
Research Article

Changchun Ji and Yudong Wang*

Experimental investigation on the three-
dimensional flow field from a meltblowing
slot die

https://doi.org/10.1515/epoly-2020-0058
received September 16, 2020; accepted October 27, 2020

Abstract: To investigate the distribution characteristics
of the three-dimensional flow field under the slot die,
an online measurement of the airflow velocity was per-
formed using a hot wire anemometer. The experimental
results show that the air-slot end faces have a great
influence on the airflow distribution in its vicinity.
Compared with the air velocity in the center area, the
velocity below the slot end face is much lower. The dis-
tribution characteristics of the three-dimensional flow
field under the slot die would cause the fibers at different
positions to bear inconsistent air force. The air velocity of
the spinning centerline is higher than that around it,
which is more conducive to fiber diameter attenuation.
The violent fluctuation of the instantaneous velocity of
the airflow could easily cause the meltblowing fiber to
whip in the area close to the die.

Keywords: meltblowing, three-dimensional flow field,
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1 Introduction

Meltblowing technology is a one-step process for produ-
cing ultrafine fibers. Meltblowing fibers mainly use poly-
propylene chips as the main raw material, and their dia-
meters are generally distributed between 1 and 5 µm (1).
The meltblowing fibers have the characteristics of small

diameter and large specific surface area, and the resulting
products could be used as air filter materials, insulation
materials, medical mask materials, thermal insulation
materials, and wiping cloth for precision instruments
(2,3). Especially since December 2019, because of the out-
break of COVID-19, the meltblowing materials and the
meltblowing technology have attracted greater attention.

In the meltblowing production process, the slot die
shown in Figure 1 is one of the most common air draft
devices, and it is the core component of the entire equip-
ment. As shown in Figure 1, the two high-speed and high-
temperature jets are ejected from the air holes of the slot
die, and they draw the polymer melt into ultrafine fibers
(4). The flow field under the slot die not only affects the
diameter of the meltblowing fiber but also determines the
strength of the fiber. The airflow field below the slot die is
the key to studying the fiber drawing mechanism. There-
fore, many studies have carried out works on the airflow
field distribution characteristics under the meltblowing
slot die.

Shambaugh and his team measured the isothermal
airflow field under the common slot die (5). Through
the statistical analysis of the experimental data, they
obtained the empirical equation of the velocity distribu-
tion. Harpham and Shambaugh (6) added an air heating
and heat preservation device to the slot-shaped die, so
as to realize the measurement of the non-isothermal flow
field in the melt-blown process. The temperature field of
the slot die was measured by a thermocouple and they
obtained the empirical equations for the temperature dis-
tribution. Tate and Shambaugh (7) measured the velocity
distribution of the airflow field and adapted the die used
in the experiment of Harpham and Shambaugh (5,6). By
comparing the flow field experimental data of several
different geometric parameter combinations, the melt-
blowing die head with the retracted nose had a higher
flow field velocity than that with the protruding head
end. Chen et al. (8) and Wang and Ke (9) used a hot-
wire anemometer and a laser Doppler anemometer to
measure the flow field of the slot die with multiple
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geometric parameters. They found that when the width of
the air slot was larger, the air velocity and the air tem-
perature in the direction of the flow field axis were
greater. Xie and Zeng (10) used a hot-wire anemometer
to measure the high-speed flow field under the slot die
online and investigated the relationship between fiber
movement and airflow velocity. Xie et al. (11) detected
and analyzed the turbulent flow field under the slot die
with a single spinneret hole. Xie et al. (12) used particle
image velocimetry technology to explore the instanta-
neous velocity distribution in the airflow field and experi-
mentally proved the existence of the triangular recircula-
tion zone. To increase the drafting force of the airflow,
Shambaugh et al. (13) added a pair of Louvers below the
common slot die, and they used a pitot tube to perform
the online measurement of the air velocity. Wang et al.
designed a new slot die with a flow-stabilizing part, and
the results showed that the drafting speed and air tem-
perature in the flow field increased, which was conducive
to the preparation of smaller meltblowing fibers (14–16).

In recent years, with the development of computa-
tional fluid dynamics (CFD) technology, many researchers
have performed numerical analysis on the airflow field
under the slot die (17–20). Compared with the CFD
method, the data collected by the experimental instru-
ments are more convincing. On one hand, in the past,
many researchers only investigated the flow field distri-
bution of a few planes during the online measurement
(7–13). Because of the few collection points, the research
results could not reflect all the characteristics of the
entire flow field. On the other hand, in the researches,
the flow field under the slot die is regarded as a two-

dimensional flow field distribution, and the influence of
the air-slot end face on the flow field distribution has not
been investigated. In this article, we used the experi-
mental equipment to measure the three-dimensional air-
flow field under the slot die online, and the relationship
between flow field distribution and fiber drafting was also
discussed.

2 Experimental device and
procedures

2.1 Experiment layout

The device used in this flow field measurement experi-
ment was mainly composed of a common die head, a hot
wire anemometer, a stepping motor, and a three-dimen-
sional traverse movement equipment. Figure 2 shows the
experimental design diagram of the flow field below a
common slot die. The air source of the meltblowing die
head was provided by an air compressor and its tempera-
ture was 310 K. After being filtered, the high-pressure gas
was controlled by a two-stage valve to be more stably
delivered into the gas chamber of the die. In the experi-
mental design (Figure 2), the pressure value of the com-
pressed air was 0.05 MPa. The air flow was then ejected
from the slot-jet holes of the die and then it formed a
high-speed flow field under the die. The hot wire anem-
ometer was used for online data collection in the high-
speed flow field.

Figure 1: A common slot die: (a) section view; (b) view of die surface.
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2.2 Slot die

Figure 1 is a schematic diagram of a meltblowing die
with double air slots. The slot width e of the jet hole,
the inclination angle α of the jet hole, the distance h of
the outer ends of the air-slot holes, and the lengths of the
air-slot hole referred to the research of Shambaugh and
Xie (5,6,11,12).

The jet inclination angle α of the slot die was 60°,
which was the same as that used in industrial production.
To facilitate the processing of the die and the conveni-
ence of experimental measurement, the size of the melt
blown die was enlarged. The slot width e of the air jet hole
and the distance h were twice that of the Shambaugh’s die
head (5,6), which were 1.3 and 6.64mm, respectively. The
slot length s of the jet hole of the meltblowing die was
12mm, which was the same as the length of the jet hole
of the slot die on the HDF-6Dmeltblowingmachine (11,12).

2.3 Hot wire anemometer

In this work, the hot-wire anemometer used was produced
by Dantec Company, and its model was CTA/HWA
(Streamline). It mainly included a host (Dantec StreamLine
Frame 90N10), a calibrator (Dantec Calibration System
90H10), temperature measurement Module (Dantec
StreamLine CTA 90C20), and speed measurement module
(Dantec StreamLine CTA90C10). The hot wire anemometer,
A/D board, and other corresponding analysis software con-
stitute a complete measurement and analysis system.
Among them, the maximum conversion frequency of the
A/D board was 500 kHz, and the resolution was 16 bits,

which met the requirements of flow field signal acquisition
in this experiment. The miniature hot wire probe used with
the hot wire anemometer was a one-dimensional probe,
and its model was Dantec Dynamic 55P11. The probe wire
had a length of 1.2mm and a diameter of 5 µm. It was made
of platinum tungsten wire and could withstand a certain
impact load. The sensitivity of the probe was high, the
resolution could reach 0.01m/s, the minimum measurable
air velocity range was 0.05m/s, and the maximum could
reach more than 300m/s, which could meet the experi-
mental requirements of the flow field.

2.4 Three-dimensional traverse equipment

An AKS-01Z stepper motor was installed on the three-
dimensional traverse equipment. The base of the three-
dimensional traverse equipment was made of cast iron
and had good stability. The rotation of the screw driven
by the stepper motor could realize the directional move-
ment of the one-dimensional probe. The movement
accuracies in three different directions along the x-, y-,
and z-axes were all 0.01 mm. Therefore, the three-dimen-
sional traverse device could accurately move the one-
dimensional probe. It was positioned on each measuring
point in the flow field under the die head ground and
smoothly. In the experiment, the stepper motor was
used to control the micro-scale flow displacement of the
one-dimensional probe of the hot wire anemometer, and
the displacement of the one-dimensional probe was set
on the AKS-01Z stepper motor controller. Every time the
controller sent 80 pulses, the displacement of the one-
dimensional probe was 2 mm. The acquisition time of
the measurement points in the flow field below the melt-
blowing die was set in the program of the AKS-01Z
stepper motor controller. The steady-state flow field of
the meltblowing die head could be obtained by taking
the average of the instantaneous speed. The collection
time of the hot wire anemometer to the measurement
point was set in the program of the stepping motor. The
acquisition time of each measurement point in the field
was 30 s. When the stepper motor drove the one-dimen-
sional probe of the hot wire anemometer to move to the
next measurement point, the stepper motor had just
stopped and the one-dimensional probe was in a state
of vibration because of inertia. Therefore, the one-dimen-
sional probe started to collect data in the flow field after
10 s, so as to ensure that the one-dimensional probe was
stationary for a sufficient time and the collected signal
data were correct.

Figure 2: The experiment system.
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2.5 Measuring area and measuring points

The coordinate system used in this experiment is shown
in Figures 1 and 2, and the origin was at the center of the
slot die. The x-axis was parallel to the two air slots and
coincided with the centerline of the nose; the y-axis was
perpendicular to the x-axis and they intersected the

origin; and the z-axis was collinear with the axis of the
orifice. Because the three-dimensional airflow field under
the meltblowing die was symmetrical about the plane xz
and the plane yz, only a quarter of the entire flow field
needed to be measured, which could greatly reduce
the workload and test time. The measurement area was
within the range of 5 mm ≤ z ≤ 103mm, 0mm ≤ x ≤
4.5 mm, and 0 cm ≤ y ≤ 3 cm. The z direction could not
be set to 0 mm; the reason was that the gas jet velocity
in the flow field was very large in the area near the die
head, and the wire diameter of the hot wire anemometer
probe was very small. Therefore, when the wire of the
hot wire anemometer was close to the die, the one-
dimensional probe was often broken and the experi-
ment was interrupted.

The distribution of the measured data points could be
seen in Figure 3. According to the flow field distribution
characteristics under the slot die, the measurement
points along the y-axis direction near the center line of
the flow field should be dense; the measurement points in
the area farther from the flow field spinning line could be
appropriately sparser. It effectively reduced the measure-
ment data and experimental test time, and the one-
dimensional probe of the hot wire anemometer could
obtain the flow field data more comprehensively. In this
experiment, the displacement distance of the acquisition
points in the direction parallel to the z-axis was 2 mm,
and the total number of single lines was 50. In the direc-
tion parallel to the y-axis, the distance between the mea-
surement points was not equal, and there were 19 data
points in each line. The interval in the range of 0–10 cm
was 0.1 cm, and the interval in the remaining area was
0.25 cm. There were four measuring points parallel to the
x direction, namely 0, 1.5, 3, and 4.5 mm.

3 Experimental results and
discussion

3.1 Velocity distribution of three-
dimensional flow field

To investigate the mean velocity distribution character-
istics of the three-dimensional flow field below the slot
die, some planes that are called z-planes and parallel to
the xy plane are selected, and the distribution of veloci-
ties on these planes is shown in Figure 4. These planes
are located at different positions and are assigned dif-
ferent z values. These half peaks are the maximum values

Figure 3: Distribution of measuring points: (a) the projection on the
xy plane; (b) the projection on the xz plane; (c) the projection on the
yz plane.
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of the air velocities on the different z-planes. In any of the
z-planes in Figure 4a–f, the velocity of the airflow gradu-
ally reduces along the y-axis. In the area close to the slot
die, the gas velocity on the y-axis in each z plane changes
drastically within the range of 0 cm ≤ y ≤ 1 cm, whereas in
other ranges, the gas velocity basically changes gently

along the y-axis. Therefore, there are more measurement
points in the range of 0–1 mm and fewer measurement
points in the range of 1–3 mm. It shows that the measure-
ment scheme of this experiment is reasonable. Through
comparison, it could be found that when the z value
increases, the half-peak on the z-plane gradually becomes

Figure 4: Velocity distribution on different z planes. (a) z = 9 mm, (b) z = 19 mm, (c) z = 29 mm, (d) z = 49 mm, (e) z = 69 mm, (f) z = 95 mm.
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flat. In addition, it could be seen from Figure 4a–f that the
air velocity in the range of 1–2 mm along the y-axis direc-
tion on the z plane gradually increases as it moves away
from the die. This means that as the distance to the die
increases, the maximum jet velocity at the center of the z
planes decreases, and the high-speed jet continues to
spread to the surrounding.

Figure 4a–f shows that the airflow velocities of each
z-plane in the range of 0, 1.5, and 3mm in the x direction
have little difference. When x = 4.5 mm, the air velocity
on each z plane is lower than that at other corresponding
positions. Therefore, in the three-dimensional air flow
field below the slot die, the difference between the velo-
city at the center of the flow field and the one nearby is
small, whereas in the area far from the center, the air
velocity decreases sharply. This shows that the slot end
face of air jet has a greater influence on the flow field
distribution below it and in the adjacent area. The air-
flow force experienced by the meltblowing fiber is pro-
portional to the square of the difference between the air
velocity and the fiber velocity (21). Because of the large
velocity difference between the center area and the area
near the slot end face, the stretching forces of the
polymer melt at the two places are also different. It
could be inferred that the fineness and strength of melt-
blowing fibers vary with the position of the spinneret
holes. Therefore, to ensure the uniformity of the dia-
meter and quality of the melt-blown fiber, the spinneret
should be placed in an area away from the slot end sur-
face of the jet hole.

3.2 Average velocity distribution on the yz
plane of the flow field

Figure 4 shows that the slot end face of the jet hole has a
greater influence on the flow field distribution in the
nearby area, whereas the air velocity in the area far
away from the end face of the slot hole has a small effect.
Because the length of the meltblowing die used in the
factory along the x-axis direction is even greater than
1 m, the jet flow field below the meltblowing die still
has two-dimensional flow field distribution characteris-
tics in most areas. Therefore, for the slot die, the flow field
distribution on the yz plane has certain representative
significance. In this section, we focus on the experimental
measurement data in the symmetrical center plane of the
die flow field (i.e., the yz plane) and it has guiding signifi-
cance for the industrial production of meltblowing fibers.

Figure 5 shows the air velocity distribution at dif-
ferent z-lines of the center plane of the flow field. It could
be seen from Figure 5a that when z = 5 mm, there is a
complete peak in the air velocity of the y direction,
indicating that the two jets have not yet merged and the
jets still maintain their own characteristics. Through CFD
calculation and numerical analysis, Krutka and Shambaugh
(17) divided the entire flow field of the double-slot melt-
blowing die into three areas: “two independent jets’
zone,” “jet fusion zone,” and “single jet zone.” Among
them, the air velocity in the “two independent jets’
zone” and the “jet fusion zone” is very high, and they
are very close to the die, which could easily damage the

Figure 5: Velocity distribution on different z-lines: (a) the area near the die; (b) the middle area and the area away from the die.
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probe wire and is difficult to measure. However, in this
experiment, the flow field data of two independent jets
under the common slot die were captured. When z =
7 mm, there is only one half peak on the velocity profile
of the airflow, and the two jets have merged into one jet
inthe flow field of the die. From Figure 5b, it could be
concluded that, consistent with the previous Figure 4a–f,
as the value of z increases, the maximum jet velocity of
the y-axis direction in the yz plane also decreases. On the
contrary, the air velocity in the area far away from the
z-axis gradually increases. The difference of the maximum
velocity peaks between the straight line z = 25mm and
the straight line z = 85mm is as much as 50m/s, indi-
cating that the high-speed jet in the center plane of the
slot die attenuates faster, and the high-speed area of the
airflow is close to the die head. Therefore, the online
measurement experiment of meltblowing fiber shows
that the attenuation of fiber diameter mainly occurs in
the range of 1.5 cm below the die (22).

Figure 6 shows the velocity changes at different y-
lines of the yz plane in the flow field below the slot die.
The air velocity on the z-axis (i.e., line y = 0 cm) decreases
with the increase in the z value; with the increase in the
distance from the die head, the gas velocities on the line y
= 0.3 cm, line y = 0.5 cm, and straight line y = 1.0 cm
raise, whereas the airflow velocity at the boundary (i.e.,
line y = 3 cm) has almost no gradient. This is because the
fused jet spreads and drives the airflow around the sur-
rounding area, and the airflow around the axis further
affects the movement of the gas farther away. The straight
line y = 3 cm is far from the center line of the flow field,
and the surrounding air is less affected by the high-
speed jet.

By comparing the speed on the straight line y = 0 cm
with the other four lines (i.e., line y = 0.3 cm, line y =
0.5 cm, line y = 1.0 cm, and line y = 3.0 cm), it could be
seen that within the range of 0 mm ≤ z ≤ 40mm, the
velocity on the spinning line in the center plane of the
flow field is very different from the air velocity around
and far away, the difference is even up to 110m/s. From
the measured speed data in Figure 6, it could be seen that
in the range of 0 cm ≤ z ≤ 1.5 cm, the high-speed area in
the center plane of the flow field is concentrated at and
near the spinning centerline.

We used the high-speed camera equipment to photo-
graph the fiber drafting process under the common slot
die. The high-speed camera was produced by American
Redlake Company and the exposure frequency was
5,000 fps in the experiment. Figure 7 shows the fiber tra-
jectory captured by the Redlake high-speed camera. In
Figure 6, it could be found that the velocities on different

y-lines in the area close to the common slot die are very
different. Therefore, in the production process of the
meltblowing fiber (Figure 7), the fiber in this area is prone
to whip and is far away from the spinning line, which is
unfavorable for fiber thinning.

3.3 Instantaneous velocity in the airflow
field of the meltblowing die

During the drafting process of meltblowing fiber, the fiber
mainly moves along the centerline of the flow field. The
instantaneous speed change on the spinning centerline
(i.e., the z-axis) is extremely important for the refinement
and movement of the fiber. We examined the instanta-
neous speed on the spinning centerline. It could be seen
from Figure 8 that the velocities of these two points on
the centerline of the flow field below the meltblowing
die change drastically. The instantaneous speed at each
point changes up and down around a certain average
speed. For example, at the positions 0mm, 0 cm, and
5mm, basically all speeds fluctuate around 90m/s. This
is because that the airflow under the meltblowing die is in

Figure 6: Velocity distribution on different y-lines.

Figure 7: Motion trajectory of a meltblowing fiber.
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a turbulent flow state, and various physical parameters
such as air velocity, pressure, and temperature in the flow
field change randomly with time and space. The experi-
mental measurement data shown in Figure 8 verify that
the speed on the spinning line under the flow field of
the meltblowing die is constantly changing at all times,
and the turbulent flow is complex and changeable. As a
result, it would affect the stability of the meltblowing
fiber drafting, could easily cause the fiber to leave the
spinning line, and would aggravate the whip around
the spinning line (Figure 7). In addition, it would cause
uneven diameter of the fibers produced and the adhesion
of adjacent fibers, which would affect the appearance
quality of the nonwoven products.

4 Conclusions

In this article, with the help of the hot wire anemometer,
the three-dimensional traverse equipment, and the stepper
motor, the three-dimensional jet flow field under the
common slot die was measured online, and the instanta-
neous velocity and average velocity in the flow field were
obtained. At the same time, the data of the experiment
were processed and analyzed.

In the area close to the slot end face, the airflow
velocity is significantly reduced, and the velocity differ-
ence with the central area is large. Therefore, the slot end
face has a great influence on the flow field distribution

below it or in the adjacent area. The characteristics of the
three-dimensional flow field distribution of the slot die
determine that the fibers in the area near the slot end face
and the center area receive different air draft forces. It
would lead to inconsistencies in the diameter and strength
of the fiber produced by the slot die.

In the three-dimensional flow field below the slot
die, the air velocities in the center area and its vicinity
are high, and there is little difference between them.
Because the air-slot length of the meltblowing die used
in industrial production is more than 1m, most of the
three-dimensional flow field areas below it still have
two-dimensional flow field distribution characteristics.

On the center plane of the three-dimensional flow
field below the slot die, the air velocity of the spinning
thread and its surroundings is relatively high. In the area
far away from the spinning line, the air velocity is low,
and there is no drafting effect on the fiber. Because of jet
diffusion and energy exchange, as the distance to the die
increases, the air velocity on the spinning line decreases
sharply. In addition, the instantaneous speed on the
spinning line fluctuates rapidly around the average speed.
It could easily cause the fiber to whip, which is not good
for the smooth drafting of the fiber.
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