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ABSTRACT 
.l ,. . 

This paper proposes an index for expressing the ventila· 
tion characteristics of an entire house to assist in ventilation 
design. 1ib.q overall venfilation rat.efulfillment (OVRF)· index 
determines suppJ">'.lexhaust rates with respect to design goci.lr 
and to t~r bQ;/,(Ulc~ in a multi-room house. The authors'llsed 
t!J.11..index to ~~~l..Q1e various ven#lation systems using exper. •. 
imenratresul.t.rpresented in a companion paper, which demon­
str(Ated satisfactory application. 

~I• ' 11he index CQn represent the degree of fulfillment Of the 
projected ventilation of an entire house. It e,n<ibles easy deter­
mination of the effective operating.range of ventilation s:ystems 
under various conditions;· including the.airtightnesS"'of the 
house and.exter71.Ql condition~ Future study will-include qual· 
itative evaluation and·dtvelopm.entof more accurate measur-
ing-methods on'.site.· " .. .. ' 

'" ,J, 

INTRODUCTION 
\'}1'~i· ~ ' · ,~~r ,: .. , 

Ventilation is essential for maintaining a comfortable 
indoor ~it011ment, '1tlldt ail• &pPI'opriate ventilation design · is 
qe@.s,s~-~,l\Quses1oday .are highly insulated and tightly­
cyJ,l\liU'lJ"te4in:ordeNo achieve, more ener.gy·efficiency.: · : 

'.~'.'J ; >&et'awelO'f'ifi~'foi:reased liircightii~ss of'houses~ cracks in 
the e11v@lo~'.8fe decreased and iraturalventilation is reduced: 
4t.lllW}UC:DJIY, :lhe_tequired amount of fresh air is not provided 
atrdr~Uu~:~tiju1qt sufficiently exhausted.'On the other · 
twi.d.~eseilVa;\'eBtilation,incieases lhe air-conditioning load · 
ailch~C\YQ•n;,rthe indoor environment, for example, 
il)c~aamg dMft~mil'l3~he11ting. in,winter. Clearly, excessive 
v~~Q~'.i&•oot<Wira~lt: from the viewpoint either of energy 
saving?.Oir1~esn&>n.;:l'n~ ~ide appropriate ventilation, thC' · 
eI1ti.1·111!auilding.rftwst lle;cpm-ideredi'ip:the:ventilation design; 
3Mtiit b'.iib:tpqttantsttixe~~to:.iwhat 'degree the sysrcm 
fulfi1ls-Uic prqjectat w:ntilatioo:effect;m many conditions'."' · 
lur~·uts ~h~ ~ ... ~·o::ri~.c'.\ ve\lti.i . :p.:'t ci:· (:~ ... ~ : :~ ~ \.-,: ·~ i:t ... _ .,. ~ ... ::: 

This paper proposes an index for judging how various 
residential ventilation systems meet their design targets. Eval­
uation of the index is based on experimental results for a two­
story house with a n'Onduct exhaust-only~ntilati6'i system at 
different levels of airtightness and inside~outside temperature 
diffe"rrces. 1 

·• 

PREVIOUS STUDIES 

Ventilation Evaluation Indexes Currently Used 

Ventilation~related indexes include air change rate, age of 
air, and. v~nti110ro-11:··effici~ncy ::Tue amount of ventilation Is 
expressed' .by.>~rttilatiot{r.\le~· afr change }ate\ ana~tibniinal 
tirt{e constant (reciprocal number of the air change iate). The 
ventilatiOh ;·rate'is the specific<volume of veniilatio1fperunif 
time. Required venti1atioli, .rates per occupant for 'differefilt 
rooms ate reoommended for1acceptableti'hirquality in rooms: 
The air change rate indii?ates the 'iium~i' ofcfianges of iridoor 
air per .·uniMjme, taking the volum~1 ofi the''too1tl'"Spaeif'liiftf 
account: According to Japanese practiC'e, if alfUh"au!K-only 
mechanical ·.ventilation system is installed, an. rur'.•ge ~e-' 
of approximately.: OS { 1 lb)' for ' the: overali't\b\We; is"recdfti.. 
mended. . . ·· ' . . :. , : " : " · · · ·1, :;:"'n:-

The main indexes for the characteristics of the ventilation 
in a single' spll'ce:ai-e the age· of ail and air-age-dependent venti~­
Jilliort efficiency (air change ·efficiency):The '~e :bf alii iS.Ule· 
time required for a fluid1o:move frolft ah oiitl~!(supP1¥ poftlf 
in a space to a specified poiilL · · · · ·'J•~t·!~t i!ll '7~·'Y p·J ·- · 

· · The room"'meufage of air;" which represents the average 
for an-entire space tather·than a 'specitled·:pcstn~ fs~~ iise<f.d 
As the age of air decreases; the tirrie sp'art;for·ffesh iairtOi-~ · 
the point dccreases:'lllereforei it expresse!i;Ui'e citjfetCOf afrlt 
freshness. · · ' · -· · "- ;;. ; 1:• · - _.. · <" '· !\,·.:.<! of <:.ir 

. · · :The room "air change efficiency" is M index that indi­
cates ll'<>w fasm1et&ttri 'UJr:oilai'ye~·;rne ~born iw. C'tlah'ge effiJ · 
ctc:ncy· is t.o forpistorHrow.:imd~0'.5 'fdr:'oomplc~ ffiffuircJif.fi-

,: · ·· ·A : .J :or~, ,:;- - ~ '. ,y J \:;1;d I' '! f: •• • c: · :i ··• C!'°;":.i: • · · · ~ 
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TABLE 1 
Ventilation Evaluation Indexes 

Indexes 

Q 
(ventilation rate) 

n 
(air change rate) 

(T) 

(room mean age·ofair) 

I :t.\ o• ::! 

Ea 

~ : 
~ 

~! -~TI 

Equations Characteristics 

(m3/h) . 'I Amount or.Ventilation .. 
n =QN (1/h) 
Q: ventilation rate (m3/h) 
V: :room volume (m3) 

.. ,.- . 
Number '.~f changes of air per.unit ~ii;ne 

,•'."- ' .. : 
Qi"' Ce(t) ' ' · ''· i;~.:.Av~rage in the entire .~pace of the time for a fluid 

. (t) = v 
0

1 · C(O)dt (h) ~ to',mo~efromanoutletinaspace ,tq, ~~pecified 
i.· ' ' oint · · · · . . . 

C~(t): Tracer gas concentration of exhaust at time t P · iL ' · . , ,~ ; : .• ~· · · · · '· ~>--
.q.Q): Fi.rst c.oncentration r ',, _j '· ~ 

••-' T 

Ea = Tn/(2 · (T)) The index that indicates how fast the room air 

(air change efficiency) 

f,-· 

"t_n : ncipiinal ~ime constant (h){~l/n) 
(T) : r~m meanJlge of air (hl,;i .; 

,,, changes ;- •'. J ' 
.. \ .. , 

t • Ea= Ul·when·piston·flow 

-~~ t~ 'b 0.5 wh~n coinplctc di.ffu.si~n 
-t'.: .. 

~ ,J ' • ~ I : 

The age of air and ventilation efficiency are usually ..... ; 
measured with trae'er gas. Studl~s of i:n~asr,irement methods 'Ii; c-.. 

rates l:if'each room, vent~.iati~,n quality il! .~~h room, ;w.d the 

•. , 11 • 11'· - • 
and many examples .of actual "n'leasLir~-~e~ts ip,}.a,r,g~ spaces, , ' 
such as office b_uildlng~ an~ .~ct?U.,e~ 1,1 fi~v~~J>ee~ r,epprted. : • 
Table l summanzes~e charaf!~~Wt~<:;s )?fth~~ndr,ices . 

overall balance. Whe~ ccompariri_g,p. quaotitatiyeevaluation 
with a q~li~flve e~a~~io~'.prfority Is ~iy1rq to the quan-

~· tify...J·the·age of'arr and venfjlation efficjency.shou\d be 
evaluated after satisfying the teq~jreme~~Jo"r q~tlty . An 
ideal 1 index should express· alt :fu~e ite~s. q'ut this paper 

Problems of Ventil•tion Evaluation Indexes 

The indexes described abo:ve -are us~d tO evaluate venti­
lation volume and quality in a space and to iridicate ventilation 
rate, air freshness, and room air change rate. However; all 
these index~.s ref~; t~r~ ~~gle spflc~, If,J!1~>J.~~ applied ~o an 

•"entire hO~ss:',~ith. m~!.ipl~ f.9.Yl"s, te.ac~ F.9W is evaluated 
indepen~e~:~~~~~8 the ·Qve)~). n r:t<?P1ance gf a ventilation 

. system,' ii'itluding balance be-tween rooms,~·~ evalu­

. : illted!ITiiif~ It is diffic'irtt to apnly !H.efu~fo'~\,wuat~fu.l~"ment 
s:- ~J& .. r -1!\J L1-l".: - v:rr 

.. ortA'e ·ventila~on de~ign of~ ~y~i;at~ .. ~esid~!!~~ .P.!-1~.Pll)s.. 
,u: ' ; .... J I _,, 4 • ~ • J • • 

PROPOSAL OP~NEW INDEX~;~ .. ,:1 ·•'"1 ~" .... ''"I/. 
· • 11" •,:J 1 I .tl\::::!!ft\ 1 I} . • I • .''Jilli 

·:. -; , 1~· ~ s<>Ju~}?~°Jo~$'~ <Affi~ultie~ 1"!9!ed a~v~j:-this: paper 
· pr~P.~es a:~e~ 'r'.fAtilA~~~ perf.o~anc~,~y~~fjo.niridexi~ith 

'th8''f'ollowmo ·~,haractenstJcs. - u ... · '.!!!.:, '- n0r!r:2.1.~::~ 
. , ,, ·:. ! fl' · . "1~11 1 ~ 

·· i. Tlie.char~teris(ics'.afventjllltion of~ tw'1tol~·ho.is'e' fu.e 
expressed by a singlevalwe. This means v~tilationsystems 
can easily be compared and evaluated wider different 
c,ondltions and results can be used in the de~ign. Qf iJ suitable 
ven~tidifsys~ni'. ---· · -·· "' ... - . .. ' · ' "' ·· 

2. The balance of tlle ~~ntfl1d};;;;,· }a/e in ;~ whole house is 
expressed The ventilation rate of' each room can be evalu-. 
ated a!?d the ba!~'lce b:t'J:ecn rooms ca.1 be exi;rassed, so 
the ventilatio~ ~~'~igl\8fr~~ ~ifR ~~~~be evaluated 

}fr .. ~YE{~[~~'?:.9/!l!!J!1!itx·i!Ji~ p~sc:, of-jn~ta.Uin~ a residen­
~ · t1aT vent1lat1on system 1s to P"%'!lc.W J~Qu1red arr supply to 

, 2 

and ,e~~~~ ~?m.,,,.ch-~W·~~ t~~~ ~~· provide veJ1tj­
ladoil ·~'fficte~tly i~ e!l~i} r~!'1 · Jh9~Jy,i;~tJt ... ~,evaluation 9f 
ventilatioli'mci\:ide~as~essmeri~ of tlle supply ani;l exhaust 

~. ;:rroc ~·ii. . , ::: f:'l -.~; qq ';": ,.£ 1 ~-+~ - - ~ • •• ~"';...~ • 

•r ' l..L .. 1-· · • • •L"' . I ..; 
-- ".· -iu1evaluates·qfuintity alone as me nrst stc~: · . . 1 

, • • J ri._' o ~ :t 1~'.' ;- • )-:1 I"' t I f . ;, 

.. 4. ,. ~!).~~i?P.ly~Jjd,is,(!r[gui~~dfro"'ra~1. ft, required-venti­
... 

1 la~1o'n ' ra~~frj8:~m.~l,¥1.eq. for each. t'QOJD: t01maintain a 
. • ~~d ~#~t ~ ypv~ept. H~}V~y.er; $-WC.e :Nentilation 

~-: . ''.~ in_~~,fy~~ ~.ir}Hrfly: .and ~~austt ~e~q~.d.,v'entilation 
J ~.11 ,~~r. vary:~~~ the. type of roq111. Fo.r ~x.at'A\pJe; the rate for 

· · ~le~.~~n~~~ucq ~-~droom.s and hVIJl8.r:.ooms.~-sh.ould be 
considereoas Tue supply rate of fresh air:;1wihereas.the venti-
latio~ ~e of ~i!tY ZOPif.s,, $~ch ~rfoi!.~~.~~.ba~oms, 

._..,,. '- · sliSBi\:i be 1cdnsilt~d· ~- th~ ,c:~usf. ~t~ of po~lu~.9.. air. 
• ::£ 1.: .. ~1'1\eret:Qfe; f'.li~~ii'Pl?h·.rl{t,Cjs ~~j,9from,!l!~ ~~ust 

~ ! ;. J, rare; eabb'10f them'(i~:Wv~~ed s.e~ely~ aod, {malty, a 
• C>L J<: VWU~·~s: 0~~~ f<>f w~~(>Jer:aJ(v~.dl!}~l~~· The .. it)~X 

'.lif. .T cafc~Jatidn ifi1tpoo 'fs ~~Cf:i9e,dpei.9.~n~H1 '>f< • · HUI 
''q i:" u~ tl ~i 2: . ;r ~ ·1 .1-~ .,. :- ~J, . ~ - rr:. " \• _t l- ... - • ' ,. ~:· 

· "0Vara1r S'up~11 Rite ·;:Jmff_.n~~$.RF ... '·. · \~ · .: , 1 

, .. ~· . , .iI• t ~' ·•1:1: .. n. ,,~~- -:; •• ~~ -~ 4 .i. Ji r .. 
ft .' ;·p,,§;~1~0.Qq!pt;for supply.·iiate falflllment.~Fltst;' SRF, 
~ i.t;~~tP.~ ~ SP.PP)Y1fillfi llmentofieach·ioom: is ~<tefirte°H'.'Sirice 

ttiE . ~l\g~~ :i§ ~tn~end~·tc? evaluate quantity, ·SRF' i~ · difiili(f as 
: -~ ~io qf:!P.e acw~hupply:.ratc-to'tlie requltid iate!·The..,raiio 
~ -~~ses th' ,fulfillment, forlltie..room;-:; 11 ~"' · " • • ' · ;; n 

~.; ;~ .~ ::SpecifyiD~tbe~red Supply .btdo~·Ea~ti i:&~. 
-. "!:"n.~.X.AA':l~ ·~§htairisuppi¥ rata(P1) inet'for each' room. P; 
is used1as .t4~gpt fo1tthe;¥etltil~on.d'g1gn; and th1e house 

1,~9, ~<entil~!Pi:i. sy~~fi.I ·!1fe.4esigned~to achieve this :value .. 
''"~' -:' 1Ji~r90ro.s,thaucquireireshia~include¢learl zories;such 
,M ~~~ ~4:li'ililg-100ms. niemam pmpo§eof'suwrylrig 
.ftesq !lir; ,tg G!P~ aQDe~; ts,to •Gliluce .p-olluWits. such asifaibcin 
dioxide, which are. genented.4.ndQOrs, td the penfiissible' fe\i'el 
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and exhaust them to the outside. Therefore, it is suitable; ror 
example, to calculate the required quantfty of fresh air from 

. _the amount of carbon dioxide produced by an adult when he or 
she rests and the prescribed limit fo(~;i.rbon dioxide. The 
caleulated quantity is specified as the required fresh air supply 
rate (P;) for the clean zone. The required ventilati9n rate is 
recommended-based on this in rriost cases. Contaminants other 
than carbon dioxide that are produced indoors include water 
vapor, body odor, and substances from building materials. 
When there are several pollutants, the carbon dioxide concen-

•. ; tration-is generally used as an index for .indoor air pollution. 
The"required fresh air. supply rate (P;) \S. specified for clean 
zones because air supply is essential there. It is not.specified 
for locations that are occupied less frequently, such as_d.irty 

!"' 

where 

S; 

A; 

N 

N 

S; = A;+ L ·max(O, aj · Qj, ;) -

j = I 
N 

I max(O, a;· Q;)- max(O, a;· B,) 
j = l . . -

, (I) 

'iT .effective fresh air supply rate, the rate of air that 
contributes to dilution of pollutants in room i; 

direct fresh air supply rate, the rate of air that is 
supplied directly to room i; 

.number Of rooms (excludes external space, but a 
n,ii.?'iflg bQx .m the duct system may be included); 

"· zones and staircases:-· - - · · · ·· - · · · ·: ai = surplus fresh air supply rate contained in the air 
· · Concept of the Eff~~li~e Fresh Air Supply Rate in exhausted from room i; 

Each Room. The actpal sup~;( _ai-r ws, the req~ired fresh air ' '. Q;j' ~ .. kte of ~ir flowing from room i to room j (Q;,; = O); 
supply rate (P;).for a J'.OQT.q .i in me house_i~ ~onstdered. Fort~~ '.: _ ~; ,,; ' rate of.air exhausted directly to the outside from 
ventilation in room (the portion of suppiy air that can conirib- room i . 

. ~te to diluti_?n,.ofp~~-~u~~.\~,converted t<:> _¥, ,qu~tity offres~ . If the a!r ~~p~lty. irq he space i~ ~urned constant and the 
... :.~fr: . The c~?.;.~r:ted ~~lu~ ~1• o~~med as .~ ;~f ~ctwe fresh arr r ~ . ~te "~f fre~h' '!1(!1j~t .ro~s into. or out of ro_om i is coJtsidered, 
···su~ply ra.te}S1)· .-r'\~-~~r:-i~55i~ch ~Of>~i1~ expn:ssed by.the ,"fne . followm?,~~-u~~!~? 1s o~tamed. Equat1~n 2 expr~s~s the 

• , ratio of.~~ ~~ect1v.~ fi;~,sh arr: SUJ.>J];IY ra!«;,.(SiA.~to the.· required ·! Jaw of.~ons,ervat~o~ ~~~J~_gard to~ quan~tty of fresh-air that 
~~~h air .~-~~~!Y. ra~~..i~i)1, n.i - ~ (J•. ;Jr .. l'::H flows·mto and out ofana ts used m room 1. 

, : ~-e e'tf~~Ycr,[t.rsll ~it~ul?p,ly rl!-t~ (S;);~cludes the rate of r-·:: .. v. r•w • ,. i;•.:tr, ";;{;. t. i'~ ·..- ·". · 
a~rthatf1ows~~ftl)'. .. frP~ X~P,.IS or~~~uithee~velop~and · "" . . , . ., .... - · B -'~P.;,, 0 a1rthatflowsmfromanoth.erro?m~~~~p.~~-9~µ_i.. the~ter- A;t . ::1/!1·, ;QJ,1•::'.~ ,~· Q,,J a;"'' ~ ': ' ., " 

,.:.·nalwa~'ls ortiodr'lmoe~c.u~Fo~~,fl~~~ct.~e[.C~!ltof~e~rrthat 1 ~· ' ' "
1
· • _ -·~ ·~-~ • : , i . 

(2) 

- ~ ·flows~ 1n d~ctly · from '·thtf"~rde l:on'tripute,s t9 Q.1lunon of .· .• where . · . ,,t '¥- \.. )\ · . . 

. · p~llu~anti:li.in :ootn··;, bu~ ai~~~, 6~~~; ?~*efs~.~ight not P.; .;~ · ·~~u~1n;~f!'esh:ilif s~P']~~~5:~e~.~~ply~t:offresh 
:iv .CODO'JbUte"beeause.O_fcon~~!S ~~'~tqpi;~ r_oq~s. There- .1• d '.arr requ~d ~O d~ut~ to we pe"P,JS~~9J~ h!!J.lt 1, 

·re; fore,'1he fot~ing a're'studied fu ·c.~cii.fa:te,.ti)(eff~s:tive fresh , : 1_ 1 :i ~· 1 pollutarlts'irt.lr~ pte~ctedto be proo.1.;wed.in_Eoom i. 
, iai1::.suppJy:ra"ttf(S;), whic:!h is ~e _sil_bscli)fifJ)f:~s~ ~ir supply n·tfle"outflov.i ·aiidinffowrates({;h }ofairbetw~!!n irooms 
,_ . mte .So· th~Pt~omin ' (' ~ :·:. i;.: .' 

1 
i!U :J:: ·~, :.«, aniflffi~~~i5w~aRaffiflbw' rates (Aij,) of ~i_r,to the ,Qu~ide 

.<'t«~~-utnierrequI~d ftesh·liir sb~jji5' . ~t~ :g::~)Jpr.fiO:~niJ is the arS'. kllo~i\ifikno~ c~~iJes for each room are a ; and 'S;, 
n quanti7 1 0e .. n:~~~~:Y'eg#~~1-~~:~~~~j~;~i,: c~9:tiiminants which can be caJculate~~~.J.<?~ving~cplations I and 2'.J•"::., 

i ~vpr0d~c~d :in r,oo~ 7!!~ lft~)~e~~~iR,Iffl~tt~Jf.~~ffective ~~pply R.a!e _!ulliif~e~~~ .,foi;_ ~c~ Room, SRF. F~r 
• , fresh 8:1r-,u~pl~~t~~(S;~ ~q~~f. ~~ ~'mlf'>~Q. ~~.J~p;. su~ply ·; ·::eacti:.Tdom fdf. wb1cli a requ1_red ~sh .F ~uP,p}Y r<1;J.c);~;~ 1s 

'..l~te{P;) ·for YdaRi ~· ~e· co~-~~-~~.Pf,Ptf!~!i:-~~ ~-rQ,Om / are ri ' )$f>Cct~ed~~lbe.1supp~y rate fti1til~'1h(~~) <J,!,5 def~ep by 
diluted to the pen:ft1ss1bte·furl1rt>y the elfecnve fresh arr supply Equation 3 as the ratio of the effecttve ftdti air supply !ate ($1) 

~te (S!)··· ~f S;~ f 1 Y1e ~1~~11 ~e$4u.~te4:.~~~ tp~ l)lppi~· ,~9~~.n:g~\t~~ fre~~ir.~ply;a'~ {P})_ f?r ~~m· !· . . . 
s1ble lrrn1t by%~~tf\tve'rre~ arr supiify rate (S,);_ In thJS , i-~ll ·i. '"llSl !;n ... '!J ..i;~n' ' '- ") 5>' "·

1 rl•\~. "·~_. • - •1· ~ 
~9~~!driS. H9J\~~ sufficient:rodlfu~tlf.h'dlpolliUan~ tothe i. .. r.:>.,_" 1 ~~tii1.• t·!'lf .. Jit" '.·.f -~"-~'~r:r.~ J x. :!...- '"~· 
; . f!~es. <(_qP, .. ~f:!1 ~ipl~~1~iAt). ' .apa. bh:Jo£iailUtingJt1i. ~ tiO.I lii~ts .• in •. 'Jh: SR.f:-.1; wat/D · 1 : • 'l! ~-r. ;:f ;'.)l "1~. 1.!.!~!~ v~ · ~:' ( 511 :~j) (3) 

__ ~F.fil'J?Ollf.51.AO/ f-i9r.e«ample1ifithepehn"&1t1le OODC~?~'fion I . .f'>l . - 'nHI~~' ·::J~ 
_, 1fo~t"·~s!LQ: (mt~>-()~Jl· c:am:en~ot\t:efir. ajo~~o'11 f!bm ,,- )"" >1' ;>\-•• " • f,; i\ . ft.!n.1,~1C~Cf1." Qi,,) . . .. ~\.;1: .• ·•• 

room 1, the concen°'*ton·,afi~--1 ct-101n(rn~fb)1S u; ·atla'the ·. '"•'"' .,c T ~-rc:y. ,~5li-:i ~ , ~:l iN -ti::=i '~·\ ::! • :-,~··"<"· 
remaiQiMn '1r11 o/a .. ).(.qJ 3~).,q.1\1dSe'l'C!gardedll5'Msh air. . ''b · ··· c• .,. , .......... ~.;:·~c ·;,: • . :,,~;. · ·!; b;.: !:t · 
1~110 )1. ,_.;IP~ .,. VJ .. . tt~fll .. . , r· ,·, w ere ::4-~<;',~ ~, 0 1 • • - .... · 

,«, .. ! ifr~~in.g ~i.. 111,.0:~) .=. cr:»:.a .iB:;defmoo ·jj5!futJSLii:".~~~ ~ir. ~sit:FJ . .1·= AiiPpiy1'llt~ ro1ftltrii~nt'6f'fuoin ~ ·• '·n·· • ., :.: . 
, cq~ ~e S~pcen. ~IOOJbasednponlthat ~utside au-. . . .. ,. ~ .'Y:D> ·rc.. ·. ;..-r .J.C.t'." .:-,.i di'..> ,i_. .. --"• :-.· " ., . ' . ' . - .. -... , . " 'lL.i.it'.'i'· i r,n., . :1 '1l) ' :'"~ °" tf.b.room'lOI' wrnC:n we 1~u}1~ m::~!?.a1r,supp,1y rate 

. _. ... ,J;J1er~fete) :lhe.~ffedti11ei~~"aitsuppl~rat'e~~i~I~ r0om t. , . ... r
1 

• • u(JJj).irtspeo'ified,"t.' ,_., t i :;;-1. ~ :: tic.;..,.1 .. 1.'. • 
-: ~~~!~PS~ ~~R~~tlt}l-J>f ~shrairth~t- ~S'd_irettry lfut~ !he - -~~,: ~I.= .<>effecf v''ne" h' .. 1· ' 11 ~ ,.~. : ('SSl'.;.£.1 · ; I 

rR9~~he. qyaJ)uty19£~blitrlh~~~~t~.~~- 3!1.d ~J•··· r.u.1\-· ..... ... \:~ n•: ;-.~,,~~p .yrat~ . . : ?Ji~RY· ,;: 
,,fP.J!JtJl~tlty1.9f~fr~h ai~~fu>ws:direcily to'ffie au~,~~}f.•s !'! ... ~.:· ~q~~~:d~~~~ ~~up,l?~ptt11:fPrrqQm. ~. 1 

_. • 

.. ~exJ?q~~seq b¥· t1Je. foliowiQ1 '~tmion;,;-;;,.,_ !'":; :!:1·1' '1 • • ->.<.>• - 11't · = substanua\ fresh arr supply rate for room 1. 
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The substantial fresh air supply.rate (P; ~ is the required . pollutants equal the fresh air supply rate in each room. In other 
.rate of fresh air -.yith regard to pollutants thfit flow in from words, fresh air supplied to each room does ot does not 
other ·rooms. P/ is calculated by subtracting the negative contribute• to dilutionrof pollutants before it is exhausted. 
surplus fresh air supp!y rat~ from another room from the OveraTI Supply Rate Fulfillment, OSRF. The overall 
required fresh air suppfy. rate (P;)_ for room i. This value indi- ' supply rate fulfillment (OSRF) is defined as follows by using 
Cates the rate of fresh air required to dilute to the pem1issible LI the SRF calculated for each room for which the required fresh 
concentration limit the total quantity of pollutants produced in air supply·tate.;(P;)" is specified: ] ":' 
room i and circulated in from olher rooms. 

The upper limit of SRF; is taken as a unity. It is clear that 
ventilation exceeding the required rate has a good effect on 
maintenance of indoor air quality, but it is not desirable 
because the air-conditioning load for the room is increased and 
the indoor thennal envfl'hnment can deteriorate. ''Excessive 

OSRF = 
1 

(SRF 1' x SRF2 X /\ X SRF m) l,l m 

where ~ • r .1 ·:·:1(' · ·:~ ' j: 

OSRF ;= O,'!'.~~all ~uppiy ~ate fulfillment, 

(6) 

n ventilation should be' evaluated unfavorably: ·However, it is m ~'~ number of rooms for which the required fresh ti.tr 
difficult at presentto include suth influences liiimerically. The · ~ supply rate;~f.;) is specified. 
purpose of the index proposed here is 1nnited to quantiraiive ., · The overall supply rate fulfillment (OSRF) is"'if c6f;;pre-
evaluation, so the upper limit is defined . by considering I • h~tisi9\i" evaluadon index of verttilatiocl fulfillrn'ent for every 
whether or not the required rate is provided. rodm?~cJmpreh1ensive evi)~atiOn method~ may use eitber the 

The denominator of Equation 3 bec.omes zero when the 1''..,geometric or"iii~-·ariihmetic 'inean, whfoh is the simple m~!!Jl of 
required fresh air supply rate for that room is zero. In su~h a J!> fti itillmenrs· of ~11 'rooms. ,If no 'air is suppii~d to one ~f. the 
case, the SRF is not calculated for the room. If the requtred •, ' rooms for which the requir~d fresh air supply rate-(P1) is spec-
fresh air supply rate is not specified for the: ~oom _and pollutants !fled, the verttilation targ~i' of the overall house should be 
are not circulated into the room from another room, the judged'fl$'rlot aehieved ~ven if.ViJ-ft..ir ~upply ~9_al! the,other 
denominator becomes zero.. . ~! robms ~S-Satisfict'o~. When the a!i~,i:riet}c mean ls used and 

If summation of Equation l 1s done for all rooms, the S.RF = o for one room; it is not reflected.irlllie overall OSRF 
'"fo'llowirig equation i!Fobtained: ! ~,;; - ,'; :;·i; . - ~. ::; v°illhe if the SRf°val~~s for oth1ci- rooms are tfi~b and there are 

"·~ :
1

: 
1

: .J;' -- :i '
1<>i'.> io.· ··"" ·· manyrooms Therefore thispaperusesthe 0 eometricmeanto 

N N NN • ' "" 
1 

• • ••• • • : 1' . .. ~:·;1 °•· calculate OSRF to reflect a low OSRF value for one room 
. ~;CS.! = •. L A + ... ~ ~ri; .. f;;..lXll/-1tSP~-<f;:i QJ, ;) 11~ J. upon comprehensive evaluation, as defined in Equation 6. If 
f = I ' : I I. ,,. J . ' ' • • 

1 1: · - 'N,: N ,, ;. • 1 • -.·~~ 1 · N :; - ~., '.!.. • 
1 
the balanbf:: o.ft~e fresh.air supply is good buuhe v~ntdat1on 

·" '· - ._.i ._. .1. ·("'G11.' .. ,Q; ._ .') ... ~., "''" ' ~'. 1 '0 }·0:.-, ::·\':: 8 .~ .· rate is slightly insufficient for the whole house, 1t can be 
.._ .._max v,a, 1 .._ mal!._\ ,a, ,, . · .· 'f h · I 

. _ 1 . _ 1 '·: , .. _, . _.: ·'.' ·;:' _,~, : ~::l.10 increasedeasllybven:hancmgthefanpower1 mec amca •-1- 1-1 - .. • 

N N (4) ventilation is provided. On the other hand, if the balance 1s 
= l: A - L max(O, «; . B;) r,,.; bad;:m.ore.:thoro~·measures, such·m improved airtigh~ess, 

i = I i"' I .'i: aTe·11CCl:Cssary.,1Therefore,. the balance;shouJd be;emphastzed 
N N-- -·- ·· · ·-- -·-- - - · • : :; r. -for.e:val,uation .. ;!J:iv ;, :-. -: · · . . · . , -r "" ' · .• ::. 

= LA;- !; WI: ',_; I( ~: .:. .. 
.. 

i= I i= I 

.. . .... . . .- ... - , ~; = oiax(O, a1 ; . !J;)~ . , . . , !'- ' . ... 
!l..~ ... :;1·, J ,,.._,, •. -' < .. .. ' ' ' J ."1 .. ~ ~ .,. ,1. .> ...l,.i , . . • 

(5) 

~:'"wtt~te"' ~· · ."'" 1
1 

· .'·, •.rvY; :· .. - ~wu .. -' _1;1> t.:• •: ·l!P: ~ ::n_m 
•·· ·'~· ..... ;, ~u · • '1 ( ' ·I rl.·;, ,p "l~ 11 '!J' if ··' . .;v ·; IL''""·;-c,: . .P 

. o/.i ~ .. :. n;:·; pQ~~\ve s~~.;~¥ ag·~~J>ilY-rr~iJUn!~~~ied 
"~· :i:.r!J : ·,~ •• ~JD w<?g\A~:.~~ ·~u~ide,~Jill:lli.~f ~#l·a~1'1iat is 
~-. _, ~:) 11 ,. ~ .. ~aus1J~~~!~<?Ut~k~npi~ffig~g.wJ~~9~f ,r. 

. .- • ., nol,lutants 1 ~ . t~·.-1 ... .,. .. .. ·:i ,, _., .. ,., ... -.• ,_., .-:·· 
~ Ill .. ~ ' l1t:. 1J ti,. ~ ".,J J ~J ,IJ·4; '·'~'.,._ t:~ , r.__, . •··· ..- • ,;,_," -' I , 

The second term ofthe;cigh~hand;side oftherfirstmw of 
j _:::Equatwn 4'·iS!thCl !Ultal !<fti the positiVl'· surplus ftesh·.air supply 
· ~t,.,.,tk'~t f1nUtd in.tn .!:II rnn""' bn .. .,,11 .• ~ ............. ____ ... Tl..- +1...:-..1 
_ • ~"--, .~~¥"" • • ....,~ rw. H. u•,•'V - • vv••~ :-..~ V&U ua~ Wlti.f "f.,ltLlti.1.1 :.A."""&J.lil• • I: II~ '.Ul.U U 

. terroiis th~:~tal:of.the p.o$itive;surpl~ftcsh-airsupply.rate:that 
· · flctW;S20~,jjo111:a romn.to, all the .othC:F.rooms .. Therefore,ithe 

, ;(SecOltd tcnn· ~Ar!Jals.Jbe1thirlli, tenn-to give Equation 4. , ; r~ 1• 

.n.;; · - Equation.A indicatesthatthe'5Umof.·the ratd:-ofiffesb: air 
.. ~used to. dilute:pollutants'.'in'..llach r.ootn amhthe.ra~ of.fresh air 
. ri·ex~stM:;to the outside-;without.rton~butm-g: to dilution of 

' 4 

. ·· . . ,,,, , :.:n . . Fr.~:!• ! ·_:.. • ' ' ! ': ~J • ~ •· ; 

":Ov.eraU Exhauat Rate Fulflllment;-OERf;; :o: , ' w 
'"j l \,'· J, • ~ : &. {." .. t • • - 1: .;, • t,.;'! '.,. ! ::~,. • 

. . ..,1 ~1c.<;;~~~~.p.t ~f1~~~,it~~t ~te.,(ulfl}~~~t ~~RF) for 
.~afh . ~-~~,~.!~e eXli~~~r ~te_1.fi,J ,fl_~~-~ (~~?J~r. ~ach 
.. 1"09.m 1s ~~tin~ ~ the ra~o ,Q(.Jne ,acruilb~imav~ ~~, tp the 
"re J~ii'ia Xlt' ti ·· r.i~·in°" · ~~e-~i/~fq'..,ihe '· · 'uppJy. It 
i~ lisq~~~~~; 19' ~~n"i1i;. \ti~· ~~;@)Jo~·f £.iJJ. .. Zf tH~w 'rates 
~cer1 'room~ t o'r" eich~\ist."tt Polluted air' flows to ~other 

;.: . room from a room for: which the required exhaust is specified, 
the required exhaust rate and the actual rate should be treated 

,, as follows. • ., . - " r / 0 
: 

Required and A.ctuai Exhaust Rates ior EaciJ.$ o.om. 
T.he rooms that require e~aust include dirty zones. such as 

Vi balRfubms; ·toil~'is:l M<f ~itch~fis'." lii 'th't "air\y z~nes, iarge 
quantities of pollutants, Jfittr vaPt;t;'iil~ !Xiirs are produced 
tempo~fy: To ptevtnfttiem from·fldWmg1o other rooms, 

~' dirtyr1Z0neg:should; ·itr principle, be arranged at the dewn­
stream end:t>f-theairflo:tiv.i path ilf·the;building.-
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As 1mentioned above, large quantities of pollutants are ' K 

likely to be produced temporarily in the dirty zones. Thus, the (a) 

perm issible'concentration 'ratio, 

sUrpll'.ls freshiiir supply ratio when the pc:_rmissible 
dirty zones are considered as rooms ·for .which Ja high resis­
,tance to pollutants is offered and a hi go.er pe~issible concen­
tration .9f pol\4tants is specified. The clean zones are regarded 
as rooms for which a low resistance to pollutants is designed 
and a lower permissible concentrati()n. of.pollutants is -speci­
fied. If air flows from a dirty zone to a clean zone and pollut­
ants leak into the clean zone, the-outflow of polluted air to 
other rooms can be evaluated by comparing the concentration 
of pollutants in the clean zone with the permissible value spec­
ified for it. The ratio of the permissible concentration in the 

.. • ,. 0cotrcentration of ~e clean zone is appl.i_ed. 

. The surplus fresh air supply ratio'.( a) of the clean zone can 
be expressed by Equatiqn IO, usirye ~·quations 8 and 9. 

: . : r ·: J"i'(a) = 1 -'CJ/Kod 

= l~(crd-qd · ad)(Kcrd 

i .... ::;, . = (Kcrd-crd +,(Jdad) I Kcrd 

= (K+ad-J)/K 

(10) 
.i1 ,: ' 

clean zone to thafln the dirty ':icine 'is defiri~d as " ( K, < I), ·.. "t For clean zones, {a;) for e~duoom is obtained by Equa-
which is called the permissible concentration ratio. · tiol) I O,.froJJl a; , used in ERF calcul~tions for the dirty zone, 

Exhaust Rate Fulfillment (ERF) for Each Room. If the an.d'. the.eff~tive '.. fr.esb1 llir supply rate (S;), based oil the 
purpose of ventilation in th,e .dirty zone is dilutiqn and exhaust, p,er:missible c1ml{entratil'){l for the clean zone, is calculated 
the .. exha~.st rate ~fulfill.mejli ~an be ass~~~~?, py cw~pjl.ring it .frc:m1 ,I;:quatio~ .I J.. "I· ~:1.: . 

. : w_~th the specified fresh ~'6isup.P,JY ratttQ: tlt_l!-~iJt)'- zq{l7. in the 
.~-~e way as for supply rate fµlfiUmeQt. A~suming the1~~.tual , ;. 

N l~; - ~ "1 ·,·;. - _,:' 

"required fresh air supply 'iate 
0

(f>1/ \ is the riquirc:.d exhaust' rate I 1 . . I I . t; - . • • 

.. (51);.; ~;+ I 11
fuax(O, (aj) ·Qi.)- . 

' c.. ~ Cf'1·1. · 'j = I . . ..... 

and the effe~tive fresh, air SUPR_l_y rat.e (S1) 1s ~e actual exhaust ;.i _,,, 

rate, the rauo between _these "'.~lues is defiQ;d as ~e exhaust · : ~, , ,,: .. T' 

N -- .. : . ~' Ii.' ' .-; . ;r . :. (11) 

:L niax(d; (a;)· Q;)-max(O, (a;)• B;) 
'j = ··~ .. · ~ ;:. . .4.. . .. 

. .-; D1-~I. h.-r ,..,.;.. . 
rate fulfillment (Bf eac;h, rqom." E~i ~s giyeJl _by Egu~~.i~n 7 by 
~alculating ; for.~#~h, ro0rr1 _by sol ". mi. ~qua1 ion 17 tlie 'CPnser-

"va1ion law ?f.~!e &¥s~ ajr SUf.ply ralr y~r eich room and, from ::i'._ where 
the calculatea value, oHtaining 'S; fof ilie di~ zone from Equa- (S;) 

1 .. • ' ..!' ' ' •• 
effective fresh air:_suppl;Y<@t~ f~rr~pm ;,_based on the 

tion I. · _. .. ,_ ; '1· . ':> ' • :. ; . 

· •1)' • ;;. _ •rp-: '!'..'I 

·. " l i• ' • · ··:" · · 1 -.,J ',.:· ~-~ .. . ... 
'., • • '!t ' '~ f"• , ~ •I I • • • - . ) . ., t .... '- S,' .. · . b : ;ig ~ 11" • , 

"> L•. E~F1.::'iinio . . ~- . , 1 c 'm_tn'('.p'·· f) ; (7) 
i · >•.' .1· •p"' ~ (0, Q' '· ') '. •· I :!' -

. - 1.. min a · •":· •-, • ,; '.. •}c 1' '' J,;. ,J, I '. ,; ' :~ t. .• ""lll 

..... . ,J • . f · . < ·.r~: ( · f.' .. L !C, .· .o··: ~~ .r~~:. ' 

·'- · ·n · <:}towever, ' the surplus fresh -:air suppty rate'-.r,i::fM'each 
t .;,;room:iS'.1the valuei.when,the pennisSlb1e COnceJflt'aiion'Of.the 

dirty zone is used. Thus, the calculated value'0f4/~oaru:rot be 
applied as it is to the ERF calculation for clean zones. The 
calculation ~tne.thocbn· (a). I fur. Cieadrtes..is :disCuasetM1~lbw. 

permissible concentration for the clean zone; 

(a;) = surplus fresh air supply ratio for room i, based on the 
pennissThle'CohC'entiationfor the clean zone. 

The ERF for the clean zo~~- ls defined .by E~uation 12 
using the eff~c.tive fr~sh air supply ra.te (S;) for each room 

{ · '· }, ... ,, \ ' ' \ · 

obtained by Equation 11 . · · 

[ 

• 'l' F : - l (12) 
(S) (S;) 

ERF; = min . 
1 

J" • , , I = mi~( "'"P{'' 1) 
P;- r mtn(O, (a;) : Q;,;) 

j =I • I . 

l,.etting the perf. issible conc1:ptration of the dirty zone be , ~- . . ' · 
,.;, b" }hf~~flmfil~Wes~ifi!~J·~~l~i' fa"fi :"dfih:.la~: 1 i: :.n~ b~a , ': -' The required eXhaust rate (P;fis set to zero for the clean 

;') ' • d , . , •. T i; "·- •'l\ynPcY,n If,. - gt>' 9 "" d If 11 d · fl ·fr th d" dth ' 'the ptl'ntiss·ible ~olicenttatiOn ratio of the clean zone 0e tea zone. po ute m ows m om e lrty zone.,~ .1 e 
-:~ alid'tt1e foijiu~ ·A-e~t'-?arr"· '•~Jp1hh•k4itic? Jttlfl.<f1~air~: <fni~t>~,a) '. ~~b~tantial req~ir~d fr_es~. ai,r supply <!';'~ occurs, !he 'Et<f is 
•r ·w:i ;· · , . \'- ~to.· ~' ~.o. • ~ i ·"~ ~., •· ·i1•'--1~ 1 T ' "' tv · •m" 1, ~~....i.) t' 'iST'11t! n.i. 1£.JC.J.i+'L'. . ~-13.,;-_1,Lrru.L:...J · ·th'l th ... th dirty · die a~tua1 -~·onci!nttaaon i:f ' of'11e po utan!S"cbfltairie'a • air . ·c ..... aia eo. ~:.omg "''i~ .. ,10n r.nor rooms o er an e 1 

~ "~~n~~irlg~~-- '' 'e~~~6.?"'1's' l/~aI~h~e~ bf?7.1f.iri~fi~.~~cf9 . •:' :z8n~-.'~f~~fu1!l~~~~-.h~:~~~4es'~s.u~~-~ ~ii-cases that are 
'" 1, r;, c:. / · .• , ··-' · 1: .. , , .. •(..". · ' ··· C' 'trr.oo o. . -~ not d~ ()r clefili:-z'bnes. ljl]iey~treate-li· ag'·ctean zones here. 

': :.;· : ' ,.: ;: · r, ~ i,!ix'.1 b·.1 · a.~/!• a;J ' ~1·'.~a.i)'" r::: '~ 1; :>'oi! i ·.1 ·~ ' (8) Therefore, the ERF is calculated usifig:~E'l'fuanon 12 for all 
!:. ~1.~ .. . • '" #" 

1 ,., 'u:~~I ( 1.l'I h:'. .• JJ..: ~ ~)~·.: t- ' '.~ ,:. if: J:.·t~;-J1 Y::~ '..- ~ .. {j.iJ~: 1 .r~r· • 

cr, = Kcrd · (1- (a)) c. wr:d !! i. ~6(9) 

' • ' " ' ' ' . ,.<~ ,. ,.{ ''J,1 '· .,.,., 1 ' . ( '""'' r.- '•< ·'HWhtr'b· ' .1.~ 1 •• , .,. . . 1.1.l;.1.)' .. _, ' " · ... ,... r1ei ._ .• "' . , ,J,· 

' ''1". ,. ..... .,. .. .. '?"•rl •.•• , c"'· ,. ~· , r-.•, , ,, ,,, 
~ ~ . '11; _ .: .;. '_ J.C,~a(.<;9.n~eriir.tifc?nofth~·QOify,taili's cont,a1neA_'~ air . _ '" , (,.. ... -f1 .J_ . ~ ";>f' • T ;1"£- .?; .. t 1 fff:~ .. u.n' .. 

... • 1· q ,'.· 1$?~Jnif:1: e~~~~r~' •1r.a ; . 'tc z~; .. '1~u·1 
.- ffo '. ;:>ff . penni~~\:>le,conc«ifLtJ;Wi~Q(tPe.:,d~~i;~r i:i • 

... . ~if .:•'F •. su,r:pl~fre$bail'ijUpp~ratioiW~n~p~mnissible 
c9n!;tmtrati<m ~f thc.dil'ty, zonejs ·am>li~, tri f; Y: r2 

~(' . 4154 

;, rooJtlS;that'ate Dbt;fardirly;Zoncs . . -; :·~ . . ')W>: .<: ~" r 

r:q. · , <hr~rafl .-tlidmust. 'Rat~ 'Faal'nlimenei:nte• abovt: ERF 
-' . • ealciilationm'ethoctcoiisidm olletype ofpollutant. :~h'e:aetual 
i:rihouse ~ •sev.enit dDt¥ :~nes, -and•1ui:txhaust fan. 'is installed 
,, · '. : in~ea:l:h dirty zone. 'The potlutimts 'Produced itfd~ :zolies ;are 

not thecsame.' .aor .. eii:ample, · ~lltitarlts: inolude·.wattt :vapor 
-.i1> produceddnr a blthmom~ :odor:iin<.a toilet, · and oilpfuist and 
· exhaust iD.akitOhoL l'he£RFfor. .. each room:;embe i:alculated 
: '' f.or eac:h polllilltantibyrsdtiug several le: walues acc:bJ.!ding to the 
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Room2 - -·Roo¢-l Roo.m 2 

40 20 .. 60 

-, 
40 40 60 '. 20 

. r_J~---:=-1--L-~-----
Figure 1-la Natural ventilation/. Figure 1-lb Natural ventilation II. . ' 

type of pollutant. Therefore, the overall exhaust rate fulfill-:• 
ment OERFP for ;,~ polluwPt P.t~ defined by Eq1=1ation 13. 1. 

·where 

·: ·. OVRF = OSRF x OERF (15) 

- ~ • • 1 • f; i .. ~ :· , j~'j,n 
OERF P = (ERF P 1 x ERF P 2 x /\ x ERJ;pn) ·c·, : ( 13) OVRF = overal~ventilation rate fulfilhnent; -. : , 

. - . .. .• • r .i.. I« ~ • , :: . '; 
where '' .;r:t "' ,. EXAMPLE OF,APPLICAIIPN OF.OVRF 
OERF = l5ve~a11exhaustratefulfil~~ntforpolt~~t1/i :r:i TO' VENTILAiloN svsi•eMs ·· 

p ' .. . 
ERF = exhaust rate fulfillment for pollutant P, ~, ·' : J · · Actual v~ntilation includes natural ventilation due to 
pn P = number ofrooms for wh1ch ERF ·i~ ~~if~i~ea'.'V -.: r- f! differe"hc~'oft~\\n~eratur~-in.s~de and_~~!Side ~e_house .<~~oy-

- ··· · P · -- --- - · <mcy), ventilation due to wmd, and mechanical venttlatton. 
The overall exhaust tf\t~MfillP\ent OERF is defined by Mecilanical ventilatlon .. 1ncludes natural- air supply plus 

··· Equation 14·as the geometric mean ofCERFP for each poffut- mechanical exhaust as well as m~~hii6-i!;al_ air supply plus 
- ant. r ;- ~- - ; --r -- mechanicaf eib~µst. This section. describes with s_i~ple exam-

1::== ·- , -'-'- -::-::-:-- __ ,'.:-:~:.~ · 11d - :: · '= - - pfesEiowlheind~xpropos'idmthi;pa¢ris.applicabletovari-
oERF = (OERF, x O~~t~.?~_Fd) (14) --ous-Ventilation systems. 

wher~ __ ; __ ; \ 

· "Naturaf Veritilationi - ·-: ; 
CERF = ~v.c:rall~~USil'.3,tet\llfi~lment, -- :':~---··· · --- - · · · - , .. ... -Exam~Ie5,o(aif - flow ~hen ventil!ltion occurs due to 
.<!. - . -_= ~ o~~llu~t ·t - ·- .... - --- \ ~ ..... _.. __ _ ., ... .. temperature difference in ·a twO--:story"house' arc' sho~ in 

,_ . . . ____ ,._ ........ _.. . EigJMes Ha (natural ventilation i).and 1-ib (natural;~entiia-
Overall Vent1lat1on R~e Fulfillment;-0~~ . tion II). It is assumed that with ~eating jP._~inter, ~~- indoor 

-· -The ---everall -ventilation--rate -fuffillmenf" (ovRFJ ~ •~ .......... feiiiperaniie·iS-·iilgiler than that outdoors. For example; the 
-., Q~in~_d_py Equation 15 .from..the. . .calculated CSRF ·Md .. - required fresh air supply rate, ~PJ for ~'c!\roonqf,_2.0:~ 1~ii,t, the 
: CERF. Since ventil~ti-~>n i~ a house.a.Iw~Y.S in'!Q1~$ 11_wppJy __ value of(P) is not.specified-for the· staircase at fbe·center~~the 
;· --iiii;cf.CixnlluS(ihe geometri.c mean o~.OSRF and OERF is n·ot house. No di~y-_!0_1!~~ ¥C d_efmed, .'1Jd oqly 0..SRE is calcu­
>. iisect-'to-calctiiate-OVRF.-- · ..... ··-- - ·- ----· ---~latecCThe. calculation results are given in T~le 2a. 

' . , - • l. -- ·- ~- - - - ·~·- · · - - - ~ - ·----· -~ - - -~ . ... ... -- -- ... . . ~ . 
---+--- - _ TABLE 2a . . 
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I - ·TX 
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w 
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SRF I 1.0 
~ 1---

OSRF 

. ~)0;0-, __ 9.9 ___ , _ ·- -·- ·-- --~ -· _ _,.,.- -·· 
I ,.B I , , ,......., 
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Figure 1-2a Mechanical ventilation I. · ·, · , Figure 1-2b Mechanical ventilation II. 

With natural ventilation ' l, fresh air does not flow into 
rooms 1 and 2, but as ex > 0, surplus fresh air is produced in 
rooms 3 and 4, and, consequently, air is supplied to rooms 1 
and 2. Therefore, SRf = I for each rodm. 

influence of wind. In room 1, S; = IO, and SRFI becomes 
lower, i.e., 0.5-, but the SRF value does not decrease for the 
other rooms. The overall ventilation rate for this house is 80, 

· · and the total of the S values of all r~oms is 70. This is due to 
the fact that some fresh air flowed out without contribµting to 
dilution ~f pollutants. If the fresh air supply ra,te ( W) t,!iat does 

With natural V~l}til~tio°i.II, we ~onsider an exl!Jl}p,I~ where 
the balance betweetf ai'(~~~ply ~~'exhl'plt is lost' dllf ~the 

;; ... - ;, ; :- .. ·, _. ,_·; :· ., ; 1 .. i 

i .. : .. 

.:·.: - I TABLE 2b "J '• 

Calculation Result of Mechanical Ventilation. 
'· :. ~ . . \ ,:· :· ' ' .. f.;., . I • ! . 

•: .., .. 

,. • r- ;?' 

· ·· Mecf\a.i:tical Veii't"ilation I 
.JLjf"f ••• 

:.:.i 1-': 2.: • .. ;:-:-i ''.> Mechanicat ·Ventitation 1f J ~: ·, 

, ..... .. Calculation or.9~RF _.. ll .. )(_ . . - ._ I 1 . . . 
f R.1 ,, ~1 .,_ R.l R.3 ·R.4 s.c. R.l R.l R.3 R.4 s.c. 

Cl 0.0 · o.o~ 'o:dii! o~o 0.0 -0.5 · ·; q.0_5··'_/ : Q.0 'Y ·' 1.0 : 0.5 

s 20.0 20.0 20.0 0.0 0.0 10.0 10.0 20.0 0.0 -: 0.0 

20.0 20.0 ~;:• 2~tQ1/" '! 
,, ... ., 
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TABLE 2c . 
Calculation Result of Duct Central Air-Conditioning Sys~em 

··· ·«~ 

R. l,2.3 I R..4 
Calculation of OSRF 

a 0.0 ' "~o.o 0.0 

s 20.0 0.0 0.0 

p 20.0 

P' 20.0 \i. T l 

w --
SRF I 1.0 

OSRF 

Calculation ofOE!R~lP(l< = 0.01) 

'Cx I 1.0 I 0.0 1.0 

s >; o.o I 60.0 1 o~o 
p . 60.0 

···- ! 

-
P' 0.0 60.0 .P)!n -
ERF ..., ..... .. -
(a) 1.0 . (~99) . . l.O -

<S> ~ " -:" o.o· ;l · 'b.iP 
<J>:>I.' ~'to.o ti ·'· io" · ' 

0.0 -
<P'> 0.0 0.0 --
ERF i :i1:. ., ~K:-1' f.l. < ..'.,~. 
--
OERF ·~; Jc: .l 

Calculation of OVRF 
..... :.- -~ 

AHU I R.l R.2 

0.5 0.17 0.0 

0.0 20.0 20.0 

20.0 _fQ,O -
20.0 20.0 

~ 0 

0 1.0 

m 0 

1.0 

0.0 

•. 0:0 ".' 0.0 0.0 

' 1.0 - .. 
1.0 LO-' 1.0 

... ; ·'· -q.o ... . 0.0 0.0 

0,0 0,(). • . I .'.0,0 

0.0 0.0 0.0 
;-.l -:: ..:·-~·ill ' 

' J~1tr • ...a L··._ ~ 

1.0 r. I •' 

'11\i l •"I ""..!..., ,. 

Ii 

I 

~ 

System II · 

R.3 R.4 

-0.5 0.0 

10.0 0.0 

20.0 
' '20'.0 

. 0.5 

1.0 0.0 
( ~ :1 • ' 

0.0 60.0 
) 

"
1 ·60,0 ' 

0.0 60.Q 

~ ,J • . I .- 1.0 

. ·' .0 . • : .. re '<'2'99) 
, ·~; .,.9.:0 •I .,;r· • 

,_. ' 0.0 

0.0 
~ ,~»·• 

, -1 .:t 

,,.., r ··-1 . 

1.0 
•• 'J .. -.fl' I • . 1; ' 

s.c. AHU 

0.0 0.5 

10.0 0.0 

1~) 

0.0 

II • , . . 
0.79 

1.0 1.0 -
0.0 0.0 
~ 

..;w_ 

0.0 i I ~ 0.0 --
1·; .. ' ... ~' 

-
., .}.O 1.0 

{).O 0.0 -
1'0.tr ·. 0.0 
~ 
0.0 0.0 

O I '· - •' ,, J~ 

..-: . 1:0 

, ,,. " . 0.79 
·1"1' r ..... , :· ... il" ,r·.. .. ,. ·~,\f,;, 1.... • ~ t· .. • a-- ~-.. -- - -~.. --~ . • . . 
i_. .• r , • .. ·~ I~ .. . \ ,• ';-11 ' t \ t •«" J ...$ lfl • - ' .t +'"\";-; i ~ 

not oontribute to dilution ofpollurtllits1S "add{d-tci·fti'e ~Urti ' of .• I With mechanie~I ventilation 1, air is supplied·,in good 
. s valL,ies, the' result.agrees 'with the o~eihlfvCl'itilaifolirafi. ";&.~1ab~e in 'ro~~-~i . jo') ... He~~e:_psilf 9 ,,1. Since :air is 

1\ \ ;I' ' ~u:,c. .~.. - ,,. i &P 1:ii ' • . • ·~ ,.., I ~ 

If the balance between rooms is lost, as in this example, exhausted from room 4, OERF = I, and as a result, OVRF = I. 
it is clear that the OVRT value can expres~ ·de:lefil>ralJe~JTfi-:;;-~- ~fl:Ji:u~w~r~eh~~~~wn Ir~hows the behav!or that can be 
ventilation performance in the entire house with the overal1 ·o8se'k-ea wlien vent1lat.1on driven by mechanical force and 
ventilation rate kept constant. ' ~ t ~- .: -- _. .• ~ntilation by'buoyancy•occur at the same time. SRF "' I for 

. , ~ _ •~ . ... ;. , ., : 111·---- -· ·;; t'l§irq§niy;sllF;.o-:norroomsland2,andOSRFis0.63. 
Mechanical v.,nti~~t1Qn:_;...., " '"11 

_' ·: '."''i. :·: '. ~ ..... - ..... · ~e ratie ~""'1 ·of·frcsh · air that doe. s not1contribute to dilution 
I ., .. ;Ft ,,J ~ 11.:''.:I .;1 . . ., 1 r . :1 ''1 A• ·'·'-'~ of .polluta.Jlts is 60, wplch indicates that 60% of the total air 

figure l-2a (mechanical ven'tilafton I~ and 'Figuf.C 1-2b s~pply foil the whole h_ouse does not coptribute to ventilation 
(mechanical ve~tila~o~ II) illustrate e~amples of cal~atioi; __ ~e ~~~-a~!;:.~.; ,_.." : ~ 
when~ ex~aust fan lS U!Stalled, ~s~~~~; ~at, OJ1e room or~e "'." : ' .J!,~~·u.silook at the~~ ofOERF. Th~!.!gh th..e E~..F forr~m 
house 1s a dirty zone. The requ1&d file~h f& suppl~~P-)-ts· ~. 4 JS l ,'lrirflowS'fu>m'toof!l 4 to rooms 1 ahd 2, causing required 
assumed to be 20,, a.id rooms I :fQ!3;arcregarde811S dem~nes. ~ -~illia~· P" 1= P' 2= ss ). Since the ene9tive fresh air supply 
For the required exhaustirate, the1requifedfresh air sup~ly rate l rla'.tes f~th rooms '!':e zero, th.e ERF\ for rooms I and 2 is 
(P) is to be assumed 60 only for ro9m 4 in w.hich an e~~u~t J_4sl'2:~~<?t~gjy,_Q~RF = O and OVRF = 0. The ERF for 
fan is installed, and it is not specified for the other roonis. The' spaces other than di~ zones is affected by the permissible 
pennissible concentration.ratio...{ 11:-.).cf. other·mams'to·room ,, - 'Conc-entration ratio (IC J.~ft is esThrlatea that if 11: is set near to l, 
4 is set to 0.1. The calculation results are summari~d'., in )·" .. ·tlle ~ERF. 1 v.alue,mci;eases11and -if 11: is · set near to ·o;··the 'ERF 
Table 2b. value decreases. Therefore, a suitable ic: must be selected for 

.>.:'! 
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Figure 1-3a Duci centrCl}_ air-conditio~i.ng system /. 

J .. ' . • ''•. .. c>••=" ~60 

I f>O 'I 1~~1 - f40 I --::. . . -· 

Roo:m. 3 

F.igure J-3b Duct central air-conditioning sysrem II. 

each pollutant. In fact, the .:value of K ·-should be-studied 
further. 

ment, butthe effective fresh air supp~'. r;!lte ($). qecreases for 
room 3 -where the duct-air supply·rate is small. The OSRF 
value is less th~. J, namely, 0.79, showing- a deGJ"ease in 

Central Air-Conditioning··System - - - - - ·airllow balance .. Ir:i this example, the effective fresh. air supply 
· An example-· ~f"li c~filrnT afr:.;eorialtionmg system ·· .:1sed- .,_·rate·forth:e stairciis~ is· 1 O, ~d,µie portio~ corresponding to.the 

with a ventilating systeih'i~-given in Figure 1 _3a (duct central .. ~ecreasem-_room 3 1s sup~l~ed to the staircase. The total effec-
. d't' · t I) d F' 1 3b (d t tral · t1ve fresh air supply rate 1s equal to. that of system I. air-con 1 1omng sys ell!. an 1gure . . - uc cen arr- . -·- -·- · - · · - · -

conditiOning system II). As in the example of mechanic~!_ _ ____ ff t}ie iilQe~ proposed in this paper is applied to systems 
ventilation, rooms ] ·to] ifrcfregardeaas-dean zones and haye where Circulated air and fresh ·air are miX~~ .. JiUCh ~ ducted 

_ .air conditioning and fresh air-supplyand roomA·lsngardedaS -eentral air cond,itfonmg,-tfieir perfonnance as a ventilation 
a dirty zone and has mechanical v.entilation . . The. requir~d. system-can-be evaluated. This, too, demonstrates the applica-
supply rate rpoms (to-3 is.:20, ~d the specified exhaust rate bility QfOYRF- ~ .. ::.. -·-·--. -~ . ' 

- -f~,r room·4 is~~()~ - ·-· - · 1 •• -·-··- -- ._ -- - • - · , , ' 

: ·~': In-cenn:al air-conditioning'.-system l, fresh ait is distrib­
uted to each room unifQnnly b.y_}m air.conditioner .. SRF = 1-for 
each roriril; so. osilf = 1. The ~xhaust rate is 60 ror ~oom 4, 

EXAMPLE OF OVRF CALCULATION USING 
···· EXPE"IMENTAL RESULTS. -- · . ··--- .. -. ·-

:.··, 

thus·;-oERF = l. ·--· · ·· --· - - .. . .. .. .. . -· _Experimental Cenditions-
1·¥ ··- · - In central air"conditioning sysforrilf, the-overall circula- · 

·~ ·~ c• •.. 

"<.·~ 

: _Jjon .rate_and Yentilation rate for-the house are-the sameasfor ·-· 
system I, but the balance between rooms is lost, Al\ in the 

"·· e~ample-Of mech_~~.aJ eXftailst, ·the effh:tl~~ :fres~ ·~}~~ly 
., rate (S) for rooms 1· and 1"is 20; which Sab~fles1 the "requrre-

· "Thc:"OVRF value.when air was exhausted from one room 
.~f,~,~A-~~f,S~icj~~}~I house,tias been calculatedlusmg:the 
r;s"~~-5lf m~~~w.e,g~ !'Cported in the cc;>mpaniOn paper.and 
is discussed below. 
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The experimental.bouse was built ·in- mt-artificiaJ~Hnmte- -·.. staircasinmd the -secoii'd ftoodiiff were-- always open. An 

ch~ber that is fre~ of wind ~~ _can co~tr~I tei;J,RC~~.and ... : . ~~a~~ fa.g1~\l;i;ffistajlc:d.in th~ DK and ~9n~9H_ed~y an inver­
'! 'litimidity. Its t?ral rflotir ar~ajs: ~ut_·~~[ll,~-- ~~~~~"~otal t! <-J?ts°iJba~1t!lc:_~i~~~ ~~ J?.~i'.}l. This cxhau.st_c;:Q~sponds 

·volubieof.tljerocims~ · 116fl\1(seeFigur~'2'm~3).}iierearc ... ,..to .i19iov~ll.atrchange ~~of9§,A.GH./,ll; - "-' · ,, .. , , 
r• l'l' ~ l.\; ' · ri ' Rn ··, •<.>:,: , .'.}I ' ' ~'i. . . 1 . ' " ' 11 .. · r 

218 cylinders 50 mm m 'd1mt1::Lef, w1m arnmet:tave le ...... age :nit.? : -T;\\~,.~pC!fitnentabconditions are:sununarized'in· llables 
area of 17 cm

2 
for airtightn~.s. adj~s~.z~n~. ~ JP; ~3-and ' ''.~)":3.Q;Md·3c. :Expe~tS were:condllttedioii ·a totaf'~f60 

outer walls of the _house. TRe 6,~~ft~~~£tiis~~~~ ~g~e ·''. ,. CMeSe-flv~Jevels of airtrghbl~~s, dlre!f~as- of <iooi' und~rcut 
can be controlled m a range f1~nt 'O'tflo 4~ ~1 Ylfi by opening ·: :'. ii.effjJ~jv~· ,leakage~ and ,fourtemptrature-'diffttences,between 
~~!~Jqs!n~ thr, R_Y1l_i,qp~ .. JJ>e !11.<?H~igbt~~.rs.iar~ used as _the ,jn~.:and·the outside:ofthe'h0u$e .. The:volwne_o!'the air 
~!~~erfi19:9~ betw~e.1:1.:..49<?~· Tii.eeff~~~v~ -l~~gct·~®..~.f each flowing through each cylinder was calculated from tli&pres-
A·~rl 11,~~~cµ~ CaJJ b~.sor.itr~Jlsd•?.¥ ~mg1Jbe l~d ·~ize>of a sure diffe1"n.:es across them iif1d ihe M-Q ch~ci;risti~s of 
.cY.J,~!1?.P. !hj\t~. m,:t;P1JlC'.r. ~!~eter of200,~m ,811~ IJ;mstaUed each cylinder were detennimld: 1'efore the'.tiWB.:' ~' -: 9 
near ·h - -'oQr ·o ·'---•--ea ri ..... - 11nnerru• J • · · ·~ -l.'" , u.\c;;u , l ::'!911.~l."-l . .. -~.Gt; _.,.-._,..=_.,· , ~,:;;,;_:: .• .' ; 

; ... · ,' :n\e i~o~e"h.as tw~ ,roqm~..Jl:,®l!n& ~i~en~{DK) and a 
. ,)(v~.~C!~l!' ,,~~Y)"'-1 ,9~:: W~ >~r~tcJ f.1:9or-;0 two 1rooms;i a north 

.l>edr.e>q!l' .(~~) aJ1,d a~~!P ~e~qo171,~~$.).c<mJJle,s~con<Uloor; 
' :·and a .stair;~e (SC), .~xperi~~ts w!:re~RCffofltle.d ~n these 
~ :.· fl~e '. ~pa~i~~~ Qo..or~ ,•be~c;~~-rth~ ;kit$ID .. 1 ;md ·,utility area, 
l<: l?_.5w.;~.rt. tb.~. ~tMfc~~ .anC;i th.e .firs~ f1P<H'1 tyl!J., ~betweemthe 

10 

:.r:.S'i*ctiylria:the ;R'~utrect .F'.~-~ Ai~ !s~np~v 't• 
·~ 'ari'ct 'Req111~ Ex1t•u J_R.·1 i,8'~' ·' .· · ~':·.:·~: . t'. ,.· " . ,.,. 
·:.:.: :"j~ ,:'. !C' !!; ~ "1'.' C\.1i r:r. ,;. f ,{J .; 4f. nr'- ' . , J, 1'. ' " '· ! I ·' •''' I.. •• • 

· ·· ~ ~ The" four· rooins .Of the house~ were'· regarded . as· :dean 
zonesr-anctth'e requireli'Stipply rate, :Which 1Aias :a:quiUter of the 
exhaus~ratf-(~2 il'l~/h); Was spcdified for each11oom. ;: '' 
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TABLE 3a 
Experimental Condition of Airtigh\ness 

.. ..,, 
i=- -Basic:i:ffecffve 

Opened Cylinder Leakage.~rea Total Effective Effective Leakage Area I 
Airtightness in ifour Rooms in Whole House Le_akage Area Floor Area n50 Value 

Level I 15.5 21n·? x I. . d _ 17 cm2 ' i·:~ (; 79 cm2 1.2 cm2/m2 1.6 

15.5 cm~i X 2 ,, . 
1;c:m-2.1 140 cm2 2.1 cm2/m2 Level2 : 2.7 

Leve13 2 I7dn2 202 cm2 3.0 cm2/m2 3.9 15.5cm ; ~ X3 .. 

15.5 cm2 x !i: · ~ '.'.. · ,!•7:cm2
: 

.n 
4.9 cm2/m2 Level 5 

}, ' . ' ., -~ : 
325 cm2 6.2 

15.5 cm2 'x f() ·· · ""ii ~rii2 . 
- ·».-. 

633 cm2 . ·-
9.6 cm2/m2 Level 10 11.9 

;:TABL~;3b 
Experimental Conditi~ of Door·-Undercut-Simulating Opening 

... 
Diameter of Undercut ~P(Mmaq)-q(M3 I H) Air Condition at aP-q Effective Leakage 

, . -- - - - . 
Simulating Opening . q1aracteristic' ' Characteristic Measurement 

U.C. 4> 50rnm Q = 24.38P112 
I·• 24.0°C 
755.6 roni Hg 

. 
i=···· ... ~---- . -· ~ - ~ ' -

U.C. 4> 160rnm Q "'.' 199.6!P 1~. .. :. f ~ ;,,-. 
: 26.s 0 c 

•.J.1~ 
- I I- -· 755.4 mfll Hg '. T .. . ' r . ' •. 1' ~ ..... 

U.C. 4> 200mm Q ~ 327.46?1\f 26J)°C 
.......... , _ 755.8 min Jig " " . . 

Note: in the description below, door undercut-simulating ope~in~ as'ti:c. effective leakage area as E.L~A;:; 

. A& c r . .,. '' T E ~c . ' .: 
• I ·--.. :L .,. ''" I 

ExpCJ_rimenfalcCond ltio'h (jf. lntemal--Extemaf Temperatufi Dilfentnce ... · :-· ~.:,,...!:; - ........ ·.:: ~ .... : .. ":."' . ~:':~: .. ""':.. ... - ' 
{•'.. j -': ~nternal 'I'~perature 

Temperature Difference Setting (~T)l. E(;,-lincter House)·J 

0°K --·-· · - -· ·- ·-20°c •· 
I0°K 30"C 

External Temperature 
(Artificial Climatic Chamber) 

20"C 

20"C 

Area 

17 cm2 

136 cm2 

223 cm2 

:~~ I :: I _. '· "~ :: . ~ f.' 
:'f~ r:< 'r!;' '1) •• :17 -f r1;.~: i :.. ~.···"~.')-""'.ti,. !'- ;J.:J ':.t-I. · !:. ;-:, "31-.tJ • ·~·- . :Ji ~ .. - t:L . b J ... _, J ~ - I I ... ~ ...... 

..•• : ... 1 • :only'.'the·:oK'from-,~hieti. air w'5 e~h~u·~t~il ~sbWnsid" '. . 1 .''.ft!~~P.YW- !~ ~~~~i l ~~h¥P ili~'a~gbm~~ level ~,5. ~q ·the 
?:-,e~d~as ·a dirfy 'ib~e,·ari~~'e'-~~~~·f~Atap4~i_t{' ~f88'm3/h ~ '1~"~fr~~~fi:dltf~req~~ .is)~? ~ .. Jn th.e .pthe.~~~' W,eJ)VRF 

was used as theteq\lited exhaust fuili'for_ihe DK. 1.'1t~refore, ~r·r.'•~J~~W.~ -~¥.~t.R·~; ~t ~~~llb~Vll!lffi· -· 1 •\:. ,: , ·· . ~' · .•. 

.. ·cif(th~l)IQ.w~regarded·asacleanzoneandduty'20ilc!•att!te~e t··.c . , ill -. ;l; -, I: ., fl ·. ;:u; ~.-.i: u'·-.,: ' .. · 
• _1 tin}g,,ltW8$::assurn~dithat~";=fUlL:Sincethis ·exp0iime~tkept ~ ,~ffif~~e.,~xa~~~Q·.~i;l,QfJt ; "': . . .- 1 > .·. Li •• • 

vo-Mt.e;ifi!zj\~t ,cap11c11Y· ~at ,8.8Jm~~;-1the exhaust rato• did'not ... 9f1~~c~~~!~ii9r:i ,~Y,)'~'~: "··- .'D'; , i>'.i ,, :·, r:; .• 
. ,_ .~l\~g~.:U:ne"tauv.e surplus,fresb:ait docs notlflOw to anbther · ·:· • 'lb' -·~i · 'ft . "" .,_ . . ..1-;.-. •• • -1•11k--'''tii' ;-.,. ,:., . i g' ... ·- . ' . . ' .. ' ' ' ' ~ I i~(J ec Ven~• a ion·-::1y::1tem W01~·nroper y lD IC:: ran "' m ; ·,!m>~fi:~m1 the·:DK, -therER:f·1s·catculated.for.· the:-DKionly,so rt· b. "'·th -.:-.V"""' " ...... .. . •:~6~h ... 1r.J.. ~ ... , , . ..,. ,~"•.: · ~ ~ Th .... 

Ocot:' 1. i . . ., ,. ,. ... . '"" , ., ,,r , . · w .iou- &v 1\:1" ·V41ue·is 1,...., as :mown 111 rlgu'tc 'f. ere-
-: ; '· ~ :=. ' ,j ;;;i•: !.'.~' ! ::; · . :, ' ~:T'. · ¥ ~· .'.~- ·~·~:· ;< ~ : , : ~: :. fore, it iHlear-Oiattheventililtion syste~ wo'rkipro~ri~tWtten 

O~~F da~~at~~ ~,~~~r~~ ~,:·,,_:' i·, ~·· .. , , . -,'::_ 1:ii ·;:; . : .. :,,; :;:,; the·airtighmesirlevei i~ higll'ilrid th~ tel!_1pe~~J~itf~(e_nc1t ~s . ' ' small. In some cases;· as desch1>ed tarh~. the· o~:ylilue lS 

The distribution ofthe.!>VRF value with doott u""'"r~uts 

l 6<ift!Ht Yn ~d~ere:'iJ'si~~~/li~:~~\n}~~~~~P,re" 
sents the aut1ghtness levet1 and fue ora111ate tflertemperature 

.._ :diff~~."9~ ~e.cy.-e~,theji\side aqd ~u~lde of the house. Figure 
. , , ,4 .. ~hO.Yf_~, ~a,t the QV;Rf J~ high ·\fh~p, th'r~rtightness ~level is 

high aaj,Ui,e inte~_al-~~"lJlal temperatuJ;~ dUferencei.isismall. 

~ : ;1..154 

:higliev~ifth~aiitiglitriess level is'S: The distnbutibn· of fresh 
•'. ·:air (w.)'exha~eti to •tfiCloiitside' ~itfiout cohtrit>uimgtci dilu­
.. ti6ii•:oft>Ollutants is- shown· ifrFigUre S : ~rne tigilre'sli8W~ that 
; •aS the airfightn--ess-:: le"'el' becomes lower and ~C' teYnperature 

.. difference :irtereltSe·sv the ·!varu"e of W!:%ci'eases?"fhe ·"ca.11se 
: ... ·seems"?t<f.t>c tbat/ alttlough the ve'ntilati()n rare with ttfe·exh\iust 
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fa~ :is kept constant, the 11atural yeqtijation. ifJdu~~~ by. puoy- wi1" higherQYRF (shown in Figur:eA), where the airtightness 
ancy is accelerated -when the te~p~ra~re differ~c~ is level is great ai::id the temperature difference is small. 

increase~ ap~ Pie ~i~ghtness is lqw~re,d; consequently, the ,( Figi.ire·4 also shows thattheOVRF is'affected not onty by 
overall ven~il~~i<>n rate .is increase.di: more' than necessary. the level of airtightness-bl1t lhe'ilitemal..exiemal temperature 
Sine~ the value of w is actual!,y µi~ .,0-es~, air that does not · L difference. In an actual holJ$e;'th~:Jevel ()fa'iit'ign~ess and size 

· contribute to v~ntllation, it s}JoU.idJ;e'kept low to-reduce the '· ofHdoot ; urr~e.rcut ate ~ '.:Constah~' .·~. ~~: :mte.mal~e~temal 
· _ d"t· · 1 d · ~ · · · fo .... i...1 .. ,- d th _ ' · temperature-<hfference· 1s·-flot 1eonstant aiW--vanes datly and a1rcoi;i 11 10 oa "'m 10 llJ.l;lCO , ... y"'1,· oor er ... . .. . . . . ·-· ,, .. , ..... . , . ~ .. ... , 
:- . ;. 9P g : ·· ~ ' ~ ~" ~ ~ - lW .. ' . · . · •· JP· yearly: The ventllat1bn · sy~tefu operation: po10t 1s expected to 

qial env1ronment. ·Therefore; low levels ofaut1""tness are not 
0 

a•o..:..t....,, 1 . ...... f th;.,· -- h ·s· ... ·. th. . .. ?, ,,.,1y-t. · 
· . .. ;1_, , · . ; · • · · · .. lf>'!• •. _. .. • • move : n · . ... , .. ,"'111· me··o ' ..,-grap ;· 10cc:· e .ven11 a ion 

desirable forventdat1on design because the valuc:·of·W1s high designrshould ~ athievedovcr a•year, the \ieritilatiori:system 
_even, ~f the ov~.,v~lue is ,~i~~ ~;the O~!=r ~dt ~itlt higher :, '\ operatioif 1ine should be entirely witllin die Mth ·ovRF area. 
airtightnes~es, ,~e! valu~: ,of ,W is·~lmo~t zero. jp p~tice, the Hence, if the range of OVRF > 0.8 is consil:lertd to be satis-
ventilation system works effectively in ~n~. ~f~e ~?-.areas factory, the conditions for eff~v~. qe,e,f!Jion.o!~t!te ve~tila-

.~ : : ~ l '. ~~·· · :-::·· ~"" ' ., .. , . .:. · ~ · ,4,, ~ ~ 01 '· .... ... " . 
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tion system are an airtightness level ~2 for internal-external 
temperature differences from 0 to 20°C and an airtightness 
level ~ 1.5 where the temperature difference varies from 0 to 
30°C. 

EXAMINATION OF THE INDEX 

Validity of OVRF 

One of the major features of the index proposed here is 
that the overall ventilation characteristics of a house can be 
expressed by a single value. As stated in a complfuion.paper, 
the ventilation characteristics of the house are affected by the­
intemal-extemal temperature difference and airtightness. 
Also, the ventilation characteristic~ differ from room to room 

-··- ally very difficult to precisely determine the airflow rates in 
different parts of the house. For example, accurate on-site 
measurements of the airflow rate across each of the building 
elements, such as windows and doors, are very difficult. 
Therefore, it is .unavoidable at present to avoid using a tech­
nique by which the flow rates are estimated from the proper­
ties ofbuilding elements. The use of tracer gas is an evaluation 
technique for actual ventilation systems, but that strategy, too, 
cannot accurately determine the air flow in an entire house 
with multiple zones. 

Consequently, considering the present state of technol­
ogy, it can be concluded that a numerical-experimental 
approach is useful in designing houses and ventilation 
systems. By studying various alternative ventilation systems 

in the house. By using, an inQ~~ such as OVJ?.f, which 
expresses the overall ventilatiott !?e_h_avior of a ~9_1,1se,jhe range _ . 
of parameters for ensuring effective operation of the ventila­
tion system under different conditions can be easilv deter­
mined, as shown in Figure 4. Accordingly, ~lith arl iildex will 

for_t~e house t~ !?e designed and by calculating OVRF values 
under ?ifferent co_n9itions, it is easy to determine the required 
level of airtightness and specifications of the ventilation 
system.' 

be a powerful aid in the design and evaluation of the house and CONCLUSIONS . :;, ,, 
ventilation. . This paper has proposed an index-overall ye11tilation 
,,- r· The OVRF is capable of evaluartng'ihe influenc~ of wind, riite'.fulfillmenr(OVRF.F-for expressing the ventilation char-
although. this. .. was :'riot done in. the series . of. experiments i: aeteristics of aw entire'house and con finned its validitY using 

" reported here'. ;previ~l\&.:~~~i~ have considered wind to be ,,r. experimental re~lt'sv ftom a companion paptr: The C'onclu­
just an ele1Vlti9t;llf:CG~,erati~g,the,f'latµralrYJ:ntilaJion .. Actually, ,·-: sions arrived at inth1sistady were the fol.k>'Wiilg . 

. the pres.~4re vajati~!l gµ~·~0 wind ?l!f.c:rs,t>etwecn the ;wi~d- 1; ,- · 'OVRF enablesfeasy d'eteniiihatio~ ofthe range of different 
... ward an~leew~d s1ff.e~. 11!er:~fore,Jt1s UIQOJt~t to treat wind .. , ; •. . param~tersifor-fuUml.rtg'li projected ventilation effect. 

' • :;!~r~e~i~t~~~=:~:.~::~:i;::~n~!~t~;c~~~~~ 2. ·. 'q~~~iOf;a ~~~~.-a~ertiie, ~llows th'e::evaI~ati~n of 
. : e,xpi:~ses tlte..ve1)tilati~n · b~~,!lvior qf th~ !Wl'lole hcuise on the ve1U.i18t10H· systems nl 'Wliich actual conditions: are well 
· " ' · - .. · · ·· ... · ... " · ,. reflectiediv '.' · It c. ' · ·-r.1 ·~~. 1;,,,:_ ·r.;J,,•; ,,, ... ' ... . · 

;:-, ~ l?as!s . Qf._~!~C?:W~ betwe~ .r,QQfl}!i, ... r,e~.rcU~s~,Qf th.e,;type of · . · - ·• _ . 
· , ,.xenti_la\ioi:r~jyi~g,.for.ce, it G~ ev1!-Juat~ ·Wlnchnfluem:e,as an J!' · · Qualitlitrvifevaluati6n arid developmen\ of new meas.W"C-

elemeg~ g;~~til~tion . . . ? >•:\ 0

j .J :1;) ~i· ' • ;.' :: ~: i~i: ".. ,:; ·!Mnt te<:hniques on;si~ are sulSjects fo'r·future sro~y . . 
i :.: , .:, .. _, · 1'. LE""'r.·-'"J f"i ;.\ i·~ .. 1 ... :t · "! ~ .:':' ..... J•i.rc ~ · ~.t ·· JC'J')· .' ~~ ~ni 1. ·.:J ~-)l~J _i ... )._,.,_ \T t-~ -
. Subjects for Further StUdy . . REFERENCES . . . -· .... ~--·~ . - -- .. ·~ - --- ___ .., 
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