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ABSTRACT 
 
The influence of the radial screw clearance between barrel and screw on the extruder 
flow rate has been studied on the single screw, industrial, 90 mm extruder used in 
everyday practice as the extruder for the outer sami-conductive layer in the production 
of power cables insulated by XLPE. It was shown on the bases of the experimental 
results and the theoretical approach being accepted, that the leakage flow parts can not 
be neglected and that the radial screw clearance is an important parameter that should 
be permanently controlled in order to prevent and to stop production line rate drop. 
 
 
INTRODUCTION  
 
The aim of this paper is to present an experimental and theoretical investigations of the 
effect of the radial screw clearance as a part of the trybomechanical system barrel - 
screw - polymer on the extruder flow rate. The rise of the functional radial clearance 
which takes place thanks to the wearing process during the exploitation of an extruder, 
can greatly reduce the extruder flow rate, which, in turn, reduce the production rate of 
an extrusion line. It is obvious that the radial screw clearance of an extruder should be 
permanently controlled and known as well as its effect on the extruder flow rate. 
In order to accomplish that, the experimental work was carried out on the industrial, 90 
mm extruder which is being used as the extruder for the outer sami-conductive layer in 
the production of power cables in everyday practice of FKS, but, in this case, the 
polymer being extruded was chosen to be LDPE.  
The experimental dates obtained in this way are the extruder Net flow rate, Drag flow 
rate  as well as the values of the pressure and temperatures of the melt in the extruder 
head. In this case, the pressure of the polymer in the extruder head is assumed to be 
the pressure drop of the polymer in the metering section of the extruder (2, 5, 6, 7). 
Having these dates, the leakage part of Drag flow and the leakage part of Pressure 
flow, actually caused by the existence of the functional radial clearance, were 
determined mostly on the bases of the experimental results but, when it was necessary, 
the accepted theoretical approach was applied. 
The theoretical approach that was accepted in this work is the “Metering section theory” 
based on the flat plate model of an extruder (1, 2, 3, 4). 
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THEORETICAL 
 
The theoretical approach applied in this paper refers to the metering section of the 
plasticating extruder with shallow rectangular channels, Newtonian behavior and 
isothermal flow of polymer melt (1, 2, 3, 4). 
Solving the partial differential equation for the velocity distribution in the down channel 
direction: 
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the expression for the flow rate which includes the effect of radial flight clearance is 
given as follows: 
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The equation (3) is the basic equation which is going to be used throughout this work. 
This equation suggests a linear dependence between the extruder flow rate and 
pressure drop in the metering section of the screw as well as the linear dependence 
between the extruder Drag flow rate (the first term in eq.3) and the screw speed, N. 
The expression for the leakage part of Drag flow is as follows: 
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and the expression for the leakage part of Pressure flow is as follows: 
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where fL  is the expression defined in reference 3. 

 
 
EXPERIMENTAL WORK 
 
Through this experimental work the experimental dates which will be used for 
determination of the leakage flow parts of the extruder were obtained and in that sense 
the experimental work was organized. 
The measurements of the extruder Net flow rates and Drag flow rates  were taken for 
the screw speeds of  5 (min-1), 10 (min-1) and 20 (min-1) except the Drag flow rate which 
was measured for 15 (min-1) too, but each experimental point was determined by 
measuring 3 samples of  the extruder output per one minute with time gap of two minute 
between each measurement. The stabilization times between each two screw speeds 
were 15 minutes. The average value of the three measurements was taken to be the 
representative one. At the same time, the pressure and temperature of the polymer 
being extruded, both at the same location were measured and recorded. 
The variation of the pressure in the extruder head was accomplished through the 
replacement of the dies (nozzles) in that way that the screw is stopped for a while, the 
nozzle (die) is changed with new one and, finally, the screw speed is set to the 
minimum chosen value. When the measurements are performed for each screw speed, 
the same procedure is repeated until every given nozzle is used. Nozzles (dies) which 
were used in this experimental work have inside diameters of  5,1 mm, 8,1 mm and 11,2 
mm but the length of each nozzle is 195, 2 mm. 
 
 
DISCUSSION 
 
From the equation (3) after multiplication by  it can be seen the mass Drag flow rate is 
given by the following expression:  
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and the mass Pressure flow by the expression: 
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The leakage part of the Drag flow can be obtained from the eq. (8): 
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G N F GDL EX d D              (10) 

 
where G D represents here the measured value of Drag flow while the expression : 

 
G N FDT EX d              (11) 

 
represents the value calculated from the accepted theoretical approach for the case  of 
f = 0. In the same way the leakage part of Pressure flow can be obtained from the eq. 
(9): 
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where GP represents here the value calculated from the equation (3) using the 

measured values of the extruder Drag flow rate and the extruder Net flow rate: GP = GD 
- GN.  
The second  expression on the right hand side of the equation (12) represents the value 
of the Pressure flow, G PT ,  calculated by the accepted theoretical approach for the case 

of f = 0. 
On the bases of the experimental results, the screw characteristics for each screw 
speed were formed and they were presented on the figure 1. 
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Figure 1. Screw characteristics for the experimental screw 
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It can be seen (Fig. 1) the screw characteristics show linear dependence between the 
extruder Net flow rate and the pressure drop which is in accordance with the accepted 
theoretical approach and it is especially pronounced at the lower screw speeds. 
 
Experimental results show linear dependence between Drag flow rates and screw 
speeds which is also in agreement with the accepted theoretical approach and this 
dependence was presented on figure 2. On the same figure, the calculated Drag flow 
rates (eq. 8) as well as the leakage part of Drag flow, GDL, were presented.  
 

 
Pressure flow rates, calculated on the bases of the experimental dates (GP = GD - GN), 
and leakage parts of Pressure flow obtained by eq. (12), as the functions of pressure 
drop, were shown on figure 3 for each screw speed. It can be seen from Fig. 3 there is 
linear dependence between the Pressure flow rate and pressure drop which is more 
pronounced at the lower screw speeds but this is not the case when the leakage part of 
Pressure flow is concerned. It can be rather noticed the leakage parts of Pressure flow 
are almost constant for each screw speed (almost does not depend on the pressure 
drop). 
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Figure 2. Linear dependence between Drag flow rates and screw speeds 
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Figure 3. Pressure flow rates and leakage parts of Pressure versus pressure drop 
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The average Pressure flow rates, calculated for each screw speed, as well as the 
average leakage parts of Pressure flow together with the leakage parts of Drag flow 
were shown on figure 4 as a functions of screw speeds. This way of presentation seems 
to be reasonable especially when the leakage parts of Pressure flow are being 
considered for they almost do not depend on the pressure drop. It is seen the average 
Pressure flow rate and the leakage part of Drag flow show almost linear dependence on 
the screw speed but this is not the case with the leakage part of Pressure flow. 
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Figure 4. Dependence of the average Pressure flow rates, the average leakage parts 
of pressure flow and the leakage parts of Drag flow on screw speed 
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The fractions of the leakage flow parts with respect to the measured Net flow rate, 
taking the screw speed as a parameter, were shown on figure 5 as a functions of the 
measured pressure drop.  
 

The fractions of the leakage parts of Drag flow represent the linear functions with 
respect to the pressure drop but this is not the case with the fractions of the leakage 
parts of Pressure flow except for the lowest chosen screw speed. The fractions of the 
leakage parts of Pressure flow are higher when the pressure drops are higher which 
suggests the operation with minimum possible pressure drop (the operation with the die 
which gives the minimum pressure drop, but, the demand for good extrudate quality, at 
the same time, should be satisfied). 
 
   
CONCLUSION 
 
Calculations and graphical presentations of the performed experimental and theoretical 
investigations show that the leakage flow parts, actually caused by the existence of the 
functional radial screw clearance in the system barrel - screw, can not be neglected 
especially when the leakage part of Pressure flow is concerned. This suggests the 
operation with minimum possible pressure drop, that means the die which gives the 
minimum pressure drop should be chosen, satisfying, at the same time, the demand for 
good extrudate quality. 
It can be expected this effect will be more pronounced as the radial screw clearance is 
increasing thanks to the wearing process that takes place during the extruder operation. 
The radial screw clearance is an important parameter which should be permanently and 
systematically controlled during the exploitation period of an single screw extruder in 
order to prevent and to avoid the production rate drop of an extrusion line. 
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Figure 5. Fractions of the leakage parts with respect to the Net flow rate as a 
functions of the pressure drop 
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NOMENCLATURE 
 
P  = pressure, (gcm-1s-2). 
x   = rectangular coordinate (cross channel direction), (cm). 
y   = rectangular coordinate (channel depth direction), (cm). 
z   = rectangular coordinate (down channel direction), (cm). 
vz  = velocity component in the z direction, (cms-1). 
Q  = volumetric flow rate of the extrudate, (cm3s-1). 
QDL= leakage part of Drag flow, (cm3s-1). 
QPL= leakage part of Pressure flow, (cm3s-1). 
GD = mass Drag flow rate, (gs-1). 
GN = mass Net flow rate, (gs-1). 
GP = the mass Pressure flow rate, (gs-1). 
H  = channel depth, (cm). 
W = width of the screw channel perpendicular to the flights, (cm). 
N  = screw speed, (s-1). 
Fd = shape correction factor for Drag flow, (1). 
Fp = shape correction factor for Pressure flow, (1). 
P= pressure drop, (gcm-1s-2). 
L   = lenght of the metering section of the screw, (cm). 
fL  = factor for leakage Pressure flow, (1). 
Db = inside barrel diameter, (cm). 
e  = width of the screw flights, perpendicular to the flights, (cm). 
p  = number of flights in parallel, (1). 
EX = constant, (cm3). 
EX = constant, (cm4). 
f  = radial screw clearance, (cm). 
  = viscosity, (gcm-1s-1). 
 = helix angle, radians. 
  = density, (gcm-3). 
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