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A New Experimental Approach for the 
Evaluation of Domestic Ventilation Systems, 
Part 2-Necessary Airtightness Levels, Inner Door Condi­
tions, and Temperature Difference for Successful Function 
of Nonduct Exhaust-Only Ventilation System 

Yoahinori Taniguchi Takao Sawachi 

Haruki Ohsawa 

ABSTRACT 

This paper discusses in detail the behavior of a nonduct 
exluJiut-only ventilation system in an experimental house for 
which the outflow-inflow paths (i.e., simple, openings such as 
vents and cracks in the envelope, undercuts in inner doors) are 
modeled by very simple cylinders. The test equipment presented 
here is composed of a full-scale house model located in an arti­
ficial climate cluJmber where the influence of wind is minimized 
as much as possible, thereby offering accurately controlled 
internal-external temperature differences. A series of experi­
ments with this equipment has made it possible to evaluate the 
effects of various parameters under the same conditions 
(airtightness of house, size of undercuts in inner doors, internal­
external temperature difference). which was impossible in the 
on-site measurements. 

From experimental results, it has been demonstrated tluJt 
in an extremely airtight house, stable ventilation almost unaf­
fected by an internal-external temperature difference can be 
achie11ed by a nonduct exhaust-only ventilation system with a 
single ulumst fan continU4lly operated, if suitable door under­
cuts are provided. It has also been verified tluJt at a certain low 
level of airtightness, the system does not work efficiently, and 
tluJt in a house where the area of cracks in the envelope is too 
large, sufficient Mgative pressure cannot bt generated by a 
single fan. Such a house is, therefore, unsuitable for being venti­
lated by the exhaust-only technique. 

INTRODUCTION 

Along with the improvement of airtightness and insula­
tion of houses in recent years, appropriate ventilation plannina 
on which less stress was placed before the advent of a higher 
airtightness concept bas become a vital factor in hol.lSCI design. 

Shigeki Ohnishi 

Hironao Seto 

In a highly insulated and airtight single-family house or a 
multifamily residential building made of reinforced concrete, 
the nonsystematic (unintended) reduction of cracks leads to 
the decrease of fresh air infilttation and may degrade the 
indoor environment unless correct ventilation design and 
well-planned operation of the ventilation system arc ensured. 
Thus, introduction of an appropriate ventilation design 
accompanying mechanical ventilation should be recom­
mended for airtight houses if the required ventilation is not 
achieved by natural ventilation alone. 

This paper deals with an exhaust-only ventilation system 
that is an example of a mechanical ventilation scheme for resi­
dential buildings. This paper treats minutely the air outflow­
inflow patterns, aimed at specifying the building perfonnancc, 
and internal-external temperature difference for the satisfac­
tory function of the ventilation system. This type of ventilation 
keeps the indoor space negatively pressurized by continually 
operating exhaust fan(s) at an appropriate flow rate, thereby 
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:;;. .: I. ventilation perfonnance of existing buildings if the require­
, .. fl ::. ri'f~hts f~r the building and the fan are .. sat.isfied. In this sense, lFPLAN 
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the results of the presFnt study will be applicable not sole! y to 
the ventilation plannint for new buildings buf also to the 
).mprovement of the env1rO!)!Jlem of existing ho~~es. 

2FPLAN 

· From th~ companion pap~; that dealt with veri~ilation due 
to puoyancy (Siswachi 1997), it, was demonstrated that in ordi­
nary airtight houses where no · measures ·for increasing the 
natural ventilation (e.g., stack effect) are taken (Shaw 1982; 
ASHRAE 1985)~ the fresh air supply rate by natural ventila­
tion·may not reach the desire4IeveL Orie solution . fO"r-~chiev­
ing the .. necessary ventilation· rate may be the use uf a 
mechanical fan. This paper reports the results of the study on 
Jhe ex9~~!:-9nly v,entilation system, which is a primary 
compone~_t _of mechanical ventilation. The ·experimental 
equipment !employed is not designed to 'S\nhHate the wind 
pressure.:m . non-steady-stat~. conditions. "Ii dn,. however, 
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·. detefin,ilie.,.~1th satisfactory preciseness the ·influence of such 
··-- factors· ~aS internal-external temperature difference, undercut 

size, ainijh'tness. and the:airtlow pattern. Since this tec1mique 
is independent of fluctua~~g factors, the experimental results 

· given fo thi's -paper offer a reliable design guideline for a 
· :,-- · nonduct exhaust-only v~Hti1ation system, as wen as functa-

. ., ••. mental data for verifying the accuracy of multizone computer 
>. J [ ·' ' modeling. . 
N: •. ,~~l.~:·~~1:! C,. :7 '} ' I . : ".~, ..... 

s~x··:L-· ;t·:1 'if "EX~'ERIMENTAL EQUl~MENT AND CONDITIONS 

"' •• Theo·· tests \\le~~ ;, conducted with a cylinder house 
• . 1 -. ~>1l · pii , . . _, . . , . · .. :· , ·:':Con~truct;_dJ!l..?-D~tlcial climate:chamberthat enabled accu-

acceleraung the m~vr.offresh ~ thrm1glP1entS ~r the hke 1~ , -rate temperature control, free. of in.!J.uence by wind (see Figure 
the env~lope. !f ~--~mgle exhaust ~an 1s used,,Jt s~ould be ·· ·1 ):-The cylinder "tiou'ic is a two-story fCSidentiaJ building with 
located m the dlity space because a smgle exhaust fai:i_l!JStalled a·tOtal floor area equaling 66.25 fu2 and a total volume in the 
in a clean room will introduce-the contaminated air of the dll.ty rooms of 176 ... 02 m~:1n every-tcst1 the three inner doors were 
space into the clean space. Thei!mplest way mchieving such ,_ - - aiw~Ys~Pcn: the doo! ~~~_II. th~flrst-floor utility room and 
a ventilation system is •. ..thcrefore, to continually operate an .... - · dinlri1fkitehen,-thc door between the first-floor hall and stair­
exhaust fan in the hood over the gas range in the kitchen,jn thlt.! A case, and the door between the second-floor hall and staircase. 
bathroom, or the lavatory. Sine~ '~~ld-t1ike .the .one ··; ·.>J Thils/Ole'l~iernM ~ace is composed of a single z~~ i'!~J~~ing 
incorporated inJtiC1_eXperimental system...ar.~ found in-allltt)St -. - mainly a i;wrease and four rooms of thes"aine volume. In the 

all dwelling units in Japa:i~-~t~s;pe}~ihle t(1-~]Yj~~.~9ve.ihe .. ·- descriFon:x=low, the.first-floordi~~f:n1%cJten and first-floor 
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TABLE 1 
.. t! Experiment.al Conditions of Airtightness 

" 

" · · Opened cylinder Basic effective 
,lfiotal effecti~e · Effective leakage areal, 

Airtightness 
'in four r~'~' leakage area in 

• " l~gearea Door area 
nSOvalue 

rt• lrt. Whole house . 
:Level 1 ·' 15~5 cm2xt •' 17 cm2 79 cm2 ,,, 1.2 cm2/m2 1.6 

.~ 

Level 2 15.5 cm2x2 "}7 cm2 140 cm2 ·_\,. 2.1 cm2/m2 2.7 

(,..eve! 3 ~15.5 cm2x3 17 cni2 202 cm2 ' ~ '' i. 0 cni2Jfri2 .; .:;. " ' 3.9 

,; -J;.,evel 5 15.5 cm2x5 17 cm2 • 325 cm2 4.9 cm2/m2 6.2 

• 1 Level 10 15:S cm2x!O 17 cm2 633 cm2 .. 
~ 

9.6 cm2/m2 
., 11.9 

.. r11~ ·1' TABLE 2 
Experimentat ~n~ition, of Door Undercut Simulating Opening 

- '" - ,, 
· ,·,, l ~lffff~~r of undercut _i,)i M (Pa) :·Q(m3/h) Air condition at M-Q 

Effective leakage area 
characteristic ~rement · · 

•·;! 

simulating opening chaJJacteristic 

,,_ ·:u;c. 4> 50 mm ' .. Qi~ '1~79 ~ .~112_ . . -~ 'I 
24.0°C, 1007.4 hPa _ 17 cm2 

U.C ~ 160 mm .. " . Q, = ·~~-:?~r. &>112 26.5°C, 1007.1 hPa 136 crn2 

d ,/ 7 

Q = 104;75 x .:Y>112 ·' 223 cm2 U.C. 4> 200 mm 26.0°C, 1007.7 hPa 
:.u ... .,.. : '-).' • . ·t. . 

Note: Door undercut sim~ladr.g o~ni!l~_as U.C. ,~ ;pi4 effective leakage area as ELA 

~ ~ : . 
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J 
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. _·"',.'TABLE 3 
Experimental Condition of lntema~EXtemal 

'!·~~ TtO:" 11. T!D,'!P!rature Difference 

Tem~rature difr!F'lnce ~tting 1 · , .Inte~ temperature 
(¢.~ ..... , ""!" i:· ·: • ._ ,(cylinder house) 

J':' ~::;. l ·~ '"t ,\) o-&r· 1 ·· ~: '< ·Pl''" ·,•, - 20°C 

. ,..ti'.~ I ., .. ,._,!;; •: · 1 10.K ' )ii k . 

I [ir!i-· - --, ~ .> .. .. r.:::;. ,v 

!' 
30.°C 

3D°C< 

., 
' .. 

" 

Exteraal temperature 

(~~ cliDJate chamber\ .
1
, . 

T. ':...Ll J 

lj' 

,r 

20°c 

;20°C " 

10°c ' 

··· I/ :11(, • ~()I IJ:>:l:.~(, 

t;r·· ·~ '-~ I n;. 

. !:.\·, ('' .. ~· 
•" 

20 R : - vr ··. :.i, .wv ,.~, ·" '" [ 

•· • 1.,; .,... -.. ,.,,, .,.3n .,._ - "!' f "1 "I · i 40°C " 
! i 1\ 1 ~""'' 

I l .- ' .......... . v ft. ·' f ... ~ . . • • 10°c,. "" I 1,ll; • ~ 

.. ' ) : ' ' J,f"" .!',t t); • ~" ''.).· ;~ - I : ;.~ f.'1 
.. ·<· '.lr "'' .~!l '" >1"«:1" " ' - $ .. TABLE4 ;. ,,, ... . ; .. ..- ., 

,:1: ' 
.. : ·~ 'JT! " .:.. L • 

i"iU " " tl'.>zX• ~m " . '· eomw~~t:J'hree FHtors· in All:-..,~·';, : ~ . 
'l :''·'' !· ·) n·: .. ·: :'d_\' ',, r· . > !~~'~' !I, .:. • - . .' OJ'H ... ,, n :!)' ·' • ";"·· 

! · : :·, 1:-i:i-. Airti:·i::,;:r .~·ru .i: • :•{, 't -;d h ·· .::~ · .; r~· pGonpxlera,aA,.simulatio&~ · .. . 

f!_r.'1:.·'\;l . • ~" - ' !Vl1 :·1 ·, ·~1: 

_,, 
(.. ti • 

i;u~ , · • • • . . .. 

U.C. ~SOmm U.C.~160mm U.C.~200mm 

--- .LCY.el J ---~· ·-dT = 0, 10;2<r."3UK - .Af;,;~1 .fo,20:3oiK; , ~T =P.10, •. 20, 30 K 

i: ;~\.~.Y~l2. i. ~e• . ·,,:.~T=O.'I0,20;30K I AT:;~~.19_; ~.Q..N.I\ ........ . . . AT ;: 0, 10, 20, 30 K 

.. :· .. :~::.-:::r&~.3- ····· i --~;~:-==l:~;:::~A~~ oi:·io.~:::~«~:K-~ ·· I · 4r= ·~:-1~.202f30 K1 .i;. A.T ~ o. io. 20. ~o K 
' . 

:·, _ )1VeII! '•, ! ~-,·-.J '.>AT~0".10.20.i~K .1 .:it~·o~_.JO,;t~ .. ~o·~;tc: ', A.T-~0.· I 0, 20, 30 K 

_: 'l l..Cv~l~ _,c;,~ - ~,..·- f~:=·-~T~0",,10.~e.-~g·~·-- ,\ I . 4T:¥J'.r', r(l';·1~;'30K i i - 1·· --.-· ' '-~~,if. 10, 20, 30 K 
~- ;!' -:;:-:-~ - ;..._ -1, L·r ·:· . n r.: '> :r,· ~ ·j .. '-~- ... 

1 f~tlt.~_n~b~p~~ns ~sh'~~~(f:t>~~s~~d~~~ence~~fi_i~,.~~~~t· Pi!~(~i\ J?~~fs. " _ 
2 Exl?~~~ c~l'llJmons that !~~~d pr.~~sure~1ffl?{enp.c w..ofile:<,anct-3.lrflo~" ~~~n FJ~'.5 . -· 

-.~ ·. i. ,y 

3 Experimen~-~ondi~~~~ thatsti~~~1~rcss.~ :?ifferi!:n~c profile a'nd) n11ow p~~~}~:Fi_~ l~. __ _ ·:v ·~ 
4 Poo~ acc~a~y- ~_P.Cfl.i;ncnW.£Qll~~QQD:in Figure 4.. ·---=- :.:."! :.:~· ·=- - -- -··· · ·- - · · -
5 Expe{imcntal conditions that showed airflow pattern in Figure 6. .. :·. ·'· . ::. ~. '<:\' , \. , 
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utility room, first-floor living room, second-floor bedroom• :: ·· Table; 2 .(~· sizes), ·and, the interri!r-ej ternal temperature 
~ . \ , j 

north, and second-floor bedroom south are referred to as DJ5'" , diffei:cncc froJn Table3 (four levels). :.-
L V, BN, ,and BS, re_~Wtively. The entire first~.[Qqf baj]zW...· ·~\"'. 'il!hSg'htne~~~iishoWr..t.IAFa'ble..J-were achieved by 
second-floor hall, and staircase are referred to as "staircase" varying the number of opened cylinders in the envelope of 
(SC) (see Figure 2) . The following are the three main charac- DK. LV, BS, and BN'. 'The cylinder opening patterns are illus-
teristics of the cylinder house. ·· · ' "'' ·fuitM in Figmc 3. With"'all the'dpen'ihg patterns, the cylinders 

. . . . . we_~e arr~gep sym~e~cally wilf,.~fspect to ~~ middle of the 
The arrtJg~tness of the env~I.~pe 111xenbanccd to the maxi- . flo6r-t~e·iling ~~ij~t . Aini~htncrss L~vels 1 and ~ rf PI~~enc 
mum ~ssible exte~t. The ~ghtn~l' ff~ ~ c9n,t:r,oll~ ~Y r. .·~Wlly !i~sU!~teii ~~.~~i~t b¥ild.in:gs1t~! .. ~·d. in.~ sin~1~(1ffitllY 
218 cylmders, 163 mstalled m$e.e;.ttirmu !i!'\lills ancJ 55 10 li'o&se!s and·reinforeeoc6ricrete condomm1unis . A1rughtness 
the internal walls. ~'.'·-i· ~ 'D ~ · · · ,.,,., • t]~eis } io 5 cprreA~~a~ lb'·~?cile-'~~e airtight house~;.and 
For each of the fts~~Rner doors betWee~ ·sc and nYC SC level 10 comspdti'ciS~o l~y 11i;u'se~ .• fl . 

and LV. schlfo 'BN;.)iihd 'SC"an1fBS, -~ &Ji~f door "U.'C:;S01mm" 'diametef in 'fibl~ ·2 represents the crack 
desighM for in~la!Uit!IBl ih an''eX'tc:ri.aJ wall is i:ised so'lliat around llie1ao~ 'without'1ntel1aed1'iiii'dercut. "U.C. 160 mm~.· 
the'ourflow and inflo~' bC'e"s-·tfui~uiti ' the doors me mini- diameter~ ·-·u~c:'2Dehnrii~' 'diamcte'r ·mean a difference of 

ifui~:. A door undercudilfllilatintan '~nikg {~·pic?vi<icd intended J.mdw;Qt siZ!': If the Cd (discharge coefficient of 
ciw.;·, 'foth~:Vicinity of each ~&t~A.~Jlls~n~·ofi~ ~lf,nuJ~ area opening) of~ rectaDgula.r_undercut is ass~med to be 0.7, 

'' 1 :enables th~ ~imulati'oti1 of ~anoUs sizes of door :1~,i;.rcijt. U .C. 160 rJlllll~and·.2<Xhmn diant0ters are equivalent to under-
-, ..• "·o'i' < ...... ·, "~ ,, , "!1. , - • " ~'f"-. cuts 2.8 cm and 4.6 cm high re.,,.,..,..;vel~ in,a 10.,cm Y>!ide 

. . . ... . ~ . . . ' ""r-1~ ., • ' • \ .!1 , :. -.n: . . · 
Smee the P"Q'chanctensllcs of all-the'-1eylindtr's (autlght- door. 

·,1 ,Jrties~~~i'.eyli~in:_~temal and~ex~''9iW~) and The ~~~ie1-J9.[Ml~J?~~ sf.iff~.n.~i!lc'.fJl~c 3 
undercul'!sil'liWating ·openmgs .ate known, it G 1 possible to were produced by controlling the t~mperature of the _cylinder 

.!.' ' Obtain tAe-:airfltfW tie tiuOUgh'thC cylinden•by rneasmtng lbOtise' Qilij \ftial {)f ' the ' arlifidaf' 'cJitnat~ 'chamoer!'-\he latter 
ll!\a :· · the!'j>ressunr.differcnccbet.Wecn both sideufthem. Thete- ·;·:! c~~pdhding·to the biitsidt:temperatur'e. t:Jnder aln?osbill of 
::±! ,!. ff'l~;"wir~lt tt!Si!!gstrar~!! <gas~·wh!Ch: is ~!!d~.sab!e in . '~the ttSi. C'undiuuoi;, ihe conuoi accllriiey wu!satisiactofy ~ith 
··;r\J ' ~umneAt5<misite, the outffow',inflow ratie cail be dtter- I ' ; the temperature difference within the targefo.sn•c: :floWeYer. 

~\r.. miooJ acQutately •:The ventil.alion·perfonnancuti multiple :rwhcn the target Twas o K;tlie ini'emal~cxtefital diff~nce \Vas 
,. ,,. t~~;J\V.bi~h·nomially requircsJecbnioal·ex.pertise in the ,, act~ly :2. K; sin'ce it is difficuli~o~hie~e the con'.~itloii T=O 

:•v mµl\i~~ffrit~1ttchniqllf:~;(l8Jl be·dctermined po:cisely. le;.'. b: · · · vi: ' ' ,; · : ' ·' ''·); :J "' ' ,. '· ·ff, ·· ' 

'_,J i:~, :;u; ;.:sw h ;f; :i• . ,. ·1;1·.:.r t:,:r,r: c:l ,'. .J ; ~ : '.;~ .; ·• "'"' the exlia\tsffan· forthd~e'tltilation =syst~tiiw"Jts1ilearta in 
1 :fr•it. Effieie'ntJyr'\itiliZing tfi&Mv!ilfiages of tlie test equipment · ! ·DK (see Figke 2)::-nte'rota"on speed of tii~was'coritroiled 
rabove, .iM tcstsi Wete'~bnducted.'fofOO C'ases:contbining: llifee ·; by ail invertbr so-tfmt'1iieXhafist i'ate· i)y th'~ fan w~ 'a.i~fose 
paramettmnh~ 1 airtightne~s of the cylinder house asJli~iCd in as possible fo ss m37h (mt1iChtnge:rate o.s1b for tti~· whole 
Table I (five levels), the size of the internal door undercut from house). 
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U.C. ¢ 50mm 
AT.Level 3 

t:,T=O ... K 

U.C. ¢ 50mm 

AT.Level 3 
/::,T=20 K 

U.C._¢ 160mm 
AT.Level 3 

i:l T=O K 

u.c. ¢J_~Qmm 

AT.Level 3 
t:, T=20 K 

11 1 I I It I I . f1 

-~ 
,~, I tE 

.... .! " ' I J: .. ~ 
l <] 

BS : BN BS BN = 
· · 1 

BS BN BS BN = 
.. -

J.L....Q 
I . 

' . I• itr .• t 

I 0 - .11 0 L I l 0 ___ll_ 0 I 
I I AP -·(x ·1 0- 1 Pa) AP (X 1 0--=- 1 Pa) 

L_O ,11 .0 JI L_O .J.2 .Q -l 
AP (x10--iPa) AP . (x10- 1 PaJ 

~ 

··i:- )!L•; • 
r · . ., .... ( ... (' • :. - • ., • - :,• 

.. ·· Figure 5 Typical aiefJo,w patt~" aiid p~p~sure'·'diff.cerence profile (comparison 
'· ·. about dqor ~nd~_rfyt 0( ii. C. cl>) qiatf ie"!P~1:ature difference (AT). 

·: iJ ·:1 

; ~-'.The airflo~ throtg~1ilie ~~velo~.~~ cai~~~~~.ft?~ the 

~~~eme~ts bY., ~.~ e~.e~f u;~ di~fei~iRfa~ ~~~i.~ninsf.W~ in 
..• !!':.~: envelo~s .~1 tfJr~-q_ ch~c,t~q~ufi~~ qf~ tfif !-l'~~n,de~ 
· g1 Ven below. When clllculatmg !fii:: t'fow rate, the ai_r vol.wne 1s 

hdnnalized in. iertli~ "§flNi~h\ai'ten.;Pe~~1ufe~ .,:. : .• . " 
.,, ..; .. t :S• v . . Jt .. t> ~-' ' · t•..- •• J- I •,, 

.9 = 7. l l Ml tn (~fJR:W. •. lt;l~a,;'!UffiWC.~t c~{:iQn~~ 
... te~~~?:I,Oi~\'-1iY.e·Jlµmi9~~%1 

;'.· ~" - • .. -<i.1 a~PR.~ric~~~1~5~~1~i}~·iw , 
. Q :::;'l-i'.l&A P in (Outflow, m:&suretnent condlti'Dh:'·aiftn ~) ' ; 
· · ,;! . , · temperanire=l9h\'l:elatiVe Mlmidit}'=64'%;· 
· :. , _ ; 1~i n patmosphtnc~ssarC= IO~ 82!ltPll)i<1 ' : . 

: :un1e<.'.r(ni3Jh) P1(Fiap'.:CT • "" :•i m ' u ~ ·;r, '. r - ;' . 
J ~') 

·~E'XPERIMEN-T'AiL· R!SUL11'S '<AAW'D~"'T'l) ; !' I 
_ l;;;, ' .! ~r.··u ~11JJ1 1 •;qr: .• :j ~: il ir.n.•m .;r, v , '>:':I. ~p) ... 
; :.:· , . :i~pr.f!!.n:v.»n>O§fu% v~1tfY..i11g-f.he apCUf<lP.X:.~fJ.th.e irn!llllµre­
. ._: mel)~pte. b,jl,1,anc~s - pf 9~~C!.~r».~Qp~ .across:~~pY,elope 
., 1.µ1c1Ff::lf.X~_r.x ~~t condi~<:m 1~-, p!otted in, Figurs ;4. Under 

, ajn)9~t all tes~·cpnditions,Jll_(j '<'.ai:i~ of theJ>alan§.e is within 
,,, ,5~.,.,~,is shO\,\'S the ~sfa~OJY accuracy of:_J)l~_ ,flow rate 
·o: ;f.lle~_Hfeents. T,!te ~~ure(jlyalyes thatq~vi~~e ~ilP\m~iµitly 

from 5% are for those cases with a low airtightness and T=Q K, 

,, , ~hi~hf,i}r,be ~IB:t~~~ed to tq~~.t ~il~ d?F:3FCY¥,lC.Y pf the pres­
~,. !~~~_gau~~¥:~~es,Jo~er "".iWr!h~A~~re~e ~Jputsicle-ins,ide 
, ;eJ?~e,~s'1re. diff~wnc,~ .. ~~ .!b~ri~~c~~CWP.g fi,gtjres. the four 
mr,~pre~p~ w_ith poor ~cp,u~cy ~e,pmitted. >J; . , 

1 
; ; 

;, .·.l : 1.: ; t-, 

c. ,4153 
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-, · : - Using as an exampl~;the airtightness Level 3, Figure 5 
' \niimates 'acomparison 'between the cases with U.C. 50 mm 
i and ' l60 -mmldmete~ ·at T= 0 and 20 K. The upper row shows 

the pressure difference profiles and the lower row shows the 

. , ~pw pattC?flls·,.f,be upper p~~OP.,_Md ,l~~er,ponion of each 
~~~ fo( the. pr~sure <,iiffe{Cnce rep;.~sent the second floor 
~~'first'floor, r~~~~el{~~~- µ.'e zero iJj~rence point 
~oJ tnd~8i;~_uc~r~w.cr$s~ .. ~fterence at the en}'~~ope, the 

··~~ p)<?J.5 i~t~~rttij~:~~u~t~~M ;~e inside is negati~sl¥:-Rressur-
!.'l~zffi . 1ll~at!JJf ~fi- ~~t'sl~~ .... w~.!~ ~e plots <;JU~~~.~ house 
t;:i~ ~e: .1g~ide )~.pos\fliY~b: Rli~~~zed ai,,iynst the ;9Utside. 
'lbe Wow patterns in the lower rows were obtained by calcu­
lating ~nfi_()w:::-outflow.rates: from :the .pressure differential 

,: : m~m~gi:Ycn inrthe'llppel!'~,;ifhearrow.s .pointing to 
, _ the ouuidc1re~t tbe.Qutflow'(~);'Wbiletlle•arrows point­
" iina to the,jnsidc-showithe inflow(-.;::). Thc'UTOWS in,the middle 

of ieach. diagram-. e1tpress::the ·airitow·mtSOJdf tbc. planned 
,-,, Yciltilation by the exhaust-fan in'Stallad inDK,isiachie~ed. the 
-~ arrow1in SCpoints'.dow'ilwardil:irom:ttle!secottd·floor to the 
f\ •: first<flt;)()f:) 'Jlhe,arrows bet\veen thii'. foliPro<;ms-and !SC show 
· the airlloWI througlr. the door undete'tlt.:ishnulitting•·cylinders. 
Thesc.ilo~rates'\\fere·mQSUJ"e(ji by:Jfuutceliff~ntl&l pressure 
gauges. It should be noted, however, that it was difficult to 

•rdil}~a~ure tl!,c pressure 4iff~~"ce ~µratel)I ~u~:me differ­
' ;rf?PS~llcross ~e C,Y~inde~ was S,O unieJor, U;~~ 160 .mm and 
:: ;Q9~ diall)~t~ •. cx.cepl f~_U.C;;S,Qmm d~ctor;;.:Accord-
_; : ·":'( H '.:::·; .. ..ii : .i ·:! Q( : :· :· \ :.. _ \._., .· r: : !~ ":'! ' ;:. ~· · r t f." . 
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ingly, the flow rates through the undercuts of 50 mm diameter Particular Airflows 
were calculated from the pressure measurements and for the , . . , 
other undercut diameters, estimated-values are given in p1lfen- ' ~ - , -We h~ve observed the airflows in a one-room circuit in 
thesis. The estimation of the airflows thraugh the u~d~rcuts Figure 5. Figure 6 shows two specific airflows that were 
and in SC wasJione as follows . First, the airflows through-the obtained by tests with U.C. 160 mm diameter, T= 20 K, and 
undercuts belween DK-S~and L V-SC were calculated from airtightness levels of 5 and 10. With an ainightness level of 5, 
the flow baia11ces through the envelope of DK and L V. Then, since 65 m3 /h of fresh air flows in firs.t-floor DK and 58 m3 / 

from the flol.\:; balan~ through these two undercuts, the flow. , h in first-floor L V, the portion of fresh.air inflow into L V that 
in the second floo'FWia.S obialned on the basis of the flow in the cannot be' evacuated by the exhaust fan in DK rises under the 
first floo~ through -SC, and vice versa: Finally' the flow rate - buoyancy effect in the staircase and flows into the second­
through SC was halved. The halves were deemed as the flow -~:-; ;floor BN and:BS, as shown from, the apward arrows in SC in 

through the undercut between BN-SC and between BS -SC. the middle of Figure 6. This phenomenon is hereinafter 

From the pressure difference profiles given in the upe~r __ re_ferred _ t~ as "!?henome~on I." 
row of Figure 5, it is known that when ihi.airfiow resistance: At the airtightness' level 10, fresh air flows in DK at a rate 
of the inner door is too great (U.C. 50 riun diameter), the ', ofll4mJ/h-andinLVatarateof81 m3/h. Theportionoffresh 
exhaust fan does not exert significant influence upon the air, not evacuated by the fan from DK flows into BN and BS, 
rooms other than in the DK where it is installed. Especial. ly at h .naft fi ed t "Ph 2" . . ere1 cl'.-1".e err o as enomenon . 
T = 0 K, the inside-outside pressure difference is almos(z.erP;. ., . ·-.;,:·· 1 , ,. _ 

causing almost no fresh air supply, ¥ shown-iri -the_,ajrffow =·' lbese.phenoinena can.be explained as follows. In a house 
pattern in the lower row, since there is no inside~QUtside !l,itn"a low; aiiti~htnes$ Jevel, there is a great overall area of 
temperature diffe~~~~e..:Wh~n T = 20 K, under the influence-of - '. ~~acks' in the; envelope. the flow resistance through the fan is, 
a relatively large inside-outside temperature difference, fresh therefore, small and a large volume of fresh air, exceeding the 
air flows i~ thr~~gh .he lower position of each room in the exhaust capacity of the fan, flow~ fritdthe first-floor DK and 
second floor, while inside aJ escapes through the upper posi- LV which become the inflow side because of ventilation due 
ti on. This pbcnomenori is dahed "one room circuit.,; As shown -A-.:· : to b1,1oyancy. The indoor environment is d~teriorated by these 

~y thes~ patterns, when the airflow r7sista~ce ~f ~~ .i~n~r .£!~r- · ~ p~~~Qme~!I,,· For eiam.ple, ;;.;ate~ vapor, bad odor, smoke, etc., 
IS tOO high, the pressure profile ap1x ponitS, tncludmg·tfiiee -· enter into the second-floor rooms that~hould be kept clean, 
points ~n the ~rst floor an~ three. po_ints, i~ the second floor, causing water vapor condensation and ':WQfSC air quality. The 
respectively, 1s not on a smgle str~t .. ~m~. Cons_equ~n~~, .following description considers in ~e!fdetail these partic-
~ore ~~ one neutral plane m~y e~1st m :a house with cond1- · ,;ular airflows ( o~e ~oom circuit, reverse flow Phenomena 1 and 
uons similar to the case shown m Figure 5: Whether or not the :,)"- . .. hat·· . th .rfl l~- f th h t 1 . . . . . . ...... , whic e opposite to e ai ow p ..,, o e ex aus -on y 
pressure profile at six pomts m L V and BS, where no fan 1s 'fi"l . .th d 
· all d & • 1 · h 1. · 'd d . th ve b at1on system w1 out uct. mst e , 1orms a smg e strlllg t me 1s cons1 ere m e · 
followin& discussion to be a criterion for judging wheth,~r or ; -~ .;:",t;;;·=-:_· -· 
not a single-zone state is establistJ.ed. --··.. - .. .. . .- -- ~~;~~ . - - -:-·,--::; _ ., .. - _ 

. . . '' _ ,!·~~ .. ! · . . • • .1 ; . U.Q.; I~ l;t.C.; 160mm 
. The pres~e differe?t1al profil~s-~emopstrat~ -~~M',h~~-- :'..:.' :: :·: _ . .. •· ~A:T.uve(s A.T.Lcvel 10 
intended un'd&tcuts (U~. 160~mm a llUlleter) are provided, the ' '" -
exhaust fari~ffectivel~-ex~Jti influencit upon all the _rooms. !::. T=iO K : l:!.._T•20 K 
Especially twh~ T = l~K..:t\le fresh llfr. supply to different 1 

- · 

rooms is appr~Y<iui~teP.-~9.~· and satiSfactory iv~ation ,. 
may be available w1th ·asingfe exhaust fan, as shown ~yibe ..... ~ , ., E • "- :s:-.:1 
airflow pattern in the lower row of ~l.':~..(. .. ~l!:.~~,!{;_~· -=~.~- ..: ,.. ..... c.l~ 
the inside of the house is in a nearfy single-zone sta~ dU'c tQ ,,.- Q.. -100 
the provision of suitable undercuts. The, pressure difference ~ 
profile at six points from the vicinity .ofthe secon_d-f!~!~.~!~ -- · _ . ;;: 

ing to the first-floor surface is approxliriaieTy. 0n a sin'gle ~ I :=~ , I :~4:-~ L 
s~~ghi line. Such a pressure profiie ls achieve~ by su~" ,r:,.. ,, .\ :,,;!- .. , _, ... z 

1 
-29J- -· _ t f -~ 

siuon of the exhaust fan effect on the buoyancy-induced vent1- ~-·:.,._-J~_liiiiii-••••i-iiiL-!........-.. ••-•·-·· 
lation (or infiltration) in a single-zone house where fresh air -

Phenomenon 1 Phenomenon 2 flows in from the first floor and inside air flows out from the 

second floor. A large amount of fresh air ~~wspi_~!P, D~~~l , 
LV, while inside air escapes from the upj)erponion ofBN and 

('t, C.,.)'.",~ . . _ . . '. l~-,,~l~ ·:, '_.J; .. :-:-- ~ ·.:.:.' . -~· ~-.· "- .. . ~ \I' :':'.: .,..."\. 
' ,"\,\.'. __ , ... 

Flgwe 6 Uncontrollable aiiflow pattern. 
BS (one room circuit). 
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SYSTEMA..[fC!C'OMPARISON OF INFLOW AND 
OUTFLOW RATES 

Figure 7 shows the plots of varying inflow and outflow 
ratios in the living rooms of lhe experimental house ~signed 
with a non~uct exhaust-on Ir ventilation syste'ltf.The ~ee sets 
of graphs show a systematic comparison, with·J].C, 50;460, 
and 200 mmrdiameter, respectively, of the influence1upQ!1 the 
airflow rate exertei by-.the ~ghtness of the'house arid lhe 
internal-external temp~nitt~gjfference. Tue-1'lack symbOJs 
in the positive range of lhe ordinate represent the fresh air. 
supply rate through th~ envelope o(~ach r<>PmJf.th.e exhaust 
fan in DK provides the same effect·to eachiof the four rooms, · 
the fresh air'infiltration is illiout 20 m3/h in every toorro_ The 
white marks in tba negati~ge oftlitl5Ftilnaiii;'represent the 
outflow rate of eaqh room t.h,ro4gh 1h1fl!hv'elope. When the 
outflow rate js' nei;ative, tM-"bne room circuit" mentioned in 

1- .~ "·~L~ -·- - . . 

the preceding section occurs. Each set of four plots linked with 
a line shows the variation of the outflow-inflow rate, fixing the 
airtightness and changing the internal-external temperature 
difference. Considering that the internal temperature is nearly 

·-- constant;-if the four plots on··a line do not fluctuate signifi­
cantly (three plots when the data of outflow-inflow balance in 
Figure 4 are not satisfactory), stable ventilation can be 
achieved and-is hardly affected by :_the change in external 
temperature. 

-: 

With U.C. 50 mm diameter (no Intended undercuts), the 
~esistanc~ through the inner door of DK is too great, a signif­
iGant extracting effect of the fan i~Jimited to DK. without 

. .ensuring rcquire<Lfresh air supp~y. to;pie other rooms. Under 
the influence of a too large resistapc~ ~ough the internal wall 
and temperatu.re difference .(bµQyaricy) . at the airtightness 
levels 5 and 10, inside air flows out fr-Om the first-floor LV too, 
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from which~O:tii~neutral plru:je appears both in the iii the ef.(ective o~niQg area of the undercuts, the ratio of 
first and second floors. 1 which is abOUt l.6 {223.}o.136). Since too liirge undercuts are 

With the two different intended undbrcuts (U.C. 160 and not desirable~~ the vi;~int ~fprivicy}rotcction , et~ ... a 
200 mm diameter), the fresh air supply ra~e in the li'('fffg-rooms--· st~dy. o~ ..ve11tila1ion. .s~O!J~: -~1der-~m~e(cuts of ~e m1_m­
becomes nearer to that in DK, though it depends upon the m1zed sJZe f9i: _~ns~~g -~ ventJla~on . The d1scuss1on 
internal-external temperature differenee-''ff)~ "W'itfi '"these -~low\lreats w .lWi fof'U.C. 160 mm_ diameter. 

undercuts, the house is in approximately the-single-zone state. •· -- -Widt·the-same--ainightness in-thc·iirst floor, the fresh air 
In other words, there is onJy one neutral0plane in the whole of ·~UPJl1*aE<lt;_dl)Cl"CaSeS with intemal~extemaJ temperature 
the house, producing no outflow from LY or DK. A compar- difference (buoyancy) while the fresh-air supply in the second 
ison between these cases shows no significhlit'difference-in the · ,,i·rflboJI dedcases. The·variation1of fresh1aidupply hue to'bi oy­
flow rate in each room, in spite of the remarkable difference ancy (stack pressure) becomes greater with lowering airtight-
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ness .. Such outflow-inflow behavior for typical pressure and at any interiial-extemal temperature, one room circuit is 
difference profil~s with U .C. J 60 mm diameter can be clearly not geri"erated. This· may be · attributed to the fact tha.t ,there is 
seen in·:Figury 8. Two diagra,ms on the left in Figure 8 repre- only ene crack-simula'ting cyl inder opened at the(. middle 
sent the airtightriess Level 1 at T ·;= O.K and 30 ·.K.,and the heightof each 'room. However,if theeffec1 i veo~eningareaof 
diagrams ip_ the right.represent the airtightness Level 5 at the each cylinder was divided into !WO equal halves, and those two 
same Ts. When the .tempcrfiture difference is zero, the exhaust halved cracks (cylinders) werd arranged'"in the same positions 
fan effect .can be 9Ps.erved separately and the pressure ~imbal- as in the case of Level 2 (See Figure 2), air outflow would not 

. ance is, gi;e~t for airti:g~tneis Level 1, while it is almost zero for occur in sp'ite of the existence of a crack near the.second-floor 
airtightness Lex-e! 5 ., ~evertheless, also for airtightness Level · ceiling, as inferred from the pressure profile ilt airtightness 
5 (Figure 7), the fresh1air supply rate dueJp the very small pres- Level 1 and T = 30 K (See Figure 8).'.i . . 
sure diff~i;ence is considerable except for ~.be two rooms in the Orie rooin circuit in reverse of the plann~.a'3.°irflo~ Ciirec-
sec<;md floor. Thus, the fresh,, air supply J'.3.le is the same for · tion is found in almost all cases at !Ower riirtiglitncss Levels 5 
bpth airtig~tness l~vcls at T = 0 K, as shown in Figure 7. An and I 0, and at the Levels 2 and 3, the intemai-ektemal temper-
·essential difference between the two level,s is that the fresh air ature differen~~. is great. ,. . ; · <, 

supply is ensured at the.higher airtightness le.Y~·by a greater ··· The discussion above has referred to both outflow and 
internal-external press~e difference and a lesser crack area, inflo\\'., .We will ~discuss: .the analytical results exclusively 
whereas it is pro,vided at the lower airtightn!i?~S level by smaller reg~\lg the inflo;.,~cof fresh air into each room from the view-
intemal-extem~rP-{essure difference and a greater qack: area. • . point of supplying a required fresh-air volume. The cases with 
At T = 30 K. the results are affected .b.Y. b.oth an inte~-exter- . . U.C.; I~ mm. diitllleter alone are studied below;:·t. ·· 
nal pressl,l[e differenc~ produced by the extiaust fan an.~·buoy- .· . . .. Figure 9,~hows the plots ofthe .fresh-air supply rate to L V 
~cy .. ' ·~~~·~airiig~tn~ss Lev~i' i, where ··a gr~,ater p~ssure :.:: , ,and BS divided by~2 m3 /h, which is the ~gctifresh-ait supply 
~ifferenc~ 1,s ·"!ai.nla!P.ed b1.! .~~ exhaust, fan, al')d the,~upper pet; room, detemm1ed on the assinnptJon that: the effect of 
ind~or portion of the seconQ floor also is keP,t neg~J.j:v~J.y pres- . . mc;,chani~al e~trael·at a rate of 88 milh is distributed uniformly 

· surized against the outdoor. In the Ca;Se ~f ?.iJtighmess 41"vel 5, . ; to ~e f9Ur rooms. The data for: DK and·BN are excluded from 
~rf!~ws out from the up~rportion Qftfle.sec~qd {Joor. These j . , th~ figure ·because the exhaust fan :permane.ntly supplies a 
\'~suits deinon~trat~ ~~f th.e fresh-a~~supply, rat~ is affected by ,. fri:;~li-air supply exceeding the target in DK, and the supply in 
~~· superp~s_i'~o~ , of int~r;nll-1-exttmal ~r~~W,e .. imbalance ~.N is ~ilJlilar .~ ~atJn BS. The0 black s~mbols representing 

. p~~uced ~~- the exhaust f~ o!1 _tfle grad1e,nt '?f. th,e .pressure . LY show· fresh-air s1.1pply rates exceeding the target under 
· profile due to te!,Jlperatu~e difference as '"";ell as the overall area : . '. every cop.dition. l~ contrast, the white symbols for ·BS repre-

_- of crack{ in the builcliqg fabric. . ... , ,: • : ; , ~enqhe {r~sh-air·supply rate that is below the· taigttt in ahnost 
' . J~ is cle~ from Fiiure 7-2 fo~ U.C. 160 mm·diameter·that .·;;i , alJ, c.s. , ~· .' '· , . ·1 ,, : . 

. i at ai.i:tfahtn~ss Level 1. ~~sh air, is supplie_4 ·.at approximately . ,,, .. At the same airtightness ·levet; the fresh-abr·slipj>ly rate in 
the same rate to ~~ch ~Qotp! ~egar~~~~.9fth«? .rna~itilde ofT, the f~t~floor LY ,focr:eases ::and,,the fresh-air ,supply ~r~te in 
• . • .' !•' 
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second-floor BS decreases due)q the buoyanf:Y effect, with .from DK to BN and BS ("Phenomenon 2") occur (see Figure 
increasing internal~e,x.tern;tl . temperature difference .. When :. 6). When the ordinate is more than I for DK+LV, air flows 
.t.he buoyancy alone is co~sider~d "":i.th ~ conS\a~t internal- I from L v to 2F rooms ("Phenomenon I") (see Figure 6). In 
external temperature diffe.rence and lowering a~nig~tness Figure 11,it is shown that "Phenomenon 2;" which departs 
le·vel, tfie overall area of cracks becorpes larger, leading to most remark<ably from the projected ventilation flow, occurs at 
augmentation o~ . the.fresh air supply rate. However, for the the airtightness Level JO with"a temperature difference of 10 
exhaust-only ventilation system without duct. it is essential to K-or more. "Phenomenon I" occurs at the airtightness Level 
note the. variation of the neutral p\ane Jocationt.n the en.velope 3 M1ith a temperature difference 6f 30'K and at the airtightness 
under the superposed ".effect .of the pressure diff~rence LeveJs5and !Owithatemperatu'redifferenceoflOKormore. 
produced by the e~IJaust fan and by the temperature differ- . . Figure 12 snows dmtour mapfofthe fresh afr supply rates 
ence. For )llustrating the neutral plane movement (Awbi in DK, LV, arid BS normalized in terms of22 m3/h. Excessive 
1991), siii:i:P~~~ed ~ressure profile models,, measur~d pressure ''.·fresh air supp'Jy in LV, a5~shown in Figure 9, is'incoqvenient 
profiles.' · ~~~ ~rflow patterns are shown i9 Figure 10. for h~ating energy saving, while too little supp1X is not sditable 

In the upper half of Figure 10, tl)e variation of the neutral for m~nt.aining good air tjua1ity · .~or 'this rea5on, the regions 
plane is depicted at ·a •constant temperature difference and at cover:mg-'0.5 to I ::S times the targe~.supply are s~aded in Figure 
different airtightness levels, while in ·the lower half, the vari- 'ic 12· . ) . •" . "· .··. '~., . 
ation is depicted at a constant aiitightitess level'Md different If the slfaded ranges in Figure <12 ar~ assumed,' to be a 
temperature imbalances: The left 'celiimns stiow ' model conClition for ensuring satisfactory v1e!1tilation, the contour 
diagrams <and the ri<>hl columns show 'pressure di°fference map for DK is th'e least advantageous sin¢.e it has tl}e smallest 
profiles and airflow p~tterns based upon measllrements. In the · sh'aded range•among the three room~: A_t 3.irtig~J.ne~s L~vel 1, 
ll,1Q(lel dia~, the left column illustrates the pressure:differ- temperatiJre differences fr?rh 0 to ~0 K s.atisfy tHe'. ven~pl!-tion 
enoe profiles produced .by the exhaust t'ab. In an airtight house, " requirement. At Level 2 ;· tem'.!'C?ratur~ tlifferenc~s of 15 :k. or 
greater internal-external :pressure difference· ls ·generated by less- satisfy the ventilation requi~eqtent, and at Level 31 4 Kor 
the. fan, and in .aJealcy house; a smaller intemal:extehiill'pres- · ·1ess meei thcfre'quirel'nent. " · . 

' I I " • • ,I • ' ~ • r 
swe difference' i~,generated; In 'the 'center coiumn ·in the left ~ If a rate of itiore th.an 0.5 ti!Jle,s the target fr~sh air ,s,upply 
half of Figure 10, pressur~ difference profiles· cause~ -~Y a is ass~~1~a~sfaci?fY for~~ ~uq)ose q(p1j9vl~!ng th1'~ini-

, tem~rature difference are given. When proper undercuts are mum-vent 1lat1on rate for !'THl~~tenance of.&~. ,3lr qutJJt;t:. all 
provicj~d, a; nearly single-zone state occilrs and tracks are · the condirlbns: in DK and'L V1

meet the requ~_inent while' the 
· c;iistributed· symmetrically about the space bet\veen ·the first- satisfactory raHg~ for BS iS the srriallest. In BS, at. ~rtightness 

flo0Jcc!Jing:andthe.seeond floor (int«!r-story spade):·The pres- Levels 1 and 2, temperature differences from 0 ·10_'39 'K meet 
sure difference profile fonns a single straight line and the L .. lthe 'reqt'.iirement; at Level 3, 20 K qr'less meets th~ require-

, .. !leutral pJaDe is at the middle.of' this.space or at the symmetry ment; and at,'I!.ev~r 4·,1'iO Kor l~;s satist:i~s thC: requifement. 
~js !>f the crack arrangement:(tbe ·inter-story space is· not : ·' .:~ Thefc! are ·~at:fo'tfs d~finitions cif a 'satisfactory ventilation 
depicted in the diagrams). The gradient of the pressure differ- condition. Notwithstanding diversification of definition, for 
ence profiJes is given as a function of the -intemal0 extemal · a:i::hJevlng-effective operation of the exhaiisl-only ventilation 
temperature difference. The actual operating behavior of the ' sS'sterh without ii' d~ct, an airtightness level of lhe house suit-
ventilation system, excluding the wind effect, is determined able for the ambient external conditions (temperature, wind 
by superposition of the fan effect on the .iempe~ature differ- velocity) is a vital factor. The tests presented he.re were 
en_ce;lhat p;r~nts the pressure differential pr~files as·sho.~n in conducled with a constant exhaust rate of the fan ill~Wled in 
tli_e_rj'gfl(i;.olu)im in;Ibeleft;ltalf ofFigure l_O. The·netJ!fctl plane the first floor and a unifonn airtightness of every r<>bm. It is 
h<;jg..l\t.J_qw~&'gradually .to :!h-c middle of the inter-story sp~ . clear from Figure 12 that the fresh air supply rate is excessive 
w',ith d~gr1l~~.tiglitrless·:and increas(ng intei:naJ-extemal · in th"e first-floor rooms, while the rate in the sectfud-floor 
1epipe~tun:-~rt~oc~.: u~.der the effect oof JJ:!e . moV"ement.of roomsis tQ£ sinall ~nder the influence of the first-flo2r condi-
ntµtral pl~n~.bei'ght. ~ !'<>silion, and num~i::. .9f "ainighlJ:!~s~- tion. F..r:om these-.~~ults,_i\is concluded _tha_t the range .of_ satis-
c~ntrol cylinders, the airflow bal~ces sho:-v_n m.~ pa~~~,~~:, .. ;.J~~~~ry ~f.t:~c_.! ~e~~~Jjl~ ven~l~uon.s.yste~. without 
Figure 10 are produced. Accordmgly, as tn tfie"COSe-of].s m · a-Ou~· can~~ enlarged b_y a su1._~le airughmess of'lhe first· 
Figure 9, the fresh air supply rate decreflSes in spite of tlie · -floor rQO.msiriclud..\ng the: room Pi'ovi4ed with an exliiust fan, 
larger area of cracks at the same tempera1ure difference. This forced flo~ oT -air by ·an.~ui'iff~ · fan;:mto the second-floor 

•. -· , _..,,_ •· • I 

suggests the importance of the vent layout, since natural vents rooms. use of a larger cap·acity foo; and;ttie pennanent opera-
made in an airtight house for the purpose of supplying a grealer tion of exhaust fans in both first and second floors. 
amount of fresh air may not work well ifthey-are-mcorrectly-· - • ··- · - _.- .. · ··· 
arranged. 1

t ·, · CONGL.U.§JQNS ·. , 

Fi~ure 11 shows the variation of the fresh air supply in The following have been verified through the study 
DK and DK+LV divided by 88 m3/h, which isrho,oapacify'of . 1 ~qisoussed'in thisipaper, ', o·, , ~ii'· '~' · " \ \ 

the exhaust fan , When the ordinate exceeds 1 for DK, airflows • If appropriate undercuts are provided in highly airtight 
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houses (airtightness Levels I and 2), the nonduct 

exhaust-only ventilation with :a .Single exhaust fan is 

capable of perfonning stable ven.tilation almost ~nde-· 

pendently of outside temperature change .. 

In houses of middle airtighu~ess, Levels (3 to 5), with 

very low outside, temper.attires in winter, the exhaust­

only ventilation without a duct may not operate satisfac­

torily. Leaky houses (airtightness Level io) are not suit­

able for this ventilation scheme since 'the fan does not 

produce a significant negative pressure because of a 

great overall area c;>f cracks. 

When the air extract is-:perfonned solely from the first · 

floor in a tw9:".s~ocy.leaky building, th~ fn:sh air supply c. ' ~ 
rate in the sec-Ono 'floor tends to be In.sufficient due to 

111) from simple openings such as vents (P-Q characteristics 

·with an exponential factor of about 1/2). In future studies, by 

simulating more faithfuJly '.th·e states where cracks of different 

airf19w characteristics exist, : · actual conditions will be 

reOected more pre~isely on experiments. By discerning cracks 
of different fluid-dynamic propehies, ventilation and infiltra­

tion will be determined separately. 

One possible solution for preventing pollutants from 

spreading is the penna~~nt operation of a fan both in the bath-
;:. : 

ro<;>m. where a large amount of water vapor is produced, and 

in the lavatory. F"r this purpose, it is necessary to study the 

effect of a multiple exhaust fan permanently operated and the 

mutual e'f.fe'ct between a permaJ)enlly operated fan and inter­

miueriily-operated fan. 

the buoyancy ventilation. This suggests, however, the For achieving an exhaust-only ventilation system without 
possibility of effective use of the exha~st-hniy vgiitila~· ·.· a duct that is hardly affected by the outside temperature 

tion system in apartment houses (flat plan) and one- . change, it is essential that the pressure difference provided by 
story single-family houses. . ·· ' "' · the exhaust fan be relatively 1.arger than that due to the temper-

wh th fl 
. -·.:; 

1 
d- ·- · · . ·:· afore d"ifference. Excessive· internal-external pressure differ-

en e ow resistance across, mtema oors 1s too . . ; . 

great th e
" ct f th xh i . d. .b t d ences, however, ca4se adverse effects, such as less smooth 

, e ue o e e aust-1an IS not 1sU) u e to · / 

th h I f th d II
. . Th , · d operation· of door OJ) windQws in tlle envelope, noise (whistJe) 

e w o e o e we mg< umt. ere1ore, c9rrect un er- ·' . . • · 
cuts in internal door~ are essential for the exhaust-only produ~~d by air ~assmg through_ cr~cks around windows, etc. 

ventilation. Absence of the appropriate undercu~ n\ay For these reasons, it .i·s necessary to know the upper limit 

generate multiple neutral .Planes under the influe~ce of of an acceptabl~ pre.ssW-e ¥ffere~~e. 
internal-external temperature differ~nces. After finding.· engin~~~ng sol~tions for these problems, 

The tests reconfirmed !!:ial the ~eutral plane. heigbt. is the authors ·,will iinplefpent fu~er study on ventilation . ~ '• - - . \ 
determined by sup~ipo,_sing ~~~essure difference giv~o. systems (exhaust~on!y,1 ~anced :ventilation, and natural 

by the fan by . i.11t~.f!l_al_-exteJ:llaj.J~1JlJ!CJ.~Jµr~- difference. venfilatio~)at1di><:ifo~ance of houses (airtightness, undercut 

Increase of tempera,tq~e ·dif(m!;:e and de~ii.se oLalr- si:ze) sui~b~ for v~us:type~ of ~esid~ntial buildings (single-
tightness lower the ne~lJ'al plap,e height. ~ st9ry buddings, ~1gh-nse, multifamdy houses, three-story 

· · · bu~ldings, etc.). 
Even if the air extract is permanently oofuplefe;7-ttrC: ;J 

indoor zone in the vicinity of the ceiling is ~equ.~n~Y.. . . ;REFERENCES 
positively pressurized against the exti!l~hr 1(ofle.J foonS -' ,_, . 
circuit). This provenln~"itnportance·onayoui"pfaimfo-g · - · A.sHR.AB.- 1985-:~.J98S-AsHRAE handbook-fundamentals. 

of natural vents. Atlanta: ~inerican Society;::·of Heating, Refrigerating 
. , I . 

PROSPECT FOR FURTHER STUDY 

The data presented in this paper and Pan I were obtained 

in the steady-state condition that cannot be easily obtained by 

field investigations. Th~refore, these data can be referred to as 
a basis for verifying the1eality of the airflow pattern obtained 

by tracer gas technique. Th~~e-~an be .utilized to validate the 
•• ;..._.I 

result of multizone ventilation network ·models. 

and Air~~nditionin~ ·Engin~rs, Inc., pp: 22.6. 
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In this study, thejirflow charact~rstics of the ~temal; Shaw, C.Yi-. and W~C. Brown. Effect of a gas furnace chim-

and internal walls were modeled by very simpJe;,~yliQ.dm;: ' . "" ' · :.ney on the air leakage characteristic of a two-story 

This technique does not distinguish cracks in building enve- ~F~~~ ~wise.,f!ropeedings,i<J_f-th,e 3,d1/E;A Conf~ence 
lopes (P-Q characteristics with an exponential factor of about of the Air Infiltration Centre, London, 1982 . 

.:;:}-._153 r 13 


