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Abstract

A current trend towards sustainable machining can be found in the gradual substitution of lubricants by
cryogenic media in the form of liquid carbon dioxide. This strategy has been proven to reduce the tool
wear and increase productivity and energy efficiency in milling processes of titanium alloys. While various
adjustments to the COz supply system such as pre-cooling or pressurization are viable, it remains
challenging to adjust the cryogenic cooling capacity to the specific requirements of each process. To do
s0, an approach to quantify this cooling effect by temperature measurements with functional coatings of
the cutting insert during turning processes of polypropylene is proposed in this research. The results show
that the influence of the nozzle distance to the cutting tool and the nozzle diameter are reduced by a
variation of the CO2 density. The lowest cutting temperatures are achieved with an increase in pressure
levels and hence a drastic increase in CO:z flow rates. Furthermore, the liquid CO2 based cutting
temperatures are compared to those obtained by cooling with a vortex tube. The utilization of vortex tubes
as a cooling strategy shows potential as an alternative for easy-to-cut materials like polypropylene, since

the effort for the machine integration as well as operator safety precautions are minimized.
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1 INTRODUCTION

Sustainability as a present topic in today’s society is also
important in production technology research and practice.
In machining processes, sustainability can be increased by
extending tool life and by reducing the consumption of
cooling lubricants. These two central levers can be
impacted if liquid carbon dioxide (LCO2) will be applied as
a medium for cryogenic cooling [Gross 2021]. However,
there are only few attempts to determine the optimal
amount of LCO2 and achieve cost and environmental
impact reduction. In the following research, this aim is
achieved by utilizing a coated turning tool to measure the
process temperature in the turning of polypropylene for
different LCOz supply variations.

2 STATE OF THE ART

The following paragraphs are designated to give an
overview of recent publications in the fields of cryogenic
cooling, the applications of vortex tubes as well as
temperature measurement in the machining sector. The
combination of these three aspects generates a deeper
insight into the necessary coolant application quantity.

2.1 Cryogenic Cooling

Cryogenic cooling, especially when combined with
minimum quantity lubrication (MQL), has been found to be
more energy efficient than flood cooling for the milling of
titanium alloys according to life cycle assessment
principles. Even though there is a high energy expenditure
for the compaction and liquefaction of the CO2, an
increased tool life leads to an overall lower energy demand
[Gross 2021]. Alternatively, [Stanford 2009] have shown
that liquid nitrogen (LN2) also drastically reduces tool wear
for high-speed turning of plain carbon mild steel. The
application of LNz is thus also considered to be more
sustainable in comparison to conventional flood cooling
[Stanford 2009]. This reduction in tool wear by the
application of LNz as a cryogenic medium is confirmed by
Meng et al. for the turning of grey cast iron and compacted
graphite iron. They have further described a reduction in
surface roughness and cutting forces by utilizing this
alternative cooling strategy [Meng 2024].

While the aforementioned advantages have mostly been
found for cooling with LCO:2 as well [Villarazo 2023], there
are various aspects that favor the selection of LCO:2 as the
cryogenic medium. For instance, it is not possible to
combine the cryogenic medium with lubricants in pure

MM SCIENCE JOURNAL 12025 | Special Issue on HSM2025
9108



internal cooling circuits with LN2 [Sterle 2021]. Additionally,
excessive cooling with LN2 has been found to reduce the
tool life [Outeiro 2015]. Another disadvantage has been
observed by Busch et al: They have discussed that an
insulating gaseous film on surfaces at room temperatures
is created upon contact with the LNz due to its vaporization
which prohibits the coolant to reach the cutting edge.
Furthermore, they highlight that an internal integration into
the machine is complicated due to the need for insulation of
technical components to avoid hazards and a loss of
cooling capacity [Busch 2016]. In contrast, LCO:2 can be fed
at ambient temperature (8 =20 °C) through uninsulated
pipes at a pressure level of p = 57.29 bar or higher [Wagner
2013].

This approach has been investigated by Gupta et al.
Therein, a significant improvement in tool wear — especially
adhesion — in comparison to both dry turning of aluminum
alloys and the application of MQL due to the better cooling
performance of the cryogenic medium has been concluded
[Gupta 2023]. Furthermore, the surface integrity for the
cryogenic machining of Inconel 718 has been analyzed to
show a lower surface roughness as well as a harder and
thinner surface layer by PuSavec et al. Thus, the final
workpiece quality has been considered to be improved by
this process [PuSavec 2011]. Recent publications have
taken a deeper dive to understand the cooling effect in
cryogenic cooling in order to adjust the amount of the
cooling medium to each specific process. Pusavec et al.
have developed a testing station to determine the cooling
capabilities of both LCO2 and LNz based on a heated
thermocouple [PuSavec 2019]. A similar objective is
reached by Meier et al. by utilizing a heating resistor and
measuring the electrical power that is required in a steady-
state between the cooling by the CO2-stream and the
heating of the resistor. Therein, various supply strategies
such as pre-cooling and pressurization of the LCO2 have
been discussed [Meier 2024]. As these have only been
characterized with a testing station apart from real
machining conditions, the present study aims to explore the
correlation between the measured cooling capacity and the
process temperature directly at the cutting edge.

2.2 Vortex tubes

Vortex Tubes use the principle of energy separation which
was first discovered by Ranque [Ranque 1933]. These
findings have been expanded upon and proposed for
cooling applications by Hilsch [Hilsch 1946]. Therefore, they
are also often called Ranque-Hilsch vortex tubes (RHVT).
This technology is mostly applied in refrigeration technology
where recent publications focus on the optimization of the
temperature difference by varying the swirl generator
material or the tube length to diameter ratio
[Rattanongphisat 2024]. While there is no clear singular
description of the mechanism of energy separation and flow
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in the literature, Fig. 1 gives an overview of the simplified
principle. The compressed air enters the vortex tube on the
left side close to the cold air nozzle and is transformed into
a swirl. At the cone valve, a fraction of the air stream exits
the pipe system and a smaller, inner swirl is reflected back.
Due to a frictional heat exchange between the inner and the
outer ring vortex, the internal energy is converted into
rotational kinetic energy. Thus, the temperature of the inner
ring vortex decreases, while the outer swirl maintains its
rotation through the kinetic energy gained by this friction
[Jing 2025].

A current trend towards applying this working principle to
machining processes has been described by [Swain 2022].
For example, the application of a vortex-tube based cooling
strategy has led to an improved tool life in comparison to
dry milling for carbon-fiber reinforce plastics (CFRP) [Nor
Khairusshima 2017]. The reduced process temperature
during the milling of CFRPs due to the utilization of vortex
tube-based cooling has been found to enable higher cutting
speeds and feed rates. Furthermore, the surface damage
of the workpiece material has been reduced and the tool life
has been increased [Nor Khairusshima 2013]. However, the
specific cutting energy in the turning of Inconel 718 has
been found to be similar in dry, vortex-tube chilled-air
assistance and minimal quantity nanolubricant conditions.
Mahboob Ali et al. have concluded that the lack of
lubrication leads to an inferior performance for hard-to-cut
materials [Mahboob Ali 2018]. Hence, investigations have
been conducted regarding the combination of RHVT with
minimum quantity lubrication for the milling of titanium
alloys. Liu et al. have shown the promise of combining
these strategies for application in further processes [Liu
2023]. In the following investigation, there is no need for
lubrication in the turning of polypropylene (PP). Thus, an
unmodified vortex tube serves as a suitable, easily
integrable alternative to the cryogenic cooling strategies.

2.3 Temperature measurement in the process zone

In order to evaluate the cooling effect of both the various
cryogenic cooling strategies such as pre-cooling or
pressurization of the LCO2 as well as the vortex tube, the
temperature must be measured as close to the process
zone as possible. One approach in recent publications can
be found in optical measurement principles. For example,
Han et al. have explored a near-infrared fiber-optic
spectrometer system in which the optical fiber is integrated
into the cutting insert [Han 2022]. While the application of
infrared cameras offers an alternative solution for the
temperature measurement in the process zone, Moreira et
al. have described extensive preparations to quantify
various external influences with the highest influence
stemming from alternating emissivities of the metal
workpieces [Moreira 2021]. However, the robustness of
optical measurement systems regarding their accuracy in
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Fig. 1: Schematic functioning principle of a vortex tube according to [Promvonge 2005].
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either flood cooling or extensive chip formation conditions
has been found to be challenging. In addition, they usually
cause higher costs [Bartolomeis 2021, Pereira 2022].
These disadvantages are resolved by Kus et al. by the
usage of cost-efficient thermocouples which are embedded
into the cutting insert. This approach has been utilized to
validate the simulated heat distribution within the tool [Kus
2015]. A similar approach is utilized by Campidelli et al. for
a milling process. Since the tool is rotating, their focus has
been on a wireless data transition from the thermocouple
sensor in the cutting tool to the data processing unit
[Campidelli 2019]. With the aim of avoiding structural
weaknesses in the cutting insert and reducing the distance
of the measurement sensor to the cutting edge, Plogmeyer
et al. have designed thin-film conductor tracks that act as a
thermocouple on the rake face [Plogmeyer 2024]. Similar
approaches have been realized by Uhimann et al. and
Chen et al., where the former has created conductor tracks
by directed boron-doping of the diamond cutting material
and the latter has applied boron-doped diamond layers in a
coating process to form a resistance temperature detector
[Uhimann 2021, Chen 2023]. An alternative solution to the
measurement  with  conductor tracks to achieve
thermocouple structures on the tool has been discussed by
Bobzin et al. for CrN/AIN+TiAIN and CrAIN+TiAIN coatings.
Although it is technically possible to measure with this
conductor material, they concluded that the number of
coating processes should be reduced to ensure an
economic application [Bobzin 2021]. The temperature
measurement utilized for this research is also based on two
diamond layers which are deposited in consecutive
chemical vapor deposition processes. Therein, the outer
diamond layer has been doped with boron to create a
semiconductor with p-conductivity and form a thermocouple
with the WCCo-Substrate (overall n-conductivity) of the
cutting tool [Borchardt 2020].

As demonstrated in the state of the art, there have been
many advancements in the machining sector by the
application of cryogenic cooling. The evaluation of the
cooling capacity of different adjustments to the LCO2 supply
has only been studied to a limited extent in real machining
conditions. Furthermore, there have been multiple
investigations into monitoring the cutting temperature
during the process. While vortex tubes have been applied
in machining operations, they are seldom compared to
cryogenic cooling. The research gap described in this study
thus tackles the quantifiable comparison between these
cooling strategies in machining conditions by utilizing a
novel coating structure to achieve a robust temperature
measurement under these circumstances.
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3 EXPERIMENTAL SET UP

The following section will give an overview of the applied
equipment and methods in this investigation. The main
focus is put on the temperature measurement principle
which differs from the ones described in the state of the art.

3.1 Functional coating of the cutting insert

While this novel coating of the cutting insert with the
purpose of measuring the process temperature directly at
the cutting edge also utilizes boron-doped diamond layers
as in Uhlmann et al. and Chen et al. [Uhlmann 2021,
Chen 2023], it does not rely on conductor tracks or a
selective doping process. This simplifies the coating
process as there is no requirement for precisely machined
masks. Fig. 2 gives a schematic overview of the structure
of the indexable insert. The coating structure utilizes the
measurement principle of a thermocouple which is
explained in the upper half of Fig. 2. Therein, two different
electrically conductive materials are connected at the
measuring point. The thermoelectric voltage created by this
material pair is measured at the reference point and added
to a known reference temperature (see thermocouple
below). The two materials in this application are a boron-
doped diamond (BDD) coating and the original cutting insert
consisting of WCCo. Those two materials are separated
and electrically isolated from another by an undoped
diamond coating. The measurement point and the electrical
connection to the data acquisition PC are realized by laser
structuring which enables a high flexibility regarding the
position of the measurement point. A conventional K-type
thermocouple monitors the temperature at the reference
point to take the heating of the cutting insert during the
turning process into account. For this investigation, the
measurement point is located on the rake face just behind
the cutting corner of the coated carbide tool by Sandvik
Coromant of type CNMG 12 04 08-QM H13A. The data
acquisition is performed by a PXle-6341 measurement card
by National Instruments and the data is processed using
LabVIEW software. [Réckelein 2025]

3.2 Testing conditions

All of the following experiments are conducted on a DMG
Mori CLX 350 turning lathe on polypropylene workpieces
with a diameter of dep = 182.5 mm. During the face turning
of the material a diameter in the middle of dwia = 60 mm is
not processed. As the objective of these experiments is to
evaluate the cutting temperature for different cooling
strategies, the cutting parameters are kept constant at a
feed speed of F=0.2mm/rev, a cutting depth of
ap = 0.25 mm and a cutting speed of vc = 250 m/min. These
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Difference of the
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Fig. 2: Schematic depiction of the temperature measurement set up [R6ckelein 2025]
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parameters have been proven to lead to solid results in dry
turning and are therefore applied here. The workpiece
material polypropylene is partially crystalline thermoplastic
polymer with a density of p=0.903 g/cmd. This is
considered the lowest density for all polymers. Its Young's
modulus is described at E = 1450 MPa. Its glass transition
temperature is Te=-10°C, whereas its melting
temperature lies at Tw =163 °C [Arnold 2024]. Between
those temperatures, the polymer remains in an entropy
elastic state [Eyerer 2020]. Polypropylene is usually applied
in the production of foils, pump casings, household
appliances and pipes [Czichos 2012].

There are two different nozzle diameters of dp1 = 0.2 mm
and dpo2=0.3 mm for the cryogenic cooling strategies
available which are both used during the experiments. In an
unaltered state of the LCOz these nozzles lead to flow rates
of mp1 = 5.1 kg/h and mp2 = 11.4 kg/h respectively. On the
one hand, the LCO:2 density and therefore the flow rate can
be increased by pre-cooling. This pre-cooling is performed
by a heat exchanger of type CWP100 by Lindr. A stainless
steel pipe with an inner diameter of dpipe = 1.7 mm is
inserted into the cooling basin filled with V = 8 | of water in
spirals. The pipe length amounts to Ippe =3.20m. In
previous experiments it has been found that a pre-cooling
water temperature below 9c = 12 °C does not significantly
improve the flow behavior. On the other hand, these LCO:
properties can be varied by pressurization. This is achieved
with the inert gas dosing device DSD 500 by Maximator
GmbH and Linde AG. These possibilities lead to various
experiments illustrated in Tab. 1. All the LCO:2 based
experiments are conducted for both nozzle diameters.
Furthermore, the results are compared to a vortex tube
assisted machining with a vortex tube from Saratools. Every
experiment is performed three times to ensure statistical
validation.

Tab. 1: Overview of the experimental plan

) Parameter

Experiment

1 2 3
Nozzle distance apb 2 4 6
(cm)
Nozzle angle B (°) 30 45 60
Pre-cooling
temperature 3¢ (°C) 12 14 16
Pressure level p (bar) 200
Vortex tube nozzle 6.5 95 125

diameter druvr (Mmm)

4 RESULTS

While the parameters nozzle distance, nozzle angle, pre-
cooling temperature and pressure level focus on the
optimization of the LCO2 cooling capacity, the machining
with a vortex tube based cooling serves as an easily
integrable alternative for the machining of soft to cut
materials like polypropylene. It is to be expected that a
smaller nozzle distance, a lower pre-cooling temperature
and a higher pressure level lead to lower process
temperatures. However, the exact influence as well as the
behavior for different nozzle angles need to be quantified.

4.1 Nozzle distance

The nozzle distance is set to ap=2cm, ap=4cm and
ap = 6 cm in this experiment. So far, the nozzle has been
set up at the ap = 2 cm margin for previous experiments.
However, a satisfying cooling effect at larger distances
would simplify the integration into the machine. As the pre-
cooling has been proven to reduce flow rate fluctuations
[Meier 2024], the pre-cooling is set to 9c = 12 °C for this
experiment. The nozzle is fixed at an angle of B = 45°.

As illustrated in Fig. 3, the temperature at the cutting edge
is very low in the beginning of up to T =-100 °C. This can
be attributed to a measurement error, as T = -70 °C would
be realistic for the evaporation of LCO2. Furthermore, the
fluctuation of the data curves signals a need for
improvement. However, for a first estimation of the cooling
effect of each strategy, the accuracy of this measurement
principle is considered adequate. The reference
temperature from the dry turning processes is included with
an average temperature of T = 300 °C. At this temperature,
the polymer chips start to melt and adhere to the workpiece
surface which leads to a deteriorated surface quality. Duet
to the tool movement, a share of chips is also moved to the
outside of the cylindrical workpiece where it the melted
chips stick to the outer surface. This behavior is prevented
by the application of LCO2 cooling.

For the upper half of Fig. 3 which resembles the process
temperature for the smaller nozzle of nozzle diameter
do1 = 0.2 mm, a rising process temperature with increasing
nozzle distance can be detected. The lowest temperature
for a nozzle distance of ap =2 cm is measured at below
T =100 °C. For the larger nozzle diameter in the lower half
of the image, there is no clear difference between the
temperature measurements. It is concluded that a higher
flow rate creates a stronger beam which contains the
cooling effect over a longer distance. While the end
temperature in this process is comparable to that of the
smaller nozzle for ap = 2 cm, this beam behavior simplifies
the set up in the machine as such small distances cannot
be realized for every process setup.
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Fig. 3: Process temperature for different nozzle distances with a) nozzle diameter dp1 = 0,2 mm and b) dpz = 0,3 mm
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Fig. 4: Influence of the nozzle angle for a nozzle distance of ab = 4 cm and a nozzle diameter of do2 = 0.3 mm at a pre-

cooling temperature of 3c =12 °C

4.2 Nozzle angle

Another aspect regarding the feasibility of mounting a
cryogenic supply system into the machine room can be
found in the nozzle angle. Possible effects include a more
intensively cooled tool and workpiece surface for smaller
nozzle angles but also a tendency to deflect the CO2 beam.
Thus, the process temperature is measured in Fig. 4 for the
nozzle angles B =30°, B=45° and B=60°. A larger
variance of nozzle angles is not possible due to other
machine elements such as the tool revolver. The LCO: is
pre-cooled to a temperature of 9c = 14 °C which is also
used to reduce density variations and therefore flow rate
fluctuations between experiment repetitions. With the
objective of enabling a higher variance between the nozzle
angles, the nozzle distance is set to a medium ap =4 cm
with the bigger nozzle diameter of dpz = 0.3 mm.

Fig. 4 clearly shows that there is no decisive difference
between the cutting temperatures for the three investigated
nozzle angles. All three angles result in temperatures
between T =50 °C and T = 100 °C. An exact distribution in
that range cannot be recognized due to the measurement
inaccuracy described before. For a short while at about
t = 20 s, the temperature at angle = 45° is peaking above
the T =100 °C level. This occurs due to a large amount of
hot flow chips collecting on top of the rake face and inducing
additional heat into the measurement system. Apart from
that, it is concluded that the exact nozzle angle in this range
does not matter regarding the cooling performance of the
cryogenic cooling strategy. In theory, this could differ for
smaller or higher angles which could not be discussed in
this experimental set up.

4.3 Pre-cooling of the LCO2
Pre-cooling the LCO2 achieves the objective to increase the
density due to the lower temperature and therefore enabling

a higher flow rate. Thus, a larger amount of the liquid
cryogenic medium can expand at the nozzle exit and should

therefore lead to a higher cooling capacity. The pre-cooling
has also been described to reduce fluctuations in the flow
rate which would otherwise lead to a pulsation of the beam.
However, a pre-cooling temperature of below 9c = 10 °C
leads to the formation of dry ice due to the very high density
which again might partially block the LCOz stream [Meier
2023]. With the aim of finding the maximum cooling
capacity resulting from this parameter, the nozzle distance
is set to ap = 2 cm. The nozzle angle has been proven to
have no influence and is set to § = 45°.

Regarding the process temperature, two effects can be
observed. On the one hand, the larger nozzle diameter
does not achieve a lower cutting temperature by pre-cooling
the LCO2. There is also no recognizable trend for lower
temperatures in this experiment. One reason might be the
low heat generation in the turning of PP so that the
maximum required cooling effect is already met with the
higher flow rate of the larger nozzle without any pre-cooling.
On the other hand, there are visible influences on the
cutting temperature for the application of the smaller nozzle
diameter of do1 = 0.2 mm which are shown in Fig. 5.

The maximum cutting temperature of this set of
experiments is found at Tmax = 200 °C when LCOz2 is not
pre-cooled. The lowest temperature Tmin = 100 °C can in
turn be measured with a pre-cooling temperature of
9c =12 °C. The difference between the individual cooling
temperatures cannot be considered significant based on
this measurement accuracy. Upon further analysis, the
density improvement between these three parameter sets
only amounts to 1.8% which leads to almost the same flow
rates for each of the three variations. Hence, the cooling
capacity and the process temperature only differ slightly
from another. However, every pre-cooling temperature
achieves a lower process temperature compared to an
uncooled state and leads to an improved beam form.
Especially when considering to combine the cryogenic
cooling strategy with minimum quantity lubrication for other
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Fig. 5: Influence of the pre-cooling temperature on the cutting temperature for a nozzle diameter of do1 = 0.2 mm, a nozzle

distance of ap = 2 cm and a nozzle angle of 8 = 45°
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processes, a pre-cooling of the LCO2 is recommended in
order to ensure controlled lubrication of the tool. On the one
hand, the more uniform beam enables a stable direction of
the small oil droplets to the tool. On the other hand, the lack
of pulsation leads to a continuous cooling and lubrication
without reaching short-term critical temperatures.

4.4 Pressurization of the LCO2

Another alternative to increase the density and the flow rate
instead of pre-cooling is pressurization. In this experiment,
the pressure of the LCO:z is increased to p = 200 bar for a
maximum cooling effect. This is the highest pressure level
possible with the inert gas dosing device DSD 500 by
Maximator GmbH and Linde AG. Therein, a single
compressor piston is applied. The results are compared to
the so far maximum cooling capacity with a pre-cooling
temperature of 9c = 12 °C. The nozzle distance and angle
are kept constant atap = 2 cm and B = 45° respectively. For
the smaller nozzle of diameter do1 = 0.2 mm the cutting
temperature in the pressurized state exceeds that of the
pre-cooled condition in Fig. 6. While the pressurized supply
strategy leads to maximum temperatures of T = 150-
200 °C, the pre-cooled temperatures are measured at
T =100 °C as seen before. This is caused by the flow rate
behavior in this set up. The bottom half of Fig. 6 shows the
peaks in flow rate after every single stroke of the inert gas
dosing station. Since the amplitude of those peaks is limited
by the nozzle diameter which acts as a bottleneck and the
frequency of the strokes is quite low, the average flow rate

200

in the pressurized state is beneath that of the pre-cooled
condition.

This bottle neck is removed in the application of the larger
nozzle diameter of doz2 = 0.3 mm. This leads to an increase
in flow rate from an average of ro2=4.35kg/h to
mo.s = 17.7 kg/h with the assistance of a pressurization to
p = 200 bar. In this case, the pressurized flow rate is higher
than the one with pre-cooling at a temperature of
9c =12 °C. This fact leads to a new overall minimum
processing temperature of below T =50°C which is
depicted in Fig. 7.

4.5 Vortex tube

An alternative to this high consumption of the cryogenic
medium and the need for employee safety precautions due
to the evacuation of CO2 from the machine room by air filter
systems is found in the application of vortex tubes. In this
set up, the vortex tube is supplied using the standard
compressed air supply at p = 9 bar. There are further three
nozzles available with a diameter of druvr =6.5 mm,
drrvt = 9.5 mm and drrvr = 12.5 mm. For smaller nozzles,
the cold air swirl inside the vortex tube gets smaller which
leads to a more extensive heat exchange and thus lower
temperatures after the air exits the nozzle. Initial
experiments have also shown that the lowest nozzle
diameter for vortex tubes is also least influenced by
increasing nozzle distances to the tool. Therefore, the
smallest nozzle diameter of druvr = 6.5 mm is chosen for
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Fig. 7: Influence of increase pressure at p = 200 bar for a nozzle diameter of dpo2 = 0.3 mm in comparison with a pre-cooling

temperature of 9c =12 °C
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the comparison with the cryogenic cooling strategy. As the
energy and LCO2 consumption in relation to the cooling
effect is most efficient for the pre-cooling strategy [Meier
2024], this supply method is chosen as a representative for
the cryogenic cooling strategies. The nozzle diameter for
this strategy is set to dp1=0.2 mm and the pre-cooling
temperature to 9c = 12 °C. For both variations the nozzle
distance amounts to ap = 2 cm. The comparison is depicted
in Fig. 8.

Firstly, the temperature appears to be more stable for a
cooling with the vortex tube. However, this is most likely
attributed to a larger disturbing factor of the CO2 stream on
the measurement system and is thus not considered
process related. Secondly, the average process
temperatures are at a similar level of T =60 °C. This
showcases the potential for further applications of vortex
tubes in machining operations. The low initial investment
costs and lack of air extraction systems make vortex tubes
especially attractive for small and medium enterprises.
However, this might behave differently for materials that
generate a higher heat during the process. Furthermore,
the previous results have shown, that cryogenic processes
can lead to lower temperatures through alterations in the
supply system.

5 SUMMARY

In this study, the cooling effect of both various cryogenic
cooling strategies with LCO2 and an application of a vortex
tube are quantified using a structured coating on a cutting
insert which acts as a thermocouple. While the
measurement accuracy and fluctuation show a need for
improvement, multiple conclusions regarding the setup of
the cryogenic supply system can be drawn for the use of
two nozzle diameters:

1. For the machining of polypropylene, the same cutting
temperature can be reached with both nozzle diameters
at a close nozzle distance. As the larger nozzle diameter
leads to almost double the flow rate, this can be an
economic aspect in the application. For larger
distances, the cutting temperature is lower with the
larger nozzle diameter because of the more stable CO2
stream. This can simplify the set up in the machine room
as small nozzle distances cannot be realized for every
process.

2. In a range from 3 =30° to B =60°, the nozzle angle
does not have a significant influence on the cutting
temperature. This also enables a more flexible machine
setup. The results might differ for smaller or larger
angles which could not be investigated in this study.

3. A pre-conditioning by cooling of the LCO2 increases its
density and flow rate and thus decreases the cutting
temperature in comparison to an untreated LCO:
supply. However, a pre-cooling temperature below

9c =16 °C does not significantly reduce the cutting
temperature.

4. Alternatively, the LCO2 can be pressurized to achieve
higher flow rates and a higher cooling capacity. Due to
the compressing process in this study, the smaller
nozzle acts as a bottle neck which actually reduces the
flow rate instead. For the larger nozzle, higher flow rates
are created which lead to an absolute minimum cutting
temperature of below T =50 °C. However, this comes
at the cost of a high CO2 consumption.

5. A possible substitution for the LCO:z is the application of
vortex tubes. While the cutting temperature in the
pressurized condition could not be met, the results are
comparable to those in the pre-cooled condition.
Therefore, the application of vortex tubes presents a
suitable alternative for the machining of soft to cut
materials such as polypropylene.

For upcoming investigations, the temperature
measurement point is moved by laser structuring of the
layers to gain insights into the temperature distribution and
reduce the effect of burr formation. It remains to be seen if
the cooling capacities can be transferred similarly when
other materials are machined. Additionally, further
optimization of the measurement system is required
regarding its robustness for the machining of harder
materials and the resulting thermoelectric voltage.
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