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Oil-immersed transformer is the key equipment of power transmission, the fire caused by 

its failure will cause huge economic losses. The aim of this study is to investigate the 

combustion characteristics of oil-immersed transformer fires under different 

environmental conditions, and the effectiveness of high-pressure fine water spray on 

transformer fires under different parameters. Numerical simulation of transformer fires 

using PyroSim software simulation of high-pressure fine water mist fire extinguishing 

effect - parameter optimisation, focusing on the combustion characteristics of transformer 

fires at different ambient temperatures (-5℃, 0℃, 5℃, 10℃, 20℃) and wind speeds (0 

m/s, 1 m/s, 2 m/s, 4 m/s) and the suppression effect of high-pressure fine water mist on 

transformer fires at different spray flows (0.3 L/min, 0.6 L/min) and ambient wind speeds 

(0 m/s, 1 m/s, 2 m/s, 4 m/s). The simulation results show a negative correlation between 

the temperature variation above the flame and the spatial height. Changes in ambient 

temperature with insignificant changes in flue gas concentration and mean changes in flue 

gas temperature between 800℃ and 900℃. Changing the ambient wind speed deflects the 

flame along the wind direction and has a greater effect on the temperature field distribution 

above the flame. When the spray flow rate is 0.6L/min, the high-pressure fine water mist 

system has a better cooling effect on transformer fires. This study has shown that high 

pressure fine water mist systems can effectively extinguish oil-immersed transformer fires 

under the appropriate parameters. However, the effectiveness of the high-pressure fine 

water mist in extinguishing fires is reduced in the presence of increased ambient wind 

speeds. This paper provides the corresponding theoretical support for the development. 
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1. INTRODUCTION

Transformers are devices that change the AC voltage 

according to the electromagnetic inductive principle and can 

be divided into oil-immersed transformers and dry-type 

transformers according to the cooling method. Oil-immersed 

transformers are widely used in power engineering because of 

their strong heat dissipation, low manufacturing and 

maintenance costs, and ease of recycling [1-5]. Insulation oil 

is the main insulating and cooling medium for oil-immersed 

transformers, which are filled with large quantities of 

combustible transformer oil inside and on top of the oil pillow. 

Oil-immersed power transformers in the long-term operation 

process, its internal insulating oil paper will be affected by 

electrical, thermal, mechanical stress and other factors and 

gradually deteriorate, resulting in its insulation performance 

decline, in the fault, high temperature conditions fire, often 

leading to oil-immersed transformers themselves and other 

adjacent electrical equipment damage, serious damage to 

substations, once a fire will not only affect the safe and stable 

operation of the power grid, and even to the safety of society 

has a great impact [6-12]. In a 220kV transformer fire true type 

experiment, the temperature around the fire was up to 800℃, 

causing serious damage to the facilities around the substation 

[13]. Therefore, transformer safety and security is an issue that 

cannot be ignored. 

High pressure fine water mist is a water-based fire 

extinguishing system which works by using water transformed 

into water mist by high pressure nozzles. The water mist 

suppresses fires by displacing oxygen from the gas to 

asphyxiate the fire source and by cooling the fire through 

droplet-attenuated radiation. It also creates a protective zone 

around the source of the fire and provides better insulation 

against electrical equipment fires. As a result, fine water mist 

fire extinguishing systems are often used to extinguish 

incidents such as transformer fires [14-16]. Today, fine water 

mist fire extinguishing systems are widely used to suppress 

fires in buildings and industrial rooms. In addition to the 

environmental friendliness of water, this fine water mist spray 

has potential advantages, such as: small water consumption for 

fire extinguishing, little damage to protected areas and fast 

extinguishing speed [17]. In the fire test of the energy storage 

power plant, the high pressure fine water mist has a more 

obvious effect on the suppression of fire, can extinguish the 

battery fire in a short time, and has a more obvious effect on 

the fire temperature reduction. So fine water mist has a good 
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application prospect for power equipment fires [18]. 

In recent years, the study of numerical simulation of fire 

extinguishing processes and calculation of fire extinguishing 

results has been rapidly developed [19]. PyroSim software 

simulations reduce the effort and cost of testing and the 

environmental pollution caused by combustion products 

should also be reduced. Many studies have applied the FDS 

(Fire Dynamics Simulator) model to high-pressure fine water 

mist systems. Sikanen et al. [20] used FDS to model three 

single-hole and five multi-hole spray nozzles for a fine water 

mist fire suppression system. The ability of FDS to predict the 

effect of droplet size, velocity, mist flux and number 

distribution in the spray cone on fire suppression was 

evaluated. Iqbal et al. [21] investigated the characteristics of 

water mist produced by single-hole and multi-hole high-

pressure jet nozzles, based on the flux density distribution of 

the spray. Full-scale experiments were conducted and the 

volumetric flux density distribution of the spray was measured. 

The numerical results of the distributions were compared with 

those obtained experimentally, using FDS to model the spray. 

Chen et al. [22] used the computational fluid dynamics 

software Fluent to analyse the effect of pressure on the 

characteristics of the fine water mist field, the study found that 

the most fine water mist particles below the nozzle, and with 

the increase in horizontal distance from the nozzle, the number 

of mist particles becomes less. 

This study focuses on the fire combustion characteristics of 

35 kV transformers at different ambient temperatures and 

wind speeds, and the effect of high pressure fine water mist 

fire extinguishing systems on the fire extinguishing effect of 

35 kV transformers at different setting parameters and ambient 

wind speeds. By means of numerical simulation analysis, the 

temperature above the fire source, the temperature in the upper 

layer of the smoke layer and the smoke concentration are 

analysed. This in turn provides the corresponding theoretical 

support for the development of high-pressure fine water mist 

fire extinguishing systems and transformer safety protection. 

 

 

2. THEORETICAL ANALYSIS  

 

PyroSim uses the equations of conservation of energy, 

conservation of mass and conservation of momentum for the 

simulation of the model in order to make the results more 

accurate. The software divides the set space into a number of 

small 3D rectangular control bodies or computational cells. 

Using the equations of conservation of mass, momentum and 

energy, the division is carried out to calculate the thermal 

radiation, turbulence in fluid flow in each grid by the finite 

volume method, and to track and predict the generation and 

movement of flames and smoke and combine this with the 

properties of the flaming material to calculate the propagation 

and spread of the fire. 

The equations for the conservation of mass, momentum and 

energy of the fluid used in the calculations are as follows [23-

25]: 

Law of Conservation of Mass: 

 

𝜕𝜌

𝜕𝜏
+ ∇ ∙ (𝜕𝜇) = 0(

∇= (
𝜕

𝜕𝑥
,
𝜕

𝜕𝑦
,
𝜕

𝜕𝑧
)

𝑢 = (𝑢, 𝑣, 𝑤)𝑇     

) (1) 

 

where, ∇  is the operator symbol for a vector, 𝜌  is the gas 

density (𝑘𝑔/𝑚3), 𝑢 is the velocity vector (𝑚/𝑠). 

Law of conservation of momentum: 

 
𝜕

𝜕𝑡
(𝜌𝜇) + ∇ ∙ 𝜌𝜇 + ∇𝜌 − 𝜌𝑔 = 𝑓 + ∇ ∙ 𝜏𝑖𝑗 (2) 

 

where, 𝜏 is the viscous stress tensor (𝑃𝑎), 𝑔 is the acceleration 

of gravity (𝑚/𝑠2), 𝜇  is the coefficient of dynamic viscosity 

(𝑃𝑎 ∙ 𝑠), 𝑝 is pressure. 

The law of conservation of energy: 

 
𝜕

𝜕𝜏
(𝜌ℎ) + ∇ ∙ 𝜌ℎ𝜇 =

𝐷𝜌

𝐷𝑡
+ 𝑞𝑚 − ∇ ∙ 𝑞 + Φ (3) 

 

where, ℎ is enthalpy (𝐽/𝑘𝑔 ), 𝑞𝑚  is volumetric heat source 

(𝑊/𝑚3), 𝑞 is thermal radiation flux, 𝛷 Dissipation functions 

(𝑊/𝑚3). 

The energy dissipation factor is essentially negligible 

compared to the actual rate of heat release in the event of a fire, 

so Φ can be taken as zero. Then the above equation can be 

changed to Eq. (4): 

 
∂

𝜕𝜏
(𝜌ℎ) + ∇ ∙ 𝜌ℎ𝜇 =

𝐷𝜌

𝐷𝑡
+ 𝑞𝑚 − ∇ ∙ 𝑞 (4) 

 

Eq. (5) is an equation describing the relationship between 

the macroscopic thermodynamic parameters of a fluid: 

 

𝐹(𝑝, 𝜌, 𝑇) = 0 (5) 
 

The gas equation of state for an ideal gas is as follows in Eq. 

(6): 

 

𝑝 =
𝜌𝑅𝑇

𝑀
= 𝜌𝑅𝑇∑

𝑌𝑠
𝑀𝑠

𝑆

 (6) 

 

where, 𝑌𝑠  indicates component mass fraction (𝑘𝑔/𝑘𝑔), 𝑇  is 

the temperature of the gas (℃), 𝑅 is the universal gas constant 

8.31 𝐽/(𝑚𝑜𝑙 ∙ 𝐾), 𝑀 is the molecule of the gas (𝑘𝑔/𝑚𝑜𝑙), 𝑀𝑠 

is the molecular weight of the component (𝑘𝑔/𝑚𝑜𝑙). 
For infinitely fast reactions, the reactants become product 

species in a fixed grid cell at a rate determined by the 

characteristic mixing time. The rate of heat release per unit 

volume is defined by multiplying the rate of mass production 

of the set of total species by their respective heats of formation. 

As in Eq. (7) below: 

 

�̇�′′′ = −∑𝑚𝛼
′′′̇

𝛼

∆ℎ𝑓,𝛼 (7) 

 

In fire simulation, a mixed component combustion model is 

sufficient if only flame combustion effects are considered. If 

the concentrations of smoke and gases such as carbon dioxide 

and carbon monoxide generated in a fire are also to be studied, 

a model of the finite chemical reactions has to be added to the 

calculations. The usual simplified equation for the combustion 

of hydrocarbons such as oil is equation [26]: 

 

𝑣𝐶𝑥𝐻𝑦𝐶𝑥𝐻𝑦 + 𝑣𝑂2𝑂2 → 𝑣𝐶𝑂2𝐶𝑂2 + 𝑣𝐻2𝑂𝐻2𝑂 (8) 

 

The rate at which the chemical reaction takes place is: 

 

𝑑(𝐶𝑥𝐻𝑦)

𝑑𝑡
= −𝐴(𝐶𝑥𝐻𝑦)

𝑎
(𝑂2)

𝑏𝑒−
𝐸
𝑅𝑇 (9) 
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where, 𝐴 is the activation energy reaction finger prefactor, 𝑣 

is the chemical reaction coefficient, 𝐸 is the activation energy 

of the reaction 𝐽/𝑚𝑜𝑙, 𝑅 is the molar gas constant, taken as 

8.314 𝐽/(𝑚𝑜𝑙 ∙ 𝐾), 𝑇 is the thermodynamic temperature (𝐾), 

a and b are reaction coefficients. 

In the FDS (fire dynamics simulator) software, the 

cumulative volume distribution of the liquid spray from the 

nozzle can be represented by the union of two distribution 

functions, log-norma and Rosin-Rammler [27]. 

𝐹(𝐷) =

{
 
 

 
 1

√2𝜋
∫

1

𝜎𝐷′
𝑒
−
[𝑙𝑛(

𝐷′

𝑑𝑚
)]
2

2𝜎2
𝑑𝐷′

 (𝑑𝑚 ≥ 𝐷)
𝐷

0

1 − 𝑒
−0.693(

𝐷
𝑑𝑚

)
𝛾

(𝑑𝑚 < 𝐷)

(10) 

where, 𝐷′ is the droplet diameter (𝜇𝑚). 𝐷 is the upper limit of

the droplet size interval (𝜇𝑚) , 𝑑𝑚  is the average droplet

diameter, as a function of the nozzle's outlet aperture, working 

pressure and geometry (𝜇𝑚), When fitting the fine water mist 

particle size distribution, the empirical constant 𝜎 and 𝛾 are 

related by the equation 𝜎 =
2

√2𝜋(𝑙𝑛2)𝛾
=

1.15

𝛾
. 

The movement of the water droplets released when the 

nozzle is activated can be expressed by the following equation: 

𝑑(𝑚𝑑𝑢𝑑)

𝑑𝑡
= 𝑚𝑑 −

1

2
𝜌𝐶𝑑𝜋𝑟𝑑

2(𝑢𝑑 − 𝑢)|𝑢𝑑−𝑢| (11) 

where, 𝑚𝑑 is the mass of a single water droplet (𝑘𝑔), 𝜌 is the

density of water(𝑘𝑔/𝑚3), 𝐶𝑑 is the coefficient of resistance to

the movement of water droplet in gas, 𝑟𝑑 is the radius of the

water droplet (𝜇𝑚), 𝑢𝑑 is the velocity of the water droplet

movement (𝑚/𝑠), 𝑢𝑑 =
𝑑𝑥𝑑

𝑑𝑡
, 𝑥𝑑  is the spatial position of the

water droplet in the airflow field at any given moment (𝑚), 𝑢 
is the airflow velocity. 

3. MODEL SETUP

3.1 Geometric model 

(1) Parameter setting

This article presents a full-scale simulation of a 35 kV 

transformer fire in order to analyse the combustion 

characteristics of a transformer fire under different boundary 

conditions. In the model, the initial ambient temperature is 

10℃, the flame burning time is 180 s, the heat release rate per 

unit area is 2000 kW/m2 and the area of the fire source: 

0.3m×0.3m. 

(2) Measurement point setting

In this simulation environment, a total of eight fire points

were set up to simulate a three-dimensional transformer fire, 

with thermocouple measurement points set above the fire 

source and smoke concentration measurement devices set at 

2.18 m and 2.58 m above the fire source, Figure 1 shows the 

physical and simulation model of the transformer. 

(a) Physical drawing of 35 kV oil-immersed

transformer 

(b) 35 kV oil-immersed transformer

model 
(c) Top view of the model

Figure 1. Diagram of 35 kV oil-immersed transformer 

Table 1. Description of working conditions 

Conditions Description 

1 
Comparison at different ambient temperatures 

(-5℃, 0℃, 5℃, 10℃, 20℃) 

2 
Comparison at different ambient wind speeds  

(0 m/s, 1 m/s, 2 m/s, 4 m/s) 

3 
Different injection flow rates  

(0.3 L/min, 0.6 L/min) 

4 
With spraying-different ambient wind speeds  

(0 m/s, 1 m/s, 2 m/s, 4 m/s) 

In this numerical simulation, two conditions of transformer 

fire simulation are set up, condition 1 is the simulation under 

different ambient temperatures, the simulation of transformer 

fire at ambient temperatures of -5℃, 0℃, 5℃, 10℃ and 20℃ 

is carried out to analyse the combustion characteristics of 

transformer fire under different ambient temperatures. 

Condition 2 is a simulation with different applied wind speeds, 

comparing the combustion effect of a transformer fire without 

applied wind speed and with wind speeds of 1 m/s, 2 m/s and 

4 m/s, as shown in Table 1. 

3.2 Grid independence analysis 

In numerical simulation research, the grid density is the 

basis of the simulation calculation, the accuracy of the 

simulation calculation is closely related to the grid density, the 

finer the grid density, the more accurate the calculation results. 

𝐷∗/𝛿𝑥 is generally used in the study to express the fire feature

accuracy, 𝐷∗ is the fire feature diameter, 𝛿𝑥  is the grid size,

and 𝐷∗ is calculated as follows [28, 29]:

𝐷∗ = (
𝑄

𝜌0𝐶𝑝√𝑔𝑇0
)

2
5

(12) 

where, 𝑄  is the power of the fire source(𝑘𝑊), 𝜌0  is the air

density(𝑘𝑔/𝑚3 ), generally taken as 1.29 𝑘𝑔/𝑚3 , 𝐶𝑝  is the
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specific heat capacity of air (𝑘𝐽/(𝑘𝑔 ∙ 𝐾)), generally taken as 

1.005 (𝑘𝐽/(𝑘𝑔 ∙ 𝐾)). 𝑔 is the acceleration of gravity (𝑚/𝑠2), 

usually 9.8(𝑚/𝑠2). 𝑇0  is the ambient temperature (𝐾), here 

taken as 273 𝐾 [30]. The power of the fire source set in this 

simulation is 180 𝑘𝑊 , and 𝐷∗ ≈ 0.483  can be calculated, 

which is more accurate when the value of the dimensionless 

parameter is in the range of 4~16 [31]. When the grid size is 

0.05 we can get 𝐷∗/𝛿𝑥 ∈ (4~16), therefore, in this model, the 

grid size is taken as 0.05×0.05×0.05. 

 
 

4. ANALYSIS OF SIMULATION RESULTS 

 

4.1 Analysis of the combustion characteristics of 35 kV 

transformer fires at different ambient temperature 

 

(1) Effect of different ambient temperatures on the fire 

temperature of 35 kV transformers 

Figure 2 shows the curve of the temperature gradient in the 

space above the fire source at different ambient temperatures. 

A, B, C and D are the measured points of the temperature 

change at the same location above the fire source at different 

ambient temperatures. From Figure 2, it can be found that the 

temperature change above the fire source is negatively 

correlated with the spatial height, with the maximum 

temperature of the flame at around 700℃. Along with the 

ambient temperature, the maximum temperature of the flame 

is around 800℃ when the ambient temperature is 5℃, 10℃ 

and 20℃. It can be found that the rise in ambient temperature 

increases the undulation of the flame burning temperature to 

some extent, but the overall trend is essentially the same. 
 

 
(a) Environmental temperature -5℃ 

 
(b) Environmental temperature 5℃ 

 
(c) Environmental temperature 10℃ 

 
(d) Environmental temperature 20℃ 

 

Figure 2. Comparison of temperature above the ignition 

source under different environmental temperatures 

 

(2) Analysis of flue gas concentration change 

From Figure 3, it can be found that the trend of temperature 

variation of flue gas concentration at different ambient 

temperatures is basically the same. Taking the average value 

of the flue gas concentration variation between 60-140s during 

the stabilisation phase, the flue gas concentrations from flame 

combustion at different ambient temperatures (-5, 0, 5, 10 and 

20℃) are 1.25×10-4 kg/m3, 1.24×10-4 kg/m3, 1.25×10-4 kg/m3, 

1.25×10-4 kg/m3, 1.27×10-4 kg/m3, it can be found that the flue 

gas concentration changes are basically the same.  

 

 
(a) Comparison of flue gas concentrations at different 

ambient temperatures 
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(b) Comparison of flue gas temperatures at different ambient 

temperatures 

 

Figure 3. Comparison of flue gas concentrations at different 

ambient temperatures 

 

Comparison of flue gas temperatures shows that as the 

ambient temperature rises, there is a certain degree of increase 

in flue gas temperature, but the temperature changes are all 

between 800-900℃. From this it can be found that there is 

little effect on the flue gas by changing the ambient 

temperature. 

 

4.2 Analysis of the combustion characteristics of 35 kV 

transformer fires under different ambient wind speeds 

 

 
(a) No wind 

 
(b) Wind speed of 1 m/s 

 
(c) Wind speed of 2 m/s 

 
(d) Wind speed of 4 m/s 

 

Figure 4. Comparison of flame temperatures at different 

ambient wind speeds 

 

(1) Flame temperature analysis 

Figure 4 shows the temperature variation curve above the 

flame at different ambient wind speeds, in which A0-A2 are 

axial temperature detection points at 0.13 m, 0.43 m and 0.73 

m above the flame, measuring the temperature variation at this 

height. 

From Figure 4, it can be found that when there is no applied 

wind speed, the flame temperature varies in a gradient, with 

the highest temperature at A0 at around 800℃, and A1 and A2 

at around 600℃ and 400℃ respectively. When the ambient 

wind speed is 1m/s, the temperature at A0 does not change 

significantly compared to when there is no wind, but at this 

time, it can be found that there is a significant decrease in the 

temperature of temperature measurement points A1 and A2, at 

this time, the temperature of A1 and A2 is around 200℃ and 

100℃. It can be learned that compared to the windless 

condition, when the ambient wind speed is 1m/s, the flame 

undergoes a certain degree of deflection under the influence of 

wind speed, compared to A1 and A2, as the A0 point is still 

inside the flame. The temperature change at measurement 

point A0 is therefore insignificant and the heat radiation from 

the flame at measurement points A1 and A2 is reduced due to 

the deflection of the flame. With the increase of wind speed, it 

can be found that when the ambient wind speed is 2 m/s and 4 

m/s, the temperature of A0 changes from 800℃ to 500℃ in to 

250℃, while the temperature at A1 and A2 has been reduced 

to below 100℃. It can be noticed that after a certain increase 
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in wind speed, the flame is already very heavily deflected and 

the heat radiation to the top of the flame is reduced. 

(2) Effect of ambient wind speed on flame pattern 

Figure 5 shows the combustion pattern of the transformer 

fire when burning for 80 s at different ambient wind speeds, it 

can be found that as the wind speed increases, the flame is 

deflected to a certain extent with the addition of ambient wind. 

Combined with the change in flame temperature, the flame 

burning pattern was axial when there was no wind, when the 

thermocouples set up were distributed in the flame and the 

temperature decreased as the distance increased. When there 

is an ambient wind speed, the flame is deflected in the 

direction of the wind and some of the thermocouples are 

exposed to the air without direct contact with the flame as the 

flame is tilted, so the measured temperature is the flame 

radiation temperature, which is lower than when there is no 

wind. The greater the wind speed, the greater the degree of tilt. 

 

  
(a) No wind (b) Wind speed of 1 m/s 

  
(c) Wind speed of 2 m/s (d) Wind speed of 4 m/s 

 

Figure 5. Changes in combustion pattern of transformer fires 

at different ambient wind speeds 
 

(3) Effect of ambient wind speed on heat release rate and 

flue gas concentration 

From Figure 6(a), it can be found that the heat release rate 

of a single fire source tends to decrease as the ambient wind 

speed increases, which suggests that the wind speed has a 

degree of cooling effect. When there is no wind, the smoke 

concentration above the flame is around 1.25×10-4 kg/m3 and 

the smoke temperature is around 600℃. When the ambient 

wind speed is 1m/s, the smoke concentration decreases to 

1.66×10-5kg/m3 and the smoke temperature decreases to 

around 30℃. Combining the results obtained in Figure 6(b) 

and Figure 6(c), when the wind speed increases to a certain 

level, the roof of the simulated space is no longer smoke-free 

and smoke cannot collect on the roof with the flow of wind, 

thus it can be found that when additional ambient wind speed 

is added, the ambient wind will blow the smoke away and the 

effect on the concentration and temperature of the smoke is 

very obvious. 

 

4.3 Effect of different spray flow rates on the effectiveness 

of high-pressure fine water mist fire extinguishing 

 

When the sprinkler flow varies, the temperature above the 

flame goes through a period of rapid growth before the 

sprinklers are turned on and then enters a steady state. Before 

the sprinklers were switched on, the flame temperature was 

around 500℃. When the sprinkler is turned on, as can be found 

in Figure 7, the temperature above the flame are a certain 

degree of decline, the nozzle flow increase is actually a change 

in the size of the nozzle spray hole, the spray hole increases in 

the same spray pressure, the spray flow also increases.  

 

 
(a) Variation curve of heat release rate from a single fire 

source at different ambient wind speeds 

 
(b) Variation curve of flue gas concentration at different 

ambient wind speeds 

 
(c) Variation in flue gas temperature at different ambient 

wind speeds 
 

Figure 6. Plot of the effect of ambient wind speed on heat 

release rate and flue gas 
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After the spraying is opened, if the nozzle flow increases in 

the right amount, the nozzle spray out of the water droplet 

particle size increases, while the density of water per unit 

volume also increases, at this time the water medium through 

heat transfer and thermal convection of the way to absorb heat 

increases, so the temperature above the fire source is reduced 

trend, while the effect of atomization of water due to high-

pressure water fine water mist system, so that the spray of 

water mist around the fire to form a water mist, on the one 

hand, played a cooling cooling effect, on the other hand, 

through the fog particles on the fire surroundings, isolated 

from oxygen, and thus play the effect of asphyxiation. 

Compared to the spray flow rate of 0.3 L/min, the high-

pressure fine water mist system has a better cooling effect on 

transformer fires when the spray flow rate is 0.6 L/min. 
 

 
(a) 0.3 L/min 

 
(b) 0.6 L/min 

 

Figure 7. Temperature variation curve at different injection 

flow rates 

 

4.4 Effect of different ambient wind speeds on the 

effectiveness of high-pressure fine water mist fire 

extinguishing 

 

It can be found in Figure 8 that when there is no wind, the 

temperature above the flame is around 500℃. When the spray 

is turned on, the flame temperature is reduced and the high-

pressure fine water mist plays a cooling and cooling role. 

When the wind speed is attached, it can be found that the 

temperature before and after the spray is turned on has 

decreased to some extent compared to when there is no wind, 

which indicates that when there is wind speed, the wind speed 

also has a cooling effect on the flame temperature. At the same 

time, the increase in ambient wind will also blow away the 

high-pressure fine water mist system in the fire around the 

formation of a water mist envelope, so that the high-pressure 

fine water mist system of oxygen asphyxiation and cooling 

cooling effect is weakened, the fire fighting effect is reduced. 

When the wind speed is too high, it can also cause the lateral 

spread of flames, which in turn can cause damage around the 

fire, so the corresponding wind protection measures for 

transformers have to be carried out. 

 

 

 
(a) No wind 

 
(b) Wind speed 2m/s 

 

Figure 8. Graph of flame temperature variation at different 

ambient wind speeds 

 

 

5. CONCLUSION 

 

This paper analyses 35 kV transformer fires at different 

ambient temperatures and ambient wind speeds to analyse the 

changes in flame temperature, smoke concentration and the 

changes in flame pattern at different ambient wind speeds; and 

then also analyses the cooling effect of high pressure fine 

water mist systems on small transformer fires at different jet 

flows and ambient wind speeds. The results of the analysis are 

as follows: 

(1) In terms of temperature, there is a negative correlation 

between the change in temperature above the flame and the 

change in spatial height. Changing the ambient temperature, 
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as the ambient temperature rises, the flame combustion 

temperature has ups and downs but does not change much The 

flue gas temperature rises to a certain extent, but the average 

value of temperature changes are between 800℃ and 900℃, 

while the change in flue gas concentration is not obvious. In 

summary, the effect of ambient temperature on the 

effectiveness of flame combustion is not significant. 

(2) When the ambient wind speed is applied, it can be 

noticed that the flame burns longitudinally in the absence of 

wind and shifts in the direction of the wind in the presence of 

wind, when the heat radiation is reduced. There was little 

change in temperature at 0.13m above the flame when the 

ambient wind speed was 1 m/s compared to when there was no 

wind, and under the same conditions there was a significant 

drop in temperature at 0.43m and 0.73m above the flame. 

Continue to increase the ambient wind speed can be found, the 

flame offset degree increased, the temperature above the flame 

at different heights have a certain degree of temperature 

reduction, due to the role of the wind roof smoke is blown by 

the wind, the roof smoke temperature into the ambient 

temperature. 

(3) When the high-pressure fine water mist system was 

activated, the temperature of the fire dropped significantly. 

High-pressure fine water mist cooling is achieved by cooling 

and oxygen barrier asphyxiation, moderate increase in jet flow, 

the nozzle sprayed water droplet diameter increases, the 

possibility of a single drop of water reaching the centre of the 

flame increases, while the density of water per unit area 

increases, the water mist on the flame cooling cooling and 

oxygen barrier asphyxiation effect is enhanced, the adsorption 

and dilution of flue gas concentration also increases. In the 

presence of ambient wind speed after the opening of high-

pressure fine water fog, high-pressure fine water fog fire 

extinguishing effect is reduced, because the ambient wind will 

blow away the formation of high-pressure fine water fog field, 

which in turn makes its oxygen barrier asphyxiation and 

cooling cooling effect weakened. Also when the wind speed is 

too high it can cause a lateral deflection of the flames, which 

in turn may have an impact around the fire, so it is important 

to strengthen the wind protection measures for the transformer. 
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