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Investigation on Effects of Spray Characteristics for Water Mist of

Twin—fluid Nozzle on Thermal Radiation Attenuation

Jae Geun Jo

Division of Architectural and Fire Protection Engineering
(Major of Fire Protection Engineering), The Graduate School,
Pukyong National University

Abstract

In this study, the effects of spray characteristics for water mist of
twin—fluid nozzles on thermal radiation attenuation was investigated
numerically and experimentally. For numerical simulations, the
effects of spray characteristics (i.e., water flow rate, droplet size,
and spray angle) of water mist on peak and average thermal
radiation attenuation were examined preliminarily using fire
dynamics  simulator (FDS).  Then, experiments =~ of  spray
characteristics  of twin—fluid nozzles and their thermal radiation
attenuation performance were conducted. As the twin—fluid nozzles,
the external and internal mixing types were tested. For the spray
characteristics, the supply pressure, droplet size, spray angle, spray
width, and flow distribution were measured. The supply pressures
of water and air were 1.3—59.6 and 29.8—316.1 kPa, respectively.
The SMD (Sauter Mean Diameter) and VMD (Volume Median
Diameter, Dvgos) were 19.9—99.4 and 21.1-107.6 pm, respectively.
Through the wvisualization, the spray angle and spray width were
measured. The spray width were approximately 200 and 300—320
mm for spray angles of 20° and 70° respectively. From the flow
distribution measurement, it was found that spray patterns of

twin—fluid nozzles were full cone. Finally, the thermal radiation



attenuation on water mist of twin—fluid nozzles were measured
under various water and air flow rate conditions. Under the present
experimental conditions, the thermal radiation attenuation of
twin—fluid nozzles were measured to be 6.9—52.4%. As the water
flow rate and spray angle increased while the droplet size
decreased, the thermal radiation attenuation increased. Based on the
experimental data, the separate effects of water flow rate and
droplet size on thermal radiation attenuation were investigated. In
the present experimental range, the thermal radiation attenuation
was proportional to water flow rate to the power of 0.32 and to the
power of 0.33 under nearly constant SMD and VMD conditions,
respectively. In addition, the thermal radiation attenuation was
proportional to SMD to the power of —-0.59 and VMD to the power
of -0.53 for droplet size under nearly constant water flow rate
conditions. Based on these results, the droplet size affected more
significantly the change in thermal radiation attenuation than the

water flow rate.
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Table 1.1 Previous study of thermal radiation attenuation

Water flow

Parameter Nozzle type Orifice size | Droplet size rate Sprayo angle | Spray width | Pressure Fire source Fire source size
Author (mm) (pm) (L/min) ) (m) (bar) type
s | e | T | ey | 03T |- y 178 ptpane | LMl
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Table 2.1 Summary of numerical simulation conditions

Effect of water

Effect of droplet

Effect of spray

Parameter G AE size angle
Water flow
rate 1, 2,48 A 2
(L/min)
Droplet size 200 100, 200, 300 200
(1m)
Spra}(’o)angle 120 120 60, 120, 180
Injection
velocity 2
(m/s)
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Figure 2.3 Dependency of thermal radiation attenuation on mesh cell size.
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Table 3.1 Summary of twin-fluid nozzles

Orifice size

Water flow rate

Air flow rate

Twin-fluid nozzle Nozzle type (mm) (¢/min) (L/min) Spray angle (°)
Center hole for water
= 0.508
Small ETN20 . 12.7—61.7 13.3—41
- Annular gap for air
= 0.178
External mixing
Center hole for water
Large ETN20 & W 46.7— 4333 58— 147 20
Annular gap for air
= 0.254
Small ITN20 2.25 66.7—641.7 29—91
Middle ITN20 2.98 133.3~<1241% 60— 190
Large ITN20 o 3.46 191.7—1783.3 77—245
Internal mixing
Small ITN70 2.27 x 0.68 66.7—641.7 29—-91
Middle ITN70 3.52 x 0.81 133.3—1241.7 60— 190 70
Large ITN70 3.94 x 1.09 191.7—1783.3 77—245
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(a) Small ETN20

(b) Large ETN20
Figure 3.1 Photo of external mixing twin-fluid nozzle (Spray angle = 20°).
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Figure 3.2 Schematic diagram of external mixing twin-fluid nozzle (Spray angle =
20°).

_42_



312 WHEFY 2aA=E

WHERE 2FAEE2 =5 (s 29, EF)ddA HA et 714
b EFete] nEREs ARG 2 A ALES REFY 274

2 AA FARZEe]l 20°, 70°% =2 7 T

ke
N
lo,
o,
o
>
o
>,
il
HTl

Figure 3.3% Figure 340 FAFzZFel 20°¢ 3FHFo WHEsd 274 =
=9 AR JiEF=E 4z el eelvla A7), dAl(dE S,
=) R 7IAE B9, 79 BAF WA 2ol & arEste] wlES P Ao
dgg ol e 7H A2 2/FA==5 Small ITN20 (Small Internal
mixing Twin-fluid Nozzle), 71 tY° 2 22 2/ A4 =25 Middle ITN20

(Middle Internal mixing Twin—fluid Nozzle), 7F4 & 2FA==S

tt
o
o
_O|L
32
)

Large ITN20 (Large Internal mixing Twin—fluid Nozzle)
nEF7E A= ey se A2 Small ITN202] 7
Middle_ITN20¢] 4% 2.98 mm, Large ITN20°] 7% 3.46 mm©|t}.
Figure 35¢ Figure 3.6°1 #AFzbo] 70°¢1 3%/ WH=¢3d 2FA-
o AR RS 72 el Y. elvls =27] = 3 w79 24
WA ZolE aElete] 7P AE 2/Al=ES Small_ITN70 (Small

o
I
&
3
B

Internal mixing Twin—fluid Nozzle), 1 TZoz 22 2(FA=ES
Middle_ITN70 (Middle Internal mixing Twin-fluid Nozzle), 7}& & 2
A w==S Large_ITN70 (Large Internal mixing Twin—fluid Nozzle)= ™
gatdh. Eo] EAME = B3P egyze Eo| B AALS 77
Small_ITN70¢] 749 227 mm x 0.68 mm, Middle ITN70¢] 7§ 3.52
mm x 0.81 mm, Large_ITN702] 4% 394 mm x 1.09 mm ©]|t}.
Small_ITN20, Middle_ITN20, Large ITN20°] 4%, =

’

N
)
4
i
o
o

_43_



F(single hole) TFx= otk ®WEH, Small_ITN70, Middle ITN70,
Large ITN70¢] 2%, =& ¥ Fio] 8719 v (multi hole) F+X= o

o} o]% Fal MwH We BALS FAY 5 9

- 44 -



(b) Middle_ITN20

(c) Large ITN20
Figure 3.3 Photo of internal mixing twin-fluid nozzle (Spray angle = 20°).
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Figure 3.4 Schematic and photo of internal mixing twin-fluid nozzle (Spray angle =
20°).
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(a) Small ITN70

(b) Middle ITN70

(c) Large ITN70
Figure 3.5 Photo of internal mixing twin-fluid nozzle (Spray angle = 70°).
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(b) Middle ITN70

Orifice size

(c) Large ITN70
Figure 3.6 Schematic and photo of internal mixing twin-fluid nozzle (Spray angle =
70°).
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Figure 3.7 Schematic diagram of spray characteristics measurement.
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Figure 3.10 Experimental set-up of water mist visualization.
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Figure 3.11 Experimental set-up of flow distribution measurement.
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Water column

Figure 3.12 Flow distribution measurement result for Large ITN20

(Water flow rate = 700 g/min, air flow rate = 100 L/min).
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Table 3.2 Summary of supply pressure measurement results for twin-fluid

nozzle
Water flow Air flow Water flow Air flow
Twin-fluid nozzle rate rate pressure pressure
(g/min) (L/min) (kPa) (kPa)

8.1 (£0.12)— | 79.6 (#£3.38)—

Small ETN20 36—105 10—30
- 44.8 (£0.35) | 316.1 (+2.27)
1.3 (0.08)—= | 29.8 (*1.50)—

Large ETN20 37—300 20—60
5.7 (£0.21) 174.0 (£1.79)
19.6 (£0.23)— | 94.0 (£1.98)—

Small ITN20 100—300 30—50
- 55.5 (#0.06) 198.4 (£2.22)
] 4.0 (£0.04)— | 369 (+0.73)—

Middle ITN20 100—700 40— 80
- 32.6 (£3.11) 128.0 (£1.76)
2.1 (#0.21)— | 43.0 (0.50)—

Large ITN20 100—700 60—100
14.9 (x1.41) 115.3 (0.72)
19.8 (£0.41)— | 885 (£3.82)—

Small ITN70 100—300 30—50
- 59.6 (+0.83) 191.0 (4.97)
] 3.2 (#0.15)— | 369 (*1.15)—

Middle ITN70 100—700 40—80
- 23.4 (£1.75) 120.9 (+2.42)
24 (£0.13)— | 47.1 (0.98)—

Large ITN70 100—700 60—100
18.2 (£0.53) 115.1 (x2.37)
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Figure 3.14 Supply pressure measurement data under various air flow rate conditions.
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Table 3.3 Summary of droplet size measurement results for twin-fluid nozzle

Water flow Air flow
SMD VMD
Twin-fluid nozzle rate rate (um) (um)
m um
(g/min) (L/min) .
24.1 (£0.43)— | 264 (H0.41)—
Small ETN20 36— 105 10—30
- 69.4 (£1.93) 84.8 (£2.87)
19.9 (#0.39)— | 21.1 041)—
Large ETN20 37—=300 20—60
99.4 (£1.73) 107.6 (£3.54)
31.6 (£0.94)— | 33.3 (£1.34)—
Small ITN20 100—300 30—50
- 61.5 (£1.62) 71.8 (£5.3)
] 30.6 (£0.59)— | 32.7 0.99)—
Middle ITN20 100— 700 40— 80
- 87.3 (£0.54) 88.3 (£2.11)
36.3 (£1.41)— | 399 (&.18)—
Large ITN20 100 —700 60—100
72.7 (£0.84) 85.0 (0.99)
31.8 (£0.57)— | 37.5 L15)—
Small ITN70 100—300 30—50
- 54.0 (£2.01) 69.3 (+1.89)
) 39.7 (£0.51)— | 47.7 #0.58)—
Middle ITN70 100—700 40— 80
- 65.0 (£1.30) 76.3 (£2.56)
37.8 (£0.15)— | 45.0 0.52)—
Large ITN70 100—700 60—100
61.9 (£0.79) 74.1 (£1.40)
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Figure 3.15 SMD measurement data for Small ETN20 and Large ETN20.
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Table 3.4 Summary of spray angle and spray width measurement results for

twin-fluid nozzle

Water flow Air flow S | S dth
ray angle ray wi
Twin-fluid nozzle rate rate P yo £ pray
. . ) (mm)
(g/min) (L/min)
Small ETN20 105 30
Large ETN20 300 60
Small ITN20 300 50 20 200
Middle ITN20 700 80
Large ITN20 700 100
Small ITN70 300 50 300
Middle ITN70 700 80 70 320
Large ITN70 700 100 320
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(a) Small ETN20

(b) Large ETN20
Figure 3.21 Visualization of water mist for Small ETN20 and Large ETN20.
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(a) Small ITN20

(b) Middle_ITN20

2k 200 mm

(c) Large ITN20
Figure 3.22 Visualization of water mist for Small ITN20, Middle ITN20, and

Large ITN20.
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(c) Large ITN70
Figure 3.23 Visualization of water mist for Small ITN70, Middle ITN70, and

Large ITN70.
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Table 3.5 Summary of flow distribution measurement conditions

twin-fluid nozzle

for

Twin-fluid nozzle

Water flow rate

Air flow rate

(g/min) (L/min)
Small ETN20 36, 105 30
Large ETN20 37, 300 60
Small ITN20 100, 300 50
Middle ITN20 100, 700 80
Large ITN20 100, 700 100
Small ITN70 100, 300 50
Middle ITN70 100, 700 80
Large ITN70 100, 700 100
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experimental set-up.
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Table 4.1 Summary of water flow rate and air flow rate conditions for

twin-fluid nozzle

Twin-fluid nozzle

Water flow rate

Air flow rate

(g/min) (L/min)

Small ETN20 36—105 10—30
Large ETN20 37—300 20—60
Small ITN20 100—300 30—50

Middle ITN20 100 —700 40—80
Large ITN20 100700 60— 100

Small ITN70 100—-300 30—50

Middle ITN70 100—700 40—80
Large ITN70 100—700 60— 100
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Figure 4.2 Exemplified experimental result of Small ITN70 for data reduction
(Water flow rate = 300 g/min, air flow rate = 50 L/min).

_87_



42 29 A% 2 2A

)A
i)
N

i)

ol
JJo

%0

£

!
B

-
o}

i)

s erg 5

=0

o,

ol w2} v

e

N

&

oF

)

)

Feq HER AT

)

S A
£ AAHo R 69-524%=2 LEFT

o
=

B 744

=K

[©)

]

#aee YEhAY. Figure

ETN20< ©] &

ETN20, Large

Small_

=3
=

Figure 4.3 <]

B
=
-
)

7}

pyl

4.3(a)dll Small ETN20¢] EHAld 743 & A

)

0
T

)

N
No

)

Wahrt ek me)

7} s}

of e AAAew

SF
=

Zk
©] 10 L/min°lA] 20 L/min%

=
[e)

Z7}

20 L/minell A 30

<
T

o

< 7FskaL,

o

ol

ghol]
L/min2.

H3l7l mn sk Aog AT Small ETN209 EA1d 744 &S 109

Figure 4.3(b)oll Large_ ETN20°] E-A}

Mo

_88_



o

2

of wel HA)

of whet HAl 7h4] &ol

7hk

=
[¢)

o

&

oF

[e=]
=

7hk

=
[¢)

)

I

N
No

Mo

Mo
ol

20 L/min°l A 40 L/min<

o
ﬁo

I

file)

7}

No

& 40 L/min°ll A 60 L/min%

)

Mo

N
Mo

ol

w2

ERE

oA Large_ETN209]

)

_89_



Table 4.2 Summary of thermal radiation attenuation for twin-fluid nozzle

. . Water flow rate Air flow rate Thermal radiation
Twin-fluid nozzle ) ) .
(g/min) (L/min) attenuation (%)
Small ETN20 36105 10—30 10.9—18.2
Large ETN20 37—300 20—60 6.9—18.8
Small ITN20 100—300 30—50 15.0—22.6
Middle ITN20 100—700 40—80 11.3—23
Large ITN20 100—700 60— 100 13.8—28.4
Small ITN70 100—300 30—50 27.6—433
Middle ITN70 100—700 40—80 14.8—52.4
Large ITN70 100—700 60— 100 10.6—37.2
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Table 4.3 Summary of dependency of water flow rate effect (SMD)

Thermal
Spray angle SMD Water flow rate radiation Twin-fluid
®) (um) (g/min) attenuation nozzle
(%)
40 42.9—246.6 11.7—23.2
Small ETN20
Large ETN20
20 50 40.6 —548.6 7.2—26.7 Small ITN20
Middle ITN20
Large ITN20
60 77.5—-627.4 10.6 —24.0 -
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Table 4.4 Summary of dependency of water flow rate effect (VMD)

Thermal
Spray angle VMD Water flow rate radiation Twin-fluid
®) (um) (g/min) attenuation nozzle
(%)
40 47.1—181 10.0—20.7
Small ETN20
Large ETN20
20 50 51.1—269 12.4—-235 Small ITN20
Middle ITN20
Large ITN20
60 39.8—614.1 7.2—274
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Table 4.5 Summary of dependency of SMD effect

Thermal
Spray angle | Water flow rate SMD radiation Twin-fluid
® (g/min) (um) attenuation nozzle
(%)

200 37.1-81.4 | 11.6—225 | Large ETN20

20 Small ITN20
Middle ITN20
300 433-99.4 12.1-24.0

Large ITN20
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Table 4.6 Summary of dependency of VMD effect

Thermal
Spray angle | Water flow rate VMD radiation Twin-fluid
® (g/min) (um) attenuation nozzle
(%)

200 419-983 | 11.6—225 | Large ETN20

20 Small ITN20
Middle ITN20
300 49—107.6 12.1-24.0

Large ITN20
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