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Natural Ventilation Design Guidelines for Green Chemistry Laboratories
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Abstract

This study focuses on appropriate opening design of natural ventilation for green chemistry
laboratories in Thailand. Even though natural ventilation is an alternative way to save energy from
using air conditionings, nowadays, there is no design guideline to promote natural ventilation for
chemistry laboratories in the country. Computational Fluid Dynamics (CFD) was used to simulate
building models with various orientations and opening types. Then, a set of simulations was run
to test the effect of lay-out designs and opening locations, in conjunction with the type of building
models, such as single-loaded corridor, double-loaded corridor and atrium-loaded corridor, by
comparing ventilation performance with 8 wind directions at the speed of 2 meters per second.
Results show that the single-loaded corridor lay-out design and opening arrangement which angled
at 180 degree of wind direction and average wind speed of more than 0.5 meter per second
are most suitable comfort by natural ventilation in chemistry laboratories. Natural ventilation
helps in reducing energy consumption, improving quality of indoor environment and responding to
the need of users, based on standards and principles of green chemistry laboratory design.
A MITDIgeMAlagdSsTIued  ResUfURniaedl  wuanenTeenuuy MUl

naFnansvaslna
Keywords : Natural Ventilation, Chemistry Laboratory, Design Guidelines, Computational Fluid
Dynamics

* fianusyszamenlyswalgdiannsedng nu jung@yahoo.com 3. 08 9123 7673



RMUTP Research Journal, Vol. 8, No. 1, March 2014 ’bﬁ

1. unth

flaaiudssmelnedionasiesdfimnng
wiliduduauann vevesUfidansfidues
ANATY AALBNTU WaTaAITUANTANBIVDY
masy nmaUfiamsiadidulngdnaieiu
WotagUszasdtun1ssasiunisfnsiuas
Fupd1idy dnsDinIduuueing 4 T
nAnsidnwluanedsniifieatos felu
A39DALUUDIANTUTE AN DU TN 5LAS
ey Selaidnsfnsuazlianudfy
Aumsdnnedeonasiuansauiuiieniens
FTUNEDINNAKUUSIINBIRALALADAAA DAY
sannafianAuULaseutureszmalng
Winfins IagannineenuuueA1Idny
AsRnsAuAiuazidy Tnafiosddsznay
ANANNF DI IUSIN R ulS aoe T undn
w3oa1A13 oA T alilullaqiuing
maUsuenmea Bavhldnsldusunamasnugs
WoeannAudpennsnI IRy UL uaI NI
dmsvgUnsaluesiafindnadnusounin
sunsalulasaemanszualnihndesaems
AsUsDeMFnaen 24 Falae waziuiiung
dudeulalfinidudldnasanal msan
msldndsnulupmsdssumiiaedianusiy
FanmslinnuadfgiunsdnnesieonmIunas

P P

femeilmanzaudmiuiosfuRnsed
1 in532un8e1MAlAeIE 535N ATIR AT
FanannseanwuuaAsiiidusnansyszvdn
wawu usnesiestfiinnseiiden ag
Fruanmsitnasnulusasuazdananons
TEnaenulussduyssing WaaonndpatuwHy
ausnunde 20 U w.e. 2554-2573 (AT

WAILNNINUNAUNUUAZBYININEIU, 2554)
ATsidamuumesnseenuuDasU R
AsedfianunsaldasssuigenALLL
5330 TIn S ausITUE LTINS
Taevhmsiw3uudisudssansanansinaisu
PBINITITUNEDIAARALILAIIZHATUNS
JUMUUDIANTANTINNEY AFNIGULATE B9
Kunsatanelaeldlysunsunisdiuau
waransveelna (Computational Fluid
Dynamics: CFD) (R03AN widfnf, 2549) T
Wusuinsluaisirasudialdifiuninnng
penLUDR DU iRn AT uazi 3o ud
a11150 1A ITUIYBINNARUUSITUB
Mmnzan waziduldaundnniseeenis

>
& o

apnuuuinelifigswedl Bnnedaduniadan

a9 LYY

wikdlumaaenannIanRa I Idumey

1.1 danus:=avA

1.1.1 Anmanwae I uuun1Ianaees
LazfiAN1990991ANTUFURAN5LASIAT
UazAnsamdniunisszuienalagis
sysuTAfipas ANz ELN

1.1.2 \WiDLAUDKUININNITN DL
FanedsomsUfuRnsefinfidszansan
shsumaszuneoMAlae IS5 TN ADATS
aHgetTeliTald

1.2 youIvamsIod

sfnmassiidanrinnafnsmuuans
A1308NLUUIRDNNTI2D 88 NAlALAS
533N RENRSUANSUTRN TNl
WwnAngndemesy \esandenasUszani



g7
"b& 21SASIBINSIA:IDE uns.ws:uas U 8 adun 1 Gunau 2557

duduauanadunisewazinfnsndnlgnui
panAnan Wwaldnsiuiamaransvealna
(Computational Fluid Dynamics: CFD) anaas
LUANNATDDARUUINELATAITANA AU
2p9d)n 91ATRUUMNNHIULRED (Single-loaded
Corridor) WUUNN9LAUIAN (Double-loaded
Corridor) WaTKLUUNILAUIDULAULINNG
(Atrium-loaded Corridor) sufisiniesinediuly

1.3 msfAnvidayanaznnuimss:naoINA
laad8sssund

1.3.1 @gawanievaslse WlﬂIVIEJ

Uszinalnedsegszningasfian 5 o
37 Auaunile U 20 a9 27 Adamilauaz
EINNERERRN 97 B9AN 22 AR upan AL
105 2437 AUanzIupeaniandszanineiuy
2 NANNNG Fip anwsguAzueanduunile waz
auusguaz Tuandesld osananmiidwes
Uszmelnesoglndiduaudgnsdanalianmas
anmngfienmevesszinalnedewdnedou uaz
firlunnynifaunasevit

1.3.2 98y Lﬂﬁlﬂﬂﬂ?:ﬁﬂﬁﬂ'\ﬂ%ﬂﬁﬂﬂlﬂ&l

AUNANTAINTINISVUUTUDIANALIAY
anisaudn (ASHRAE, 2010) lal#enanin
ANUAIINENNIZUNELNYIN “The condition of
mind that expresses satisfaction with the
thermal environmentand is assessed by
subjective evaluation.” #U1YAIMNINEANY
WEY A annemsaniafinansaninala
TuamnwIndaumeamA MLz TazNI L
FeagnsenaladpeenfunsusifiunalB
ANUIRNVDIUASTLARA

A58l meauilsay (2541) lenaseu
snmzihaunsvesnuiisuldidoinunafidey
Tuituiilivsuemeuazagluanzilimun
ANNEIMA WU ADIUAULALN AN NDINE
FupyAULeaznguALEINTDaANDIANAT
vousulduoanguaniivhnimeaasseglugas
9amgfif 25.6-31.5 BvFnwaLByaAANNTY
Fuinseglugaedesay 37.7-62.9 lavs
WAAT3 waZANE (2000) IeAnENsEALAMILTIAN
fwanzaud nsureuirnanizyIauy
PpeaulngRaud 0-3 WRIFIUNT denase
NNIUBNSTUANMAGUILVDIAY B FATWDINA
Tugaesine q nudn MseeNsuaNuausly
fufiilyTa1305venafigavgunglid
24-325 perdRFua AwBudinssouaz
50-80 WAZVOLUAANIZUNELILVDINNIAN
AAINTINITVUYTUDINA LA ENTFBLNTAN
(ASHRAE, 2010) luftuiifilsifinsy$uanmefia
SurgfioimARayeFoud 30 aersadys
Amuneaylugie 23.6-30.6 aernsaifys
dwiunseensuvesdldoiesi 80% duly
FuihldnsyensvvevananazinauI8aeY
aufieglunanan nafionnAuunnfouty
woeszinalnafifreuiwaaniazauny
gandaulunaudfiowmu

n3seBeanznaUIEN gty
nuideildidenveuiwnpsaninzunauny
Tugr9gaumgfifl 22-36 seAnTalBus way
AnsBudunsSosas 20-80 fisziuausy
ANFNY 9 FeNTe 1 o Aulneananse
gansuaazuraugluaainenadauls
dernuiFraniiinsnusemeiiengedu



RMUTP Research Journal, Vol. 8, No. 1, March 2014 #

A19797 1 LaRURLRANNELNEYRUTEmAlNg

Tngldausssamnf

Nyl AMNTY ANNLEIAN

(29A funns (lnssin
walBaa) (508a2) unii)
20.0-29.5 20-80 0.00-0.25
29.5-30.7 20-80 0.25-0.50
30.7-32.5 20-80 0.50-1.00
32.5-34.0 20-80 1.00-1.50
34.0-36.0 20-80 1.560-2.00
36.0-36.5 20-80 2.00-3.00

7w Taww 1A wazAn (2000)

1.4 dusmowiSoauiiiwactionougan

Toehlumasussenisedsulmvesas
musTINT AT ARAFn Suasiuiuny
Audnaenuiian lnssywdazidniduas 0.4
parnraBea WionnuSiaufiadu 1 Alawns
sadalus wIUszana 0.25 WwnIaeIUd
dowSpuiipuivannzlaemly sasaa
Srawaziinasiannuidnld @Al eSgaTIal
2544) P97 2

A9197 2 ANNFRNYRLBdRadRIIAINSIAY

AMNLSaY . .
ANSENADERIIANLTIAN

(n3/Aundi) !

0.00-025  azhifAnuasunale

0.25-050  3&nauny

050-1.00  FAnauelazaansaiuii
finsndsulnivesone

1.00-150  $EnfWnauiantaauiividn
sumule

> 1.50 s&ndngnaunu

Al 1@l g (2544)

pgnlafinny anmmgfionmALuDA3Y
Fuvesszmnalng shsanusia 1 wasse
i Wuanuseuiddnauisuasdnan
anusiaumeluies 1.5 wasdeduni 1y
anuSaNfivansuls wad Ay 1.5 wasse
il az3dndngnsunmunaziangunsainaasy
filweinn 9 eraudald AT AFgaIT,
2544) fRTUMTIATIZALALTNRUAANAIRL
1‘7immL%aamaﬁmaamﬁ’ﬁﬂmmmqﬁmwumum
wa'd wW.A. 2554-2555 (d17nWmAIUN

4
allpaAngn, 2555) lauanuiraueasnd

Qe

D 3

=

gl 2 wmssadund FeewAdeildidenld
ANAINHNLIIANAINENILTUATAINNLTINGA U
Winldlun ey

1.5 msfinndayana:nasgiuiovunuams
1Al (Chemistry Labs)

WoRUURAIMIINgImans nunuia
upUfUANIE MU IMAaInIaN1INY
NN AERS ¥EDYmMINTIATIRIA I
e WEenIRaaURMANYsaUm lidasdu
fudaialafinng Fesfiansindeineg

=

maldnhanunan 3 mhonulng Ap

1.5.1 matansu : owdfinisazgn
AmuaUuuuLazgazidanlaendagaud
dundmnensy Wsldnsvauiawddeii

Alslriuasdngunan

1.5.2 MATFUNa : ARUATURULLAS
Teazdualasnirznuspsssunadeenaiiy
VUL DIRAUTNBNN TS DT T I aNwAAT T
maviadsluduiidudszfiunisegluniy

aulapadapunan



68

1.5.3 mamsfnEn : orauniiazeu
vosSarsawnpuimuadulusuianssuns
Srunsapudunan winasnIarinnsIdeIw
Aundapaunaigunanioensulafldine
ThAnunssRunuddsdmsuaiuayuniidy
maluesfiiRng

1.6 msooniiuuRoLUNUAMSIAL (Chemistry
Labs)

MIeRNLULYBUURANILA (Chemistry
Labs) A #esifianwasfufesfiRnmsuuy

Deanfidenuddulumsldgaiu dequd 1

JUM 1 dnwasrstuousos foRnsedly

ANTAMMUATUIALALILELAIN 9 VDY

a wa a

1AUATANNTATTRAN NI LAZLUINS
(Guideline) annunasdayafidusnsgiuly
efvanamruATNARRU IR IR
wihsgey (Module) meludesdfufinsau
WATFIUAS | BeflanunannRei AN
Neufert Architect’ Data (US) (Vincent Jones,
ed., 1980) lernualifidszananauning
3.00-3.60 A3 AurANNATIsAAR
yauaper1ulag il dun19dYasnsenans

faaunIanlUll

NsasIsIMsiaddd uns.ws:ups Ui 8 aduil 1 Gnay 2557

P

AU fufivinaud iy 2 Ay +

NNFUATINAN
(2 x 0.80) + (1.40 - 2.00)

gy (module W)
3.00 - 3.60 KOG

WAzl sALATUIATZELDANIANS o (e
19Tl

AUNTINTOAUIY (module W) = 3.00-6.00 LA
= 5.00-8.00 WA3

2.00-2.50 wme

ANUANVBNNUAY (module D)
ANuneresmedasely
91A15 (corridor W)

3.60-4.20 AT
0.60-0.84 wng

ANNEIVDTY (storey H)

AuEnuelfizfiRns
(bench D)

ANNENTRLFzY
(bench L)

2.10-4.60 wng

AURNS
<
Fespnndnariuinaeives Daniel D. Watch
W‘wﬂﬁﬂ’ﬁmﬂim:mm
(6.00-9.00 11n3) Fe3ud 2

Fernunu
(3.15 wm9) x

va moouLE
VR MODULE

T O E B MoDuULES

12 MODULE

FLEXIBLE

#3171 Daniel D. Wacth(2001)

JUN 2 PunveaniadfuRNINUgIULaTANT

YSuasurunalimmanzay

Tumsfnmneiadeilldidengyusueans
wosiinslaalifiduiuiesifioua nta
6 1Wm3 &n 5 was wazldlimadiundte 2.00
WA wasiveeyuRnisenidediuaiuas 10
Aoufialdimunzaniuguunaudnangsy
Tnaes31e wazaenandeiungnazneRiiuf 65



RMUTP Research Journal, Vol. 8, No. 1, March 2014

w.d. 2643 Bowulanidl wszsoiydd
AUANDIANT, 2522)

2. 38msnaaov
annsnsadautenalsvinlfidnlada
foya nawd inesgu wazdarimuasis q 39
snansavlfasUuuumIneane (Hudnass)
Teiovail
1. MUUATYUUDNNTANINNEDIANS 3
UuuY femsed 3

A13197 3 JULUUNMTARNeAeDANT

sduuuieanansg ANBULDIAT

iU Single Corridor

Y Double Corridor

WY Atrium Corridor

2. MuUARFANSYDIaN 8 7iFme pegy
i 3 eneapumnAMeTimINzaNiUa1ANT
WoeUFUANTLAZANNUAANIYRIAN AT Ui
ANALSIANIRALAADATATIUDINTUNNUNILAT
aaumd W, 2554-2565 (drdniaiun
9 AuaAingn, 2566) 7 2 wasAeIuNd

.
)
K

*e, -
. .

270 C—> == ----u-n---ﬂ---uonno.. e — 90 C

180°C

U 3 uansfiAn1evetan 8 fifmn

3. mualdeimsresUfianisiiduau
Wosiifauaning 6 wWas an 5 WA e
RT3 IUNNIeenLUDkaz RN aufundng
2.00 WATEIERAUAIUIU 10 Woswiald
WA AU RUUOWAAINTINIATIR SIS AS
\WnlapandeiungnsenIeatufl 65 w.a.
2543 3pariulomdln (W3e3BUIRAIUAN
91A13, 2522)

2.1 nusmvmsus:iiumsooniuuivoms

% s:ngoimAlaadssssusitidnsSuiion

unuamsinibidan

wnailunsUszifiunmaansndeild
fiasananuauedsneludesjoinng
W TAUIULUDEIDIAN I 3 JUUDY LAz
YpsauTviauigecidens 8 firvs fifidwai
azylfAnanazinauedunan Wosaniduy
Haduddglunsfiasaneanudulylds s
msepnuuUBAsUiTRmM el Weasens
5218NMAlREABEITNTR BennSANI
WU ANUFANADANNITUIALILTDIAUAAAY
5350178 Wornuisaudrgend 0.50 wns
dedunit dnsudanuauiigendniunis
sanuuuTpDnaztizanausIausluios
TaldgaiulUle wazfansandadumsiinay



3 n."
%. 21SASIBINSIA:IDE uns.ws:uas U 8 adun 1 Gunau 2557

myuuluiuildaudededdluysunaroy
azyilin1sszurwenelagAEsITuTFiLA
UszAnSnn

AaualidosUfuRnsiadl Tdunuds
Tawaduau 9 shuntls Twazduange 1 wes
Fadusziunsldauvesfuivinuluios
UURNediceUn 4

7UN 4 uanssiunieiana 9 siunesaes

3. wamsnaaavia:dosniwa

o ufTRNMseddenaduldlfnagls
ANSIIUBIRIUNNTIZUIYDINALR DN AN
msldedosseinmea Feruidndesaniaz
UNEUNYVDIAUAINANSIINDR EoANUEIaN
flengand 0.50-1 wnsApIuNT wazuousulei
AMLTIRY 1.50 nssiaIund mndidnaauso
augeniniazidningnsuniudeannmmaans
ANTITUNLANSITUDIRVDIAIDIANTNG 3
JWuuy AAneanyinyuiueang 8 fiAnN1g
fegmanaaneseuil 5 AnnswSeu ey
NANNINAADY WU HMULNRULFLT (Single-
loaded Corridor) #{n19352U1881ANARNTIN
RHOLUUNINLANSIN (Double-loaded Corridor)

WASHNLUUNINLAUIDURNUUIANT (Atrium-
loaded Corridor) 43Ul 6 wazA3197 4 AN
firn1gauriyuiumensuazsoadad
wansineduly Beran1Innassueeiennng
i1 3 UuDY WU AUUMLRURY) (Single-
loaded Corridor) ¢is3Ufi 7 fuivesnnuisa
adlagLAu 0.50 wWsAAuNT iauaz 30.00-
93.33 Fefirneanriyaiuein1s 180 o
duianeiidigauazifuiivosnnuisay
WaYLAY 0.50 wasAedundt Asduieuay
93.33 209901ANTUszNE ludufauwuug
{Au373 (Double-loaded Corridor) fa3udi 8
waz 9 IRufivasanusiaunasiiu 0.50 w3
Ae3uNT N3ouas 3.33-84.44 BefiAmeauyingy
Ae1A13 0 wan 180 aeriufientefinfian
wasfiufiaasnnuiSiasedsiiy 050 wes
sip3undl Andusouas 84.44 2p99RNANT
Usziniwazlududewuuniafiusauwny
153 (Atrium-loaded Corridor) fi3ufl 10, 11,
12 waz 13 Siftuflresanusiauwasiiiu 0.50
WAsADIWNT Souay 44.44-47.22 BefiAmne
auvhyuUeNATS 45, 135, 225 uaz 315 99N
duianeiidigauazifuiivoennuisay
WaYLAY 0.50 wasAedundt Asduieuay
47 22 ppeisenAssznni

upnanil AsRaTINdRduA3lna
Ayuresaunyuuinafiuiiiiinimaaes
WU HOBUUNINLAYLRET (Single-loaded
Corridor) fiFimsanyyuiue1n1s 180 aer
Wustuuunanaaeeiinsnyuoesauiu
wanfeway 11.11 vesitufl fudurfitosiige



RMUTP Research Journal, Vol. 8, No. 1, March 2014 @

(vi{e
315C. ), 45¢€
N =

2

270°C —)"'_ e
B
225°c N 135°C

180:C

Velocity \

U7l 5 FEIUMULNINAABIMTTLEMAlNIE S TINTR

100% 7
90% = Jwuuvnududien
B80% W
70% =l i
60% / " -
50% fuuumaiusoy
40% V v WAUUINIS
30% ./' \‘/
208 -
1086

087 45 90 135 180 225 270 315 02 45 90 135 180 225 270 315

24M7 2997 24T BT B9AT 29T B9 AT 297 B9 23T 24dT a4 8adn
WisuWauRuiinelufesdiiniuSiay wWisuWeuRuinelukesiidnsszungenells
tAiu 0.50 wasfeudl (Auvpsaumsu)

JU% 6 WisuiWisunssTngeIMATEeIUUUUANIARNNeReIAT 3 JUuuY



@ saSIIMsIadd uns.ws:uas Ui 8 aduil 1 Ay 2557

A19197 4 UARINIIWIUBUNTIZUNENNNAYRYFURUNNTARINESDANS 3 JULUY

WnainIIRaNsaN
. fiameaurgy 1. fesazvasiiuiinnslusing 2. $ovazvasiiuiinigluvio
WNDIANT o e - ua .
nuanAna NAAMULIIAN dinsszunganAlin
Wi 0.50 wnssinIud (ﬁuﬁmmawgu)
0 D9FN 88.89 40
. & 458N 75.56 55.56
w% IS 30 100
2 g 1358 82.22 55.56
c T
5 8§ 180 8N 93.33 11.11
a |
Z %;; 225 DA 82.22 56.56
& 270 aem 30 . 100
3165 D9fN 76.56 66.56
0 B4 84.44 27.78
8 45990 77.78 \, 50
% =
& 3 90 B9 3.33 100
2 g 13589 77.78 50
2 & 180 a9 84.44 27.78
=2 (]
S 225 99N 77.78 % 50
8 270 s 3.33 100
315 D49fN 77.78 50
- 0 D9FN 44.44 33.33
c =
& S 45 99FN 47.22 44.44
£ 8 e 44.44 3333
8 g 1950w 47.22 44.44
=
& S 180 peen 44.44 33.33
= £ 225 09 47.22 4444
a B
33 < 270 B9eN 44.44 33.33
<

316 89AN 47.22 4444




RMUTP Research Journal, Vol. 8, No. 1, March 2014 @

May 08, 2013
FLUENT 6.1 (2d, segregated, ske)




g7
’?&_ 21SASIBINSIA:IDE uns.ws:uas U 8 adun 1 Gunau 2557

[T

T
1
L VA

Velocity Vectors Co I
FLUENT 6.1 (2d, seg

3UN 10 HANMINAADENIUUUNNNAUIBUUAULINNT (Atrium-loaded Corridor) fiFMsanyinyuiuenAns
45 9N



RMUTP Research Journal, Vol. 8, No. 1, March 2014 %

R

—

—
'
—a

y Magnitude (m/s)
ENT 6.1 (2d,

3UN 11 WaNINAGBINSUULNNNIAUSOUWAULSNNS (Atrium-loaded Corridor) fifneauyiguue1As

135 84N

[ FLUENT 1) Pt

UM 12 HaMINAAREUULNNAUIBULAULINNT (Atrium-loaded Corridor) AiAMeaNyinyuiueAns
225 B9



"
’?&_ 21SASIBINSIA:IDE uns.ws:uas U 8 adun 1 Gunau 2557

[ »

3UN 13 HAMINAARENIUUUNNNIAUIBUUAULINNS (Atrium-loaded Corridor) fiFveanyinyuAuenAns

315 99AN

4. asu

ANNATANIIAATNDINTA WU AN
masauieuiadvinldnsueansusaaniaz
UNauIeveeAulng ApIReaNIaNsITNINR
S ITTNEe AR NeEAIZNELNe

a wua

NAANNNSANWY WUd 8ASUFURNNS
wiarunsnldanssrusfiinaseanioz
anald Tagnsesnuuuldiiameanringu
#uenAns 180 eemBsfitufivesanuiiian
WALy 0.50 wasreIunT Andudswas 93.33
gasfiufineluiosuassuunisennsiiniian
fp 91AN3UITANUULNINHULRYT (Single-
loaded Corridor) wagmsiusuiidugeede
iantnsereeeIAslusuIuaNsIINTR
FefiUsransamlunnssuansssusfgegn
AUNINAAUAYUIUVDINIDIATTUULNNY
Wiuien (Single-loaded Corridor) fnanyu

Y99alIURAsSosay 11.11 vasiuigey
Anfidasfigaasioinifign uonanid Swmudn

q

o~

wesdfuRinmsiadnfidinnuiiiauieasania

060 WwaIEaIuNT wIaAnuiuiaeluieg

¥ e
N ala

snieiesoras 30 azdiuiiiinaungway
meludesgenndefidnedsogay 100 w09
fufmeluios

P OLAUDBUTRINTUNITODALDY
sunsndInanImaasedibe luszynsldly
mseenuuuo1mstfianisailusuinale
ioeannnIeenuuUNANSUIZIANAINETD
AzARIANTNTIULUUATANINRA LA TIAN
2995991A13 1Y NANTUIZANUULNIGHY
Wen (Single-loaded Corridor) LuanAnshsl

i

fufinsszungememunzanfigatuiianms
auvhayuiuenes 180 o Fafufienedis
flgndmsunsszngenmAlagissssusfiie



RMUTP Research Journal, Vol. 8, No. 1, March 2014 @

s anzirauslmingauuaziiuaiais
UfTRMIeffituszansnm azdaeyldanns
TEwasuannin3ostSoanienazgunand
e 9 BeilaatiunseenuuulinausAgyud
TuFosSunaiuiififismasosnnnsldnu
waziuiiianansaneaiseransldwinguy ma
LA TN FU MDD TR LA AN DD
anAsUfTRnsefilimnsauiazgisannis
TEndsnuaaasunanmannwnasungly
LazABUAUDIANGDINSVRSIFaDRRdaeY
SUUULINAITIULALRANNNTRRNLULTRUZ TR
mMawpflBeaNfissansnm

5. nactinssuus:=me

[ Y

ATy FesddSaldadeveennm
UMNINYIAULNYATANGAT WASVDUDUAM
912138 NN ANUS ue.a3. 3TN
futlszys wazenansd asdnsiiut vinauuv
finqantiruuziuazaguansvaneinug
audisa iduveveunmin il

6. 1I9NaA1SHDD

ATUWAILINAINUNAUNUUALDY SNENRINY.
2554. WHuBYSABWASY 20 T w.A.
2554-2573. NIUNAIUINANTUNAUNUUAS
BUYINY, ATINTINAINU.

dininiuanfiasingn. 2555, TaYasAIN
mmﬂmmnq\amwumumﬁ"’\uwﬁ'l WA,
2554-2555. \UUINNIToYA NqNAH-
21MA AdnNAWNaATlyaIne.

apUAN WA, 2549. waransveslnaids
AL, AUTIRUATABATEUUNASU

NAWNY, URIINIAUINTU.

19a30] Mieyaulsay. 2541. asANEANSLRY
mmJwmamwﬁmnwiunﬂﬁmmﬁ
wadoudu. Ingdnusanndaunssu
FERINIMTRUARN, IRNANTAUNATINENGL.

WAT A3§I330. 2544, MIRNHIAMNTUANS
VDNIAN NI HAANAUMTEANS TR
fintlanasdmiugfionniafeutuly
dszindlng. anzaaniinenssumans,
UAINLIALAALINT.

WIZINBULRAAIUANDIANT ATZNTIUMNALINEG.
2622. Bosdulanil. ngnszneae adud
55 (W.A. 2543).

ASHRAE. 2010. Thermal Environmental
Conditions for Human Occupancy.
Standard 55, American Society of
Heating, Refrigeration, and Air-
Conditioning Engineers, Atlanta GA.

Khedari, J., Yamtraipat, N., Pratintong, N., &
Hirunlabh, J. 2000. Thailand ventilation
comfort chart. Energy and Building
32, 245-249.

ASHRAE. 2001. ASHRAE Handbook-
Fundamentals (SI). American Society
of Heating, Refrigeration, and Air-
Conditioning Engineers.

Vincent Jones, ed. 1980. Ernst Neufert:
Architects’ Data, 2™ edition. BSP
Professional Book, Oxford.

Daniel D. Wacth. 2001. Building type
basics for laboratories. John Wiley &

son, New York.





