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ABSTRACT

Melt blowing is an industrial approach for producing microfibrous nonwoven
materials utilizing high-speed air to attenuate polymer melt. The melt-blowing
air flow field which is widely believed to be turbulence determines the process
of fiber formation. In this study, the turbulent air flow field in slot-die melt
blowing was experimental measured by hot-wire anemometer. The fluctuations
of air velocity and temperature, the mean velocity and mean temperature were
measured and analyzed; moreover, the relationship between turbulent air flow
field and fiber formation in melt blowing was discussed and predicted. In the
last part of this paper, the coupling effect of air temperature and velocity was
studied tentatively, results showed that air temperature not only had an
enhanced effect on velocity, but contributed to the fluctuation of velocity. This
work shows that the fluctuating characteristics of air velocity and temperature
have dominant effect on fiber motion and the evenness of fiber diameter.
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Fig. 1). Obviously, the air flow field plays a crucial
role in fiber formation during melt blowing. Until

Introduction

Melt blowing is one of industrial approaches for
manufacturing nonwoven materials. Because of the
fiber diameter produced by melt blowing is com-
monly in the range from about 1 pm to several
micrometers, the melt-blown nonwoven materials
have found a variety of advanced applications in
areas of filtration, life science, medicine and industry
[1, 2].

During melt-blowing process, the microfibers are
manufactured by extruding a polymer melt through
an orifice (a component of die), and attenuating the
extrudate with a jet of high velocity hot air (see
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now, the air flow fields in melt blowing have been
researched mostly by methods of computational fluid
dynamics (CFD) numerical simulation and experi-
mental measurement. Shambaugh and his co-work-
ers [3-7] have systematically numerical simulated the
air flow fields in different kinds of die melt blowing,
including slot die, annular die and swirl die. Their
numerical simulations obtained the profiles of the
whole air flow fields including the profiles of air
velocity and temperature. Not only this, they have
also experimental measured the air velocity and
temperature below the die, using a Pitot tube and a
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Figure 1 a Schematic of the ()

process of slot-die melt ‘

blowing [21], b the structure
of single-orifice slot die and,
c the real single-orifice slot die
used in this work. The
configuration of the air :> hot air
channel is similar to the letter

of ‘V,” and this kind of die is

also called V-slot die.
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thermocouples (or infrared thermometer), respec-
tively [8-11]. However, for the limitation of Pitot
tube, air velocities they measured were far below the
industrial level, about velocity of sound [12]. Later,
more advanced equipments with higher accuracy,
such as hot-wire anemometer and laser Doppler
velocimeter were applied to measuring the air flow
fields [13-16], the maximum velocity they measured
increased to be about 150 m s~ . It noted that the air
flow fields all they have measured were described by
average values, namely, the turbulent characteristic
of air flow field was not provided.

In commercial slot-die melt blowing, after the two
streams of high velocity hot air are extruded out from
the air channels of the die, they undergo the pro-
cesses of converging, merging and combining (as
shown in Fig. 2a) [17], illustrating that the air flow
field in melt blowing has obvious characteristic of
turbulence. Research group of Kumar and Bates
[18-22] has done some theoretical and experimental
work on the fiber formation, onset of fiber whipping
and fiber breakup as well as utilizing an innovative
Laval nozzle in melt blowing, their work had a sig-
nificant contribution to the research on melt blowing,
and they also mentioned that, in melt blowing,
whipping-like motion of fiber was due to turbulent
air [20]. Furthermore, the fiber motion in melt blow-
ing can indirectly reflects the turbulent characteristic
of air flow field. Vibration of fiber was firstly recor-
ded by Shambaugh and his co-workers [23], at that
time, a bundle of fibers appeared to be splaying

@ Springer

rather than single fiber were captured. Bresee et al.
[24-26] also devoted some experimental measure-
ments to fiber motion using the equipment of high-
speed photography. Xie and Zeng [27] discovered the
fiber whipping motion in slot-die melt blowing,
appeared to be a fiber path with two groups of loops
moving downward. These revealed fiber vibration or
whipping motion indirectly confirms that air flow
field in melt blowing is turbulent flow. However, few
published papers on turbulent air flow field in melt
blowing have been found, Xie and Zeng [28] pre-
liminarily measured the fluctuating air velocity in
slot-die melt blowing by hot-wire anemometer, it was
regretful that the characteristic of temperature was
not provided.

In the present work, our study still focused on
discovering the characteristics of turbulent air flow
field in slot-die melt blowing. Compared to the pre-
vious works [13-16, 28], innovations of researching
turbulent air flow field in this work were: (1) an
advanced two-dimensional velocity probe instead of
one-dimensional velocity probe was applied in hot-
wire anemometer for measuring the fluctuation of air
velocity, (2) the fluctuation of air temperature was
originally measured, which has not been reported
until now, (3) the coupling effect between air velocity
and temperature was also analyzed by processing the
data of measurements.
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Figure 2 a The profile of air flow field in slot-die melt blowing
which was obtained by CFD numerical simulation [29].
b Schematic of devices for measuring the air flow field in slot-
die melt blowing. The anemometer probe was set below the die,
c the structure of one-dimensional velocity probe used by previous

Experiments and measurements
Melt-blowing setups and conditions

The measurement of the air flow field in this study
was taken on the single-orifice melt-blowing device;
Fig. 1a shows the schematic of single-orifice melt
blowing. The structure of this single-orifice slot die is
shown in Fig. 1b, this type of die is referred to as a
blunt-edge with a nose piece width (f) of 1.28 mm, a
slot angle () of 30°, and a slot width (e) of 0.65 mm,
the orifice diameter for polymer melt was 0.42 mm.
Figure 1c shows the real slot die used in this work.
The details of this slot die can be found in Xie and
Zeng [28]. The coordinate system used is also shown
in Fig. 1a, all coordinates are relative to the die face.
Its origin is at the center of the die face, the x direction
is along the major axis of the nose piece and slots,
whereas the y direction is transverse to the major axis
of the nose piece and slots. The z direction is directed
vertically downward.

researchers [14—16, 28], d the structure of two-dimensional probe
used in the present work. It noted that the measurement of air flow
field was taken in the absence of fiber. The air velocity and air
temperature along z-axis were measured.

Our previous work [27] online measured the fiber
whipping motion in slot-die melt blowing for the
gauge air pressure of 1.0 atm (All air pressures used
in this work refer to gauge pressures.), in view of
discovering the relationship of turbulent air flow field
and fiber motion, therefore, an air pressure of 1.0 atm
was chosen again for measuring the turbulent air
flow field. It is worth noting that, although the air
pressure of 1.0 atm was higher than those used in
previous work [23-26], it was still lower than the air
pressure used in commercial manufacturing. For
example, nonwoven fibers with diameter of 18 um
could be produced with air pressure of 1.0 atm in this
melt-blowing device, whereas the fiber diameter of
the commercial nonwoven products was about
1-5 um. For air temperature, the mean air tempera-
ture can be measured by the thermocouples with
high accuracy, in this study, we focused on the fluc-
tuation of the air temperature; therefore, a low and a
medium initial air temperatures of 50 and 100 °C
were applied in consideration of the limitation of the
measuring equipment (hot-wire anemometer).
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Measurements

Air velocity and temperature below the die were
measured online with a hot-wire anemometer (Dan-
tec StreamLine CTA90C10 and Dantec StreamLine
CTA90C20, Dantec Dynamics, Skovlunde, Denmark)
in the absence of the polymer stream, i.e., the poly-
mer flow was stopped during measurements. Fig-
ure 2b shows the relative positions of the hot-wire
anemometer and the melt-blowing die.

During using hot-wire anemometer for measuring
air velocity, the melt-blowing air takes away the heat
of the wire, the temperature of the wire is kept con-
stant by applying voltage on it (The constant tem-
perature of the wire is kept 220 °C higher than the
ambient temperature, and the ambient temperature is
18 °C.). The corresponding air velocity can be calcu-
lated from the applied voltage by the following
equation

E_ (RW _Rf)(A+Bvl/2) (1)
RW B OCORfRW

where E is the heating voltage applied on the wire;
R, and Ry are the resistance of the wire at tempera-
ture of wire and air, respectively; A and B are con-
stant numbers; v is the air velocity and o is the
temperature coefficient of resistance.

Compared to one-dimensional velocity probe used
in previous researchers [14-16, 28], a two-dimen-
sional velocity probe was attempted for the velocity
measurement in this work; Figs. 2c and 2d illustrate
the structures of one-dimensional and two-dimen-
sional velocity probe. The two-dimensional velocity
probe is consisted of two systems of one-dimensional
probes; each one-dimensional velocity probe has a
metal wire with a 5-um diameter and a 1.6-mm length
suspended between two needle-shaped prongs. As
shown in Fig. 2d, the two wires are placed in paral-
leled planes, the projection on y—z plane and x-
z plane of the two wires is vertical and paralleled,
respectively. Compared to one-dimensional velocity
probe for measuring air velocity, two-dimensional
probe has better stability, for the reason that the wire
undergoes drastic and continual air flow during
measurement, the junction of wire and the needle-
shaped prongs or the wire itself probably become
exfoliated or broken, resulting in incontinuity of
measurement. However, if two-dimensional velocity
probe is applied, the measurement will be suspended
only in the case of the two wires are all disabled.
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For the measurement of air temperature, a dedi-
cated one-dimensional temperature probe (55P31)
with a 1-pm diameter and a 1.2-mm length metal wire
was used. The structure of this one-dimensional
temperature probe is similar to the one-dimensional
velocity probe shown in Fig. 2c. This temperature
probe operates at temperatures up to 150 °C. Unlike
the principle of velocity measurement, air tempera-
ture has linear relationship with applied voltage,
namely

T = Co+ C,E (2)

where T is the air temperature; Cy and C; are coeffi-
cients and E is the voltage provided from the hot-
wire anemometer.

During the measurements of air velocity and tem-
perature, the corresponding velocity and temperature
probe was positioned with a one-dimensional
traversing system as shown in Fig. 2b, which per-
mitted up or down motion along z-axis in 2-mm
increments. It was found that during the measure-
ments, although two-dimensional velocity probe was
applied, the wires were easily broken when it was
very close to the die; therefore, the minimum distance
below the die was set to z = 6 mm.

Calibrations

Calibrations including velocity calibration and tem-
perature calibration were accomplished on calibra-
tion device at ambient temperature of 18 °C, before
formal measurements.

For velocity calibration, the calibration device
provided air with different rated velocities blowing
to the wire, the corresponding voltages applied on
the wire to maintain its temperature were also been
collected, and the rated velocities and voltages were
fitted into quartic-polynomial-equation, i.e., velocity-
calibration curve. Later, during the formal measure-
ment, the air velocities could be calculated from the
voltage signals according to the known velocity-cal-
ibration curve. Because each wire in the two-dimen-
sional velocity probe had an independent electrical
circuit, two velocity-calibration curves were obtained
simultaneously after each velocity calibration. Fig-
ure 3a shows the calibration curves of the two wires
in two-dimensional velocity probe, and the two
curves are almost coincided; however, the existed no
coincided points illustrate that the microstructure of
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the two wires are not completely uniform. The
quartic-polynomial-equation for wire 1 and wire 2 is

v = 0.00005E* + 126.810379E% — 691.024170E?
+ 1417.843384E — 870.765686 (3)

v = 0.00007E* + 152.901855E°% — 860.379089E>
+ 1687.597290E — 1141.561890 (4)

For temperature calibration, the calibration air
temperatures, T, were measured in advance by ther-
mocouples, and the corresponding applied voltages,
E, provided by hot-wire anemometer were also col-
lected. Air temperatures, T, and the corresponding
applied voltages, E, constitute the temperature-cali-
bration curve, which is shown in Fig. 3b, and the
linear equation for temperature calibration is

T = 3.9094E — 5.2452 (9)

Results and discussion
Fluctuation of velocity

The instantaneous velocities at points along z-axis
were measured by the hot-wire anemometer. The
instantaneous velocity can be expressed as the sum of
the mean and fluctuating velocities, namely
vy =0+ 7. The instantaneous velocities, v,, at the
points of z = 6, 50 and 100 mm as a function of time
are shown in Fig. 4. A time segment of 0.2 s (from 0.5
to 0.7s) was chosen for demonstration of the

instantaneous velocity. Figure 4 shows that the
instantaneous velocity signal is irregular, and the
fluctuating velocity, ', damps gradually as far away
from the die (from z = 6 mm to z = 100 mm). Fig-
ure 5 illustrates the probability distribution of the
instantaneous velocity in twenty velocity sections;
information of the maximum and minimum veloci-
ties as well as standard deviation of instantaneous
velocity are also included. Probability distribution
presents unimodal distribution. Here, we build two
parameters, |v'| and Av, for representing the turbu-
lent characteristics of velocity. 1¢'| is absolute value
of fluctuating velocity, v/, which can represent the
average intensity of the turbulence, Av is the range of
the instantaneous velocity, v, which represents the
amplitude changing of the instantaneous velocity.
|| and Av are described as

o) = T —— (©)

where v, and v are the instantaneous and mean
fluctuating velocities; N is the number of acquainted
velocities in the time segment of 0.2 s.

Av = max(v') — min(¢) (7)

Figure 6a shows the detailed evolution of the
fluctuating velocity, 17’1, along z-axis. The maximum
peak is at the point of z = 8 mm, where as locating
below the position where the two air streams merged
[17]. This reveals that the fluctuation of the air flow
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Figure 5 The probability distribution of the instantaneous veloc-
ity in twenty velocity sections for the positions of a z = 6 mm,
b z =50 mm and ¢ z = 100 mm. These statistical results were

field continues increasing in the region where as
several millimeters lag behind the merging point of
the two air streams. It noted that an obvious second
peak is located at the point of z = 14 mm, although
the reason for the second peak cannot be explicated
according to the present knowledge we have, we
believe the second peak hides some special
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obtained from Fig. 4. The J is standard deviation of instantaneous
velocity.

characteristics of turbulence in slot-die melt blowing.
Figure 5b shows the evolution of Av along z-axis, the
velocity fluctuation is strong, for example, the maxi-
mum Av = 185 m s~ is at the point of z = 6 mm,
and even if at the point of z = 100 mm, the Av is still
as large as 50 m s'. The obvious large Av plays a
crucial role in inducing to the fluctuating attenuation
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of the fiber in melt blowing, resulting in deteriorating
the evenness of the nonwoven fibers. In addition,
there exists a second peak of Av at the point of
z = 14 mm which is interesting coincided with the
point of the second peak of |7’ | shown in Fig. 6a, we
predict that, there may exist a steady vortex at the
position near the point of z =14 mm. The fiber
whipping motion in slot-die melt blowing discovered
by our previous work [27] via high-speed photogra-
phy appeared to be a fiber path with two groups of
loops moving downward (see Fig. 7), the generation
of the left-right alternating loops was accomplished
coincidently in the region near the point of
z = 14 mm. It illustrates that the characteristic of
turbulent air flow field has obvious effect on fiber
formation during melt-blowing process.

Fluctuation of temperature

Figure 8 shows the instantaneous air temperatures,
T, at the points of z = 6, 50 and 100 mm, as a func-
tion of time, t. Figure 8 shows that the instantaneous
temperature signal in time segment of 0.2 is as reg-
ular as sine or cosine curve. It is worth noting that
there are ten peaks or troughs of signal-wave existed
in time segment of 0.2 s at z =6, 50 and 100 mm,
illustrates that the frequency of the sine or cosine
curve-like instantaneous temperature signal is
changeless no matter where the measuring points are.
Correspondingly, Fig. 9 illustrates the probability
distribution of the instantaneous temperature in
twenty temperature sections. Comparing to proba-
bility distribution of instantaneous velocity shown in
Fig. 5, the obvious difference is that the probability

Figure 7 Evolutions of fiber paths below the slot die under
experimental air pressure of 1.0 atm [27]. The real image size for
all the images is 26.2 mm x 19.6 mm. The evolution of the left—

right alternating loops is also shown; fiber paths in the two
elliptical annotations are the generated left and right loops.
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Figure 8 The instantaneous (a) 66 . .
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Figure 9 The probability distribution of the instantaneous tem-
perature in twenty velocity sections for the positions of
az=6mm, bz =50 mm and ¢ z= 100 mm. These statistical

distribution of bimodal
distribution.

Similar to the definition of the instantaneous
velocity, v, the instantaneous air temperature, T}, is

expressed as the sum of the mean and fluctuating

temperature presents

temperatures, namely T; = T + T'. A time segment of
0.2 s (from 0.5 to 0.7 s) was chosen again for com-
paring the profile of temperature, T; with the
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results were obtained from Fig. 8. The 0 is standard deviation of
instantaneous temperature.

instantaneous velocity, v;. Figure 10a and b shows the
detailed evolution of the fluctuating temperature,
IT'l, and AT, along z-axis. The parameters of |T"I
and AT are defined similarly to |1v’| and Av of the air
velocity, as
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where T, and T are the instantaneous and mean
fluctuating temperatures; N is the number of
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AT = max(T") — min(T") 9)

The maximum value of |T'| is about 0.82 °C as
locating at the point of z = 6 mm, and then decreased
as far away from the die. Comparing to the 17|
shown in Fig. 6a, the obvious difference is that, there
is no second peak existed, we deduce that the tem-
perature fluctuation has little relationship with the
velocity fluctuation, for the velocity is a vector,
whereas the temperature is a scalar. As shown in
Fig. 10b, the maximum value of AT = 5.5 °C is still at
the point of z = 6 mm and then sharply decreases to
about 4 °C at the point of z = 14 mm, the AT contin-
ues decreasing gradually but with gradually
increasing  fluctuation in the region of
14 mm < z < 100 mm. At the point of z = 6 mm,
AT = 5.5 °C is nonnegligible when comparing with
the mean air temperature of 63 °C (shown in Fig. 11b
in the next part). It is well known that temperature
largely determines the molten fibers viscosity, and
correspondingly affects the dynamic viscoelastic
force of fiber. The obviously fluctuating AT in the
region of 14 mm < z < 100 mm also contributes the
fluctuating attenuation of dynamic viscoelastic force
of fiber in melt blowing.

From Figs. 4 and 8, although air velocity and
temperature have obviously different fluctuating

0 20 40 60 80 100
z (mm)

characteristics in melt blowing, their characteristics of
fluctuation play an important effect in fluctuating
attenuation of the fiber. We suppose that the later
research on fiber attenuation, fiber motion as well as
the evenness of the nonwoven fibers in melt blowing
should take the characteristics of fluctuating air
velocity and temperature simultaneously into
consideration.

Mean velocity and temperature profiles

Figure 11a shows the development of the mean air
velocity profile as a function of the distance, z, along
z-axis. It is shown that mean velocity decreases
rapidly with increasing distance from the die until
reaching the point of z = 50 mm. A maximum mean
velocity of 183 ms™' is obtained at the point of
z = 6 mm, which is about 30 m s™! higher than the
maximum velocity measured by previous researchers
[13-16]. Although air velocity in the region of
0 mm < z < 6 mm is not shown in this work, it is no
doubt that fiber undergoes strong attenuation effect
by the high-speed air velocity in this region. How-
ever, as shown in Fig. 11a, the fiber velocity not
increases rapidly but increases linearly and gradu-
ally, the measurement of the fiber velocity was
described in our previous work [27], and the fiber
was produced under the same air pressure using in
this work. Moreover, in consideration of the fiber
whipping paths shown in Fig. 7, we confirm that the
turbulent air near the die with high-speed velocity
results in inducing the lateral two-dimensional or
three-dimensional whipping motion of the fiber,
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Figure 11 a The profile of
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rather than rapidly increasing the fiber velocity along
z direction.

Figure 11b shows the mean air temperature pro-
files along z-axis. The trend of the temperature decay
is similar to the velocity decay shown in Fig. 11a. In
view of the initial air temperature is 100 °C (air
temperature at point of z =0 is 100 °C), the air
temperature decreases to be 50% of itself at the point
of z=13 mm. It is this temperature drop that is
believed to be the driving force for crystallization of
the polymer melt and fiber solidification in the melt-
blowing process.

During melt-blowing process, both air velocity and
temperature determine the attenuation of fiber, a lot
of work have been done on optimizing the air flow
field by designing new structure of the die [30, 31],
these optimizations of air flow field were refer to that
the new designed dies could provided air flow field
with higher velocity and higher temperature, simul-
taneously. It is accessible that air with higher velocity
can provide stronger attenuation of fiber and air with
higher temperature can maintain molten status of
fiber in longer time. However, Xie and Zeng [32]
showed that higher air velocity and higher air tem-
perature not always produced fibers with smaller
diameter. In their work, a gauge air pressure of
1.0 atm created initial air velocities about 300 and
150 m s~ ! for slot-die and swirl-die melt blowing;
however, the fibers collected at 25-mm distance
below the die have a mean diameter of 75.2 um for
the slot die, and 58.3 uym for the swirl die, for the
reason that the type of turbulence also determines
attenuating ratio of fiber. In addition, we think that
the energy wasting should be considered in opti-
mizing air flow field in melt blowing, in other
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description, the attenuation effect provided by the
relative velocity of air and fiber occurs just in the
region where the fiber is at the status of molten;
otherwise, high air velocity has no contribution to
fiber attenuation where fiber is solidified, i.e., velocity
energy wasting appears. Similarly, temperature
wasting appears where fiber attenuation effect dis-
appears, not only this, the molten fiber tends to
rebound under its internal viscoelastic force resulting
in fiber diameter re-increasing. The phenomenon of
fiber rebound has been discovered [33, 34], which is
very harmful to melt-blowing productions.

Coupling effect of velocity and temperature

In melt blowing, air velocity and temperature exist
simultaneously for fiber attenuation. The coupling
effect between air flow field and the fiber is the
essential mechanical mechanism for fiber attenuation.
Besides this coupling effect, the coupling effect of
velocity and temperature may exist. In this part, we
have done a tentative research on this coupling effect,
in particular, the effect of temperature on velocity
was revealed by processing data of measurements.
As mentioned above, before formal velocity mea-
surement, the velocity calibration was carried out on
calibrating device at ambient temperature, i.e., 18 °C.
Figure 12a shows the air velocities measured by hot-
wire anemometer at initial air temperature of 18, 50
and 100 °C. For higher initial air temperature, the
measured air velocity along z-axis is lower at any
points below the die. Take the results at the point of
z = 6 mm for example, the measured air velocities
are about 182, 150 and 90 m s~ ! at initial air tem-
perature of 18, 50 and 100 °C. It noted that these
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Figure 12 a The air velocities measured by hot-wire anemometer
at initial air temperatures of 18, 50 and 100 °C. It noted that the
measured air velocities by the hot-wire anemometer are calculated
according to the velocity-calibration curves shown in Fig. 3a,

velocities are just measured values, rather than the
real velocities. According to the principle of velocity
measurement of hot-wire anemometer, melt-blowing
air with higher temperature takes less temperature of
the wire, resulting in lower voltage is needed for
maintaining the constant temperature of the wire, the
measured air velocity calculated by the velocity-cal-
ibration curve are corresponding lower. Fortunately,
a correcting formula provided by hot-wire
anemometer can be applied for converting the mea-
sured voltages applied on the wires at initial tem-
peratures of 50 and 100 °C, into the standard voltage
applied on the wires at ambient temperature. As

TW_TO
Ecorr: ——E
\/ Ty —T

Here E, is the converted voltage; T,, is the con-
stant temperature of the wires, i.e., 238 °C; Ty is the
ambient temperature, 18 °C, and T is the temperature
of the melt-blowing air, T at different points can be
obtained from Fig. 9b.

By substituting E.., into the velocity-calibration
curve shown in Fig. 3a, the corrected air velocities
which are equal to the real velocities can be obtained.
Figure 12b shows the corrected air velocities as well
as the standard air velocity measured at ambient
temperature, along z-axis (The inset shows the air
velocities on an expanded scale.). Although Fig. 12b
illustrates that the profile of air velocities along z-axis
are almost coincided with each other at different
initial air temperatures, there still exists a nonnegli-
gible difference of the air velocities by analyzing the
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b the corrected air velocities as well as the standard air velocity
measured at ambient temperature, along z-axis (the inset shows the
air velocities on an expanded scale).

inset of Fig. 12b. The inset shows that temperature
has an enhanced effect on velocity, at the point of
z = 6 mm, air velocities are about 182.5, 186 and
188.5 m s~ ! at the initial air temperatures of 18, 50
and 100 °C, respectively. Actually, air with initial
temperatures of 50 and 100 °C decrease to about 35
and 63 °C, respectively, at z = 6 mm. In other words,
air temperature difference of 45 °C (i.e., 45 = 63 —
18 °C) generates velocity difference of 6 m/s (i.e.,
6 = 188.5 — 182.5 m s™'). In commercial melt blow-
ing, the initial air temperature is commonly set to
about 300 °C or above, moreover, with in view of
Fig. 10b, we speculate that the temperature fluctua-
tion, AT, will become larger in commercial condition,
correspondingly resulting in enhanced fluctuation of
the air velocity. Fluctuations of both velocity and
temperature may account for the reason why the
evenness of fiber diameter produced by melt blowing
is poor. The typical melt-blowing fibers with poor
diameter evenness are shown in Fig. 13a. Figure 13a
shows the SEM image of fibers produced by the melt-
blowing equipment described in this work, using a
scanning electron microscope (JSM-5600LV, JEOL,
Tokyo, Japan), Fig. 13b illustrates the corresponding
probability distribution of the fiber diameters.

Conclusions

Turbulent air flow field in slot-die melt blowing was
experimentally ~ studied by wusing hot-wire
anemometer. The fluctuating characteristics of the

@ Springer
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Figure 13 a The SEM image
of fibers produced by the melt-
blowing equipment described
in this work, using a scanning
electron microscope (JSM-
5600LV, JEOL, Tokyo, Japan),
b the corresponding
probability distribution of the
fiber diameters.

velocity and temperature as well as mean velocity
and temperature were obtained. The results showed
that the characteristics of velocity and temperature
fluctuations were obviously different, the velocity
fluctuation was irregular and strong, and it contained
some unexplored characteristics of the turbulence,
such as a predicted steady vortex existed at the
position near z = 14 mm. The fluctuation of temper-
ature revealed a regular profile like sine or cosine
curve, moreover, the frequency of the sine or cosine
curve was changeless at different points along z-axis.
In the last part of this study, the coupling effect of
velocity and temperature was analyzed; the results
showed that temperature has an enhanced effect on
velocity. The fluctuation of temperature not only
contributed to changing of viscosity of the fiber but
also generated fluctuation of velocity. Fluctuation of
both velocity and temperature could account for the
reason why the evenness of fiber diameter produced
by melt blowing was poor.

This work discovered that the characteristics of
turbulent air flow field had great relationship with
the fiber motion as well as fiber diameter evenness of
melt-blowing products. Indicated that turbulent air
flow field deserved to be further discovering in order
to fully research on melt blowing.
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