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Terminology

* Averaged water flux: q_ =

"« Deviation: q this st_1:'Ldy_ q experimental data

a experimental data

* Near field, Mid-field and Far field Region
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Low Pressure Water Mist Experimental Setup

* Nozzle Location

~» Width of spray pattern

* Terminal velocity point
 Water droplets’ diameter
* Water droplets’ velocity

* Averaged water flux

* Spray angle
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Low Pressure Water Mist Experimental Result
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Input Parameters in FDS
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Parameter Symbol Value Unit
Simulation time tim 10 S
Cellsize Ax 2 cm
Number of particles N, 200.000 1/s
Volume-median diameter of driplets Dy,0.50 920 Hm
Droplets mimumum and maximum diameter D, 10-1.000 HmM
Distribution width parameter Y 6.4 -
Spray angle 0 42 Degree
Initial velocity Uy o 20 m/s
Ambient gas initial velocity Ug o 0 m/s
Water flow q 1 LPM
Spray pattern shape (ON by default) - Gaussian -
Auto drag reduction factor (ON by default) - - -
Turbulence modelling approach (ON by default) - the modified Deardorff mode -
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Low Pressure Water Mist Modelling Result

simulation spray boundary

- 1600 mm -

* Amuch narrower and dense IN
water discharge was resulted
by FDS.
£
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Low Pressure Water Mist Modelling Result ~

Experimental Result FDS Result
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Averaged water flux of experimental and
FDS model results in some spatial
- distances.

It should be noted that the lines are drawn
for visual aid. It means that there is

International Water Mist Conference
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Low Pressure Water Mist Modelling Result

— — — — simulation spray boundary

* Liu Bestresultby C,=0.15 -

N\
\1 600 mm
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Low Pressure Water Mist Modelling Result ~

Experimental Result FDS the Best Result by C,=0.15
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Total collected water flux: 0.92 L/min
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Forces Applied on Single Droplet vs Multi droplet

Single Droplet Multi Droplets
. d 1 d 1
¢ Mg a(ud) = mgg — gngdﬂrf (uqg — ug)lud — Uy ¢ mda(ud) = mygg — gl)chﬂTTc% (uqg — ug)lud — Uy
L & 1
r y BT
R_ed(RedS1) . Cd: Cd,OFE
Ca = 124(0.85Re;* + 0.15Re;%313)(1 < Re, < 1000) ’ re
\ 0.44 (Rey > 1000) LA 2e< 16 (%%))1
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Primary Break-up method

* This method incorporates both the breakup
length (B) and the drag reduction factor (Cy .4)
into the FDS input file, with the objective of
enhancing the accuracy of spray dynamics
representation.

* The drag coefficient in this case will be equated
as:

Cd—breakup = C X Cq

d,red

Where Cy pearup 1S the drag coefficient in the B,
Cqyreq ShOws the drag reduction factor, and Cg
represents the actual drag coefficient.

* As noted in FDS User’s Manual, B, and C, 4are
empirical and require calibration specific to
each experimental setup to ensure reliable
modelling outcomes.
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Modelling Results
based on Primary
Break-up Method
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Modelling Results
based on Primary
Break-up Method
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Modelling Results
based on Primary
Break-up Method
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Modelling Results based on Primary Break-up Method

Experimental Result

w =—— nozzle

FDS ResultB,=0.4mand C,_ 4= 0.0

laser sheet

’ .
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Average Water Flux (LPM/m?)
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Modelling Results
based on Primary
Break-up Method
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Modelling Results based on Primary Break-up Method

Experimental Result

w =—— nozzle
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Volume Flux (mm/s)

High Pressure Water Mist Experimental Setup

Experimental Result By Santangelo

1.75 1

1.50 1

1.25 A

1.00

0.75

0.50

0.25 1

0.00 1

="

Measuring Tubes Locations

Grid, Rings, and Tube Layout

1 40
—-#*- Santangelo Experimental values | ||:| Tlubell. I
---- Nozzle location e X Nozzle Center |
| T U753 Radius 1.2 cm |l
35 4 -

30

25

Y Position (cm)
"
(=]
!

15 4

10 4

T
1
1
===k
1 1l 1
[ | \
] | 1
] | \
I ] 1
1 ] A
i i \
1 i \
i i \
] 1 1
I | \
1 ] \

] 1 \
1l | 1
1 | \
! 1l \
i | '
] | '
1 | \‘
! | \
* : *

I ]
! \
1
1
1
1
1
|
1
T
1
|
1
1
1
|
1
1
1
|
13
1
1
1
1
1
1
]
|
1
1
1
T
1
1
1
|
1
1
1
|
1
1
+
|
H
0

Distance from Nozzle (cm)

X Position (cm)

25th International Water Mist Conference

40

International Water Mist Conference

21




Input Parameters in FDS
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Parameter Symbol Value Unit
Simulation time tim 5 s
Cellsize Ax 2 cm
Number of particles N, 200.000 1/s
Volume-median diameter of droplets Dy 0.50 94 MM
Droplets mimumum and maximum diameter D, 10-1.000 Hm
Distribution width parameter Y 2.3 -
Spray angle 0 30 Degree
Initial velocity Ug o 109.55 m/s
Ambient gas initial velocity Ug o 0 m/s
Water flow q 1.47 LPM
Spray pattern shape (ON by default) - Gaussian -
Spray pattern beta - Default (5) -
Nozzle offset - 10 mm
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Volume Flux (mm/s)
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High Pressure Water Mist Modelling Result

FDS Base Model
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Volume Flux (mm/s)
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High Pressure Water Mist Modelling Result

FDS Model Based on Different Betas FDS Model Based on Primary Break-up
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Takeaway

* [t should be noted that the default values in FDS are not accurate
In Water Mist Nozzle Discharge Modelling for both low and high
pressure systems.

* There is no universal numbers that can be used as fixed C,, B,
and C_ .4 Vvalues.
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     q " ¯ =  V  t ∗ A
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   m d  d  d t  (  u d ) =    m d g −  1 2  𝜌 g  C d 𝜋  r d 2 (  u d −  u  g ) |  u d −  u g |
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