naimungluLLLassuLns AR EueIN AreudsAiNeanga)ine luenans

UNEDAST WINNRTHAS

Emmﬁwuﬁﬁﬂumuﬂﬁwmmiﬁm:mmmm‘i’ﬂzgma.l?tyryﬁmmﬁmmimmmumﬁmﬁm
A1113T180RENIIN NIPRTIARNTIRNIINANART
ANTANNLINENITNAARAT 9NAINIINUANENAE
Tnnsdnun 2544
ISBN 974-17-0663-4

AUANDVBIAINTUNMNINENAE



THE DEVELOPMENT OF ROOF DESIGN AND AIR CIRCULATION SYSTEM TO REDUCE
TEMPERATURE IN BUILDING

Mr. Apitouch Promsirisang

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Architecture in Architecture
Department of Architecture
Faculty of Architecture
Chulalongkorn University
Academic Year 2001
ISBN 974-17-0663-4



NENTINUL

(=N
S))

ndia
1ng
AT
a7a9eNLTNEN

a7a9eMTNH 99N

NIREWNIULLILLAZIZUUNNT AR LA N ATDINAIAT iean
gounninigluenans

UNLIBAETT WINNATUAS

an1inenssa

fTaeAnansnanstl e80T Ysninieyaud

ANERIIANIET AT.QUNT LEYEU1BNNT

AnszanninenssnAans qiasnsninnianende eyl iuanadwuseriuil

\udounilsnasnnsAnsmunangnalfoyauninge

................................................ ANUAANZ AN TTRaNITNANART

(s09ANARINA9E 3. R5e Fana)

ADIENTTHNITAALINENUNUS

................................................... 1928711N9INNT

(3R9ANARINANTE LaRdN A0 RIULI)

................................................... 21413513014

AEIANANINANIE AT.99A0UT YItUINIEyYaL])

................................................... 214135M13N191393

................................................... NITNNIT

.................................................... NITNNIT

¢« Ao

(81an9E] WS WHTLAB)



wwedts  weun@Iuas  nsWagUuuuuazssuunsuaRaue N ATRMATAN  WegmuugRanneluatans (THE

DEVELOPMENT OF ROOF DESIGN AND AIR CIRCULATION SYSTEM TO REDUCE TEMPERATURE IN BUILDING)

8. MEnw:faouaansnansed asosdoust Ysanngyad, a.MbBEnensanAansansd as.quns yoyandnis 140 i,

ISBN 974-17-0663-4.

TuiTaqifuanmgfenmalulsamalnaFuaugusuiniy - Tagenizlunianzduseni@oaniie  wwImenIseanuuL
amﬁmniamﬁuauqﬂlmi ﬁqmﬁﬁumzjuuqmmﬁﬂm IneannzszuuitlaananAns (Building Envelope) miﬁ@m@uﬁﬁmﬁﬂmﬁu
nschemeannuiaudngenns uwaranunsniianuifiuainaninweedendngenans  niseanuuuszuuiaenatansludaunann
v e o 2o e w A ddnee g Y - 9
HudnfimndrAnyededs Wasainuaepuduiundldfunisudfsdanfeulasnsainasending nsausuianielunislszynsld
sduny ssuunisluaRaueinialudemasen  uaznisaneisdasdeugiiasinlunainaauy  wlssandldaunugnmginialy

v a u \ 4 M 4 e o e
2113 dn Indanaziiatnannige eninusiifudounilaaanisidele IasennslseBausuuuyliliuainidnia
o = o
priueaniduamile
—e oz o 4 i - = . -  qu e .
nsddeutieanidly 2 Tuneu Ae Tureun 1 n1sananatessauls NRanswnudegnmnineudeslsivdsan Tinaes
naaaududanagay daulsnldluntsdnm Tiud wnsansianuenairn daeeianienainn unagsresauauaNian uaznsldnig
TuaRauanalussuumaian duneun2 matialun1seenuuuszuunasnn eanAMNIuLITgM)RaNNauendtgeans tay
HanAnslaaBeuduiuuniansiueenidsamiledaninmdnn 1:4 Wuaianmaaes waztlssifiung
uan1maaed udumaui1 wudnlugasnainansiu Jagyadsaiduaaanstien Aniiaufeuge uaziAnsgadused
a 1 dl I v 1 o o A a o £ % a 1 1 a
povaiindludaspauduge iun Jaauaselanzinden@nn denaligumgienniAniglunadameassgandtgumnieiniAniauen

o o

UazgaNd danuenasAducaatsiin AthaaFeun uariAnisgaduiidnaseniindlutoindudunn dauludosainansdiu

o o alld 3 ' ° % a o al | nﬂl v ' [ % 1% A dd‘da [
TAAIINAIANNNIAANTUBE ATUIAITNTDULN LL@ZNﬂ’]ﬂﬂ?ﬂﬂﬂ?ﬁﬁlu%’)ﬂﬂ@u%ﬁ@d I&un m@mqmiwzmﬂﬂumumiuumw

'
o o a 3 =

danaligoun) R lunaemaaeInIndngunReINIANIELeN KAZAINGY JARNINAIANRNIAFTNN ANtIANSEUAT WaTiAINTg

a9

ANN3ANefAlugaeraueIen  wanatndnisldnislnadeueinmaliudsendenaiiiaaauuanswaesgunginiglunaemaaes

Toaludasnainands  naesdlildnisluaiauainalddesnaspainniauen  Sgomgledsnialunassgendinaasildnis

a

= a | & P oA ey = v, o =
bLH@LQEIu’ﬂWﬂ']ﬂﬂT;‘ﬁN’Wm 1.8 avAIaEad daauludaanainaieau ﬂﬂ’ﬂ\‘iﬂi&ﬂﬂ]ﬂq‘ﬂﬂﬁL’]Elu’ﬂWﬂqﬁiﬁl‘ﬂﬂﬂﬂﬂ\?ﬂq'ﬂ’mﬂqﬂu'ﬂﬂ AN

o

o e = o S i - o
wagnelunaassndinaesldnisivafeuenialagedsdszinns 1.9 ssdaadias uazANdguaupienAnisuanineiafe
sz 2 avenadea dumeud 2 dinanimaaesanmameasyuludiuneun 1 wnlszgnimeasuluanpmaass wudinisld
o A A e o oy = , 2 o g ay o , = °
wasplanziadaud fuawiuneasisies ldnsluateuenielugasnainasduy inldgumgivesduuuludouainandu an
ninsldudsanlanzueaiadiana fuauauuaansian szanns 1.5 asAnima@as
HaNdeagldn  nseenuuUsTLLAIATRaMTatlssiunsinamaArNFeulutaanaIna iy wazaunsntinAdLiu

o a v v A Ao o v o o 4:11’ v o dlal v a °
mﬂmimmmﬁfnm@u@mmﬁﬂummﬂmqmuwmummmh AITRANLULTEULNRAIATANU 1)1‘1]1)1@\1?1’W]NN’32\]@’1§‘H®?;I HAMNITUN

' v '

v v k7 o o v dld v = dl o v a o v
AINTIDURY LL@:m'aﬂfnmmui:uuauquﬂmnumﬂm’ﬂuwummimumumnm@u@qmew'a atlasiumuFauannianaanding

QU
' '

21A19 2)szuuaunilasiuaainfeusieiiuoaansties ieannisazanauiauludanaNaNAy 3)RenTanuasanfidaAInIsAng

5e@ludaspauenage  4)dnsluaRauenialidasmasaainnisuanlunainasdu was ladldnsluadeuainialddesasniain
o dl [~3 dl a é’ 1 v o 1 o = ) v

AeuanlunaINANAY eazanANNEUNNATY 5)1a9a N ALINAIAT waTsTULYiassUNse1nA TusTuLnasAAasiAvLEatias

= N = a = 3, o
Ngn L‘IN'ﬂLW}JﬂTZ@VIﬁﬂ’]Wﬂ’]ﬁ‘bLM@L’]F;Iu@’]ﬂ’]ﬂiﬁ]‘ﬁﬂ\iﬂﬂ\‘iﬂ’]

=

N1ATN AnTRENTINANART AVIHBTATRB ..o
#1173 &niTmengou ANHNDTODNRNTENUTNEN .o,

UnnsAnun 2544 ANHHATARNANIENUTAMNTVN . e



## 4374223225:MAJOR ARCHITECTURE

KEY WORD: ROOF / EMISSIVITY / PASSIVE DESIGN
APITOUCH PROSIRISANG: THE DEVELOPMENT OF ROOF DESIGN AND AIR CIRCULATION
SYSTEM TO REDUCE TEMPERATURE IN BUILDING. THESIS ADVISOR: DR. VORASUN
BURANAKARN, THESIS CO-ADVISOR: PROFESSOR DR. SOONTORN BOONYATIKARN, 140 pp.
ISBN 974-17-0663-4.

Temperatures are rising in Thailand, especially in the northeast, or Isan. This has led to the development of new
architectural design concepts, especially the “building envelope”, which helps reduce thermal heat transference from the
outside to interior spaces low temperature. Thus, employing the envelope concept for roof designs could be very important as
the roof attracts high volumes of solar radiation. With a new roof design, this heat can be flowed and then ventilated during day
time. This can then mean a much more comfortable interior environment. This thesis is a part of group research of “ Non-air
conditioned elementary school design in the Northeastern Thailand” as a main theme.

This research has concluded in two parts. The first is to determine the different factors that affect the temperature of
the area just below the roof. Boxes were employed to test factors that included the mass and colors of roofing materials,
insulation mass and the ventilation system. The second phase is to a roof design techniques to reduce the transference of
external heat into building interiors. A school building model in the northeast was used for collecting data.

Results of the first phase found that during day time, the box made from low mass roofing materials with high
conductivity and high solar absorption, especially Metal roofing painted black. In fact, this caused higher interior temperatures
than exterior. High mass, or high density, roofing materials with with low conductivity and low solar absorption gave the
opposite results. Low mass, high conductivity and high emissivility materials over extended period, such as enameled metal,
achieved lower interior temperatures than exterior during night time. Finally, high mass, or high density, roofing materials with
low conductivity and low emissivility gave the opposite results. During the day time, the box was installed with a ventilation had
a lower temperature than the box without the ventilation by 1.8 degrees C and during the night time, the box was installed
without a ventilation had a lower temperature than the box with the ventilation by 1.9 degrees C as well as a lower a 2 degrees
C inaverage temperature when compared to outside temperatures. In the second phase, results from phase 1 were employed
for testing of the building model. Results showed that a low mass enameled metal roof would create a lower interior
temperature in second floor rooms during the night time compared to asphalt shingle roof by about 1.5 degrees C.

In summary, a roof design that prevents thermal heat transference during the day time and uses night time radiation
should be constructed as follows 1) a low mass material roof with high conductivity and a high insulation to prevent heat
transfer to interior spaces. 2) the insulation system should still be low mass, or low density. 3) the roof materials should have a
long-wave radiation 4) a roof ventilation system should be employed during daytime and turned off during the evenings to store

nighttime cool air. 5) The roof cavity and duct systems should be loose friction loss, or open, as possible for the best flow.

Department Architecture Student’s signature........cccooeveviieiiiiiece e
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RELATED RESEARCH OF NON-AIR CONDITIONED ELEMENTARY SCHOOL
DESIGN IN THE NORTHEASTERN PART OF THAILAND

This thesis is a part of group research, consists of:

Concepts of building and building materials are to utilize and optimize

the natural assets by considered :

THE DELELOPEMENT OF ROOF DESIGN AND AIR CIRCULATION
SYSTEM TO REDUCE  TEMPERATURE IN BUILDING
(PROMSIRISANG,APITOUCH, 2001)

A DEVELOPMENT OF BUILDING THERMAL WALL FROM LOCAL
NATURAL MATERIALS , CASE STUDY : NON-AIR CONDITIONED
STUDY ROOM  NORTHEASTERN  REGION , THAILAND
(THONGKAMSAMUT, CHOOPONG, 2001)

A BENEFIT OF THERMAL COMFORT FROM EARTH CONTACT
SURFACE (WANGRUNGRUANGKIT, PAIBOON, 2001)

Concepts of lighting design and visual comfort are to integrated daylight

and artificial light by considered:

DAYLIGHT  UTILIZATION FROM CLERESTORY IN RURAL
CLASSROOM (URUPONGSA, AVIRUTH, 2001)

THE PLANING OF ARTIFICIAL LIGHT REGARDING CLASSROOM
PLAN FOR INCREASING ENERGY PERFORMANCE
(SAKULYANONDVITTAYA, ARNIC. 2001)

AN APPROACH TO IMPROVE VISUAL COMFORT IN CLASSROOM
IN RURAL AREAS (TANGPOONSUPSIRI, TIPPAWAN, 2001)



Concept of modifying microclimate is to improve the comfort condition by

natural assets considered:

® THE USE OF SITE TO MODIFY THERMAL COMFORT CONDITION
FOR NATURE CLASSROOM IN LOWER NORTHEASTERN REGION
(AUTCHAPUN, MONCHAI, 2001)

® EXTERIOR SURFACE TEMPERATURE REDUCTION THROUGH
EVAPOLATION PROCESS (VUTTISUWAN, LERTLUX, 2001)

Concept of evaluation school performance is considered:

® A METHOD TO DEVELOP AN ENVELOPE INDEX FOR ENERGY
EFFICIENCY BUILDING. (LOHASUWAN,SUTEEWAN, 2001)

® COMPARATIVE SOLUTION TO ACHIEVE THERMAL COMFORT IN
NON-AIR CONDITIONED CLASSROOM (MUSIKALUCK, ROUJIYA.
2001)

® THE EMERGY INDEX OF BUILDINGS AND BUILDING MATERIALS
DURING CONSTRUCTION AND DEMOLITION (WANKANAPON,
PIMONMART. 2001)

® AN APPROACH TO FORMULATE ACOUSTIC EVALUATION INDEX
IN PRIMARY SCHOOL (SOULIVONG, CHANSONE, 2001)
PASSIVE DESIGN FOR SCHOOL IN NORTHEASTERN REGION
(PUTTHACO, NARAKORN, 2001) is the design of school which integrated, analyzed and
optimized all natural factors ,and techniques to create appropriate school for better

learning environment.
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AVATUNINNINTIL

[

2.1.1 N"1511AN5aY ( Conduction)

dudsngnisainistnemanufeuniauiledng visenaannisdudasesiiadan

q a

'
a

nstnemaNFauinaInnsduaesliana luiladannianmnig dssiagluiana

Q Q a a

¥
=2 ]

dna1Aee N lEIRANNTENEmAMNFaRIAEN1TUNAMNFAUINATU NNTUNANNERY Hannglu

n3ANWIRS A9l ( William T. Meyer,1979 )
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Q =U*A*(Ti—-To)

A o % a 1 17
bNB Q = JFUIUNANIUANNTAUNANENHIULLINAN

a

U = duilse@ninistnamaningew (U-Value ) ( Btu/h.*f2 *°F )

2.1.2 PMSNIANSAY ( Convection)

Hutlsngnisainisdnemennuden  Inserdenisndsunaesdionaieainanaed

a(Fluid)  wazfinn  evesiadudadannilgnuniuansaiy  azifianisuanidasy

q

NAMUTVIUA N HOUZNNINIAINERY N1INIANFAN HANNTTIBNNTATUIRS A9T ( William

T. Meyer,1979 )

Q =h*A*(Ta-Ts)

o
a a '

Wa Q= BunundauatFauionamenudnugn (Btuh )
h = &ulseAnanisanamanudan  aasiuianniALFiaas

At u A ( Btu/h.*ft2 *°F )

A = funresiadan Usnunveslnanu (f2)

2.1.3 NMNTWHSIAAINNSDY ( Radiation )

[ %

dudsngnisninistnemannuden  andagndgungigandiAutiesnanysnl

al

(0 K) TneaAaailaniunisudied pauudwanlnin (Electromagnetic Waves) Nidasanan

A v
[ % %

AnfiuRadaniiu Tnanisunisdrainieutlazwinszaraeanyniidne danfiuiadeansn

M Yo o A % o dl a o %I/ o o Y o Yas
TnaldldFuisdmnuFouaininnou guungiaesianiuazanas lunianduiu drianlasy
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1o = o

N1TUHFIAANNFRUANIRY 'ﬁujmmm ﬂ’]ﬁ‘LLNN@ﬂQ’WﬁJﬁ“ﬂuﬂI‘ﬂ\‘ilﬂQNuL‘N @muﬂmmfam

1 %
a

Tufasfingu nrsuedsadaanudeu Hannnslunissnuan fai ( William T. Meyer,1979)

Q=0*E*A*(Ti—-T2)

= FNUnNAsIUANSFaL (Btu/h )

Q
0= ﬂ'ﬁﬂ\‘mm@\‘] Stefan-Boitzmann =1.7135 x 10-9 ( Btu/h.*ft2 *OF )
€
A

al

T2 = QrUUORN HFUNNIUETR ( OF )

R

v
[ o

dl o Yo 1er Al % = a dp ¥ =
wadngla  Muniswifdannndeun  dagiuasiiguugigeaunintiesinesls

J [%

X A e v = vy Y oo A
ﬂuﬂ%mqq?\‘i@ﬂqq&l?@ummﬂﬂ?ﬁ%umﬁﬂﬂﬂuuiﬂqn m:Wﬂu?m(Reﬂectance:p) LA TNAND ﬂ

A9 (Transmittance:T)lundpevinlug - douis@arnfauiivaeazgn  AANAWIE

3 ! 1 v
A o o =

¥
(Absorptance:Q) Wingiiiadnn vazilusiaulsiinlidantiulgnmnigeau auindan

a 9

ugunsldssil witiam T. Meyer,1979 )
P+ +T=1

p = ANsazTianiidaaniau
oL = AMNNIRANARTIAANNTELY
T = Annsdaiuiadannien

anannIgaInanadssiuaziulidndannuuas(Opaque Material) azliiiFa@ngn

[ %

A9W1U (Transmittance:T) Astiuazldaunissell P+ 0L =1

Aoudannllsauasna@nnuieauainiandedein (Transparent or Translucent

o

Material) lf@un1sistl P+ 0L+ 7T =1
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Refiected Radiation Reflected Radiation

~

v 3% '“.*l?‘ﬂ’t).'.-;d //: 7,

Opaque Transparent or
material translucent
material
- Transmitted

NNN2-1 wARe AMANLTANIIaEauiaA n9ganauied uaznsdarui@annFauresia

P William T. Meyer, Energy Economics and Building Design, (New York: Mcggraw-Hill Book

Company, 1979) ,p.14.

Convection

Conduction

NNi2-2  wans AuENTANIINsanemAnFauluguuLsing

f11: William T. Meyer, Energy Economics and Building Design, (New York: Mcggraw-Hill Book

Company, 1979) ,p.14.
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'
A o

° Waflunistnameninfenainsuaneginuun (Wegamniiadanniely

[

B1ANIFININ QEUUNHRITAANINAIAT ) AZNANIIONLLNAINTEUANN NITNNAINTDY

( Convection (2) ) TugaspiniAuaIraann Lﬁmmﬂmmmﬁwmimaqammﬂﬁ'?ﬂu Ay
ﬂ’]ﬁ‘LLVIu‘ﬁlm@\ﬂﬁJLﬂQﬂ@Wﬂ’]ﬂ‘ﬁlLﬁuﬂ’j’] WAT NITENENANNFRUANNNTILE IR (Radiation (3))
Tneazilunsdnammdsnuanafeunsqriuteing lugassnduudman i AN

[ %

o dld a ! o dgl a dld Qol 1 a
1993anNHgUMYRgINI1 T AutinaasiannlenmniaindnTuyniianig

Lid L Ll L TS

%lig

SN
D
An air space in a roof or floor

%

i
-

Nni2-3  wans AuaNtAnstamANFeu Tuuwaszuny

AN Stein, B. and Reynold, J.S. Mechanical and Electrical Equipment for Building, 8" Edition. (New

York: John Willy & Sons, 1992) ,p.116.

[ %

° Warflunisonamannfauanauuuasgaua ( Wegun)inadan

NEUBNeIAMIEINTT g e luetnmasan ) Taanisdnamaannieauain nasus

a

5@ ( Radiation (3) ) lngaziflunistnamnasauanufeunzquiudesine luglaaspau

waN 1WA aniuinuesiannlanmnigendn Ty AuRlaresdasgnianmaiainanly
C

v
nﬂﬁﬁmq d91 N1IWIANSRL ( Convection (2) ) wnuazlslifinly esannnirans faues

TuanaaniaAnfaundisuuu Nasrulueandn luanaeiniAnfiundnAuany ag

14
TdinanisuaReuaesiianasniAa
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2.2 NISANLLNANNSAUNIULUARNRANS

o o as

sruLaeneans  TeunnaiandiutesennsndndaiuainiAnauenenAng
auun el 2 Usvinn Aa daununas wazdaulildaias szuuilaananaisiaasfiasdqsan
Fnnuannfaunazandundngenats  uaz  wnilulllfaasinisinenanuifivann

¥ a dl %’/ Y v o ¥ c o a
ANNLIARANLE U MwFaniun s kiUss leavianntladesssuang

=3

TunfaznainenIzdaussuLaananAIsnnuLas  NRd2wnediasiun1gaas
IPaNANN1FIUNNTANUIRS A9T) ( ASHRAE, 1989 )
Q=U*A*(Ti—To)

A o % -dl 1 1 4
bNB Q = FUIUNANIUANNTAUNTENHIULLINAN

AutlazAnanisdnemaanuiau (U-Value ) ( Btu/h.*ft2 *°F)

c
Il

A = Nunwedlasnanaisionamanian (f2)

Wisa Q =U*A*CLTD
dl o v -dl 1 1 v
LB Q = ﬂ?mmwmmumﬂmwmmﬂL‘wmulmm

U = duilsz@nsnisdnamaanuieu (U-Value ) ( Btu/h.*ft2 *°F)

A = Nunredlasnanaisionamanian (f2)

CLTD = N19zANUANFNNaedgamnRiauwin ( Cooling Load

Temperature ) ( °F )

MIABIANNNTAINTDANUILIELLIUABNAIAN TN U WA be i
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Tnaazldgas Q =U*A*(Ti—To) e AMNLANANIZUINGMARNELEN

funtaluenansman ( Steady State Condition )

Inaazldgms Q = U*A* CLTD e fesnisadiunuanfeuningiaes
AuAuiluass  TagAn CLTD azfluiludraauusansdiesendnagnamgiinlunem Jaina
AINNNEUAN 11 AIUMUTIRS 1081 44 heu 1] BWaT9N984ANT  ABWATEILAILAA

F91A1T BENAVBIGNINUIAR DN

[ dl 1o 1 o v v a Ql d? dl 1
nsdiuilasussenanain il An lnalaeapanduasatieu eI INAIAN
wAnssEIIegUuUuginauanuaznell ( Ti - To ) aziAtuansaInAIAmuag
1 =X v £ o a a o a s L dl A
agi1aun Agldinsdszegnaineaninazessiouls aesuatenfing uavesdszneuau iy
uansenusansinamanieudnganats Tnadannislunisaiuans @il ( ASHRAE,

1989)

Sol-air Temperature (Te ) = Tout + | * OC/ho - ™ R/ ho

Te = Sol-air Temperature (OF)
Tout = @mugﬁmmmmmmﬂu@ﬂ (°F)
| = %qamm%uﬁmnmmuﬁwm
(Total Solar Radiation Incident on the Surface) (Btu/h.ft2 )

o = duilsc@nsnisgadumnnuFaunasiiodan (Tddmion )

q

- v
ho = duise@nsnistiamainnuiauandidnmuid Long Wave Radiation

waz Convection (Btu/h.ft2.°F ) #A11syanae 3.0 (Btu/h.ft2.°F )

o o v

R = dainisuaniaguanuiauiunadantuaninmiindanuazyiadi

q

(Btu/h.ft2)

™ - Ruilsr@nani9nszansAINNFauaanannng

( Hemispherical Emittance of the Surface )
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NIAA1IURITAR UAT AIAIINAANFRUAINNzERNa NI E A LI TNEH AN

% dl [ % % dl a d! o v% =K % dl v
i@ummmmmﬂun%M@mu@mugu geazy nsunsdiunniAnfeunsesldlunng

\ANVTRAAYUUNIIAn

v
Tpanannig sasalili

Q=mc At
Q = Paannaanfen Audsenilu Bt
[ % = 1
m = Naa192093a0 Hudaenilu b
c = AANFRUA I zaa9dan Ayl Btu/lb °F
At = ANAYNULANFNTBIR UMY RN Fiaeng Hviaenily °F

2.3 AnANIRURISIEANNTAY
FadauFeuluassngii anunsaudadly 2 dau Ingariaauwanseludaannu
£19AAU LATNANNUIBINTLNTIA (Spectral Solar Radiation) 1lsznavisag
o a % o a o . . A o A dl aI/
- FAANMNFAUANNNANIULAIDNAE ( Solar Radiation) 178598AALEY

o a % a o A o A | dl . .
- NAAMHNTAUINNNIVAN) VTOTIA MATI9AALEND ( Longwave Radiation)

W,-"Im:-um} Hl:u;"lh-ﬁr-ﬂmi
2400 T60

n“u‘l."i-:iqﬂ‘ni
/_ unn-i\m“l,rmmm'[m

.Ilu-—;—nh‘lm'hismi'.

P LA

R HIDINTUETED 1HRd
(Spectral Solar Radiation)
e}
8

] Vi1 | T Lm
02 03 04 06 0818 2 3.4 56 810 20 30 40 50

o = P o o PN =
NANNAWNBNRAEL ﬂ’WiLLNN'A’Q’]ﬂNQ’JﬁQWQ1ﬂUuNQI@ﬂ

( Solar Radiation) ( Lonawave Radiation)

AIHENIARY (Wavelength)

WHLART2-1 wans NsuRiNAnsaniaduanduussanAuaz LR uRaTas

q

Pu7: UFudgeann naumuuazdauasunasany. nasldnszan. (nganns: Tesuaaw

NafN,2542) , UN10.
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2.3.1 WA UWAIRINAS ( Solar Radiation) ¥3a5IRARAUAY

WAL ULAIBARET (Solar Radiation) ¥7059APAUAU NdaaN fanulian SaFdunil

v
o

azgnduusseniAngesld  Tnefiduazgnasieundusosluanaresduusseinia  uas

udouazgngatuliluduusseinis

6 [

o a ¥ a Adl ! o d” 1 if
famNFauanawania ndasnnganulaniivaanidy 3 Uszinn Aeid

o

1. §9Rannasaniinelnemga (Direct Radiation)

' v
% A o a

2. F@Nnszaraaniaein (Diffuse Radiation) LN@N@W)\?@’W%WETNWﬁQ‘fu

Ug9eNNIA F9AUNdIwazgn Ang et Huazess luduussainia MnlH%a

I@ﬂﬁ]?\‘igﬂﬂﬁ‘iﬂﬁﬂﬂ‘ﬂﬂ

]
o=l

3. 59@NAMNDNRTANT N UNURILAZ AT aUANSEN ( Reflected Radiation )

a o

dl | a Lo dy a d” a %’/ £ v
WafanNanRtgannIenUNURdaauuRalan WuN']uu”l@Z@%VlﬂuﬂQ’]N?ﬂu

q

Tnaantzdannidsen waziotuang

o A o 4

. - s - gy - X o o
FANANBNFLTDTNAPAUAU(Solar Radiation)  N@adasNIaNLlanaziiluieg

1 v ¥
TugaepnnuenapauasLs 0.29-3.5 Tulasiuns ( Um ) Tnandseuludautazilsznaudon

o o L | a o o X
NAWNTUAFULLN LM@ﬂiWﬁqlueﬂ’Nﬂ’)'mﬂﬁ]’]\ﬂﬂu ANU

S9Rdamalalawam ( Ultraviolet :UV) unwas9auludaemanuenamanssingng 0.29 -

%

0.4 lulaswms ( um ) ui@nnelfiinandemesedsesian gunmnirsadldsinge

%'/ a o C8% o < ¥ o dl Y ‘dl o al a e 1
TANVNNINUIUDIN U EI AL ﬂ\‘i@ﬁiLﬁ‘M1ﬂ"ﬂ’]ﬂ 60 Lﬂ?‘lﬂ\ﬂﬁlﬁﬁ\‘i“] Nlaussdanasaniing ludoag

< ad = o o o o No 4 oa
MATUUE ANHITBIIAAUNATTAANAY LUANRININA UV asnann Tngaciidadauiu 9%

v
PYAINANIUANNAMNATFENIINA

-LAINeai ( Visible Light ) Wunaaanuliedaamanueniaausewdng 0.4 - 0.7
Tulasmms ( Um ) wassuney ludasanuaapduisuedaunsaneaiuly dazilsng
Tundsnluglaesuas i liaysdaimnsoneiugeaesine 16 Tnawanessinléi

v
arildnEa1LTIY 28% TAINANIUANNANANALTHINNA
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o al

- X9R8uNIMAAUAY ( Near Infrared Ray : NIR ) 1dunasanulugaaainuenina
521974 0.7 - 3.5 Tlaswms ( Um ) iWundssulugilaasaainiou azmiulddniasduds
v o a a v ¥ é’ o a -dl o aa -il/ a o ]
ALTAAINANDNALIALNTY 19192 TANTRUAUNITUN e INTIFaUnTInTl uasidndon
- T R . - 2 e ¥ e
Y 53% S9HARFIUNNINNGATBINANIUANNANBNALTUNA AITUTIA WA N7

tﬂl ti’tﬁ 3| o o dl o Y a % a L ]
AdLtALdusauLlsuannN iR AR NFauaNNANTIaE MINQBIANT

— Faddantilalowan

006

FoilburiTnam
53%

udattnaaiulg
8%

-

wunAn2-2  uansdndouraspauusiman i niduesflssnausadsnuuasaiiad
u1: U3ulgeann nassimunuazaasunasnu. nsldnsean. (ngamwer: Tasiinaaxn

NfN,2542) , U117,

v
1% o a o 04

anpeuulania liiuidacnfeuainaaseingdluderaudu Radanazaviiou

Q

5¥8(Reflectance:p) wradniiuianlseuas fiaziinnsdeinuiagd (Transmittance:T) A3

o

AMFBUTIMARAZYN AANAUSA(ADsorptance:OL) Wingliadnn fAauns p + oL + T = 1

q

]
a

= [y =< A o aX @ o o Ao gve. o P
(@?qﬁl@gﬂ,'ﬂﬂﬂ"ﬂ‘ﬂ2.1.3) sﬁ\iﬂqﬂq?@ﬂﬂ@u?@au AL IR PP LAt VW]']IMT&QH‘H"I qumv].ﬂﬂ

a

% = = | A o oa \ A o !
dnuad L‘WENI@ (@mm:vaﬂmmmi@mﬂ@mmlumm@uauiumﬁmmﬂ) TpeIANNNg

A o a ¥
APNALING 1)1'11@@’]?1

%

a = $@Ngneanau (absorbed radiation)

o

Sa@nmnnsENU (incident radiation)



FNTNTI2-1  wanINENITanmNsTALIANANLsEANEN19nANALTIARa iR

UssnnRIan N Ld YL anldmmeuan
AuUan
o a B a o v = a %3
1. JanHoaziiaeuas - Aafananusasmyn - Razfiouuad

(0< <0.2)

- wlnpgRiflaw

1A s e A a a
- LLNUW@NiN@W?Lﬁ@@U@QNLuEN

- wingziiauuasinfaaegitaugadi

2. TapniRadeen - 8gwmdeuiiluiuang - waANafana
(0.2< <0.4) - wangudenz@dng - AU
- Aol
3. JanPiia@iaunay | - daannRegiitien - ATEnaeu
(0.4< <06) - naeAntlsynatdugiidng - AuRuunana
a a o ' PR
- BgAdesdeu - et unans
a a a
- Fugaudung - @duunans
v = a A
- N99AAN9A277 - Adlantunang
4. YanRHAAeudeidn - paunInlanIga - AU
(0.6< <0.8) -dffin By - AURu
- WA LRALLARDA - Amgeu
A v o A a
- AuAN9AInN - Aot unana

dlda a v
5. VAANNNIALUN

(0.8< <1.0)

a v

mﬁmmmmﬂmm:mﬂ

=

a A 9&';
- ARUNTAAUIRANR

- PUTUIURNILANLIN[ Y
a a
- AFALAY
49

- Bguannnefndnitu

a a o
- ARUNTAAAN

= 9({ a A = 1
- AU Ruwnvizadaqunn
- AmnNUN RN

% .

- Armnaun
- Alaavdiy

3D
o

1
- WAALNBFAUN R 1A
= '
- Awwn
o= o
- LAANDTAAN
al o
- AAN59INAN

a o A
- AALTEUNN

u7: U3utlpann nanWmunuarduasunasInu. glanisayininasnuluanang. (ngamne: Taefun

NUNINENAEIFITNAGRT,2538) , WIN20.
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2.3.2 N15URSIRANIAR lug9AAUE ( Longwave Radiation)

1 v
A o

Fagnuuassineiuulan  WeldiuniswifdanuFeuainaaseing lugeanaudu

L A ool y  Ape o y X | =

Solar Radiation) azganaufidaniauilly uarazaaiadainuiauilaanunludainanueng
2819 ( Longwave Radiation) fazianuenapdusisus 3 Tulaswms ( um ) aulling
o o o | = X , , Y Ao
anwuznsanafdanieuludasaauenaiaslianunsongguounszants  Tuanenig
v 1 dl al/ 1 U v =) =l
AnFaulutaepauduaiunsneudunld fuduaimeaesniazaunszan(Greenhouse
Ffffect) MAnAn1sazanmNFauluatns Inaainisanefadmanudanlutnspausns unle
AN

= a o

A91NHNI4A ( Radiation from Material )

q

E = BUNITUET

JFunnunsunisaandnganluganss ( Radiation from Blackbody )

Frgenluganaf ( Blackbody ) WludanTuganaRnainsnaais@anuiaugiiasin

6

151’@?1"1@@34‘14‘1&; ( Perfect Emitted =1)

PERFECT DISSIPATER BIACKRODY
1'0-i T T T T T T T }ﬁ‘»
WHITE PAINT BIACK VELVET 43
RS o @ // o
rd
. RED PAIH’I/ P
ey GRITN PAINT e ., ]
w BLACK PAINT
= ' =
Tt g
w I'd
Q 7
= Vs
< .8} Y -
I BARE COPPER
— S e
SE . v .,
Lt @ //
/
=4 P ,
« s
=~ /
s
g 2 y
Qo s
At il 4 BARE STEEL
’ WHITI BODY 1A1L™ B
, ,’ ALY FOTL @
ST ~L/ PERFTCT COLILCTOR
W ® e
0F——a L 1 1 1 1 L NS 1 l]
o R A A A .3 . T 2 R ] 10

SOLAR AQSORPTANCE (o)

WHUNRD2-3  wansANNIgaduAnnFa uaznnIAnefidrd N fouTaeiuRadEs TTAFNT

AuA: Anderson, B. N. Solar Energy: Fundamentals in Building Design. (New York: McGraw-Hill,

1977.),p354-355.
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o { 1o A ¥ 1 dl o ] ¥ 1
ANNTNANUUNAINITUNTIAANTa U LT ARLNY ‘].I‘ﬂ\i'l’&@[ﬂ’]\‘i”ﬂﬂ Lﬂuﬂ?‘éfmﬂ/liﬂﬁl_’l

o ad‘ | ISP o a 1% Zj/ 1 4”
1. danassunanidualanzaziAinisanasad@nanuiougs dszunnisaws 0.85 Uu

Tl ( goeazdanlunianugn 2.)

©

2. Fagndulave awnsoudaliidy 2 dsuinnluegs fsil
- Tanelaiwaauin ARofluilalany iy agiitlen Wead &nvd neaiviaas
NBIUAL a1 ardANITANETIAANNTaLAN YsznnaIngn 0.5 aeld

1
aa

( AUNWNNN 2-3)

a

A a ] A a ] [ % A a a a a
4. Tavzipdauia L ﬂ’]?Lﬂ@@U@ﬁl’]\‘i’] U vAIAlanziAfaLALTe) 2110 @

o a1 lusiu azin e laneiAinisanafadaniaugals Uszanigandd

i
aa

0.85 ( QUNUNHN 2-4)

u

2.4 MsAasIARNNTaUgNaIR TudiainanAu

o (=1 o al % ] v 1 A o ] [ % dl
NITUTIAITNLEU ‘EmﬂmimﬂN@mqmﬂuzgwmﬁﬂumqLfm’mmqmu alledn N

= o

al 1 a a % R al
HnasalsrAnsnnluaianinuiaugviein A9
1. @anwuIseNNIANaIrinluga9aINaeALl

ANNIANEAINFalLTa9AALENT (Longwave Radiation )

]
[ % a

2.
1 A ) Y ] A
3. Ayuaesdannitlngviasin( Angle Factor) Tudaanainanamu

241 AMWUSTENNIANDIN L UT9RTINAINAY

I
o

annussannaviesiin  ludowlsndnninasanisanaiadannuFeugviesinly

doganamu Ingluduissainialnstwailes( Troposphere ) Sufludunissannianas

—9

nafutalan Nszduanugelaifiu 25,000 Wanitsudalan way 60,000 WANLFOLAY
Audgns Tuanugan1 Alawns grungizedusseniAazanadiaaetlszunm 6.5 °C i

Tiduusseniainsnaile sl azlignuunivesduusseiniaansilszunn -80 °C L

v
o

dalan uar -55 °C Misnnudurudgns ( 1asty Wwsnyisiniag , 2536 ) duussanIa

a

1
a o

zd | ' < dl o = o % o ' a dl %
U3 ALuaIAN LT UN & ATY VI“V]’]IWJ@QG]’N"]‘LINN’JI@T] AunnuanilaguAINNTaL

o

giedlugaaaainanehu ( Nightsky Radiation ) azdungldainnisiindsingnisnin dan

q

pURRaUTiadguu)inanasandguugienAludeanainaidn Tuunaas
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[ %

UUNARITANAARIAININAUAINTIUUNNAALAT ( Dew Point ) inliiiaLsngnisnl

4
3

)
HUAS ineegmuaeanni1 naIANInaus Yad Tutaanainaneau

v
TuduussaniAsananazisznausag Ane aandiaw Asuawlaaanlas lulngau

Y o

ot duazen 1a4 lsamsuian niesinlunstindn-lfssi
1. an e ldse ( Clear Sky)
2. an e nnAguun9dau ( Partly Cloudy Sky)

3. anniaefnilannn ( Overcast Sky)

1
[ %

v [ % 1 [~ o dl o a o £ % a a o a %
anniiasinaenane usaudsndnAnnnnld dsedanininlunisanaianinuiou

7

wazduisdronnfeuianuulstsuld  Tasasdunaiuldann  ludssnainansiugai
1 dl % [ 1 v a Cd % dld 1 =l al

mananyiasiiuimnasnnFoauaInaenfing  IuiunNduazaauan wisa JWKNIN
AasEll ( Overcast Sky) AINFaUAINAMaIARdnavdsRunndalalanlftiesas  wansn

andunieafinlilse ( Clear Sky) TumenduAulugasnainatshu annfaungnazas’u

[ %

) a o = Yy A e y p A A o
@qu\?juuNQI@ﬂ LL@m’mﬁ‘m@QWN?@‘L&VW@VI@QWWIM‘HNLmeﬂ@’Nﬂu LW@VW%?ﬂE"\@NQ@

a a 1 a o ] [ o dld [ A IS
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a

2.4.3 AyNaadannilagnaini( Angle Factor) Tutaaiaainanspu
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A Anderson, B. N. Solar Energy: Fundamentals in Building Design. (New York: McGraw-Hill,

1977.)
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2.5 N1998UNERINANIEABESSNGNH (Natural Ventilation)

TuniseenuuussuunisivaReuesenialingann tudniludaunagslipony
A1Ary Wasandnanunsnanegluunfimangas azamnsngaatiemaNfeuniauuly
dasliuannls unsaanisazanaiinieu inldannistiamannieudngenansls lae

NN392UNEBNIAGNERBEIINTRA N TOAATULFANAMEIAN 2 1senng Aall

1. ANNABINIANIAAANNLINANANEWaN (Wind Pressure) Ansznniuanang

a

2. M9INaRAUAINIANIAAAINAINILANG 19 T9Ig UMY H(Temperature Gradients)
ANLANFNNANNNARINIARINLINAN (Wind Pressure) LaZaInAINNLANFAINIEY
fuuN (Temperature Gradients) A1H170NATUNTNAL B8N IRMINANNLANANIIAINN

NARNANNAANNLINANTNAZNaNTNaLUTandn
251 AMNNARIMANLAAAINLIIANANEWAn (Wind Pressure)

WaRnsLuaaNWALNL AzyN WNARINNNARINIAZY (Positive Pressure) LiFLanisL
= o q v a o . X Yy v % v
Nlene wazmlfiianmunaeINIAfn (Negative Pressure) Tun1asnudne uazdnulsaw

v dl a dl % a dl ) I Aa dld

s unanting Heanaesani adnunaziianismiaati liflualigiusnamiaiuna
2INIARN  TLFRANNANIARNATHeTIARe TR AIRNNITEZYN  fWwAnaInnIeT
21INAADE P INIUNUAAINAIAL  TRETTEEUNN289TAINNARINIARIE  AUTNLFIMA
anAEudswnun - agldizaslisinn 2 whaesaugeuazaNazianuEavinay

AHEIANTaUE e AT Arldsrazilszannl 7 WinresanNga

---------

NINA 2-4 WAPWEANIINTBINTEUARNIND HAYINNABINATIFNNT
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111798 N L LTI NN WAL AR NABITAITZLN BN A Wlelsz@ansninlunig
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1FURTAMUNARINIARN
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'
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1 4 U
(Negative Pressure)NRanaIAT LAZIHENAIANNNNIBENNINTUALFHNAAAINNABINIAZY
(Positive Pressure) Lnnidauaediandinduiiandeng  uazaziinANnAINIARY

4 ¥ o % dl
NNATUANTINALAUNUenzan

~

J"O =10
IN ] :
00 D - B

ﬂ’W‘Wﬁ 2-5 LLEQﬂ\iﬂ%NLL[ﬁ]ﬂﬁi’W\ﬂJ@\‘iﬂ’J’]ﬂJﬂﬂ‘ﬂ’m’]ﬂﬁu‘ﬂ\‘iﬂ’mﬁ\iﬂ’]ﬁﬁh\iﬁu
11 - American Society of Heating, Refrigerating and Air Conditioning Engineerings. 1989 ASHRAE
Handbook Fundamentals. I-P_Edition. ( Atlanta Georgia, 1989. ) , p. 14.6.
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) Ridge Line Experiences Uplift-
Poor Suction at _

) i | will aid in Draw of Stack
Mid-slope of Windward Roof |

R Lower Windward Roof Receives
Suction Experienced at

Positive Pressure-Not useful as

an Exhaust

3 \ /\\
. j\ / _.'\\
\_\\ )

L WL . -

MNA2-6  UAAIANNLANANIIAIANNNARINIANLBIAUAIANTIAN I

11 : Watson, D. Climatic Design : Energy-Efficient Building Principles and Practices. ( New York
McGraw-Hill Book, 1983) , p. 200,202.

1FUNUNTLAANTANATY d1:1TaA I lAANNaNN1T ( MEEB,1992)

Q =CvAYVvV

Tpeil  Q = Volume Flow Rate 7@48n1A Judaenili gnunatwasiawd (cfm )
Cv = Effectiveness Factor 115U 115USUAANI9AaN 0.50 — 0.60 &115U
ANNNARY ANNAUNENFANNG 0.25 — 0.35 ANPSUANNNAN LU LNENFN

v 1
A = Nunteutlautinsnamiesnuandn Sudaendluy snsan (fté )
¥ ddy dl 1o 1 4

UNBIUE : FunaNeandNuiniuTasaud

V = annsiFaandmieiilu Wasieun (ft/m)
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a

2.5.2 ms"bnaqummﬁﬁLﬁmmnmmu.mmshwmqmunu (Temperature

Gradients )

Hutlsngnisninidiaiinannuuansaaesgumgienia ean1anlgunggs
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TMaREUeINIASETNINDINANNGUUYRUANFANALAN  AINUANNIIAINAIIAINITOUINY

<
® N15EFI9ANNLEUIAENITNIAAINSRY (Convection Cooling )

S|

Huwuanslunisa¥aufuliunienmsiaanisiiaainiduainaniwuwandeu
= a OI 1 a 9 dl ac % dl a d?
Hgnungiaindngaunginiglueims  hawnuningdanimiAnNTeuninaduluanmng
aanll udnniswianFan (Convection) wWathunlszendldiundsan svuuiazdanan
gruunginieudesdin  uazanguniiaresianneludesidianls  azdonannig
! 1% ¥ ! ¥ 1 o dl a ] o =
thamanfaudnganasls  Tueniylugsanainasiuignmninieludesmdiaiacd
AN NGINN

86191N13N13W1AINFaU (Convection Cooling) AT ANNNTDATUIDUAINANNNG

( ASHRAE,1989)

gs =60 Q pCpAt

mef  gs = WA nFauienniaga nisanttdls (Btumn)

60 = A1uUUIN U 1 Falag

Q = ARIINTIATRIRNNA (cfm)
P = AMNUBILUWIAIAINIA (lom / ) HAWinszans 0.075 lbm / ft>

AHNFRUANNIZ2898INA ( Btu / 1b [IF)

Cp
FANwinszanns 0.24 Btu / Ib LIF

A= aruusnsinsassanmniaeseniAnielulazniauen (CF)
nsaanuuulfiianigssuneaInIA InaniskisLu Convection Cooling a1n
. P S S L X
ANN1T BMIINTITLILAINTRUNTATY avauee AUFATLLIseT fall
®  ANNNUANANNTBNUUYNIBI N ANE TuLATNNEUEN

® dmINTIVaTRIRIN"A
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® N155zUNANNSAULLULADY (Stack Ventilation)

nafiansluaRauainANiAnaNANLANANTesRUUYE Wedn1suaReueg

a
1 %

a N ANAATLIULWIAY e NN ANgY  araesfngeluuLazITLNtgNItuan
a1 Ntetlnlusyatige  uAenNANLEUNINTNN AN LEWEINIANINNGY fazaat
v dl 1 a v 1 =® o Y a a 3

dnsuwnuinedeatlaniedtuane  asinliiAanisluaReueiniadiunluanans nns
uansuaInIAN e HEUN9INN9zUNsANSauULLULaeY (Stack  Effect) #dnatlsy

a

gnf i lunnsaenuuuszuunaIn  Weasanludasnainansdudeslsindsaaslanmn g
1N anAludiutiazaessingainiAniauen  ainisnwitiaatiete niAndunddamn
d‘ o Y a = a 41{ 1%
LN LL@ZVI’]IMLH@ﬂ”Iﬁ‘iVI@L“Jﬁlu‘ﬂ’]ﬂ’]ﬂﬂqﬂlu@’]ﬂ'ﬁmm‘ﬂu1ﬂ
TunseanuuuszuLiasAileienisliuaninionfansauain1s  INeaARUNYH
ananguenfazdniwnul - Tnatieilauuansaesgum)iann - deutlanisainia
9 = 1 o 1 a 1A = = ¥
MIN-AANHNAMHNAIANAUNIN LL@Z?“IJH"I@%@Q?]@QL‘]J@IMEU mmmtJm‘Lum&“meumnMu@&
o a < é’ dl a g dl
ﬂﬁlﬁ"ﬁﬂqﬁ‘iﬁﬂL'J?Jlé’ﬂ']ﬂ’]ﬁﬂ@t@ﬂ‘ﬂu FununseiaauninaaunigluaiAsilasain  Stack

Effect 4MN190ANUIUANNANNT ( MEEB,1992)

Q = CA/ h_(ti — to)
ti

Tne?l Q = Air Flow (cfm)

C = Constant of Proportionality = 313

s = Wudnfidsznanedrfianiwlva Geueniagegaludmneg

65 % fnanwnisldAidesannisinaBauaindeatalunusedlinsdl

AN LTAN C = 240

A = Ruivtisnresans (Stack) viTatesanaan (Outlet) FatiTidasan
" (Inlet) @ﬂﬁqﬁ@ﬂﬁqmﬁmmﬁu Outlet Waz Cross Section 184
Stack (fté)

H = A3ugaszndnadad Inlet uaz Outlet ( ft)

ti = gaugieinaniglu lwadugah (LIF)

to = gamienIAneuen (LIF)
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(‘ Convective

- ol (2 airflow
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an 4e_heat flow i heat storage and distribution ~——
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Summer

Stack effect
ventilation
el
1
ll'lI D‘

Cross J i .']4_'7 |
ventilation | i Ly
- Masonry walls/floor/structure
9 4t heat S‘n]?iage and dissipation

Lo v s

ientilation

ﬂ’]‘Wﬁ 2- 7 WAAN17IEUNERINALULY Stack Effect

Fian: Stein, B. and Reynold, J.S. Mechanical and Electrical Equipment for Building, g"

Edition. (New York: John Willy & Sons, 1992) ,p.397.
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Y ¥
ngaanuuulmifanisszunaainia Taanis ke Stack Effect aanaunis41un9m
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Haan19panan AL FNUNNANINNABINAGY ( Positive Pressure )
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\a Natural Ventilation MAA wazain Wind Force Mwianii NasaNuad

Flow Rate 114635 ( MEEB,1992)

QWSZJ (QWA +QSH)

e Q = Flow Rate annuaaay Stack Ventilation Llas Wind Force
QW= Flow Rate a1n Wind Effect
QW= Flow Rate a1n Stack Effect

2.6 UszAnsnwlunisiualdauaina
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v o Aa = dl a 49{ o | 1 % dl 1 o
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o £% = v 49( 1o ' o 1 1 a =
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WL ( Givoni,B.,1969)
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2. WNUNNNANNNTasNIIN1I9aNaanazn WIAANTLLAANNLINHNINAE  RINIID
U5 1 A unanuin daas
3. NUNNNANENANINAIMINaNaanasi lHNANT uAANTRELAYILN  wAREd

ANNNANNANDURILTNIIANAADALIAN ( ASHRAE, 1989 )

AN99N2-2  waAa3Nnunnslaresennid iWednINd0uesTetlaiNEan

Ratio of Outlet to Inlet Increase In Percent

1:1 a1 0

1:1.5 581 17.5
1:2 2:1 26
1:2.5 2541 31

1:3 3:1 34
1:3.5 3¥5:1 36
1:4 4:1 37
1:6 6:1 38

AN Watson, D. Climatic Design : Energy-Efficient Building Principles and Practices. ( New York :

McGraw-Hill Book, 1983) , p. 58.

2.6.2 LLNL"S’aﬂdluﬂ’]’i‘l‘wﬂ ( Inertia Effect )
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gasa1n1Angluaznene N lam N AneRaziuuuanis lvaauine usaiaas) LA
o dl a 1 % ada df a g val dl da‘ di
ANNALUNTAAAINANUANGWTBIANAU FaNT7 auLLlazinaaulddn lulleddeau)

111/s2NOUNTENYTRRBNURIBINA (ANANS UReiy,2541)
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2.7 AMANHMUTARIAUIUNUAINSAU ( Thermal Insulation )
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unsNAan ToAazi IMAAANEANAIATBINIALTeYA 11 A NTUNazaNluNIaaNT
ANFAUTIAANIZUENTUNANIIARUNTA  ,  NM3FTNAINeINIANELaNTaIgnI Ty
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- A Tany (WaNPALAINZA LARRLA ) 11 0.5 NN,

AN3INN3-1 LAAIBIUNUTARANHNIAATUANE N TUN 1 lWN19948 NANTENUTBINIAANIUDITARNIUNAIAT
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(mm) (Kg/m2)
nazlesReuNIA 12 40
nasaLaanadIna 12 14.35
nasAlavy 0.5 415
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(in) (kg/m3) (R-Value)(hr.ft2.F.Btu) (kg)
AUIUUNALIMLILIEIN 5 340 1.1 13.82
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auuluEPS 3 16 11.54 0.6

AADNRUIULNALILLLEN AN NAB9RUIW e LA LLLIE NN

NaRIAUIBINNEPS
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‘?111’1: Anderson, B. N. 1977. Solar Eneray: Fundamentals in Building Design. New York: McGraw-Hill.

EMITTANCES AND ABSORPTANCES OF MATERIALS
Class | Substances: Absorptance to Emittance Ratios (a/¢) Less than 0.5

Short-wave Long-wave
Substance Absarptance Emittance ale
Magoesium carbonate,

MgCO, 0.025- 04 0.79 0.03-.05
White plaster .07 0.91 .08
Snow, fine particles, fresh 13 0.82 16
White paint, .017 in. on

aluminum .20 0.91 .22
Whitewash on galvanized iron .22 0.90 24
White paper .25-.28 0.95 .26-.29
White enamel on iron 25-.45 0.9 .28~.5
lce, with sparse snow cover 31 0.96-0.87 .32
Saow, ice granules .33 0.89 .37
Aluminum oil base paint 45 0.90 .50
White powdered sand .45 0.84 .54

Class |l Substances: Absorptance to Emittance Ratios (a/e) Between 0.5 and 0.9

Short-wave Long-wave

Substance Absorptance Emittance ale
Asbestos felt .25 0.50 .50
Green oil base paint .5 0.9 .56
Bricks, red 55 0.92 .60
Asbestos cement board,

white .59 0.96 61
Marble, polished 5-6 0.9 .61
Wood, planed oak — 0.9 —
Rough concrete .60 0.97 62
Concrete .60 0.88 .68
Grass, green, after rain .67 0.98 .68
Grass, high and dry .67-.69 0.8 .76
Vegetable fields and shrubs,

wilted .70 0.9 .78
Oak leaves 71-.78 0.91-.95 .78-.82
Frozen soil — 0.93-.94 —
Desert surface .75 0.9 .83
Common vegetable fields and

shiubs ,72-.76 0.9 .82
Ground, dry plowed .75-.80 0.9 .83-.89
Oak woodland .82 0.9 AN
Pine forest .86 0.9 96

Earth surface as a whole (land
and sea, no clouds) .83 — -




EMITTANCES AND ABSORPTANCES OF MATERIALS

Class Il Substances: Absorptance to Emittance Ratios (a/e) Between 0.8 and 1.0

Short-wave

Long-wave

Substance Absorptance Emittance ale
Grey paint 75 95 .79
Red oil base paint 74 .80 .82
Asbestos, slate .81 .96 .84
Asbestos, paper .93-.96 —
Linoleum, red-brown .84 .92 .91
Dry sand .82 S0 91
Green roll roofing .88 91-.97 .83
Slate, dark grey .89 —_— —
Oid grey rubber — .86 —
Hard black rubber —_ 90-.95 —
Asphalt pavement 93 L -
Black cupric oxide on copper 291 .96 .95
Bare moist ground 9 .95 .85
Wet sand .91 85 .96
Water .94 .95-.96 .98
Black tar paper .83 93 1.0
Black gloss paint .50 .90 1.0
Small hole in large box,

furnace or enclosure 99 99 1.0
"Hohlraum,” theoretically

perfect black body 1.0 1.0 1.0

Class IV Substances: Absorptance to Emittance Ratios {afe) Greater than 1.0

Short-wave Long-wave

Substance Absorptance Emittance ale
Black silk velvet .99 .97 1.02
Alfalfa, dark green 87 .95 1.02
Lamp black .98 .95 1.03
Black paint, 0.017 in. on

aluminum .84-.98 .88 1.07-1.11
Granite .55 44 1.25
Graphite .78 .41 1.90
High Ratios, but Absorptances Less Than .80
Dull brass, copper, lead 2-4 4-.65 1.63-2.0
Galvanized sheet iron,

oxidized .8 .28 2.86
Galvanized iron, clean, new .65 .13 5.00
Aluminum foil .15 .05 3.00
Magnesium .3 .07 4.3
Chromium 49 .08 6.13
Polished zinc 46 .02 23.0
Deposited silver (optical

reflector) untarnished .07 .01
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EMITTANCES AND ABSORPTANCES OF MATERIALS

Class V Substances: Selective Surfaces!
Short-wave Long-wave
Substance Absorptance Emittance ale

Plated metals:?
Black suifide on metal 92 .10 92
Black cupric oxide on
sheet aluminum .08-.93 .09-.21
Copper (5 x 107% cm thick)
on nickel or silver-plated
metal
Cobalt oxide on platinum
Cobalt oxide on polished ’
nickel .83-.94 .24-.40 3.9
Black nicke!l oxide on
aluminum .85-.93 .06-.1 14.5-15.5
Black chrome 87 .08 98
Particulate coatings:
Lampblack on metal
Black iron oxide, 47 micron
grain size, on aluminum
Geometrically enhanced
surfaces:?
Optimally corrugated greys .89 a7 1.2
Optimally corrugated
selectives .95 .16 59
Stainless stee! wire mesh .63-.86 .23-.28 2.7-3.0
Copper, treated with
NaCl0, and NaOH .87 13 6.69

'Selective Surfaces absorb most of the solar radiation between 0.3 microns and 1.9
microns, and emit very little in the 5 to 15 micron range—the infrared.

?For a discussion of Plated Selective Surfaces, see Daniels, Direct Use of the Sun's
Energy, especially chapter 12.

IFor a discussion of how surface selectivity can be enhanced through surface geometry,
see K. G. T. Hollands, “Directional Selectivity Emittance and Absorptance Properlies of
Vee Corrugated Specular Surfaces,” The Journal of Sofar Energy Science and Engineer-
ing, 3 (July, 1963).

Information in these tables was gathered from several sources, including:

ASHRAE. Handbook of Fundamentals. 1972.

Bowden. “Heat Theory." Alternative Sources of Energy, July 1973.

McAdams. Heat Transmission. 1954.

Severns and Fellows. Air Conditioning and Refrigeration. 1966.

Souders. The Engineer's Companion. 1966.

McDonald. "Spectral Reflectance Properties of Black Chrome for Use as a Solar Selec-
tive Coating.” NASA Technical Memorandum THX-71596.
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N Stein, B. and Reynold, J.S. Mechanical and Electrical Equipment for Building, g"

Edition. New York: John Willy & Sons, 1992.

TABLE 4.2 Thermal Properties of Typical Building and Insulating Materials (design values)”

~voTE: The customary units for resistance (R). either per inch (1/k) or for thickness stated (1/C). are given in Table 4.1 The St units Tor resistance (last two columns)
were calculated by taking the values from the two resistance columns under Customary Unit, multiplying by the factor 1:k(r/in.) and 1/C(R) for the appropriate
conversion factor. Author's note: Actual (on-site) resistance values frequently are lower than the test-cell-determined "design” values listed in this table.

Customary Unit

Resistance, R®

St Unit
Conductivity, Per ‘For 3y Resistance, R®
k Conductance, Inch Thickness Specilic
Density ( Btu-in. } a Thickness  Listed. Heat, (m-K) (m?-K)
Description (I1bift3) h-ft2-*F (h-f12-°F) 1k 1/C {Btu/lb-°F) w w
BUILDING BOARD
Boards, Panels, Subflooring, Sheathing
Woodboard Panel Products
Asbestos-cement board. . ........ ... ... ... .. AT » 120 4.0 — 0.25 — 0.24 1.73
Asbestos-cement board. . ... ........ ... .. 0.125 in, 120 — 33.00 — 0.03 0.005
Asbestos-cement board ... ... ... .. ... ... 0.25in. 120 — 16.50 = 0.06 0.0t
Gypsum or plaster board. ...... ... .. ... .0.375in, 50 — 3.10 — 0.32 0.26 0.06
Gypsum or ptaster board............ .. .. ... 0.5in 50 — 2.22 — 0.45 0.08
Gypsum or plaster board. . ............. 0.625 in 50 -— 1.78 — 0.56 0.10
Plywood {(Dougtas fir) ... ... .. . ... S . 34 G.80 — 1.25 — 0.29 8.66
Plywood (Douglas fir). ................ ..025in. 34 - 3.20 — 0.31 0.05
Plywood (Douglas fir}. .......... .. 0.375 in. 34 - 213 — 0.47 0.08
Plywood {Douglas fir}. . ...... ... ... ... 05in. 34 — 1.60 — 0.62 0.11
Piywood {Douglas fir). .......... ... .. .. . 0.625 in. 34 — 1.29 — 0.77 0.19
Plywood or wood panels. .. ..... ... .... .0.75 10, 34 == 1.07 — 0.93 0.29 0.16
Vegetable fiberboard
Sheathing, regular densityc. ... ... ... .. ..., 0.5in. 18 = 076 -— 1.32 0.31 0.23
............. 0.781251n 18 — 0.49 — 2.06 0.36
Sheathing intermediate densityc. ... .. ..... .. 0.5 in. 22 — 0.82 —_— 1.22 0.31 0.21
Naii-base sheathings. .. ... .. ...... ..... ... 0.5in 25 - 0.88 — 1.14 0.31 0.20
Shingle backer . ............ ... .. ... .... 0.375 in. 18 — 1.06 — 0.94 0.31 0.17
Shingle backer ... .. ... ... ...... ... .. 0.3125 in. 18 — 1.28 — 0.78 0.14
Sound deadening board . ......... ... ..... 0.5 in. 15 - 0.74 — 1.35 0.30 0.24
Tile and lay-in panels, plain
oracoustic ........ .. ... .. L o 18 0.40 — 2.50 — 0.14 17.33
............................. 0.5in 18 = 0.80 —_ 1.25 0.22
........................... 0.75in 18 — 0.53 == 1.88 0.33
Laminated paperboard ....................... 30 0.50 — 2.00 — 0.33 13.86
Homogeneous board from
repuiped paper ............ .. ... .. 30 0.50 — 2.00 — 0.28 13.86
Hardboard®
Medium density . ... ... ... 50 0.73 - 1.37 — 0.31 9.49
55 0.82 — 1.22 — 0.32 8.46

High density, service temp. service underlay ...
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High density, std. tempered .. .. .............. ... 63 1.00 _ 1.00 — 0.32 6.93
Particleboard®
Lowdensity. . ......... ... .. . 37 0.54 — 1.85 — 0.31 12.82
Medium density .. ....... . . . e 50 0.94 — 1.06 — 0.31 7.35
Highdensity ........ ... ... .. ... . . . . ciiiees 62.5 1.18 - 0.85 —_ 0.31 5.89
Underlayment 40 - 1.22 — 0.82 0.29 0.14
Wood subfloor . 1.06 — 0.94 0.33 0.17
BUILDING MEMBRANE
Vapor—permeable felt ........... ... .. ... ... ... —_— — 16.70 — 0.06 0.0%
Vapor—seal, 2 layers of mopped
16-lbfelt. ... o — - 8.35 — 0.12 0.02
Vapor—seal, plastic fitm. .. ... ... ... . ... .. — — — — Negl.
FINISH FLOORING MATERIALS
Carpet and fibrouspad........... ... ... ...... — — 0.48 — 2.08 0.34 0.a7
Carpetandrubberpad ........ ... ... ... ... ... .. — = 0.8t - 1.23 0.33 0.22
Corktile............. ... . i ... 0.125in — —= 3.60 — 0.28 0.48 0.08
Terrazzo . .. .. 1in. = == 12.50 - 0.08 0.19 0.01
Tile-—asphalt, tinoleum, vinyl, rubber ... . ... .. ... — — 20.00 — 0.05 0.30 0.0
Vinyl asbestos. . ... ... ... ... .. .. ... .. 0.24
Ceramic........ D 0.19
Wood, hardwood finish. ... ....... 0.75 in 1.47 0.68 0.72
INSULATING MATERIALS
BLANKET AND BaTT94
Mineral fiber, librous form processed
from rock, slag. or glass
Approx. 3—-4in. ... .. 0.3-2.0 —_ 0.091 — 11 1.94
Approx. 3.51in. ... oo 0.3-2.0 —_— 0.077 — 13 2.2¢
Approx. 5.5-6.51in. ... .. ... .o o 0.3-2.0 — 0.053 — 19 .35
Approx. 6-7.51in. ... ... . .o e 0.3-2.0 — 0.045 — 22 3.87
Approx. 9-1010n. . ... ... 0.3-2.0 — 0.033 — 30 5.2¢
Approx. 12—1310in. ... ... ... 03-20 — 0.026 — 38 6.6%
Boann AMD StABs
Cellularglass ......... ..., 8.5 0.35 — 2.86 — 0.18 19.81
Glass fiber, organicbonded . .. ....... ... ... ... .. 4-9 0.25 — 4.00 et 0.23 27.72
Expanded perlite, organic bonded .. ................ 1.0 0.36 = 2.78 — 0.30 19.26
Expanded rubber (rigid) .......... .. 4.5 0.22 - 4.55 - 0.40 31.53
Expanded polystyrene extruded
Smooth skin surtace (CFC-12 exp.). .. 1.8-3.5 0.20 — 5.00 — 0.29 34.65
Expanded polystyrene, molded beads. .. ............ 1.0 0.26 —_ e — — 26.3 e
1.25 0.25 — — — — 27.8 4.0
15 0.24 - - - — 29.1 42
1.75 0.24 —_ — — —_ 23.1 42
2.0 0.23 — — — — 29.8 43
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TABLE 4.2 Thermal Properties of Typical Building and Insulating Materials (design values)® (Continued)
Customary Unit
Resistance, R® S! Unit
Conductivity, Per For B Resistance, R®
k Conductance, inch Thickness Specitic
Density ( Biu-in. ) c Thickness  Listed, Heat, (m-K) (m*t
Description (Ib/ft3) h-ft2-°F | (h-112"F) 1/k 11C (Btullb-*F) W W
Cellular polyurethane/polyisocyanurate’
(CFC-1texp.)(unfaced)...................ccvvn 1.5 0.16~0.18 — 6.25-5.56 — 0.38 43.82~-38.98
Cellular polyisocyanurate’
(CFC-11 exp.) (gas-permeable facers) ... ........... 1.5-2.5 0.16-0.18 — 6.25-5.56 — 0.22 43.82-38.98
Cellutar polyisocyanurated
(CFC-11 exp.) (gas-impermeable facers) .. .......... 2.0 0.14 — 7.20 — 0.22 51.75
Cellular phenolic (closed cell)
(CEC-11, CFCA13 @XD.) v oo 3.0 0.12 = 8.20 — - 58.94
Cellular phenolic {opencell} ........ .. ... ... .. .. ... 18-2.2 0.23 — 4.40 — — 31.62
Mineral fiber with resin binder........... .. ......... 15 0.29 = 3.45 —_— 0.17 23.91
Mineral fiberboard, wet felted
Core orroof insulation ..................coovnnn. 16-17 0.34 — 2.94 — 20.38
Acoustical tile. ....... ... ... o 18 0.35 — 2.86 — 0.18 19.82
Acoustical tile . ....... .. ... 21 0.37 — 2.70 — 18.71
Mineral fiberboard, wet moided
Acoustical tite” . ... .. .. ... . 23 0.42 — 2.38 — 0.14 16.49
Wood or cane fiberboard
Acoustical tile” ......... .. ... ... .. . 0.5 in. — — 0.80 — 1.25 0.31 0.22
Acoustical tile” . ....... ... ... ... . 0.75 in. —_ — 0.53 - 1.89 0.33
interior finish (plank, tite} . ... . ..... ... ... ... .. ... .. 15 0.35 — 2.86 — 0.32 19.82
Cement fiber stabs {shredded wood with
portiand cement binder........... ... L .o L 25-1/ 0.50-0.53 — 2.0-1.89 — - 13.87
Cement fiber slabs (shredded wood with
magnesia oxysulifide binder). ....... ... .. ... ... .. 27 0.57 — 1.75 — 0.3t 12.16
LOOSE FILL
Cellulosic insulation (milled paper or
wood PUIR) .. . 2.3-3.2 0.27-0.32 —_ 3.13-3.70 — 0.33 2169-2564
Sawdust or shavings .......... ... ... 8.0-15.0 0.-3 — 2.22 — 0.33 15.39
Wood fiber, softwoods ....... ... . ... .. .. .. 2.0-35 0.30 — 3.33 — 0.33 23.08
Perlite, expanded .. ........... ... . ... .. ... ........ -— 2.70 — 0.26 18.71
2.0-4.1 0.27-0.31 3.7-33
41-7.4 0.31-0.36 3.3-28
74-110 0.36-0.42 2.8-24
Mineral fiber (rock, slag or glass)
Approx. 3.5 in. {closed sidewall application) 2.0-3.5 — — 12-14
Approx.® 3.75-5in. ... .... P 0.6-2.0 — — 11 0.17 1.9<
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Approx.* B.5-8.7510n. . ... ... ... 0.6-2.0 — — 19 3.3%
Approx*7.5-10in. ... ... e 0.6-2.0 — — 22 as8r
Approx.® 10.25-13.750n. ... ... .. e 0.6-2.0 - — 30 628
Vermiculite, exfoliated. . .. ....... ... ... .. ... ..., 7.0-8.2 0.47 — 2.13 — 3.20 14.76
4.0-6.0 D.4a Eal 2.27 — 15.73
MASONRY MATERIALS
ConcRETES
CemENt MOMAI . . ..o c e e 105-135 5.0-10.5 e 0.20-0.10 — — 1.39-0.69
Gypsum-fiber concrete 87.5% gypsum,
128% vood chips ........ ... ... . 51 1.66 — 0.60 — 0.21 4.16
Lightweight aggregates including 120 55-11.0 e 0.18-0.09 — — 1.25-0.62
expanded shale, clay or slate; 100 3.7-5.9 — 0.27-0.17 — 0.20 1.87-1.18
expanded slags; cinders; pumice; a0 25-35 —_ 0.40-0.29 — 0.20 2.77-2.01
vermiculite; also cellular concretes 60 1.6-1.8 — 0.83-0.56 ~ — 4.16-3.88
40 0.83-1.11 — 1.08-0.90 — — 7.45-6.24
30 0.75-0.91 1.33-1.10 — 0.20 922-7.63
20 0.63-0.83 1.59-1.20 — — 11.02-8.32
Perlite, expanded . .. ............. .. ... .. .. .. ... 50 1.4-1.8 0.71-0.56 — — 482-3.88
40 0.93 1.08 7.48
30 071 1.41 9.77
20 0.50 2.00 0.32 13.86
Sand and gravel or stone aggregate
(ovendried). . ....... ... 140 8.0-16.0 _ 0.13-0.06 — 0.18-0.22 0.90-0.42
Sand and grave! or stone aggregate
(notdried) ... ... ... ... .. 140 10.0-20.0 = 0.10-0.05 — 0.19-0.24 0.69-0.35
SlUCCO et e e 116 50 — 0.20 1.38
MASONRY UNITS
Brick, COMMON. ... ... e 8¢ 2.2-32 — 0.45-0.31 — — 3.12-215
................................... 90 2.7-37 — 0.37-0.27 - — 2.56-1.87
100 3.3-43 — 0.30-0.23 — — 2.08-159
110 3.5-55 — 0.29-0 18 — — 2.01-1.25
120 44-64 — 0.23-0.16 — 0.18 1.59-1.11
130 5.4-9.0 - 0.19-0.11 — — 1.32-0.76
Clay tile, hollow:
Tcelldeep ......... oot 3in - — 1.25 — 0.80 ¢.21 0.14
TcelldaBap ...... ..ttt i e 4in. = == 0.90 — 1.1 0.200
2eellsdeep . ... .. it i s 6 in —3 — 0.66 — 1.52 0.27
Zeellsdeep ......... ... 8in — = 0.54 — 1.85 0.33
2eellsdeep . ...... .. .o 10 in —_ —_ 0.45 —_ 2.22 0.3¢
3cellsdeep ........ o i 12 — — 0.40 — 2.50 0.44
Concrete blocks’
Limestone aggregate
8in., 36 Ib, 138 Ib/H3 concrele, 2 cores. ... ....... — — — — — —
Same with perlite-filled cores — — 0.48 — 21 —
12in., 55 Ib, 138 Ib/f1? concrete, 2 cores. .. .... .. — — — — — —
— — 6.27 - 3.7 —

Same with perlite-filled cores
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TABLE 4.2 Thermal Properties of Typical Building and Insulating Materials (design values)* (Continued)
Customary Unit
Resistance, R® SI Unit
o i fgr .For . Resistance, R
k Conductance, inch Thickness Specific
Density ( Btu-in. g Thickness Listed, Heat, (m-K) (m_r
Description (1bift3) Ch-fr2eF ] (h-ft2-°F) 17k 1C (Btullb-°F) w W
Normal weight aggregate (sand and gravel)
8 in., 33-36 b, 126—136 [b/ft? concrete,
20r3COTES. ..o — —_ 0.90-1.03 — 1.11-0.97 0.22
Samae with perlite-filled cores = — 0.50 — 2.0 —
Same with verm. filled cores — = 0.52-0.73 — 1.92-1.37 —
12 in., 50 Ib, 125 Ib/ft? concrete, 2 cores. .. .. .. .. = — 0.81 — 1.23 0.22
Medium weight aggregate (combinations of normal
weight and lightweight aggregate)
8 in., 26-29 Ib, 97-112 Ib/ft? concrete, 2 or 3 cores — —_ 0.58-0.78 == 1.71-1.28 —
Same with perlite-filled cores — 3 0.27-0.44 — 3.7-23 —
Same with verm. filled cores — —_ 0.30 — 3.3 —
Same with molded EPS (beads) filled cores — — 0.32 - 3.2 —
Same with moided EPS inserts in cores — = 0.37 — 2.7 —
Lightweight aggregate {expanded shale, clay. slate
or stag, pumice)
6in., 16—17 Ib, 85-87 1b/ft? concrete, 2 or 3 cores e — 0.52-0.61 — 1.93-1.65 —
Same with perlite-filled cores ...... . ... .. .. . — — 0.24 — 4.2 —
Same with verm. filled cores . ................ —_ — 0.33 — 3.0 —
8 in., 19-22 Ib, 72-86 Ib/ft3 concrete. . . .. — — 0.32-0.54 — 3.2-1.90 0.21
Same with perlite-tilled cores — — 0.15-0.23 — 6.8—4.4 —
Same with verm. filled cores — — 0.19-0.26 — 5.3-39 —
Same with molded EPS (beads) filled cores — —_ 0.21 — 4.8 —_—
Same with UF foam-filled cores — — 0.22 — 4.5 —
Same with moided EPS inserts in coras — — 0.28 — 3.5 —
12 in., 32-36 b, 80-90 Ib/ft? concrete, 2 or 3 cores — — 0.38-0.44 — 26-23 —
Same with perlite-filled cores — — 0.11-0.16 —_ 9.2-6.3 —
Same with verm. filled cores L — 017 - 5.8 —
Stone, lime or sand . . . .. A &1 8S- — 12:50 — 0.08 = 0.19 0.55
Gypsum partition tile:
3x12x30in.solid . ............. ... .. .. . ... — — 0.79 — 1.26 0.18 0.22
3x 12 x30in.d-cell.. ... .. ... ... ... — — 0.74 —_ 1.35 0.24
4 x 12 x 30 in. 3-cell. ... .. .. — — .60 — .67 0.29
METALS
(See ASHRAE Handbook of Fundamentals)
PLASTERING MATERIALS
116 5.0 — 0.20 — 0.20 1.39

Cement plaster, sand aggregate .......
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Sand aggregate. ................. ....03751In — — 13.3 e 0.08 0.20 0.0%
Sand aggregate. . ........... . ... .., 075 in == — 6.66 — 0.15 0.20 0.03
Gypsum plaster:
Lightweight aggregate . . .................. 0.5 In. 45 ~ 3.12 ~ 0.32 0.06
Lightweight aggregate . ........... ... ... 0.625 In 45 - 2.67 — 0.39 0.07
Lightweight agg. on metal lath . . ........... 0.75in — — 2.13 —_ 0.47 0.08
Perlite aggregate ........ ... .. ... ... ... ....... 45 1.5 = 0.67 — 0.32 4.64
Sand aggregate ........... ... . 105 56 — 0.18 — 0.20 1.25
Sand aggregate. .. ....... ... ... L 0.5in 105 — 11.10 — 0.09 0.02
Sand aggregate. . ............... .. 0.625 in 105 — 9.10 — 0.11 0.0z
Sand aggregate on metal fath. ......... .. .. 0.75 in — — 7.70 — 0.13 0.02
Vermiculite aggregate . . ... ............. ..... 45 L7 —_ 0.59 — 4.09
ROOFING
Asbestos-cement shingles . ............. ... .. .. 120 — 4.76 — 0.21 0.24 0.04
Asphaltroltroofing ..... ........ ... ... . ..., 70 —_ 6.50 == 0.15 0.36 0.0%
Asphaltshingles........... ... ... ... ... ... ..., 70 — 2.27 — 0.44 0.30 0.0&8
Built-uproofing ...... ... ... ... ... ... .. 0.375 in 70 = 3.00 = 0.33 0.35 0.06
Slate. ... ... ... 0.5 in - — 20.00 — 0.05 0.30 0.01
Wood shingles, plain and plastic fitlm taced. .......... — — 1.06 — 0.94 0.31 017
Spray Applied
Polyurethane foam..... .. ..... ...... 1.5-2.5 0.16-0.18 — 6.25-5.56 — 43.33~
38.54
Ureaformaldehyde foam .......... ...... 0.7=1.6 0.22-0.28 — 4.55-3.57 — 31.54—
24.75
Celiulosic fiber. .................. .. .. 35-6.0 0.29-0.34 —_ 3.45-2.94 — 23.92-
20.38
Glassfiber. .. ... ... oo 3.5-45 0.26-0.27 — 3.85-3.70 - 26.69~-
25.65
SIDING MATERIALS (On FLat Sunarace)
Shingles
Asbestos-cement ... ... ... oL 120 — 4.75 — 0.21 0.04
Wood, 16in., 7.5 exposure . .. ............. .. — — i.15 — 0.87 0.31 05
Wood, dcuble, 16-in., 12-in. exposure. ... .. .. — — 0.84 — 1.19 0.28 0.21
Wood, plus insul. backer board, 0.3125 in. ... — — 0.71 — 1.40 0.31 0.25
Siding
Asbestos-cement, 0.25in., lapped ...... ... .. ... ... — — 4.76 — 0.21 0.24 0.04
Asphalt roll siding .................. .. .. .. —_ — §.50 — 015 0.35 0.03
Asphait insulating siding (0.5 in. bed.) ...... — — 0.69 — 1.46 0.35 0.26
Hardboard siding, 0.4375in. ... .. ... ... ... 40 — 0.49 — 0.67 0.28 4.65
Wood, drop, 1 X Bin. ............. . — — 1.27 — 0.79 0.28 0.14
Wood, bevel, 0.5 x 8 in., lapped .......... .. — — 1.23 — 0.81 0.28 0.1«
Wood, bevel, 0.75 x 10 in., fapped .......... ..... — — 0.95 — 1.05 0.28 0.18&
Wood, plywood, 0.375 in., lapped . ..... ... ... — — 1.59 — 0.59 0.23 0.1C
Aluminum or steel,! over sheathing
Hollow-backed. .. ........... ... — — 1.61 — 0.61 0.29 0.1t
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TABLE 4.2 Thermal Properties of Typical Building and Insulating Materials (design values)” (Continued)
Customary Unit
{ 2]
Resistance, R SI Unit
Conductivity, Per For ;
Resist o
k Conductance, Inch Thickness Specific Lﬁce,ﬂ
Density ( Btu-in. ) ¢} Thickness  Listed, Heat, (m-K}) (m*-K)
Description (Ibift3) h-ft3-F (h-1t2-°F) 17k 1:C (Btulib->F) W w
insulating-board backed nominat
0375 0N, oo — — 0.55 — 1.82 0.32 0.32
tnsulating-board backed nominal
0.375 in., foil backed. ... ....... ... ... .. = 0.34 296 0.52
Architectural glass. ... ..., ... ... ... .. ... 0. — — 10.00 — 0.10 0.20 0.02
WOODS (12% Moisture Content)e+
Hardwoods 0.39
Oak. ... e 41.2-46.8 t12-1.25 = 0.89-0.80 — 6.17-5.55
Birch ... . 42.6-45.4 1.16-1.22 — 0.87-0.82 — 6.03-5.68
Maple. . ... ... ... ... 39.8-440 1.09-1.19 — 0.92-0.84 - 5.68-5.82
ASh. PR 38.4-41.9 1.06-1.14 - 0.94-0.88 — 6.51-6.10
Softwoods 0.39
Southernpine................ .. . . ... 35.6-412 1.00~-1.12 == 1.00-0.89 — 6.93-6.17
Douglas fir=larch ... .. .. e . 33.5-36.3 0.95-1.01 — 1.06-0.99 — 7.39-6.86
Southerncypress...... ......... . S ... 31.4-321 0.80-0.92 — 1.11-1.09 — 7.69-7.56
Hem—tir, spruce—pine=fir .. ... e 24.5-31.4 0.74-0.80 . — 1.35-1.11 — 9.36-7.69
West Coast woods, cedars . . .. L 217314 0.68~0.80 , - 1.48-1.11 — 10.26-7.69
California redwood. .. . . ... .. Lo 24 5-280 074-082 — 1.35-1.22 — 9.36-8.46
Source: Copyright £ by the American Society of Heating. Refrigeratinz ancd Awr-Conditioning Engineers. Inc.. Atlanta. Ga. Reprinted by permission from 798¢

Handbook of Fundamentals.

* Representative values for dry materials at 75 F. They are intended as design {not specification} values for materials in normal use. Insulation materials in actua’
service may have thermal values which vary from design values depending on their in-situ properties such as density and moisture content. For properties of ¢
particular product, use the value supplied by the manufacturer or by unbiased tests.

® Resistance values are the reciprocals of C before rounding off C to two decimal places

¢ Forest Products Laboratory Wood Handbook, USDA Handbook 72. 1974, Tables 3 and 4

9 Does not include paper backing and facing, if any. Where insulation forms a boundary (reflective or otherwise) of an awr space. see Tables 4.3 and 4.4 for the
insulating value of air space for the appropriate effective emittance anc temperature conditions of the space.

* Conductivity varies with f{iber diameter. Insulation is produced in different densities: therefore. there is a wide variation in thickness for the same R value among
manufacturers. No effort should be made to relate any specific A value to any specific thickness. Commercial thicknesses generally avaifable range from 2 10 8.5
'Values are for aged. unfaced, board stock. For change in conductwvity with age of expanded urethane. see 1989 Handbook of Fundamentals. chapter 20.

¢ Time-aged values for board stock with gas-barrier quality (0.001 1n thickness or greater) alummum foil tacers on two major surfaces.

"insulating values of acoustical tile vary. depending on density of the toard and on type. size. and depth of perforations.

‘Values for fully grouted block may be approximated using values for concrete with a similar unit weight

tValues for metal siding applied over flat surfaces vary widely. depending on amount of ventijation of air space beneath the siding: whether airspace is reflective o
nonreflective; and on thickness. type, and application of insulating backing board used. Values given are averages for use as design guides. and were obtained fron
several guarded hotbox tests (ASTM C236) or calibrated hotbox (ASTM 967) on hollow-backed types and types made using backing boards of wood tiber, foame.
plastic, and glass fiber. Departures of =50% or more from the values given may occur.

* L. Adams: Supporting cryogenic equipment with wood (Chemical Engineering. May 17, 1971). Conductivity values listed are for heat transfer across the grain.
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YHN: Stein, B. and Reynold, J.S. Mechanical and Electrical Equipment for Building, g"

Edition. New York: John Willy & Sons, 1992,

TABLE 4.3 Surface Conductances, i (Btu/h-{t3>-F), and
Resistances, R, for Air¢

Surface Emittance

o Reflecti
. eflective
Direction reffec(;r;g T~ 020 <00
Position of of Heat " ¢ =020 r =005
Surface Flow h, R h, R h, R
Stilt air
Horizontal. . ....... Upward 1.63 0.61 081 110 076 132
Sloping (457) Upward 1.60 0.62 088 114 073 137
Vertical ........... Horizontal 146 068 074 135 059 1.70
Sloping (45°) Downward 1.32 0.76 060 167 045 222
Horizontal.. .. ... Downward 1.08 0.92 0.37 270 022 455
1 R Ny A h, R
Moving air
{any position)
15-mph wind Any 6.00 0.17
(for winter)
7.5-mph wind Any 400 025

{for summer)

NOTE: A surface cannot take credit for both an air space resistance value and a
surface resistance value. No credit for an air space value can be taken for any
surface facing an air space of less than 0.5 in.

Source: Copyright ¢ by the American Society of Heating. Refrigerating and
Air Conditioning Engineers, Inc.. Atlanta. GA. Reprinted by permission, from
1989 Handbook of Fundamentals.

“Conductances are for surtaces of the stated emittance facing virtual blackbody

surroundings at the same temperature as ambient air. Values are based on a
surface-air temperature difference of 10 £ and for surface temperature of 70 F.
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TABLE 4.4 Thermal Resistances of Plane” Air Spaces

SECTION A
Al resistance vatues eapressed in 7 - |- h B
Values apply only o ar spaces of vnitorm thichness bounded by plane, smooth, paraliel surfaces with no feakage of ar o or from the
space. These conditions are not normally present in standard buikding construction. When accurate values are required. use overall U-
factors deter inined for your particular construction through calibrated hot box tASTM C976) or guarded bot box (ASTM-C-236) testing.
Thermal resistance values for multiple air spaces must be based an carefud estinites of mean wmperasare ditfereoces for cach air spuace.

Position Direction Alr Space 0.5-In, Air Spaced 0.75-in. Air Space
of ol Mesn Tem —
Alr Hest Temp,b Diff, Value of E¥¢ Value of E2:¢
Space Flow (F) (deg ) 0.03 0.05 0.2 0.5 0.82 0.03 0.05 0.2 0.5 0.82
90 10 2.13 2.03 i | 0.99 0.73 2,34 2.22 1.61 1.04 0.75
50 30 1.62 1.57 1.29 0.96 0.75 1.71 1.66 1.35 0.99 0.77
50 10 2.13 2.05 1.60 I H 0.84 2.30 2,21 1.70 116 0.87
Horiz, Up 0 20 1.73 1.70 1.45 1.12 0.91 1.83 1.79 1.52 1.16 0.93
0 i0 2.10 2.04 1.70 1.27 1 2.23 2.16 1.78 1.31 1.02
~30 20 1.6% 1.66 1.49 1.23 1.04 1.77 1.74 .55 1.27 1.07
-50 10 2.04 2.060 1.75 1.40 1.16 2.16 211 .84 1.46 t.20
90 10 2,44 il 1,65 1.06 0.76 2.96 2.78 1.88 1.15 0.81
50 30 2.06 1.98 1.56 1.10 0.83 1.99 t.92 1.52 1.08 0.82
45° 50 i0 2.4% 2.44 1.83 .22 0.90 2.9 2.75 2.00 1.29 0.94
Slope Up o} 20 2.20 2.14 1.76 .30 1.02 2.13 2.07 1.72 1.28 1.00
0 10 2.63 2.54 2.03 1.44 1.10 2.72 2.62 2.08 1.47 1.12
-50 20 2.08 2,04 1.78 1.42 1.17 2.08 2.01 1.76 1.41 1.16
-50 10 2:62 2.56 2.17 1.66 1.33 2.53 2.47 2.10 1.62 1.30
0 10 2. 2.34 1.67 1.06 0.77 31.50 31.24 2.08 1.22 0.84
50 30 2 2.46 1.84 1.23 0.90 2.91 2.77 2.01 1.30 0.54
50 10 2s 2.54 |.88 1.24 0.91 3.70 346 2.35 1.43 1.0t
Vertical Horiz. we—lg- 0 20 2 2.72 2.14 1.50 1.13 3.14 3.02 232 1.58 1.18
0 10 2. 2.82 2.20 1.53 118 3.7 3.59 2.64 1.73 1.26
-50 20 2. 2.82 2.35 1.76 1.39 2.90 2,83 2.36 1.77 1.39
=50 10 3 3.10 2.54 1.87 1.46 312 1.60 2.87 2.04 1.56
0 10 2.48 2.34 1.67 1.06 0.77 3.53 3.27 2.10 1.22 0.84
50 30 2.64 2.52 .87 1.24 0.91 1.43 3.23 2.24 1.39 0.99
45° S0 10 2.67 2.55 1.89 1.25 0.92 3.81 .57 2.40 1.45 1.02
Slope Down 0 20 2.9 2.80 2.19 1.52 1.13 3.78 3.57 2,63 1.7 1.26
0 10 2.94 2.83 2.2 1.53 1.15 4.12 1.91 2.81 |.80 1.30
=50 20 116 3.07 2.52 .86 1.45 3.78 365 2.90 2.05 1.57
-50 10 326 316 2.58 1.89 .47 415 4.18 3.22 2,21 1.66
90 10 248 2.34 1.67 1.06 0.77 3.55 3.29 2.10 1.22 0.85
50 30 2.66 2.54 1.88 1.24 0.91 3 3.52 2,38 1.44 1.02
50 10 .67 2.55 1.89 1.25 0.92 3.84 3.59 2.41 1.45 1.02
Horiz. Down 0 20 194 2.83 2.20 1.53 Ely 4.18 3.96 2.83 1.81 1.30
0 10 2.96 2,85 2.2 1.53 1.16 4.25 4.02 2.87 1,82 1.31
-50 20 1.2% LS 2.58 .89 1.47 4.60 4.41 136 2,28 1.69
-50 10 3.2 31R 2.60 [.90 1.47 4.71 4.51 .42 2.30 .7
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Position Direction Air Space 1.5-in, Air Space? 3.5-in. Air Spaced
of of Mean T!mg
Air Hent Temp.® Diff, Value of EbC Value of EbC
_ Space Flow [12] (degF) 0.0 0.05 0.2 0.5 0.82 .03 0.05 0.2 0.
90 10 2.55 2.4] 1.7} 1.08 0.77 2.84 2.66 1.83 1.
S0 30 1.87 i.81 1.45 1.04 0.80 2.09 2.01 1.58 1.
50 10 2.50 2.40 .81 1123 0.89 2.80 2.66 1.95 1.
Horiz Up 0 20 2.0t 1.95 i.63 1.23 0.97 2.25 2.18 1.79 l.
0 i0 2.43 238 1.90 1.38 1.06 2.71 2.62 2.07 1.
-50 20 1.94 1.91 1.68 1.36 1.13 2.19 2.14 .86 1
-50 10 2,37 2.3 1.99 1.55 1.26 2.65 2.58 2.18 1.
%0 10 2.92 2.7 1.86 P14 0.80 3.18 2.96 1.97 1.
S0 30 2.14 2.06 1.61 1.12 0.84 2.26 217 1.67 1.
45° S0 10 2.88 2.74 1.99 1.29 0.94 3.12 295 2.10 1.
Slope Up 0 20 2.30 223 .82 1.14 1.04 2.42 235 t.90 1.
0 10 279 2.69 212 .49 1.13 298 2.87 2.23 I
-390 20 2.8 2009 1.88 1.49 1.21 2.34 2.29 1.97 1.5
~50 10 2.71 2.64 2.23 1.69 1.35 2.87 2.79 2.13 1.
90 i0 3.99 31.66 2.28 1.27 0.87 3.69 3.40 2.18 17
50 30 2.58 2.46 1.84 1.23 0.90 2.67 2.55 1.89 1.
MY 10 179 355 2.39 1.45 1.02 3.63 3.40 2.32 1
Vertical Horiz, i 4] 20 2.76 2.66 2.10 1.48 112 2.88 2.78 217 i
0 10 1.51 3.35 2.51 1.67 1.23 3.49 333 2.50 13
-50 20 264 2.58 2,18 1.66 1.33 2.82 2.78 2.30 I
=50 10 LR | 3.28 2.62 1.91 1.48 3.40 3.30 2,67 I.
%0 10 5.07 4.55 .56 1.36 0.91 4.81 4.33 2.49 1.
50 30 3.58 3.36 2.31 1.42 1.00 1.51 3.30 2.28 1
45° 50 10 s.10 4.66 2.85 1.60 1.09 4,74 4.36 2.73 I.
Slope Down 0 2 385 3.66 2.68 1.74 |27 3.B1 363 2.66 1.
0 10 4.92 4,62 3.16 1.94 1.37 459 4.32 3.02 I
=50 20 162 3.50 2.80 2.0} .54 377 364 2.90 2
~50 10 4.67 4.47 3.40 2.29 1.70 4.50 4,32 3.31 2.
90 10 6.09 5.35 2.79 1.43 0.94 10.07 8.19 3.41 1.57 1.
50 30 6,27 5.63 318 1.70 1.14 9 60 . 1.86 1.88 1s
S0 10 6.61 $.90 327 1.7 Db 73 1S 9.27 4.09 1.91 1.
Horiz. Dawn 0 2 203 6.43 191 219 1.49 10.90 9.52 4.87 2.47 1.
0 10 .31 6.66 4.00 a2 1.51 11.97 10.12 5.08 252 1.
-50 20 773 7.20 4.77 1.8% 1.99 11.64 10.49 6.02 1.25 2,
=50 10 8.09 782 4.91 2.89 2.01 12.98 11,56 6.36 134 2.
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wlinlag AMImMu | Uk AR MR
( MEEB) heat flow up | (MEEB) heal flow down)
(in) (h*A2*F)/Btu (h*A2*F)/Btu
W due1mediuuen 0.250 0.250
2lnden lane 0.0078( 0.231.31.) 0.042 0.042
3|¥ea319e M (E= 0.05) 2.960 4.330
4lnunilouia 8.000 | 3.846 30.768 30.768
s{1:i89 0236 | 125 0.300 0.300
6iﬁﬁummﬁﬁm1u 0.620 0.760
el 34.940 36.450
AU 0.03 0.03
Ardaawaspnielindsauisnuauaulauis
LAY AU 1k A1 R AT R
( MEEB) heat flow up {MEEB) heat flow
(in) (h*f2*F)/Btu (h*f2*F)/Btu
1| guainiaduuen 0.250 0.250
2ludsaruaaiadiunag 0.500 0.440 0.440
3l davdnainana ( E= 0.05) 2.960 4.330
alaunuleaifin 8.000 | 3.846 30.768 30.768
5| Lidm 0236 1.25 0.300 0.300
6| WanaaAnalu 0.620 0.760
ot 35.338 36.848
AU 0.03 0.03

VIO AR IMNIIANT N (R)
I{h*sq.ft. *degreeF)/Btu = 0.176 (sq.m.*degreeC)/W
Mdulszdnsmsdaiuaidon U)

1 Btu/(h.*sq.ft.* degreef) = 5.673 Wi(sq.m.*degreeC)




132

MANUIN 2
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N9REAIUBIRINATEY (Stack Effect / Chimney Effect)
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1l&ana1a7 (Building Envelope)
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ATHAAINTAU (Heat Capacity)
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