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1. exe CUt IVe SU mmATry

Qfinsoft is delighted to provide this report to Ventrite International on the

completion ofa CFD (Computational Fluid Dynamics) consultancy service.

This document provides results on the Computational Fluid Dynanmeslelling of
the Fire Line FLV EURO 406@ertical louvre.

The resultsndicate the following

1 The average discharge coefficiefor the 2D profile of the louvrebased on
an openarea of 1.43 meter,is 0.93.
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2. INtr ODUC t ION

The following study covers the Computational Fluid Dynamics modellingloé Fire
Line FLV EURO 4060 Vertical LouvrEhe purpose of this studig to determine the
discharge coefficient of th&D louvre based onnormal flow throughan open area

of 1.43 meters

3. mODelLLINGS et Up

This section provides an overview of the modellipgpceduresused in the studys
well as any assumptions madeThe geometry was pr-epar ed
processorANSYS DesignModeldd] and solved in ANSYS FLUENT [H softcopy

drawing of the proposedlouvre designwere supplied byVentrite

Figure 1 displays a crossection through thelouvre The louvreis modelled as a
2D slice with no 3D effectperpendicular to the planeFigure2 showsa section of
the mesh used for the analgs. The mesh consists 0f256 thousand mostly
quadratic, elements with a boundary layer (several layers of thin cells) around all
the louvre plates The boundary layer is used to capture the velocity and turbulence
profiles around the plates more accuratelyfFigure 3 displays the boundary
conditions used in the analysesThe top and bottom faces are assumed to be
symmetry boundariesThis is done so that there is no friction acting on the flow

going into and coming out of the louvravhich will add additional pressure losses
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Figure 1. Geometry of the louvre
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Figure 2: Section of the mesh
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Figure 3: Modelled domain and boundary conditions
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The Realizablek-¢ turbulence modelhas been usedto account for the turbulence
effects in the domain Due to the fine mesh around the platesgnhanced wall
treatmenthas been applied forhigher accuracy close to the wallsThe material
properties and boundaryconditions used in the simulatiaare summarised in
Table 1 and Table 2 respectively.The outlet of the domain is modelled as a
pressureoutlet with ambient pressureThe inlet is modelled as a velocity inlet with
a specified velocity magnitude. A range of velocities were modelled to better

predict the discharge coefficient.

The discharge coefficient is calculated from the total pressure difference over the
domain as well as the air density antlow rate The equation for the discharge

coefficient is provided below:

(1)

Where C is the discharge coefficientQ [m®/s] is theinlet flow rate, A [nf] is the
cross sectional aregopen areg, r [kg/m3] is the air density andnP [Pa] is the
pressure drop across th®uvre including thestatic pressurerequiredto accelerate
the flow to the specifiedflow rate The cross sectional areaused for the

calculatiors are the opening height ofL.43 meters shown on the drawing
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Table 1. Material properties

Air Density 1.225 kg/m?
Viscosity 1.7894e-5 kg/m.s
Table 2: Model boundary conditions
T N
Inlet Velocity magnitude 1,2,3,4,5,7,10 m/s
Turbulent intensity 5%

Turbulentviscosity ratio 10
Outlet Static pessure outlet Ambient pressure, 101325 Pa
Turbulent intensity 5%

Turbulent viscosity ratio 10
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This section covers theesultsof the CFD simulation of the Fire Line FLW EURO
4060 Vertical louvre The results include contours ofelocityand pressure, as well
as velocityvectorsand path linesreleased at the inletAll images shown ardor an

inlet velocity of 3 m/s, unless otherwise stated.

Figure4 and Figure5 displaycontours of velocity magnitude through the domain
with a closeup through thelouvres displayed inFigure 6. As expected, there are
areas of low flow at the top and bottom of the louvre where the frame and wind
deflector plates areContours of static pressure are shown kgure7. A closeup

of the static pressure contours is shownHigure8. The profiles of thdouvre plates
cause the largest part of the pressure drop through the louvPath lines, released
at the domain inlet are shown ifFigure 9 with velocity vectors through thiBuvre

shown inFigure10.
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Figure 4: Contours of velocity magnitude through the doman for the case with a
3m/s inlet velocity [m/s]
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Figure 5: Contours of velocity magnitude through the domain for the case with a
3m/s inlet velocity [m/s]
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Figure 6: Closeup of contours of velocitymagnitude through the domain for the
case with a 3m/s inlet velocity [m/s]
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Figure 7: Contours of static pressure through the domain for the case with a

=E X P E R T S I m cCcC oM P U T E R Al D E D E N e 1 MmeE e ~RI1 Mcs

2016-08-12
Page 12 of 16



( 2 Computational Fluid Dynamic#Modelling of the Fire Line Vertical Louvre FLV EURO 4060

OrFINSO~T

3ml/s inlet velocity [Pa]

Version 11

Pressure

I 7.584 .\\\ A &
4176 = s T~

- 0.769
r-2.639
- -6.046
- -9.453
F-12.861
r-16.268

-19.675 e — “
-23.083 - - ~em

-26.490
[Pa]

ae W

0 50.00 100.00 (mm)
25.000 75.00

ANSYS

R17.1

L.

Figure 8: Closeup of contours of static pressure through the domain for the case

with a 3m/s inlet velocity [Pa]
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Figure 9: Path lines, coloured by velocity magnitude, released at the domain inlet

for the case with a 3m/s inlet velocity [m/s]
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Figure 10: Velocity vectors, coloured by velocity magnitude, through the domain
for the case with a 3m/s inlet velocity [m/s]

Table 3 displays the pressure drop across theuvre for all the velocities solved,
together with the calculated discharge coefficient. Thaurvefitted discharge
coefficient based on a design heigh of 1.43 meters, is calculated to bel.8.
Figure 11 shows the pressure drop from the CFD simulations on a graph together

with the calculated pressurdrop based on the calculated discharge coefficient.
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