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RESEARCH ARTICLE

Experimental and numerical characterization of screw elements used in 
twin-screw extrusion

Vanessa D€uphans, Vincent Kimmel, Lukas Messing, Gerhard Schaldach and Markus Thommes 

Department of Biochemical and Chemical Engineering, Laboratory of Solids Process Engineering, TU Dortmund University, Dortmund, Germany 

ABSTRACT 
Hot melt extrusion by a co-rotating twin screw extruder is an important process in the pharmaceutical indus
try. Especially for quality by design aspects, a comprehensive process understanding is indispensable. The 
performance of conveying elements was determined as critical process parameter, and therefore an experi
mental and numerical framework was developed to analyze and compare variations. A test rig capable of 
measuring volume flow, pressure and torque with high accuracy and precision was designed and built. The 
3D simulation was performed using computational fluid dynamics (CFD). A stationary model with impulse 
transmission and an apparent motion of the screws was applied. The experimental data were fitted to the 
model of Pawlowski, and parameters for the pressure (A1, A2) and power characteristics (B1, B2) were deter
mined. Good agreement between experimental data and the model was observed. The simulation was sig
nificantly faster compared to common methods, and the results were consistent with the literature. 
Systematic investigations of a native and worn screw were performed with CFD resulting in a transport cap
acity increase and a pressure build up decrease for all tested screw elements. An experimental and simula
tion setup was generated to assess the performance of co-rotating twin screw elements. The experiments 
provided high-quality data, and the simulations exhibited high flexibility with low computational effort.
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1. Introduction

Hot melt extrusion using a co-rotating, intermeshing, twin-screw 
extruder is a promising technology for drug manufacturing that is 
receiving increasing attention (Patil et al. 2016; Sim~oes et al. 
2019). Next to the production of amorphous solid dispersions to 
increase the bioavailability of poorly water-soluble drugs 
(Butreddy et al. 2022), there are other forward-looking applica
tions, including taste-masking (Li et al. 2022), controlled or modi
fied drug release (Sandhu et al. 2022) and stabilization of the 
active pharmaceutical ingredient (Alzahrani et al. 2022). 
Compared to conventional pharmaceutical processing methods, 
this technique offers good mixing performance, self-wiping prop
erties due to the intermeshing screws, and solvent-free, rapid, 
continuous processing (Crowley et al. 2007; Zhang et al. 2020). 
The screws usually have a modular design with different ele
ments, which enables a process-specific sequence of unit opera
tions. The most common element types are conveying and 
kneading elements (Rauwendaal 1981). Product quality depends 
on a detailed understanding of the different unit operations and 
the influencing process parameters (Wesholowski et al. 2018). In 
pharmaceutical applications, process design by scientifically 
informed tailoring of the screw configuration is uncommon. 
However, this should be the focus of research, especially with 
regard to Quality by Design aspects. This benefits both consum
ers, through consistently reliable and effective high-quality 

products, and manufacturers, through traceable quality and 
reduced cost (Sprenger et al. 2013).

One focus of this work is experimental investigations regarding 
the performance of individual screw elements, which were eval
uated in accordance with Pawlowski (Pawlowski 1971). His appli
cation of similarity theory is valid for a laminar, isothermal flow of 
a single-phase, Newtonian fluid in a fully filled screw element. The 
pressure characteristic of a specific screw element is described by 
a linear correlation between the dimensionless volume flow ( _V

�
) 

(Equation (1)) and the dimensionless pressure (Dp�) (Equation (2)), 
whereas the power characteristic is described by a linear correl
ation between the dimensionless power (P�) (Equation (3)) and 
_V
�
: The dimensionless numbers are derived from correlations 

between the screw speed (n), the viscosity (g), the screw diameter 
(D), the length of the screw element (L), the volume flow ( _V ), the 
pressure difference (p) and the power (P). The intersection with 
the axis leads to the characteristic parameters A1 and A2 for the 
pressure, and B1 and B2 for the power (Figure 1). The correspond
ing intercept forms are presented in Equations (4) and (5) and 
called pressure and power characteristics of a specific screw elem
ent, respectively. Different process regimes can be identified such 
as backward pumping, conveying and overrun.

_V
�
¼

_V

n ∙D3 (1) 

Dp� ¼
Dp ∙D
n ∙ g ∙ L

(2) 
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P� ¼
P

n2 ∙ g ∙D ∙ L2 (3) 

1
A1
� _V
�
þ

1
A2

∙Dp� ¼ 1 (4) 

1
B1
� _V
�
þ

1
B2

∙ P� ¼ 1 (5) 

The parameter A1 thus describes the maximum dimensionless, 
intrinsic throughput of a screw element without an axial pressure 
gradient and an open die, which is why A1 is also called the con
veying parameter. Furthermore, the conveying parameter is spe
cific to the screw geometry and not dependent on process 
variables (Rauwendaal 1981). The characteristic parameter A2 

defines the maximum possible pressure build-up of a screw elem
ent that can be achieved by a closed die. B1 is the turbine point. 
If the dimensionless throughput increases above this point, the 
screw delivers power. The characteristic parameter B2 describes 
the maximum power of an element, if no throughput is generated 
(Eitzlmayr et al. 2013; Kohlgr€uber 2019).

Generating sufficient data to analyze the screw elements is 
both time consuming and costly, so simulation techniques are an 
important tool to obtain meaningful data in a short time. 
Modeling offers the possibility to analyze and predict the inter
action between screw configuration and product properties of the 
complex extrusion process. 1D and 3D models are the most com
mon. A 1D model represents the extrusion process in an axial dir
ection while integrating over the cross section of the process 
unit. The 3D model, on the other hand, is a detailed model of the 
extruder in which the processing region is resolved into discrete 
volume elements, so that even critical locations with high tem
perature or high shear rate can be investigated. A disadvantage, 
however, is the high computational effort, since the gap between 
the screws and the barrel, especially, requires a high resolution of 
the computational mesh (Eitzlmayr et al. 2014; Durin et al. 2014).

One focus of this work is on 3D modeling of the behavior of dif
ferent screw elements in a twin-screw extruder evaluating transport 
capacity, pressure build up and power consumption.

Various approaches of 3D CFD modeling of screw machines are 
known (Hyv€arinen et al. 2020; Kumar and Arumugam 2020; Dong 
et al. 2020). A mesh-free approach is smoothed-particle hydrodynam
ics (SPH), which based on the Lagrangian particle method (Eitzlmayr 
and Khinast, 2015; Eitzlmayr and Khinast, 2015; Robinson and Cleary 
2019; Bauer et al. 2021). In SPH simulations, the fluid to be simulated 
is divided into a finite number of particles. Each particle is assigned 
its own physical properties such as mass, density and pressure, and 

each quantity is obtained for the entire fluid by summing all ele
ments (Bonet and Lok 1999). Common, mesh-based discretization 
approaches are the Finite Element Method (FEM) (Ishikawa et al. 
2000; Ishikawa et al. 2002; Malik and Kalyon 2005) and the Finite 
Volume Method (FVM) (Mours et al. 2022). Mesh-based CFD analysis 
offers the possibility of modeling the entire geometry, with screws 
and barrel in time-dependency of the rotating screws. In order to 
represent the time dependency, the simulations for the individual 
time steps are carried out and merged, so that a quasi-steady-state 
simulation can be assumed (Bravo et al. 2000; Kalyon and Malik 
2007; Malik et al. 2014). Another method avoiding time consuming 
remeshing for rotating screws is the Mesh Superposition Technique 
(FEM method), where two overlapping, non-deformed meshes (one 
for the volume inside the barrel and one for the rotating screws) are 
needed (Ficarella et al. 2006; Barrera et al. 2008). Another meshing 
strategy deals with dynamic meshes and allows for remeshing of 
deformed mesh areas caused by the screw rotation (Tagliavini et al. 
2018). Here, the screws rotate as rigid bodies, which exerts an 
impulse on the surrounding fluid volume. The generation of such 
grids is very complex, as the meshing in narrow regions is difficult 
and the dynamic grid is re-meshed with each movement. In terms 
of simulation, such an approach requires high computing power.

The aim of this study was to characterize conveying elements 
used in the hot melt extrusion process with respect to their trans
port capacity, pressure build up and power consumption. 
Therefore, a test rig was designed and qualified for an accurate 
measurement of critical process variables such as screw speed, 
volume flow, pressure difference and torque. Furthermore, a com
plex fluid dynamic simulation was established using an impulse 
transmission method, in order to predict the performance of indi
vidual screw elements without experimental data (Bravo et al. 
2000). The results of the experimental data were used to validate 
the numerical simulation.

2. Materials and methods

2.1. Materials

In the context of this work, the silicone oil Wacker 10000 (AK 
10000, Drawin Vertriebs GmbH, Riemerling, Germany) was used as 
received. This Newtonian fluid has a density of 0.97 g/cm3 at 
25 �C and a viscosity of 9.7 Pa s in accordance with the product 
specifications (WACKERVR AK 10000, 2022).

2.2. Experimental determination of screw parameters

Three double-flighted conveying elements from Leistritz (ZSE27 
Maxx, Leistritz, Nuremberg, Germany) were characterized with 
respect to dimensionless volume flow, dimensionless pressure and 
power parameters. The characteristics of these elements depend 
on the pitch of the elements (see Table 1, Leistritz notation, first 
column). The geometric data of these elements were measured 
precisely. The elements have a diameter of 28.2 mm, and the 
screw center distance is 23.0 mm with a gap of 0.2 mm between 
the screws and the barrel. The ratio between the inner and outer 
diameter is 1.65.

Figure 1. Graphical representation of the pressure and power characteristic for 
specific screw elements, according to (Pawlowski 1971).

Table 1. Notation for the three conveying elements (GFA) used in this 
investigation.

Flights [-] Pitch [mm] Length [mm]

GFA-2-20-30 2 20 30
GFA-2-30-30 2 30 30
GFA-2-40-30 2 40 30
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2.3. Numerical determination of screw parameters

The simulation was carried out with the simulation software 
ANSYS Fluent 2020R1 (ANSYS Inc., Headquarters: Pennsylvania, 
USA, 1994), which is designed for flow simulations, based on the 
Navier-Stokes equations. A laminar, isothermal and incompressible 
flow was assumed. For the meshing, a wall distance of 4 cells was 
set. Furthermore, tetrahedral cells and, additionally, the function 
"sizing" at the die were used. The mesh refinement can be seen 
in Table 2 and in Figure 2. When selecting the boundary condi
tions, the inlet was defined as inlet-vent and the outlet as pres
sure-outlet. This generated an inlet at atmospheric pressure with 
no backflow through the inlet plane, and an outlet at atmospheric 
pressure. In addition, the surfaces of the screw elements and the 
screw tip were forced to rotate as a rotating wall with a rotational 
speed of 20 rpm for three different die diameters (2, 4, 6 mm). 
With this method, an impulse on the fluid from the screw elem
ent in the direction of rotation was modeled to simulate the rota
tion of the screws and conveying of material to the die. All 
simulations were calculated using a pressure-based solver with a 
semi-implicit method for pressure-linked equations. Here, a rela
tionship between velocity and pressure corrections, to enforce 
mass conservation and to obtain the pressure field, were used. A 
second-order discretization was set for the pressure and momen
tum to reduce the risk of numerical diffusion. All presented simu
lations were carried out in steady state without a dynamic mesh.

The orthogonality for all elements is around 0.76, and the 
aspect ratio around 15.5. The number of mesh elements and 
nodes ranges between 10 and 17 million (Table 2).

3. Results and discussion

3.1. Design of the test rig

The performance (transport capacity, pressure build up and power 
consumption) of the individual screw elements was determined 
using a specially-designed test rig. This was required, since par
ticularly low torque values and pressure differences were 
expected (Eitzlmayr et al. 2013), which cannot be measured reli
ably on a production scale extruder capable of running at 40 kg/ 
h. Therefore, commercial screw elements (Table 1) were placed in 
an acrylic extrusion barrel (Glacryl Hedel GmbH, Ansbach, 
Germany) of eight times the screw diameter (8D), using the same 
geometry and clearances as the commercial one. A transparent 

material was chosen for visual inspection of the extrusion process, 
which was characterized by a lack in temperature and abrasion 
resistivity. Since silicon oils were intended to be used, these short
comings were accepted. A vertical alignment was preferred to 
remove air bubbles from the process throughout the material 
inlet and avoid additional pumps, in order to reduce the complex
ity. The drive unit (Figure 3, left, A) consists of a stepper motor 
(iHSS86-60-45, Sorotex GmbH, Rheinmuenster, Germany) capable 
of applying 4.5 Nm torque and a maximum speed of 50 rpm, as 
well as a belt transmission (Antriebstechnik, Maedler GmbH, 
Duesseldorf, Germany) to distribute the motion evenly to both 
screw shafts (Dold Mechatronik, Haslach, Germany). One of the 
two screw shafts was equipped with a torque sensor (DR2112, 
Lorenz Messtechnik GmbH, Alfdorf, Germany) with an operating 
range up to 10 Nm and an additional screw speed measurement 
(Figure 3, left, B). This device is quite sensitive and delicate to 
work with, but this low measuring range was required to charac
terize short screw sections (8D) (Liesenfelder 2008).

The process unit consisted of a material inlet attached to the 
extrusion barrel and a die (Figure 3, left, C). Two pressure sensors 
(S-11, Wika, Klingenberg, Germany) at distinct points on the extru
sion barrel were utilized, operating up to 4 MPa. Multiple cylin
drical dies of 2, 4 and 6 mm diameter, and 20 mm length, were 
used at the barrel outlet to alter the process conditions. A flask 
and a scale (MSE2203S-100-DR, Satorius, Goettingen, Germany) 
were used to measure the subsequent volume flow based on 
material density.

3.2. Qualification of the test rig

The newly developed experimental setup was qualified with 
respect to the geometry of the extrusion barrel and die. This was 
identified as the main parameter of influence for the characteriza
tion of the screw elements (Mati�c et al. 2019). Changes were 
expected due to material wear and deformation from mechanical 
stresses, but no effects were observed. This was related to the 
gentle process conditions using silicon oil. The different sensors 
for measuring the screw speed, volume flow, pressure and torque 
were calibrated according to the ICH Q2 R1 (ICH 1994). This 
accounted for the linearity, measuring range, accuracy, and repro
ducibility. Representative data for the linearity and precision 
determination of the pressure and the torque sensor are given in 
Figure 4. The linearity was investigated in up to 130% of the 
expected nominal value which was up to 0.12 MPa in terms of 
pressure and up to 1.25 Nm for torque. The reproducibility was 
assessed using the standard deviation and confidence interval.

The linearity of the pressure and torque calibration (Figure 4) 
was high, as indicated by a particularly high coefficient of deter
mination of 0.9998 and 0.9999, respectively. Slight deviations to 
the manufacturer calibrations and the reference were seen, 

Table 2. Mesh quality for the conveying elements.

Screw element Mesh elements Mesh nodes

GFA-2-20-30 17.0 million 3.5 million
GFA-2-30-30 12.7 million 2.6 million
GFA-2-40-30 10.0 million 2.1 million

Figure 2. Mesh quality for the screw element GFA-2-30-30 with a 4 mm die.
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indicated by the deviation of the coefficient of regressions to 1. In 
terms of the pressure sensors, slight deviations (smaller than 2%) 
were seen between both sensors, but the calibration to the refer
ence (S-11, Wika, Klingenberg, Germany) was subsequently used. 
Calibrated weights, used as a reference for the torque sensor, 
were attached to the sensor by a pulley and string. The calibra
tions were checked periodically during the course of this study. 
The linearity measurements were repeated three times for each 
point. The intermediate precision of the repetition measurements 
is appropriate considering the small range, and is less than 2%.

3.3. Experimental determination of screw parameters

The performance of the individual screw elements was character
ized in accordance with Pawlowski (1971) by four dimensionless 
numbers (A1, A2, B1, B2) called screw parameters. Therefore, meas
urements were performed in the test rig by varying the die diam
eter (2, 4, 6 mm) using a constant screw speed of 20 rpm. The 
three tested conveying screw elements exhibited different screw 

characteristics (Figure 5). Subsequently, a linear regression was 
performed to determine the screw parameters (Table 3).

These experiments were repeated at least five times inde
pendently from each other. The individual regression lines of 
the different screw elements show distinctive differences, while 
steeper slopes are observed with lower screw pitch. This is con
sistent with the literature, where lower pitches show higher 
pressure build up, higher power consumption and lower vol
ume flow (Eitzlmayr et al. 2013). According to Pawlowski, the 
regression lines can be expressed by intercept forms, where the 
slope is transformed in a zero point, A1 and B1, respectively 
(Equations (4) and (5)). There has always been a debate in the 
pharmaceutical community about using extrapolated values 
since they are prone for high errors. However, the extrapolated 
screw parameters (A1, A2, B1, and B2) are not used as individual 
values but as parameters to describe a linear function, like 
slope and intercept. These functions were used in model evalu
ations, and depending on the applied volume flow, no extrapo
lation was performed.

Figure 3. Design of the test rig: entire setup (left), process unit (right).

Figure 4. Representative example of linearity for pressure (left) and torque (right) according to ICHQ2 R1 (n¼ 3).
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Comparing individual screw elements to each other or to data 
from the literature shows that screw parameters can be used 
rather comparing the pressure and power characteristics them
selves. However, even if conveying elements are uniquely defined 
by three parameters (screw diameter, ratio between outer and 
inner diameter, and pitch) (K€onig 2008) the clearance between 
screw and barrel as well as the center distance must be consid
ered. These crucial parameters change with respect to equipment 
use due to wear and are usually not specified in literature 
adequately. A rather complete description was provided by K€onig, 
which serves for comparison since the geometries were similar 
(Table 3) (K€onig 2016).

The experimentally determined, characteristic parameters, A1 

and A2, fit quite nicely with the literature data, as they are close 
to literature values and show similar behavior with respect to 
changes in the screw pitch as literature values. The characteristic 

parameters of the power, B1 and B2, are different but the same 
order of magnitude as the literature values. The differences can 
be attributed to the gap between screws and barrel, which is not 
known here and has a definite influence.

3.4. Numerical determination of screw parameters

Complementary to experimental investigations of the characteris
tic screw parameters, complex fluid dynamic simulations were 
performed, both to minimize the high experimental effort and to 
investigate parameters not accessible experimentally. Frequently, 
a dynamic mesh is used for this type of investigation, which is 
computationally expensive. In this study, therefore, the impulse 
transmission method with a static mesh was applied, where the 
screws do not rotate. Instead, momentum is transferred from the 
screw to the material, causing material motion. The shortcoming 

Figure 5. Pressure (left) and power (right) characteristics for the conveying elements determined experimentally (n¼ 5).

Table 3. Characteristic screw parameters for the conveying elements determined experimentally and compared with literature data.

Experiments Literature (K€onig 2016)

Pitch [mm] A1 [-] A2 [-] R2 [-] B1 [-] B2 [-] R2 [-] A1 [-] A2 [-] B1 [-] B2 [-]

20 0.20 4476 0.99 0.29 8585 0.94 0.20 4200 0.70 3100
30 0.29 2622 0.99 0.48 5606 0.95 0.31 2800 0.95 2700
40 0.35 1924 0.99 0.61 4263 0.86 0.40 2000 1.35 2600

Figure 6. Pressure build-up of the three conveying elements with a 2 mm die. GFA-2-20-30 (left), GFA-2-30-30 (Middle) and GFA-2-40-30 (right).
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of this method is that temperature gradients and shear in the gap 
cannot be resolved as accurately as is possible with remeshing 
methods. However, it comes with particularly low computational 
effort and should be sufficient to capture the pressure and power 
characteristics of the screw elements (Bravo et al. 2000; Raut et al. 
2003; Kalyon and Malik 2007).

A first impression of the simulation results can be obtained 
from Figure 6, where the material pressure at the screw surface is 
given. An axial pressure gradient was noticed for all screw ele
ments increasing in the flow direction. This observation was 
expected, since conveying elements with a positive transport cap
acity were utilized. Moreover, the pressure rise decreases with 
increasing screw pitch, which is consistent with the literature 
(Bierdel 2008).

The simulation results were evaluated similarly to the experi
mental data in order to allow a direct comparison. Repetitions 
were not included since no stochastic variability was added to the 
simulation. Therefore the same results were expected for each 
repetitive simulation run. The linearity of the pressure and power 
characteristics was perfect, which was inherent to the complex 
fluid dynamic simulation. Based on this, only two different flow 
rates had to be simulated in order to derive the specific pressure 
and power characteristics for each individual screw element, 
but in this study, three operating conditions were considered 
(Figure 7).

Generally, the pressure and power characteristics are quite 
similar between simulation and experiments. The overall course of 
the functions is the same, and the relative position of the individ
ual functions with respect to each other fits as well (Figures 5
and 7). However there are slight differences considering the abso
lute values (Tables 3 and 4). These are attributed to the flow sim
ulations using the impulse transmission method, allowing a rapid 
calculation (less than 5 h on a desktop computer). This approach, 
with a stationary domain and a rotating wall as a boundary condi
tion, ignores the normal component of the wall motion (Hobeika 
and Sebben 2018) and, therefore, predicts a lower volume flow.

3.5. Application of the simulation

The simulation can be considered as a valuable option for formu
lation and process development. Moreover it can be seen as a 
tool to study the process and look into properties that are meas
ureable only with high experimental effort, if at all. In order to 
elucidate this further, the simulations were used to investigate 
the wear of extrusion screws, so the screw diameters were set 
from the “native” (28.2 mm) to the lower limit given by the manu
facturer (27.2 mm) and called “worn” (Figure 8).

Based on the above mentioned limitations of the impulse 
transmission method, a deviation in the screw parameters 
between experiment and simulation was expected. However, 
comparisons of the native and worn elements, as well as a com
parison between different screw elements, were possible. The 
transport capacity (A1, conveying parameter) increases with the 
screw wear, which is consistent with the literature (Kohlgr€uber 
2020). This occurs because the volume of the barrel increases as 
the screw becomes worn, thus increasing the transport capacity 
for the material. The clearance between screw and barrel is also 
rather small (0.7 mm) for the worn screws considering the high 
viscosity of the silicon oil. In this respect, the energy transfer from 
the screw to the material is not constrained, and there are no 
dead zones between barrel and screw. When considering the 
pressure build up parameter (A2), the screw wear leads to dis
tinctly lower values. This is likely to occur based on a more pro
nounced leak flow in the larger gap between barrel and screws, 
which is moving counter to the material flow in the extruder.

The B1 parameter is determined at the so-called turbine point, 
where the material volume flow corresponds to the volume trans
port capacity of the screw, so no power is dissipated or gained 
from the material transport. This parameter is not affected by the 
screw wear, since the transport capacity of the screw is not 
changing, practically speaking, due to the minor shrinkage of the 
screw. The maximum power a screw element is capable of apply
ing (B2) decreases with the screw wear. This is attributed to the 
lower pressure build up (A2) and the lower power consumption in 
this respect. Based on the results, it is evident that the simulation 
can be used to make a reliable prediction about the process 
parameters of screw elements in a short time as compared to 
experiments. This makes it possible to assess whether they are 
still suitable for use or whether changes to important parameters 
that are not compatible with the process are to be expected due 
to wear. The simulations are able to be applied to new screw ele
ments to predict their behavior. It is therefore a good tool for bet
ter process understanding and product quality.

Figure 7. Pressure and power characteristics of the conveying elements determined by simulation.

Table 4. Pressure and power parameters of the conveying and kneading ele
ments determined by simulation.

Simulation

Element A1, sim [-] A2, sim [-] B1, sim [-] B2, sim [-]

GFA-2-20-30 0.19 3523 0.26 9336
GFA-2-30-30 0.22 1634 0.36 5717
GFA-2-40-30 0.25 1046 0.41 4110
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4. Conclusion

The aim of this study was to determine the performance of 
screw elements of a co-rotating, intermeshing, twin-screw 
extruder. Three conveying elements with pitches of 20, 30 and 
40 mm were investigated with respect to their behavior. For 
this purpose, a test rig was designed, which is geometrically 
similar to the Leistritz ZSE27 MAXX. To ensure an accurate, 
small-scale measurement, sensors for determining screw speed, 
pressure difference and torque were installed and calibrated 
according to ICH Q2. The results fit to the model of Pawlowski 
and characteristic parameters for all three screw elements were 
obtained.

Since these experiments are time-consuming and cost-intensive, 
a 3D, CFD simulation was developed in addition to the newly- 
designed test rig. This is based on the impulse transmission 
method. Here, an apparent movement of the screws by applying a 
velocity to the fluid is used to simulate the screw rotation. This 
approach can generate data in a short time without a dynamic 
mesh and with low computational effort. Even if there are some 
limitations to this technique, it provides a good approximation.

The results of the experimental data were compared to the 
numerical simulation and can serve as validation. Thus, new screw 
elements can be characterized directly, or currently used elements 
can be investigated in order to characterize their behavior and 
thus make important predictions about the process. This will 
enable understanding of crucial sub-processes like mixing and 
thermal degradation, which are relevant for pharmaceutical 
products.

Nomenclature 

A1, A2 dimensionless pressure parameters 
B1, B2 dimensionless power parameters 
D, Da, Di screw diameter, a¼outer, i¼ inner [m] 
L screw length [m] 
n screw speed [1/s] 
p pressure [Pa] 
Dp� dimensionless pressure 
P power [W] 
P* dimensionless power 
_V volume flow [m3/s] 
_V� dimensionless volume flow 
g viscosity [Pa s] 
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