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Fig. 2-2 Air flow system for supply outlet and 
exhaust inlet (dimensions in mrn) 

Q!:::~t±:llJ~:¥i ::.t'ta; Reynolds ~~if.~ 6,500 li&~ 

L -ci~IJ!t ~rr? 0 c~%.@J~. *~ 1so @]) Ci11) 
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T/7'!) /;!. ·-{ /~-fO:Jv lOmsec-:; . ..\-D )i£~~ 

rr?. 1~G;itt:: =f'~?' lvr-·J- -.!,096 ~ (.J0.96 ;fy 

<J.)jijijJIJIP.ffa,::.tll~) ~, Fig. ~-3, Fig. :::!-4 ::: ;if;T~1E 

;JE~::. .l:: ~ l~.t~fli::.m:~ Ud&. +~J!l.~Q)ftf!, Table 
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~():)t{l::; L -c:T-t-. '*J:x1t:::. fft 0 ~!il:l:, U*= C/U,, 

q*=q(r..:.z. =.u*=o.~d(L",'/L,), K.ll*=K.'Ji (U,L0 ), L.u* 

=LulL, ~k t tto. 

~~M~!:: LJ.:~p'g~Fa, CFig. ::::-1) -:'i±, ~tf:lo, 
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Fig. 2-7 Correspondence of V-component on 
symrr.etric point (X-Z plane at Y* 
=0.5 & 1.5) 
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Table 2-1 Values measured in this experiment 

q=(u='+uv'+u,')/2 ................................. (Z-1) 

'.u=(z,+•v+•,)/3 ............ . ....... .... . . .. .. ...... (2-Z) 

L.1I = (L,+ Ly + L,)/3 ..... · · · · · · · · · · · · · · · · · · · · · ... · "·(Z-3) 
Kli=CKx+Kv+K,)/3 .............................. (2-4) 

T;= / '•R,(~)dr: (r0 : R;(r-0)=0) 
" u 

R, : autocorrelation of "' 

L;= -./Ui'·T;, z;= ../u//L;, K;= Vu;'·L; 

3. ~!il[tlJ7iJ!IJ 

Table 3-1 [;:~T 2 :;!J~~~Lmt 'E-:T';vi!:: &s~h'Ulo:'C 

c L-c :\IAC ~I;:{J'{iJ~flH~mi!::it-::t)Qo ~t~.&u~. 

~'2f_:lll:O)ft~fii!1\t±ll=l ~~ L, !:: 1!1\t±lJ!l!~ C/, "C:'~iJ::jG(J:; 1...

-::f]-?o ~l;,'\::l[;(l:;i.::.J::i), %l!£tti:t, [/*=U/U,, q*= 

q, "C,', o*=of(U,'/L,), ;;1*=v1/(U,L,), l*=l/L,, 11*= 

IIjpU,', x=x*(L,, t*='t/(L,/U,), ~R c t"~a 
itflr~~~;t, ~ < "'~*pi;J%.;)1EO);<i:f/F·ti:!::~J.1: 1...-, ;<t 

l$!ID-z':5Ht•J 1...-t.:Jl(ll.IJO)}f.H\Wr 1...- -cv'~a 4-@JO)~f!l[~ 

Jf'-'li, ;Zf'fJFjjO))l{jlJJi!: 20 X 20 ~< 10 (;1)~:5J''"I'fr-T ( t IV) 

Table 3-1 Equ~r:on iar teYbule:::ce :Cow i:1 case 
of n-.-~cc_'-'arion (q-<) ;r.ociel 

iiU,/oxt=O .................................... .. ................ (3-1) 

0!:~'~ 7 _j}_(UiU·) =- i_ ~II 
ot OXj J .'1 oz, 

' { . ;; [:, .: [_'; . } 
-:--~- :.l,-,-----'' 

CI_Lj \ ()Xj IJXi .' 

... ... ............ ..................... (3-2) 

-c,~,,s· - c, ;: .................. .;3-~) 

S'= ~~ ( ~~; ~ t·: J ................. ................... (3-5) 

"•=q'i'·l=Cw'!• ................................. ........... -(3-ci) 

CD-0.09, C-1.59, C,-•).:3, •7:-1.0, r,,-1.3 

JHk{tf:, 1!1\tf.:ll=l ~JI->~:"-F. ;.:Z"l:dJ ~-JI-~i-t'7 b.;;, a ~i'f.IF 
ll0'7<i, ~/ltl::~j 1...--::- j;: iree slip"1, 'iiL;Jitl9t~:i.: (q, o) 
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::.r;J L.-: :;J:.:t-(1) flux :!:~ c L- oq/EJz=O, oc/Bz=O, ~ 

4;:t -5o ~iiD;t3'Hk{t:-;t, !t:i)fi:(T)J:IE~::. J: -5MiiD~:?r-~ 

{!f;"l~Ji'llt'~o -j-ftb"Q, ~ooi.:f$i-t-r.,t,v(T)~iiDOOJ(1) 

.!¥-iuv~. ~'iiiL;T.E~:?r-;'l~fE~::<E: L-, V;::;\;(T)~Iz:.~-fti;E 

-t-r.,o (Fig. 3-l $~)Ci!2) 

YtaU,'aZ=const. Z: M'liiJ;j> G (T)fiE~ 
.................................... (3-7) 

r_· = c·. CZ/ Chz, '2)) m lzz : ~ Jv(T)~?1-.:t!-TF,.,I¥ii 

.................................... (3-8) 

q=const. · · .......... · .. · .......... · ..... · ...... · .. (3-9) 

l=Co':• .. -.z ":\·on Karman:<!::~ 

· ·. · ........... · ·. · · · · · · · · · (3-10) Ci! 3) 

iffi~(T)~J'I.~f*''±, C3-7),C3-8) tJ>t;,, ~oo~=~-t-9im 

f* ~ lv "(', ~t!Jj]~J:I:; shear ~ ~ l:Rit (1) J: ? (::;)::; < o 

[!Jt8U!aZ]<7.-hzf2> =2 m!itU,/hz ......... (3-11) 

{.§.L.., "~ni~ m I:.~L.-:(J:, 4'-@l~iiD~ml-~:.: 

1/7 ~{!:§:1¥-Ji::fflv'"Cit'-5Ci12)o X., Dt (J:, ~~V!Eit 

tlv9"·L.--r:;E~6h~ !Jt (l):IJZ~~. u, l'(T) lit 09{iic 
T-5o 

fluid wall 
!LiJitx;f:.;v~·-q(T):!jtJII,~{tj:(J:, (3-9) t.l>G, 1/~J:t 

(1) J:? 1::, q (1)~~:1JliJ:t9"(1) Z j](>i](T) flux ~~c :;-3 

< 0 

v 
hz ·v 

~ 
Vtt 

q1 Et v 

'l Ut / 

+ vt 

. vt2 ~ 
2 v 

X 
v t = ( ') t I +v t z) I 

v v 
Fig. 3-1 Field Variables near a wall 
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[aqiaZ~ <Z-hz!z>=O ........................... (3-12) 

liLmc1!:t~ • (T)~~~¥f:lt, M<iiif.:~-t--5 imf*t,vl', 
C3-10) c~fint~ r::J:: !J :::~tco Ght.: q. ~fll'v'-c, !L 
ii!E'll:~ ~~:;t(T) J:: 5 :::/i::co 9 0 

-'1 =Co'" ·q1 m; {tc • (hz/2)} ......... (3-13) Ci:': 3) 

~tfj r:I l'i'j;, ::f}i!J<I±J r:I t !VZ' -~{:_ ~I±J.f!l.~{:i~ lJ. 
;t9{ll!, mt.A2iliiit~f!l:c L.-: q*=(q/U,')=0 .005, l*= 

Cl/L0 ) =0.1, '(It""-: <*= (c/(Uo'i L,)) =0.0035 ~ 4;t 

-50 &. L-. 4-@14 :Z tdliiiE~*:I:(T)~I±J r:I !J!:?r-~{!f;:J:' 
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Fig. 4-5 1V-U vector on Z-X plane at Y*=0.5, comparison of prediction anci experi:r.ent 
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-7' 7 H}}I.J ~f L-fiii-c'(l)~mc~::.:!j~fj .:SJ;!ttf(I)',5L.h(l)~jJ!.IJ 

k.1;\il!:"1 n' ~C> IE ctJ :-.: t (I) -zo a;, .:s. '!&:16 o -z' 11. 'N:i600.ltfii 
~-#!H::Jt.;t. ;;LlliE~'*:i.: (q,£) r:.IJ,ilL--cri-'2:-(1) flux 

2::~,l;:T0. (oq:'aZ=O, 8e/i5Z=O) 

4. :;:p:~;]!.;iir.:~-r -Mli:f~a~'?;]IJ c~;JIIJO)x-trc: 

I!Z~iJTE(I)~jfi~t#7iJ!.IJc1U~if\t*2:- Fig. 4-1 (71P) 

-Fig: 4-S (7-lP) i:.;if:T'. A :t~ffiiT~-'fjJ!Ij, B ::J:~ 

~i$'.*2:-7f:Tc ;'i[E.(L(I).f.i'W:ti:' ft < *n L- "Cv' .:StWToo:t, 

Ml*mi Fig. 4-l -z'd:>.:S. i!J;:tl:l~;J,En:;'<t[t]~::.f!J~L 

:§n:ra-::> -cg!Z)Z:, r:1 :::~ 5 lJiE.tL(I)t~.:r~. ~ t±:l o, '!& :i6 
o r.9(1) ~liDili: < . ;71E.tLn:~;JTE::.m515 .tL0 -w.:rn~~$ 2: 
h0. ~tl:llll'\iiJE(I) X-Z Jfjfjij, Fig. 4-5 -z'f:l:, lll'\iiit::. 
M-T0 ZJ7(tj(I)~5J i.J;t~ <, ~::.;;}-::> -clll'\lJiE7Jqgjp: vc 
t:Jl < ~-=t- n~Wl.~ ~ n 0. 

Fig . 4-l-Fig. 4-8 ::.'b;if-:2:.t"L-clr'0J:51:., ~{Wi:H 

~7iM c ~~~1-*;-;t, J!l.Jt, ~~.tn'il!:: M-i='i¥."1:: J: < -fZ L
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(5-l) lJt.J.f· Table 2-l, Table 3-1 (l)~~i't:~0~~ 

-73-



.. ------- ; 1 ..,..,.,...------
, _______ _ 

' I 

... ' '/ /// _______ _ 

"/ ../'- - - .;-- ,...-- ... ' Y-Z plane [X*•O.S] 

-' I ' -
A:prediction 

Fig. 4-7 V-1-V Yector on Y-Z plane at X*=0.5, comparison of prediction and experiment 

c-----7'! 

I 

1 

"""----- "". --------- ---....--
\ ~---.. ---------------. "-.,............ ............ .......... ......._-------- ... ........ 

\\ "-. ............ .........._--..--.... .........._--..- "-.... ................. ....___ ...................................... . 
Y-Z plane [X*•9.5] 

\ \ ""' "-... ·-----.. :---.....-..........----- '· '-.. '-.... "--. ~ "-.. .................... .... 

\--~~~"~~~~~~~~---~ 
,, ..................... _ 

A: prediction 

Fig. 4-8 ll-\,V vector on Y-Z plane at X*=9.5 
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Fig. 5-3 Distribution of ~,~ [prediction] and 
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plane at Z*=O.O 
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SYNOPSIS 

uoc: 628.86 

CORRESPONDENCE OF THE THREE-DIMENSIONAL NUMERICAL 

ANALYSIS OF TURBULENCE FLOW TO MODEL EXPERIMENT 

Study on Predication Method of Room-Air Distribution Using :Numerical Analysis 2 

by Dr. TAKESHI NOML'RA. Prof. of Tokyo Univ., Dr. SHL'ZO )[URAK.Al\11, 
Associate Prof. of Institute of Industrial Science Tokyo Univ., Dr. SH1NSUKE 
KATO, Assistant of Tokyo Univ., and :'vlASAA.KI SATO, Kajirr.a Construction 
Co., Ltd., Members of A.I.]. 

The correspondence of the numericcl analysis to the model experiment is clarified conceming Room-Air Distribu
tion. The merbod of three-dimensional numerical analysis of turbulence flow in this paper uses the Two-Equation 
model of turbulence and the lv!arker-And-Cell method. The Two-Equation model is one in wnich eddy viscousity "' is 
determined from the transport equation of turbulence kinetic energy q and rbat for turbulence energy dissipation rate 
'· The air flow observed in experiment and numerically analized is bounded cubic shape room model with supply 
outlet and exhaust inlet. Flow patterns are observed very precisely with special parallel hot-wire anemometer which 
can mesure three component of turbulent flow. 

The correspondence of prediction to experiment is satisfactory. 
Those are, 

( 1 ) Close agreement between observed· and calculated velocity vectors are obtained. 
( 2) The predicted values of turbulence quantities distribute between one-second to five times of the observed 

values. 
From above results this prediction method are proved to be successful for that of Room-Air Distibution. 
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