
duit shape and the rheological response of the
fluid create extra velocity gradients, which gives
rise to extra pressure drops. By using dies with
different length to radius ratio, Bagley [1] was the
first to provide a method for calculation of the
entrance pressure loss in capillary flow. 

Entrance vortices are observed when a vis-
coelastic fluid flows into a smaller capillary from
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Abstract:

The influence of the molecular structure of the polymer matrix and filler loading on the entrance pressure loss
of polyethylene/wood flour composites has been investigated in this research by means of a capillary rheome-
ter equipped with an orifice die. The entry flow of talc- and glass-filled polyethylene composites has been inves-
tigated as well. It was found that the entrance pressure loss of wood filled polyethylene composites greatly
increased with increasing the wood flour loading. Talc and solid glass spheres also increase the entrance pres-
sure loss, however not as much as wood flour. It was also observed that composites based on narrow molecu-
lar weight distribution (MWD) resins exhibited larger entrance pressure loss than the broad MWD and branched
polyethylene based ones. It was concluded that measurements of the entrance pressure loss reveal some inter-
esting features of the polymer-filler interactions and could provide significant insights in the processing of high-
ly filled polymer melts.

Zusammenfassung:

Der Einfluss der molekularen Struktur des Matrixpolymers und des Füllstoffanteils auf den Eingangsdruckverlust von
Polyethylen/Holzmehl-Kompositen wurde mittels eines Kapillarrheometers untersucht, das mit einer Austrittsdüse
ausgestattet war. Die Eingangsströmung von mit Talk und mit Glas gefüllten Polyethylen-Kompositen wurde eben-
falls untersucht. Der Eingangsdruckverlust der mit Holz gefüllten Polyethylen-Komposite stieg stark mit steigendem
Holzmehlanteil an. Talk und feste Glaskugeln erhöhten ebenfalls den Eingangsdruckverlust, jedoch nicht so stark wie
Holzmehl. Die Komposite, die auf einer engverteilten Molekulargewichtsverteilung (MWD) des LDPE basierten, wie-
sen einen höheren Eingangsdruckverlust auf als die Komposite mit einer breiten MWD und die mit verzweigtem LDPE.
Es wurde die Schlussfolgerung gezogen, dass die Messungen des Eingangsdruckverlustes einige interessante Aspek-
te der Polymer-Füllstoff-Wechselwirkungen aufdecken und wesentliche Einblicke in die Verarbeitungseigenschaften
von hochgefüllten Polymerschmelzen ermöglichen könnten.

Résumé:

L’influence de la structure moléculaire de la matrice polymère et du taux de charge sur la perte de pression d’en-
trée pour des composites polyéthylène/bois a été étudiée dans cette recherche, au moyen d’un rhéomètre capil-
laire équipé d’une filière trouée. L’écoulement en entrée de composites de polyéthylène chargés avec du verre
et du talc a également été étudié. On a trouvé que la perte de charge des composites de polyéthylène renforcés
avec du bois augmente grandement avec l’augmentation de la charge en farine de bois. Les sphères de verre
solide et de talc augmentent également la perte de charge à l’entrée du capillaire, mais dans une moindre mesu-
re que la farine de bois. On a également observé que les composites formulés avec des résines de polyéthylène
possédant une distribution de poids moléculaires (MWD) étroite, présentent une plus grande perte de charge
que ceux formulés avec des MWD larges et du polyéthylène branché. On a conclu que les mesures de perte de
charge révèlent certaines caractéristiques intéressantes des interactions polymère-charge, et pourraient four-
nir des indications importantes pour la mise en œuvre des fondus de polymères hautement chargés.

Key words: entrance pressure loss, wood fiber composites, viscosity, entry flow

© Appl. Rheol. 17 (2007) 57191-1 – 57191-9

A Study of Entrance Pressure Loss in Filled Polymer Melts

Velichko Hristov
1

and John Vlachopoulos*

Department of Chemical Engineering, McMaster University, 1280 Main St. West, Hamilton, ON, L8S
4L7, Canada

*Email: vlachopj@mcmaster.ca
Fax: x1.905.522.5004

1 present address: Borealis Polyolefine GmbH, St.-Peter Strasse 25, 4021 Linz, Austria

Received: 3.1.2007, Final version: 12.2.2007

1 INTRODUCTION
Scientific interest in polymer entry flows has
existed since 1957 when Bagley published his
famous paper on entrance correction for capil-
lary viscometers [1]. Entrance pressure loss is
observed with all fluids in regions of conduit
cross-sectional changes. This is because the con-

DOI: 10.1515/arh-2007-0019



a large reservoir, forming the so-called “wine
glass” region [2]. Branched polymers like LDPE
exhibit large vortices while linear polymers like
HDPE and LLDPE exhibit small corner vortices
similar to those of Newtonian fluids [3]. Polymer
melt flow patterns at the capillary entrance have
been described in detail by White and Kondo [4].
As the flow rate increases the vortices become
unstable. In capillary flow, the instability of the
vortex leads to a time-unsteady, spiral flow or to
a random “shooting” of vortex fluid into the cap-
illary. 

Several authors have carried out computa-
tional simulations of entrance flows [5 - 9]. Luo
and Mitsoulis [10] showed that LDPE and HDPE
behave differently mainly because of the elon-
gational viscosity, which is substantially strain-
hardening for the LDPE but strain-thinning for
the HDPE melt. For creeping flow of a LDPE melt
Mitsoulis [11] has demonstrated that the size of
the corner vortex grows monotonically with
apparent shear rate up to about 40 s-1, after which
it remains constant before starting to diminish
above apparent shear rate of 100 s-1. 

All polymers exhibit entrance pressure loss
but those having vortices also exhibit large
entrance pressure loss. The large vortices imply
that the imaginary angle of the “wine glass”
would be small, and large if the vortices are small.
Small entrance angles give rise to small exten-
sional rate in the region of the wine glass stem.
This fact has led Cogswell [12] to relate the
entrance angle of the “wine glass” to the elon-
gational viscosity, arguing that melts with high
elongational viscosity would favor small elonga-
tional rates, and thus small entrance angles (and
large vortices). He derived an equation for calcu-
lating the apparent elongational viscosity using
entrance pressure drop data. This method is of
acceptable approximation for determination the
elongational viscosity of polymer melts at high
stretch rates and many authors support the
Cogswell theory [13 - 17]. 

Concerning the influence of particulate
fillers or reinforcement fibers on the entrance
pressure loss, the literature data are scarce and
limited to mineral fillers and glass fiber compos-
ites. It is to be expected that reinforcement fibers
would increase the entrance pressure loss due to
the fact that at the die entrance the unoriented
fibers in the large reservoir must be placed in
highly oriented configuration in the capillary [18].

Bailey and Groves [19] have investigated the
entrance flow of glass fiber-filled polymers and
found that while the fibers tend to be aligned
along the path of the converging flow (“wine
glass” angle of 50∞), the fibers in the recirculation
zone appear to attain a more random or possibly
circumferential alignment. Crowson at al. [20]
have stated that the glass fibers begin to align
long before they enter the die.

Chan et al. [21] have reported that the pres-
ence of glass fibers in polyethylene greatly
increases the entrance pressure loss, and this
increase is substantially larger than the shear vis-
cosity increase with glass fiber content. More
recently, Guo et al. [22] have also observed
increase of the entrance pressure loss of glass
fiber filled LLDPE. The effect of the glass fibers
was most noticeable at fiber volume fractions
less than 25 %, and weaker at higher fiber con-
tent. Laun [23] has mentioned that the glass
fibers not only significantly increase the entrance
pressure loss, but that “this is more pronounced
in the case of the linear HDPE than the branched
LDPE, which exhibits higher values of the pres-
sure drop already without fibers”. For glass beads
in a polyamide matrix however, Laun [24] did not
observe any significant difference of the
entrance pressure loss with that of the unfilled
polymer. Liang [25] has found that silane-treat-
ed glass beads added to LDPE reduce the entrance
pressure loss. White and Crowder [26] reported
a decrease of the entrance pressure with increas-
ing filler loading for carbon black filled elas-
tomers. On the other hand, Minagawa and White
[27] observed that titanium dioxide did not influ-
ence the entrance pressure of polyethylene. 

Natural fiber composites (NFC) have been
attracting research interest and have broadened
their applications in many different areas during
the last few years. This is due to the fact that NFC
are environment friendly, inexpensive, and pos-
sess satisfactory mechanical properties. In a pre-
vious investigation on the extrudate surface
tearing and wall slip phenomena of wood filled
HDPE composites [28] the Bagley correction was
used for determining the true wall shear stress
and the entry flow behavior of wood filled com-
posites required a study in greater detail. 

Entrance pressure loss data would provide
valuable information concerning the nature of
interaction between the filler and matrix, and
perhaps elucidate some problems associated
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wood flour composites were prepared. The glass
filler is A-glass solid spheres, a commercial prod-
uct of Potters Industries Inc. (SPHERIGLASS®),
having diameter of 35 mm and density of 2.5
g/cm3. The talc powder, which is commonly used
filler in miscellaneous industrial products, hav-
ing density of 2.7 g/cm3 was supplied by Luzenac
Group. The fillers particles do not have surface
coating, which could further affect the rheologi-
cal properties of the composites.

Polyethylene composites were compound-
ed on a HAAKE Rheomix 3000 internal mixer. The
temperature of mixing was 170°C, at rotor speed
50 rpm for 10 minutes mixing time. An Olympus
CZ-60 light microscope equipped with Panason-
ic BP-310 digital camera was used for pho-
tographing the distribution of the wood particles
in PE matrices after compounding. 

2.2 CAPILLARY RHEOMETRY
A two bore capillary rheometer Rosand Precision
700 was used to measure the pressure drop and
flow rate. The capillary die has diameter D = 1 mm,
length L = 16 mm and 180° entry angle. The appar-
ent shear rate, g· a, is calculated by the following
well-known equation: 

(1)

with extrusion and injection molding of such
filled polymer systems. The objective of this
research is to investigate the influence of the
molecular structure of the polymer matrix and
filler loading on the entrance pressure loss of
polyethylene/wood flour composites. Talc and
glass-filled polyethylene composites have also
been investigated in this work. 

2 EXPERIMENTAL

2.1 MATERIALS AND COMPOSITE PREPARATION 
Two metallocene catalyzed high-density poly-
ethylenes (mPE), a Ziegler-Natta high-density
polyethylene (znHDPE) and a low-density poly-
ethylene (LDPE) were employed as matrices of
the composites. These polyethylenes differ in
their molecular weight and molecular weight
distribution (MWD) and LDPE is a branched poly-
mer. The physical properties of the polyethylenes
are outlined in Table 1.

Maple wood flour having particle size of 100
mm, density of 1.5 g/cm3 and relative moisture 6
%, supplied by Ontario Sawdust Supplies, Cana-
da was used as filler. The wood particles have
fiber-like shape with aspect ratio of 2 - 8, but par-
ticles with irregular shape are also present. Fig-
ure 1a shows a scanning electron micrograph of
the wood flour and it can be seen from the insert
in Figure 1a that the particle surface is rough. In
order to reduce the relative moisture below 0.5
% wood flour was vacuum dried at 100°C for 8
hours prior to compounding. No agglomeration
of the wood flour particles occurred during com-
pounding in any composites as can be seen in Fig-
ure 1b for 45 wt% filled metallocene polyethylene
(mPE2, MI = 4 g/10 min).

For comparison purposes, polyethylene-talc
and polyethylene-glass spheres composites con-
taining the same weight filler fraction as the
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Polymer matrix Density Melt index Mw/Mn
   [kg/m3] [g/10 min]

mPE11   927  0.35  (Narrow MWD): less than 3
mPE2   960  4.0  (Narrow MWD): less than 3
znHDPE2  960  0.3  (Broad MWD): 5.0
LDPE   917  7  (Broad MWD): more than 15.0

1 “m”: metallocene catalyzed polyethylene
2 “zn”: Ziegler-Natta catalyzed polyethylene 

Figure 1:
Scanning electron micro-
graphs of:
a) raw wood flour, insert at
370x magnification;
b) mPE2+45 wt% wood flour
after mixing.

Table 1:
Properties of the polymer
matrices used.



where Q is the volumetric flow rate, and R is
radius of the die. A short die of orifice type
(L = 0.25 mm, D = 1 mm) was used for calculating
the entrance pressure loss, DPent. The short die
has flat entry angle of 180° and an expansion
region at the orifice exit. Diameter of the expan-
sion exit section is eight times larger than the die
diameter, which prevents the contact between
the melt and the wall of the exit section of the
orifice die. This ensures that the pressure read-
ings represent only the effect of the die entrance
[29, 30]. The wall shear stress, tw, is calculated by:

(2)

where DPL is the pressure drop in the long capil-
lary, DPS is the pressure drop in the short die and
L is the length of the long die. The entrance pres-
sure loss, DPent, is calculated from the pressure
drop readings of the short and long dies by
extrapolation of pressure drop versus length-to-
diameter ratio to zero length at constant appar-
ent shear rate [3].

2.3 ROTATIONAL RHEOMETRY
The neat polyethylenes were characterized by
means of a parallel plate TA Instruments ARES
rotational rheometer under strain-controlled
conditions. The plates diameter is 25 mm and the
gap between plates was set to 1.5 mm. 2 mm thick
disc test samples having the same diameter as
the rheometer plates were prepared by com-
pression molding at 180°C for 10 minutes com-
pression time. The samples were put between
the plates and heated to 180°C for three minutes
to eliminate previous thermal history. After
adjusting the gap to 1.5 mm, the squeezed molten
material was carefully trimmed off for attaining
smooth edge surface. Dynamic frequency
sweeps were carried out from 0.4 to 100 rad/s

range at a strain within the linear viscoelastic
region of the materials. The strain amplitude
being applied during the frequency sweeps was
determined in a separate dynamic strain sweep
test within 0.01 - 100% at a constant frequency
of 10 rad/s. Each measurement was performed
on a fresh compression-molded sample, and
repeated measurements had been conducted in
order to ensure the reproducibility of the exper-
imental results.

The parallel plate rheometer oscillates one
plate at amplitude of j0 and measures the torque
M0, and phase lag d. The storage modulus, G’, loss
modulus, G’’, and complex viscosity, h*, are cal-
culated according to the following equations
respectively [3]:

(3)

(4)

(5)

where R is the plate radius, h is the gap between
plates, and w is the frequency.

3 RESULTS AND DISCUSSION

3.1 RHEOLOGY OF NEAT POLYETHYLENES
The rheological properties of the neat polyethyl-
enes were investigated beforehand by means of
a parallel plate rotational rheometer under
dynamic oscillatory conditions. The complex vis-
cosity and storage modulus dependence on fre-
quency are shown in Figure 2 and 3 respectively.
As expected, it can be seen in Figure 2 that the
polyethylene having broader molecular weight
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Figure 2 (left):
Complex viscosity of neat
polyethylenes as a function
of frequency. 

Figure 3:
Storage modulus as a func-
tion of frequency of the
neat polyethylenes.



distribution (znHDPE) and the branched LDPE are
more shear thinning than the metallocene poly-
ethylenes.

It is seen in Figure 3 that at low frequency
the high molecular weight polyethylenes (mPE1,
MI = 0.35 g/10 min and znHDPE, MI = 0.3 g/10 min)
exhibit similar response under dynamic-oscilla-
tory conditions. LDPE (MI = 7 g/10 min) is a
branched polymer, it is more elastic and exhibits
higher storage modulus at low frequencies than
the narrow MWD metallocene polymer mPE2 (MI
= 4 g/10 min). At high frequencies, the molecular
structure of the metallocene resins is capable to
store more energy, which results in higher stor-
age modulus than the Ziegler-Natta ones.

3.2 WOOD FLOUR POLYETHYLENE COMPOSITES
Figure 4 and 5 show the dependence of DPent on
the apparent shear rate for high melt index and
low melt index polyethylene/wood flour com-
posites respectively. The apparent shear rate in
this research has been kept within 20 - 500 s-1

ensuring that no flow instabilities at high shear
rates such as pressure oscillations or gross melt
fracture will occur [28,31]. With increase of the
shear rate the entrance pressure loss increases.
It can be seen in Figure 4 that the neat LDPE resin
exhibits higher entrance pressure loss compared
to the neat mPE2 resin and the same trend is
observed in Figure 5, where the neat znHDPE has
larger entrance pressure loss than the neat mPE1.
This is not a surprising result, since it is well
known that branched and broad MWD polyeth-
ylenes exhibit higher entrance pressure drop
than narrow MWD polymers having the same
molecular weight [3, 32].

Addition of wood flour to the neat resins
leads to a significant increase of the entrance
pressure loss and this increase is larger at low
shear rates. The same trend of increase of the
entrance pressure with increase of the filler con-
tent has been found and already reported for

LLDPE/glass fiber composites [22] and long glass
fiber-filled PP [33]. It is interesting to mention
that although the neat znHDPE and LDPE exhib-
it higher entrance pressure drops than the neat
mPE resins, the entrance pressure loss of the
wood filled mPE composites is higher than that
of the filled Ziegler-Natta polymers, and more
pronounced at 45 wt% filler loading. These
results are fully in agreement with the results of
Laun [23] who was the first to notice the differ-
ences in the entrance pressure loss of glass fiber-
filled HDPE and LDPE composites. 

The relative entrance pressure loss, (DPent)r,
in this paper is defined as the ratio of the
entrance pressure loss of the composite, (DPent)c,
to the entrance pressure loss of the matrix,
(DPent)m, at apparent wall shear rate of 100 s-1. At
this shear rate the neat polymers and their com-
posites exhibit stable flow without pressure
oscillations. Composites of the lower molecular
weight metallocene PE (mPE2, MI = 4 g/10 min)
containing 5, 10, 20, 30 and 45 wt% wood flour
were prepared and the effect of the filler loading
on the relative entrance pressure loss is illustrat-
ed in Figure 6. The relative entrance pressure loss
increases with increase of the filler weight frac-
tion and the most notable increase was observed
at 45 wt% filler loading (corresponding to 30 %
by volume). In the case of the other polyethyl-
enes, the increase of the relative entrance pres-
sure loss at 45 wt% was less pronounced. Since
no filler agglomeration was observed in any poly-
ethylene composites at any wood flour loadings
(see Figure 1b), and the wood particles at this con-
centration are far away from each other, it could
be inferred that most likely the filler-filler inter-
actions are not responsible for the significant
increase of the entrance pressure loss at 45 wt%
wood flour loading. Particle orientation at the die
entry definitely plays a role here, however hav-
ing in mind the relatively low aspect ratio of the
wood particles, it could be speculated that the

57191-5Applied Rheology
Volume 17 · Issue 5

Figure 4 (left):
Entrance pressure loss as a
function of the apparent
shear rate of the high melt
index polyethylene/wood
flour composites. 

Figure 5:
Entrance pressure loss as a
function of the apparent
shear rate of the low melt
index polyethylene/wood
flour composites. 



main contributor to the entrance pressure loss
would likely be the polymer-filler interactions.

It can be also observed in Figure 6 that lower
molecular weight resins (mPE2 and LDPE) provide
larger increase of the entrance pressure loss than
the high molecular weight polyethylenes (mPE1
and znHDPE). For example, at 45 wt% filler load-
ing mPE2 resin (MI = 4 g/10 min) provides almost
10 times increase of the relative entrance pres-
sure loss whereas in the case of mPE1 (MI = 0.35
g/10 min) the increase is only about 3 times. This
is probably due to the better wetting of the wood
flour particles by the lower viscous melt as sug-
gested by Balasuriya et al. [34].

It is seen in Figure 6 that the narrow MWD
metallocene mPE1 (MI = 0.35 g/10 min) compos-
ites have higher relative entrance pressure than
the broader MWD znHDPE (MI = 0.3 g/10 min)
based compounds. The same trend is observed
with the other metallocene polyethylene mPE2
(MI = 4 g/10 min) composites, which exhibit larg-
er entrance pressure loss than the LDPE (MI = 7
g/10 min) ones.

The pressure drop in the long capillary as a
function of the apparent shear rate of the high
melt index polyethylene/wood flour composites

is shown in Figure 7. It can be seen in Figure 7 that
with addition of 30 wt.-% wood flour the increase
of the pressure drop is fairly independent on the
apparent shear rate. The increase of the pressure
drop in the long capillary is somewhat higher in
the case of narrow MWD polyethylene (mPE2, MI
= 4 g/10 min) than that in LDPE, however, this is
not as significant as the difference between the
entrance pressures of mPE2 and LDPE wood filled
composites. 

The relative pressure drop in the long capil-
lary (L = 16 mm) of mPE2 and LDPE composites as
a function of the weight fraction of wood flour
at apparent shear rate of 100 s-1 is shown in Fig-
ure 8. In the same figure, the relative pressure
drop in the short die (L = 0.25 mm) is plotted for
comparison. The relative pressure drop of the
composites in the short die is much higher than
the relative pressure in the long capillary, and
these results are in agreement with the results
of Chan et al. [21] for glass fiber PE composites
and Guo et al. [22] for glass fiber filled LLDPE. The
reason for the lower relative pressure drop in the
long capillary could probably be attributed to slip
at the die wall. The wall slip phenomenon in cap-
illary flow of wood filled polyethylene compos-
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Figure 6 (left above):
Relative entrance pressure
loss of PE/wood flour com-
posites.

Figure 7 (right above):
Pressure drop in the long
capillary as a function of the
apparent shear rate of the
high melt index polyethyl-
ene/wood flour composites. 

Figure 8 (left below):
Comparison of the relative
pressure drop in the short
and long capillary dies of
PE/wood flour composites.

Figure 9 (right below):
Entrance pressure loss as a
function of the apparent
shear rate of the high melt
index polyethylene/talc
composites. 



ites has been well studied and already docu-
mented [28, 35]. This result corroborates the sig-
nificance of the entrance pressure loss and its
usefulness for quantitative assessment of filler-
matrix interactions in composite materials.

3.3 MINERAL FILLED POLYETHYLENE
COMPOSITES
In order to study the effect of the filler structure,
size and shape on the entrance pressure loss,
talc and glass filled polyethylene composites
were prepared. Since the low molecular weight
polyethylenes provided the strongest effect on
the entrance pressure loss of wood filled com-
posites our discussion will concentrate only on
mPE2 and LDPE resins containing 45 wt% min-
eral fillers. At this weight percentage, the vol-
ume fraction of talc is 17 vol% and the volume
fraction of glass spheres is 18 vol%. Talc is platy
filler, whereas the glass beads have spherical
shape.

Figure 9 shows the entrance pressure loss
dependence on the apparent shear rate of talc-
filled polyethylene composites. Similarly to the
effect of wood flour, the entrance pressure loss

of both talc-filled resins shows the same trend,
but less pronounced. The relative entrance pres-
sure loss in the case of glass spheres filled poly-
ethylenes is illustrated in Figure 10. Generally, the
increase of the entrance pressure with glass
spheres is much less than that of the talc and
wood flour composites. This is not surprising, in
view of the fact that glass beads have less sur-
face activity and the spherical shape minimizes
the surface contact leading to weaker interaction
for the glass spheres than for the talc and wood
flour particles [36]. Moreover, the glass filler pro-
vides a larger increase of the entrance pressure
loss in the LDPE matrix than it does in mPE2
matrix, opposite to what was observed with
wood flour. 

The relative entrance pressure loss of the
mPE2 and LDPE composites is summarized in
Table 2. The effect of different fillers on the
entrance pressure loss as a function of the
apparent shear rate of mPE2 compounds is illus-
trated in Figure 11. Wood flour provides the
largest increase of the entrance pressure loss,
which is much higher than the effect of talc and
glass spheres at the same filler weight fraction
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   mPE2 (4 MI) +  mPE2 (4 MI) +  mPE2 (4 MI) +
   wood flour   talc   glass spheres

(ΔPent)c/(ΔPent)m 9.58   2.42   1.19

   LDPE (7 MI) +   LDPE (7 MI) +  LDPE (7 MI) +
   wood flour   talc   glass spheres

(ΔPent)c/(ΔPent)m 3.83   2.0   1.53

c: entrance pressure of the composite
m: entrance pressure of the matrix

Figure 10 (left):
Entrance pressure loss as a
function of the apparent
shear rate of the high melt
index polyethylene/glass
spheres composites.

Figure 11:
Entrance pressure loss as a
function of the apparent
shear rate of mPE2 contain-
ing different fillers.

Table 2:
Comparison of the relative
entrance pressure loss of PE
containing different fillers
at 45 wt% loading; appar-
ent shear rate 100 s-1.



of 45 wt%, which corresponds to 30, 17, and 18%
volume fractions respectively. Glass spheres
provide the least resistance to elongational
deformation at the die entry, which is probably
a consequence of the spherical shape and
incompatibility with the matrix. The talc platy
particles need to be oriented at the die entry,
which is why, the talc-composites exhibit larg-
er entrance pressure than the glass-filled ones.
The much larger increase of the entrance pres-
sure loss in case of the wood filler supports the
conjecture that the filler-matrix interaction is
the dominant factor in entry flow of natural
fiber filled composites, in addition to fiber ori-
entation.

4 CONCLUDING REMARKS
The effect of the polymer matrix molecular struc-
ture and filler loading on the entrance pressure
loss in capillary flow of polyethylene composites
has been investigated in this study. It was found
that the entrance pressure loss increased with
addition of fillers, most notably at filler concen-
tration above 30 wt%. This increase is strongly
dependent on the filler type and polymer matrix
molecular structure. Wood flour added in the low
molecular weight and narrow MWD polyethyl-
ene provides the largest increase of the entrance
pressure loss. Talc and glass spheres also
increased the entrance pressure, however this
increase is not as pronounced as in the case of
wood flour. 

It was observed that narrow MWD poly-
ethylenes provide larger increase of the
entrance pressure loss than the broad MWD and
branched polyethylene. The pressure drop
increase in the long capillary is not as large as
the increase of the entrance pressure loss with
filler loading. Based on the results obtained, it
could be inferred that measurement of the
entrance pressure loss could provide useful
information about the filler-matrix interactions
in composite materials.
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