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Abstract

Existing experimental results are sometimes difficult to guide the design of a water mist fire
extinguishing system ascribing to many factors that affect the fire extinguishing performance of water
mist. This paper sums up the factors and combs the logical relationships between them based on fire
extinguishing mechanism of water mist and existing literature. Direct influence factors on fire
extinguishing performance are analyzed emphatically by the model of movement, heat transfer and
mass transfer of water mist in the flame zone. The results show that the velocity and diameter of
water mist entering the flame zone can be determined according to the temperature difference and
the height of flame without considering the action of the flame plume. The water mist will enter the
flame zone from the top and the periphery of the flame when the plume effect cannot be ignored.
And the maximum heat absorption power of the water mist entering through the two ways should
be obtained when determining the velocity and diameter of the water mist. This research can serve
as a theoretical basis for the design of a water mist fire extinguishing system.

Keywords: water mist; pool fire; fire extinguishing performance; flame cooling; flame plume

1. Introduction

Water is one of the most common extinguishing agents. Firefighting systems with water are
widely used. However, the commonly used water extinguishing systems such as hydrant fire
extinguishing systems, automatic sprinkler systems have many defects. The possibility of destroying
protected objects is the main drawback. And high water consumption and large residual water stains
are also the disadvantages of these systems. In recent years, enhancing the efficiency and reducing
the damage of water extinguishing systems has become a hot spot on the research of water
extinguishing technology|[1,2]. Water mist fire extinguishing technology is widely concerned due to
its less water consumption, less residue, and even can extinguish the electrical fire[3-6].

The research target of water mist fire extinguishing technology is to open out the coupling
relationship between fire source and water mist system and to find out the best design parameters of
a water mist system. Simulation and experimentation are two main research methods. Fire Dynamics
Simulator (FDS) is an important simulation tool. However, the basis of extinguishing judgment in
FDS model is based on two mechanisms of surface cooling and suffocating, which leads to the
underestimation of the fire extinguishing performance of water mist and the difference between the
simulation results and the actual results. Experimental study is an essential method to explore the
coupling relationship between fire source and water mist system. Representative research results can
be divided into three categories, as shown in Table 1.

Table 1. Categories of representative research results on the coupling relationship between fire source and water

mist system.

Author(s) Fuel Fire source Spray/nozzle Experimental
configuration configuration parameters/variables

Type 1 The relationship between sprinkler operating mode and fire extinguishing performance
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Rasbash[7] Petrol, benzol,  0.3m dia. Impinging jet spray Nature of liquid, preburn
kerosene, time, properties of spray, and
alcohol, and direction of spray
gas oil

Kim et al.[8] Gasoline 0.1m dia. 1 hollow cone and 5 Injection pressure

solid cone nozzles

Ndubizu et Heptane and 0.5m dia. BeteP-series nozzles Orientation of spray

al.[9] JP-8

Liu et al.[10] Ethanol and 0.05m dia. and Pressure nozzle Injection pressure
kerosene 0.1x0.1m

Congetal.[11] Diesel 0.15%0.15m 7-head nozzle Injection pressure

Huang et Diesel 0.22m dia. Gas-outside-liquid- Gas-liquid ratio, water flow

al.[12] inside effervescent rate, injection pressure

atomizer

Gupta et n-heptane 0.1m dia., 0.15m Multi-orifice twin fluid ~ Gas-liquid ratio, water flow

al.[13] dia.,0.15%0.15m nozzle rate, injection pressure, size of

pan

Gupta et n-heptane 0.125m dia. Multi-orifice twin fluid ~ Water flow rate

al.[14] nozzle

Arvidson et al.  trailer model - directional discharge Injection pressure

[15] water spray nozzles

Liang et Gasoline, 0.32m dia., 7-head nozzle Injection pressure

al.[16] diesel, ethanol,  0.25%0.25m
and Daqing
RP-3

Yuetal.[17] Diesel and - Twin-fluid four-nozzle  Gas-liquid ratio
heptane

Pancawardani ~ Wood 0.12x0.12x0.27m Pressure nozzle Injection pressure

etal.[18]

Zhou et al.[19]  Gasoline, 0.3x0.3m 7-orifices nozzle Discharge mode
diesel

Deng et al.[20] Baggage - Pressure nozzle Discharge mode

Type 2 The relationship between sprinkler structural parameters and fire extinguishing performance

Liu et al.[21] Canola oil 1.22x1.22m, Single nozzle and swirl  Injection pressure, size of pan,

1.22x3m, 1.22x4.5m, type nozzles spray/nozzle configuration
3x2.4m

Liu et al.[22] Diesel 0.2m dia. Pressure-swirl nozzle Injection pressure

Type 3 The relationship between sprinkler location and fire extinguishing performance

Kimetal.[23]  Gasoline 0.15m dia. Solid cone nozzle Injection pressure and distance

from nozzle to fuel pan

Liao etal.[24]  Alcohol and 0.13m and 0.20m dia.  Multi-head 1-7 N- Injection pressure, distance
kerosene SS26 spray nozzle from nozzle to fuel pan, size of

pan

Wang et Heptane, 0.15m dia. Pressure nozzle Injection pressure, distance

al.[25] ethanol, and from nozzle to fuel pan
kerosene

Wang et Alcohol and 0.13m and 0.2m dia. Multi-head 1-7 N- Injection pressure, distance

al.[26] kerosene SS26 spray nozzle from nozzle to fuel pan, size of

pan

Shrigondekar Diesel 0.lm dia., 0.2m dia.,  Pressure swirl Injection pressure, distance

et al.[27] 0.3m dia. (simplex) nozzle from nozzle to fuel pan, size of

pan

Sprinkler operating mode includes working pressure, flow rate, and injection mode in Table 1.
The working pressure used in the experiment ranges from 0.3MPa to 10 MPA or higher. Although
most studies[8,10,11,16] show that smaller water mist and larger initial velocity which could be
produced by higher working pressure can cool the flame better, the operation of the whole water mist
system will be challenged when the pressure increases. The fire extinguishing performance of water
mist is also affected by flow rate. The experimental results of Arvidson[15] show that a water
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discharge density of at least 10mm/min is necessary to provide fire suppression for a heavy cargo
vehicle fire. And the experimental results of Gupta[l4] for small size indirect contact fire
extinguishing show that the optimal flow rate is 210ml/min for 6.5KW fire sources. It can be observed
in the research results that different researchers have different ways of describing the flow, and the
magnitude of the flow is greatly affected by the fire scene. Injection mode is another important
research content of sprinkler operating mode. The research includes single phase flow and
multiphase flow[12,13,17], continuous spray and periodic spray[19,20], vertical spray and horizontal
spray[7,9]. The sprinkler structure parameters include internal structure, the number of nozzles,
aperture, spray angle and so on. The concentration of water mist in the flame zone and the fire
extinguishing efficiency can be enhanced through the smaller spray angle[21,22]. Research on the
sprinkler location involves the vertical height and horizontal distance between the sprinkler and the
fire source. Due to the small momentum of the water mist, reducing the sprinkler height will be more
conducive to extinguish the fire[23,26,27].

The choice of experimental parameters is quite different, and the experimental results cannot be
compared well owing to so many factors and different priorities. The logical relationship between
influencing factors and fire extinguishing performance cannot be disclosed. In this paper, the factors
that affect the fire extinguishing performance of water mist are summarized based on the fire
extinguishing mechanism of the oil pool and existing research literature. The model of movement,
heat transfer and mass transfer of water mist in the flame zone is established to analyze the
quantitative relationship between the direct influence factors and fire extinguishing performance.
The results provide a theoretical basis for the design of a high efficiency water mist system.

2. Materials and Methods

2.1. Key Factors of Pool Fire Extinguishing Efficiency

The results[28,29] show that the mechanism of pool fire extinguishing by water mist includes
cooling the flame, attenuation of heat radiation, dilution of fuel vapor and oxygen, and cooling fuel
surface, as shown in Figure 1. In an unconfined space, it is difficult for water mist to extinguish the
fire by diluting oxygen even if it is completely vaporized. In this case, the fire can only be
extinguished by cooling the flame or cooling the fuel surface. It can be extinguished by surface cooling
for liquids with a higher flash point (higher than normal ambient temperature, such as diesel) even
if the water mist fails to extinguish the flame in the flame zone. However, for liquid fuel with a low
flash point (below ambient temperature, such as alcohol, gasoline), water mist is unlikely to lower
the fuel temperature below the flash point and it can only be extinguished by cooling the flame.

dilution of fuel
vapor and oxygen

water mist attenuation of

heat radiation

cooling flame
flame 9

fuel surface — cooling surface

Figure 1. Schematic diagram of the interaction between water mist and flame.

The heat feedback from the flame provides energy for the evaporation of liquid fuel. The
combustion will not be weakened unless the flame temperature is reduced. So, flame cooling effect is
the key to fire extinguishing performance for liquid fire, especially for liquid fire with lower flash
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point. The water mist utilization efficiency and flame cooling effect are related to the amount of
vaporization because the heat absorption capacity of water vaporization increases 7.2 times at room
temperature. It can be observed in Figure 1 that the vaporization of water mist in the flame zone is
closely related to the characteristics of the flame and the water mist. The flame characteristics are
determined by the fire source include velocity, temperature, and height. And water mist
characteristics are controlled by the spray include concentration, diameter, and velocity. The factors
affecting the fire extinguishing performance of water mist can be summed up in Figure 2 with Table
1 and the above analysis.

_ﬂne plume

velocity

flame
temperature

flame height

water mist ™\ |
concentration

flame water mist
; -~ i <
cooling diameter

water mist
velocity

‘fire source shape‘ | nozzle structure ‘

‘ fire source size

operating mode ‘

‘ fuel type ' nozzle position ‘

indirect influence
factors

direct influence
factors

direct influence
factors

indirect influence
factors

Figure 2. Relationship of factors affecting fire extinguishing efficiency of water mist.

It can be seen from Figure 2 that the factors affecting the fire extinguishing performance of water
mist can be divided into two categories: direct factors and indirect factors. The mechanism of indirect
influencing factors on fire extinguishing performance is complex. However, existing experimental
studies mainly explore the corresponding relationship between the indirect factors or the indirect
factors and the direct factors, which lead to the conclusion of the experimental research can only be
used in some specific fire scenarios. Finding out the relationship between the direct factors will be
more helpful to clarify the relationship between the factors and make the design of a water mist
system easier and more reliable.

2.2. Models

2.2.1. Movement of a Droplet

The following assumptions are made for water mist entering the flame zone:

(1) Only vertical velocity is considered when water mist enters the flame zone.

(2) Interaction between droplets was not taken into account base on the volume concentration of
droplets is small.

(3) The water mist enters the flame zone from the top of the flame, and each droplet has the same
initial diameter and initial velocity.

The main forces of a droplet in the flame zone are gravity, buoyancy and viscous resistance
founded on the above assumptions. The equation of motion is as follows.

d —
m du;’ :_F+mpg M (1)

p
p
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where, mp is the mass of a droplet, kg; up is the droplet velocity, m/s; ¢ is the droplet’s moving time,
s; F is the viscous resistance of the airflow to the droplets, N; g is the gravity acceleration, m/s?; pp is
the density of droplets, kg/m?; p is the density of the surrounding airflow, kg/m?.

Viscous resistance of airflow to a droplet can be expressed as[30]:

F=pc,4, (up_MS)

Here, us is the velocity of airflow, m/s; Ap=ndp?/4 is the cross-sectional area of the droplet, m? dp

u, —u,

/2 0

is the diameter of the droplet, m; cs is the coefficient of motion resistance.
The mass of a droplet can be expressed as:

m, = p,xd’ /6 ®)

Resistance coefficient is a function of the local Reynolds number[31].

24/ Re, Re <1
¢, ={24(1+0.15Re)™”) / Re, 1< Re, <1000 @)
0.44 Re, 21000
Reynolds number is:
Re, = p‘up —u|d, |l (5)

Here, us is gas dynamic viscosity coefficient, Pa-s.
Replace formula (2)—(5) with (1), the equation of motion is:

pP_p _lgﬂs(up_us) Re <1
g d2 p—
pp PpP
0.687
du p.—p 18ﬂs[l+0.15(‘up—us‘dp/}/s) }(up—us)
P _ P _
=4g 1< Re <1000 (6)
d dl p
4 pp pp p
g| 22 -033Lfu, ~u(u, -u.) Re, 21000
d p s p s p
pp pP 3

where, ys is the viscosity coefficient of gas motion, m?/s, it can be expressed as:

Yo=4p @)

2.2.2. Heat and Mass Transfer Between Water Mist and Flame

The following assumptions are made for heat and mass exchange processes in the flame zone:

(1) The temperature of the flame zone is stable and the heat transfer between the droplet and the
flame is steady.

(2) The process of water mist heating before vaporization is neglected due to the flame
temperature is higher and heat transfer time is shorter.

(3) The influence of vapor flow is not considered.

Mass vaporization rate of individual droplet under the condition of forced convection can be
expressed as[32]:

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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d(d,) 22
d¢ P,¢,d,

In(1+B) ®)

Here, Nu is the Nusselt number of droplets; Avis the gas thermal conductivity, w/m-K; cy is the specific
heat at constant pressure of gas, k]/kg-K; B is transfer parameter.
Nu can be calculated from the following equation[33]:

Nu=2.0+0.6Re/*Pr"* =~2+0.53,|Re, )

Here, Pr=0.7, is the Prandtl number of airs.
/A and ¢p can be determined by the characteristic temperature. The characteristic temperature can
be determined by 1/3 rule, which can be expressed as[34]:

Ty =Ts+(1; - T5)/3 (10)

ref

where, Tt is the flame zone temperature, K; Tsis the boiling point of water, K.
B can be approximate calculated using the following formula[35]:
_ Cp (Tf - TS )

B:BT_h— (11)

v

where, v is the latent heat of vaporization of water at T, k]/kg.
Replace formula (5) (9) (11) with (8), the vaporization equation of a droplet can be expressed as:

d(d,) _ 24
dt  pc,d,

(12)

2.2.3. Heat Exchange Distance of a Droplet

Droplets in flame zone will continue to vaporize, the distance before full vaporization can be
calculated by the following formula.
lige
8= .f 0

Here, tite is the time of complete vaporization of a droplet, s.

u, (t)‘ dt (13)

2.2.4. Model Calculation

The analytical solution cannot be obtained by the equations consisting of (6) (12) (13). The partial
representative numerical solution is obtained by MATLAB. The parameters selected in the calculation
are presented in Table 2.

Table 2. Parametric values in the equations.

A x10%/ ys X 108/

AT/C cp/kI/K kg pp/kg/m? h,/kl/kg p/kg/m? ug/m/s
w/m-K m'/s
400 1.032 4.1 37.73 0/-2
958.4 2257 1.18
600 1.047 4.6 48.33 0
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3. Results
3.1. Results Without Considering Plume Velocity

3.1.1. Effect of Initial Velocity

Figure 3 shows the effect of droplet initial velocity on heat exchange distance. It can be seen that
the initial velocity of the droplet and the heat exchange distance are approximately linear increments,
and the slope of the fitting line is small. The slope of the fitting line with different initial diameters is
approximately equal. The heat exchange distance cannot be effectively increased by increasing the
initial velocity of the water mist. Therefore, the heat exchange distance cannot be increased
significantly by heightening the working pressure of the nozzle. Compare with Figure 3a,b, the linear
increasing relationship between droplet initial velocity and heat exchange distance does not change
even the heat transfer temperature difference increases, but the heat exchange distance decreases

obviously.
4 R’=0.990 4 E 200pm
AT=400°C o AT 4 | @ 400um A 7=600°C
T 1 A Ao ~ A 600um
g B 200um g - - - Linear fit of 200um
8 34 ® 400um Y 34 — Linear fit of 400pm
g A 600um g | e Linear fit of 600um
2 - - - Linear fit of 200um Z J—— Al
E 2 Linear fit of 400um o 2 A A e
S Linear fit of 600um & <
g g5
< ./././0/0 < R’=0.989
2 R’=0.988 g1 .___,_.._—-————0——-—"“"”.
E i R*=0.989 é 1 R=0.988
0| w---m---®---&---H r---m---- -8
T I T I T I T I T 1 O 1 T T I T I T I T 1
0 2 4 6 8 10 0 2 4 6 8 10
Droplet initial velocity (m/s) Droplet initial velocity (m/s)

(a) (b)

Figure 3. Effect of initial velocity when the flame plume velocity is 0 and temperature difference is 400°C and

600°C, respectively.

3.1.2. Effect of Initial Diameter

The initial diameter of a water mist is exponentially related to the heat exchange distance in
Figure 4. The diameter is tied to the specific surface area, and the specific surface area determines the
heat transfer rate between water mist and flame. The penetration ability of water mist to flame can
be significantly increased by increasing the initial particle size, but the heat transfer capacity of water
mist can also be weakened due to the reduction of the specific surface area. In addition, the heat
exchange distance decreases with the increases of heat transfer temperature difference.
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Figure 4. Effect of initial diameter when the flame plume velocity is 0 and temperature difference is 400°C and

600°C, respectively.
3.2. Results Considering Plume Velocity

3.2.1. Effect of Initial Velocity

Figure 5a shows the influence of the initial velocity of water mist on the heat exchange distance
when the flame plume velocity is -2m/s and the heat transfer temperature difference is 400°C. The
initial velocity of the droplet is still proportional to the distance of the heat exchange. The slope of the
fitting line with different initial diameters is quite different. The larger the initial diameter, the larger
the slope. Therefore, the increase of initial velocity can significantly increase the heat exchange
distance of water mist with larger initial diameter. Figure 5b compares the effect of droplet initial
velocity on heat exchange distance at different plume velocities. The heat exchange distance reduces
significantly under the action of the plume. The penetration distance of water mist is only 0.284m

even if the initial velocity is 9m/s.

12— ® 200um -
7] e 400ym A R*=0.995 1.4 .- R*=0.988
=) L0 A 600um g 1 _m-—"
o U 7| - - Linear fit of 200um e o 127 =T " 40
Q 7 —— Linear fit of 400um L S 104 w :
§ 0.8 ------ Linear fit of 600pm .~ % ] Ll s
E | . 4@' 0.8 — Linear fit of u =0
= 0.6 R?=0.999 = 1 - - — Linear fit of u =-2m/s
& £ 0.6 R’=0.999
é 0.4 é 0.4 -
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502 __m R=1.000 5 02+
=] ] s 0.0
L 0.0 L
m 1 m I I I I 1
0 2 4 6 8 10 0o 2 4 6 8§ 10
Droplet initial velocity (1vs) Droplet initial velocity (nvs)
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Figure 5. (a) Effect of initial velocity when the flame plume velocity is -2m/s and the temperature difference is
400°C. (b) Effect of the flame plume velocity and initial velocity of water mist when the temperature difference

is 400°C and the initial diameter of the droplet is 400pm.

3.2.2. Effect of Initial Diameter

Figure 6a demonstrates that the initial diameter of the water mist is exponentially related to the
heat exchange distance. The heat exchange distance increases slowly with the increase of the initial

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202512.2422.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 December 2025 d0i:10.20944/preprints202512.2422.v1

9 of 15

diameter when the initial diameter is less than 400pm, but increases faster when the initial diameter
is greater than 400um. Figure 6b compares the effects of the initial diameter of water mist on the heat
exchange distance at different plume velocities. The heat exchange distance of water mist decreases
significantly under the action of the flame plume, and the larger the initial diameter, the larger the
heat exchange distance decreases. Therefore, it is difficult to increase the flame penetration ability of
water mist by increasing the initial diameter considering the effects of the plume.

N
~
|
)
|

Ol ) E '
el / ~—~— 7 //
8 1.8 - B 1m/s , 8 6 -m-0 /
g | - @ 5m/s L,/ g - @- u=2m/s 4
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o 1.2 /A/ ’ o 4 /
S 0 % "
i:% o i:% 1 . ’
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5 | e 5 a’ 4
s g s _ -7 __,_o”’
0.0 | AAZIg - : ! T 0 -=f=-9--9" w !
0 200 o 400. 600 800 0 200 o 400. 600 800
Droplet initial diameter (um) Droplet initial diameter (um)
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Figure 6. (a) Effect of the initial diameter when the velocity of the flame plume is -2m/s and the temperature
difference is 400 ‘C. (b) Effect of the flame plume velocity and initial diameter of water mist when the

temperature difference is 400°C and the initial velocity of the droplet is 5m/s.

3.2.3. Vaporization Efficiency

Water mist is carried out of the flame zone by flame plume without completely vaporizing due
to the influence of flame plume. Figure 7a sets out the effect of initial velocity on the vaporization
efficiency of water mist. The vaporization efficiency increases with the increases of the initial velocity,
but the growth rate holds back. Figure 7b displays the effect of the increase of initial diameter on the
vaporization efficiency of water mist. The vaporization efficiency increases with the increases of the
initial diameter. The increase of initial diameter has little effect on the vaporization efficiency when
the initial diameter is less than 400um, but the vaporization efficiency increases rapidly when the
initial diameter is greater than 400pum. However, it is worth noting that the vaporization efficiency
can be improved by increasing the initial diameter, but the heat transfer rate decreases obviously due
to the significant decrease of the quantity and specific surface area when the quality of water mist in
the flame zone is fixed. The heat of the flame zone cannot be got rid of quickly for the purpose of
cooling the flame to extinguish the fire.
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Figure 7. (a) Effect of the initial velocity when the velocity of flame plume is -2m/s and the temperature difference
is 400 C. (b) Effect of the initial diameter when the velocity of flame plume is -2m/s and the temperature
difference is 400 C.

4. Discussion

4.1. Optimum Initial Velocity and Diameter Without Considering Plume Velocity

Studies have demonstrated that it is possible to extinguish the fire through flame cooling when
30-60% [36] of the heat generated by combustion is taken away. The utilization efficiency of water
mist is determined by the amount of vaporization and the speed of cooling is determined by the rate
of vaporization. Therefore, it can be extinguished by cooling the flame when the water mist penetrates
at least 1/3~2/3 of the height of the flame and take away all the heat in the penetrating area per unit
time. Water mist should be completely vaporized in order to make the best use of it. These are the
conditions that the best water mist should satisfy.

The optimum initial velocity and diameter of water mist can be determined by Figures 3 and 4
when the heat transfer temperature difference and flame height are known. Some formulas can be
used to estimate that if these two parameters are unknown.

(1) Mean flame temperature[37,38]:

T,=T +.Q—° (14)

P z
mcp

0.566
z zZ
m= 0.909 (15)
0.026[ z j 0 0.08<—=-<0.2
0 0

2/5 2/5

0.=0.70 (16)
For pool fire[39],

Q=AH -1, (1-¢7").8 (17)

where, T} is the average temperature of flame plume at the height of z, K; T: is the thermodynamic
temperature of ambient air at the height of z, K; Q. is the convection part of the total heat release rate
Q of the fire source, KW; m is the mass flow of plume at the height of z, kg/s; Q is the total heat
release rate of fire source, KW; z is the height of calculated cross section, m; AH is the combustion
heat of fuel, k]J/kg; 1y, is the mass loss rate of infinite oil tank, kg/m?-s; « is the light absorption
coefficient of flame; § is the correction of effective thickness of gases; D is the oil basin diameter, m; S
is the oil basin area, m2.
(2) The height of the natural diffusion flame[40]:

z, =C,0*° —-1.02D, (18)

where, z: is the average height of flame, m; C=0.235 is the empirical constant; Ds is the diameter of
fire source, m.

It should be pointed out that Figures 3 and 4 are the numerical solution obtained under the
condition of durable heat transfer. The values given in Figures 3 and 4 do not guarantee that the water
mist will always vaporize completely before reaching the fuel surface owing to the change of the
flame temperature actually.
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4.2. Optimum Initial Velocity and Diameter Considering Plume Velocity

The water mist will enter the flame zone from the top and around of the flame under the
influence of the flame plume. The heat exchange distance of water mist from the top will grow with
the increase of the initial velocity and diameter. But the amount of water mist from the around will
decrease with the increase of the initial velocity and diameter. Therefore, there must be a velocity and
diameter to maximize heat absorption power of water mist through two ways. The study of
Shrigondekar[27] indicates the existence of this particular velocity and diameter. Figure 8 shows the
results of the experiment. It shows the relationship between the distance from the nozzle to the fuel
pan and the mean extinguishing time for a diesel fuel fire with a pan diameter of 0.1m. The mean
extinguishing time does not increase with the increase of the distance. There are two fluctuating
values at 1.5m and 2.0m which suggest that the water mist entering the flame zone is larger in these
two cases. Further analysis of plume entrainment is required to determine the optimum water mist
velocity and diameter.

fluctuating values

Mean extinction time (s)
—_ [\ [\S} w
W (e W (e}
I IR BT |

I I I 1
0.8 1.2 1.6 2.0
Distance from nozzle to fuel pan (m)

Figure 8. Effect of nozzle height on fire extinguishing time.

4.3. Water Mist Mass Flow

What is analyzed here is the mass flow that actually enters the flame zone. In the actual fire
extinguishing, the vaporization efficiency of water mist will be affected by the type of fire source, the
way water mist enters and the characteristics of water mist. There are two kinds of limit cases. The
first is that the water mist vaporize completely, and the other is that the water mist does not vaporize.
The heat taken away by water mist can be expressed as:

O =me, (T, -T,)+nmh, (19)

where, (O’ is the heat taken away by water mist, KW; m is the mass flow that actually enters the flame
zone, kg/s; cw is the specific heat of water, 4.19kJ/kg-‘C; To is the temperature of the water mist as it
enters the flame, C; 7 is the vaporization ratio of water mist in the flame zone.

As pointed out earlier in the article, fire can be extinguished by flame cooling when 30%~60%
of the heat generated by combustion is taken away. The minimum water mist mass flow is 0.023kg/s
and the maximum water mist flow is 3.14kg/s at T0=20°C and 60% heat is taken away per unit time
for 100KW fire. The difference is 137 times. The vaporization rate must be increased in order to
increase the utilization efficiency of water mist.

5. Conclusions

The factors affecting the fire extinguishing efficiency of water mist are divided into two
categories: direct and indirect factors. Direct influence factors include flame temperature, flame
height, flame velocity, water mist concentration, water mist diameter, and water mist velocity.
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The effect of droplet initial diameter on heat exchange distance is greater than that of droplet
initial velocity when the flame plume is not considered. The optimum velocity and diameter of water
mist entering the flame zone can be determined by heat transfer temperature difference and flame
height.

The water mist will enter the flame zone from the top and the periphery of the flame due to the
impact of the flame plume. The utilization efficiency and cooling ability are significantly reduced
because the water mist entering from the top is carried out of the flame zone by plume without full
vaporization. But some of the water mist was brought into the flame zone by the flame plume.
Therefore, heat absorption power of water mist entering directly and sucking into the flame zone
should be taken into account when determining the velocity and diameter of water mist so as to
maximize the sum of the two.

The vaporization rate of water mist in the flame zone should be increased so as to improve the
utilization efficiency of water mist and reduce water consumption.

Further analysis of plume entrainment is needed to determine the optimum water mist velocity
and diameter.
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