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ABSTRACT In order to solve the problems of time-consuming, high-cost and poor safety in the purging
and ventilation progress test of positive pressure explosion-proof motor, the multi-component fluid theory is
introduced to analyze the positive-pressure explosion-proof motor. According to the basic explosion-proof
principle and key problems of purging and ventilation progress simulation of positive-pressure explosion-
proof motor, the explosion-proof finite element model of the motor is established, and the purging and
ventilation progress of the motor is simulated and analyzed by multi-component fluid theory. By controlling
the concentration of He (helium), the explosive environment and the purging process of the motor can be
achieved, and it can be known whether there is a purging dead angle in the motor by observing the transient
concentration of each component, which enhances the safety performance of the motor. Then the accuracy
of the simulation is verified by experiments. Finally, based on the observation of the fluid components in
the original motor, an optimization scheme of changing the intake pipe is proposed, which can improve the
efficiency of purging and enhance the reliability of the motor.

INDEX TERMS Positive-pressure motor, purging and ventilation progress, multi-component transient
concentration field.

I. INTRODUCTION
In recent years, due to the rapid development of natural
gas, petroleum, coal, and other industries, the demand for
explosion-proof motors is increasing day by day. The positive
pressure explosion-proof motor with the high power, high
safety, and other remarkable characteristics is the main power
component of the driving fan, water pump, compressor, and
other equipment, and its market share is also significantly
increased [1]. There are two key technologies of positive
pressure explosion-proof motor. One is to maintain the pos-
itive pressure value, which is generally 1.5 times the maxi-
mum pressure generated on the equipment shell and pipeline;
The second is the ventilation and purging process, which is
directly related to the purging time and amount, and also
affects whether there is a purging dead angle after the motor
is purged, resulting in potential safety hazards.

At present, the purging and Ventilation Progress of
explosion-proof motor is mainly verified by a large number
of reliability tests, which will consume a lot of time and
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cost. Considering the sake of economy and time, it is often
not to carry out reliability tests on all motors but to take
appropriate samples from them according to certain prin-
ciples or examples for tests, and the test results of these
samples are used to judge whether the explosion-proof level
of this batch of motors meets the explosion-proof require-
ments. In this way, the motor will have a certain probabil-
ity of disqualification [2]. Because the application history
of positive-pressure explosion-proof motor is short, and the
area to be analyzed for purging and Ventilation Progress is
a multi-component concentration field composed of air and
explosive gas, not only the density and viscosity of multi-
component should be considered, but also the whole analysis
process is a transient process with the time change. Because
the simulation analysis of purging and ventilation process
of positive pressure explosion-proof motor is a complex and
difficult subject. At present, there is little research on its
safety performance simulation in the field of motor. However,
the research of multi-component concentration field in the
field of air pollution diffusion is quite common, which has
certain reference significance. The main method of analysis
is to establish a diffusion model of pollutants in the air and
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simulate the distribution of pollutants over time. R. Pokhrel
and other scholars have studied the air quality in Incheon
area of South Korea, where the pollution is increasing day
by day. They have analyzed the diffusion of pollution gas
emitted by ocean-going ships under the action of ocean
airflow, which plays a promoting role in improving the air
pollution level in the area [3]. A. Monteiro has studied the
Inland diffusion of high concentration ozone in the central
region of Portugal under the action of the sea breeze. The
results show that the pollution source can diffuse inland up
to 30 km [4]. Zhang Jingui has studied the pollution diffusion
of automobile exhaust in the tunnel, and the analysis shows
that the exhaust will form a large number of piles near the
ground without ventilation, and a high-speed wind belt will
be formedwhen the automobilemoves, which plays a key role
in the diffusion of exhaust [5]. Huang Yuandong has studied
the influence of buildings around the street intersection on
the airflow and pollution diffusion, and the research shows
that a reasonable building layout is conducive to the rapid
diffusion of pollution gas [6]. Li Ting studied the diffusion of
formaldehyde in the room, and comprehensively considered
the influence of existing indoor formaldehyde concentration,
formaldehyde release speed, indoor wind speed change, and
other factors. The conclusions are of guiding significance
for eliminating and controlling formaldehyde pollution [7].
Xiao Mingming has studied the diffusion of radioactive pol-
lutants in the event of an accident at a nuclear power plant.
Considering the influence of the decay rate of radioactive pol-
lutants, airflow change, air humidity and other factors on the
diffusion rate, a diffusion model for radioactive pollutants has
been established based on the Gaussian model, the research
results can provide guidance for the emergency response plan
of a nuclear power plant [8].

In conclusion, at present, scholars have made a more in-
depth study on the multi-component concentration field in
the aspects of air pollution diffusion, meteorology, chemical
industry, medicine, and so on, while no relevant reference
has been found in the aspect of the electrical machine. The
explosion-proof area of the motor is a single-phase gas com-
posed of oxygen, nitrogen, hydrogen, or methane. There are
no solid and liquid components, which belong to the cate-
gory of multi-component concentration field. Therefore, the
simulation analysis of the purging and Ventilation Progress
of the motor can reference from the research results of air
pollution diffusion, and apply the theory, model, and method
to the field of explosion-proof motor, which should be able
to achieve the simulation analysis of purging and Ventilation
Progress of explosion-proof motor.

This paper takes a 6.5 MW positive pressure explosion-
proof motor as an example, according to the basic explosion-
proof principle of positive-pressure explosion-proof motor
and the key problems of purging and Ventilation Progress
simulation of positive-pressure explosion-proof motor. The
multi-component fluid theory is applied to the positive-
pressure explosion-proof motor. He is used as the simulated
explosive gas, and the finite element method is used to

simulate the purging and Ventilation Progress of the motor.
The time and volume of purging of the motor are obtained.
Through the concentration nephogram of each part, we can
know whether there is a purging dead angle in the motor.
After the simulation analysis, the results are compared with
the explosion-proof tests to verify the simulation accuracy.
Finally, the layout of the intake pipe is improved to increase
the purging efficiency.

II. METHODOLOGY
There are combustibles such as hydrogen and acetylene in
the environment of positive-pressure explosion-proof motor,
and there may be spark, corona, high temperature and
other ignition sources in the motor, which has already met
the necessary conditions for explosion, if no additional
measures are taken, it is easy to explode. The positive-
pressure explosion-proof motor is filled with a certain
amount of protective gas in the motor, so that the ignition
source inside the motor is in the protective gas, and the
pressure of the protective gas inside the motor is always
higher than the pressure of the combustible gas in the sur-
rounding environment, so as to prevent the combustible gas
from entering themotor, effectively isolate the ignition source
from the combustible, so as to avoid explosion.

A. THE KEY TECHNOLOGY OF POSITIVE PRESSURE
EXPLOSION-PROOF MOTOR
(1) Maintain positive-pressure. When the positive-pressure
explosion-proof motor is in normal operation, it is necessary
to keep a certain positive pressure value inside the equipment,
which requires the equipment to have sufficient mechanical
strength and sealing, so as to avoid damaging deformation
and pressure leakage. This link is to monitor the internal pres-
sure of the motor in real-time through the positive-pressure
system device. When the pressure is insufficient, the leakage
compensation will be carried out, and there will be alarm
promptly when there is a fault. At present, this technology
has been very mature [9].

(2) Purging and ventilation. When the positive-pressure
explosion-proof motor starts normally, there may be com-
bustible gas inside the motor. Therefore, before the motor
starts, the inert gas or clean air shall be purged into the
motor to discharge the combustible gas inside the motor, and
this process is called the purging and ventilation process.
The purging and ventilation process of a positive-pressure
explosion-proof motor is a very important link. It is necessary
to ensure that the explosive gas concentration in all positions
of the motor is lower than the explosion limit concentration,
and there is no dead angle. At present, it is ensured by tests
that many monitoring points are set in the motor casing, and
multi-point measurement is carried out after the purging and
ventilation. However, thismethod can onlymonitor the explo-
sive gas concentration near the motor casing, and the explo-
sive gas concentration inside themotor can not be guaranteed,
which has certain limitations. In addition, it often appears
that the concentration value of most monitoring points has
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reached the standard in the test, but only one monitoring point
has not reached the standard. To reach the standard, a lot of
purging and ventilation time needs to be increased, and a lot
of purging and ventilation resources and time are wasted.
The main reason for this is that the layout of the purging
pipeline is unreasonable. Therefore, the simulation research
on the purging and Ventilation Progress of positive-pressure
explosion-proof motor should mainly focus on the simulation
analysis of the purging and ventilation process, which can
obtain the explosive gas concentration value in all positions
of the motor, so that there is no dead angle of purging in
the motor, making up for the lack of explosion-proof test.
In addition, the reasonable arrangement of purging pipelines
can save a lot of purging resources and time [10].

B. MATHERMATICAL MODEL
All matter flowsmust satisfy the conservation laws, including
the conservation laws of mass and momentum. If there are
different components in the matter, the system should also
meet the conservation law of components. If the Reynolds
number of the calculated region is too large, the flow state of
matter will belong to turbulence, that is to say, the transport
equation of turbulence should be satisfied [11]–[13].

C. LAW OF CONSERVATION OF MASS
Whether the fluid in the motor is stable or unstable, it meets
the mass conservation equation:

∂ρ

∂t
+ u

∂(ρu)
∂x
+ v

∂(ρv)
∂x
+ w

∂(ρw)
∂x
= 0 (1)

where ρ is the density; u, v, w is the velocity component in
the x, y, z direction.

D. LAW OF CONSERVATION OF MOMENTUM
Any form of fluid flowmust satisfy the law of conservation of
momentum. That is to say, the rate of change of fluid momen-
tum of any micro element to time is always equal to the sum
of various forces such as pressure, viscous stress, and vol-
ume force exerted on the micro element. According to New-
ton’s second law, the conservation equation of momentum in
\ emph {x, y, z} direction can be derived as shown in Eq. (2).
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(2)

where ρ is the pressure on the fluid micro element; τxx , τxy
and τxz are the components of the viscous stress, and along
the x, y, z direction; Fx , Fy and Fz are the volume force on the
micro element.

E. CONSERVATION LAW OF COMPONENTS
The concentration field of the positive-pressure explosion-
proof motor studied in this paper is a multi-component fluid
area composed of various gases, which need to meet the
conservation law of components. That is, the physical param-
eters of the fluid in the calculation area are determined by
the physical properties of each component fluid and its mass
fraction, and the sum of the mass fraction of each component
is equal to 1 [14].

n∑
i=1

Yi = 1 (3)

where Yi is the mass fraction of each component fluid; n is the
component fraction, equal to 3(He, O2, N2);, the fluid den-
sity of each component is 0.1625 kg/m3, 1.2999 kg/m3 and
1.138 kg/m3; the hydrodynamic viscosity of each component
is 1.99e−5 kg/m·s, 1.919 e−5 kg/m·s, 1.663e-5 kg/m·s.

F. BASIC TRANSPORT EQUATION OF TURBULENCE
The Reynolds equation is:

Re = ρ · ν · /β (4)

where ρ is the density, equal to 1.29 kg/m3, vvis the flow rate,
equal to 30 m/s, d is the pipe diameter, equal to 0.042 m, β is
the viscosity, equal to 1.789e−5 kg/m·s,;
Because of the complexity of the wind path and the change-

ability of the moving track, the flow of the fluid often exists in
the form of turbulence. At present, the standard k − ε model
is often used to analyze the turbulent flow state, as shown
in Eq. (5).

∂(ρφ)
∂t
+ div(ρVφ) = div(0gradφ)+ S (5)

where V , φ is general variables, 0 is the diffusion
coefficient, S is the source term, ρ is the fluid density.

G. SAMPLING PROTOTYPE
The prototype is shown in Fig. 1.

The basic parameters of the motor are shown in Tab. 1.
Because the purging and ventilation process is only related

to the fluid flow in the motor, the forced fan, bearing, junction
box, and other components are omitted in the modeling. The
stator, rotor, and cooling pipe inside the motor are drawn
in detail. According to the actual structure of the motor, the
solution model established is shown in Fig. 2.

The transverse section and longitudinal section defined in
Fig. 2 and points A, B, C, D, and E are used for simulation
analysis and explanation. On the axial section, points F, G, H,
I, and J correspond to points A B, C, D, and E.

H. BASIC ASSUMPTIONS
To establish the model of the motor, the following assump-
tions are made [15]–[17]:

(1) The chemical reactions among multi-components are
not considered.
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FIGURE 1. The actual prototype of positive-pressure explosion-proof
motor.

TABLE 1. The basic parameters of the prototype.

(2) The temperature of the gas does not change during the
whole process.

(3) When the gas in the motor is under normal pressure,
the influence of buoyancy and gravity in the fluid domain is
ignored.

(4) The velocity of the fluid is far less than that of sound,
which means that the fluid in the motor is treated as an
incompressible fluid.

FIGURE 2. The physical model of positive-pressure explosion-proof
motor.

I. BOUNDARY CONDITIONS
1. Transient simulation calculation of simulated explosive
environment

(1) The installation site of the motor is zone 2 (IIC), the
main explosive gas is H2 and C2H2, and He is used as the
simulated explosive gas (He is often used as the simulated
explosive gas in the explosion-proof test, because the density
of He is similar to that of H2, and it is inert gas).

(2) At the beginning, the inside of the motor is air.
(3) The He with the concentration of 100% is blow into the

motor inlet. The speed inlet is adopted and the speed value is
30 m/s. The pressure outlet is adopted.

(4) The end condition of calculation is that the concen-
tration of He at each sampling point is not less than 70%
(according to the requirements of explosion-proof standard).

2. Transient simulation calculation of purging and
ventilation

(1) Combined with the real test process, the motor will be
‘‘purged’’ after ‘‘simulated explosive environment’’, so the
end state of ‘‘simulated explosive environment’’ is taken as
the initial state of the purging transient calculation.

(2) The air with the concentration of 21% O2 and
79% N2 (The air also contains rare gases, CO2, water vapor
and impurities, but their volume fractions add up to less
than 1%. In order to simplify the calculation, they are ignored
and their volume fractions are attributed to N2.) is blown into
the motor inlet. The speed inlet is adopted and the speed value
is 30m /s. The pressure outlet is adopted.

(3) The end condition of calculation is: the concentration
of He at each sampling point is not higher than 1% (according
to the requirements of explosion-proof standard).

J. THE SIMULATION MODEL ESTABLISHMENT
According to the motor model, basic assumptions and bound-
ary conditions, the simulation model is established by using
the finite element analysis software ANSYS, and its gird
mesh is shown in Fig.3

In Fig3, the octree method is also used for grid division.
The mesh unit is 19.93 million and the number of nodes
is 3.52 million
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FIGURE 3. The gird mesh of model.

K. THE EXPERIMENTAL PLATFORM
Purging and ventilation test is the difficulty of the explosion-
proof test, which not only needs a long test time and uses
a large number of expensive He, but also often occurs that
the He concentration at some test points does not meet the
explosion-proof requirements. The test position set during
the explosion-proof test of purging and ventilation of the
prototype is shown in Fig. 4(a). There are 6 places on
the frame and 4 places on the cooler. Fig. 4(b) is to mea-
sure the concentration of each point through the instrument.
When the concentration of He in all test points reaches more
than 70%, the fresh air is purged. When the concentration
of He in all test points drops below 1%, the purge time and
minimum purge volume are obtained.

III. SIMULATION ANALYSIS
It is necessary to maintain a certain positive-pressure value
inside the positive-pressure explosion-proof motor in the
operation, thus the process of purging and ventilation needs
to be completed before starting the motor. The inert gas or
clean air is blown into the motor, and flammable gases inside
the motor are exhausted to the outside of the motor, which
can reduce the hidden danger of motor safety [18]. Since the
maximum velocity in the system in this paper will not exceed
30m / s, which belongs to the field of low speed, the separated
solver in fluent is adopted. Time step size is 0.01s, and the
max Iterations/time step is 20.

A. SIMULATED EXPLOSIVE ENVIRONMENT
According to Fig. 5, when t = 1680s, the He concentration
of sampling points in the calculation model reaches more
than 70%, and the simulated explosion environment has been
completed. The total amount of He consumed is 71 m3.
In order to ensure that there is no dead angle for ventila-
tion, the He concentration distribution at 1680s is as shown
in Fig. 6.

According to Fig. 5, when t = 1680s, the He concen-
tration of sampling points in the calculation model reaches
more than 70%, and the simulated explosion environment
has been completed. The total amount of He consumed
is 71m3. In order to ensure that there is no dead angle

FIGURE 4. Explosion-proof concentration measurement test.

FIGURE 5. The time-varying curves of each component concentration at
different sampling points during simulating explosive environment.

FIGURE 6. The He concentration distribution at 1680s.

for ventilation, the He concentration distribution at 1680s is
as shown in Fig. 6.
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It can be seen from Fig. 6, the He concentration of the
prototype model has reached more than 70%, so as to meet
the requirements of the explosive environment.

B. PURGING AND VENTILATION
When t = 1680s, the result data of Fig. 6 is imported into
the purging and Ventilation process. When t = 5040s, the
He concentration of prototype decreases to less than 1%, the
He concentration of prototype is shown in Fig. 7.

FIGURE 7. The He concentration distribution at 5040s.

The time-varying curves of component concentrations at
different sampling points of the motor during the purging
transient calculation are shown in Fig. 8.

FIGURE 8. The time-varying curves of each component concentration at
different sampling points during purging.

According to Fig. 8, when t = 5040s, the concentration of
He in all sampling points decreases to less than 1%, and there
is no purging dead angle. The purging time is 3360s, and the
minimum ventilation volume is 142 m3. It can be seen from
the Fig. 6 that the concentration of point C changes slowly,
the following work can improve the purging efficiency by
optimizing, which can save the test cost, make themotor start-
up quickly, and better service conditions.

In order to verify the rationality of the assumptions made,
simulations considering fluid friction losses were also carried
out for the simulated explosive environment. The temperature
of the gas blown into the motor is set to 305K. The remain-
ing parameters and settings of the simulation model remain

unchanged. The obtained gas temperature distribution in the
motor is shown in the Fig. 9.

FIGURE 9. Gas temperature distribution in the motor.

It can be seen from the Fig. 9 that in the process of simulat-
ing the explosive environment, the change of gas temperature
is minimal. Therefore, the influence of the change of material
characteristics caused by the change of gas temperature on
the simulation process can be ignored. Similar results were
obtained in the simulation during the purging and ventilation
process.

C. EXPERIMENTAL COMPARISON
When the concentration of He in all test points reaches 70%or
more, and fresh air is purged into themotor.When the concen-
tration of He in all test points decreases to less than 1%, the
purging time and the purging volume are recorded. The com-
parison between experimental and simulation data is listed
in Tab. 2.
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TABLE 2. The comparison between experimental and simulation data.

According to Tab. 2, compared with the experimental data,
the relative errors of the purging time and the minimum purg-
ing volume are 3.44% and 5.33% respectively, which meet
the engineering requirements and prove the effectiveness of
simulation.

IV. STRUCTURE IMPROVEMENT
A. STRUCTURAL DESIGN
It can be seen from the simulation results that the concen-
tration of He at sampling point C in Fig. 7 is the slowest
to decline during the purging process, and the concentration
in the middle of the longitudinal section in Fig. 6 is slow
to reduce (that is, the concentration in the rotor is slow
to reduce). The speed of concentration reduction is mainly
related to the arrangement of the intake pipe. Therefore, the
intake pipe is improved in Fig. 2, the intake pipe before and
after improvement is shown in Fig. 10. After improvement,
the opening at the A-end is slightly larger than that at the
B-end, which can increase the rate of concentration reduction
at the C-point side. Instead, two rows of air intake increase
the amount of air intake in the middle and increase the rate of
concentration reduction in the middle.

FIGURE 10. Comparison of intake pipes before and after improvement.

B. SIMULATED EXPLOSIVE ENVIRONMENT
The He concentration distribution of the transient calculation
of simulated explosive environment when t= 1260s after the
improvement of intake pipe is shown in Fig. 10.

According to Fig. 11, the concentration of He at all posi-
tions is above 70%. The concentration curve of each compo-
nent with time in the transient calculation of the simulated
explosive environment after the optimization of the intake
pipe is shown in Fig. 12.

According to Fig. 12, the time for the He concentration
at each sample point to reach the requirement is 1260s,and
the total volume of He consumed Q is 53 m3. The rising
speed of He concentration at each sample point has also been

FIGURE 11. The He concentration distribution cloud map after
Improvement at t = 1260s.

FIGURE 12. The change curve of different components concentration in
simulated explosion environment after Improvement.

greatly improved compared to before the improvement and
the capacity of He was reduced by 25% compared with that
before improvement.

C. PURGING AND VENTILATION
When t = 3780s, the He concentration distribution after the
optimization of the intake pipe is shown in Fig. 13. It can
be seen from Fig. 13, the He concentration in all positions
is reduced to less than 1%, and the purging time is 2520s,
which is less than that before the optimization and can greatly
improve the purging efficiency At the same time, the speed of
concentration reduction in the rotor has been increased, the
curve of concentration of each component with time in the
transient calculation of purging after optimizing the intake
pipe is shown in Fig. 14, it can be seen that the speed of
the concentration reduction at point C side has increased
significantly.

D. IMPROVEMENT CONTRAST
The reasonable arrangement of purging pipelines can save a
lot of purging resources and time. The data comparison before
and after improvement is listed in Tab. 3.

According to Tab. 3, compared with the original data, the
ventilation and purging effect have increased by 25%, which
proves the reasonable arrangement of purging pipeline can
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FIGURE 13. The He concentration distribution cloud map after
Improvement at t = 3780s.

FIGURE 14. Different components concentration change curve during
purging after Improvement.

TABLE 3. The data comparison before and after optimization.

save a lot of purging resources and time, and it also saves a
lot of resource to simulated explosive environment.

V. CONCLUSION
Through the research on the safety performance of 6.5 MW
positive pressure explosion-proof motor, the following con-
clusions can be obtained:

(1) Based on the summary of the explosion-proof principle,
explosion-proof type, and explosion-proof key technology of
the positive pressure explosion-proof motor, the key problem
of the research on the safety performance of the positive
pressure explosion-proof motor is to simulate the purging
process of the motor, which can ensure that the motor can
completely exhaust the combustible gas that may exist inside
the motor before starting.

(2) Based on the multi-component fluid theory, the purging
process of positive pressure explosion-proof motor is simu-
lated by the finite element method, and the purging time and
volume are obtained. The simulation results are consistent
with the explosion-proof test data, which shows that it is
feasible to simulate the purging and Ventilation Progress of
the electric machine by the multi-component transient con-
centration field.

(3) The gas concentration distribution of any position at
any time can be obtained by analyzing the concentration
nephogram of each part, and whether there is a purge dead
angle in the motor can be also known, which enhances the
safety of the motor.

(4) Improved the layout of the air intake pipe, which proved
that the reasonable layout of the air intake pipe can save the
test cost, increase the efficiency of purging, and accelerate the
start-up of the motor.
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