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Domain Decomposition Technique

Analysis Meth
i (Method 1, Method 2, Method 3)

‘Whole Domain

Turbulence Model Large Eddy Simulation (Smagorinsky Model, Cs = 0.1)

CFD Code Fluent 17.0

Algolithm SIMPLE

Discretization Scheme

for Advection Term Central Differencing

Time Step 0.0005 [s]

Transition Term 2,000 time step (=1.0 [s])

22,000 time step (=11.0 [s])

Main Calculation Term

Inlet 1/4.5 Power law Based on the instantaneous

Boundary (Smirnov's method) velocity calculated by the
Condition | Outlet |Gauge Pressure :0 [Pa] procedure shown in Fig.6
Walls Two Layer Model of Linear-Log Law
Total Number of Cells 2,132,437 38,541
Calculation Time About 216 [h] About 28 [h]
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Analysis of Indoor Cross-Ventilation Flow using Domain Decomposition Technique by LES
(Part 1) Basic Investigation for a room in an Apartment Building

HOANG Minh Hung, KOBAYASHI Tomohiro, YAMANAKA Toshio
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STEP 1 : Sealed Building Model Analysis to obtain
instantaneous value for P and P,
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STEP 2 : Calculation of Instantaneous Flow Rate of Opening
using Local Dynamic Similarity Model (LDSM)
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STEP 3 : Indoor Flow Analysis using LES with
Domain Decomposition Technique

Start Start Start
! o Calculation of Effective Opening Area of of the flow path i
¢ External flow field is analyzed by RANS calculation, : between Living Room and Opening 3 ( “An,. ening’ ) 1
| where a building is simulated as a sealed model, and 1 ¢, =0443 T |
i the result is used as initial condition for LES i £, =0.0907 . i
! | -1  : Abrupt ¢, : Frictional | : |
1 1 i} =153 ' Contraction Resistance  |Discharge |
fTurbulence model is switched to LES, and preliminary i el 91T OJV\/—’V\/—’V\I’ i
! calculation is run (0.0005 [s/step] x 2000 [step] =1.0 [s]). b Oy = £ =0.808 o — [4 Indoor calculation domain is simulated where
} ! v Srotal //’ ! opening is inlet/outlet boundary.
! Ay = 00008 [m7] T |
- . . 1 A ! Inlet bound:
® Main LES calculation for the sealed model is run _)‘: = 0.000646 [m?] &~ Serios Comeation | n e\ oundary
1 (0.0005 [s/step] x 22,000 [step] = 11.0 [s]) e . H AN
i . R
i | ®Renewal of instantaneous internal presure, P, [Pa], by bisection method o
| |1 (Initial Value : P, = (P, +P, ) /2) P
i Outlet boundary-===
| ' iy Calculation of dimensionless internal pressure, P * [-], defned by b Hp e nonrean
i e * [
i Lo Vo
i ’ :pm) 3 2 i Py = P, - P, which means Driving force normal to the opening i i )
} ’ e k= | Disturbing force parallel to the opening ! | L
| 1 .

! P Pl \g § @ Correction of dmcharge coefficient based on P *, according to E ! Inlet boundary
i 2 Y A 1 08 S
1 Y - 12 Inflow’ Outflow 3 1
i ’ [C0i=s4 g P .% i ::;' gz £ i
| Viorpr I g & ¢ Initial condition is calculated by RANS model
! S 2 o3| P, : 2.89 for outflow p“ 5 s | of which boundary condition is obtained based on
! = 1 S0 317 for inflow a=min|a| | .o 5 | RANS result of STEP 1 and STEP 2.
| £ 1 27| 023 foroutflow Py s 0
1 - i e
! 2 i § 0 0.22 for inflow ° + Turbulence model is switched to LES
! g1 a -40 -30 20 -1.0 0 1.0 20 30 40 = ! For both inlet and outlet b d diti
! e P :Instantancous wind pressure [Pa]; @ i Dimensionless internal Pressure, P * [-] 8 i thor oth mie ar;‘ O‘fl. er O:}“ ary<cm; 1.110""
! — Static pressure on the wall is adopted : ® Instantaneous flow rate calculation for each opening '_" ! giii;?sr?gﬁgi«l};gz‘ tnstantaneous velocity are
i © P : Instantaneous tangential dynamic pressure [Pa]; i i ) i i loci ) .
' assumed to be dynamic pressure of velocity Vo O =sen(P - P a4, —|P I P“,| o s Ve Ocu)f component normal to the opening;
! magnitude in the vicinity of a wall [ P o e obtained from STEP 2
i © V1. Y, : TWo components of velocity E +Calculati0n of airflow rate balance i E « Two velocity components parallel to the opening
! parallel to the wall [m/s] 1 AQ =20, =0 [ Vi and v, obtained from STEP 1
i o o

i i
T Obtain instantancous value for P, P, v, and v, t T Calculation converged? --=-No ~ ¢ Preliminary LES calculation for indoor flow is run
I in time series throughout the main calculatlon period ' Vs ! (0.0005 [s/step] x 2000 [step] =1.0 [s]).
i o i
' (1L.0[s]). - -4 Instantaneous flow rate of each opening is obtained throughout main | . . . . .
] | calculation period of sealed building analysis (11.0 [s]), and instantaneous ¢ Main LES calculation for indoor airflow is run
L i velocty component normal to the opening, v, [m/s], is givenas v, =0,/ 4, i (0.0005 [s] x 22,000 [step] =11.0 [s]).

End End End
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