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Introduction 
Wind power has become a global generally recognized and 
vigorously developed renewable energy. A wind turbine 
nacelle is generally a small, confined and crowed space 
housing high-value electrical equipment and diverse 
flammable materials, for example, sound insulation foam, 
the plastic shell of nacelle, electric cables, hydraulic oil, 
transform oil, gearbox oil and lubricating grease, etc. [1]. 
Thus, oil leakage, hot operation, bad ventilation, high speed 
braking, overheating of electrical components, aging 
breakdown and other factors, all of these could cause a fire. 
According to the incomplete statistics of Caithness 
Windfarm Information Forum [3], by the end of 2017, 
among 2186 documented cases of wind turbines there were 
nearly 316 fire cases (14.5 %), which further suggests that 
there is a growing trend for wind turbine fires, due to 
increasing installations of wind power equipment.  

Fire Dynamics Simulator (FDS) is a powerful fire 
simulator which can simulate fire scenarios of low-speed, 
thermally-driven flow. Throughout its development, FDS 
has been aimed at solving practical fire problems in fire 
protection engineering, while at the same time providing a 
tool to study fundamental fire dynamics and combustion [2]. 
So in this study a certain type of 850 kW wind turbine with 
horizontal axis was investigated based on FDS, version 
6.7.0; its fire scene was designed and a pool fire model was 
established and numerically simulated; temperature and 
velocity fields in this kind of fire under a simulated wind 
speed of 9 m/s were acquired and discussed. 

(a)                                                       (b) 
Figure 1.  The structures of (a) real wind turbine nacelle and (b) 

corresponding FDS model. 

Results and discussion 
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     (a)                                   (b)                                     (c) 
Figure 2.  The HRR curve of fire source (a) and temperature cures on 

monitoring spots in vertical (b) and horizontal (c) directions. 

(a)                                                        (b) 
Figure 3.  The velocity vector (a) and temperature (b) distributions in the 

Y=1.12m plane in most developed stage of fire. 

Under the wind speed of 9 m/s (at a class Ⅱ site, medium 
wind) [3], the secondary burning of fuels in an injection 
form induced by the broken pipes near gearbox does not 
occur, but the larger HRR value (about 8000 kW) in 450 s 
do occur (see Fig. 2-a). Provided that fire source was an 
interface (see Fig. 2-b, c), the temperature field in the 
nacelle can be divided into two zones, the maximum 
temperature value of the frontal zone (1000 ℃) is obviously 
higher than that of the rear zone (600 ℃); all hot smoke 
layers with intense heat emission flow away from the sole 
ceiling ventilation vent, as a result, the temperature of the 
nacelle housing ceiling reaches 1050 ℃ and a flashover is 
triggered (see Fig. 3).  

Large-scale fire tests of nacelle shell will be the next step 
of this investigation to evaluate its reaction-to-fire 
properties. 
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