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The proposition of a new index to define the scalar discharge velocity of the
industrial local ventilation system and development to an environment design
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The purpose of this study is to create clean indoor environments by indoor
air quality design based on heterogeneous concentration distribution of indoor contaminants. [1] We
proposed the concept of new ventilation efficiency, Net Escape Probability (NEP), which indicates
the discharge efficiency of pollutants (scalar quantities) in local areas, and [2] organized the
mathematical definition, the physical meaning and the numerical analysis method of NEP. [3]
Confirmed the applicability and the usefulness of the NEP and Net Escape Velocity, which is a
velocity scale determining the pollutant concentration at a point, to ventilation design and indoor
air quality design in various indoor environments. [4] Finally, proposed a high accuracy and high
efficiency ventilation design method based on the heterogeneous concentration field distribution.

Net Escape Velocity Net Escape Probability Purging Flow Rate



NEP
( )
Net Escape Velocity (NEV)
NEV
NEV
(1] ( ) NEP (2]
NEP
[3] NEV  NEP
(4]
(CFD
Control volume, CV) Net Escape Probability (NEP, [-])
Returning Probability (RP, [-])
2
Push-Pull 3 NEV
(Gy) (H20) (NO2)
(Scalar) NEV
(The
Turbulent Schmidt Number) (The First Damkohler Number)
[1] Net Escape Probability Returning Probability
CFD Control Volume (CV)
Ccv
Net Escape Velocity (NEV) 2 2
©) (x ) cv
o B
9o Midp_ 0 (ij% .5 1
ot 6X] aX] Ot aX]
Ao . 9 | g b, 9 o)
NEVI qu{[Uout%ut Dest an Om] [U| in — Dest an in]}
c_ Lo _p,. ©)
NEVJ %[Uout‘ﬁout Deff 6XJ- Om]

Pp cv [kg/m?] Dt =(D+v,/0) D



O

( CV)

Net Escape Probability (NEP)

Returing Probability (RP)

cv g[kg/md/g] cv
q CV cv al] cv
Finﬂow (CV i [kg/mZ/S])
4
chvZOln =qVev %= inflow * Anflow (4)
n=1
@ CV cV [1 Vev CV [m?]
Ainflow CV [mZ]
Ccv F outflow (5) (4) (5)
(6)
1
FinflowAnflow +AVov = dVev T outflowPoutflow (®)
o Returning Probability (RP [-]) (@) (5) RP
RP = ¢ = Flnfl U\N'Atnfl ow _ FOUtflO\NAbuIﬂU\N - ch\/ (6)
FinflowAinflow + AVev FoutflowAoutflow
(1) CV o,
Net Escape Probability (NEP  [-])
NEP=1-«a )
[2] NEV
(ko) S
(8 NEV (9)
Sp = 7kll)& p (8)
1||—— op — op
NEVj ==1| Uout@out — Dest ai *Sp* Uindin — Dest al (9)
2 % out Xilin
©) ) Uo do
g (10)
O Uihy_ 0 L S, 1 ), o (10)
ot 8XJ 8XJ ReSCm 8XJ Uodo O 8XJ
m Re m
Da
[3] NEV NEP 2
10Lo><10 Lo (Lo ) 2
Ccv
CV NEV’ NEP
NEV* 1 NEV* (3 ) Ccv
NEV* ( )
( )
cv cv
NEP 2 Ccv
RP O NEP 1
cv Ccv



— Velocity —eNEV*

Adsorptive building material
® s e e - -+ & & e s e e v v 8 & bl e ec—e———=—=5s 3 e & B N
. e ¥ w & & & .+ # ......--‘Vf P e e — — = W & 1 o e — — W KR
v v s s o« o v ® % .___...t?t ‘e_,..._..xl'({ _Q‘_,.,._._gk'\‘
. e . A e e s vt "'___.011 “_..-.-R§1 _&‘__..aki‘
e e v vt e v e v e et 1 R N
e e a e oot R, pot 1 L e ee et td s T B |
e e s 4 s e s 7 v e s as ettt ‘,....-rTV s v e e ea st T
6 a4 2 s s e e s a2 s s st d [ AL R A |
[ R e A a4 P B a4
> — D> ey > —+——r——o> s nnm D> ———s o
{1) Case 1 (2) Case 2

(4) Case 4

Adsorptive building mate
DY

>
(1) Case 1 (2) Case 2 (3) Case 3 (4) Case 4
2 NEP
[4 NEV__ NEP Push-Pull
Push-Pull
NEV NEP 3
Push-Pull
Push-pull
( 3 P-1  P-2) 4 NEV*
5 NEP 6
5 NEV* 4@ (b
4 d e f NEV*
P-1 30% 37%
35% P-2 43% 26% 31%
NEP P-1 P2 0.71,0.77
34~37% (Push-Pull )
(5]
(10) (The
Turbulent Schmidt Number o) (The First Damkohler Number D)
2 3 IEA Annex20 ( 7,3D)
NEV
(atcase Da=0) ot 05 1.0
(Dacase o1 1.0) Da 1x10°® %102
(<101 ) 3
8 NEV" (NEV*/U) 9 NEP 10
3
Da 1x10° 1x102
(09 (H202) (NOy)
Da
NEV NEP

Ot

( )

NEV  (NEV'U)



Symmetrical

boundary

condition

7

8.0
—6.0
*34.0
=>2.0

w
Z00

Lighting
¥4

Push-pull hood

18 m !

3 Push-pull (

(a) P-1

(a) P-1

6 NEP[-]

I|EA Annex20 Benchmark test case (3D) 8 (z=05W x-y )
------- ot:05 — — —ot:06 — - -— ot:0.7 -------Da: 1.0e-05 — — — Da: 1.0e-04
----0ot:08 —--—ot:09 - - - -o0ot:10 8.0 — - — Da: 1.0e-03 — — - - Da: 1.0e-02 |
Z 6.0
I\ ) /r\
=< 4.0
- : === \§ Iy N
<00
0 0.5 1 1.5 2 2.5 3
i 0 0.5 1 :)L(/?-I 2 2.5 3
(8) orcase (b) D4 case
9 NEV” (NEV'/U)in3D cdl. (y=0.5H z=0.5W x-y )
------- ot:05 — — —ot:06 — - -— ot:0.7 -------Da: 1.0e-05 — — — Da: 1.0e-04
----ot:08 — .- —oct:09 - - -~ ot:1.0| ‘ — - — Da: 1.0e-03 — — - - Da: 1.0e-02 |
Wl T . T o~
= —ea :gg — ~
f10.4
“02
0.0
0 0.5 1 17?4 2 25 3 0 0.5 1 1. 2 25 3
X X
() orcase (b) D4 case
10 NEP in3D cal. (y=0.5H z=0.5W x-y )

5 NEV'[m/s]

Hypothetical
Boundary Planc-1 (P-1)
Pushhood _ / Pull-hood
0
Ut (putt
0'1_' Uinpushy "™

(P-2)

1.5m

Push-pull

(b) P2

'y Plane-2




3

Eunsu Lim, , : Net
Escape Velocity , ,84(761), 2019.7, pp661-669
[ ]

Eunsu Lim, ,

, No. 259, 2018.10, pp55-62 [ |
Eunsu Lim,

' Net Escape Probability,
,Vol.82 No.733 2017.03 pp249-256 ] ]
8
Eunsu Lim Net Escape Velocity
( 1) 2 Net Escape Velocity
, , 2019
Eunsu Lim Net Escape Velocity
( 2) |EA Annex20
, 2019
Eunsu Lim Juyeon Chung , Net Escape Velocity  Net Escape Probability
Push-Pull , 2017

Juyeon Chung, Eunsu Lim, Kazuhide Ito, Evaluation of Ventilation Efficiency in Push-Pull Type
Ventilation System by Ventilation Indices NEV and NEP, Healthy Buildings 2017 Asia, 2017

Juyeon Chung EunsuLim , Net Escape Velocity  Net Escape Probability
, 2017
Eunsu Lim, , ,
, 2016
EunsuLim, , Net Escape Probability
Net Escape Velocity, , 2016

Eunsu Lim, Kazuhide Ito, Evaluating net escape probability distribution of contaminant from local
point to exhaust outlet in indoor environment, Indoor Air 2016, 2016

(1)

Ito, Kazuhide

8 20329220

Kim, Hoon

8 00454033

Kobayashi, Tomohiro

8 90580952



