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ABSTRACT threat. When the source location of outdoor pollution is
For the case where hazardous contaminants aseéactly known, the concentration fields can be lgasi
emitted to the atmosphere, the understanding of tbgculated by the CFD simulation. In almost cakesyever,

concentration fields and the source location ife source location of outdoor pollution is unknoamd the

important to protect the surrounding environmemmr qcantration at only several observed points &skn
pollutant threat. In this study, based on Compotaai

Fluid Dynamics (CFD), the data assimilation techugq
called the Variational Continuous Assimilation (VCA
method was utilized to estimate not only th
concentration fields but also the source locatiod &s

In this study,the data assimilation method called variational
continuous assimilation (VCA) method was used itheorto
gstimate the source location from several obsemwatta. The
VCA method was originally developed by DefBeand was
intensity. In the VCA method, the correction terada modified for the above purpose. In qrder to vabidéhe
to the mass conservation equation. The correctéomt 2ccuracy of the VCA method, the numerical experisearere
can be assumed to be the source term of the mAggormed. From the theory of the VCA method, theation
conservation equation. and the intensity of pollutant source, which combinsly

In order to valid the accuracy of the VCA metholde t releases contaminants to the atmosphere, was tesfirogt
numerical experiments were performed. In numericassimilating the correct observation datasets tinéopseud
experiments, observation datasets were createchéy toncentration fields.

CFD simulation. The ‘correct’ concentration fieldgre

calculated by the CFD simulation with the ‘correctfygTHOD

boundary conditions. The observation datasets W&t@verning equations and VCA method

extracted from the ‘correct’ concentration fieldehe

‘pseud’ concentration fields were calculated by @D

simulation with the ‘pseud’ boundary conditions,

which there was no contaminant source. By assimmidat ) o
. . . , . for convection and diffusion terniThe pressure was

the observation datasets into the ‘pseud’ conctiotma N

fields, the ‘pseud’ concentration fields were reds solved by SIMPLE method?. The ke model was used

The revised concentration fields by the VCA metho@f the turbulence mod.el. _
were compared to ‘correct’ concentration fields ahe The VCA method is the method that the correction

‘correct’ source term. The use of the observatid§'m is added to the mass conservation equationder
datasets on the windward side as well as on thHeminimize the error between the CFD simulationd a
downward side furthermore improved the accuracy tiie observation data. The corrected mass conservati
the concentration fields by the VCA method. equation is given by

In the numerical experiments, the governing equataf the
_CFD simulation was discretized by finite volume haet.
i . o
r?:or the discretization scheme, the power low methasiused

INTRODUCTION

If hazardous pollutant is emitted to the atmosphéme
understanding of the concentration dispersed froltugant
source is important in order to protect not only buman wheren is thenth calculation step, an#l" is conversion
health but also the surrounding environment froemthllutant matrix acting upom-1. The correction term consists
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of time-dependent variablg" and spatial dependentcase, ‘pseud’ concentration was zero in all catedlaomain.
vectorg. (3) By assimilating “observation datasets” into theeud’

The objective function of the VCA method, which concentration fields, the ‘pseud’ concentrationdewere
represents the error between the CFD simulatiorts amvised by the VCA method.
the observation data, is given by

128 Calculated domains
:EZ(‘P Peal =W Pops) T (WPeal =W Pops) (2)  The calculated domain including the contaminantasfe
p=t facility is shown in Fig.1. The size of the dom&i® m x 5.25
m x 4 m with the grid resolution of 0.25 m.

It is assumed that the uniform wind speed of 1 9imthe x
o _ _direction is given and that the size and the iritgnsf
WPas are the calculation vector and the Observat'oc%ntaminant source is one grid (0.25 m x 0.25 n2% ) and
vector at timet,, respectively. (") notation denotes the 1.0 g/ni/s, respectively.
transpose of a vector or matrix. The flow fields are shown in Fig.2. The correct@amtration

Based on the comparison of the mass conservatiégids at t=1, 5, 10 and 15sec are shown in Fig.3.
equation and Eq.(1), the correction term of Eq.id)

whereP is the number of observation step® Pcy . and

assumed to be the source term of the mass convemnsat 9m N
equation. E i contaminant
The spatial dependent vectop is searched by 2.5 m mmn SOUrce
minimize the first-derivative of | with respect togp, JZv F g I I.5m
which is expressed by » X (a)
9m
Al _ - owP « "
— =) —— (WP — WPy 3 4
352 06 ( ) 3) -
v .
_ N || 395 contaminant
The spatial dependent vectprcalculated by the steepest w source
descent method is given by 2.5m
Y
‘ I.5Sm 2.5m
¢k+l :¢k +a/ai| (4) v vy
0P 44 A (b)

wherek is the number of iteration,is a learning rate which is Figure 1. Calculated domairof (a) x-z cross section
decided by the changing rate of the spatial dependector (¥=3.375m) and (b) x-y cross section (z=1.625m).
0. 1.00[m/s] -

Procedures of numerical experiments

In order to estimate the source location and tsnsity by
the VCA method, the numerical experiments wereqoeréd 2 & R
by the following procedures. han (a)

(1) The concentration fields were calculated by @€D T
simulation with the ‘correct’ boundary conditioide call this
concentration fields the ‘correct’ concentratioglds. Several
concentration data extracted from the ‘correct’cairation
fields are called as observation datasets. (2) The
concentration fields were calculated by the CFD
simulation with the ‘pseud’ boundary conditions, in
which there was no contaminant source. We call thigure 2. The flow fields of (a) x-z cross sect{gr3.375m)
concentration fields the ‘pseud’ concentrationdelin this and (b) x-y cross section (z=1.625m).
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=i =5 nine downward concentration data shown in Fig.7alvec
o close to the correct concentration fields. The deand
) 0 0 o concentration was reasonably disappeared compaitd w
m— 13 Fig.5 and Fig.6.
o o o o The accuracy of three numerical experiments washatgd
, o . ° . by normalized RMSE (Root Mean Square Error) defibgd
V4
X - (él)
t=1 t=5 1 Vs 2
o - o M Z (wj,true _wj,revmd)
O Mo O NRM SEupward = upward _ J71 v (6)
al | @ ol | o 1 i w
it
Ma” = I,true
t=10 t=15 M
1 e
B ] of Mi z (l//j,true_lillj,revi%d)2 (7)
_’ L —* NRM SE downward = downward JIl o
y o wi rue
X (b)
B
~1.0 3.0 5.0 7.0 9.0 ~ [mg/m’] whereMg is the number of grids¥iue and ¥ aisd are the
Figure 3. The correct concentration fields of (a3 gross correct concentration value and the revised coratbomn
section (y=3.375m) and (b) x-y cross section (z2316) value respectively. The time serieiBMSE is shown in Fig.8.
NRMSE of the datasets (A) was the worst among thRMSE.
Observation datasets NRMSE of the datasets (B) was less than 0.2. Tdssiltr

Three types of the observation datasets were me&ig suggested that the observation data in the downsidedwas
4). (A) 9 observation data which are located toetembehind important in order to improve the pseud concemindiields to
the contaminant source. (B) 10 observation dataiwinclude the correct concentration fields by the VCA methatRMSE
the above 9 data and 1 observation data whictcigdd to 1 of the datasets (C) showed the moreover improvecasto
meter ahead the contaminant source. (C) 18 ob&emwdta More observation data in the downward side.
which include the above 9 data and 9 observatite @hich
are located to 1 meter ahead the contaminant solihese Sourcelocation
observation data is assimilated once per secoadtistpseud The results of the source location by the VCA methce

concentration fields from the release of contamtinarg0s. Shown in Fig.9. The dark red and the light red esent the
ranges of 50 % and 90 % of the total source intgnsi

RESULT respectively and the white circle represents theimmam
Concentration fidlds value of the source intensity. The spread in therieard side

The VCA method was applied to assimilate the ofatiem of source location in the datasets (C) was coetiatbmpared
datasets into the ‘pseud’ concentration fields eiththe Other numerical experiments.
contaminant source. At any observation point, tésed

concentration could be retrieved within 15% of twerect Sourceintensity
concentration. The results of the source intensity by the VCA rodtlare

The revised concentration fields using the obsiamyat Shown in Fig.10. The source intensity estimatednftbree
datasets (A), (B) and (C) are shown in Fig. 5, @ & numerical experiments were stronger than the towece
respectively. The revised concentration fields shawrig.5 intensity. Though the size of the true source weesgrid (0.25
spread more widely than the correct concentraiigldd. The ™M * 0.25 m x 0.25 m), the size of the estimatedcgospread
revised concentration fields using additionally cioevnward Widely as shown in Fig.9. This is the reason wig sburce
concentration data shown in Fig.6 were improvedmamed Intensity become the overestimation.
with Fig.5.The revised concentration fields using additionally
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Figure 4. Observation grids of x-z cross sectiorm3($75m) Figure 6. The revised concentration fields of (&) gross
and x-y cross section (z=1.625m) of datasets (&fasbts (B) section (y=3.375m) and (b) x-y cross section (z23m8) using

and datasets (C). datasets (B)
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Figure 5. The revised concentration fields of (& &ross Figure 7. The revised concentration fields of () gross
section (y=3.375m) and (b) x-y cross section (z28m6) using section (y=3.375m) and (b) x-y cross section (z236) using
datasets (A) datasets (C)
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Figure 8. Time series of normalized RMSE betweentthe
concentration fields and the revised concentrdigds by the
VCA method. (a) Windward side of the contaminanirse.
(b) Downward domain of the contaminant source.
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Figure 9. The estimated source location of x-z Tigection
(y=3.375m) and x-y cross section (z=1.625m) bygidistaset
(A), datasets (B) and datasets(C).
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Figure 10. True source intensity and the estimamaice
intensity by using dataset (A), datasets (B) andsads(C)

CONCLUSION

In this study, the VCA method was appliéal the simple
steady flow field in order to estimate source istgnand
location from the observation datasets, which veatteacted
from the true concentration fields with the corrboundary
conditions.

Adding the observation data in the downward sidehef
contaminant source, the VCA method was confirmed tte
accuracy of the concentration fields, the sourteniity and
location were improved.
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