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PROPOSAL OF AN EVALUATION METHOD FOR NATURAL CROSS-VENTILATION
PERFORMANCE CONSIDERING FLOW FLUCTUATION

Study on naturally cross-ventilated house using large-eddy simulation(LES) part 2
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The driving force behind natural cross-ventilation is outdoor wind. The indoor airflow distribution and flow rate under cross-ventilation vary greatly because the
direction and velocity of wind changes constantly. Thus, cross-ventilation is said to be an unsteady fluid phenomena. Therefore, replicating actual fluid phenomena
using computational fluid dynamics is very important for evaluating the unsteady cross-ventilation performances of houses. Recently, unsteady fluid phenomena
have been analyzed by using large-eddy simulation. In this study, a new evaluation method that considers flow fluctuation for natural cross-ventilation is proposed.
According to this method, particles are released at openings and the ratio of particles arriving at the evaluation area of a house model is calculated. The method
sets inner half part over the central plane of the model as the evaluation area to exclude short circuit phenomena. Ratio of particles entering into the model, ratio of
particles arriving at the evaluation area, effective ventilation rate and effective ventilation ratio are analyzed for the simple house model. The evaluation results for

the performance of this unsteady natural cross-ventilation model are reported.

Keywords : Computational Fluid Dynamics, Large-Eddy Simulation(LES), Natural Cross-ventilation, Flow Fluctuation,
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Fig. 1 Schematic view of simple house model

Table 1 Cases analyzed

case House Model Positions of openings

casel Model A-1 the windward and leeward walls

cased Model A2 the opposite ways p?rallel to the wind
direction

case3 Model B-1 the windward wall

case4 Model B-2 the leeward wall

case5 Model B-3 the wall parallel to the wind direction
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Table 2 Computational conditions

SGS model Dynamic Smagorinsky model

Analysis region x=7.8, y=1.8, z=1.8[m]

x=0.3, y=0.3, z=0.3[m]

Size of house model

Opening Area 0.04><0.04=0.0016[m2]
Instantaneous wind velocity components (u,v,w)
are produced by driver region calculation
Inflow va
(UocZ™, reference wind velocity =5.0[mv/s], reference
height=1000[mm])
B iti
oundary condition Out flow Zero gradient
Side,Top Free slip
Wall Boundary Ground Three layer model of Werner-Wengle wall
Building wall functions
o Pre-analysis 2.6[sec]
Analysis time
Main analysis 10.0[sec]
At 0.00001[sec]

0.005[m]
210(x)% 148(y)% 117(2)=3,636,360

Minimum grid size

Number of grids

e N
Wind  Direction

1800

y :
| ) 3150 4650

(a) Horizontal section

1800

House model -

3150 4650
X

(b) Vertical section
Fig.2 Computational domain and grids

Unit:[mm]
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When evaluating the ventilation performance using pollutant removal efficiency
(e.g. Purging Flow Rate), it is difficult to consider the influence of the short
circuit with the case that the inflow and outflow openings are changing
constantly.

Pollugant*
Generatipg domain
O

Pollutant
Generating domain ~

It is difficult to determine whether the particle is short circuit or not.

- S— o : Particle (Pollutant)
< Wind direction —>: Trajectory of particles

Fig.4 Problems of pollutant removal efficiency as evaluation
method of cross ventilation performance in Case2
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(c) Case3 (t=7.71[s])

= =
Wind direction

N nd speed ratio
inside 0 0.5 1.0
X outside 0 1.0 2.0

(e) Caseb (t=6.58[s])

Fig.3 Distribution of instantaneous velocity vectors in horizontal section at z=150mm'®
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Fig.5 Evaluation method for natural cross-ventilation performance considering flow fluctuation
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1 Setting of the analysis parameter.

1-1 Set the evaluation area (e.g., the inner half part of the
house) to exclude short circuit phenomena.

1-2  Analyze the spectrum of normal direction components of
inlet and outlet wind velocity at openings of house model.

l

2 Release 100 particles in a frequency of two times the peak
frequency calculated in 1-2.

l

3-1 Count particles entering into model as n, ;in Eq. (1).

in,i

3-2 Track and count particles arriving at evaluation area as n,;
in Eq. (1).

3-3 Compute the ratio of particles arriving at the evaluation
area from Eq. (1).

Nri

r, =

[%] ===

l

4-1 Calculate instantaneous inlet flow rate in the released time
at openings as Q, . in Eq. (2).
4-2  Compute the effective ventilation rate from Eq. (2).

Qei = Qini -1i[m3/h]  +++(2)

1

5 Compute the effective ventilation ratio from Eq. (3) based on
the results of Case 1.

Nin,i

in,i

Tei =_QL[_] -1 (3)
! Qe case1

Fig.6 Diagram of Evaluation method for natural cross-
ventilation performance considering flow fluctuation
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INTRODUCTION

Natural cross-ventilation is a complex phenomenon, influenced by the distribution of wind velocity, direction, and total pressure on walls. In recent
studies using computational fluid dynamics (CFD), steady-state flow fields in a cross-ventilated house model have been studied. Cross-ventilation
is not observed using steady-state simulations (e.g., Raynolds-Averaged Navier-Stokes Simulation); nevertheless it is an actual phenomenon. In
practice, a flow field varies depending on the fluctuation of outdoor wind, and cross-ventilation is affected by the wind turbulence around a house.
Therefore, replicating actual phenomena using CFD is very important to evaluate the unsteady cross-ventilation performance of a house. Recently,
unsteady fluid phenomena has been analyzed using large-eddy simulation (LES).

In this study, a new evaluation method for natural cross-ventilation that takes flow fluctuation into consideration is proposed. In this method,
particles are released at openings and the ratio of particles arriving at the evaluation area within the house model is calculated. Ratio of particles
entering into the model, ratio of particles arriving at the evaluation area, effective ventilation rate and effective ventilation ratio are analyzed for the

model. Evaluation results concerning unsteady natural cross-ventilation performance are reported.

METHOD

In this study, particles are released based on the results of an LES analysis reported previously. The evaluation area (i.e., the inner half part of
the house) is set over the central plane of the model to exclude short circuit phenomena. The ratio of particles arriving at the evaluation area is
calculated. 100 particles are released from the opening per second. The time-history of the flow field obtained for 10 s are used repeatedly until a
steady state is achieved. Next, only the particles that reached the evaluation area are counted as contributing to the natural cross-ventilation. The
ratio of particles arriving at the evaluation area is computed from Equation (1) and the effective ventilation rate is computed from Equation (2) by
the amounts of inflow on the opening and the ratio of particles arriving at the evaluation area. Equation (3) shows the effective ventilation ratio
based on the results of Case 1 and the other cases.

RESULTS AND DISCUSSION

The results are as follows;

(1) The ratio of particles arriving at the evaluation area in Cases 1, 2, 3, 4, and 5 are 97%, 42%, 58%, 49%, 57% on an average, respectively.

(2) The effective ventilation rates in Cases 1, 2, 3, 4, and 5 are 10.43 m*/h, 0.98 m*/h, 1.76 m*/h, 1.20 m*/h, and 2.12 m*/h on average, respectively.
The effective ventilation ratio is given by Equation (3) based on the effective ventilation rate of Case 1.

(3) In Cases 2, 3, 4, and 5 the average effective ventilation ratios are given by 0.0937, 0.1685, 0.1154, and 0.2030, respectively.

CONCLUSION

In this study, a new evaluation method for natural cross-ventilation with consideration of flow fluctuation has been proposed and evaluation results
are reported. Consequently, in Cases 2 to 4 wherein no ventilation occurs in a time-averaged flow field, there are unsteady ventilation phenomena. In
cases 2 to 4, the effective ventilation rates under unsteady flow are approximately 10% to 20% of those in Casel.

The particle animation for this study can be found at the URL below:
http://tkkankyo.eng.niigata-u.ac.jp/dougainfo/journal/les2015_2/les2015 2.html

(2015 4 12 7 10 HIEASZBE, 2016 4 4 7 7 HIRAUE)
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