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A. roview ~f cha wrldvict. daq bua Oft dbcribucion of pre••ur• coefficienc:. (C,,) on building 
surfa~law 'ytel~ liiabl• daea fr• eigbc d1ffennc inveacigacors for lo•·rise buildings and one 
sc:i foz:v hi~·ri'•!t"' buildinp. Ie vu founo thac:' •••rag• surface 1n:•Hur• coef!icien·~ for · 
i ·ov rue 1.Ni~'tU.np ·•re adequace, and local daea were ud11ilac•d u 544 av.rag• surface <;1c 
A. nbnlinaar '·tf gnuibn vi.Cb vind 1.nddeftc• cngle and building dda racio u variA&l•• vu 
{ound«.:.co r pr~~l: ~.~•e d&'ca vith • correlacioa . coeff1cienc of o.s~:; -: t.oca1 · pressur~ 
~•ffici•nu:• rattler thml average surf.ace C,, wire uHd for hip rise ·buildin .. '. MGre · t:ban 
5 ; qoo . daca :'ll poi e. -re fi ccmd wt th 1110dier . nonlina.ar resru•ion ift'IO l vtns th• u~u lier 
V&rid lu plldl loaacicm •COOtdinAC... . • · . . . . · -· 

Building pre .. ur• coefficienc correlaticm. dev.lo,ed in thu ;:ia.,.r can be \&Hful for 
infiltration and 1.ndDar -·•t.:r quality scudi.. u - well u for nawral v.tati~·'C~~n ai~flov 
cal?culaciom. ' ' , · :- .• <r . • - .,, .. ~ !. '.'. 

,. • A.- scruccu.red procadur• for calculacing wind-driven natural vwncilacion racu - Ls given in 
'lppencf'ix ~. _ ..1~~ prac9Ciir• 1$ ··..n enhanced ··;;;ers'ion of th• Vtcury ( 1983) !".~lgoti~('·for 
calcula-o:lr'1,tg a.ir:C-lov- t:hrough buildings . _. ". - . ·~ ' ;;e. ~,,; :r . 
....... .. .1 -:t . ~ . -:-: .-.· . .; . .-·. -. . .. . -- .. 

Better knowledge of pressure distribucions on building surfaces ha.s become more iJll1'0t'tance in 
c ' y•ars f'o"l' s_.er·ar· riuoriii : ··· -~• need · co · 11&!~cain indoor air ·qualify by prov· <i1nff 

m·t: · di c:hangH 1n buildtnp ·requirH knowledge Qi surface pressure· discribudon in' orde~ 
r C:-6 · '..Cal.culace 1nf1lcrac'i.on . air·· fiovif- chr·ough buildings. A.8 Che C09t:S of mechani cal cooling 
~ . ·si:eadi'ly l.ncredecf. 1nceresc · ~n paasiv• cooling· · ~cracegies such · a• nacural •venc1lac1on 
h'l ,\ al.so· •'increased. .. Decailed· knovl4lage of pressure. dis i:ribucion ls al'so necessary for che 
~alcul:aeion ~ of · Nr.eiiral ·V11ncilati6n. ·Parame'cers sucn as building geo .. cty, cerrain, and oche 
fli.~ors lnfluenc•''th• ~ valu• ·of pressure ·coefficienc· (Cp) . ·· · 

• I'·::. -, .a. • ,.,.,_,. t .• \ .. .. :· • ' , • :* • • : . , • "' "" 

Over che y:ears , che civil engineering. communicy has ·c onducced '"1ind c.unnel invescigacions 
?f Cp .J'd1stribut:1~ns co det:ermil1e che<ir f:rapor'cance in~7wi:_hd1r.. 1oad· ca:lctulaclons. · 't'his pap~r 
~~t;em~'l;S ~b as·~Lllila·ce chis wo·r:J.awide 0 daCa l:flise for use °tn naoura l 11encilacion calculac.i ons . 
Re'su.Ct~· · of ~hi:§ :ASHRAE - sponsor.e<t ·scudy ha e· p"roauced a 'it·griificanc advarice Lh che scace 0 1f ctfe 
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art (ASHIAr 1985). However, che correllU:ionsf.!>are faf8fr-. co""'lete, since daca . .:.are available, 
only for ntieaagular buildings - •qui Ce different' from tyllical i:ea,dancial floor plan.. 

' 
The range cif'low- ,and high-rb• bui'ldi~ geometries curve fitead . is: 

Low rise: Floor Plan - receangular 

High 

l <- long to short wall ratio <- 8 
0.1 <-eave height to short wall ratio <• 0.4 

(typical of l to 2 seory) 
0 <• overhang/eav. height <- 0.2 . i · 

O <• roof ansJ.• <• 60 ct.sr ... 

rbe: ncior PlMI - rec~ 
l <• long ta share wall racio <• 4 
l <• Iii-.. htligbc ca man wall! racio 
ov.rhalt1 • none 
roof angle • 0 

<- 8 ,·· 
·.:. 

. , .•. ''-' Oi 

The worldwid8 daC& baa. OD prHaur• coefficient (Cp - defined dn Appendix, Seccion I\,. l) 
distribution on buildins surface• r,,_. revtwvwdr, providin1 data from •j,gt\c diffel(Jt~t 
il'lV9•Cigacars far law• rb• buildinp ~ <&ftd one source , f« '. :tligtl· riH buildings. I c wu foun~ · · 
thac •average surface P't•••ur• coefficienca ..for lov-ds• buildings wer, :P~te: . and local 
data ' were aa•illilaced~- u 544-· nwrag• surface-o ~. A nonlinear.-,~•gres.sion wi,tlJ •Wi~~ incidence . -
angle and building sid8 · racio u var-iablH wu found .<1:0 predii:c the•• dac.a with a _ correla1;1,on . _ 
caeffic:ienc of 0. 80. · 

Local pnaur• coefficienu, rather than surface .,,_r.p, were used for high-rise 
buildinp. !tore than 5,000 claca poinca were fitced 'lith ··another ·,ipj>~~ine~r · regHssion 
involving the earlier vari.Ol•• piu th• location coordlnac••.· Building pressur• coefficienc 
correlacione develotted in thi• wark c:an be useful for lnfiltracion and indoor air quality 
scudiu u :.,.11 u for namral · V911Cil&1:1on atrflev c:uculacione. ,. -

I '; .i. ~ ... 
.Ir t ,. .. : ' I l ':?. 

' l' A, ' •. ,. 'l..! 

" A scrd.ctured pracMiur• far ~alculacing wind d:riv.n natural v.ncilac!on rate• is given in 
al)pendiX . A: 1. ;rhis'. procedure• l• an enhanced • Y•rsion of the Vic~nr;~ (l.983) algoricpm for 
calcula't:Lng · airfloWii in buildinp. e.:., 11 " : , ' -. , ' · · ' · 

,, ~' 

~· ·, .. ' •,J . 

Af'PRQACH IO pATA ·MDYQT-IOL'f' . ~:c: ~ .. ' ~ .... ,., -~ ... . ,. , t. , t _. 

-:: ;;;:- ·' r • .. -'· · ~"r i :_ .. ·~ .:~ ;.t t~~ i ·a ,,,F.. .:. "· r;·; • ..,,_,. •':· 

The · coefficientt-' of ~asst.ire ~ov~ a ·'Quilding S\l.i:face· 1Taries tl'!'~,.S:h :Che posicion .?." che sprface, 
particularly n•ar Ch• .. ed?•. Howev•r.. such . d~ca ai;-!' ~~c.re_!H~Y volum~Ra.W1,1 r and primari~~ - -
impor~anc ~or wind load e•·l'"culaciona : .. ;A logii;:al sim1tl4.fic~.tion . is : _cp_ ~· c~• a~~r~~!' sur~~c · ,­
Cp for calculating v.ncilation r&C•• ,for JloV••t'is• .. bµildings . • s~-~.! an,d Chandra (1~87) found 
chat che error incrodu.ced by using average surface Cp i:.aeh•F ch l~~al Pp was: genera~ly ab~uc . 
St . . _ A similar c~ison , by !Jiran ( 1985) shoved th• error co be under lOt. Hov•v•r, Cp · 
vari.atione along the heifthc of high-rise buUdiqgs .can. be r.tflatively lar~ . . ,Thus. cha · -
re•rHsion ect"-Ciou ~or high-ri•• buildings were developed for local rach-.r .chin average a r \ • i:"1 , f. 
surfac• Cp. · 

,., , ; 

~ind Anglo agd Building Goo!DICrv 
' f". : "':-J .c 

,:. ~~ ' ~ ~~· 

~ ) ~-

The coefficient of pressure varies cons iderag Ly wi ch che, approSich •..rind arig+,e and. 
Lesser extent, •..rich cha geomecry of Che building (i.e., side rat::f.o arld roof slopes !_. 

·' ):; :: 

co a 

,•;1 "' " ·1,. .:~ 

Cp daca, ei·eh•r' mean or loc~l, .·. are usuall~ ~iven l.n cems ~f .~he '.ol'in~ :in~·~e · foF_ each of 
i:he four surfades constitut:ing che house;. " Mose ,t'!!!i~!Jt'Chers ha'l'fe <:!efined che .'"'1.£1~ ~.ngle wii:h 
respect: co the : windward wall o~- · Ch• buildii;ag, ; met Cp ~c;p. f.,.~.r ~1::1 f~'ur. walls af.~ · ,cabu:laced -' 
wi ch resp41ict:' ~ ch• wind angle. ; ~· d~sadvanr;:pige . of ch ~,s- pprl?~c.~ . ~ having .. ~C! car0~._ che wall . 
number u an additional parameter for .curve ficcing . It 1.o1as fel 1f..1 C~ac 'd•fi.,o~:r~g · the ·..J~nd angle'' 
with U•'P.CC CO .Cha. act\l.al surface. for_ llfhich C'P is sought, ra~er . thi n' any_ :o'ne surface, would -
be more •'Pttro'Priace and ·would bei less cumberso11e• f<J.r · curt. fitcing. Since all ,..,data . are' · 

' • • i 

avail.Ol• for nccangular buildings, th• data could euily. be convert:•d in cenur of our wind · "' ' . ,J., ,_,, 
angle definition. This would elillinate wall number as a dependent . para.et:•~ : The wind angle 
is defined co be th• angle becw .. n Ch• outward .nomal of a surf.ace and the wind dir•ct:ion and 

)"/ 



is always a poaici-ve value becween 0 and" l80 degrHa ~<s•• Figure l). Due co Che s,...c:ry of . . 
che daca, Che actual sign of eht..?: ,angle i.s::: uni.drt>orcant. , Th• solid lin~ in ch• fiF!'o is che 
wall surface under consideration, and cha doccad lina · indicat•• ch• reac of che building. To 
accounc for ch• effecc of cha adjacenc wal'l, , cha par~me_tar side ratio (S, in :: Figure l) is 
defined and is another parameter influencing cha Cp value. Daca for all cha surfaces were 
convercad into chis fo1:111. SaJlll>les of such a conversion are provided in S.wami and Chandra 
(1987). 

,. 

two other para .. cars affectin~ Cp nrP. ehn r.nnf ~ln~n (~) of eho wnll under consideration 
and th• roof slope (&) of che adjacent wall (illustr11ted Ln Ftgure 2). 

Ngrmeli11d c, <wr.i 
DiffarmaC' ruearc:Mn hsft refenraced C, bued on V9loc1t1H ac d1ffer11nc b~igha. Sine• 

it is pr01taHd co u.e C, referenced co Cha vwlocicy ac Ch• b'1ilding height, . all ~ data in the 
literacura mu.c be re-referenced. To do chis , ch• velocity profile of th•- sCUdy will have co 
be known a priod. Thia •ffore can be conaiderabLy simplified if Cp ac different wind anglH 
are normalized with re~c co - -~ ~ ac a fixed wind an9l•. , .atnc• cp . .at a wind angle of zero 
dagr"•N is uauall..y ••t reliable -lUUl · chia .1'.alue ia p,t:11Vicled by ••C s~iH , all C, are 
nonul:ized with r99tJecC·· to· the C, .e n:tur wind· angle of .• )f:are dagrH•. The ~ormalized value• 
thus 'baco- indlqJ9ndaac: of ·th• ra.6eraac• beighc, arid it a only needad c, ref•~•nc• th• Cp &t 
zero dagrH• c6 tbe.,, eui.lding height . 'nti.s will resu:l\C. :in the ""alua ..of -normalized Cp ac zero 
dagr••• to b• 'l,O regardl••• of all ocher .par ... ce11S~ which facilicac.s ·in curve fit~ing. 

( ' 

, \ ... 10t. 

.. - r ., . .:f :·.. l .1 • • -. .. • , ., 

PrHaur• coefficienca from a number of .souretl9 ;wire· :•uin9d .for. useful daca ~for data 
reduction and couolidacion. the Air Infilcracion Cencre bibliography (Allan 1984) wu U8ed 
extanaiwily to s.Uch for original- sauce documents. · In addition·, ,~_. re...rchers in ch• 
field w.r'il conCac:c.d dir.Ct::ly. Tabl• :.t ~z.. ch• . SOm"CU \lad·. and giv•• _!;he pu-ters •. 
ucilized by the au.chars ancl the C, valu.a at zero incidence. · .. Refer to S.•ami·. and ~dra ... 
(1987) for th• dacaila of daca exttaction. · 

Th• daca excracced for low rise buildings yielded 544 average wall data 
represencing several chousand local Cp data that were digicized from c~cE~F p,:~~~s. 

po in cs 
I 
: .. 

- A COlllJ'Ut•r program was used to obtain curve fie for th• normalized C'P data by seep-wise 
i:-egressiort' eechntques . . . Tha· program ·was run 'W.ith a .L'arge number · of 'l lP<>.ASibLe; parameters, 
generated from die l::oribinacion o'f "Vind angle •(<i:I·). 'l.t-ide .racicv ( S). <!-l'l<J, .-.roof an11h .s <-r and, 5) . 
wind . ~ngle a~d·. ti14l,c;t~ng ili:_de . rat~o'" were found to- signiflcancly-t lnfluence Cp. while ro~f angles 
'"ere 'insigni~icanc. "l,· Thi.t· could ··be du t o ~0111e o: .. conflicting, daca as_ well as eo th.• fiJCt c:!'!ac 
only wall ~" disttibuciom are b'*ing .c~rtela-ced.~',~·- ... P-. .. ·' ., . ·~t~ 

., r.~: ., • .';· 
.,. llit?;ucl:t" significant par.-.cers~ obtained, Che accual- ·.fom was cqpsen .• Th• nacur• of che ;,. 

daca·· i.mii~aed · s...,.ral corwcraincs. . _ :1, .i 

l. Regardl•s• of all ocher parameters, cha no1:111alized Cp lllUSC always be equal to l. 0 
for zero degrees wind angle. 

2 . 

. ,. 
The eerms containing the root angles in che equacion muse: dis.appear 
equacio.n when they are zero, leaving, Che i:-ese Of the equa·!Zbon inc:ace:;. ~ 

. \ r .. 

from c:he 

3 . Since c:he natural logarichm of chc side r,ic:io is the significant pnramecer. chis ~ 

· ' . ' e_e ria '.·i.t~ ll become ·· "%ero 'for s-L . !liese· · c:e'rms - muse ,be _chosen so·: chat th~Y do ." ·noc: ' 
. . " . aJfec!:- th• otfie~ · ' cat'!DS of" ehil equacion-. T·o'.~ abide . by ches• • consti;ain~s, term.If ' 

.. ~- : ~-. c~n~]&'~ning sid:a .-ra·tio ·as well as rbof angles wen cdmbined wi:th. sine ,~nccions· of ; 
; .: · :,; wincf ~an&~'! $0 ch.it~ . t~es.ii C:erms wou1.d1 vanish for ...,ind angle of zero dltg~aas . The ; 

.. ;inal. rtH:o-nded ·equation ·is: · ~ · . ~· ' -.: ~ /.;.:··· '.;· 
J I'• > w.' ,;.;. I • • • ' :.: ~~~ '•.· .'~ • ~ ~ ..&..f • ~ : ·: ,. . :Ncp - I.n(CO + Cl'*SIN(e1/2j ·"+· 't2~!N2(e1) + C3*.SINJ(2*a*C) + C4•COS(e1/2) + 

.. ... . · ·:.c!5*G2•sIN2(11/2> ' + c&*Cos2ce112» "'' 
. " f ; . , .. H ;; . .' ,,. 

" ; .. (l) 

wher•: ·· ; ' -. .:. ··'· 



~Cp is che normalltzed Cp 
Ln denoces che necural logaricha 
a is Che wind angle in degrees 

,; 

G • Ln(S) (nacural log of che side racio S) 

· Th• coefficiencs of che equacion are: 

co - 1.248 
C4 • 0.769 

Cl• -0.7Q3 
cs - 0.07 

C2 ·- · • l.175 
.c~ - o. 717 

' ~- . ... 

C3 • 0.131 

The correlacion coefficienc for cha abGV9 equation is 0.797, which is a good valu8 coft8idering 
che diver•ity of che daca. Figure 3 show• a scaccer plac of cha ob••rved V9rsu.m predicted 
data for lCN·ri•• buildinp bued on !quacion l. Longer canelacion• involving mr• car., 
includiq roof an1l• term, and a slip.cly hip.er carrelacian coefflcianc of 0. Ill uy be 
found in S-1 and Cb.mdra (1987). 

The ob••r.r.d NCp and. Chae calculaced uin1 Equaciq,p l are ploct:ed . against: wind angle for 
cwa cue• in Fipr•• 4 and 5. Nace chac ch• curve fie perfai:m adequately co~ared ca ch• 
experimncal daca • . Slailar comparuou for all lo•·ri•• building .,cL&ca are given in sv-1 and 
Chandra (1987). 

~~ ac Zerg Iru;id,epse 
( , .. 

Table l gi'ff• ~ qlua• ac zero incidence fro• each so~c• for che long . wall and short: 
wall (s- d8finicicm of long wall and short: wall in Appendix A. l). 'nte daC& are highly 
div.rse·, showing- 'flO firm trend vit:h re•pect: co any pariUl'eCer. r.Jhile ic is expect:ed chac , che 
open .. terrain should h&V9 higher Cp than cha suburban cenain •• which is ch• cue with 
'71.ckery's (1983) daca •• cro•• cotqtarison of 111ckery's (1983) open cerrain daca wich suburban 
daea of ocher referencH such u Aahley. (1984) shaw• Jwic the · oppaaiea. Jeft.sen' s (1965) 
values for large turbulence are always higher t!uan for s .. 11 turbulenc8, indicatin1 a conflict: 
in ch• daca trend. On ch• ocher hand, Akins ( 1979) shOV9 no change be,cw.en shar1: and lo!'lg, 
wal.l for all chrH &91'9Ct: , racias. It should be poi.need oue thae the idea of nonialized Cp 
develo'Ped earlier re.Ove• many of ch• unc•rt:aincies of individual experimenes from which daca 
are gat:hered. · _,. ~': "· , _ . . . ... ·; '· 

In ligi\'c :of 0 Che 
represenc · Cp at z9ro 
average Of all ~pS aC 

•· ..... ., ~ r _, 

aboYe, ic ~ tsn · suggested ., that a.o.. ·unifq):n. r.11alu•,.of 0 1 pO ·~· chosen e,o 
fncidena.· for ~lL :icypas .· oL~le>w r:i.a• !.buil~ngs: This represenes chit 

zero incidence .. t 0°<': ')'." 'l'.•:'" ('.I; • ' - " - .... ' : 

'-"· ~ ~ < ~ • • 1: rJ ~ ., • ,., ' ' !• ' .. I • ' .. , '" : 
(. .. .. lo. .. .. i 

EFFECT QF SpRROYNQING BOU.DINGS 

1'J 

M •• 

Surrounding buildings can · have significant effect! on cha ai~flow through b!fi. ldipgs . . 
Correlation. for change in ~ dWI to ch• presence of three S'Pecific sunounding plliteernr- - · ~ 
rec;tf,ngular,, hexagonal, and a single neighboring building · - were carried oue by Swami and r. 
Chandra (1987) frbiii th• data available Ln · I.Jiran ( 1985) . Since th~se are· <1nly specific 
effects, chey are noe preseneed her•. Howev•1t'. corr•ctiion f~c;!iors °i•ra ~velo.pad based on 
tbll generalized shielding coefficients of Sherman and Gr'i)llsrud ( 198~) , . ,~ttd ch•, eff~c cs o.f 
... ,-ingwalb, garages, and tJ. ' shaped floor plans ar11 presen~~d below . They ai:;e· believed co ' t:le df · 
m~re·. prac'ticf l 1 si:~ni'ficance'! '' :" ·., . . ' "•(·"'. ;;;-, ,,c - nri; .. ~ ) -:: 

. -. 
' • \ I •, .. "' "; • I ' • 

r Th• .factors for reductio~ in airfl9w du.~-. co shieldf,ng we_r ,e. calculac:,ed . ba3ed .. of!' ', che 
geper•lized shielding coefficieuts of Sherna!'l and Gri'msrud ( 1982) . Taking . che ir° Snle'lding 
Clai,s I ,co re~rese c a• to,calliy 1,1npbstrucced · ho~e, . Che · cornc~ion fact:or t t> be app,,~~ed for Che 
ocher class•• . wu. calcU:laeaci' 'by taking ch• racfot"of che ~heman ¥d ,Crimsrud coef(t.ci"ents wich 
r¥p•~;c to ch• .iuft.hieleied ; class. The ' calculated co'C'rectt on ~actors are given in '!~b~f 2'.'· 
No.ta chac ~~ correccion ~:ace~rs g~ven i~ th• cable s.hould b~.~ppl!ed :.co th~ vencil~eion~ flov 
r~te and nae Cp·, . .1• • • ' • • 

• . , o t I • (", 

t·- Co=.ect:ed .A~ • .A~ ·* C.f · 
... , , .!.. · . 

(3) 
.~>#-: ·-,, 
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where 
ACH.• air change• per hour 
sci:t-; shielding, .correc1:ion factor 

"' 
?respnsa of Garago gr ~ing ~1lla 

The prasenc• of a garage wall or wingwall protruding from a . wall will drastically affect: 
th• valu•· of c11 depending on Ch• "Pl"'onch wtnd :i;,p;lP C,Flr,\1rl'I 6 11hovs ti cypl~Al lnyouc). Since 
no 199asured d&ca are avail.Ole for this cn.se of _p actLcal 1mporC4nce, the following ls our 
be9c engineering judg ... nc. Stud.1•• done by Chandra •C al. (1983) show chat for an angle of 
Ill' to 90 dagl'H• bec:veen t:he s.arag• wall and th• approach wind (u shown in t:he figure), th• 
value of C,, on. the wall ..y be a~ to b• t:he valu. ac zero incida11e•. For ansJ.•• in the 
posit:iw dlracd.on beyOftd 90 dagr.... Che effect of th• garage or wing vall 1a minimal and ' 
th•r•for• no •di.ficacion 1• sug .. ced. For angle• in th• aegacive direcc1on, u shown in 
Figure 6, th• pr••enc• of t:he garage or vtngwall produce• ne19c1ve pr•••ure• a. if ch• wind is 
&Pl'roaching froa th• leeward sida. In chis cue, it is sugp•c•d that th• window are .. of th• 
wall u.y be addad co Che window a.r ... of the leeward wall of ch• building. , .t. 

Q-Shaped Bvild!ns 

Figure 7 shows a C)'t'ical U-shaped building. Since me .. ured data are·unavai1abl• for this 
co~ · building shape alao, c~•ns• guidelines are reco-.nded. , Th• C-p of th• wall 
foming the inner sud.cu of th• U should be modified as follow•. For · approac:li wind u.p co 45 
degrH• on boch sida9 of Un. 00 (Figure 7), the Cp valu .. of all t:tt• U-walb uy- b111 t~ as 
che valU. ac :r:ero incidanae sine:• po•itive pre•aures will be experienced by tho•• walls. For 
anglu b.yoncl 45 degr ... and up CD 60 degrH• on boc1, sides of line Oo, ch• wall facing away 
frow the rind approach 1• likely co b• experiencing 5UCtion conditions~ while · th• other two 
walls are likely co be experiencing po•itive · pressures . Th• wall facing away: from the wind 
direction should be cruced u lf lt .,.r• a lMVard wall, and tea aperture area should be 
a'ddad to t:he aper~• ar•• of the leeward wall of th• building. Th• C.P for th• ocher two 
walls of the U uy be taken u Cp at :•ro incidence. For anglH beyond 6"0 dagreH, the flow ' 
Ls Lilc.ly co byp .. • the U region, and all walls of th• U will experience succiont Therefore, 
the areu of vindova on ch••• walls should be added to Che Jindov "are.. of th• appropriate 
leeward wall. Figure 7 illustrate• th• dtffare~c caaes. 

·· · . tt.1 L a. ~• ~ 

· ... .. , • ! ~ 

•! ·r 

!Ji.nd engineers have developed five standard terrain classifications. ranging from open oc:.e,an 
fronts to the center of larg&;~, giti~s. ,, ~,• e~rrain · ente.rs i!'co c:he calculation of c:he 
reference wind speed, as discussed i.n th• appendix (Section A.2); since the tall:t"·ain affects 
th• shap• of the approach wind velocity profile. -

"' 
Another question Oft terrain effects is whether the shape O,f the velocity profile affects 

the Cp directly. Akin.m (1976) conducted a sysce11atic investigation of five velo<!iC"JI' profiles 
of high-rise buildings and found that: Cp d•pendence on terrain virtually vanishes i.f :· c:he €p is 
defined with wind velocities ac local height rather than at so1M fixed height. Mo one has yet 
conducted a systematic study for low-rise buildings. !!'nCo"'l'assing all five terrain classes. 
~ose available data are for terrain classes II or III (see Table A-1 for .t1~;~in 
Classifications) and · the data are conflicting. Thus, '"'• have chosen c:q ignore the effect of 
~elocity profile shape on C~. 

. .... , :·. 

QATA REDUCTION FQR HIGH-RISE BYII.DING '! ; . ~ ••. • ! 

·More than 5, 000 data points from Akins ( 1976) are available for all 'four ' surfaces(. for ·three 
;b-'1ildings (length•co-width-racio• l, 2, and 4) and for fiy. wind angles, as well as for 110 
locacion. on the surface of each wall. The horizontal and vert:ical coordinates ·(XL 'and ZH) of 
th• poina on th• wall are nondf.mensionali:ed with respect to th• lengch and he1.gh1:: of th• 
wall. Cp b refe1.'enced with reapecc co th• velocity ac ch• height of raeuur-tll:.' " · ~- h 



(6) 
Becau.e Akin• (1976) in uaing local Cps found no dependence on either cerrain or heighc 

of ch• building, no act:ampc hu been made t:o normalize t:h• C'p daca, and ic wu decided t:o 
curve fie t:h~ actual Cp daca. However, t:he data were·:...converced according co our conventions 
of wind angle (a) and side racio (S) and x-axis origin co eliminate che wail surface number as 
one of the variables (see Figura 8). !he final equation obtained for Cp for high-rise 
buildings is: 

. Cp • CO + Cl*l\r + C2*COS(2*a) + C3*ZH*S!N(a)*S**0.169 + C41"COS(2*a)*S**0.279 + 
C5*SIN(2*'t) + C6*Z!l*COS(a) + C7*COS(Xr) t C8*COS(Xr*a) + C9•COS(Xr*a)*S*'*0.245 + 
ClO*ZH*SIN(a) + Cll*Xr*SIN(a) + Cl2*XL + Cl3*COS(Xr)*S**0.85 

and 

t 

.: Ar • a*3. l41S/l80 (viad ansJ,e in tadiana) 
xr - (XL·0.5)/0.S 

·, ~ 

. . ·~· -

' :·c 
a, S, XL and ZH hav. their UMl&l -m.ing (See definition in Seccion A.1) 

Th• 'coefficienca of che ·equacion are: . ,. 
co 0.068 
C3 - ·l.556 
C6 -0. 801 
C9 0.691 
Cl2 - -0.431 

F1gur• 9 show• • se&C'Car 
Equation 4. 

. '· 
!;'*6.Bl:IUtl g[ m11uc-rm 

Cl 
C4 
C7 
ClO 
ClJ 

ploc 

M 

- -0.839 
- -0.922 

l.118 - Z.515 - ' 0.046;~~; ' 
;-:--: 

C2 1.733 per radian 
cs 0.344 
cs - -0.961 
Cll • 0.399 

" 
of ob9•J:"'l'ed v.rsu. predicced Cp for high•riH ,, 
• • . . 

'~' . 
.~· ....,_ 

b;ul,dings 

AND tSIWmHD vmr1uI1at1 Bi6Il:i 

Q:.J . 

bued 

• c 

(4) 

(5) 

on 

Chandra ec al. (1983) prO'Yides V'el\Cilacion rac•• measured in a phoc:ovoltaic houa• (FSEC· PV 
howie) for ehree di.l:'f•renc wi.nd direction•. 'This ls a eypical three-bedroom, cwo-bach 
residence wieh phocovolcaic panels : ' These values were conrpored .1gainse vn!!ues pred:lcced from 
t:h• correlatiorui obtained: h•r• and t:he ca.Lculacion pro.c.adure · st\Rwn ln Appendix A. Figure lO 
shows Che plan of the hous• and !able 3 shows t:he conrparis.on. tn swmary, . we can conclude 
ehac t:he suggest:ad procedure and th• corr•lat.ions used are quic:e accurac:e ··~for calculaeing 
nacural vencilacion airflow races. Ile cou.Ld not: find ocher •X'P•rimencal measure111encs of 
natural vencilacion airflow races for col'll'Parison. 

.... --r- ~· ,,.... 'if ~ 1,·~J: .~ .. _ 

The " i:i~,~ec1:iv• .of . chi~ '.~cud:Y ~u co synchesize and develop correlacions ~@r Cp daca for ~h• 
widesc .P,o••ibl• range o! bullding sh~p••. ' Thus~ · ··w• had t:o cackle t:h• problem of correlating. 
conflicdng daca from differenc sources, as can .be seen in Table L. _{or che normal Lncidence. 
c? value CpCOl '. · Slnee ch• major objecelve wns ·co drvclop Cp cort'clnci!ons _ns a . ~unction of rhe 
wl.nd incidence angle and che building ·g~omecrlcnl ~,., ra1net:e·rs. che 01.1tly . fens LJ> _l~ "'"'1 c3 resolve 
che 1.nconsiscency Ln che daca was co normalize che Cp d11t<1. r.Ji.t:h che Cp(O) value . 'IJe do 
recommend a Cp(O) value of 0.6. ·.rhich Ls consistenc wi.ch che cat'efully conducted cescs 
reported in Cermak ec: al. (1981) and Akins and Cermak (1979) . It: also h,qppens t:o pr:edict: che 
measured v,~cil'1ot:ion rates co ll ti for t:he only fte ld-1nensured daca we could 'Loca·ce. Thds .. ..,~ 
Eeel c;hac ch;. pro.p'osed.' correlations are reasonable. , . . 
. ' ~. . ~ . :' :. . '. ,. . ·~·,. .· - ··~ .·: .. . .··· ~ .......... ( .:.. . :. -~ .- . ,,_: .. 

·. Ile , ~as:~an c:~ add eh~c · ca1.culacfog airflows through building~ .. ls difficµJt;.:,~ cannot: be 
done w~,th pti~ision. Uncert~#-nc'les 'in th• (sscd.macion of .dee .. wi,nd .~P..!'.•~ al'.'d: .. th11 effece of 
su"rroup,ding: ~uildings a.re~ U:ke~y t:o tie· equal t:c> or greacer t:han t:h• ~ertJl+.nCY, .. Jn e~c~cing 
Cp fro• t:h• propo•ed correlaciona'. · ..• .. . ~ . 

Th• propo•ed procedur• m•• ~ daca fro• a variecy of sources·. All ·sourc•~ gi.;. daca ;;!o.r 
s~l• reccangular floor plan9. Ic will probably be correct co seac• ehac: '?~"F 90.• of :S.ingle· 
faaily decac:hed housing in ehe U.S. is not: construccad as a si11111l• rectangle but is r.:sha-ped 

\_ 



(]) 
..,. 

or U-shap•d or is ev•n mor• coarpl•x du. to th• presence of garages, porch••, •Cc. Realizing 
.- this, we have given •ngine•ring suggescions for caftll)ucing average wall C'P. for th.•S• 1Popular 

house shapes. Ic llRUIC b• scat•d again thac ~~ese are escimaces based on educaced guesswork. 
Syscemacic wind cunnel experiments lllWIC be conducted on L, U, and ocher floor plan. to 
accurately analyz• Ches• cases. , 

Anache~ ~-· wh~re daca are inadequate . is in th• area of roof slopes. Only ~ a few· studies 
have daca on models 'with Vnt'iOUft r.oaf' 11lnr.c-~. Tn nur <lnrn .1nnlynin, ,., .. ·round no 11y .. ermntf~ 
effecc of roof slope, so the rec~ncJed c'!oir.'rttlntlon c.Jocn1 not havo roof slope u a variable .. 
Howe.,.r, on. scudy did sysc ... tically study.th• effect of roof slap•. These data were dilut•d~ 
by ocher scudlu vith rando• roo~ slop••, so roof slope doe• not appear u a statistically~ . 
signific:anc pu-~r. Additional ruearch on this topic ia desirable. ..-.; , 

... 
NOMENCI.ATDB.I 

a terrain coaacanc .U.Ciplier, ND (ND - nondimensional) 
ACH·• air change.per hour, h-l 
b terrain cons cane exponenc, ND 
Ca corractec( now coefficienc' NIL 
Cp • pr••"'1'9 coeffici.nt;, ND ~- " 
CQ ••• - fla- coefficienc, ND .· 
h - haigbc ac which -.cerologica1 ·vtnd daca ar• available, ft 
K - refer.nee height, ft · · 
L • longer sidal dime~ian of building, fc ' ·~ '· 
NCp normalized pru~• cO.fficienc, ND ' ' 
p <;o • local .. vtncl ·pr...ur., p•f 
Q airflow , t'ace, !1:3 Is .. : 
S side racio, ~ ; . 
SCF - shielding cqfraction .factor, . ND 

-,r. 

V nloc:l.ty, fC/s · · • '· "· ·' _,,,_. ··· 
XL dimension!••• horizontal window locati~n ~oor~inat•. ND' ~ 
ZH - dimensionle•• vwrcical window location coordinate, ND 
~ smaller side dilll9nsion of buildings, fc 
ZV - z:one volume, fcJ 

a 
... £, .' .. .. .. . ... 

- .Vind .Jl.P.Ale with respecc" to ·ou~ard ' normal o·f a 
• • ~ J~ " I~· 

- roof angle, degree · · ·' ~ 

- roof angle, degree 
• 1air ~j,cy, ;l)>/;,cJ 
• 1S~Ci-on, 

.o!o difference 

\ .'. ~ 

\ , 

- ' 

Subscfipc 
.. t I 

0 - t'ef ers co z:aro incidence as in Cpo ~I(• 

b -building terrain 
e - effective 
h - value ... ac height h. 

hefght . ' 
H ·' .- .. value ac .reference H 
i ., ·Ch or inlet ~ l. · 

I ' • building t.ncarior "'l- . . 

n ·- numb•~ ~gf ,.~pertures. 
N :... iterac:i,on nUllbe~ ·" ,. , 

0 - · ouelee ···- 1· . 
~ 

r -" ... : refer.uc• '"1 ·~ L 

ref - referenc . .,,,, , 

,. .. 

., " 

'· . 

.. , 

.. :j), 

:.i ... ,f 

'• 

., 

• 
. - 1. 

·, 
• • -I l 

°) .... 

· ... :; ·- , 

"!l • 

!!,; 

' • 
• • • "'t 

I , ; J• 
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APPENDIX A 

CALCUL\TION PROC&QQRE FOR QEIJmMINING VENT!L\,TION BAT&S 

Steps to b• follow•d in ' ord9r to calculate ventilation airflows for a known building are given 
here. Etjur1 A·i gtye1 the flgv shirk gf th• ~tPn~ nr~P.~~nry $9stiqn A. l p[pvidnf n li§S pf 
d•fini;iqn• for ... y rafaranca. 

l. 
2. 
3. 
4. 

,- ... 5. 
6. 

~.. - r. 

Mo scaclr. efface. 
Mo pra•.ura drop in11id9 building, negligibla efface. du. to parcitioDll. 
Parfacc 111.xing. 
~ind profil• can be dascribad by povar law. 
Use of Cp daca on an average wall basis for low-rise buildings. 
Valid far window or ocher wall &per1:Ur•s only, noc far roof l•val ap•1'1:llr••· 

·. 
STtiP t : 
sc• p. 

Gee wind, building, and terrain data.: · 'nl• following daca should be known in this 

Igqaip slaca 

... c height in the. refaranca terrain (ft) 
wind speed i~ the r•f•ranca terrain at haight h, (ft/s) 
tanain coD11t:anc.s of th• rafer•nca terra.in (S•• Tabla A· l) 

· · terrain conacanu of th• building terrain -(S•• ·Tabl• A-1) 

L Lang•r sld8 di.mansion of building (ft) •, :· .. 
~ s-11 side di.mansion of building (ft) 
H R•f•r•nca haighc (ft) 

-. A~~age wiridov -hei'ghc· tfor• ::talF buildings 
- Eave haighe: ·fox'- low--t<iae.4NLld1ngs..;;· tup cd • 3 $Coriell.) .J: 

:• 

~rnagW Pframf s•;1 ~~ .. 
&.. - . ~ ... .. ~ • L \t " ; ' ,£_, ·. 

-~ •' \ . 
~ :•_ l 

.,.:..:.-...... ~ ... -~~ . -- .. ~--. 
At: Area of th• 1th window (ft2) . "X · 

' . . .:..-.. ·n • 

It is defined as the open window area. For sliding or hung windows, open window 
·· -··. ~~·raa 'is typically 40' : of: -the . rough ' opehiii.g in the· wall·~ For .fiuJ.ly operab'le window:s 

(e.g., awnings or cu.-nc windows) a.ssUft- A1 · r:o .J>e .ich• entire .:.glazed area. 'nl• 
; · ~indow, . may or may nac_. ~av. insect sc;:eening. Cor1'.ection factors for insect 

.. . . sc.ra•nipg or awning window blockage when 't>pen' are given lacer ·in Step 6 'Of. - this 
. :·, ;~,s.Cc~~n'~ - · '.',- - ' ·• v-

' ";. ; ::i 

XL and ZH: 'nl• diman.sionsle.ss horizontal and vertical location. of each •window 
wall (f•qt.l,if~~ .~or_) c'i'~l buildings only, • see F~~r.~ S and ,t~~initions). 

.... , .... 
~ • • ' ";", vo, .,, •• ,.~ ... 

on the 

STEP 2: Using H as c:he reference heigh·c: ; ·c;:ilcula'6e - 'th~ -refererice velocity :;(Vref) ac c:his 
reference height using procedure outlined in Seccion A.2 . 

STEP 3: Choose one 'of the following: -.1 

~ ~ _ . If .. all winstows a.re on 
- · See 4. · . .. . ., .. , - p 

2. '_ ~£ lov- r~:t• ~uJ;lding : 

·"'· "J' 

• • SWI window are'u on • . • . ... ..,. '1 • 

- ~ rollov procedure in 
3 . '· If high· ri.sa building: 

vindov locacion. 

a sing.le wal l, decermine the c:ocal window area (A). 

each wall and treat them·· as single wirtdO.."f. ·"' 
Seccion A :- !l.~and detemin• Cp for e'ach .J•t-l. "' 

Follow procedure ~'i'i• Sed'C'ion A. 3 ."and·· de Carmin•~ Cp 
.. .:! r;:: .. ..:, ' ;;u,) . 

Co co 

. ' 

for each 
'.,:-.· 



STEP 4: 

1. 
2. 
3. 

Choose one of Ch• 

Use procedure A 
Use procedure S 
Use procedure ·c 

:.{'.-

following: 

outlined in 
outlined in 
outlined in 

STgp 5: Choo•• one of the tallowing: 

Section A.S 
Section A.6 
Section A. 7 

for 
for 
for 

single windows 
one window each on cwo walls 
windows on three or more walls 

l. If procedure A. vu used in seep 4, ignore Chis seep. 
2. If procedure a or C vu used, apply the following correceion co account for window 

aper'tllre • 

c. - CQ/(l+cQ) (A·l) 

vhere 

C• • ia the accual flow coefficient 
CQ • i• the flow coefficient calculated in procedures 8 or C 

C•lculat• airflow (in ft3/s): 

(A-2). 

STIP 6: Cortecc for window type and insect screening by 111\lltiplying che flow by th• following 
faccors. · 

l. Fully open &1"ling window, no screen: 0.75 
2. Awning window and 60t poro•ity inse'ct screen: 0.65 
3. 60t poro•ity imece screening: 0.85 
4. Na data available for blockage in cu-nt vindows vhen Che vinds are at an oblique 

angle. 

STEP 7: Calculate air change per hour, ACll 

g 
ACH - ~ * 3600 ~,· ,; . "'i .·• 

~ ' • ';. ::... ""~!.... ·~ ..... 

(A· 3) 

~ - Zone Volume (ftJ) 

STEP 8: Apply correction for surrounding effects co t:he flow from ·secti"on · A.4. If ACH is 
less than 3 us• ACH • 3. Note chat Chis value is based on measured ACH in t:wo field 
residences with window• fully open on windless 'nights.; .: 

·.u .. . ! 

A.l PifINITlONS 
• ' •.t I " • .. ! }" 

'the definitions of che various paramecers used in d\'e c'alcul.ition proceaure are •swnmar.ized 
nere. 

. . 

··1 .. E'ressure coeffi:dienc'(Cp): This dimP.ni;lcmlr~!; 'ltl:,nclcy .. ls';defin<1d 11s : 

p 

P'C'.· "· 

p 

P - Pr 
2 

l/2 P Vref 
.... 

~ local pressure on a surface measured by a pressure cap flush with cha 
building surface (psf) 

referenc;e free sere- static pressur• (psf) 
: ~ .t "'-1 ! t ... 

10 
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Vref • reference wind speed at a reference height or fr•• scream velocity (ft/s) 

2. w-1nd Angle <a>: Th• angle <iB degrees> b•tw••n ch• 11ind direccicin and hti. out:ward 
normal of ch• ~all llnder co~ideration (Se• Figure l). 

3. Side Ratio (S): The racio of che width of the wall under consideration co th•. widch 
of the adjacent wall (see Figure l) . 

4. Effective Area (A9 ): Efff!ctiveo window 11rrn (ft2). Dofinlt:ton dlffon for different: 
cd••. For buildlnp wlch windows on nnly nne wnll or wt.ndows on thr•• or more 
wall•, Ae i• th• sum of all window area•. · For probl.- 11ith windoft on two walls 
se. Saccion A.6. 

S. Terrain Coucanca (a's and b's) : Th• value•-of a's and b's cho••n fro• Table A·l, 
vbich define th8 terrain characcerucica. 

6. t..ngeh Racio (XL): The dtm.uionle•• horizontal location of a point on a w•ll. It 
i• the racio of Che horizoncal distance of th• poinc fro• the edge of th• wall to 
the .length of the wall (s- Figure 8). · 

7. Heighc Ratio (%11): The dtm.n.ionl••• v.rtical location of a point on a wall . It is 
defined u the racio of the distanc'• of the point fro• the g:o:ound to the height of 
the wall (s- Figure 8). 

8. Long wall 
Share wall 

of a ~mccanp&J.ar building ls th• wall having th• larger side dtm.~ion 
of a ~unpl.&r buildiq 1a the wa:Ll having the s-ller side dimemion 

9. lloaf angle ., i• the roof slope (degree) of th• roof parallel co the wall for ~htch 
C, 1a scnapt 

LO. lloof mgle & b the roof slope · ( degrH) of th• roof perpendicul.r.r to the wall for 
which C, l• soughc 

A.2 QEIQMINAT:IQN gr p:mgcE yngc1xx 

, .. 
Th• following data !llU8C be known 

Rofor•ns• t1r;ain g1rppec1r1 

h : auuc height in th• reference c~rrain (ft) ., 

V i:h : _ wind spHd, in th• , ra.e~r~~ce ce,r:rain .ac. !te ig.h_t h (ft:/ s) 
. •· .'}. . 

ar & br : Terrain con•tancs of th• reference terrain ~Table A·l) 

Building t•r;ain gar"P't•rs 

K : heighc in building t1rrain where Vref is required (ft) 

11ref - VbH The reference velocity ( ft / s) at: the hei.ghc ( H) in ehe building eerrain . 
T.his is t:he reference velocicy t:hac tms 1_t:o be determined and used in the 
calculacion procedure . · •. 

(A·4.) 

A. 3 PRE;SspRE CQEFDCIENTS 

This seccion giv.• the procedure for obc~i~.ing Cp through t:he cu~• fit · eq\aaciorw for boch 
lov-ri•• and high-rise buildings. 

IJ 



Lpw-rise Byilding 

l. For each wall, d1termin1 th• appropriate side ratio (S) according' to dafinitions. 

2. For each wall, datermin• the wind incidence angle (a) according to definition. 

3 . Usa Equation l and its coafficiencs given in Equation 2 to calculaca th• a,ormali.z:ed 
Cp (NCp) for aach wall. 

4 . Fro. cha nan1alized ~ valu., calculat• th• actual Cp by multiplying th• normali:ad 
value by the Cp ac z1ro incid8nc•. U•• Cp at zaro incid8nce to b• 0. 6. · 

5. If a prap or winpall i• pr .. 1nc on a wall, •dify ~ for Chae wall .. 1.llU8t:ac1d 
in.. Figure 6 • & 

6 . If th• houae is tJ•shapad, 111adify C'P for the innar walls of th• tJ .. illU8t:acad in 
Figure 7. 

Noc• Chae all daca in lit•racure are for rectangular buildings. St•P• 5 and 6 abova ar• 
aut:hors' rec~cion on vb.at: to do for r-listic ho\Ue plan.. 

High ri;e Byilding 

l. For .. ch vindaw, ct.cemim it.s locaciqn in t~rm. of XL and ZH and che · applicabl• 
sida racio (S) according to definition... 

2. For uch w.inclav, deceraim the wind incid8nc• angl• (ca) according co de~inition. · 

3. U•• !quacion 4 and ic.s coeffici•nc.s given in Equation 5 co calculace th• actual Cp 
for uch window. 

A.4 CQRRJcrlQNS fQI SlJBIQJJNPING ElfJCIS 

c·arreccions are to be a11pli•d to th• ventilation flow rate" calculzced . i:n ,seep 7 of che 
calculation proc•dur•, baaed on th• genaral shielding class ln which tha . building is located 
and correction factors of Table 2 and Equation 3 . 

Note that these correction factors should be applied co the ventilation flow rate and not Cp· 

; J .- · 

A. 5 PRQCJDYRE A; S!NGLJ llINDQH 

Th• formula for calculating v1ntilacion rates through a single window is given by: 

. ..,here 

Q ~ l. 766 A Vnf (A· 5) 

Q . 

A -

Vref • 

.... ·.:: \ 

·! ..• , . ~ ... 

is che airflow (in ft:J/s) 
: : l ' ,~r:- ' 

Ls Che open aperture '~ ~rea of all .. windows on thac wall .( in fc·f ) ... 
Ls the wind speed (ft/s) ac che building sice at reference height. For low-rise 
buildings, use eave height as reference height. For ~igh-risa buildings, 
calculate airflow separacely for each floor using ceiling heighc _of that floor 

'1:;. 
as th• reference h1ighC. 

Th• reference wind S'P•N ac th• site refer.nee haighc can b• c:alculaced from 1111~~~r~\o,gic~l,. 
daca•u.aing the procedur• ouclined in Section A.2. 



A.6 PROCEPQR$ 8· QN!! !NJ.ET ANP QN'S QUII.ET 

The procedure for calculacing che flow chrough a cross vencilaced building wich one effeccive 
inlet and om~ effective ouclec 1.s presented here . The procedure can be _used for, a low rise 
building having windows on cwo walls or for a high· rise building having one window each on 
two wall.s. 

Th• airflow coeffici.nt in such roa.8 can be expressed as 

where 

CQ - Q/CAe Vref) - Cd CACit)l/2 

CQ 1a the now coefficienc 

Q is eh• flow (fc3/s) 

Ae i~ tbe •ffKCive window area (fc2) • AoA1/(A20 + A2i)l/2 

where Ao and At ar• tbe open ouclec and inlet areas respecciv.ly (ft2) 

Cd i.s tbe di•charg• Coef~icienc - 0.62 (reco .... nded per sv .. i and Chandra 1987) 

_ .:.:. 11Cp - Pn•INr• coefficienc difference acroH eh• inlet and outlet. 

A. 7 PB,QCEDUBI C· mnJIN llflm AND qtJILiT3 

(A-6) 

(A-7) 

Th• calculation procedure de•cribed here usas the Vtck~ry (1983) modal. Th• model starc.s with 
th• standard. orifice flow equacion through th• 1. th aperoare. Noc.: in Chia procedure, 
aperew:11 mans eh• sum of all open areu on a wall for low· d.s• _buildings or an individual 
window for high-rise buildinp. ~:ll- .~:.:··. ~ 

V 
(Cpl • Cpi) 

.' ... Qi • Cdi ·:Ai lil r111; · "' .... l/2 ~· 
~ ~ .. ~. ·~r. • , . t~fli: . . Cpt~· , e;.,__, 

where 
.~ . ',,... 
~· ..... 

• .. , r:r ,, .. 
J.t.- ~ 

Cdt •Discharge coefficienc for th• ith aperture 0.62 (recoll!IMlnded value, 
Swaai and Chandra 1987) : . _, . 

At • Area of th• ith ap•rCUr• (fc2) 
:; , 

Vref • Reference velocity (fc/s) 

Cpt - Pressure coefficienc for the Leh ~perture 

Cp! • Incarnal pressure coefficient (unknown) 

•. 

.. , 

(A·8) 

.1. •• 

·. 

The numeracor and denorainacor are 1o1riccen specifically i;:o account for infi9ws and outflows . 
Equation A-8 is nondimensionalized by Vref and (effecciye) area A8 !~_tle;-e Ae is the sum of all 
window areas in ft2) such that Equacion A-8 is recast as: 

'ICQ1 ~ C~1 ' : ; ·<~:~'. ' c:p1~~;2 • l. 

(A·9) 

;Ari · ice'riif:.i9: sol,:,_cion (sine• Cpt , i• unknown) is obtain•d a• f~llovs: 
'.· ~ ' ) •.: ' 

. ·.: 

(1) Defin9 two star1:in1 valua. of Cpt u 



(A-10) 

wher• 
n - number of ap•rtur•s 

and 
(A-11) 

and comput• the corresponding values of net inflow ~l• and ~2 where, net inflow for the 
.Nth iteration. 

(ii) Compute a a.w .. cimaca (Cp1)N, for the Nth iteracion. from the relacion9hip; 

~-1 
(A-12) 

(iii) Co!lpUte the corr••ponding valu. of the nee inflow, 

~. and teae l~I < to·4 

If ye•: puc . Cp1 (Cp1)R allll compute the •l...ncal flow coefficienc. ACQ1 
If no : recurn ca (1) 

'The flow coefficient: l.nCo the building can then be evalu.acad by summing ACQt. over all positiv•. 
valu.•, while the flow through a given surface of a high-riH building can bi obcained by an 
algebraic sum over the regiO'ft8 COlllpridng chac surface. 

(A-13) 

A.8 µAMPLE 

A SaJll1'h calculacion cot11parin,g pr•dicced and 111easu·re a \ tentilatton t:'ates Ui presenced here 
Chandra (1983) provides rae.sur•d data for th~ FSEC :PV · house foe three differenc ~ind 
directions. The ventilation. rate for one wind d·f re.ction i.s calcliiated here . Figure ' 10, i.s a 
plan of the experimental hou.e, showing t:~.e_ windo~ locations anq areas ( i.n fc2) . The2"r.,.indow 
areas are open aper~• are~ . with insect screening. The zone volume ls 9300 ~tJ A 'Un1 £orm 
discharge coefficient of 0. S2 wu usumed. .. . 

i ' ; 

IJind direction 87 dagrH• (nord\ - o0 , 'eut ·;.; 90°, .~~uth • 180°, wesc - 270°) 

Stal' l: 
h 33 ft 
Vrh - 8.2 ft/s 

From Table 2: 
at' 1/0 

~t ( .. 
b'C' 0 .15 
ab l. 0 
bb 0.15 

.· 

.. 
r 
·, 

\ 

Sinca th• 111etarological data were collected on .site, . the constanl:s !'or the""raference ::.t:e.rrain 
and the building terrain are th• sain. This,, may ·· noc be the case if, for exallllJ"la > .che 
meterological ·'data are taken from th• airport , and the building ls situated' far away· . L·n a 
develop-nc. . .. •·: ;. 

H 7. 56 ft 

St911 2: 
Vref • 8.2•(7.66/33)*'*0.l~ 6. S ftfs~' 

-~ .• : ., : ~ 1,' '::" ..:' .. . 

- -1~J.~i L;.~ ~:·s;.:, 



Step 3: 
wiudQ!f:a ~ ~ ~ ~ 
Area (fe2) 16.91 10.67 15.3 2.66 . \ -
IJ1nd angle (Cl d•g) 93 177 B7 42 
Sid• raeio (S) l. 56 0.64 l. 56 0-. 64 
0.6* NCp (from Equacion l) -0.337 -0.337 -0.253 0.347 

Correction for ch• pr•senc• of ch• garage is ~pplicable to ch• noreh wall. 
wall is modified to 0.6 .. per Figure 6. 

Step• 4 and. S: 

,,, 
The Cp foi chac 

Procedure C vu progr-4 inco a compucer chat directly gave che air change per bour 
(ACH) gi'V9ft all previou. iapuc.. ?ha re•ult from c:M procedure 1• A.CH • 22.56. 

Step• 6 ch110ugh 8: 
Th• correction faccor for insect llc'l:'rnninB - O. 85 
SCF • 0.88 ( .. a..U.ng c1 ... II shi•lding of Sheman and Grtm.rud) 

Corrected A.CH - 22.S6*0.88'*'0.85 - 16.9 
Meuured. - 19.0 (Chandra 1983) 
' difference • -lll 

TABLE l 

Source of Daca Showing Model and Terrain ~raceeristics and 
Cp ac Zera Incidence Referenced to ~ Height 

Source Model incidence• 
L:Y:l:I Roof Terrain 

c'P ae zero 
long wall shore wall .. 

JENSEN (1965) 2!l:l nae roof Open .500 .559 
JENSEN (1965) 2:l:l flae roof Indu•trial ) : c; · .600 .616 
JENSEN (1965) 2:1:1 l:l roof Open .592 .599 
JENSEN (1965) 2:l:l 1:1 roof Indust'l:'ial .685 .599 
JENSEN (1965) 2: 1:0.5 l: l rnn£ Imh1Mt.rf.-1l . 9l3 .952 
CERMAK (1981) 36:36:2f:e. 1:2 roof .621 .609 
HAMILTON (1962) l:l:l flat roof Suburban .610 .610 
HAMILTO~ e-':;(19.~_2) l:l:l 15 deg roof " .511 .548 
HAMILXON : · (1962) l:l:~ , .,: .. - 30 aeg ·' 'ro~'~ .. .;;476 .493 
HAM!LTQN ' (1962) l: l:],. . 4~ . deg_ .. ro;q_f __ _ · " -~ ' ,--:-.. 546 :~ .. ~ . 536 
V!CKERi{ c °<1983) ··ioo·: BO,·. - · .1.:.12 roof.. ····open '·' '· .564 .SlB 

~--- VICKERY .0.983) 12~: BO, 4:·12 roof 'open ,., 
.403 . 253 

VICKERY (1983) l25:BO 1:12 roof O~en .448 .495 
VICKERY (1983) 125:80 12:12 roof Open ·· ·- 'J ·- :'.'' . 47-9 .186 
VICKERY ( 1983 ):' 125:80 .4:12 roof . S~u~ban .384 .281 

.~ 

VIClC!llY (1983) i 125:80 1:12 roof ~ · " -. .394 .311 
VtCK!llY (1983) 125:80 1:1: 12 roof . 523 .168 
IJIREN (1985) 130:85:52 l:l roof Open .635 . 722 
l..USCH (1964) 4:2:1 0 deg roof .628 .600 
LUSCH (1964) 4:2:1 10 deg· roof .600 .580 
LU SCH (1964) 4 : 2:1 20 deg roof .600 .620 
LU SCH (1964) 4 : 2 : 1 30 deg roof . 740 . 620 .. 
LlJSCH (1964) 4 : 2 : 1 40 deg roof .660 . no < ! 

LlJSCH (1964) 4 : 2: 1 60 deg roof . 772 ' . . 900 
ASHLEY (1984) B; l : 0 : 5 flac roof Suburban .690 r 630 
ASHLEY (1984) 10:·3 : 1: 5 20 deg c:oof . 727 .674 

· ·' i ASHLE'£, :;; -: 0 . ~ (l.984 r.- 2:7:J,:0:5 )._4 deg roof 1. 209 .817 
-· ·:AKIN& I ; ; H979) 41;1 flat roo( .,I ~ ' " ' .6f3 u . 611 · ~ ~ 

·AKINS•.·: (l979f) 2:1 f;Lac rq,oC " ~ . 61!3 1: : · . .. r)61J " 
'(, >" j :: 

AKINS (1979) 4:1 fiat roof . . 61'3 ·• r . . U;-61.J..; . 

Nace: ~er• building height i.1 nae specified, ch• C'P was obtained ac by~ ~ · 
averaging the daea from 111Ddel• of th• s ... side raeio but different heights. 
Lang and sharl: walb refer to c:M larger and shart:e.r building side. ,, 

' ·. 

... 

~ .. ' 

! . .. ') , 



l 
2 
3 

Shielding 
Class 

I 

II 

III 

IV 

v 

tlind dir. 
(degr•e•) 

87 
140 
152 

Class 

I 

II 

III 

' IV 

v 

TABLE 2 
.. 

CORRECTION FACTORS FOR GENERALIZED SHIELDING 

Correccion 
Faceor · (SCF) 

1.0 

0.88 

0.74 

0 • .57 

0.31 

Oescripcion 

No obscruction or local shielding 

Light local shielding with few ob•cruccioft8 
(e.1., a few tr••• or a stwd in 1:M vicinicy) 

Moderate local shieldlni: SOiie ob•cruccion• 
within two ho .... • heights (e.g., thick hedp 
or feftCe and nearby buildings) 

Henvy shieldlng; obstruction around mo•C of 
periaec•r building or tr••• within five 
building heights in 1110•C direccioft8 <•·&·· 
well developed trace ho .... ••> 
Very heavy shielding: large ob•cruccion 
surrounding peri .. cer within cwo house 
heights (e.g., typical downtown area) 

TABLE 3 

· CDllPARISON OF PREDICTED AND MF.ASURED ACH 

tlind Speed 
ac 10• (~h) -· 

5.6 
9.7 
7. 1 

lteasured ACH 
"' (.l982) 

19.0 
29.8 
23.3 

C.alculaced 
ACH 

16.9 
29 . 9 
22 . 5 

' Diff. 

-11 
0 . 4 

-3 . 2 

, TABLE A·l 
' ·~ -,.' 

TBIUIAIN: PAlWtETERS ·FOR STANDARD• TERRAIN CUSSES 

b n 

0.10 1. 30 

0.15 1.0 

0.20 .85 

0.25. 0.67 

0.35 0.47 

,_ 

. _.. · ,' • _. ~-'' ~(.!'lc't'i (>tion 
.\... ~ -., . '· .. 

o .. ~.~~· ~r ' och~"r body' ~ f wat:e"r . .,.f.t:h ac least 
5 km of unres.tricced expanse 

Flat terrain with some isolaced obscacles 

Rural areas with low buildings 

Urban, industrial or forest areas 

Cent•r of large city 

.. ' 
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Wind direction 2 

(Wind 
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Fipn l. c:ono..ad.OM for villlll -sl• (o) Uld dcie racio (S) 

c:;:( Wind dlNction 1 

Q (Wind angte 1) 

NoCll: ca : ;:t.:. :i;btl angle bli~'Cbtr vitld direcCiOll allll J:be oumiard norm.l 
__ c.o .. dla. -11 -·· .... - _ -· . ·- · _ -- ·- . .. 

S : u die d... i:acio ( ~t/V2) 
___ ........... - .. -~.i .. :_i• .~ _'!_~d_!::h.~~~--~·va:Ll_.;~.L.~~cb c;,_.i~ .. ~-~~c 

~2 : is t:be vidcb of cha adjac•nc vall 
~... ~,::;1\.: ::-f-:b·- ~·- t·.· 
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Noa: Cor:ec.ci~ilolillic:aeion for wall AC ancniJ.'J. ');a u follows-: 
~- i. ,. For # in Cb8 posid.ve dUec;c!eon":up c4 90° , c;, -Y be cakmi u ch.• 

.,."""' ., , ~- a1: :ero iDl:i.~• ( 1. • ,; . ~-o. 6) • • 
U. For J 1.D che poaiaft dUead.cni .F-~r mm 900 . no corr•c~ion ia 

'. ' .cuau'Ced.. . . .. . 
~. For J ~& Cb9 n.pd.- UreceiGll. up_ i:o -'90°. ':' 1.ncluaa cbe qen:ur­

in wall AC · 'u if en.,. ue .in v_all !c and UH 'OOmal •quad.om. 
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Noa: cha foJJ.qvi.ug -dif1cacicm co Cp for v.U. A.8, Al.: &lid SI) u sugg .. cul: 
H. . a.o; !. . , For ~ .. p "P ~="·i4!1°· : C:, for v.U. ·~: ·:;.~vmi! ~D _,. :O• uaimad co 

be t.b• 'O'al.1111 a . :~':.i:ndd•naa ... <1•••" C,r.!' ~. 6} : . - ..., . 
· il; ·. For"?0•1ti- #.~ "'P . !=D 60°, v.U.1. Al. p:t4 A{: ..Y ~ _c.akan co &c :aro 

u.1--. ( 1. a: . Cit - 0. 6') . g1DdiDw<•) ~ v.all ~ _,. be added 1:0 
.. - r:::- • " •• dlDM .ill valJ. ,r:E. . e:i . , .• 

~til.~ For pc:1- p .,.~ ccf·6o0 , ,..ii. DI ami .~ _, be~- Q be ac zero 
1MiU-• (i.a., ep·· 0.6} •. giDdow(•) ~' Al: llliay be _.._ co Cbo•• in 
11&1.l. E't. 

iT. FOT -msJ.a # 0..,.,- =60°, d:la 4qMftllna in all i:::nr- -i.J.a should be 
craacaci u 1.f cb.y ara in l-ard rag1011.. nm., Md all cb• &i»•r"CW:• 
u... !.n val.l AC, AA and .8D uui i.Dc:lwk t.b- u u... in v&ll GZ for 
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