/s=
Porous type ZALB (41) 21 20
Wind-window type AR&E! (20) 19 1
Less porous type DILE (24) 17
Wind-window type  H}&#! (35) 18 17
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(Table6) , ZFLH L DALINITME POV (TA DNV A, BE
T SRETNIB/AZHE HH D (19/20, 17/24),

4. YEUTDREFROEREKRE
41 XREDIAL—V 3V OBE

UL T OREFOREEEICONT, BRMIFL I —v 3y
IRV ARSI L 2REEBRFTT 5 (Fig.8), JRLE LRI & [k
IZEF ML L, BRI ORE ORISR 13, WA
BN, FE—HETTROE Lic, KBS B EERIC 4 H Ol R H O
FLELTHREL, FEEFTOREL R LT,
4.2 BIGFOBEL Y EL T ORK/E Y
FTRTOBRBFTOBE IOV T, JREEMOHBHETY 24 L
IZ 100lux BA L% B % v (100 ~ 750lux & B, 750lux L Y @V o
ZHE ). 100lux Rii &M & LTHB L (Fig.9), BN S,
Z? 95 100 ~ 400lux (2K 8 F (54/67) NEF LT\ D,

Simulation software VELUX Daylight Visualizer AT 7 b

Climate (by WEADAC) SUE (WEADAC &£ V))

Location : Ho Chi Minh City, Vietnam (E 106° N 10° )i : "R—F I >, N b F LA
Date : noon 12:00,21th April HEf 14821 B R 1200

Sky data : CIE standard clear sky KZeT—74 . CIE {Z#ERERZE
Calculation method of illuminance BEOHEESZE

BBE MBI Analysis area of illuminance

Floor of in-space

BRISFIOKRED S 1.5m DR EDKFEE
ERRAREE L. EEAOTEREE

The analysis area is horizontal plane of
height 1.5m from the floor of each in-space.

The average illuminance in the area was BSPROBREE LTHEE LT,
calculated as the illuminance in in-space.
Target house KTREW

Indoor space : Include stairs and kitchen PIBRZER  PEEROENRELG EDRRZEEE
Plants : Not include plants HER - BRI e E AW
Orientation : Set according to each target ~ 751i : BT LITRE

Neighboring buildings models ADEMDETIVE

BEDYIa1L—¥ 3V ERUCRIRE L.
ADEMDE LML BB (RS 65%).
WEiEa> o) — b (RS 25%) & Lfe,

Neighboring buildings models are same

as the wind velocity simulation.

Finishing materials of neighboring

buildings are white wall (reflectance 65%)
and the ground is concrete (reflectance 25%)

Fig. 8 Outline of simulation of light environment

40 —
e 35 [ gark,Eg (27\‘ : bright B8 (67) glare ¥£.(16) ‘
E,’]“g 30 [ m-|-dark B bright B§% > (83)
B 25 28
@ 20 R 15
é O o 11
¢ 10 |-
£ 5 I ! 2
D)}
0o 8 s 8 88t s g o 3
o
7 o o o O o o o o
3 3 3 3 3 1 ?
llluminance E”F (lux)
Fig. 9 llluminance of in-space
Table 7 Supplement of brightness
|[Existence BB TO®EHY | 937 |
Table 8 Openness of living space and light environment
llluminance | dark(37) | bright(67) | glare(16)
Openness patte BE B ] i3
BmuUNZ > <100lux [100~750lux | 750lux<
Porous type ZHLE (41) 12 23 6
Wind-window type  EZRE! (20) 6 10 4
Less porous type DILEL (24) 7 13 4
Wind-window type &2 (35) 12 21 2
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Table 9 In-space pattern of arrangement and environment
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WIND AND LIGHT ENVIRONMENT OF IN-SPACE OF LIVING SPACE
IN CONTEMPORARY HOUSES IN HO CHI MINH CITY

Yui HASEGAWA ™', Ryo MURATA ** and NGUYEN TRAN Yen Khang**

*I Obayashi Corporation, M.Eng.
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Introduction:

Spatial porosity is one of the essential concepts of passive design to respond to high temperature and humid climate
in some regions of Southeast Asia where urbanization is rapidly expanding. Spatial openness, using airy space with
large windows and voids, is a popular method for daylighting and natural ventilation in passive design.

On the other hand, it is a challenge to intake natural wind and light into the indoor space while avoiding intense
sunshine and heat in a dense residential area, like Ho Chi Minh City in Vietnam. Moreover, these urban areas are
sprawling with many medium height “tube houses” with narrow frontage and long depth standing close together.
This characteristic for this location delimits the design direction, such as building size and window’s arrangement.
Thus, it is assumed that various brightness and wind distribution occur in the living space due to conflicts between
the requirements of spaces and the environment. Hence, this paper aims to clarify spatial composition, wind envi-

ronment and light environment of in-space in living space in contemporary houses in Ho Chi Minh City.

Methods:

Firstly, spatial composition of in-space in living space is examined by investigating location characteristics, position
of in-space in relation to window and ground and properties of window. Then, the openness patterns of living space
by window and the arrangement patterns of in-space by distances to window and to ground are clarified.

Secondly, relationships between the composition of the living space and the wind environment are examined. The
wind velocity of each in-space is calculated by CFD simulation (STREAM ver.13) and the combinational characteris-
tics with the openness patterns are investigated. Furthermore, relationships between the composition of the living
space and the light environment are examined. The illuminance of each in-space is calculated by the daylighting
simulation (VELUX Daylight Visualizer), and the combinational characteristics with the openness pattern of living
space are investigated.

Thirdly, based on all these results, composite characteristics of spatial composition, wind and light environment are
examined according to the combinations of the in-space pattern of arrangement and environment for each living
spaces. Then, three different groups for the intentionality towards environmental design on wind and light are clari-

fied.

Results:

1) Majorities of the openness patterns of living space are the high and the low openness for both light and wind. The
arrangements of in-space tend to be close to the window and the ground. Furthermore, many in-spaces are allocated
near the void and the skylight where much light and wind are easily reach inside.

2) Wind velocity in in-space tends to be weak in living spaces which are the wind-window type and the light-window
type. Illuminance in in-space indicates tendencies for the openness patterns that are more bright in the porous type
and less bright in the less porous type.

3) Composite characteristics of spatial composition, wind and light environment for each living spaces shows the
light group is the majority and these living spaces tend to have various in-space’s environments according to differ-
ences of their position. In the wind and light group, the arrangement patterns of in-space tend to be varied. These
diversities could be considered as a specificity for living spaces and their indoor environments in the tropical climate

which intends to be opened to the outdoor environment and to create an uneven quality of indoor environment.
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