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With the widespread popularity of fresh air filtration systems, the pipes materials
have become one of the important parameters that affect the overall performances
of the fresh air systems. In this paper, an experimental study on the deposition of
particulate matters on two commonly used pipes materials (PVC and PE) in the
market was tested, and conducted an in-depth analysis of its influencing factors.
The results showed that the deposition rates of particulate matters in the PVC pipe
increased with the increased of the inlet velocity, and the deposition rate reached
the maximum at the velocity was 4.0 m/s. While the deposition rates of particulate
matters in the PE pipe were increased first and then decreased with the increased
of the inlet velocity, and the deposition rates reached the maximum at the velocity
was 3.5 m/s. The PM values deposition rates showed the pipe systems of PE were
higher than that of PVC. With the increased of the particle sizes, the tends of depo-
sition rates increased gradually. There were big differences in the deposition rates
of particle sizes of less than 1.0 um, and the largest difference was 0.615 um, with
8.44%. Therefore, reasonable pipe-line materials should be selected comprehen-
sively according to actual need in the process of pipe-line installation and use. It
would provide a useful reference value for the selection of pipe-line materials in
the fresh air filtration systems in the post-epidemic era.
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Introduction

With the increasing of air pollution and the improvement of building air-tightness
levels in recent years, indoor air pollution problems have become increasingly prominent [1,
2]. It was not only seriously affected people’s normal life, such as bad living conditions and
unsatisfactory living feelings [3, 4], but also brought many diseases to people’s physical and
mental health [5, 6]. Relevant literature had shown that particles of different sizes would en-
ter different parts of the human body and they could cause varying degrees of damage [7], as
showed in fig. 1. With the large-scale outbreak of COVID-19 (Corona Virus Disease 2019) in
the world [8, 9], the indoor environment has been attracted more attention than ever. Organisms
such as bacteria and viruses may be attached to the surfaces of particulate matters, causing more
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serious harm. Relevant literature showed that people would spend as much as 80% to 90% of
time indoor [10]. Therefore, how to build a good, healthy and comfortable indoor environment
is extremely more urgent. Among them, good air supply quality in the fresh air systems is even
the most important things of all [11].
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Figure. 1 Particles of different size deposited in the respiratory tract [7]
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Fresh air filtration system could be solved the current situation of indoor air pollution
effectively, and it has been widely promoted and applied in a large number now [12]. Such as
energy conservation technologies for fresh air supply [13], combined application with renew-
able energy systems [14], novel integrated system with heat recovery combining [15], and the
waste heated recovery systems (WHRS) [16]. In addition, many researchers from different
countries had also carried out a lot of researches on the connection methods and application
of the pipes for the fresh air filtration systems, which were on the pipe-line structure [17, 18],
secondary pollution [19], deposition mechanism [20, 21], and the dust loading and microor-
ganisms of HVAC duct systems [22]. However, connection methods of the fresh air pipe were
often changed due to the spatial lay-out of the place of using and the actual idea of the users,
which had great requirements for the performances of the pipes materials. It must not only meet
the requirements of air quality and air volume, but also meet the requirements of construction
difficulty and strength. It also can achieve the purpose of simple operation, convenient instal-
lation and beautiful appearance [23]. Although some certain achievements had been already
obtained. There were few studies on the deposition of particles of pipes of different materials
in the current fresh air filtration systems [23]. The main reasons were that the pipes of fresh air
filtration systems are relatively less used compared to the traditional air conditioning rectan-
gular galvanized iron pipe-lines, and there are differences in sizes, materials composition, and
cross-sections [23], which are difficult to calculate in using.

On the other hand, fresh air filtration systems were popularized in a large area only
in recent years. Many researchers worked on improving the filtration performances of filters
[24-27], energy consumption of fans [28] and the new air filter materials [29-31]. The default
for fresh air pipe-lines deposition was small, which could be ignored. That would lead to the
fresh air pipe-lines were selected only relying on experience of the existing designers now, and
even change the original design scheme. At present, mainstream fresh air pipes materials on the
market are mainly flat pipe PVC materials and corrugated pipe PE materials. However, there
are many manufacturers of pipes on the market in China, and the parameters and quality of
PVC pipes and PE pipes produced are also uneven. There were also some advantages and dis-
advantages of the two pipes in actual application. The pipe systems of PVC are mostly in series,
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and their main advantages are flexible installation, simple operation, and relatively low prices.
While the disadvantages are that the air volume is small and uneven, it is easy to produce noise,
and may be causing secondary pollution. The pipe systems of PE are mostly parallel structure,
their main advantages are large air volume and controllable, and also can be diversified. They
can repeatedly clean the inside of the pipes. While the disadvantages are that the construction
operation is complicated,and relatively high prices [23]. All of those aforementioned factors
have combined to lead to a research on the deposition of particulate matters in pipes of fresh
air filtration systems were deeply not enough. With the outbreak of COVID-19 in the World
[8, 9], researches on the fresh pipes deposition in fresh air filtration systems will return to hot
topics again.

In this paper, two mainstreams used fresh air pipe materials (PVC and PE) in the
market were tested for experimental research on the deposition of atmospheric particulates, and
conduct an in-depth analysis of relevant factors that affect pipe-line deposition.

Methods

Two existing mainstream fresh air sys-
tem piping materials (PVC and PE) was se-
lected for experimental research according to
the results of the previous market survey [23],
as showed in fig. 2. Both of the materials of
PVC and PE were all product by the company
of 5SIBLUESKY, China. The velocity ranges ()
from indoor fresh air pipes were 2.0-4.0 m/s. Figure. 2 Pipe materials of the fresh air
Sizes of PVC flat pipe were 130 mm x 30 mm.  systems; (a) PVC and (b) PE
Sizes of PE round pipe were 75 mm. The length
of them was all 3 m. The pipe connection form without a purifier was selected for testing and
research in order to visually compare the influence of pipe material on the deposition of partic-
ulate matter. The testing time was from January 18" to 20%, 2019.

The TESTO480 climate measuring instrument was used to measure the tem-
perature and humidity. Measuring range was —100 to +400 °C. Measurement accuracy was
+ (0.3 °C-0.1% measured value). The humidity measuring range was 0-100% RH. Measure-
ment accuracy was £ (1.4% RH-0.7% measured value). The HD37AB1347 indoor air quali-
ty monitor was used to measure the velocity. The measuring accuracy range was + 3%. The
GRIMM1.109 portable aerosol particle size spectrometer was used to measure the mass and
counting concentration of particles before and after the fresh air pipe-lines. Measuring range was
0.1-100.000 pg/m?. Counting range was 2000000 P/L, and 31 particle size channels were divid-
ed between 0.25-32 um. The repeatability was 5%. One end of the pipe was connected with a
fan of the same model during the experiment, which was used as the air outlet. While the other
end was used as the air inlet. The measuring point was the central position of the pipe-line to
ensure the accuracy of the data. Each group of testing was 10 minutes, and the average con-
centration of 5 minutes before and after was recorded. The data were analyzed by mean value
to reduce the experimental error. The calculated value of PVC pipe was the average value of 2
outlets.

Results and discussion

The outdoor atmospheric dust was used as the test dust source to make the experimen-
tal data had an engineering significant [32]. The change of outdoor parameters during the test
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period was shown in tab. 1. The data in this part were from the related network, such as http://
www.tiangihoubao.com/aqi/xian.html, http://www.tianqi.com/air/xian.html. The distribution
of atmospheric particle sizes of the testing period was showed in fig. 3.

Table 1. The values of various meteorological parameters

Dute | i | P fugm) | PMieligm) | Yo | ey | 0G| DA
2019/1/18 146 111 161 Cloud 1-2 0-4 39-56%
2019/1/19 114 81 133 Haze 1-2 0-3 32-54%
2019/1/20 84 57 106 Cloud 1-2 3-6 20-29%
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. cator
of outdoor atmospheric particles which was easy to enter the human respiratory

tract and lungs, it is consistent with the conclu-
sion of the literature [4, 33]. Therefore, it is very necessary to effectively filter and purify the
particulate matter in the fresh air system. It is also more important to study the deposition of the
fresh air pipe-line, which is beneficial to avoid secondary pollution.

Deposition rate of particulate matters in PVC pipes

The deposition rates of PM,,, PM,s, and PM,, were all showed a gradual increas-
ing trend with the continuous increased of the inlet velocity in fig. 4(a). The variation range
of PM,, was 12.6-18.6%, and the variation range was 6.0%. The variation range of PM, s was
2.79-10.1%, and the variation range was 7.31%. The variation range of PM,, was 1.13-4.49%,
and the variation range was 3.36%. The change of PM,, was the smallest, while the change of
PM,, was the largest. When the inlet velocity was 4.0 m/s, the deposition rates of PM;o, PM,,
and PM,, were reached their maximums. There were 18.6%, 10.1%, and 4.49%, respectively.
This was because the inlet velocity increased, and the effect of turbulence in the tube increased,
which would increase the probability of particles by collision with the wall surfaces [23]. As a
result of the deposition rates were all increased. The larger the particle size, the more obvious the
effect of the change in inlet velocity. The length of the pipe-line would also cause certain errors
to the experimental results [34]. The diameter of the pipes was fixed, and the deposition rates of
particulates were increased from the pipe length, which verified the correctness of this paper [34].

Figure 4(b) showed the particle sizes increased, the deposition rates of particles at
different inlet velocities showed a gradual increase. But some still had a tendency first decrease
and then increased, which were mainly among small particles. The higher the inlet velocity, the
greater the deposition rates of particle matters at different particle sizes. The deposition rates



Zhang, X., et al.: Effect of Pipes Materials on Particulate Matters Deposition ...

THERMAL SCIENCE: Year 2023, Vol. 27, No. 2B, pp. 1563-1571 1567
244 100+ ~
7 rmeem,
& -@-PM,, g
3207 L A-pm, £ 801
c c
216+ 2 604
[o] o
o Q.
3 12 &
40
8 -
204
4
04
0 T T T T T T T T T T T T T T T T 1
2.0 25 3.0 35 4.0 1 2 3 4 5 6 7 8 9 10 11 12
(a) Inlet velocity [ms™] (b) Particle sizes [um]

Figure 4. Changes in particulate matter deposition in PVC pipes;
(a) deposition rates vary with inlet velocity and (b) deposition rates vary with particle sizes

were small for the particle sizes, which were less than 1.0 pm. At this time, the particles were
at the boundary of the diffusion area and the diffusion-collision area, and the diffusion effect
played a decisive role in the deposition process of the particle matters [35]. It also affected
by the small vortex in the flow field, small-size particles could follow the fluid to move in the
direction of the flow well, as a result of the deposition rates were relatively small. With the par-
ticle sizes increased, the diffusion effect gradually weakened. The particle matters were at the
junction of the inertia-relaxation area and the diffusion-collision area when the particle size was
about 3.0 um. The inertia effect and the diffusion effect were all played a role in the deposition
process of the particles at the same time [35]. As the particle sizes continued to increase, the

inertial effect played a decisive role, and it led to a gradual increase in the deposition rates of
particulate matters.

Deposition rate of particulate matters in PE pipes

The deposition rates of PM,,, PM, s, and PM, , all showed a trend of first increased and
then decreased with the continuous increased of the inlet velocity in fig. 5(a). The variation range
of PM,, was 22.0-44.5%, and the variation range was 22.5%. The variation range of PM,s was
6.80% to 21.2%, and the variation range was 14.4%. The variation range of PM,, was 4.5% to
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Figure 5. Changes in particulate matter deposition in PE pipes;
(a) deposition rates vary with inlet velocity and (b) deposition rates vary with particle sizes
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10.6%, and the variation range was 6.1%. The change of PM, , was the smallest, while the change
of PM,, was the largest. When the inlet velocity was 3.5 m/s, the deposition rates of PM;y, PM, s,
and PM, , were reached their maximums. There were 44.5%, 21.2%, and 10.6%, respectively. It
could be found that the error obtained with regard to the deposition rates of PM;, was relatively
large. The reason was that the distribution of aerosol particles in the PE pipe was very random-
ness, and the spiral structure of the PE pipes itself increased the contact area between the particles
and the pipe walls [36]. In addition, it was also related to the local aerosol composition type and
the concentration distribution [37]. The particle sizes concentration distribution of particles above
3 um was relatively unstable, and the combined effect of the previously mentioned factors led to
a large particle deposition rates in the PE pipe-lines [35].

With the particle sizes increased, the deposition rates of particles at different inlet ve-
locities in fig. 5(b) had the same trend with fig. 4(b). The overall deposition rates of particulate
matters showed a gradually increasing trend. But some still had a tendency first decrease and
then increased, which were mainly among small particles. The higher the inlet velocity, the
greater the deposition rates of particle matters at different particle sizes. Deposition rates of par-
ticle matter under different particle sizes reached the maximum when the inlet velocity was 3.5
m/s. However, the relative deposition rates of particle matters with a particle size of less than 1
um were much higher. The main reasons were that the particles were between at the diffusion
area and the diffusion-collision area at that time. The diffusion effect played a decisive role [35].
But PE pipes were mostly corrugated, and it could enlarge the Brownian motion space of parti-
cles. As a result, the deposition rates under Brownian motion were slightly increased, but it was
still relatively small. With the particle sizes increased, the diffusion effect was weakened. The
particulate matters were between the inertia-relaxation area and the diffusion-collision area.
The inertia effect and the diffusion effect were all played a role at the same time, and the deposi-
tion rates gradually increased. Particle sizes continued to increase, and the inertial effect played
a decisive role. The results were the same with that of PVC.

Deposition rates of PM under different pipe materials

The differences in the deposition rates of particulate matters between these two fresh
air pipes materials were selected for a study, and the maximum deposition rates were taken into
compared, which the inlet velocity was used 4.0 m/s in PVC pipe and 3.5 m/s in PE pipe, and
the results were shown in fig. 6.

50- The deposition rates of different PM
[_JPE value of the two fresh air pipe materials were
Eeve quite different in fig. 6. The deposition rate

showed PM;, > PM, s > PM,,. The deposition
rates of PM,, PM,;5, PM,, in PE pipes were
higher than that of in PVC pipes, and there was
25.9%, 11.1%, 6.1%, respectively. The largest
change of the deposition rate was PM;,, while

40-
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the smallest change of the deposition rate was

10+ PM,,. The main reasons were that PE pipes
were mostly corrugated, with a certain re-

0 —‘ cessed structure inside, which would make the
PM,, PM. PM,o particle matters easy to deposit in it. In addi-

Figure 6. Comparison of PM deposition tion, it was also related to the material proper-

rate of different pipes materials ties of PE pipes [36]. From the figure that the
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deposition rates of pipes particles were large that was because the size of the fresh air pipes was
small. Under the same inlet velocity conditions, the relative area in contact with the air-flow
were larger, which would increase the contact between the pipes particles and the probability
of wall, as a result it in turn produced a greater deposition rate of pipes materials. However,
fine dust particles would also condense in the actual ventilation pipes [38]. It might result in a
substantial increase in the amount of deposition in the ventilation pipes.

Deposition rates of different particle size under different pipe materials.

Similarly, the inlet velocity was used 4.0 m/s in PVC pipe and 3.5 m/s in PE pipe to compar-
ative analysis, and the results were shown in fig. 7.

With the particle size increases, the deposition rates of the two types of pipes both showed
a gradually increasing trend in fig. 7. The deposition rates of PE pipes were higher than that of PVC
pipes. For particles less than 1.0 pm, the two types of pipe-lines were quite different. The deposi-
tion rates ranges of PE pipe-lines were from 7.7-31.6%, while the deposition rates ranges of PVC
pipe-lines were from 1.8% to 25.8%. The deposition rates ranges of PE pipe-lines were 3.04-8.44%
higher than that of PVC pipes. The differences in 100~
the deposition rates of the two types of pipes ma-
terials reached the maximum at the particle size
was 0.615 pum, which was 8.44%. This was be-
cause the PE pipes were mostly corrugated, which
increased the Brownian motion space of particles
and also increased the deposition rated of parti-
cles. With the particle size increased, the depo-
sition rates of PE pipes were not much different
from that of PVC pipes. This was because the par- 20+
ticle size increased, the diffusion effect decreased
and the inertial effect of the particles increased, 0
which would lead to the deposition rates of parti- Particle sizes [uim]
cles gradually increases. It was consistent with the  pigure 7. Deposition rates of different pipes
conclusion of the literature [35]. with different particle sizes

However, the different connection
lengths, soft connection, use of pipe elbows and the direction of the pipe-line, they would all
have varied degrees of impact on the pipe-line deposition in the actual installation and use of
the pipe-line [23]. But this was slightly different from the results of the author to test the depo-
sition rates of small particles of longer PVC pipe-lines [23]. The main reasons were that the
length of the pipe-line would affect the capture of small particles [34], as a result, there were
certain differences with that. In addition, the particle deposition rates of the pipe-lines were also
related to the type of aerosol composition and concentration distribution in the test area [37,
38]. Therefore, the selection of the material of the fresh air pipes was based on comprehensive
factors in using. Air filters fibers were added to the front of the fresh air filtration systems, which
could effectively block the deposition of particles in the pipe-lines, and it reduced the frequency
of pipe-line cleaning and the quality of air supply [39-41].

80+

60

Deposition rates [%]

40-

Conclusion

The depositions of particulate matters on two pipes materials (PVC and PE) in the
fresh air filtration systems were given in this paper. The deposition rates of particulate matters
in the PVC pipe increased with the increase of the inlet velocity. The deposition rates of PM;,,
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PM, s, and PM, , were reached maximums at the inlet velocity was 4.0 m/s. While the deposition
rates of particulate matters in the PE pipe first increased and then decreased with the increase
of the inlet velocity. The deposition rates of PM;,, PM, s, and PM, , were reached maximums
at the inlet velocity was 3.5 m/s. The higher the inlet velocity, the greater the deposition rates
of particle matters at different particle sizes. The deposition rates of PE pipes were higher than
that of PVC pipes under the same conditions. For particles less than 1.0 um, the two types of
pipe-lines were quite different, and the largest difference was 0.615 um, with 8.44%.

However, the different connection lengths, soft connection, use of pipe elbows and
the direction of the pipe-line, they would all have varied degrees of impact on the pipe-line
deposition in the actual installation and use of the pipe-line. Therefore, reasonable pipe-line
materials should be selected comprehensively according to actual need in the process of pipe-
line installation and use. It would provide a useful reference value for the selection of pipe-line
materials in the fresh air filtration systems.
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