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Abstract. Ensuring a safe working environment within underground cable
maintenance manholes is critical due to the frequent accumulation of hazardous
gases, such as ammonia (NHs), which pose significant health risks. This study
proposes a novel annular jet ventilation system and evaluates its pollutant re-
moval performance compared to conventional ventilation methods. Using Com-
putational Fluid Dynamics (CFD) simulations based on the finite volume method
and the RNG k-¢ turbulence model, the airflow distribution and contaminant di-
lution behavior inside a standard cable manhole were analyzed. Results show
that, despite a design airflow rate of only 16.6% of the conventional system, the
annular jet device achieves an effective airflow output 7.8 times greater, owing
to Coanda effect-induced entrainment. Furthermore, the annular jet system re-
duces NHs concentrations to safe levels within 90 seconds, significantly outper-
forming the traditional setup in both efficiency and coverage. With a compact,
duct-free structure and low energy demand, the proposed system offers an inno-
vative and practical solution for enhancing ventilation safety in confined under-
ground environments.

Keywords: Annular jet ventilation device; Aable maintenance manhole;
Coanda effect; CFD

1 Introduction

The internal environment of cable maintenance manhole is often complex, and mainte-
nance operations carry significant safety risks [1]. Studies have shown that these risks
primarily stem from the accumulation of hazardous gases generated by the long-term
anaerobic degradation of organic matter in standing water [2]. For example, ammonia
(NHs) is highly irritating; even low concentrations can cause burning sensations in the
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eyes and respiratory tract, while high concentrations may lead to chemical pneumonitis
or even pulmonary edema [3]. Therefore, effectively controlling the concentration of
harmful gases in the work environment is essential for ensuring worker safety.

At present, mechanical ventilation is widely recognized as the primary technical ap-
proach for reducing hazardous gas concentrations in cable manholes [4]. Conventional
methods typically employ axial or centrifugal fans combined with flexible ducts for
forced ventilation. The standard procedure includes pre-detection of gas concentrations,
installation of ducts for directed air supply or exhaust, and post-ventilation gas re-test-
ing to confirm safety before operations commence [5]. However, flexible ducts used
with traditional fans are prone to compression or abrasion damage, leading to severe air
leakage and significantly reduced actual airflow compared to the design specifications.
To address these technical challenges, this study developed a novel annular gas jet ven-
tilation device. Annular gas jets refer to the phenomenon in which gas, propelled by a
power device, is accelerated through a ring-shaped slit and subsequently diffuses in a
free or confined space [6]. The continuous gas stream ejected from the annular slit not
only moves outward but also entrains surrounding air through a process known as en-
trainment, thereby forming a stable airflow field through mixing with the ambient air
[7]. This flow pattern can generate a large volume of steady airflow, significantly en-
hancing ventilation efficiency. Furthermore, the power unit of the annular jet can be
positioned remotely from the outlet slit, making it inherently safer than traditional fan
blade systems [8].

This study conducts comparative simulation analyses between the newly developed
annular jet device and conventional ventilation systems, systematically evaluating their
differences in effective airflow volume and pollutant removal efficiency.

2 Methodology

2.1  Physical Model

Conventional ventilation device

Annular jet ventilation device
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Figure 1. Physical model of cable maintenance manhole
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This study uses an underground cable manhole as the simulation model, in which two
different ventilation systems are constructed for comparison, As shown in Figure 1.

The base of the device houses 24 centrifugal impellers driven by high-speed motors,
which draw in surrounding air. The incoming airflow is first accelerated through a nar-
row inlet, then directed through internal flow channels, and finally ejected at high ve-
locity through a millimeter-scale annular slit at the outlet. Under the influence of the
Coanda effect [9], significantly amplifying the total airflow output. The cross-sectional
structure of the annular jet ventilation device is shown in Figure 2. Its main dimensions
are an outer diameter of 917.0 mm and a height of 173.0 mm.
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Figure 2. Cross-sectional diagram of the annular jet ventilation device.

2.2  Gonverning equations

The governing fluid dynamics equations used in this research are as follows [10]:

a(apt¢)+div(pu¢)=div(Fgrad¢)+S )
where ¢ is the generic variable; p, u, I" and S is the density, the velocity vector, the
“‘effective exchange coefficient of ¢’ and the source rate per unit volume, respectively,
for a solved-for variable ¢.
The local mass fraction of each species can be predicted through the solution of a
convection-diffusion equation for the species. This conservation equation takes the fol-
lowing general form 8:

S PN +V (P =V T+ R4S, ©)

where R; is the net rate of production of species / and S; is the rate of creation by
addition from the dispersed phase plus any user-defined sources.
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2.3  Grid Independence

Three different grid resolutions were set, namely Grid 1 (3.6 million cells), Grid 2 (2.7
million cells), and Grid 3 (1.5 million cells). Nine velocity monitoring points were se-
lected along the central longitudinal section in the width direction of the cable manhole
space to compare the impact of different grid sizes on the simulation accuracy of airflow
within the space. The RMSE calculation results for each grid are shown in Table 1.

Table 1. Grid independence.

Term Number of Grid RMSE
Grid 1 3.6 million cells —

Grid 2 2.7 million cells 4.22%
Grid 3 1.5 million cells 10.17%

As can be seen from the results in Table 1, the Root Mean Square Error (RMSE) of
Grid 2 is below the threshold value, indicating that this grid size sufficiently captures
the flow characteristics within the model [11]. Therefore, Grid 2, with approximately
2.7 million cells, was selected for the numerical simulations.

3 Boundary Conditions

This study simulates the effect of two different ventilation devices on the removal of
pollutants in a cable manhole, aiming to compare their ventilation performance. The
bottom surface of the cable manhole is set as the pollution source, with the pollutant
composition assumed to be ammonia (NHs) at 250 ppm. The designed airflow rate for
the conventional system is 1800 m*h, while the annular jet ventilation system is
designned for an airflow rate of 300 m*h. The boundary conditions for each case are
detailed in Table 2.

Table 2. Boundary conditions for ventilation device.

Case Term Parameter
Conventional ventilation Ventilation rate 300 m*/h
system Size of outlet 30 cm of Diameter
Annular jet ventilation Ventilation rate 1800 m*/h
system Gap width of outlet 1.0 mm

4 Results and Discussion

4.1  Velocity Field Distribution

Analyzing the velocity field is essential for conducting concentration field simulations,
calculating airflow rates, and comprehensively assessing the performance of ventilation
systems. Figure 3 show the flow field inside the cable maintenance manhole under the
operation of different ventilation devices.



382 X. Lin et al.

Velocity (m/s)

(b) Annular jet ventilation device

Figure 3. Air flow distribution of the cable maintenance manhole.

As shown in Figure 3, there are significant differences in the internal flow fields of
the cable manhole under the operation of the two ventilation devices. In the case of the
traditional ventilation system (a), the airflow velocity range is wide, and high-speed jets
are formed near the outlet. These jets can lead to uneven airflow distribution, with low-
velocity zones in corners and other areas, resulting in distinct ventilation dead zones.
The streamlines also exhibit closed vortex structures, indicating strong turbulent dis-
turbances. In contrast, the annular jet ventilation system (b) produces a generally lower
and more uniformly distributed airflow. The streamlines are smoother and more con-
tinuous, suggesting a more stable overall flow field.

4.2  Changes in Effective Ventilation Volume

The variation of effective ventilation volume over time under the operation of different
ventilation devices is illustrated in Figure 4. Here, the effective ventilation volume re-
fers to the portion of airflow that actively participates in pollutant dilution and removal
within the occupied or target space, excluding the airflow that bypasses or exits the
system without contributing to internal air exchange.
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Figure 4. Variation of effective ventilation volume over time.
According to the effective airflow variation curves presented in Figure 4, a signifi-

cant dynamic difference is observed between the performance of the traditional venti-
lation device and the annular jet ventilation system. Due to issues such as air leakage
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and uneven airflow distribution, the traditional system achieves an average effective
airflow of only 1,368 m*h within 240 seconds, which accounts for merely 76% of its
designed intake capacity. In contrast, although the annular jet system is designed with
an intake rate of only 16.6% that of the traditional device, it leverages the Coanda effect
to multiply airflow volume. As a result, it reaches an effective airflow of 1,764 m*h—
approximately 1.29 times that of the traditional system.

4.3  Changes in Pollutant Concentration in the Cable Maintenance
Manhole

According to China's national standard Occupational Exposure Limits for Hazardous
Agents in the Workplace (GBZ 2—2002), the time-weighted average permissible con-
centration of ammonia (NH3) is 25 ppm. Figure 5 presents the NHs concentration dis-
tribution along the central symmetry plane of the maintenance manhole at different

ventilation times.
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Figure 5. NH: concentration in the cable maintenance manhole.

An examination of Figure 5 reveals that the distribution of pollutant concentrations
within the cable maintenance manhole differs significantly between the two ventilation
systems under identical initial conditions. The ammonia concentration is consistently
lower in the scenario with the annular jet ventilation system compared to that with the
traditional ventilation system. Figure 6 shows the variation trend of the average pollu-
tant concentration in the cable maintenance manhole with ventilation time.

Figure 6 illustrates the variation in pollutant concentration within the cable mainte-
nance manhole under the operation of two different ventilation systems. At any given
time, the pollutant concentration is consistently lower when using the annular jet ven-
tilation device compared to the traditional system. Notably, by the 90-second mark, the
annular jet system has already reduced the internal pollutant concentration to within the
safety threshold, further confirming its superior ventilation efficiency.
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Figure 6. Variation of the average pollutant concentration over ventilation time.

5 Conclusions

This study systematically verifies, through theoretical analysis and numerical simula-
tion, the superior performance of a novel annular jet ventilation device in diluting and
removing harmful gases within cable maintenance manholes. Compared with tradi-
tional ventilation systems, the annular jet device demonstrates significantly enhanced
aerodynamic performance: its effective airflow output per unit of intake is up to 7.8
times greater than that of conventional equipment, and it achieves a marked reduction
in NHs concentration within just 120 seconds. Despite having a design airflow rate of
only 0.083 m*/s—just 16.6% of that of the traditional system—it offers notable ad-
vantages in terms of energy efficiency and noise reduction.
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