
'CJ'=;j'. lv 

: eneraY 

cooling 

:as-fired 

ng load 

1d, and 

suffici-

ngs. 

, ir load 

,d Ct$e 

~er, and, 

ased on 

eneqiy 

lc\lla~d 

rograms 
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~~iiiJ;fO · ~':!:.Ic'f:"!?;~i;)'(~ 
No. 32, 1986 ~ 10 }'j 

tfiTt;: tJ:~:m~~1li;M t .:::?XJCI!iLVTC~frtf 

~ ~ = v- ~ s ~ ~: J: .Q :Wt±H* 
-~~st!J-*(7) 1¥1111i ~ 7 ;t.- ~(.~ T ~ Wf~-

;M J: mJ :::::*1 

JJQ ~ 1~ 11'* ~ 

.:f- '7- tt = ~l*lffi!l! . mf*:tJ'+ . ~)1\~~111 · tltl~t~JJ¥: . m§:,;-' l ~ v- ·:.- • /' . 
k-, ~=:nw:i\~Lmt"' 7'tv · :i:F9~3\\5J'1fi 

-~~~~~~--~~~~~~~-~T~3•~~k~·~~•~m 
~~}:E~T ~. .:.;M..vt, CD 1}~f1Jf-c·j'ljm11ttJ>~~ l.A; ~~;EL- t.::. ~if~ 

•~•~•~.®~~<. ~~•~H~L-~~~~L-~•if~~~~e 
~f£. :t-;;.Hl®~t±ll-~~~:>fl~3iU;t~rJl, "C'<J!>~. 

.;:,,tt_Q~jfj\,'"(, ~tE<J)? !I-:/Jv-AI*.J~-~~ti~~~T7.l. -~ 

~$1~~~51-:ftnt, CD~t±l t...o · Pl!.6.;z;.~=~ts:c·~~11:.~-Jtt.::.~if~~m 
5Hfi ~ ~1t.~:. J: ~ ~~~$~11 ~ ~1t. ~3<'JJ :W: i¥1 ~;::, 5f- T, @ ~I*.J~~ilffi ~ 

¥6~fftfa<7)~1t.tJI~I*.J~m'~tl(~;::,J;:.;t ~~~W:t'W:ti~ t;::,.?f-T, ® m?ft~ 
~~u~<7)~!J!:~A1*~vc:.~-r, t~ <£17)~~~~ 1..-. ~I*.J~-~~Nt~rr? 

~~1~~~ VC:fffflt.~.; ~ d; t.J'lf-;~h~. 

l. ~-
i:P'J-c·: ;~:, .f:-q_)~iifE~~t:::.MJC- 1.-- ·c¥:P'J4t.*-0)~~ 0) 

A.tt.IJ•h I) ~IJ~Ji<tt.IJ. 0~1(~Jl~tf:lq_)~.tt.~~~.~~ 

• O')~c5J-O) ~ .n1JC -rt.chi;,i:P'l4t.~ q_)•~0)39J~M'A 
~o~~~bh.o - *lilf~vt . .:.'5L~'i:P'J0)•~3l3J• 

0'.)5};fp~~~~i"tO'.)~l...--c. ~L<3~MO)·-~$ 

W~~.:(-0'.)5}$~5:E·L· •• O'.)i:pt;j~iift:K~ffll...-"'C-t 
0') 1lr ffl1~!::tr jjtEt i" o · 

2. ~~~~~-~~~~•~m~~~~ 
i:P'l~·~lUtlt. CD ~~:1:. ® i:P'l"CJe~ l...- t.:. ~* 

~O)t<'J.J51Hl'-J~~~. ® frliit~·O)~!if!:I¥.J~~5J". 0)4tfiDl..*'-1:::: 
;1J!ii-?~,,-crrbh.o. ®.®v:::.~l-clt. ~~·ii!E~'i:P'l 

-c·~:t L tcr?*~'II{0)5J-:ffl~~il'fb,Ji! c ~no. ~ ;h.-1:::. 
xt·~ L.. ~ < q_)'i:~~i:ilE5}$0'.)Mtffi*~7l!IJJ$0)!VfJ'e, 
:}.; J: -cYi'5~11t~~t:~:O)m~~7l!IU$0)!Vf~n'i!~ t::>tL -c~ · 

*t,*2 ~:$::;i;:~~l:liHt1if:HJ1f~ :iE4l:>A 

.o, t t;. • .:.nt::>~iift:5J-;fJJ, 0~1tO)illlt53~;fJJO).f¥H.ITn ' 

t:J!i!Vv ~·i:P'J O)"~~J)'}J$"~5:£~ L, .f:-0)5]-;fp~~~ L 
J: 5 c -to ~rl.n~t.c ~ n ·n, o l)~sl . lilf7'ev:::. J:? -c:t. 
~ii!E5J-$~-~O)~~o/?~o/?~~L. mw••~$ 

~~~*~~~~O)~~~~~~M~~olilf~~$t~ 

o". Ln•L. '¥:~3aiift:O)~*'IIlt.dJ!.~:lE~or~8~~olll.~~ 

O)l}l!J~~~l,6l, 'i:P'l~IJIE5J-$0)~f~mtfi~$ 0) ~~;er:. J: 
IJ 7J,Bl, m:a:-t·lti:P:J~Vft5J":ffl~ m t *- t-:'i:P'l~~Jt~ 
~&O)m~~.~~orfl~ ~ t.c? -c~, J.J 9

l· 0~11!~/f:Z 0) mtFT-c L 
I! Uf* ~~,h. o ~~5}$vt. CD ~~1tJe1=.ttf!.l'f.)lf~ 
O).IltO).~KJ:IJ, .f:0)~4~MO)·-~~O)&~~ 

~~~~~~to. ®i:P'l~~0)~~•5J";fpO)M•~ 

J'l,.pj>(i'.JI:::.lJ.;t, -t-0)5}$0)~ ~ ?1- :.--IJ·t:J~pl:j"'(·O)·~~ 

11C~*1ii.1~1'Affll L--t :l t.c~m. ~~•n'J!~tJ· ~~ ~~ tf:l 
~ n.:c '5 t.c~m. ~4' 0)~~3l3J$0)5J-$)0)ttJ:£ 1:::: t .m 
~,,bh.otol,ul. LIJ•L, ilft5t;(p~~?'-:.--O)~!HJT0):7j.. 

-c·,t, CD5J-:ffl'O) ~ ~?~- :--n>~~!!t1l~tf:liM\&ilt1:::: J: 1J ~ 

ft.i".:,. ® f;~'JttJ~ttJWJ((jt~~~ft. ~ -tt-c * ~ t.:: i&~ 
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:5};(p -t.tL..:C.hO);j:EJ]j]~~ fiF-~ilJJ.tl~~=-~JJ.-c· ~ -c \, 't.t. \, ', 
@ ~H~fif c L -c Jfl 1.-, 7.:> t::. llb 0) ~Yi:i¥.Jr:.~f1Hj LA~7.:> ~ 

~)t.!J$0)5J-;(p(l~:5(i.~i$ El ~a~r*J~Vlt El ~0)~ 11: -c· ~ 

~. ~--~~0)~-~-'tO)~~~~~-~(if-~~~~ 

-cl, 7.:> c ~ *- 7.:> O)il~fr:~J.£!9-c· ~;:, ? H:.J!.f*£!91·:. 1*1 f* ft 
lt I? .:h.-cl 't.n '• t.t. c·· O)M~:Z.~ L -c 1.-, 7.:>, 

3. .gn:;::IJ*O)~~ 

*lVf~l!. ~f*JO)~~~H·=-~·~c t.t. ;,;,~r*JO)~~~ 

i:i~~-t-:t~~c L-e. ~tii\i*tt.t.7.:>~~itO)Iii1•1=-. 

~r*.l 1::.:t->tt;,;, JJ%~0)~:!Ji$5J-;(ff:Z.~]!:i¥.Jr:.rem-r-;,;, 0) 1::.~ 

l0'J U.t. 7.:> t~~~~l:.mi:ll<-t 7.:>.: c ~ 13 89 c L -c 1.-, 7.:>. .::. 
O)t::.llb. ~ ~ I:..S::ktd~n:.O);f ;,;,f§~~~·WR.:-:· c O)i'§~ 
.7Hil~~;Jtllb-c.: h~~~ L. J:.j:JSO)rp,.@,\'i;!::.@:~~ 

*- ;,;,~r*J~.o!\\f=-~~-t ;,;,~~~:JJ~:Z.Jf;-t:tl§:~~m~-r- ;,;,. 
*lVf3'Eii . .::. O)f::.llb??\O)ii\i*I¥.J:1Jtfl::.£-? <. 

1) ~Vft:5};(p.?).7,..f.t.l?f', f§~'MO)!Jt\fi:t~'lt~t~~ 

~;{_ ;,;,. 

2) ~f:I<J 0)~~ 11:~11. i'§~l$\ .:-:· t r::.xtK;;-t 7.:> l.4'V~53-
;fJJI:.J: ~ "'CJ\ll(,tzffili¥.Jf:.~~.n7.:>. 

3) Lt::.il~~ -c. -'t0)5]-;(p%0)~~£!9-c·tJ·-:>JIY:f&1.-'0) 

fl,b'ljit.c~ff;jJi*~~ ;{_ 7.:>. 
1),2)f:..i*JL"'CI!, ~~53-;(p~frlH.IT-t-MH O)m;ttO) 

lVf5Ec~f*0):1J£t-c· ~;,;,. Lii•L. ~~~•0)~1:.r::.xt 
.rt.-t-7.:> /l~5};fJJ:'i, ~~O)~.!J*r:.xtK;; L -c!![~t.::ff;~~ 
~;{_ 7.:> il~. ~~jitO)~~&m:ii~JV.t.hfi-'t.:h.KK;; t. -crJ£ 
fl:-t-7.:>. ?'§~'.!§iJ'E~:I:il~~--c·~..., -c t i'§~'IJ:O)~~{TI: 
~;;~~t.::hlf. [ql-:11!!.,o!\\ O)~~'li:il~O)firHi~t.._.., -c < 
;,;,. Lk~..,-c. •~O)m~-t-O)•mO)•~~•m~t 

~'trC~ft11"7.:>t::.llbl::.l!, CD~~'IJ:0)9'E1:.tLtlitt:.~ L. ~ 
~rp~~"'O)K;;Jfl ::.xt L~J§ii_O)~I- <~i;ll;llb:Z.rr ~ -c¥/k~ 

53-;(ff~;;J<Ilb. ~~m:O)•~O)m~-t-O)ii~~~•m~ 

cL. -'t0)5J-;(p:Z.;.Itllb7.:>:1J$, ®?'5~-KMK;;-t-7.:>• 

ff£0)~Faj5};(pO)!I'fii_~-ltlll:89t.::%-c·tzf~fl: L, .: .h~-t 

O)~~~:!J·:tl§: ·~ c L -c :€~ L. i'§~·~~f93t{;l;::.?-. 

:\'- -7 ~-t-7.:>.: c i:.;XJK;; L -c .;:-0)5]-;(p~;;J<Ilb 7.:> jJ$, t.:: c:· 
1.1~~;{_ l?h-7.:>. =*lVf5Eii. iitr*l:.~ L~r*J-:fl'iO)~~'Ii: 

~~~m~ L. 1&*1:..~ L~~:5j-;(p!l'fl:iO)f£@fi:O)=JO~ 

tL-c~~5J-;fJJO)~-~~rO)~Jfl~m~-r-;,;,. 

3. 1 ift!l:~'flJO)"E- ;t.;:... 1- HlOO 
•~53-;fJJ~ml?~ -ft0)5J-;fJJ~~1. -tO)~-~~ 

rc~~ftl1"l?h7.:>. UT. •~5]-;fJlc-t:-0)~-~~r 
O)!*lf*:Z.Ml!il:.ff;-t. 

j~J.!t5};(pi*Jt:i Cx(X)~ 7- U =rJ£~-t-7.:>. 

C.(k)= ( Cx(X)·e-2ir.kXd.X ...... (1) 
Jvcx) 

:fU: · tmlfj§ ~ 

Cx(X) :X( X, Y, Z)f::::.t-;11' 7.:>/IV~ 
c.(k) : ~~ Cx(X) 0) 7- lJ =rJ£~ 

i: !Uilit&(=v-1) 
X: {:i'z:~-<? r;t .. (X, Y,Z) 

k: ?Jt~-<? r Jv(kx, ky, kz) 

~C 1 ) O)m~iWO)P:J~ kx ~ nlt5J-~ff;-t 7.:>. 

c. (k) = ( Cx(X) 
Jvcx) 
. e-2ir.kx x. e-2ir.kY Y. e-2ir.kz Z dX ... ( 2 ). 

~ I? 1:., 1~~lifl~®:~~oo-r-;,;,. 

Ck(k) = l:, ( -2i<rkx )1 j/! · l:, ( -2i;;:ky )m /m! 

· L,( -2i;;:kz)"/n! · j' X'· ym .zn 
V(X) 

·Cx(X) dX ...... ( 3) 

-tt.::b~. ~/3t5J-;fJJO) 7- lJ =rJ£~71 c.(k) :iJ:.j\;t::::. 
ff;~h7.:>J:5K, •13t5J-;fJJO)~-~~r~~kf*at-t 

7.:>l'.U~'f::.~OO~h7.:> . .:h11, ~-~ ~ r ( xz.ym 
Jvcx) 

·Z•·Cx(X)dX 1::..1: I) -~5]-;(pO) 7- Y =rJ£~. ~ l?f::. 
11.1![5};(p El ~ii~~JE~ h7.:>.::. c ~~*-t-7.:>. *lVf3'E-c· 
1-.t. ?'§~~r::.xtK;;-t-7.:> ~~~0-;fJJ~-~s~t.t.%-c·ttf~fl:-t

;,;,=JO~c L-e . .:.0)•/3t5J-;fJJO)'£'-~ ~ r~.Efh,;,;,. 

L2 ~-~$0)-~0)~-;t.;:...t-

*lVf5e-c·a, itl~5J-;(p"O)fl£l'1\0)~- ~ ~ ;. O)<j:J-c-tJT 
0){,0)~~~~~1~tl'lt L-cm,,-c~,;,;,. 

c 1) ~l'1\0)~- ~ ~ r 

C0 = ( Cx(X)dX 
Jvcx) 

( 2) -?1\0)~- ~ ~ r 

XG= r X·Cx(X)dX/Co 
Jvcx) 

( 3) =l'1\0)~- ~ ~ r 

...... (4) 

...... ( 5 ) 

XR'= r (X-XG)'·Cx(X)dX / Co .... .. ( 6) 
Jvcx) 

rn1l- 1 1:.. i~J.!t5J-;(p0)-"=- ~ ~ r 0) :it*~ ,w,~~i!JO) 
lit~WflJ~!JlttO)f7uc t t 1:..ff;-r-. -~U1:.5J-;fJlt9€Ja~:.. -t 
O)fj£?1\0)~-~~rKJ:..,-c, kO).q0)5)-;(ptt~~-

4. •sn:iJJ*~li~ c 5t:fli0)5Efi 
UTK~~~•m•c-t0)5};(p~A~i¥.JK7ECL. ~ 

O)<lm:IJ.89t.::~*~~~-t7.:>. 

4.1 tl~~*tlH~c~$-.:CO) 1(SVE 1 :i:I*JlfZ~ifl 

£t: c :CO)~'$) 
~ 7.:>i'5~~CMe~H:.xt~ L -cml?h7.:>~r*J.>JZ~tl1Jt 

~lll:t*-tli!ltlii~/3t-c·£~fl: L -c:€~-t-7.:> . .:hf;t ," ¥1€ 

- ;r. 

f. u:. c. 
68% , . 

~5j-;(p: 

Lt::.t 
sv 

{, 

'~ 

SVE: 
?'§!*it~ 

I:. ;tJ K;; -· 

T5*~i 
O)~F.Ji< 

7.:> l!tiait 
Jv~~;( 

n•l::.~~t±: 

~I*.! VD~ 

P:J ::.$~ 
f{;:lf/Jf.!: 
~Fti:lOt.r

i(O)J€~ 
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fffi? f(u) i!f!:. C(X) 

OJ\til L~~ tJ~jf, 

du=Uo (ijit5.JJlh!) 

~;&; )c(X)dFC, (i.l!f<T>!A:>t!i) 

-;x ) ~XC(X)/C,}dX=X, (:ifi:-l;) 

~c~-~ 

• i'i!.f-~1,\ A : l71:ii'i 'i'il:k 
:£P'l"''m~:;m:-~n!i-tl\l71:R~i:.f!f. 

du=7 (7.1"111) =:x ) \(X-X,)'C(X)/C,} dX=X,' (~~=ql) • m~;u,i B : 1JJ:II't~'il:k 
:£pq-'f'i';JiJ!<J.i! >lli\'II;J-t~1Jti!Xi!IJr 

~~~-~~~~~---~ft·~~~·~ 

S7.:>· 
Xs)=Co(Xs)/Cs 

~ · Cs=q/Q 

= ( Cx(Xs, X)dX 
Jvcx) 

...... ( 7) 

. ····· ( 8 ) 

······( 9) 

c (Xs) : Scale for Ventilation Efficency 1, 

Xs v:. :to vt 7.:> ~~~$tlr~--E- ~ 1 

(~i'}(J[;~P'Jf~~[JE;to J: o: .:c ~ft 
;(p). ~M~f*l:.rH\'i;~9E~Ur.M 

Xs ~.A=\- i' ~~1!. SVE 1 ~ft;(p 

~-t±l 
·s,X): Xs~~'*~tl:lft cL_, ~~~9E~ 

::1:~ q, ~~_;;: Q c L t.:f!JJ{?;~ X tt 
jl:-e~•&~*-t [kg/m8

] 

~llij\ ~pj~'i1{9E~::I: [kg/s] 

-- ~it [m8/s] 

~Mr-t:*~ftil~ [kg/m8
] 

-t.: b'J;;, ~P'J ~ pj~j!{f~~~~;t. 9E~ Lt.: 

. r:l J: I) fiFt±l t: tl-7.:> i -c-~~P'Jf~~-\jMfFa1 
~~~7.:>- =~w~~7t4'P~. ~~•m~ 

:. Lt.:~-ftv:.J!:~t.J·v:.tJI't±l ~n7.:>t.J•, t t.: c· 
':litt.J~Jt~ L t.:~-ftl:.~~~t.J~~P'J t:.l*-\¥i'-t 
t.J•, ~i'i/IU8t:.~-t- mJ-2t:.~-t~P3~7 

~FI±i P ;l.!it;q~ c .~-c·9E~ L t.:~~~lt)!~ 
. ~F9~f-~ll/Jtlt{l£t.,,1W:c t.:7.:>._ -/5, 
· B .~-c·f5~~t.Jt9E~ Lt.:~-fr. f5~1(1i~ 

f!JJ{tt:. J: -:> "( li~P:lf~·~ltw:t--~llt 

: ~H~~~-t- = ~f!JJ-ft, i'5~~9E~Jtc 

• r3~11t:I1Ft±l:lt1'1~'/tf8ti-~-t 7.:> -JJ~. f5~ 
~FI±l t -c· ~-r .. ,-~;•~ < t.: 7.:> ~i ~. ~P<J ~~ 

• 15~imi c: tll:II'.< 'Ffl,J· 
:£P'liJI±';J;i:V~<I!JfllcJ-t'!i11ttr<~& 

6lj -2 ~l*J~VlE""' TJv 
C/lHiH~::IE'Ill' 9€1=.) 

f5~~;;:ft~;/JQ L~F9f-~¥l~fi...l:~-t .Q. ~t±l LP ;l.!i 
~~A~~Je~Lkf5~·~· ~t±lL~-~J:<~ft 

~;h7.J. Lt.:-J;>.., "( , ~P'J~i~ii!~-~·~CtJ:IJ' ~ 

~-~lltft•!Jtv:.3ft-? < . ~5a~$tl'r~--t~ lit, = 
~ J: ? t:.~~:lt ~fJI't±l~$~~-t \, ~-c-~ 7.:>. 

4. 2 ~~~$tiH~c!:5t11i---'~<7.> 2 (SVE 2 ~~~~<7.>:lf 

iSJ1J1;.-M:.!f.~c!;: ~<7)5)-;tj;) 

~7.:>pj~!E((.~Je~)l:.j;j-rr;.-t 7.:>ll~ft;fp~.:::)'}(~- ~ 

/ ~ ~~P'Jf-~tl.fJE(~?}\~- ~ ~ r )-c-~1\!ift L. -t~ 

f-/5:fH"C~~-t7.J. 

SVE2(Xs) 2= ( (X-Xo(Xs))2 
Jv<x) 
·Cx(Xs, X)dX/C0 (Xs) ······(10) 

t.:t-3. L. Xo(Xs)= ( X-Cx(Xs, X)dX 
Jv<x) 
/Co(Xs) ······(11) 

SVE 2(Xs) : Xs v:. :tovt 7.:> ~5a~$ti'r~-+~ 2 

c~~~~f-~lltii!x:~i~). ~r.,,~f* 

-c-~~Jt:fe~Ur.M Xs ~.A=\-"~' ~ ~ 

1!. SVE 2 ~:5}-;(p~-t±l 

Xo(Xs) : ~~'ll{rl~ft;fp~~·C..'(~i'}( ~ ~- ~ 

~ ~ -c·;1ii;;•ft Ltdllt5t4'!i~ -{'}\~
~ ~ ~) 

SVE2, -tt.t:b~1l:~jj-;fp(l)£1\!ift~ht.:.:::tl{~- ~ 

/~~~/5-~. ~~~tl{~~~~. i'j~~~f-~~ 

lltii!x:lle_,.~., ,bl-ff-~lltii!x:~ffv:.~rr:.-t 7.:>.it et~:. 7.:>. ~P'J 

1'-~ll:~t.J>~~Jt ~~P3~-\¥i'ii.t:.~-t 7.:> tlj~-c-~ 7.:> ~v:. 
~L. =Nti'5~-~~P3~~~~1J~W~K~-t7.:>m 

~c~7.J. ~P3~~Ckf5~K~. ~7.:>~<~F9K$~ 

7.:> = c t~:. < i!~-JJ·v:.tl~t±l~n7.:> = c-JJ>~-,; u'. =.tt.~ 
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m!- 2 t::.lf--t*~~VIE~7-/t,-·c~W-t :;,. ~t:l:l L o)l[f;JJ 
A lK -c·pj~JH~j::T.I~ ~ .., t::. ~if, ~~:>f~t.lllHi. B.#.. 
~~~-~j::~~..,k-ifl~~~<~:;,~~tt~~ 

1.>. Ll.l• L. r5~'l!{l:t:i:f"Jt::.*~ ( JAT.I~M::..lb!if~ L < 
t.t. ~ '· ;: (7)j~W(7)53';{Jll:t.. c-· (7).J')ft::.0~l!'ltil~~l't:l:l ~.h. 
t::.•tr. ~f"Jt::.r5~'l!{T.I~JA< llt;lrx:-t1.>T.I•. ~t::.M\1&-t-1.> 

;: .!:: f.t. < ~l't:l:l ~.h1.>ii•:Z.I!filtf.H:.~-t-
4. 3 m5!\~*11H~c~'$--t"q,> 3 (SVE 3 ~1::1:1 L~~ 

q,>3fi1:.JilJ:iia;jr.,, > 
~F"J-:f*t::.r5~'l!{T.I~~j::-t 1.>~(7)-*,#.. (7)~/J[;f,; l Lf.:C 

(7)5j-;(p!::.l ~ 7£~-t 1.>. .: (7)J~~~i~t:l:l L~~T.I~.:C(7),o/l, 
!:.~U:it-t:;, ~ -c·(7)~r .. KrrmltJ~~~ 'v:t c. 0~(7)/ii~T.I~ 

J::Jf.-t Q.!:: ~'?~./Et::.£-?< . 
SVE 3(X) =Cx'(X)/Cs 

t::.t!.L. Cs=q/Q 

...... (12) 

...... (13) 

SVE3(X): Xl::.~~to~~:il'..i.J$J~~-.:C(7) 3(~ 
F"J-1*0~-~j::~(7)-*~~IJ[:Z.~ 

~-:l*PAf<:rlOC-c· £$1t L t::. 4W<?7\5G 
~IJ[) 

c~c~:*F"l-•~~~q(7)r5~•~j::~~o 

•tr(7) X,#., (7)~/J[ [kg/m8] 

Cs : ~~-8M\Iit/l/J[ [kg/m8
] 

~=::(7)~}ii,~~jclj~ SVE 3 11. :±.t::.r5~· (7) ~I' t:l:l :Z. 
~~ Lt::.fltr~c.=-?(7)~~3W~m~t .:c-(7) 53'-;{Jl t 11 ~ t.t. 
~. *F"J(7)ff·(7)~~~L~t:l:lL~~~.:C.:~~:it-to 

Q)t::.~ L t::.3f~B9t.t.~r .. ,crrm>:z-~-t ~ (7)-c·~ o . ~t:l:l 

L~~t.J'JU:it-t o (7)t::.~ L t::.~fa1(rrm)T.J'ilivt'.hffilH, 
i'l c-·. .:C(7)JU:it Lt::.~~l10~ ~ .h L' ~, o ~fl~ftii''J' ~ 
<· ~r .. ,<rrW)t.J~*< t.t.ol'lc-~<=Pr5~~.n"L~,o~fl~ 
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New Scales for Ventilation Efficiency and Calculation Method 

by Means of 3-Dimensional Numerical Simulation for Turbulent Flow 

--Study on Evaluation of Ventilation Efficiency in Room--

by Shuzo MuRAKAMI *1 and Shinsuke KATo*2 

Key Words : Indoor Environment, Fluid Mechanics, Ventilating Systems, 
Ventilation Efficiency, Numerical Simulation, k-' 2-Equation 
Turbulence Model, Room Air Distribution 

Synopsis : Three new scales for ventilation effi

ciency and their distributions in a room are defined 

in order to evaluate the distribution of 'Ventilation 

Efficiency' in a room. They are defined according 

to the distribution of contaminant in a room. CD 
SVE 1 (Scale for Ventilation Efficiency 1): a space 

averaged value of concentration of contaminant in 

a room; its value is defined at the point where the 

contaminant is generated as a point source. ® SVE 

2 : an average diffusion radius of contaminant dis

persion in a room; it is also defined at the point 

where the contaminant is generated. {,ID SVE 3 : a 

concentration value of each point in a room, where 

contaminant is uniformally generated in the whole 

space of the room. The distribution of SVE 1 and 

SVE 2 are calculated by scad\ng the source point 

of contaminant in whole space of the room. SVE 1 

directly evaluates the exhausting efficiency of 

contaminant. SVE 2 evaluates the diffusivity of 

contaminant in a room. SVE 3 is corresponding 

to the travelling time of air from the supply outlet 

to ea ch point. These new scal es of ventilation 

effic iency can be calculated by the contaminant 

distribution which is measured by experiment, of 

course. However 3-dimensional simulation for tur-

"'' • >1<2 Institute of Industrial Science, University of 
Tokyo, Member 

bulent flow and that of turbulent scalar diffusion 

by means of k-• two equation turbulence model 

makes it possible to predict the contaminant diffu

sion sufficiently in practical application. Thus in 

this paper these new scales for ventilation efficien

cy are calculated from the contaminant distribu

tion obtained by 3-dimensional simulation for scalar 

diffusion using k-s two equation turbulence model. 

In order to estimate the utility of these new 

scales for ventilation efficiency, the characteristics 

of ventilat ion efficiency in the conventional flow 

type clean room are analyzed using of these new 

scales. The results are as follows. CD First and 

second new scales well represent the difference of 

ventilation efficiency which is caused by changing 

the numbers of the exhaust inlets and the supply 

outlets in the same room. ® These new scales 

well represent the influence of posi~on of the 

contaminant source on the cleanliness of the room 

air. @ The third new scale well repr esents the 

travejing time of clean air from the supply outlet. 

And it is easy to know where is far from and close 

to the supply outlet in a view point of the air flow 

route. Thus it is confirmed that these new scales 

for ventilation efficiency are useful for evaluating 

the distribution of ventilation efficiency in a room. 

(Received January 7, 1986) 
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