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A New Experimental Approach for the
Evaluation of Domestic Ventilation Systems,
Part 3-—Evaluatlon of Ventilation Systems for

an Entire House

Shigeki Ohnishi
Haruki Ohsawa

ABSTRACT

' This paper proposes an index for expressing the ventila-
tion characteristics of an entire house to assist in ventilation
design. The overafl vensilation rate fulfillment (OVRF) index
determines supply/exhaust rates with respect to deésign godls:
and to their balance in a multi-room house. The authors used
the.index to evgluare various ventilation systems using expes-
imentai-results presented in a companion paper, which demon-
strated satisfactory application,

" "The index can represem the degree of fulfillment of the
proje'cred ventilation of an entire house. It enablés easy deter-
mination of the effective aperating range of ventilation systems
under various conditions; including the.airtightness-of the
house and-external conditions. Future study will'include qual-
itative evaluation and. developmenrof more accurate measur-
ing-methods on site.- 458 3

Toategg,
INTFIODUCTION
Ghdmpamis  plenye
i Vénulanon is essential for maintaining a comfortable
indoor eanironment,-and-aiappropriate veniilation design‘is
necgssamh singe:houses 1oday are highly insutated and ughtly
wnﬁtrunted invorderto achieve more energy efficiency.’

0 Bedause Of thd'increased airtightnéss of houses, cracks in
the erivelope-are deereased and natural ventilation is reduced.
Gansequently, thetequired amount of fresh air is not provided
afidrpelinted aikiis not sufficiently exhausted. On the other
hamd, sxkessiveventilationincreases tire air-conditioning load
and~dnaycowassencthe indoor environment, for example,
incrpaging draftwduring héating, in-winter. Clearly, excessive
ventilationisnet desiiable from the viewpoint either of energy
saving -om¢émiors.: To pewide appropriate ventilation, the'
enfig puilding.rfnust Be: considéred;in:the ventilation design,
awghjte s iiviporiantsto e valwats: o7 what degrée the sysrem
falfills the mmccmk ventilation r.ffect in mdny condmons

fuisiils the 200 vestii . oa eIV T N v o S

Takao Sawachi, Dr. Eng.

Yashinori Taniguchi

Hironao Seto

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 resuits for a two-
story house with a nénduct exhaust-only ¥htilatioh system at
different levels of airtightness and inside-outside temperature
dlffemfcés
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PREVIOUS STUDIES

Ventilation Evaluation Indexes Currently Used

Ventilation-related indexes include air change rate, age of
air, and -ventilution éfficiency. The amount of ventilation is
expressed By: Wéntilation rate; air change taté) arid'nominal
tine ¢onstant (reciprocal niimber of the air thinge rate). The
ventilation Taté'is the speécific: vohime of ventilation peér unif
time. Required ventilatiof rates pér occupant foridifferefitt
rooms are recommended foriacceptable‘air quality in rooms.
The air chatige rate indieates the riunibet of chidnges 6f indoor
air per unit:time, taking the volume b’ the‘foom"space it
account, A¢cording to Japanese practice, if an'€xhau¥i-only
mechanical-ventilation systen i§ installed, an"air'ciinge Pite’
of appnoxxmately 05 (llh) for thc overall Hb#¥e is” reco--
mended. } 1o wIGIn-

The main mdexes for the characlensues of the ventilation
in a single space areé the age of air and air-age- depcndem venti-
lation efficiency (air change efficiency). The e 6f air isiflé-
time required for a fluid to!miove from ah ouﬂe&(suppl{f lborFF
in aspace to a specified point. - T RMISE{SY )y pov

" The room “miéan age of air,” whichrepresents thp average
for an-entire space rathér than a specified poifit, is:slss uséds
As the age of air decreasés, the timé spari‘for ﬁesh‘ﬁrtﬁé‘aéﬁ
the poirit decreasés. ’Iherefore. lt exprcsse!v thé degreerf
freshness e of Lt

‘The room “air changc efﬁclcm.y is an index that indi-
cates how fast the room Hir chaies “The Yook ai Cifalige effii-
ctcncy |s l 0 for piston flow and 05 formrﬂple%c ﬁ’iffusl‘dir -
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TABLE 1 '
Ventilation Evaluation indexes

Q: ventilation rate (rﬁ:’/h)
V:iroom volumé (m?)

(air change rate)

Indexes Equations Chi:écteristics

Q (m°/h) | Amount of ventilation

(ventilation rate) 1 '

n n=Q/NV (l/h) " Number };;f changes of air per.unit time

(air change efficiency)
n

(0

(D) = ' 0 Ce(t) P B y ‘ Avérage in the entire séace of the time for a fluid
(room mean agg of air) s VJ- T ) ' [to'move from an outlet in a space to. a specified
o '-pomt ‘4 i P g o
5 ) Ce(t) Tracer gas concentration of exhaust at tlmet Yt e 4 ARt B ks
C(0): First concentration VT : T - - (T
€, ) g, = 1,/(2- (1) The index that indicates how fast the room air

T nommal time constant (h)( I/m)
room mean age of air (h),.,;

: PO
iy P &

changes
1e, =10 wheft plstorrﬂow

8 %05 when complcte dlffuswn

,,(1,:

The age of air and ventilation eﬁ' c1ency are usually
measured with traéer gas. Studies of measuremem methods :

and many examples of actual measuremems in, large spaces, 7'

such as office buxldings and factones have fbt:cn reported. -
Table 1 summarizes the charadénsucs of the indexes.

Problems of Ventilation Evaluation indexes

The indexes described above are sed 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 indexes refer to a single space. If they, are applied to an

““entire housé" w:th xﬁultlple wms,,each room is evaluated
mdependently 58 the ‘ov ormance of a ventilation
system, includmg balance between rooms, cannot be evalu-
rated! Thus; it is difficult to apply thcm 10, evaluata fulfiljment
: of the venulatxon design of an overall resndennal bu;ldmg

PROPOSAL OF A'NEW INI?EX o

i “), NEP) T SH R 1 T
As a solutxgn fJor tl;e qnflcultles noted above;.this: paper
ﬁ-. @ esane’iv vmnlquqn pcrformancq:eyaluatxonmdewwnh
i ollowmgchar;qtmmcs b

'I.” The characteristicsaf vemilation of thé “ohole house ar
expressedbyasmglevalw This means vqrmlanonsystcms
can easily be compared and evaluated under different
conditionsand resultscan be used inthe desngn qf @ suitable
ventilatioti'systém.

2. The balance of the ventilaiibn Fare in'the whole house is
expressed. The ventilation rate of each room can be evalu-
ated and the balance between rooms can be W\plc:acd, 50

the ventilation desngqpf the entirg hquse can be evaluated.

Evaluanan qfquamty The purpose of installing a residen-
‘tial ventilation system is to provide required air supply to
and exhaust from each room of a housg and provide verfi-
latior é?ﬁciently in cach room. ‘Ihereforc‘ thq evaluation of
vemllahd}rmcl\idek assebsment of tfle supply and exhayst
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rates 6f each room, ventliatmnquahtym ea;;h room, and the

. overall balance. When campanng a quanmanve evaluation
i witha quahﬁtive evaluation, priority is given to the quan-

» tify—-the age of ‘air and’ ventilation efﬁcxency should be
evaluated after satisfying the requlrcmem for quantity. An
ideal index should express all these iteins, but th:s paper
ivtevaluates quantny aloné as the first steb

ot

4. Arr supply is dmmgm,skedﬁomexham A requued ventl-
" Jation rate is mcommended for each room!to; maintain a
' good_ mcioor environment. However;: since :ventilation

mvoives air supply and exhaust; the required ventilation

¥ 3 may vary wnh the type ofroom For example; the rate for

cléan zones, such as bedrooms and living rooms, should be
considered s the supply rate of fresh air;whereas the venti-
lation rate of dmy zones, such as toilets and bathrooms,
shotld'be considered as the. exhaust rate of polluted air.
~Therefore, the suppiy rate is &pstmgulshpdfmm the exhnust

L7435
0] €43 |

rgoys 1Y 4 8

calculatxonm’emw |sdﬁcpbedbelow.w, el s

: mmn Supply um Fumum-m,bsnF

B:gic oncept for supply vate falfillment. First, SRF,

a1 the air supply;fulfillment of each room, is defined. Since
thp index is intended to evaluate quantity, SRF is defined as
the ratio of the actual supply rate tothe required rate: Thc ratio

. expresses the fulfiliment for the.room, oz~ <7 1 71 U

+:; - :Spesifying the Required Supply Rate for Each Rom.

_The required fresh.ain supply rate (P;) is'set'for éach foom. P;

is used as the target for the ventilation desigh, and the house
and ventllanyn system are, designed 1o achieve this value.

. Therooms: that require fréshairinclude ¢léar ofles; such
Jaé bcd.rooms and living rooms. The main purpdsé of supplying
fresh air to glpan zones:is.to.dilute. pollutarits Such as arbon
dioxide, which are generated indoors, to' the perrfiissiblé'level

[
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and exhaust them to the outside. Therefore, it is suitable, for

example, to calculate the required quaritity of fresh air from

_the amount of carbon dioxide produced by an adult when he or
she rests and the prescribed limit for.¢carbon dioxide. The
caltulated quantity is specified as the required fresh air supply
rate (P;) for the clean zone. The required ventilation rate is
recommended based on this in most 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, thé carbon dioxide concen-
. itration'is generally used as an index for indoor air pollution.
" The'required fresh air supply rate (P,) i 15 specified for clean

zones because air supply is essential there. It is not:specified

for locations that are occupled less frequently, such as dlrty
.. zones and staircases: "

Concept of the Effectlve Fresh Air Supply Rate in

Each Room. The actpal supply air vs. the required fresh air ' "

supply rate (P;) fora room, in the house is considered. For the
ventilation in ro0m 4, the portion of supply air that can contrib-
ute to dilution of pollutants is converted to a quantity of fresh
-dir. The cdﬁverted value i Ls defined as thc effective fresh air»*
'-“-’supply rate (S ). The SRF of qach ropm;is expressed by the
ratio of thié effective fresh air supply rate,(Spkto the: required
* fresh air supply rate (P‘) g et
The e“ffectwg Fgesh alr supply rate (S;). includes the rate of
"air that flows dlrecdy from yents or ¢ragksin the envelope and
air that flows in from another room through cracks in the inter-
.-nal walls ordodrundefcuts ‘One hund:ed percent ofthe air that
~flows:in difectly from'the dlitside z:omnbutes t0 dllunon of
. pollutantssin roowi's, but air'ffom o:her roorps n‘ught not
. contribute beeduse of contdrhiriatits in‘the o other rooms. There-
+; forethe folwing are studied to caicuiate lhe eﬂ'ec;nve fresh
> lairsupply rate(S), whnch is the substahna'l fresh air supply
« rate to-thezdom:»
neits
woiThe réquired fresh alr - siipply rate g}’) f‘or,;,oom i is the
q'uantrty of frebi“aif regmred o cfxfu;e, the - contaminants
i producéd in room ‘1410 ‘the é’nmssnble Iimn If the, effective
fresh air supply‘tﬁte"(S) duals’ th' ‘requ d f;csh air supply
snate'(P,) for Yoo i, the contamin:
diluted to the perrhissible fintit by the éffective fresh air supply
rate (Sy). If S;> P; the pollu are diluted helow the pgmns-
sible limit by‘ihb‘ !ﬁep&’ m a?rdgu%p }ll“:l'a(:e (S;).. In this
case,. Syis considared sufficient to difutﬂﬁﬁ‘pollahms to the
prpsq_uhed,(hmxtl.bamg;capnbiwuf idilutirigithe péllutants in
atherrooms1ao. F,opmample, ifthe petmissible coricéritration
is-a, and.Q (mi/b) ofia cencentrationsof-é “flows bt ffom
room i, the concentration oﬂ‘Q! 'c7uk‘x(m3¥h)1§ & aid'the
r;mgqup O Qs a/agdm 3fh) gap be régarded a&ﬁtsh air.
. ,OLettu;g (}-0/0,) = wia isdefined ds-Surplis frésh air.
a is the concentrationsbased upon that of-Gutside air. <~
. Therefore; she effective:freshiair supply rate'(S,) for room
0 mc!udgs the,quantity:of freshiairthat flews directly into the
roonht};e quantity,of fresh air thatmoves betweéf fioms, ahd
. the quantity, of fresh air:that flows dlrecsly o tlie outside. It is
cxprzssed by.the foupwmg'oquwm g S AT R SIAZ0I
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N
§;= A+ T-max(0,a;- Q; ) -
jst

N g (1)

2 max(0,a;-Q; = max(Oa -B))
j=1

where |
S; = effective fresh air supply rate, the rate of air that
contributes to dilution of pollutants in room
A; = direct fresh air supply rate, the rate of air that is
supplied directly to room i;
- N- : = number ofrooms (excludes external space, but a

mixing box in the duct system may be included);
a; = surplus fresh air supply rate contained in the air
exhausted from room i; ,
‘Tate of air flowing from room i to room j (Q; ; = 0);
rate of air exhausted directly to the outside from
room /. ‘
If the air densny in the space is assumed constant and the
- rate of fresh 4if that flows into or out of room i is considered,
-the f'ollowmg equauon is obtained. Equation 2 expresses the
law of conservémon wnth regard to the quantity of fresh air that
flows into and out of and is used in room i.

RN SRR ¢ 31 ¥ )
TYELIN ¢ R

Oy =
B =

e

A+ 2959 pi-/Zu Q- B=P=0
: " J" 11 P fael O 2309 SR |
- where ..t .sie oy %S Pk
B 4= requu’edﬁ'cshaxrsupplyrme é'nesupplyrateof fresh

“I .aif réquired to dﬂme 10 the permissible limit
pollutamStﬁ'at are prednctedto be produced inroom i.
{fthe outﬂow and inflow rates (Q; j)yofair betwcen rooms
and'the outflow and’ mffow rates (A;, B;) of gir to the outside
aré: known: Whknown 'values for each room are o, and S,,
which can be calculated by solving Equations 1 and 2.
Supply Rate Fulfill ment for Each Room, SRF. For
- each room for which a required freshair supply rate (P,) is

o 1o I i

mants p;oduw inroom iare i specifiedthe supply rate fulfilimeht (SRF) is defined by

Equation 3 as the ratio of the effective fresh air supply rate (S;)
o, the required fresh.air. anpply rate (P,) for room i.

& Lb me b

nsliing,
SR Llo 1 (O B

b FS

z.,mu)((w Q) | e

1460 remyntiah eV

hcre
,snpt - *‘&&pplyfﬁ!é mih‘ilmem%froom i,
'1 " ',\«“
s (B isspeéiﬁed,” G Bl
G o= Ueffeetivefresh atréupply rate (Sl) forropm(
'PI AR reqhmd'ﬁ'esﬁaxrsupplv rate.for room i,
e L2 R substantial fresh air supply rate for room i.



The substantial fresh air supply.rate (P;) is the required -

Tate of fresh air with regard to pollutants_that flow in from -
other rooms. P’ is calculated by subtracting the negative .
surplus fresh air supply rate from another room from the .

requxred fresh air supply rate (P;) for room i. This value indi-
cates the rate of fresh air required to dilute to the permissible
concentration limit the total quantity of pollutants produced in
room / and circulated in from other 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 thermal €nvirdnment can deteriorate. Excessive
rventilation should be' evaluated unfavorably: Hoéwever, it is
difficult at present t6 include such influerices ttimerically. The
purpose of the indéx proposéd hiére s limited to quantitative

evaluation, so the upper limit is defined by considering -

whether or not the required rate is provided.
The denominator of Equation 3 becomes zero when the
required fresh air supply rate for that room is zero. In such a

case, the SRF is not calculated for the room. If the required '

fresh air supply rate is not specified for the room and pollutants
are not circulated into the room from another room, the
denominator becomes zero.

If summation of Equation 1 is done for all rooms, the -

" following equatlon is‘cbtaihed: s - 19V
] 453

ey
&N Yars
1508 SRl

N J»"

N N
25 = T A+ Z,,Z ma.x(p, J‘Qb,,) s
l—l lnl J-IJ-]
¥ SNy R g 5 | i .—‘" 4
°F ﬂmx(()‘& Q )- Z marO a B) '
i=lj=1 u.l_L R
il @)
= X A- Z max(0,a; B;)
i=1 i=1
- N N i s; e e oms o
=R EA~ AW Wy =
i=1 i=1 S
e s VY - max(0,a,.8). . &)
"w el‘e s ol e R Ca i Mru-‘ 1LE -',:b'z';.’n‘ : "nu/

smve surplus fmsh axr ;upply );olumc exhausted

~fromroomito the outside, the rate of freshair that is
exhaus!cd thhmn conmbm;:g 10. qmmon of

gpllummsp o barglnglies w 344 b

The second term of the;right-hand sxdc of the: ﬁlstmw of

: “Equation 4.is:the setal i¢f the positive surplus freshair supply

Thathiad
- ratethat flowd into a reom from albthe ¢thernooms. The third

_termis the total of the positive surplus freshair supply‘.ratexhat
- flows:out. from 2 room to-all the other rooms. Therefore, the

: «second term equals-theithird term-te give Equation4.. :n»
: - Equation4 indicates that the sum of the rate.of fresh air
.sused to dilute:pollutants:inceach ¥oofn andithe rate’ of fresh air
- exhanstedsto the outside:without ontributing! to dilution of

o o fr

RE

pollutants aqual the fresh air supply rate in each room. In other
words, fresh air supplied to each room does or does not
contribute:to dilutionrof pollutants before it is exhausted.
Overall Supply Rate Fulfillment, OSRF. The overall
" supply rate fulfillment (OSRF) is defined as follows by using
the SRF calculated for each room for Wthh the required fresh
air:supply fatei(P;) is specified:

OSRF = (SRF, x SRF, x A x SRF, )" ™ (6)

ey et o : 15

where

OSRF = oyerall supply rate fulfillment,

= number of rooms for which the required fresh air
‘supply rate:{P;) is specified

The overall supply rate fulfi llment (OSRF) is a compre-
henswe evaluauon index of ventilation fulfillment for every
rodm Comprchensnve evaluatlon methods may use either the
geomemc orthe anthmenc mean, which is the simple mean of
fu!f' llments of all rooms. If no air is supplied to one of the
" rooms for which the reqmred fresh air supply rate (P)) is spec-
ified, the ventilation target of the overall house should be
Judged 4s'niot achieved even if the air supply to all the other

" rooms is sausfacfbry When the arithmetic mean is used and
" SRF = 0 for one room, it is not. rcﬂected in the overall OSRF
value if the SRF values for other rooms are hlgh and there are
many rooms. Therefore, this paper uses the geometric mean to
calculate OSRF to reflect a low OSRF value for one room
upon comprehensive evaluation, as defined in Equation 6. If

, the balance of the fresh.air supply is good but the ventilation
“rate is slightly insufficient for the whole house, it can be
increased easily by enhancing the fan power if mechanical
ventilation is provided. On the other hand, if the balance is

r...: bad, more thoraugh measures, such-as improved airtightness,

A: are Mecessary. Jhercfore,‘ﬂle balancefshouid bwemphasxzed

e forevaluauonu»v. e T

i1, [ITTHIN A 3 f o

- Dvmll Exhaust Rate: Fulﬂllmont, OERF

_'ﬂ Basic Concept of Exlun;t Rate Fulﬂ]lment (ERF) for
Eacl: Room, The exhaust rate fuiﬁllment (ERF) for each
“room is defined as the rauo of the gctual exhaust rar.e 1o the
reqmred exhaust rate in tl;: e way,as for the air supply. It
s alsq necessgry 10 con;.!ﬂer the air wflow a.nd outﬂow ‘rates
between rooms for exhaust. If polluted air flows to another

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

* as follows.

Required and Aciuai Exhausi Raies for Each _Koom.

The rooms that requu'e exhaust include dirty zones, such as

** batlirooms; toilets, arid kitchens. I the dirty zones, large

quantities of pollutants, Water vapor, arid odors are produced

temporarily. To prevént them from flowingto other rooms,

s:dirtyrzones: should, ‘in- principle, be arranged at the down-
stream end b the-atrflow path ini the building -

m

Y

v\,—-‘,l:’»
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As mentioned above, large quantities of pollutants are
likely to be produced temporarily in the dirty zones. Thus, the
dirty zones are considered as rooms for which ia high resis-

_ .tance to pollutants is offered and a higher permissible concen-
tration.of pollytants is specified. The clean zones are regarded
as rooms for which a low resistance to pollutants is designed
and a lower permissible concentration 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 penm,s_sible concentranon in the
which is called the permissible concentration ratio.

Exhaust Rate Fulfillment (ERF) for Each Room. If the
purpose of ventilation in the dirty zone is dilution and exhaust,
the exhaust rate fulfillment can be assessed by coqtpanng it

 with the specified fresh air supply rate to the. clu'ty zone in the
" same way as for supply rate fulfillment. Assummg the actual
r‘equnred fresh air supply rate (P,) is the requxred exhaust rate
and the effective fresh air supply rate (S;) is the actual exhaust
rate, the ratio between these values is defined as the exhaust

rate fulfillment for each room. 'ERF, is gwep by Equauon Tby .

calculating ; for each room by solvmg Equallon 2, the conser-

vation law of the fresh air supply rate for each room and, from .

the calculated value obtammgS for the dirty zone from Equa-

_tion 1.

o - T T 1

N

% 5 S‘/
* &5 ERF.=/imin P g l ='m %
' RN Wi i m(P )' -
P b3 mm(O -7 QJ ,) i
s Tt

] ¢l st WwBEohe

- However t.he surplns fresh ~air suprply rate>n; ‘for‘each

t..;roomisithe Valueiwhen.the permissible Concemtration ‘of the

dirty zone is used. Thus, the calculated value of:x; ‘cantiot be

applied as it is to the ERF calculation for clean zones. The
calculation‘methodof (a):for Cleandories is discussedibelow.

[Letting the perrmss:ble concemranon of the dirty zone be

P od trfé surplu§ fresh air sdp 1y rahp of the dfrty zqne be.a,,
“'the pem‘nss:ble coﬁc htratnéx:x ratxo of the lean zone be KXoy,

o and the stirpjus frésh’air' supply ratio of the c!ean 20nie be (a) g

T e acs;ual cbndenrraﬁbn o, of the pollutams énﬁtamed in air

#ﬂowmg’behyeen rooms ealcuiated by Enéuatl)ogs 8 9119 9.
T G IFSRNE TR ] Y
IR o "°d f1=e,)” o s woh L (8)
AL 1 IPCURIE SR V61V s B4R st oL TLIVE ol [T L IO (1 (T B
G, = X0, (1 - ((1)) AR T Ay (9)
MWhrEré EE CRCAREETEY FALIR IR ¥ T TS S T (0
A5 FIENET ol 127
- a‘cma‘lconcentr;uonefthe‘go‘llutamsconlam:dmalr
Mg AR ﬂowm;bemeenroms, IES: 3. 10 251N
. gy - 7 permissible conceptration of the dirty zong, . -,
g .=, surplugfresh air supply ratioswhen the: permissible

concgntration of the divty zone is-applied, wis »1tz

e, 4154
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_( O‘),,

permissible’concentration ratio,

surplus fresﬁ air supply ratio when the penmssxble
:cofcentration of the clean zone is applied.

" The surplus fresh air supply ratio (o) of the clean zone can
be expressed by Equatlon 10, usm° Equanons 8and9.

sl oy

1 -6,/k6

lféc;‘cd'ad)/ch

(10)

= (K6,-0,+0,0,)/KC,

= (xk+a,-1)/x
.« Forclean zones, {c,) foreach room is obtained by Equa-
-tion 10.from a,, used in ERF calculations for the dirty zone,
and the. effactlve fresh, air supply rate (S;), based on the
permlssxble congentratien for the clean zone, is calculated
. from Equation 1. OB L0 S L .

By g

N
CLS)= A+ X max(0, (o) - Q; A
i 1L .' L .
i " il an
' ZMGX(O (01) Q - WH(O (a;):B;)
] =" |< i
.where ) F N
(S = effectivefreshairsupplyrate forrgom i, basedonthe
permissible concentration for the clean zone;
{a;) = surplusfresh alrsupplyratlo for room i, based onthe

i rooms:that are notin /dirty zones. > 7.

permissible coﬂbentrauon for the clean zone
The ERF for the clean zone is defined by Equatlon 12
usmg the effecnve fresh axr supply rate (S) for each room
obtamed by Equanon 11

(12)

)

(5) (s

Ik

ERF; = min N

P;- 3 min(0, (u) Q/ B}

j=1

)= min(

The required exhaust rate (P,) is set to zero for the clean
zone. If polluted air flows in from the dirty zone and the
substantial required fresh air supply (P;") occurs, the ERF is
: ealc‘&lazed"tisﬁig ‘Eqgliztion 12%’1‘ todins’ other than the: ‘dirty
*zon&. The ‘actudl hduse has Spaces 'such as Staircases that are
not dirty’or cledn Zories, They dré tréated aé clean zones here.
Therefore, the ERF is calculated using“Exilation 12 for all

Afiyang T T

ig - Overafl Exhaust. Rate Fulfillment. The* above ERF

. +calculation method corisiders shetype of pollutant. The dctual

:zrihouse has ‘several dirty zones, and:an-exhaust fanis irstalled

:ineattr dirty zone. The poilitants produced in dinty zones ‘are

not the:same:.For example, poiliitasits: includé water: vapor

-i5 produced:in; a bathroom; odor.;in-a toilet, and oilrmist and

exhaist in akitchen; The ERF for.each room:canbe caloulated
., for each pollutantby:setting several x values according tothe




Room 1 Room 2
<1—40 < 4> 40 >
Room k3 Room: 4

‘|Room 1 Room 2
<«—20 - < > 60—
Room 3 Room‘ 4
o 60 <20 <

Overall Ventilation Rate Fulfi liment, OVRF-—~ -

The -overall - venttlanon Tate “fulfillmert (O‘VRF ) B
- ~required fresh air supply rate gP) for each room i§ zo“pm the

P s M

Figure 1-1a Natural ventilation I.

type of pollutant. Therefore, the overall exhaust rate fulfill--.

ment OERF,, for a pollutant P.is defined by Equation 13.

Hpn

‘
[

“ OERF, = (ERF,, X ERF,, x AxERE,)"7P"  (13)
where i, e . ‘
OERF = Gverall exhaust rate fulﬁllment for pollutant P —
ERF, = exhaustrate fulfiliment for pollutant P, T AR o, |
pn = number of rooms for which ERF,, 1s calculated i

The overall exhaust rate, fulﬁllment OEREF is deﬁned by

-~ Equation 14-as the geometric mean of OERF, for each pollut-

ant 'l' T "(
OERF = (OERF, x OERFékOERFd) 4y

where | . ol 2 iy ) &

OERF = overall exhaust rate fulﬁllment, -

d = :

typeof pollutam o i

k ' OERF. Since vennlatlon ina house always involves mupp]y s
,’ “~and exhaust, the geometric mean of OSRF and OERF is not

TT

Figure 1-1b Natural ventilation II.

% * OVRF = OSRF x OERF ' (15)

’f»’vhere » )
OVRF =

 EXAMPLE OF APPLICATION or OVRF
* TO VENTILATION SYSTEMS

Actual ventilation includes natural ventilation due to
differeficesof tl:‘l’nperamre inside and outside the house (buoy-

overall-ventilatiotl rate flfillment; -

"ancy), ventilation “due to wmd and mechanical ventilation.

Meghanical ventilation ‘includes natu_ral -air supply plus
mechanical exhaust as well as_mechafiical air supply plus
mechanical exhaust. This section describes with simple exam-
ples how the index proposed in this paper is apphcable to vari-

-ous ventilation systems.

’ Natural Ventllatlon

" Examples, of air flow when ventllatlon occurs due to

'temperature difference ina two-story hiouse are shown in
_Figures 1-1a (natral ventilation I)and i-1b (natufai ventila-

‘tion II). It is ass_utued that with heating in_winter, the ‘indoor
femperature is higher than that outdoors. For example; the

value of (P) is not specified for the staircase at the centerof the
house. No dirty zones are defined, and only OSRF is ealcu-

used-to1:alculate OVRF.———  —~ T lated. The calculanon results are given in Table 2a.
T T T NTEETT TRABLESMNT w3 - pe= 2
e ~ -~ CalculatonResult of Natural Ventlation =
" | &, ' NaralVentilationl - | . Natural Ventilation IL .. - —— —
iem | L RY R2 | R3 | R4 $C. | "R1.[]"R2 |“R3 |- R4_] 8¢
(o 00 | .00 05 05 | 05 | 05 | 017.] 067 1 00- | 05 |
S, | 200 | 200 | 200 | 200 | %o | 00 [ 2000 [ 200 | 7300 1 o0
Py 200 | 200 | 0200 | 200 | 0. [ 200.f 200 | 200 f."200- | -
P 20.0 200 20,0 200 | - | 2000 ] 200:] 200 [ 200 ot
A N s S 0|1 L) PRSIV - o el 10.0-
|SRF 1.0 0 | 1o | w0 | - 05 | 10 _}_ P ‘lo-;', T
OSRF S . T e e o84
4154



Room 1

> 20

a»<i— 20 <

Room 2

Room 3

—>20

Room4....
->»f-‘2|0<-

Figure 1-2a Mechanical ventilation . " .

With natural ventilation"l, fresh air does not flow into
rooms 1 and 2, but as o > 0, surplus fresh air is produced in
rooms 3 and 4, and, consequently, air is supplied to rooms 1

and 2. Therefore, SRF = 1 for each room.

With natural ventllatlon II, we consider an example where
the balance betweét axr su .ply and exhapit is lost duF to the

it

i

'[Room*1

Room 2
‘«—20 < > 20>
“ i:\’.oom 3 |Room 4 —-—8>0
20 | <20 fTOO

Figure 1-2b Mechanical ventilation II.

influence of wind. In room 1, S,- = 10, and SRF1 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 rooms is 70. This is due to

"
L] §

Calculatlon Result of Mechamcal Ventslahon

the fact that some fresh air flowed out without contributing to
dllunon of polluta.nts If the fresh air supply rate (W)}hat does

TABLE 2b

A "'Meéhqnmlwnmationl ;352 W% Mechanical Ventilation II' '

Calculation of OSRF . o v X
Q: R1 .= R2 R3 R4 s.C. R1I_| R2 R3 l R.4%» s.C.

o 0.0 0.0° 00" 0.0 0.0 —05 | s05f 00 =] 10 0.5

5 20.0 20.0 20.0 0.0 0.0 10.0 10.0 20.0 0.0 0.0

P 200 200 [FUiaog TOF c HEY i 20.0 200, | 20065 1 2o .

P o [oraggs v [a20.0700] HEag0 T - 20.0 20.0 200447 - E
v R e ok et 00 - ) . 60.0
N Ty 10, | a0 bien ; 05 | 05 | 10 - < »
o OSRF 5 + 5 ek Al T £ L ) 10 T H ST S 14 ) . ; 063
5 ’cinc‘nhanonoronnf(x ) e i ore W pgiseaioetpeged ot e s eenid A0
e - S BT Y T T T Sl > I il e i Y 7
s T B EEE BT s : . : e |-

P - - - 60.0z5 |X ' HA - = - 60.0 -

= - i newgplitn) ' g gk 10 HaReF T o D i . 60.0 ol
ERF | ::h ';.—:,7_‘:;‘. *_.... = lO - Vroindines &= s - 1.0 -
R e s LR e X - A Y R e =275 .| | (-65). ) =215
D e : M - o :.:,‘6.‘(:)“ e ‘_-_o':(-j:::.',:::;:-..- = T _,_b-o* .__,:6:0 - o -. 200
TP 00" |00 5 Ly 00 | ng.= 0.0 0.0 .00 00 i 0.0°
kP> C 707 | 00 00 |- 00 | 5550 55.0 00 1309
{ERF-= =i SEL i ol T A w0 | o A G 0.154
~{OERF~ | — R = 10 i 0.0
~|Caleulation'of OVRF ~ T il 3 : .
o s . e - - 52 2 i 100

4154 i/



TABLE 2c ; =
Calculation Result of Duct Central Air-Conditioning System

not contribute to dilution of pollutdnts'is addéd to the surh of
S values, the resultagrees with the oVefalI':"Véhtilat'go(ﬁ rate.

If the balance between rooms is lost;“as in this example,

- -~ System I System II 5
R123 | R4 | sc. | AHU RI | R2 | R3 | R4 | sc. | AHU
Calculation of OSRF "1 S_— . '
a 00" | *00 0.0 0.5 0.17 0.0 -0:5 0.0 0.0 0.5
s 20.0 0.0 0.0 20.0 20.0 10.0 0.0 10.0 0.0
P 20.0 . . 20.0 20,0 20.0 . 2 ;
P 200 | - - . 20.0 20.0 200 | = | . -
w == 00 0.0
SRF 1.0 - - - 1.0 1.0 0.5 - i
OSRF 1.0 0.79
- | Calculation of OERF'(x = 0.01) : -
@ 1.0 0.0 1.0 10 . 10 1.0 1.0 0.0 1.0 10
B "y 0.0 60.0 o 1 00| o0 0.0 00 "I 600 0.0 0.0
P - | 600 Sl . - S Me00 |7 -
P 00 |. 600 00, [. .00 0.0 0.0 0.0 60.0 00 :|: 00
ERF » . i 1.0 . 2+ 1.0 v
() 10 (=99) 1.0 1.0 1.0 1.0 07T (=99) | L 10 1.0
<> ;| oo b | P 0.0 00" | “00 | o0 [, - 0.0 00
<P’ 0.0 - | oo 0,0 0.0 0.0 00 v - | o 0.0
<P> 0.0 - 0.0 0.0 0.0 0.0 0.0 - 00 | .00
ERF ..i'f, Wi f. 100a | il Eaaes Z i e 5 e g
OERF S R TR Rl v . 1.0
Calculation of OVRF ) R
' a 1.0 s E 079
s SRS T N COREERE s el g

T 113 T T e P PRl
.., - With mechanical ventilation 1, air is supplied in good
'Ba‘]éhCe in rooms 1 to 3. Hence, OSRF = 1. Since air is

" exhausted from room 4, OERF = 1, and as aresult, OVRF = 1.

it is clear that the OVRF value can exprt‘ss‘détéﬂb':‘aﬁﬁﬁl:}}'f{':f';“l\decharq;fal ventilation II shows the behavior that can be

ventilation performance in the entire house with the overz
ventilation rate kept constant. s

-~ i i O TR T Sl T o Bk
373 {30 Pa) i.alt

Maghiinn V‘pntl[nﬁqu ai wosT st

Figure 1-2a (mechanical ventilation T) and Figure 1-2b
(mechanical ventilation II) illustrate examples of calcilation

when an exhaust fan is installed assuming that one room of the

house is a dirty zone. The required fresh ait supplyhte (P) is-

observed when ventilation driven by mechanical force and

«~ventilation by buoyancy occur at the same time. SRF = 1 for
" toom 3 only, SRF =105 for rooms 1 and 2, and OSRF is 0.63.

The ratio (#) of-fresh air that does not;contribute to dilution
of pollutants is 60, which indicates that 60% of the total air
supply for the whole house does not coptribute to ventilation
and is exhausted. i

- 4is 1,airflows fromroom 4 to rooms lz;‘ixd 2, causing required

.7 Letuslook at the data of OERF_ Thaugh the ERF forroom

assumed to be 20, and réoms 1 '3 'are regardédas clearizones. ~--exhaust (P;= P',= 55). Since the effective fresh air supply

For the required exhaustrate, therequired fresh air supply rate 1‘

iates férboth rooms are zero, the ERF; for rooms 1 and 2 is

(P) is to be assumed 60 only for room 4 in which an exhaust | zero. ﬂi;'.c(}(c_ljng[y, _QERF =0 and OVRF = 0. The ERF for

fan is installed, and it is not specified for the other rooms. The

permissible concentration .ratio.(x.).of other-roems to room -
4 is set to 0.1. The calculation results are summarized. in, -

Table 2b.

spaces other than dirty zones is affected by the permissible
~concentration ratio ( ).It is estimated that if  is set neartol,

. -the:ERF value:increases, and-if x is set near to 0, the ERF

value decreases. Therefore, a suitable x must be selected for

4154
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Room

60

1 1> <~ Room 2

40V

>

1960

Figure 1-3a Duct central air-conditioning system .

each pollutant. In fact, the..value of x.-should be studied

further.

Room 3 -

Central Alr-Condmonmg ‘System ~

‘An example” of & ceritra'l air-conditioning system used
with a ventilating system is given in Figure 1-3a (duct central
air-conditioning system I} and Figure 1-3b (duct central air-

i

[ ()

60 * *60 *40“
Room
1 <+ Room 2
20 ¥ Room 4
- —>
Room 3 4> 4560

Figure 1-3b Duct central air-conditioning system I1.

ment, but the effective fresh air supply: rate (S) decreases for

room 3 -where the duct-air supply rate is small. The OSRF
value is less than 1, namely, 0.79, showing-a decrease in
airflow balance. In this example, the effective fresh air suf:ply

conditioning system II). As in the example of mechanical

ventilation, rooms 1103 aré régarded as clean zones and have
_ air conditioning and fresh air supply-and room4 istegarded as
a dirty zone and has mechanical ventilation. The. requlred
supply rate rooms 1 t03 1s 20 and the specnﬁed exhaust rate

-for room+4 is. 60*
* In central axr-condltlomng system I ﬁesh air i dlstnb- " EXAMPLE OF OVRF CALCULATION USING

uted to each room uniformly by an air.conditioner. SRF = 1 for

each room, so OSRF = 1. The exhaust rate is 60 for room 4,
‘thus; OERF = 1.

-~ In central air:conditioning system 1I, the overall circuia-

. _tion rate and ventilation rate for-the house are the same-as for
system 1, but the balance between rooms is lost, As in the
- example of mechamcal exhaiist, the effective fresh air su ply

' rate (S) for rooms 1 and 2is 20 wh:ch §ansﬂes the T requlre- is dlscussed below. o
n © <52 i g and
L e
e T " Artificial Climatic Chamber
e iy
B e T b uAmbient Temp. is controliible’
1 3y o 2335 2 ¢ & b iy A
& b s, v R0 : et fmm «10 mmAé reme L
' S H SRt | | & B BT MAg ' |
~ e TN P ll,l f =
il T 3R e CAttic Space ! Cyiu;der House ]
IR O IS¢ 1V v T . y
t supgat - e Ti¢ i (= e i
P 01| R Sy G fle % a4 . : .
Qe e o R o 12 s M= . are Varidble - ¢
iy e b el » 3 TR LR LRI R i
( : - |l # " LY o~

thgureZ
e 9
4154

~-rate for the staircase is 10, and the portion correspondmg tothe
..decrease in-reom 3 is supplled to the staircase. The total effec-
tive fresh air supply. rate is ‘equal to that of system I.

If the index proposed in this paper is applied to systems

EXPERIMENTAL RESULTS

Expenmontal Conditions-

¥

leme of cylmder bousa and wrtg{' clal chmanc chdmbe’ﬁ SERAE

wiid LIRY

R A st L]

" where circulated air and fresh air are mixed, such as ducted
tentral air conditioning, their performance as a ventilation
system-can-be evaluated Thxs too, demonstrates the apphca-
blllty of OVRF .

‘-':

- “The OVRF valise when air was exhausted from one room
of a two-story residential house has been calculatedrusing the
results of measurements reported in the companién paper.and

13kt
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Figure 3 ~ Plan of ¢ylinder house.” =

The éxperimemalﬁouse was builtin mmiﬁciai%ﬁmme
chamber that is free of wind and can control temperamre and

“ "Humidity. Its total floor” area is' about 66‘111 and the total |

volunié ofthe fooms 1§ 176 m* (see Figurés 2 andl 3) “Thereare '

218 cylinders 50 mm indfafriéter, with an ‘effective teakage ;

area of 17 cm? for airtightness adjustment, in the i inner. and

outer walls of the house. THe 6verall’ éﬁ'ﬁ h'ies" 3 ii;ﬁ l;nouse

can be controlled in a range 761 0:2 to #0’&“% by opening

ql;ld closing the cylinders. The most airtight doors arg used as

Jnner doors between - doors. The effective leakage area of each
" door undercut can bccomrollcd by changingthe lid size;of a

c,ylmder thgt hps an inner dxagwter of ZOQmm and is;installed
- pear the .door.to uumpte a door,yndergut, -, . ol e

) _The ;house, has two rogms, a dining kmhem(DK) and a:
vamg, room (LV)‘,,on the first. floor;: o . fooms;>a north -

) bedroom (BN) and-asouth bedroom {BS),.onthe secondfloor; -
_.anda s(au:case (SC) Expenmems ‘were. performed on these =

.ﬁve spacea,,l)oors -betwegen the -kitchen -and .utility: area,
N be,r)ve.ep the staircase and.the first, floor;halis and-hetween:the

10

staircase and ‘the sécond floor hall were always open. An

rf _exhagst fan was insta]led in the DK and contrglled by an inver-

1050 that the,fan exhausts 88 m>h. This exhaust corresponds
toan, ovetp'll ajr change rate of 0.5 ACH/, .

- - The gxperimental.conditions are-: summanzed'm Tables
- 33; 3b. and 3¢.: Expenments werecondﬁc:edon a total’ of 60

5 L1y

.....

»xﬂ_efcht_;vq ‘_l;cakage and .four temperaturc d‘ﬁ'erencesbetween

-, the insige:-and the outside of the¢house. The:volurhe ofthe air

flowing through each cylinder was calculated from the pres-

surc differences across them and the AP-Q characierisiics of
each cylinder were determined: befors thetasts.: . =™

-t

“Specifying the Réquired th Au: quply Rnto ;
and Roqull'od Exhiutt R;to )

1104

1 < DO AT b o vl W RS

The four rooms of the house" weré regarded as ‘tlean
zones;anddxe required supply rate, which was a Quarter of the
. exhaust rate (22 m/h); Was spedified for each‘toomn. '

" 4154
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TABLE 3a
Experimental Condition of Airtightness

* Basic Effective
Opeped Cylinder Leakage Area Total Effective Effective Leakage Area /
Airtightness in’Four Rooms in Whole House Leakage Area Floor Area n50 Value
Level | 15.5 &P x 11 17cm?’ 5t 79 cm? 1.2 cm¥/m? 1.6
Level 2 15.5 cm¥ %2 17 ém®” 140 cm? 2.1 cm¥m? 2.7
Level 3 15.5 cm? X 3 17 ¢m? 202 cm? 3.0 cm¥/m? 39
Level 5 15.5cm? X 5.0 17.cm? | 325 cm? 4.9 cm¥/m? 6.2
Level 10 15.5 cm?'% 10 - A7ém 0 T 633 cm? 9.6 cm?/m? 11.9
,TABLE3b
Experimental COndltlon of Door: UndercutSnmulatmg Opening
Diameter of Undercut AP(I}'!nqu)—q(M’ /H) Air Condition at AP-q Effective Leakage
Simulating Opening ) _Characteristic ' Characteristic Measurement Area
———— e e— ——
U.C. ¢ 50mm Q=2438pP'2 (: 240°C 17 cm?
—— ) J— 755.6 mm Hg
U.C. ¢ 160mm Q=199 61?"2 b 4 26.5°C 136 cm?
N : o o 755.4 mm Hg
U.C. ¢ 200mm Q= 327.21'_‘6}?1{% 26.0°C 223 cm?
o . 755.8 min Hg
Note: in the description below, door undcrcut-sxmulatmg opemng as'tj:C. effective lcakage area as E.LA"
" " TABLE 3¢ , '
Equnment_al Condltioh df lntemaI-Etha’[Tanpentuf% Difference
gy «dnternal T, emperature External Temperature
Temperature Difference Setting (AT)!| (»Cyhnder House)~~ (Artificial Climatic Chamber)
0K o= 5 v 20N _. 20°C
T 10K 30°C 20°C .
20°K 30°C e Soae T
30°K 40°C . 0°C

i St 4 RS WY D U o

#:7ered as a dirty Zone, and' the’ exhaust fan capahty of 88" m3/h
was used as the Téquired ‘exhatst ratéfor the DK. Thérefore, *

.uI.the DKiwasregarded as acléan zone and dirty'zonéat the same =
“; timg:Jt was.assumedthat x = 001 Since thisexperimentkept ~ |

;:;Q@h;ﬁpxha.ustqcapacityf at 8.8~;m3u{h;'sthe exhaust rate:did ‘not

< change. If negative surplus-freshcait does notflow to dnbther
. toom frem;the:-DK, the:ERF is- caiculated foi' theDK’ orily, SO
ERF—I TSk SEATT AL T

"‘l\‘"v LATOTEIL L0,V
\. adi b e

OVRF Calculattbn Resu!ts P38 e vl

The dnsmbunop of the OVRF va_lue with qoor pnﬂprcuts
160 Mith in diafeter is sﬁbwn,m Figure 4. The ab;cngsa repre-
sents the airtightness level ind the ordinate the' temperature
dlffqrence between the inside and gutside of the house. Figure
-+4,shows that the QVRF s high when. the airtightness level is
" high ang, the internal-extemal temperature differenceissmall.

4154

Only the DK from- thch air was exhausted wad éénsnd- o

A - hadd

‘I‘he bVR.F is about | whep the aqrtlghtness level lﬁ\s aqd; the
temperature dii’f;rencc is, 30 K .In the other areas, the. _,OVRF

b

o Qpcmtlng Rgnga '
of the Ventilation System i bt

/' The: ventilation Sy§tem works’ properly in’'the range in

whlch thé OVRF ‘value ishigh, as‘shown in Fxgure ‘4 There-

fore, it is clearthat the ventilation systém workspmperlywhen
svithe airtighithéss 1evel is high'arid the temperamre difference is
small. In some cdses;'as desctibed éarlief, the OVRF valié is

¢ -higheVenif theairtighitriess level is’S. The distribution of fresh
+ 1air (W) €xhausted to theloiitsidé Without contribliting to dilu-
" tionof pollutants is shown in Figlire 5. The figure shows that
---as the airtightriéss level becomes lower and the' temperature
“.difference incredses; the Value of W ificteasés. The ‘cause

~ seems’to be that, although the ventilation rate with the exhaust

1"
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Figure 4 Distribution of OVRF. =~ ™% .

fan 1s kept constant, the natural venulatwn mduced by buoy-

ancy is accelerated when the temperature difference is
mcreased and the airtightness is lowered; consequently, the
_ the level of airtightness but thé‘iiternal-extéfmal temperature

overall ventilation rate .is increased:more: than necessary.

, Smce the value of W. is actually. the. fresh. air that does not g

contnbute to ventllatxon it should-be-kept lows to reduce the “ g ofl et Ml Sl
i:- temperature. difference is not-eonstant afd-varies daily and

air-conditioping load qu maintain a comfortaple indoor ther-
mal environment. Therefore; low levels of airtighmess are not

desirable for ventilation design because the value of # is high - design' should bé achieved over a'year, the Véritilatiort system

i+ operatioff line should be entigely withiin the high OVRF area.
f I is-almost zero. Jn pragtice, the

even ifthe OVRF value is high, On the other hand; with higher
a.mg..tnesses, t};e, valueio
ventilation system works effectively in one of the two areas

with higher QVRF (shown in Figure 4), where the airtightness
level is great and the temperature difference is small.
Figure 4 also shows that the OVRF is affected not dnly by

difference. In an actual house, thelevel f airtightnéss and size
ofitdoor’ uridercut are-‘cofistant, ‘bt thé'internal-external

yearly: The ventilation’systefn -opération point is expeécted to

move ‘on a'veértical: line:of the- graph.'Sinceé the ventilation

Hence, if the range of OVRF > 0.8 is consitieréd to be satis-
factory, the conditions for effective gm@;ipgiog‘@e ventila-
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tion system are an airtightness leve] =2 for internal-external ... ally very difficult to precisely determine the airflow rates in

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 companion. paper
the ventilation characteristics of the house are affected by the
internal-external temperature difference and airtightess.
Also, the ventilation characteristics differ from room to room
in the house. By u.«'{ingi,l an index such as OVRF, which

expresses the overall ventilation behavior of a house, therange _

of parameters for ensuring effective operation of the ventila-
tion system under different conditions can be easily deter-
mined, as shown in Figure 4. Accordingly, $it¢h an index will
be a powerful aid in the design and evaluation of the house and
ventilation.

.~ The OVRF is-capable of evaluating the inflisencé of wind,

although- this. was :fiot done in-the seriés of expefiments ¢:
. reported here. :Previous, studies have considered wind to be

just an element,accelerating, the maturalventilation., Actually,

. the pressyre variation dye¢-to wind differs between the wind-
_..ward and leeward sides. Therefore, jt is incorrect to tréat wind 3

. always as an elemegtithat acgelerates;yentilgtion when-evalu-

{Sdbjects for Igurther Study i

.ating ventilation performance for.each room: Since the OVRF
. ..expresses the.ventilation behavior of the whole hause on the
. .basis. of airflows between rooms, regardless of the, type of
. ventilation driving force, it can evaluate wind: mﬂuence as an

elemem of ventilation. - -‘? ey

seep b 'f.'

.J,Jl

wory \r U~

e

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 of building 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
for the house to be designed and by calculating OVRF values
level of airtightness and specifications of the ventilation
system.

CONCLUSIONS

This paper has proposed an mdex—overall ventilation
rate’ fulﬁ]lmem (OVRFy-—for expressing the ventrlanon char-
aeteristics of ait'entiré house and confirmed its valxdxty using

=r expérimental results'from a companion papét: The conclu-

.~ siens arrived at in thisstady were the following.

Introduction of Qualltatwe Evaluatlon The OVRF-M

proposed here isan mdex for evaluation of verrrr]grlog quan-
supply and exhaust rates in the rooms. The next step should be
qualitative evaluation of ventilation behavior in each room, so
the integration of this concept in the OVRF is the subject for
future research.

Study of the W Value aud k Value. Possible mﬂuences

”

of excessive supply or exhaust rates-are not included in the ’
calculation of SRF and ERF for each-room. However, as is |

clear from Figure 5, under certain conditionis, # reaches 100/

m>/h, which exceeds the extract capability of the-fan. The _ '

drawbacks of excessive supply and exhaust rates should be

considered in the evaluation of vennlauon system. Itisa theme

for further study, mcludmg study on the x value. N
Problems in the Evaluation of Practical Systems.
Since the tests by the authors used an experimental model that

allows easy determination of airflow rates.at different locas... ™

tions in the house, OVRF values were easily calculated. In
actual ventilation systems installed in real houses, it is gener-

_.4154

* “OVRF enablésleasy détermination of the range of different
: - parameéters: for»ﬁrlﬁllmga projected ventilation effect.
2. H~lmroductit5ﬂ of’a ’yeaﬂy averagt Hllows the evaluatlon of

véRilation systems i’ Which actual conditlons are ‘well
reflectediv » i ienl: Tainds I

Quahtﬁﬁ've €valuation and devclopmerft of new measure-
< mient techniques on ite are subjects for future study
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