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A study has bee,Ê mad;€, both eì(
CharaeEeristics of. lherna| perf
{dealized model bullding wåB[, è
tE¡rperature 4i'stribrltions.. The build
þertitíons" The effect of Ehe factors'
Prts$ure level (NPL) was of ..pç:rÈie ular

t-

T.hr ai¡: 1ttf.i1 tf'åËf ô'n <if a build lrrg is rnainly due - Eo tt{ë charactebist,i.cs of the
w{¡td envirohûrùnc ar-år¡nd the struëÈur!, rne ihe rnei gtädtertr- 

".res" rhe buii¿¡;;'('rr:hergar dtìf ect'r 'ór. 
,."*ru.k er{ecii i; ;;d rr,-.- øi"t'i'i;;;i";";;iiãilà"1 us4¿:ç'.¡{'
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bruåtding is rhe àii"". ì*"ir. ef, rhe

tèhanisrn mentionÊúi:'abovér ,.il i,s. very
õn th¿ pressure : di.f.f orentiäis for the

ilon fåte. ' ;l r-rr .:r .ì , ,,;.,
The ,thü¡Tça1 efferttf f,n á ,þulldrñg is troE a negligiblc faÈtoË on, the air

-t
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d ùbtngì ùdtutrer,
t 'ubw,pnved ( Le
'., , Èhê tjÉtè¡r m,a I

Êspêciâ11y' ¡luhcr¿,Ch.e subeÈ.ant-!a
IâNAK

f reê't,¡

1
e, a and 3hâv'19S2). .Even f or
ef ,in !¡i, It È'åt , is knor¡n Uo

effect, iÈ has been, shown
o obtairi Eh€, corråpt va ue of

tlucêii ', "s:f $ûiit(:f cÊflt aif', i'nf il frà tiotr,(Shaw 1979)"
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e is nq'r,:pf€ssure diff rËnce
(l,ee, Tan,ak:a and,lShaw 982 ),?
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Equat,ion I is supposed to be applicable only for a slnple case wibh
' openings at Eop and bottom leve1s with no internal parti.tions betveen floqfs '
"n¿ ¿"iived from an assunption thaÈ the flow is inviscid.

Consequently, iÈ is reasonable to raise a quest, j.on if Èhe'rïrecQ-mnended
equatio¡ bf ASHRAE, Equation 1, can predict t,he value of NPL accu''tållelY ..1' for
aitual buildings. Furthermore, li.ttle informaEion has been avaiþble.unE11
now as Eo how the various factors, such as Èhe distribuEj.on and'8eomeËry of
the openings, t,he magniEude of Eenperature disÈribution ' etc. ' wouldgnr.f f ect
the thérmal behavior of buildings and locaEion of NPL. : .,

! _1

In Ehe presenE investigation, boEh experimenEal and. añalytical sBudies
were oade on t,he characEeristlcs of qhe Ehernally induced PFeqsure and on the
factors influencing t,he values of NPL for various caÉtes u3ing an idealized
r¡odel of a high-rlse building with vertically distributed oultiopenlngs,-and no
i.nternal partitions between f loors. '-ê
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AN ALYS I S

The inside and outsida temperature.. of
respectively regardl.b.ss of elevat,ion;, 

I
çr"

2. The inside teEperaÈure is higher Èhan Ehat of the

As is point,ed out in Èhe preceding dlscussion, the accurate predic,tion- of the
Ehernaily induced pressurè ¿i"tri6uc!0ås ¡"q.ui¡gg åhe correct valraof'Nþ..' In
order to obtain ghe value of NPL, lan añalytiàâ1 model shown ln Figurc I 1s
employed. It represents a hypothetical butldlng wi-Þh n number qf opcnings'
distributed along elevations and_- has. no intFFFP,l, Pra.JgSEions bet¡reQn lL.lþers.

-.: .å?' i, ll., i ¡ i 'l;"ù t'J ¡ 
''!+ r1¡t.. " 1..,.i

For the preseriÈ work Èhe following major assumptlons are introduced¡

bullding aFs coqstant
:ì. -\-i ,'*Ti-

.1 {

oit"ide t

1

3. There exist no wind and mechanical vent ilaÈion actions on the buildings¡

Èhe- ,- uo"nüe*. " ''i"
EransiE$bn.

From assußptions I and 2,. .she densi!y .{åf.Åèr.ence o1 *air between : the
-ins_id.e and the-' ouÈsidd;; cauSË8 :': þI temper'aþ'r9', dif f e.rqBçres T Ìacros.d,r JEhe'exierior wa11 generates a negative inËide pressuie' 'differential (P. - ( P-ut)
and induces "n inward airf low aË Ehe openings belor+ NPL, Ltl',er"a"o , a
positive pressure differenÈiaI (P. - > P^,,, ) and an outwqrd airflow' at . Ehe
openings exist above NPL. This fifb'¡ in"du"ced by density dif f er.eùce chir-. be
analyzed using the energy equaEion. ., "!-l

and
-, ¡j

The flow field:"at
hydrodynam:.ca11y smooEh

, .".-. 
- o.. {,

streaily, jlani.naF, i and

be fornu'lated

- { ri ,r,'

From the conservatj.on of energy, Ehe following equaEion çan
aÈ each openi,ng level:

IlLr I

-t)Dlr k:,.,1 i .'i: :c'
$ ;t ?s ç !'ì Þì

where k.r i ro,r J. i, ÍrJ'
ii
l1

,rì 1l

' i ,:Í tì-f :'

t -.,i I , '1 r .1
J 2 tt )

belo'¿ and
Equat ion .2

The subscript,s i. and j refer to Ehe position
above NPL, respectively. For t,he case wiÈh
becomes negatlve.

Fron assunption 4, the friction factor
given by:

I ì'l#q

of the openings exÍstlng
j, t,he sign of RHS of

L
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Usi.ng Equation 3

cqúêCíon1 Equation 2,
and stlbst,ÍÈuting i.Es
we havé

( 3)

correspondiug terms iflt,o Ehe energy
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u'u¡$h'r n g as shown
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n Fígure 2, Equation 4 becones as

r-, t. i'
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at the f Èow I'r,f iê1d,- '' the
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. ,,t4' t
, Df,P
. l=I

( rñ ) ,rr='{ rír ¡

',¡hef,¡fir

VA)r= f,(pflA)
J=T J

.,,: - ! :,t.t

ôut

M arrd N are the
f,ütpúct,ively.

(8)

total number of the openings - existing berow and above

Using the pfessure
gtåÈe for a pÉffëcË fluid
obtalncd:

. 
.,1t

i 1. :

,;.., r i,

variat,ion 1n a stâCic
the followilrg equaE,ion

t., .:

{; i ¿

fluid and n:he equatióìn of
for the stack effect, can be

At,f 

^rä"f 
'rr 1,r*u* ) ( NPL-Z )
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Equating Equation 4 with Equation
ideal fluid, we can now have a general
the building in which n oPenings
internal parti Eions between floors as:

equatj.on of state of
Ehe value,"gf . J,lPL, for
distribute4- -+¡-i.Eh no

9; and using Èhe
equati.on to give

are vertically

l{ (x Xj.+
J

I H.I
:i

1. (,'t. "

¡14: i

:l :: .,:,( I 0 )
I

I + (x j/xl )
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For the ca
redttces to the f.

Xrr- and X*'i- XrrJ-aþ

Ée . ilirh dptinÍrP$s' êÈ'"
ó I loúi ng' eïi preå'si oh',
r .l¡ J.

where-

wlaere,
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NP

xr=[ (þlu1 1+ EKr, ¡ * i 
c-'4ul lvl 

.
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of nonlinear. equ ation S
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Equation t1 coincides the "*prà""i."-r'gir"; o;-l.¡t*t; 1", if'*
sregárd.' the térrns asd:oc1ácgd, w'irh c'tté "f'IoJrf ¡1q¡i6,ridi- iF -.,-a- 1!... ,.. ¡*t --:-- ti-¡-i¡.- :L ----'i,i, =;l I -JrìJ

: ;'f r-oin.¡ oîer-atrf in.spectioh-''olf !quaEioii 10; :ir cbn' bË- sê'ãnitri,"r ïrr" ,jü'dllleìL has a funct,ional relationship wit,h the variables as follows:
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Since E,he geometry and temperatu res of o
.gi-rr,en conditions, Ehe-rrsolui'i:on 'df t qäaciorí

penings . caE Þg
tl would be'i"n ,9r9:t et$i ^"ferms,,, f f1

velocity. In the cases wi.t,h n numbers of vertical o peni.n8S, aS S h o v/n
Figure 1, $re will have n

o

city

{|s gS'l

om
o\{
in
of
gs

a
i¡is'of
rilon- 1i

Èh
nea r equãù-i

s t¡ai¡Ld ard , .I''ofri pu Èâ t, i o n af; inêt'h o'd àúã i 1Ër or conD:. : r.¡, ? ut er

r;,1 -[\
-r l ' "r'i í: t ,?, 1::i'

iÌí -IiJJIrieir:1J

r':Èi)

-f,r

4



EXPERIT'f EÑTæ

Test Section

A plan view of the experimental seEup
consists of a naln test section, pressure'
1oops, and a daEa acquisition system.

is shown in
temperature,

2. The system
power measuring

Figure
and

The maln Eest section, which is designed t,o simulale the t,hermal effect in
high-rise buildlngs, is made of a copper t,ube r¡ith 50.8 mm I.D. and 18.3 m in
lengfh. In o.rder Eo achieve any given temRerat,ure dlstributj.on insj.de Ehe
tesC sect,ion along elevations, the test- section is fabrlcated with 20
individual heating units. Each heating unit, Ís 0.91 m in lengEh and its
heating power supply is cont,rolled independently by 1Ès own variable
transformer.

One K-type (chromel-alume1) Èhermocouple was spot-welded on the outer
surface of each individual heating unit at the center. The outer wa11 of the
copp.gr t_ube was Ehen qoat.e.d....with Çfermgl resistênt elect,ric insulatlon paint
and lüf ap'ped' wi.th Èhree .1ayêis of þ0 qrm' wide fiþerglass tqpeq r , Seventeen-gauge
nichróme"wired were no'ünd-aröùnd -the'-pipe in 40 mm pitcheç.over the length of
0.91 m Eo construct, a heaÈing uniE. To simulate the eff'ect of distributed
cracks and openings in buildings, six openings are provided on Èhe wa11 of t,he
test section along elevaÈions, as shown in Figure 2

For the measuremenE of air Eenperature inside t,he t,est section, f ive
of 20.0 no 1ong, seventeeri-gauge hypodermic stainleEs sÈee1. t_ubing,
mounEed through Ehe wa11 for the insertion of thermocouples.

Pressure Eaps made of sevent,een-gauge hypodermic stainless steel
76.2 mm long r,rere mounted also Èhrough the Eest sect,ion wal1
elevat,ions, as shor¡n in Figure 2.

sets
were

t,ubi.ng of
at seven

The entlre Eest section
insulat.ion.

InstrumenE,at,ion and Data Acq uisition Systern

Pressï.i'L'Measurement s :

tras then covered wich 40' mm Ehick glassfibre

t he exterié'r üáÌ1 ôf Ehe't,esE
with maxi¡um pres

the màaq¡lremenE -of
section was made

. t,empera
elded òn

the,, pressure dif f,er-.ence iac$óss
wit,h seven sets of pressure

Èransducers
fïtI 'sca1L.

i, Th'ê',

sure head of I torr (133..Pa) and' A,LSZ.error aÈ

a, .'.:l

0ne of Et¡ro pressure ports of each transducer
. pressuÈe t,ap of the t,est. section and anoÈher port was
'sÈainless steel Eube mounEed j.mmediaEely outside Ehe

elevaÈions.
'¡ï.,en¡is, 

l.o,r,' plessure t¡s¡sduc.ers aie i sent t,o t,her.Áata acqui-siti.on

\d?s. connected
connecÈed Eo a

tesE section aE

to the
I 7-ga uge
the sâme

1Ì. !1

1r'.i fi
_ Thi rty . ef ght, $¡.Eype lher¡nogouples rare used., in

p.rofi-les,
Tti'åàty dne'rmdco 1e
the test sect,ion ( at
temperaEures of Èhe test
provided on the outside
t,hermocouples mentioned
L52 mm long, 0.82
temperaÈure measuring
t,emperat,ure along the

:Ï-M
r eme n
re. ^s
fh-e"

Èq
outer sur.

each hêaE,ing u
In addition,

iof.' th.e, -te,sti sect,.ion.
ace of ¡Ehê:copper,,turb:e of
nit) to measure Èhe wa11
eì.ght thernocouples were

P o ti:w
cenE,er o
secEion.

f.

of the
Five

f

mm 0.D st,ainless
E,ap of the Lest

elevaÈi.on. AnoÈher
the variation of t,he outside Èemperature

Eest section to s.upplement the 20
thermocouples which are sheaEhed K-type

steel tubing are inserted into'the
section t,o measure the inside air

five were placed outside Eo measure
along the t,est. secÈion.

sur face
above.
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. Control and Measurenent, of P.ower: Tr¡enty sets of vgriçb1ç, Eran_s,f,o¡mers
with I KW capacÍ,ty, 110 V and I0 A are used, Eo supply. and control Eh.e power Eo
each heating uniE. The power is measured by .both., a digi.tal ,vo1E¡neter and
ampereméter Ehrough the neSsriring circuits. The- meas¡red .,data- of power
supplied are r"nuã11y e¡tered Ínt,o the data ac!uisition syàtem.,,' ¡,

' Data Acquisition Svsten
piesent study -consists of a
scannet, a. prinEer/plotter an

r!t

4 " 
tg ac¡ un! s i.tiprF:, :. s y 

_E-ç gF e. r; jrl.g,Q d
computer with a digital vó1t

edgcçd

in,,¡-- tt "mefer, a
data are

9.-

Tbte. pro;qedure is
ac¡t¡i e v ed r. iJ.{..LEh :¡ Eh e
pq{'ntu.r :T;be,. Eeng e
iç' !h*e 1q;E¡u,d!. is

':,¿ ìr¡j

: The
desk' top
d a real Èime._c1oç!.-, , $.h.e raw and-,¡
copies were a1so. made avallable.st,ored Ín magneE Eapes; hard

Experimental Procedures

ì. t rJ ¡ {i

:

: r !fi: ii !' 9r

Preli_.lminarv: The f o11o;w.ing preJ.lming¡y s,ç€ps arrp. i qÊFen 0rlgr to rhe
actuaffiìããtfora.givenc,{qç,còndirio¡:'-(i):-!þ?'e¡,ecirïE.$nsuiationsof
all wirings of heating 'units, t'he -conneitions of all'- Ëtrèrrocotrpies- employed,
and pr,essure E,ransducarq are (2 ) . çng rizero_. ad jus.tJq;ent B,f pll pressure
transduce.ré is qade; ahd;'(3) .sug,Þlyìäl¿¡Ëonrlo1. óyste-[, äre. swgtched
on and idled'for more'".than S Fo.ralEain.. the st,abl.e.btenperat,ure
dlstribution in t,he-. tesÈ ,'bec,,.c.i r . ir __ -, E :,¡. þr' ,. - .:,,.. ". i,

SimutaÈídrr ':o'h:'-Ttrermal. E"Éfe.Ë!- Th¿' Lii."r¡t'i"; of rt "iñ"i= "i-rå.,0., 
t 

is

-

carr rilffi--roliñ-ãa--rer ui ãn'ãï¿irt ious a_ci ¡usumenr or- power' iup piy = qo - each
heating unit with contÍnuous measurements of current and volt,ages supplied and
Ehe Eemperatu_re- distribgti
continu eö un tf. l' th e des i re' naxlnum åt1owab.fléuy,àtt ti of tenpefature'',tdi-dfgrenc':' bet.ú'een 2-5 an!'6oo¡c t(21:,,-

:'iii
!,,tDt.: -Ê- rF':

RESULTS AND DISCUSSIONS

Coinba?ison r óf 'Tes:r^-ka",¡'it'" niítn nnalv.sis'- '

--

-- :'.-a-I):9 .' I O¡.'' lt:',]]

:: 1.,;ill:!,(;l:! e"' :.)s"-'f.
r,: 3i 1.,:1..":ati ¡: ''l ¿:,.'j.' r ai::

--,.¡/alLC.!q.-i-r. sract grraci'É.¡uîr;io,nc ;:r, trt.-,. 
, ,',:l ,,i u "t' '.,:',.r,n..--.--

:l. " ' es, j.rár,9d es¡1ieI,Î;l.Eiqnatioï gn, Én. iì,".r^, p¿l".ir,;eQu:ar-i¡c** ,åo"l;.r."r''ìdÎerive'a''frcj-hi'"the e,iualíoii'of sEat,ic t'iuid anä stàte.sf.,tgif-eqtco-gas,,.c.hntbe
usgd to predict, correctly the pre Índuced by ther.mal

, ef_f ecg.," - if the correct value. 9f ,N"P! is. , ,r -.,¿;j - :,,, ;t-1ç i': :

.i,,'rì i to'te..rã iqii];, rri E"*, o-or, 
trù', jrì".t

: :', r- - ã _'
€ff ett'equ.a let'eI". he b.t¡a¡Ër¡ed. for rra'ri,ous

" v'alues'of ' äipfþ¡ -ope^ning,.Eon T,he -res,t¡rl.ts:þtottec in: 'irr,i r "^r.rr.il úä¡u , ob,Èained,-ftrom
experioental daÈa ls found Èo be in ellènt agreem the theoret,icaJ,value. The experimenEal obseq¡ati9!, i sho.w.n..Èo be, t.e.l..y. 3r-s x lOr
Pa.K/m, and this also confirniË the 'findings'of Lee, Tanaka and Shaw (I982).
From this result, we may conclude Ehat the stack effect, equation, Equat,ion g,
can be used wlth great conf idence to predlct !p_rf,ssu.l,9d..'f.l-:ggl*!,ggs;.!q{¡:gsq- by
E,hermal ef f ect if the value of NPL is known"-ão'rrëötìly.,*

çompa¡!q9n. bet,r{een .rcherrptedùc-ted and
,nf iC-,tl op.eningsr, ,a¡t !op,. .-and,¡ ibeÈtem. -Íij?el
E.ained. fro¡,--E-qgerÇ,r_Q!1 !1.. - .[he- vail.í¡ès¡. of

n .recomme*dç.d by ASHRAÊ; Equartionjil;iq are
I'lr i -, a!: ''¿: i: t Tl l i('; "i a

. c - a. - .:j ,i .. ,..'.\' "- i;', - ic. Ê )l'i. ì:''Í i.t -,
' ", . . " FÍgurtÍ 5 ;sh-oús a E,y.p.ica1., conpariso-ç ,bàtween the p¡edùqted eyalu?i: oÉ NFl,eånd' " th'Þ ' experimen*t'a1 -resulË", 

, qìg the ASHRAE correlation , f.:qln= Èhe: icases .[råth

b



NPL
for
The

t.hat

'; Since Equàtioîi r:1,n:Èe"Commeiðed by ASHR.{E,
o,nly:,: -'ir ,fraè.' hö8* poså: 61e'to côrìpaié i-t wiih t

'. '.i: ' .i:;f{. .,-: :' :ì

is f'or openings -L-t.-tro levels
he presenE resu1t,s.,

,l

's Fron f the relults is found
' Ehàt Ehêt: :prèdicrj.'oñ of he acr,ual'.' fi.òw ðond I'f1'ow channel¡- gnificanE

disagreem obtained'titro-m ation and
the present study may be ajtr_ib¡ted-Eo th.e _facL t,hat EquaÈion.l is derived for

' inv-:i'Écí:d. fiLow:,': thus negl_è_.ct1ng . !4e .e!See..t-'::of. f 1ow-reËiS!þnces ,a1ong Èhe' .floú-path-. '-"'. i -'"'r'''i- 'tî- : - I '- -;

i:. :',: t :j ".,'o ; :,,. ". ': ,t':" i ii' '1 ' l 
" 

j'

. - r. I *The ì ASHRAE recomnenïíation o'verl
. f ' consi"dered i Íin act.ual situaiionb änd

,rprediiting .'g:¡"i va}u'e of 'NPL in r ieä1i
, àf f oct 'o[ -f ldw registancè'oir Llie value

Èaken into Èhe consi.derat,ion for the l;

hence for t,he prediction of the pressure different,ial induced by the Ehermal
ef f ect.

o'þen4ngÈ ac top arid'bott,om 1eve1 only. A's iIlust,râEed in-Figure.4,-the result,s
bbtêinedj usl'ng ASHRAE recommendation exhibit a consj.derable discrepancy fron
Ehe erperimental resulEs. However', tire predicted value of NPL based on
EquaÈion 1I demonstraEes an excellent agreement wiEh Ehe measured resulEs.
Wnite the devi.ation of the ASHRAE recommendation is found Eo be up to 257.,
the resulÈs obtained from Eþe present analysis show less than 67" d,evÍation from
Eher* expef imeñtäI .iesfuL'Ë:s'Ln:'aLl c'ases sEudied, as shown"in,F-i-gures 4 and 5.

The Fligur'e 6 repräsents I a comparisoii of Èhe predicE,ed values of
obtained fron Equatiori 10 to the results o'btained from Èhe experimenEs
Èhe cases with Ehree or four vertically distribut,ed openj.ngs.
agreemenÈ between the value of NPL predi.ct,ed by the present analysis and
obtained f rom t,he experiment is excellent. ')-' .:-

EffecE of 0oeninc Distribut.ions

n the
I and
cases
with

,:!

the

A series of Eests vras performed Èo inves¡igat.e the influence and
sensiEivit,y of t,he vertical d j.scribut,ion å-f -npeaings on the và{.ue -rcf .NPL.
Figure 7 illust,rat,es one of t.he test resulÈs obtained in Ehe,.experÍnent for. variods openj;ng modêsi r¿hile elr'" r:e'mþeratut'e'i'if.ference'_ acröss tn" .i-""i=1".t:.on, wa-1:1 was. kept'r.qn:s:tant

:? ..:. ., f'

Figure 7 reveals clearly that:'theí- effect of'the op:ening iróndÍÈions' o
value of NPL strongly d
LZ i.n ^Figure 7 ..rrê,pr'e r

-'wf th o.pelninge LaT; itop
ilhe - restr'1 ts tha:t - is
Accurâcy iof the'exper
j': '..1:|- ' 
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EÊfie.ct ,of $¡4¡1E rDi,f f e r t
!';

EquaÈion 9 expresses thaE, the pressure differentials induced by thermal
eff ect are proportional Eo the dif f erence of the rec.iproca-l of ¡he ins[de,,and
the out,side absolute temperaE.ure ¡or þiÌgéven vaLu'e of.-'IFFL.;

;-. * I¡r ;ordeñr Eo sÈudy "Èhe ef f èct of
,, NPf,, ;fi's€riies,'of qexpertmèhts w'ä's condu
. wår'ilê.. th'e .opêníng coi'rdiÈioni: was kept

.results. :i,s-,ushown i' in Figurd',8. -' 1F

pressure differentials Índuced by
difference of the reciprocal of Ehe inside and the ,. outside absolutej ;te.mperêtutre' as'er.pécEdd 'f rom_ Eqtiation 9, but Èhe value of_ NPL is ñardly

r'inf l-qerf,ced?ì,by E,emgerature..dif f erenies-for the given 'o!ening .o'htditions.
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; In a,l1 other EesEs, in which çhe gpening condiEion, lras kepÈ consÈant hut
temperatu're differences imposed weie varied, the samé èrendê r^,èrè observed as
in i'igure 8. .This Erend can_.be al so, ,s_u_p!o!:ted . by _.'th.e -re-sulE of t,he f ield
resú ãonducted by Tamura and Wilson (1966) i.n a co,mmárcial building.

' From Èhe above observation, we ma

of temperat{¡re difference (wÍthin a r
of building does not' have signi.ficanÈ
therr¡a1 effect is mainly decided by
inside and Ehe out,side absolute temPera

Jt

!.i¿tEffect of Phvsical Dtmensions

As has been demonstrated above, Equation 10 derived from the
considerat,Íon of the actual flow condj.tions associated with openings, shows an
excellent agreement,s with the measured Eesc results in all t,he cases stt¡{åed.
It, is therefore possible Eo evaluat,e Èhe effect of the physical-timår;¡iertàí^'-of
buildings on t,he value of NPL f rom Equation 10. 0nly t,he case wi.th openlngs
aÈ top and bottom levels was considered here. .ì: I

is ploE,ted agalnst the dimensionless height
seen Ehat Èhe effect of the ratio, (D/D
insignif icant when t,he value of t,he rat,io,

In the analysis, t,he length
used in t,he experÍEental programt
reference dimensions of L and Do,
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Figure 9 illustrates che ef f ect of the vertical ,, $1¡nenslons. of buildl¡¡
on NPL, where Èhe elevation of NPL ls plotted ' âs a function of t
dinensionless building height, (L/L^) " The value .of NPL-. seems.-- lqo- . be cqnsta
f or the cases of opãning : conditiEns studied t neh the value"ôf - che 

'-ratf
(L/Lo), is greater than about 0.-1. i t,:- ii -r,i,. ; -: ,: : . -r,;Ì,: É .j

Figure 10 shows the ef f ect of Ehe lat,eral dirqq,nsiqn, ,'9,f buildings Qn
value of NPL, where the ratlo of t,he lateral dimension r of buildtngs, (D/D

the
;)'

DE
ist

/D'o

It may be concluded f rom Figures 9 âqd ,,10,. that the . gf f ect .=of .the
phystcal dinenslons of buildings on Ehe value of NPL is negligible when 'the
values of ,the.-.r.atios (L/Lo). and."(Ð¿Dd,).,:.9Íe Ére,a.!ier.,.Èþn-:gÞgtrt 0.5 ar|"d.¡Q-44,
respectively.

c
'n

the present analysis and experimenE, the fqtlq.w,i,ng coqclusions,mançbe

I The stack effect equation, derived
staÈe of ideal Bôs, is applicable
differentials induced by Ehe chermal
known correcÈly. trr.,

The value of NPL is significanlly
openi.ngs in buildings.

from equation oi scàcíc fluid and
f or the predi.c,Ë.i.o4i-.gf *.!,k pressure
ef f ect, provided t,he value of NPL is

. r. ': i\._,.1._i¡.t. ' , I ¡fi.lS ¡ ..

I
the

2. The pressure differentials caused by the thermal effect is shown to

"r -!Içrg}f?-l="
be
telinearly proport,ional to ¡he difference of the reciprocal

ter¡perature of the inside and Ehe outside of buildlngs"
- ?.i , \ 1.-.i:. , :i .,,.:ia.-1 tçf,],1 ::

The effect of flow resisEance in che flow þaths of Ehe openings on
val.ue of NPL is appreciablq,1 .,.an.d l,Ès .e.f.f e,cç .: sl¡pg]4, b,q :rtake.g
consideration for Ehe accuraEe prèdiction of the thermal effect.
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E

ihe effect of Ehe difference
builtlings on Ehe value of
distributiôn of che cracks
EenperaEure variation'.

between t,he inside and
NPL is neglÍgj.b1y

and openings, r./iEhi.n

outside temperaEure of
small for a given

a pracEical range of

The effect o dlinensions of buildi.ngs on the value of NPL is' 
strO'in.ir,ot b" whdre t,he dimensionleJs paramet,ers, (L/L^) and

,' Í?ligÈål.,r* 
about o. s and 0.4, respectively, f or Eh8 case

The exisEing method recornmended by ASHRAE to predict Ehe value of NPL is
shown t,o be inadequaE,e for t,he accurate predicEion of NPL in actual
situat,ions in reality.
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