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Experimental Investigation on Effect of Water Mist Spray Condition of

Single—fluid Nozzle on Thermal Radiation Attenuation

Ji Ho Park

Department of Fire Protection Engineering,
The Graduate School of Industry,
Pukyong National University

Abstract

In this study, the effect of water mist spray condition on thermal
radiation attenuation was experimentally investigated. Two types of
single—fluid nozzles were used to generate the water mist. To investigate
the characteristics of water mist, the water supply pressure was reported,
and the droplet size and droplet velocity of water mist sprayed from one
and two nozzles were measured with the visualization of water mist. Then,
the effects of nozzle installation location and water mist sprayed from two
nozzles on the thermal radiation attenuation (i.e., measured heat flux,
attenuated heat flux, and attenuation rate) were measured. Based on the
measurement data of water mist characteristics, the general trends of

thermal radiation attenuation were analyzed in detail.
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Table 1.1 Existing research data on the heat radiation attenuation of mist water

Author Nozzle Flow rate Pressure Fire or Heat Average attenuation (%)
- 160 kW 47.40~69.67
Cheung 4~6 bar
(2009) Drencher head 3/8“ - 41 kW 36.00~52.76
1.02~1.30 I/s - 41 kKW 31.82~59.15
A_full-cone 350~1,000 ml/min 2.8~13.9
Murrell .
B_full-cone 1,400~3,250 ml/min 3.6~14.9
et al. - 1~8 bar 900 °C
(1995) C_hollow-cone 1,200~3,250 ml/min 8.2~30.7
D_full-cone 2,600~7500 ml/min 6.1~35.5
Orifice_100 pm 0.687~0.721 (kW/m’)
Balner and Orifice_150 um 0.502~0.567(kW/m’)
Barcova Orifice_200 pm - - 4.8 kW 0.821~0.893(kW/m’)
(2018) Orifice_300 pm 0.909~0.916(kW/m’)
Orifice_500 pm 0.917~1.038(kW/m’)
Chow A_orfice_8mm 1.49 L/s 5.0 bar | 846 s (fire duration) 72.7
et al. B_orifice_13mm 1.70 L/s 0.8 bar | 947 s (fire duration) 68.1
(2011) C_orfice_5.2mm 0.83 L/s 9.7 bar | 722 s (fire duration) 75.6
Kang and
. . i 251~810
Lee Single-fluid nozzle 200~350 g/min kP 1.01 kwW/m’ 12.4~301
a
(2022)
Twin-fluid nozzle | 36~105 g/min (water) 6.1~11.9
Jo and Lee (Small atomizer) 10~30 L/min (air) . ' '
. . . 5.0 kW/m
(2021) Twin-fluid nozzle 37~300 g/min (water) 5.2-14.6

(Large atomizer)

20~60 L/min (air)

_8_
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2.1 A3 A

211 @dFAx=S

2 AFosE 27FA T/ A8 G FA =S (single-fluid nozzle)S
AR&3F AL, Figure 2190 319 =EE59 ARIS UeEldch vEF7F 2
AFE T eEY 28 AALE 11 mmE 23, =F YR de &
(groove)®] =Z7]|&= Z+ZF 058 mmet 0.76 mm=zE =AEH Ut Fo =77}
22 =Z8 S _Nozzle(small nozzle)o| 2 WH3slR L, &9 A7} &
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(b) Without nozzle cap

Figure 2.1 Photos of nozzle for water mist.
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Figure 2.2 Schematic of experimental setup for water mist characteristics measurement.
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Figure 2.4 Schematic of experimental setup for thermal radiation attenuation measurement.
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Figure 2.5 Photo of experimental setup for thermal radiation attenuation

measurement.
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Figure 3.1 Water supply pressures of S_Nozzle and L_Nozzle.
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Figure 3.2 Droplet size of water mist for S_Nozzle and 1. Nozzle for One_Spray.
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Figure 34 Droplet size of water mist for Two Spray and One Spray for 1. Nozzle.
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Table 3.1 Average value and standard deviation of VMD and SMD
distribution for One_Spray and Two_Spray of S_Nozzle and L._Nozzle

Nozzle V;\:/gt\,?,r One_Spray Two_Spray
Type (g};tf;‘]) VMD (um) | SMD(um) | VMD (um) | SMD (um)
300 182 £ 49 175 £ 57 183 £44 171 £ 51
S_nozzle 350 152 £ 52 146 £ 57 174 £ 31 154 £ 38
400 130 + 50 124 + 53 164 + 28 144 £+ 30
300 296 = 15 291 £ 36 291 £ 22 274 £ 41
350 260 + 49 247 + 65 256 + 46 237+ 59
L_nozzle 400 218 £ 68 210 £75 228 £ 53 210 £ 61
500 169 + 63 163 £ 67 198 + 44 176 + 46
600 137 £ 48 131 £49 201 £ 31 159 £ 31
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Figure 3.5 Droplet velocity of water mist for S_Nozzle and L_Nozzle

for One_Spray.
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Figure 3.6 Droplet velocity of water mist for One_Spray and
Two_Spray.
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Table 3.2 Average value and standard deviation of velocity for

One_Spray and Two_Spray of S_Nozzle and L_Nozzle

Nozzle Flc\)/://va;{ea:te One_Spray Two_Spray
Type (g/min) Velosity (m/s) Velosity (m/s)

300 0.46 + 0.25 0.55+0.28

S_Nozzle 350 0.53 £ 0.30 0.58 +0.28
400 0.62 +0.39 0.63 £0.32

300 0.50 + 0.26 0.55+0.28

350 0.54 +0.29 0.58 +0.27

L_Nozzle 400 0.57 £ 0.30 0.62 +0.29
500 0.64 £ 0.34 0.71 £ 0.36

600 0.80 £+ 0.47 0.79 £ 0.40
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(a) Water flow rate = 300 g/min

(b) Water flow rate = 350 g/min

(c) Water flow rate = 400 g/min

Figure 3.7 Visualization of discharged water mist for S_Nozzle(left:
One_Spray&Location_SS, center: Two_Spray, right:

One_Spray&Location_HS).
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(e) Water flow rate = 600 g/min
Figure 3.8 Visualization of discharged water mist for I._Nozzle(left:
One_Spray&Location_SS, center: Two_Spray, right: One_Spray&Location_HS).
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Figure 3.9 Effect of water mist nozzle location on heat flux for
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Figure 3.10 Effect of water mist nozzle location on thermal radiation
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Table 3.3 Average value and standard deviation of attenuated heat flux

and attenuation rate for Location_SS and Location_.HS of S_Nozzle and

L_Nozzle
Water Location_SS Location_HS
N.|9 zz(lae El:t\g Attenuated Attenuation Attenuated Attenuation
yp (g/min) Heat Flux Rate Heat Flux Rate
9 (KW/m’) (%) (KW/n) (%)
300 0.214 £ 0.005 19.5 £ 0.53 0.209 + 0.004 18.9+0.34
350 0.242 +£ 0.004 21.8 £0.39 0.236 + 0.005 21.3+0.32
S_Nozzle
400 0.268 £ 0.008 | 24.3+0.32 0.265 + 0.003 24.1+0.31
450 0.293 £ 0.002 27.1 £0.69 0.291 + 0.008 26.9+0.18
300 0.13 £ 0.008 11.9+0.64 0.11 £ 0.004 9.9+0.36
350 0.16 +£0.004 14.9 £ 0.32 0.14 £ 0.003 12.6 £ 0.28
L_Nozzle 400 0.19 £ 0.002 17.1 £0.30 0.17 £ 0.002 15.4 +0.23
450 0.21 £0.004 18.5+0.42 0.18 £ 0.007 16.3+0.68
500 0.23+0.013 20.6 +1.00 0.20+0.012 17.9+0.91
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Figure 3.11 Heat flux of water mist discharged from two nozzles.
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Figure 312 'Thermal radiation attenuation of water mist discharged from two nozzles.
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Table 3.4 Average value and standard deviation of attenuated heat

flux and attenuation rate for One_Spray_Sum and Two_Spray of

S_Nozzle and L_Nozzle

Water One_Spray_Sum Two_Spray
N'I(') zzle Elotw Attenuated Attenuation Attenuated Attenuation
ype ( /r?ﬂ?\) Heat Flux Rate Heat Flux Rate
g (KW/m') (%) (KW/m') (%)
300 0.42 +0.01 38.4+0.88 | 0.36 +0.003 | 32.3+0.05
350 0.48 £ 0.01 43.2+0.60 | 0.40+0.004 | 36.2+0.18
S_Nozzle
400 0.53+0.00 | 48.5+0.03 | 0.44 +£0.006 | 39.5+0.69
450 0.59+0.01 54.0+0.82 | 0.46 +£0.003 | 42.4+0.08
300 0.24 +0.01 21.9+0.97 | 0.23+0.003 | 20.3+0.36
350 0.30 +0.01 27.4+0.59 | 0.28+£0.003 | 25.5+0.41
L_Nozzle 400 0.36+£0.00 | 32.5+0.52 | 0.31£0.005 | 28.2+0.31
450 0.39+£0.01 34.7+1.04 | 0.34 £0.005 | 30.4+0.12
500 0.42 +0.01 38.5+0.45 | 0.36+£0.005 | 32.9+0.18
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=
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7_11- 7_11-

L_Nozzleol A 32.3~4249  20.3~32.9%=

One_Spray_Sum Z719] FEA}L 74 &S

%‘X E’] }~}\—L—

S_Nozzle?} 1_Nozzleol A

7y7} 384~54.02 21.9~385%= FAEHALE £ = Fw fFEol &
7}stoll we} Two_Spray %73 One Spray_Sum 7 7+ d¥A} 7+
& ztol7t Frbeke Ao 2 yEET ol gk Ad3o] vEhbe o
& Two_Spray 7oA & vEF7F BAAA =i & 35 F9°] &+
Vs uETTE A o] wWolAdA Two_Spray x=419 5
20| One_Spray_Sum Z79] H|3] Fo}x]7] WjFo 2 Fke)

FF Two_Spray A wEF7F THH= FEolMe v 54
of et AT AEZF o]FojAol & AoRE FukdAnt w3k FHFHo A
st MEF BAF A BAME 4 AT P ARRAE dS6] 9%
T8 Aol AYg EFE SAHS 99 FUHEA ATV FHEH
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&9 =2 AAE g9 HA T st agE s =Rl AAEE
A %, A, o)A gk, 2022, EAF 4 Aol digh MR =& A

A 27 9F AE, = aets] =24, Vol 36, No. 5, pp.

1-10 (ISSN: 2765-088X (Online), 2765-060X (Print), 104).
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