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ABSTRACT

A numerical procedure is introduced to calculate local ventilation effectiveness using the definitions
of local decay rate and local mean age. A low Reynolds number k-g model is implemented to calculate
steady state turbulent velocity distributions, and a step-down method is used to calculate transient
concentration distributions. Simulations are carried out for several different values of air change
rates and several different diffuser angles in a two-dimensional model of a half scale office room.
The results show that the local ventilation effectiveness within a room could vary significantly from
one location to another. The nominal air change rate based on the assumption of complete mixing
of room air does not provide the local ventilation effectiveness information. It is numerically proved
that the local mean age distribution obtained from the transient calculation is equivalent to the steady
state concentration distribution with homogeneously distributed contaminant sources.
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and 100sec after a step-down procedure started (92ACH).



A7 whyo] A &RE 27 FYUE T EX
(=108 e 4z A4 97 (=007}
?%}EMH F717 vR A T FF7E

T4 dojdet & AN A A
Lﬁi- FEHAAM AAEA A e=rt A EHY
3 F4e £ 3dF o8 49 A 29
Ao =) 7} %}%%E}.

Fig. 32 AW o8 gAellxe] ATte] &
Fe TAE JeEhiE Ao o] 2Yee Al
Ale] W& AU FEe Sfé FE FHHA
1HA Uk AU HE S ETES Y
BT -‘?‘—Eg— TP o= E

HE 78 ¢ ok ® 1 %‘oﬂﬂ H# HA
22 ﬁ.A]EM Ae Ae E }
ghol ojFojzl 7t AS9 Tx HIE e
Ao, @7 E§o] o] Fofx %
i fxo] wEA Zr) o
e E Holn, olue V&rE
OlRIAE Ao v Tagd vt dH
5] 7o) &A vt £7] 20~30% F¢
FH el 4] B FHLE B AFHE Gag Ho
o1t 27 v et Aberd Fole
doidoer dJS 7 %" AR
e sz F2E 11-? Zx oz 28 (curve
fitting) o 24 ZH F& z}i%—% T8 T
=3

zZ A AH e FE FAEES A FHHA

&,.
rir
i
ol M
o
2

1~>

m]

Exhaust

- - Point A (0.37,0.77)
— — —Point B (1.04, 0.7 3
— - ~Point C (1.58,1.21) ]
~—--—Point D (1.58, 1.29) 5
N = =Complets Mixing

— Average %

Concentration

108

Time(sec)

Fig. 3 Transient concentration decay at va-

rious locations.

Q 100 200 300 400 500 800

ZERB - AL HNE F4E F458(1992) /259

Hste] 7§ 221l BH FEFAE E X} Figs
(@)l 283 Aot FH F42EL F72T F99
22 A AHE AL3tne 29 & HEE
HolA ¢et) o] Afole A A4 994 2
A WF 1/46FNA 1/54% Ax 9] AHe &
U3 BXE Boli Qlvh Fuz 431 EFfol
o] ZFAE Ao FE AL L 1/39%0]Th
2o Ve vl o] ¥ HAEE W o
Aol djsled Ao 7Y3 £ XE Hol7] B Ed
TRV 588 AAsEY 18 22 Hxv)
A Z3vh Figa(b) e v A 524
A Zrell tisle BES &, & o|AE
Ad npel o] ZHEHT A
Eldic), o] % F49 WAL 7} A3l
Zﬁzﬂsh SAEHY Aol Gt E ¥
ua 27 BE7F 1002 FAY3

0

o_gﬂo
p

e db e

2 rx

o b

53]
it

N Mo
g of
;gmlo£
N o 2 ¢ X o

Fs
&
3

YRS 1 19 0 G Sy G W G S RN SR Y S SO NS SO0 DU I W |

=]
2
SN -
3

'S
»
3

J 0% WY VR R (O AV VU RS S S (R A R S N A |

0.0

o

‘0
n

3

b) Local Mean Age

Fig. 4 Distributions of local decay rate and lo-
cal mean age.



oﬂ A PZ:—.EA EME ;l—t—\:} =R G
$] A} of A 70 Az #

g rf 8
.‘E oﬁ‘. #n
2
:L
L
l'N'

:%

v} E¥XE Bolx %lr-}

Figse Ao #Y3 e.dgo] EAste 3
$ol dgtd FF dee ¥= X E RoFn
At LG9y HA At 99 F) AFF
lkg/s®] @9 ZEE Zte AL disie A4
stch. A A FEE ute} Fo] FA A 9
FTE X7 Figa(b) sk 2o] v33 oA
TR IR PE A% B9 FYH EXE R
Ak HE 2H A A Aol AA =
Aol AFHA g7 WEo|h

grle) % 4¥ A7 ZY dHy
Z23& ¥A457F So)dA @7 Ao gF
¥ A 2dEAY Fx #3lE AT 83
tate) ZA3e B[RS AHe] =3E& wol
o] &7tk WH 3 HY AFAE vy
o7 ugA A A%L FF Feig At
vl 3t ol Fo] B¥oln o B AL A
Zt3 A dole 719 £3& 2a7%g. o
BgA S8 ARg T8 o wAG A AL
AME ol§3ly Tx JFHY HHEL FIe
AEc} g el 7Y L FY 23X A9 AN
e 7 BEXE T3l Ao At At F
Pol MEr T2 IOPFr|E §o] 3t

Fig6, 7, 82 B & F7] @& o] 65ACHE o
F21FdAA9 F7 Fddd g 4w {4
B¥o IR PJF ¢ EXE B4Fa Qo
o] W F71FNAe F7] £ 1.02m/sol 3
g P8 A7 A5E 552&0th §970)
90 MU AAd AP AGE A F7I
e Hol FYT ¢ FIdx FE& IV
£8E 2 FUIFE F4€E 3V 4AY
2718 ol¢ 2 E9EH EAHoR 9UE
Az 358 Foh 930l 45°d ol F-49]
EXE FYd0] 900 duf e} FASHY, S HE
AH L& Fig7(b)el Jehd wie} o] §Yzte]
90°d o vlsted 433 ZA ERdTh SR,
Fdztel 135°d™, & Kol W7 Fo g
45° 71-g oA g 2l mo Aule RHAEEE
U F Ao Wolg FAE BHAY KYU¥

1.44m

10kg /*E
TOke [k

;D IO DA NS NN (N W S S0 |

(-\ 20

20t e e e S S S e o
-0 1.95m

o
o
S ity

Fig. 5 Steady state concentration distribution
with homogeneously distributed conta-
minant sourceds in the space.

1.44m

—0 10
— T T
o] 1 95m

o
o

(==Y 35 V5 U S I SO T B A U B S A S S I N |

a) Streamline

1.44m

60

D S S U S G S N W W N |

o ka1
&
o,
w
=]

<
o

LA s e
NG 1.95m

b) Local Mean Age

Fig. 6 Streamline and local mean age for dif-
fuser angle of 90° (65.2ACH)



1. 44m

U5 NN T T S N T N N A S N e e

ARMLUNNNE B DAL B St A SN A S S S s S B 61 40 S e ¢

0.0 1.95m

1. 44m

S S VD WO U W |

S S T U §

P

It
\

==
U Ay e e Ty Ty ey

v 1.95m
b) Local Mean Age
Fig. 7 Streamline and local mean age for dif-
fuser angle of 45° (65.2ACH)

2 2l T EFe] # olFoxA &
vl HAE kA B o] A w7
ek 2 Uﬂ“ﬁ} A4 g7le #3rlg e s
ddle] FYoz avEor FFHA Z3n
A1) 2] g%% Tl aRFHoZ wir|FR vl
52 230 FYE Frie 4y FUE
A o] sty HHCR HFAIH
A4 97 Bt Al oE AUe] FYe R

zims o} 7ic}, o] Ao ¥ HI Aol Figs
(b)ell vreR} Qe

ZE g AEe BYE A AWF el A
RAEFozd QAR Brir2Fe] 28
das & 4 A & W AWEd 238 37
BadHe HEANE HUFdAH g dn

ERFN - HETR RE F4E F458(1992) /261

1.4b4m

J S S W W S N NN |

o

ST S R

a) Streamline

1.44m
0N _____ g 7
90
120
4 H—//ﬁ
0. 0 — T
0.0 1.95m

b) Local Mean Age

Fig. 8 Streamline and local mean age for dif-
tuser angle of 135° (65.2ACH)

Table 1 Comparison of ventilation effective-
ness for different diffuser angles
Diffuser andle Room average | Nominal time | Air diffusion
g of ty constant, T, | efficiency To/jlo
90° 49.0sec | 55.2 sec 1.13
45° 56.1sec | 55.2 sec 0.98
135° 1256 sec | 55.2 sec 0.44
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