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High-speed machining has emerged as a contemporary technique
for manufacturing automotive parts. Accelerating the production
process through milling with nano-fluid cooling via an inter-tool
channel introduces a novel method to enhance both the durability
and the quality of milling operations. This study examines the
application of nano-fluids based on nano-diamonds, water-
ethylene glycol, and water-propylene glycol in the intercooling
systems of milling tools for automotive part production, Through
COMSOL simulation, the results reveal that adding 5% nanofluid
enhances the heat transfer coefficient by over 13%. Enhancing the
concentration of nanofluid improves heat transfer efficiency,
leading to a more rapid reduction in fluid temperature.
Specifically, nanodiamond-based nano-fluids yield a 2% increase
in the heat transfer coefficient, while ethylene glycol-based and
water-propylene glycol-based nano-fluids achieve an 8%
improvement. Among the tested options, propylene glycol-based
fluids emerge as the optimal choice for tool cooling. By reducing
the temperature in the machining zone significantly, these fluids
effectively enhance the service life of cutting tools.
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EXTENDED ABSTRACT

Introduction

In general, cutting fluids have at least three main tasks, i.e. cooling, lubricating (reducing
friction) and reducing the cutting resistance of the work piece. Previous researches focused
on the number and shape of the cooling channels. In this article, the simulation of a milling
tool for high volume production of car parts with a reciprocating channel of nanofluid
coolant has been done. Three methods of dry cooling, emulsion and semi-dry cooling have
been compared with each other supposing three main variables of milling, i.e. cutting speed,
feed speed and depth of cut.

Methodology
In this research, the problem is a two-dimensional channel according to Figure 1 and it

consists of different parts such as the beginning and end parts (with a wall without waves
and completely flat), the middle part (which is wavy with wavelengths according to Table 1)
and the end part (which is flat). The initial geometry of the investigated channel is similar to

the geometry used in reference [37].
Table 1: Geometrical parameters of the
investigated channel

L
‘ I Geometrical Parameter Value
(mm)

%{: Channel Length 212

L ‘ Channel Opening 20

Channel Entrance and Exit 40
Length
. . . . Length from Channel Entrance
Figure 1: Geometry lnv?stlgated for validation gio Exit of Wavy Zone 172
of the solution method
Wave Domain 5

Channel Wave Length 22
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Figure 2: Comparison of the results for Figure 3: Independence results from the
validation computing network

In order to validate the numerical method used in this research, fluid flow with a Prandtl
number of 6.93 in a wavy channel with o = 0.3 with a Reynolds number from 100 to 700 in
awavy channel with o = 0.5 is simulated and the results obtained with Laboratory data [37]
have been compared. Figure 2 shows the comparison of the results, as it can be seen that the
comparison of the average Nusselt number obtained from this simulation is in good
agreement with the Nusselt number reported by reference [37]. In order to ensure the
meshing, six meshes with the number of cells of 28,000, 33,000, 4,000, 42,000, 45,000 and
52,000 cells have been used. Results are given for average heat transfer denoted by Q. As
shown in Figure 3, the results remain almost unchanged for cell numbers of 33,000 and
above; Therefore, in order to reduce the cost of calculations, this grid (33000 cells) has been
used during the simulation. It is added that checking the independence of results from the
meshing has been done for Prandtl and Reynolds numbers of order 6.93 and 1600, as well
as, o, A and 0 equal to 0.3, 2.2 and =, respectively.

Results and discussion

As can be seen in Figures 7-9, the use of nanofluid increases the viscosity and the heat
transfer coefficient. As can be seen in Figure 10, due to the increase in viscosity, heat transfer
coefficient and density of propylene glycol fluid, the best heat transfer rate is obtained,
which can be used as a suitable working fluid. Comparing the speed distribution contours
in Figure 11, it can be seen that with the increase in the percentage of nanoparticles due to
the change in the physical properties of the flow, the flow speed has increased and as a result,
the heat transfer rate has decreased. Figure 12 represents that when nanoparticles are
applied, the temperature distribution is completely changed. Contrary to what was
expected, when using this sample of nanofluids, the temperature decreased, so more time is
needed for heat transfer Figure (13).



Journal of National University of Skill Spring 2025, Vol. 23, No. 1, p. 31-53

e = 2o

3 . —A—— Water £ G.CuO-5% ‘¥ & Waterpg CuO=5%
msf — W s T3 WawEG.ceo-3t b ¥ Warpp om0
T3 Ve — Wam £ Cuorlee N
k> by, ms e gy ms i Sz s j&r’T:S -
Figure 7 Comparison of temperature Figure 8 Comparison of temperature . . .
distribution for water and water/CuO distribution for water and water/EG/CuO F'?g:evfati??ﬁ;”vj;w;ggﬁgﬁlgfk?f“f'm
working fluid working fluid 9
sl
E o PG \ \
PEPEE e St — Lk
/v'/"'< R 3 '
-
3% -‘/ ———— Water-CuO~8%
T L - WawrEGCa0%
—— ¥ — Water PG.CuO=5%
nsf ; e : Fl
B 0 B oo
e sy ms
Figure 10 Comparison of temperature
distribution for working fluid Figure 11(a) Velocity distribution contour Figure 11 (b) Velocity distribution contot
water/EG/CuO 5%, water/PG/CuO 5% Nanoparticles=0 Nanoparticles=0.1%
and water/CuO 8%
— . . 0t
e - w wy
\ I |6 m
™~ I =3 ® i h El
—~r—t ! ] k]
- ﬁ t .
Y | kil
_ g X! 1]
] -0
Figure 11 (c) Velocity distribution Figure 12 (a) Temperature distribution Figure 12 (b) Temperature distribution conts
contour Nanoparticles=0.3% contours Nanoparticles=0 Nanoparticles=0.1%
-
F
g E 0% ranofhid
= 298]
26
% I =3 e z
Time, ms
Figure 12 (c) Temperature distribution contours nanoparticles=0.3% Figure 13 Temperature distribution for different times

Conclusion

The use of water/ethylene glycol and water/propylene glycol nanofluids has a more
noticeable effect on heat transfer. The use of 5% nanofluid increases the viscosity more than
3 times and the heat transfer coefficient increases more than 13%. Therefore, it can be
stated that the use of nanofluid has caused more heat absorption in the wall, because in
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addition to more opportunity for heat transfer due to increased viscosity, increasing the heat
capacity of the working fluid with the increase of nanofluid will also help in this matter. With
the increase in the percentage of nanofluid, due to the increase in the heat transfer
coefficient, the temperature increases faster, which indicates the increase in the amount of
heat transfer to the working fluid, with the increase in the percentage of nanofluid. This is
also true for the working fluid based on propylene glycol because it increases the heat
transfer time. With the increase in the percentage of nanofluid, the viscosity increases and
the resistance factor against the flow causes its speed to decrease, and finally the
opportunity for heat transfer will increase.
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