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NUMERICAL INVESTIGATION INTO CONVECTIVE HEAT
TRANSFER COEFFICIENT OF THE GRINDING FLUID USED IN A
DEEP GRINDING PROCESS

Summary

This paper presents a mathematical modelling approach to an investigation into the
grinding temperature and the convective heat transfer coefficient of the grinding fluid using the
computational fluid dynamics approach. The maximum grinding temperature varies from
325 K to 370 K as the grinding depth increases from 0.50 mm to 1.10 mm at 60 m/s wheel
velocity for water as a grinding fluid and 419 K to 619 K for kerosene oil as a grinding fluid.
The convective heat transfer coefficient depends on the density, specific heat, conductivity, and
viscosity of the grinding fluid. It is observed that the value of the convective heat transfer
coefficient increases with an increase in density, specific heat, and conductivity of the grinding
fluid and decreases with an increase in viscosity of the grinding fluid. The convective heat
transfer coefficient for water and kerosene oil is 137,730 W/m?-K and 23,512 W/m?-K,
respectively, at a 76 m/s wheel velocity and 0.50 mm depth of cut.

Key words: computational fluid dynamics (CFD), grinding temperature; convective
heat transfer coefficient; grinding fluid properties

1. Introduction

Researchers are continuously working on improvements to manufacturing processes to
achieve high dimensional accuracy and a high degree of surface smoothness. Grinding is one
of the manufacturing processes in which an abrasive wheel is used to remove fine quantities of
material with high dimensional accuracy so as to achieve a high degree of smoothness of the
workpiece surfaces. In the creep-feed process, the workpiece speed is lower and the grinding
depth is higher in a single pass of the grinding wheel. So, the workpiece speed can be as low as
0.001 m/s, while the grinding depth can be even more than 0.5 mm. However, in conventional
grinding, the work speed is of the order of 0.1 m/s, and the grinding depth is 10 micrometers
[1]. In this process, the energy is directly converted into heat, material deformation, and chip
acceleration; consequently, much heat is generated. Hence, the temperature significantly
increases in the grinding zone, reducing the workpiece surface quality. The high heat generation
in the grinding zone leads to sparks, tempering, burning, and heat checking on the surfaces, and
residual stresses are generated. Therefore, the challenges for the researcher are to get a high
degree of surface smoothness and dimensional accuracy by analysing the thermal aspects during
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the grinding process. Using a grinding fluid is one of the best ways to control the grinding
temperature. Sufficient cooling is necessary in the case of a deep or creep-feed grinding process.
The fluids are used in the machining process for two purposes: cooling and lubricating. These
fluids can be categorized as water-based coolants and oil-based coolants. The selection of a
grinding fluid for a particular grinding process is an important aspect. So, the present study
focused on the study of the performance of water-based and oil-based grinding fluids in the
deep grinding process. The grinding fluids are vital in the convection heat transfer as they
reduce the grinding temperature. There are various factors on which the convective heat transfer
coefficient of the grinding fluid depends.

Jin and Stephenson [2] explained that the coefficient of the convective heat transfer of
grinding fluids is dependent on wheel velocity and increases with wheel velocity. Zhang et al.
[3] explained how convection heat transfer through the grinding fluid can be improved. The
convection heat transfer of the grinding fluid is predominant at higher wheel velocities. Jin and
Stephenson [4] presented a model of transient heat transfer for high-efficiency deep grinding
conditions. It was observed that heat transfer for steady-state conditions is achieved for high-
efficiency deep grinding conditions after achieving a maximum contact length. Zhang et al. [5]
discussed the convection heat transfer through grinding fluids based on the heat transfer theory.
They suggested that by increasing the wheel velocity and decreasing the workpiece speed, the
lubrication effect of the grinding fluid can be obtained.

Peng et al. [6] explained convective cooling in high-speed grinding and suggested that a
high convective heat transfer coefficient of the grinding fluid is identified at high wheel speeds.
Rowe et al. [7] developed thermal modelling using various critical factors to control thermal
damage. It was observed that grinding at high speeds is more beneficial to avoid the bulk
temperature rise because there is a huge reduction in the cycle for high-speed grinding. Liao
and Yanga [8] reported that the grinding fluid flow rate is sufficient to reduce the grinding zone
thermal boundary layer under general grinding conditions. Contact time is large in the case of
creep-feed grinding between grinding fluid and workpiece, resulting in the dissipation of a large
amount of heat. Marios and Lavine [9] reported the dependency of the maximum temperature
on some unknown geometric parameters, such as a fraction of active grains, the grain sharpness,
and the shear plane angle. The maximum temperature decreases as these values increase.
O'Donovan et al. [10] suggested the impingement of the jet to enhance heat transfer through
convection. It was noticed that providing sufficient cooling penetration of the high-speed jet
around the wheel is effective. The distance of a high-speed jet from the grinding zone should
be less for better cooling. Tu et al. [11] investigated the grinding process for cast iron and
observed that the cutting force and residual stresses depend on the wheel speed and depth of
cut. The cutting force and residual stresses are directly proportional to the depth of the cut,
whereas they are inversely proportional to speed. Upadhyaya and Malkin [12] discussed the
energy partition of 3 to 5% for hardened bearing steel, and a 120 grit electroplated cubic boron
nitride (CBN) wheel ground below the burnout temperature. It was observed that the wheel
surface shallow porosity could provide sufficient cooling of the grinding zone of the workpiece.
Schieber et al. [13] presented a model to predict the thermal aspect of profile grinding. The
mechanical load increases directly in the grinding zone in the case of a higher grinding depth
because of a large interaction between the workpiece and abrasive grains. Lin et al. [14] studied
the coefficient of convective heat transfer for the grinding fluid and suggested that this value
decreases as the grinding depth increases. Gupta and Yadav [16] discussed the results of a study
including various parameters that affect the value of temperature in the grinding zone for
different types of steels using the CFD approach and concluded that the maximum grinding
temperature is directly proportional to the grinding depth. Mihic et al. [17] analysed the grinding
model for different parameters of coolants. They discussed how the maximum grinding
temperature varies with different coolant properties, such as specific heat, density, conductivity,
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etc. They explained the variation of wheel velocity at maximum grinding temperature; as the
wheel velocity increases, the maximum grinding temperature decreases. Jamshidi and Budak
[18] developed a thermal model for the grinding process by considering a periodic heat source
for dry and wet grinding. They explained that the grinding force has an oscillating nature and
hence the produced fluctuation causes a discontinuous heat source. This fluctuation heat source
causes an increase in the maximum grinding temperature as compared to the case of a constant
heat source. Gupta and Yadav [19] discussed how grinding temperature affects structural
properties of the workpiece in the deep grinding process. They found that residual stresses and
thermal strain depend on the grinding temperature of the workpiece. As the grinding
temperature increases, these values also increase. Xiao et al. [20] explained that sintered porous
aggregated CBN wheels exhibit lower grinding temperatures and a lower grinding force as
compared to vitrified monocrystalline CBN wheels. Jamshidi and Budak [24] developed a
model to predict the surface burn and its width, considering temperature and time exposure.
They found that metal burn correlated directly with metal oxidation, and they defined the
surface burn in terms of the chemical reaction between oxygen and workpiece material. Ma et
al. [25] combined the grinding force and the temperature model of thermal prediction in the
face gear grinding. The force model was developed using a single-grain model when grinding
fluid was used. The temperature model was developed by considering heat flux and cross-
section area of undeformed chip thickness. Thanedar et al. [26] developed an analytical model
of temperature to predict the grinding burn. They also observed that minimum thermal damage
occurs at higher wheel speeds and lower grinding depths. Zhang and Rowe [27] compared the
thermal model of turbulent flow with the laminar thermal model. They suggested that
temperature can be reasonably predicted by the turbulent flow thermal model within the fluid
boiling temperature limit. Barjesic et al. [31] explained the instability of the grinding process
due to the grinding wheel regeneration. Still, there may be some stable regions even at high
wheel speeds, and they discussed various parameters to avoid chatter vibration. Todic et al. [32]
increased the vanadium content and concluded that hardness decreases slightly, whereas impact
toughness increases significantly. Li et al. [33] proposed a belt heating model for conduction
heating and calculated the formation temperature during preheating. Chen et al. [34] explained
the factors that affect the strength of the cutting edge. These factors are tensile strength, yield
strength, shear strength, hardness, and thermal conductivity of the workpiece material.

The literature review shows that in the case of the grinding process, the main concern is
how to control the grinding temperature. For the deep grinding process, it becomes most
important to control the grinding temperature. Sufficient cooling by a grinding fluid is necessary
in the case of a deep grinding process to avoid burnout situations. Cooling can be enhanced by
convection heat transfer through the grinding fluid. This study aims to explore how convection
heat transfer can be enhanced in the deep grinding process. Enhancing convection heat transfer
through a grinding fluid can restrict the high value of the grinding temperature and thus the
burnout situation. So, the present study focuses on developing a new method for finding the
convective heat transfer coefficient of the grinding fluid and improving the convective heat
transfer coefficient of the grinding fluid. Also, the study focuses on providing information
related to the selection of the fluid with respect to the thermo-physical properties of the grinding
fluid, maximum grinding temperature, and convective heat transfer coefficient of the grinding
fluid. This study is based on the computational fluid dynamics approach, which is one of the
novel ways of finding the convective heat transfer coefficient. This approach allows the
visualisation of the temperature variation on the surface of the workpiece as well as the
estimation of the maximum temperature for different varying properties of the grinding fluid,
which is not easy to achieve experimentally. This analysis also reduces the number of
experiments, costs, and time. Further performance of different types of grinding fluids used in
the deep grinding process is also evaluated.
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So, this paper focuses on the computational fluid dynamics simulation to investigate the
convective heat transfer coefficient of grinding fluids. Various factors are analysed to enhance
the convection heat transfer in the deep grinding process. The mathematical modelling of heat
transfer in the grinding process is performed in the presence of a cooling fluid. The heat transfer
phenomenon is analysed by temperature variation in the grinding zone at different grinding
wheel velocities with variable depths of cuts. The maximum temperature and the convective
heat transfer coefficient are calculated to understand the cooling behavior during grinding.

2. Mathematical modelling

2.1 Momentum equation

The movement of the grinding fluid in the grinding process depends on wheel velocity
and abrasive grain present on the periphery of the wheel. Moving the wheel changes the kinetic
energy when the grinding fluid strikes the wheel, and abrasive grains offer restriction in the
movement of the grinding fluid. For steady and incompressible flow, the equation used to
estimate the flow behaviour can be written as in Eq. (1) [15, 23].

S, = - (ﬁ'vl-Jr C2~p-|v|~vl-j (1)
a

where Si is defined as the source term for the i-th (X, y or z) momentum equation, |v|, o, u and
(> represent the velocity, permeability, fluid viscosity, and inertial resistance factor,
respectively.

2.2 Energy equation
The equation for the energy in the contact zone is written as discussed in the literature as
in Eq. (2) [15, 23].

Ve ((prEp4p)) =V e VT = (ThJ) + @) 1+ S, ¥

2.3 Modelling of heat generation

The grinding zone heat generation is caused by the grains rubbing the workpiece. The
final equation of the generated heat in the grinding zone depends on the velocity ratio, grinding
depth, wheel, workpiece material, and diameter.

The final strength total heat source (¢ ") can be calculated as in Eq. (3) [15].

! 1%
t

where, v is the workpiece velocity, v: is the wheel velocity, Dr is the diameter of the wheel, ‘a’
is the grinding depth, and kv is defined as the specific main grinding resistance, which can be
defined as given in Eq. (4).

Cy

kym = &1 4)

Parameters Ck and €k are given in Table 3 [15].

132 TRANSACTIONS OF FAMENA XLVIII-2 (2024)



Numerical Investigation Into Convective Heat Transfer P. K. Gupta, N.P. Yadav
Coefficient of the Grinding Fluid Used in a Deep Grinding Process

2.4 Modelling of energy partition

The total generated heat in the grinding zone is transferred to the wheel, workpiece, fluid,
and chip as given in Eq. (5) [21].

q'=q,+ 9.+ 9 mia T Denip (5)
The portion of heat flux ¢q,,, can be expressed as given in Eq. (6) [21].

qﬂuid = hﬂuid ’ Tmax (6)

The portion of heat flux ¢,, transferred to the workpiece can be expressed as given in Eq. (7) [21].

ﬂw VP
=Lw. | P.T 7
qW C l max ( )

C

where, fw can be expressed as given in Eq. (8).

B, = Jlpe ®)

where k, ¢ and p represent the conductivity, specific heat and density of the workpiece,
respectively. C is the constant that depends upon the Peclet number. Its value is 1 for
conventional grinding and less than 1 for the deep grinding process [21]. The contact length /.
depends on the grinding depth and effective diameter of the wheel, and for a deep cut, it can be
expressed as given in Eq. (9).

l.=.\la-D 9)

c e

The portion of heat flux g, transferred in the grinding wheel is given in Eq. (10) [21].

(10)

kg
s =49w— 17—
ﬂw\]ravt

where kg is defined as the conductivity of abrasive grains, vr represents the wheel velocity, and
ro represents the effective radius of contact of abrasive grains. Its value may be taken as
10 microns for a reasonably sharp wheel [21]. For the heat partitioning model, CBN is used as
abrasive grain with properties given in Table 4 [21]. The porosity of the wheel is taken as 0.50,
as suggested by Mihic et al. [15].

The portion of heat flux transferred to the chip can be calculated by Eq. (11) as suggested by
Row et al. [21], where Tchnip is the material melting temperature.

p-c-a-v
qchip = (l—p] 'T;:hip (l 1)

Cc

The portion of heat transfer through the grinding fluid depends on the type of grinding fluid.
Hence, the convective heat transfer coefficient can be expressed as in Eq. (12).

hﬂuid ’ T:nax =q = (qw + qs + qchip) (12)
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3. Numerical simulation

3.1 Geometrical specification

The flow domain of the process is defined as a rotating grinding wheel, a grinding zone,
an upper layer of the workpiece, a shield, and a nozzle (circular cross section) as the inlet of the
grinding fluid. In this study, the geometrical specifications are as follows: the workpiece area
is 0.580 m x 0.150 m, the wheel diameter is 0.340 m, the area of the grinding zone is
0.05 m x 0.030 m, the shield radius is 0.180 m, the grinding depth is taken as 1 mm, the nozzle
diameter is 5 mm and the width of the wheel is taken as 0.050 m. The geometry of the grinding
process and the meshed geometry used for the simulation and the positioning of the grinding
zone are shown in Fig. 1.

¥ AT X= 0, Central position of
X=-0.4 m, opposite side of grinding zone; srewof grinding

nozzle zone=0.03m x 0.05m

X=02m,
nozzle side

(c)
Fig. 1 (a) Grinding process geometry (b) Geometry with meshing (c) Workpiece

3.2 Boundary conditions

The study deals with a CFD approach to the thermal analysis of the grinding process. The
grinding process deals with fluid movement, energy generation, and transfer. The grinding fluid
comes from the inlet and strikes the grinding zone. The grinding region is a contact region
where heat is generated. The rotating grinding wheel rotates in a clockwise direction. The
parameters used in this analysis are given in Table 1. The inlet is assigned the inlet velocity of
the grinding fluid. In this analysis, water and kerosene oil are used as grinding fluids. A CBN
wheel is used as abrasive material. The properties of the grinding fluids and parameters of the
CBN wheel are given in Table 2. The grinding zone is assumed to be a porous zone with a
porosity of 0.5. The heat input is provided in the grinding zone. The heat input value is estimated
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from the heat generation model and it depends on various manufacturing parameters, such as
wheel velocity, workpiece velocity, grinding depth, diameter of the wheel, and workpiece
material. Aluminium is used as a workpiece material. The parameters for finding the specific
main grinding resistance for materials are given in Table 3. Initial conditions are taken as
atmospheric. The maximum grinding temperature is evaluated applying the CFD approach, and
the convective heat transfer coefficient can be estimated by using the energy partition model.
A detailed schematic of the grinding process is given in Fig. 2.

Fig. 2 Schematic and boundaries of grinding process

3.3 Numerical model

The simulation is performed by the Ansys Inc. FLUENT 19.0 R3 software. The major
assumptions in the analysis are the pressure-based steady-state flow, the absolute velocity
formulation, and the turbulent flow behaviour. The second-order upwind is used for
momentum, pressure, Reynolds stress, energy, turbulent kinetic energy, and dissipation rate.
The coupled scheme is used. The Reynolds stress model is used for turbulence flow. The
convergence criteria are set as 107 for energy and 107 for other quantities, as recommended in
literature [15, 23].

Table 1 Parameters of the study

Parameters Simulation specification
Wheel velocity 60, 68, 76 m/sec
Grinding fluid velocity 20 m/sec
Workpiece velocity 1 mm/sec
Grinding depth 0.50, 0.70, 0.90, 1.10 mm
Grinding fluid kerosene, water
Workpiece aluminium
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Table 2 Properties of grinding fluid [23] and properties of abrasive grains CBN [21]

Kerosene oil Water CBN
Specific heat (J/kgK) 2,090 4,182 506
Density (kg/m?) 780 998.2 3,480
Viscosity (kg/m-sec) 0.0024 0.00103 -
Conductivity (W/m-K) 0.149 0.6 240
Table 3 Materials parameters Cy and € [15].
Ck &k
Carbon steel 1.936-108 6.1
Brass 0.9-108 6.8
Aluminium 1.92-10% 8

4. Grid independency test and model validation

4.1 The grid independency test

The grid independency test is performed to obtain an optimum number of mesh elements.
An unstructured tetrahedron mesh is selected for the present study. The study is performed for
five different numbers of elements, as shown in Fig. 3. Parameters for the grid independence
test and validation are taken from literature [15] as follows: wheel velocity is 20.4 m/s, inlet
velocity of the grinding fluid (water) is 15.5 m/s, grinding depth is 1 mm and energy input
(W/mm?) parameters are taken as 2, 4, 6, and 8. Therefore, the optimum number of elements,
520,473, was used for further study as per the grid independence test.

— 90
= e W0, of elem ents=1035546
w 80
| .
3
® 70 e W . of elements= 583187
g
E 60 No. of elements= 520473
': 50
'a w0, of elements = 433509
ey 40
&
E a0 4 w0, of elements = 383832
E 20 -
E
'E 10
2
0 T T T T T T
U 2 4 5] 3 10 12

Heat input [w/mm?]

Fig. 3 Grid independence test

4.2 Model validation

The validation of the model is shown in Fig. 4 by comparing the maximum temperature
change as discussed by Mihic et al. [15]. A one percent deviation of the present observations
from the observations by Mihic at al. is found.
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Fig. 4 Comparison of present results and results by Mihic et al. [15] for water as grinding fluid
with inlet velocity 15.5 m/s

5. Result and discussion

5.1 Effect on grinding temperature at different wheel velocities and grinding depths

The numerical simulation is done for the temperature at various wheel velocities and
grinding depths on an aluminium workpiece. Fig. 5 represents the variation of temperature on
the workpiece surface in the grinding zone for constant wheel velocities at various depths of
cut for water and kerosene oil as grinding fluids. In the case of water as a grinding fluid, as the
grinding depth increases from 0.50 to 1.10 mm, the grinding temperature varies from 325 K to
370 K for a wheel velocity of 60 m/s, from 319K to 357 K for a wheel velocity of 68 m/s, and
from 316 K to 347 K for a wheel velocity of 76 m/s. The temperature increases with the
increasing grinding depth because the heat zone was increased. For kerosene oil, as the grinding
depth varies from 0.50 to 1.10 mm, the temperature varies from 419 K to 619 K for a wheel
velocity of 60 m/s, from 389K to 570 K for a wheel velocity of 68 m/s, and from 373 K to
509 K for a wheel velocity of 76 m/s. The temperature increases with the increasing grinding
depth because the heat zone was increased. Hence, a further increase in temperature in the
grinding zone took place; a similar trend for the workpiece temperature with depths of cut is
observed at wheel velocities of 68 and 76 m/s for kerosene oil as grinding fluid.

The maximum grinding temperature for various cases can be represented by varying
wheel velocities and grinding depths as shown in Fig. 6. The maximum grinding temperature
decreases with increases in the wheel velocity because as the wheel velocity increases, the
cutting time decreases; hence, the total strength of heat flux decreases. Fig. 7 represents the
temperature distribution in the workpiece when water and kerosene oil are used as grinding
fluids for wheel velocities of 60 m/s, 68 m/s, and 76 m/s, and a grinding depth of 1.10 mm. As
the wheel velocity increases, the grinding temperature decreases. Mihic et al. [17] and Li et al.
[22] also found that as the wheel velocity increases, the maximum grinding temperature
decreases. Lavine and Jen [1] discussed the direct relation between the velocity ratio (wheel
velocity to workpiece velocity) and non-dimensional temperature. Thanedar et al. [26] also
observed that minimum thermal damage occurs at higher wheel speed and lower grinding
depths. Gviniashvili et al. [29] suggested that increasing the wheel speed helps in increasing
the useful flow rate. The high value of the useful flow rate prevents the excessive grinding
temperature [30].
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Fig. 6 Maximum grinding temperatures (K) for different grinding depths and wheel velocities

using different grinding fluids
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Fig. 7 Grinding temperature (K) distribution in workpiece at 1.10 mm grinding depth and
wheel velocities (a) 60 m/s (b) 68 m/s (c) 76 m/s for different grinding fluids

5.2 Effect of grinding depth and wheel velocity on the coefficient of convective heat transfer
of different types of grinding fluid

Fig. 8 represents the variation of the convective heat transfer coefficient of both grinding
fluids for different wheel velocities and grinding depths. The convective heat transfer
coefficient varies from 105,364 W/m?K to 114,008 W/m?K for 60 m/s wheel velocity when the
grinding depth decreases from 1.10 mm to 0.50 mm for water as grinding fluid. Similarly, for
68 m/s wheel velocity, the increase in the convective heat transfer coefficient is from
116,451 W/m?K to 126,004 W/m?K, and for 76 m/s wheel velocity, it varies from
127,288 W/m?K to 137,730 W/m?K as the grinding depth decreases from 1.10 mm to 0.50 mm
for the case of water as grinding fluid. The convective heat transfer coefficient increases as the
grinding depth decreases from 1.10 mm to 0.50 mm. The convective heat transfer coefficient
of the grinding fluid also increases as the wheel velocity increases. The convective heat transfer
coefficient varies from 17,985 W/m?K to 19,461 W/m?K for 60 m/s wheel velocity when the
grinding depth decreases from 1.10 mm to 0.50 mm for kerosene oil as grinding fluid. Similarly,
for 68 m/s wheel velocity, the increase in the convective heat transfer coefficient is from
19,879 W/m’K to 21,510 W/m?K, and for 76 m/s wheel velocity, it varies from 21,729 W/m*K
to 23,512 W/m?K as the grinding depth varies from 1.10 mm to 0.50 mm for kerosene oil. The
convective heat transfer coefficient increases by approximately 20% when the wheel velocity
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increases from 60 m/s to 76 m/s. Jin and Stephenson [2] also explained that the coefficient of
convective heat transfer of grinding fluids depends on wheel velocity and increases with wheel
velocity.

160000 ~—Water, Wheel velocity-60 m/s 30000 - —Kerosene, Wheel velocity-60 m/s
154000 —Water, wheel velocity- 68 m/s 28000 —Kerosene, wheel velocity- 68 m/s
148000 Water, wheel velocity- 76 m/s 26000 Kerosene, wheel velocity- 76 m/s

o= 142000 o= 24000

136000 22000
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18000 \
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= 112000 ‘h‘"‘ﬁh""-h'“"**--.h.‘__5_5__~‘___-___-_-__‘_
: 106000
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Grinding depth(mm) Grinding depth(mm)
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12000
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Fig. 8 Variation of convective heat transfer coefficient for different grinding depths and
wheel velocities for water and kerosene oil as grinding fluids

5.3 Effect of various properties of the grinding fluid on the convection heat transfer
coefficient

The effect of various properties of the grinding fluid on the convective heat transfer
coefficient is studied by varying one property, and the remaining properties of kerosene are
taken as given in Table 2. Fig. 9 represents the variation of the convection heat transfer
coefficient of the grinding fluid for varying values of density, specific heat, viscosity, and
conductivity of the grinding fluid. It is observed that there is an increase in the convection heat
transfer coefficient of the grinding fluid with increases in the density of the grinding fluid. The
value of the convective heat transfer coefficient increases from 16,872 W/m?K to
20,167 W/m?K for 60 m/s wheel velocity, from 18,646 W/m?K to 22,290 W/m?K for 68 m/s
wheel velocity, and from 20,381 W/m?’K to 24,365 W/m?K for 76 m/s wheel velocity when the
density of the grinding fluid varies from 720 Kg/m® to 900 Kg/m?>. The convective heat transfer
coefficient increases by 19.5 % when density is increased from 720 Kg/m® to 900 Kg/m>. The
convection heat transfer coefficient of the grinding fluid increases with increases in the specific
heat of the grinding fluid. The value of the convection heat transfer coefficient increases from
17,840 W/m?K to 18,267 W/m?K for 60 m/s wheel velocity, from 19,719 W/m?K to
20,191 W/m’K for 68 m/s wheel velocity, and from 21,555 W/m?K to 22,070 W/m?K for 76 m/s
wheel velocity when the specific heat of the grinding fluid varies from 2,040 J/Kg-K to
2,190 J/Kg-K. There is a very slight change in the convection heat transfer coefficient occurring
with changes in the specific heat of the grinding fluid. It is observed that, as the value of
viscosity increases, the value of the convection heat transfer coefficient decreases. The value
of the convection heat transfer coefficient decreases from 24,854 W/m?K to 16,206 W/m?K for
60 m/s wheel velocity, from 27,472 W/m’K to 17,913 W/m’K for 68 m/s, and from

140 TRANSACTIONS OF FAMENA XLVIII-2 (2024)



Numerical Investigation Into Convective Heat Transfer P. K. Gupta, N.P. Yadav
Coefficient of the Grinding Fluid Used in a Deep Grinding Process

30,028 W/m?K to 19,580 W/m?K for 76 m/s wheel velocity when the viscosity of the grinding
fluid increases from 0.0012 Kg/m-sec to 0.0030 Kg/m-sec. There is approximately a 34%
decrease in the value of the convective heat transfer coefficient observed when viscosity
increases in this range. The value of the convection heat transfer coefficient increases as the
value of the conductivity of the grinding fluid increases. The value of the convective heat
transfer coefficient increases from 13,694 W/m?K to 25,327 W/m?K for 60 m/s wheel velocity,
from 15,137 W/m?K to 27,995 W/m?K for 68 m/s wheel velocity, and from 16,545 W/m?K to
30,600 W/m?K for 76 m/s wheel velocity when conductivity increases from 0.099 W/m-K to
0.249 W/m-K. Zhang et al. [3] also found a similar behaviour of the convective heat transfer
coefficient with properties of fluids in the case of the conventional grinding process.
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Fig. 9 Effect of grinding fluid properties on convective heat transfer coefficient of grinding fluid

It is observed that a grinding fluid that has high specific heat, density, conductivity, and
lower viscosity can perform as a better coolant because of the improvement in the convective
heat transfer coefficient. As shown in this study, water can be a better coolant as compared to
kerosene oil because it has higher specific heat, density, conductivity, and lower viscosity than
kerosene oil. Hence, in the deep grinding process, water can perform better because of better
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cooling properties. Ye and Pearce [28] also reported that oil-based coolants are suitable for
conventional grinding processes where the grinding depth is smaller, but a water-based fluid is
more suitable for deep grinding processes. This is because of lower horizontal forces in the case
of oil-based coolant as compared with water. However, there are larger vertical forces in the
case of oil-based coolant when compared with water, and workpiece burn can occur on the
workpiece ground with an oil-based coolant. Ye and Pearce [28] also concluded that oil can
give better profile retention and surface finish. However, burn in workpiece is more likely to
occur with oil. A similar behaviour is observed in this study.

6. Conclusion

This paper attempts to investigate the convective heat transfer coefficient of the grinding
fluid. Firstly, the maximum grinding temperature is evaluated by applying the CFD approach,
and the convective heat transfer coefficient can be estimated by using the energy partition
model. The main conclusions can be expressed as follows:

(1) The maximum grinding temperature depends on various manufacturing parameters
of the grinding process, such as grinding depth and wheel velocity. The maximum
grinding temperature varies from 325K to 370 K for the grinding depth of 0.50 to
1.10 mm at 60 m/s wheel velocity and water as grinding fluid, while in the case of
kerosene oil, it varies from 419 K to 619 K for the same conditions. Hence, the
maximum grinding temperature increases with an increase in grinding depth.

(2) The best way to reduce the grinding temperature in a deep grinding process is to
use an appropriate grinding fluid. In the deep grinding process, the maximum
grinding temperature can be reduced by increasing the convective heat transfer
through the grinding fluid.

(3) TItisalso observed that the value of the convective heat transfer coefficient increases
with an increase in wheel velocity and decreases with an increase in grinding depth.

(4) The convective heat transfer coefficient of the grinding fluid can be improved by
increasing wheel velocity. It is observed that there is approximately a 20% increase
in the convective heat transfer coefficient when wheel velocity increases by 60 m/s
to 76 m/s.

(5) The convective heat transfer coefficient of the grinding fluid also depends on the
thermo-physical properties of the grinding fluid. The value of the convective heat
transfer coefficient of the grinding fluids increases with an increase in specific heat,
density, and conductivity, and decreases with an increase in viscosity.

(6) These properties are important in the case of a deep grinding process to enhance the
convective heat transfer through the grinding fluid. So, a grinding fluid that has
high density, specific heat, conductivity, and low viscosity is preferred to be used
in the deep grinding process, which means that for deep grinding processes, water-
based grinding fluid is preferred.
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