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Abstract. When grinding with metal-working process fluid,hant layer of inhibited liquid is
formed between the component and the grinding winegér the action of viscous forces. This
can be defined as a hydrodynamic boundary layer trermal boundary layer. In this work,
the thickness of the layers is studied dependinghenviscosity of the fluid, inertia forces,
velocity and pressure of the flow; also the causksheir occurrence are identified. It is
established that under turbulent flow, the visgositthe flow and the diffusion rate are much
higher than in laminar flow, which also affects hemission. Calculation of heat transfer in a
single-phase chemically homogeneous medium of peodEuids has shown that their
properties, such as viscosity, thermal conductivitynsity and heat capacity are of primary
importance. The results of experimental studiesheke characteristics are presented. When
determining the heat transfer coefficient, funcéibcorrelations between the physical variables
of the process fluid and the change in time andesave been established. As a result of the
studies carried out to determine the heat trartsfefficient of a plate immersed in the process
fluid, it is established that the intensificatiof the cooling process of the treated surface
immersed in the coolant is more intense than witteomethods of coolant supplying. An
increase in the pulsation rate of the processdidjow and the length of the flow displacement
path leads to an increase in the heat transfeficieet of the treated surface and a decrease in
the temperature that arises during grinding.

1. Introduction

The process of heat transfer between the compauefsice and the flow of the process fluid is carie
out jointly by convection and thermal conductivitlpe to the simultaneous action of molecular
conduction with macroparticles that are mixed maing medium [1-8].

2. Methods
When liquid particles come into contact with theated surface, a thin layer of an inhibited liquid,
called as the hydrodynamic boundary layer, is farnsmder the action of viscous forces. The
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thickness of this laye$ depends on the fluid viscosity, the inertia fore@sl is independent of the

Uyl . N , , .
flow pressure. If Reynolds numbiee= -2, characterizing the inertia, and viscosity corielais Re
vV

<< 1, therv/ | >> 1, the liquid viscosity has the greatest inficee on the boundary layer thickness.

The liquid layer at the treated surface, in whioh temperature varies from the surface temperature
of the component to the liquid temperature far fithwn treated surface, is called the thermal boyndar
layer. Thickness k of this layer depends on thegss fluid flow rate. The flow in the boundary Iaye
can be either laminar or turbulent.

The turbulent flow consists of a regular flow désed by the averaged values of the velocities and
the instantaneous velocity chaotic pulsation floupesimposed on it.When the velocity rises,
mechanical energy is transferred. If there is apemature difference in the flow, the velocity
pulsations lead to a heat transfer, resulting mpkerature pulsations. The temperature at a certain
fixed point of the turbulent flow fluctuates abaut average time value t. Thus, the turbulent flow i

nonstationary process, but if averaged over timecity and temperaturé and t do not change, then
such motion and heat transfer associated with rit loa regarded as stationary (quasi-stationary)
processes.

In turbulent flow, the flow viscosity and the diffion rate are much higher than in laminar flow,
which also affects heat emission. Thus, on thegs®ed plate with a laminar hydrodynamic boundary

layer, heat transfer coefficiemt v °°, whereas with the turbulent oneg £ v°®, when transitioning

from a laminar flow regime to a turbulent oneg-00 v**. Therefore, it is desirable to obtain a
turbulent or transition flow regime to increase tieat transfer coefficient. At the same time, &s th
flow rate increases, the energy expenditure oncaweing the hydraulic resistance raises.

Such properties as viscosity, thermal conductivitgnsity and heat capacity are of primary
importanceforcalculation of heat transfer in a ErAghase chemically homogeneous medium of
process liquids.

Molecules of liquids perform periodic oscillatoryorements with a varying period of oscillation.
Furthermore, each molecule is within the rangetloéilomolecules, so it moves relatively slowly ie th
fluid. The thermal conductivity of liquids is cauksboth by the transfer of energy via the collisain
molecules with each other, and by diffusing molesutransferring it. A necessary condition for
thermal conductivity procesi)/dT is the presence of temperature gradatfaly in the liquid [9-25]:

dQ_ n
dar dy
Thermal conductivity coefficierit in equation (1) characterizes the ability of aiiijto transfer
heat and depends on the type of liquid, temperatnidepressure (Fig. 1, a).
The resulting temperature fields can have a sicpnifi effect on heat transfer and fluid flow. Thus,
at low velocities, the phenomenon of a sharp dermssiatification of a fluid leads to a slowing &$ i

mixing and can cause complete attenuation of terimd. The intercorrelation between fluid density
and temperature is characterized by thevolumetpamsion coefficient:

d dt
Q__,d 2
dT dy
The results of research of the dependence of theitgeon temperature in various fluids are shown
in Fig. 1, b.
The heat capacity is determined by the amounterhihl energy necessary to heat the liquid mass
1 kg per 1 K at constant pressure:

-4Q
cp—A_I_. (3)

The results of the change in the heat capacitynbus liquids at constant flow pressure depending
on temperature are shown in Fig. 1, c.
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Figure 1. Dependence of a) thermal conductivity coefficidntdensity, c) heat capacity, d) viscosity
of various liquids on the temperature: 1 — water, aqueous emulsions, 3 — hydrocarbon process
fluids, 4 — oil-water emulsions

The heat transfer process in the boundary layen fthe treated surface to the liquid heat-
transferring agents has a stabilizing effect duetht® viscosity of the process fluid, which is
characterized by the degree of particle mobilitd depends on the temperature (Fig. 1, d). Viscosity
determines the hydrodynamic and thermal charatiterisf liquids. A high viscosity under other
similar conditions gives a lower Reynolds numbeg.ican lead to the transition of the flow regime
from turbulent to laminar one. The greater theitiquiscosity, the greater the velocity at which the
flow regime changes, and in viscous liquids thevffemains laminar at significant velocity.

Thus, with convective heat transfer there is aeclosrrelation between the temperature and
velocity fields. On the one hand, in the flow diquid, the temperature field depends on the vé&joci
field and its changes. On the other hand, withnaprature change, the viscosity and other physical
properties of the liquid vary substantially, whitduses a change in the velocity field.

When calculating the heat transfer coefficientjraethsional method or similitude method is used
to determine the correlation between dimensiondesaps, called similarity numbers (criteria) which
characterize the entire process of convective traasfer. If the similarity criteria made up of the
gquantities entering single-valuedness conditioessamilar, then the phenomena are similar. Single-
valuedness conditions distinguish the entire prodemn other qualitatively identical processes and
consist of geometric conditions, physical condsionnitial and boundary conditions which
characterize the course of the process at the lao@sdof the liquid medium and the surface being
treated. This proposition is of great importancetle modeling of convective transfer during
mechanical operation of components [26-27].

In most cases, some physical parameters are \esianld dependent on other variables. When
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determining the heat transfercoefficient, it is essary to establish a functional correlation betwee
the physical variables of the process fluid, whiahy in time and space.

The most important heat transfer characteristithes Prandtl number, which characterizes the
process fluid thermophysical properties:

pr=Y =t @)

a A
wherev is the kinematic viscosity coefficient,?s; a - the thermal diffusivity coefficient, fts; A -
thermal conductivity coefficient, W/(m - Kg;, is the specific isobaric heat capacity, J/(kg : Kis
the dynamic viscosity coefficient, Pa-s.

In the physical sense, Pr is a measure of temperand velocity fields’ similarity. When Pr = 1,
l.e. if v = a, the fields of temperature and velocity areilsr. Consequently, for a forced convective
flow, the Prandtl number reflects the correlatiéthe temperature and hydrodynamic boundary layers
thickness:

JT -0.5
—L equal Pr™°. 5
3 eq %)

wheredr is the thickness of the thermal boundary laye m®;the thickness of the hydrodynamic
boundary layer, m.

In liquids, the Prandtl numbers are greater tham ea the hydrodynamic boundary layer is thicker
than the temperature layer, and in various oililguhe Prandtl numbers reach tens of thousands, so
the temperature boundary layer is located in eoussublayer.

The Prandtl number of liquids varies in a very widege and is distinguished by an explicit
temperature dependence (Figure 2). Viscosity isotllg physical parameter included in the Prandtl
number that depends on the temperature, therdferedture of the change in Pr with the temperature
is similar to the change in viscosity (Fig. 3).
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Figure 2. The Prnumber of different liquids: 1 Figure 3. Dependence of kinematic viscosity
— water, 2 — aqueous emulsions, 3 — and Prandtl number for water on temperature
hydrocarbon process fluids, 4 — oil-water
emulsions

When calculating the heat transfer coefficient, Musselt number is used:

all
N, = ) (6
wherel is the geometric parameter of the material benoggssed.
With free convection, the Nusselt number is a fiomcof the Prandtl and Reynolds numbers

N, =f(P,PR); 7)

or in the expanded form for the heat transfer cciefit, this dependence for a flat surface face
grinding has the form:
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When wedge-shaped bodies transferring heat, theditugiterion in dimensionless form is:
_ o568+ 02)"
Nu = 056 —-5—

— ﬁ R e0,5 Pr0333+ 00678- 002632 ; (9)
heat transfer coefficient is:
_ A0 ,56( ﬁ + 0,2)0.1 Pr0333+ 0067p3- 0026432 v, (10)

a= A U,
J2-p\vx” J2-5

where x is the linear dimension of the treatedaxaf

Equation (10) gives the dynamics of the heat temsbefficient change on the surface of wedge-
shaped objects depending on their wedge ghgle

The thermophysical properties of the metal-workipgpcess fluid affect the heat transfer
coefficient in different ways.With an increase fretmal conductivityh, heat transfer coefficient
increases in proportion. The heat transfer coefficisharply decreases with increasing of fluid
kinematic viscosity and the thermal diffusivity coefficient a.

The Staton number - St - can also be expressedghithe Nusselt number Nu:

vix'

g = Nu _a ' (11)
RePr  pc v,
or in an explicit form:
0.5¢;

(12)

TR 125,/05¢, (Pr-1)

In practical use of the similarity criteria, it iscommended for Pto take the temperature of the
liquid far from body ¢4, for Pr, to take the temperature of the treated surfagdds.it is recommended
to select the coordinate, which is accounted fomfrthe beginning of the heat transfer section,
determining linear dimension. Recommendations Fe éffect of the liquids physical properties
variability on heat emission are shown graphicailizig. 4.
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Figure 4. Influence of the dropping liquid physical propestivariability on heat transfer at a turbulent

boundary layer.
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Using Prandtl formula; = and introducing correcti((FPrl/PrS )025, let us obtain the

following formula:
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025
Nu, = 0.0296Re® Pr,‘“{?j (13)

Having written down the Stanton and Reynolds nusilaexd substituting the value of the Prandtl
number from Eq. (13), one can write the heat temsbefficient dependence of the surface washed by
the liquid turbulent flow on the velocity of thibv:

a =0029¢"% (14)

Theresults ofheat transfer coefficient calculatarg presented graphically (Fig. 5 curve 1). The
change in the heat transfer coefficient in depecéeaf the flow typehas the form shown in Fig. 5.
With an increase of the metal-working processdfinicident flow turbulence degree in the turbulent
boundary layer, transverse velocity pulsations tedlength of the displacement path increase. This
first of all manifests itself in the outer regiof the layer and, as a consequence, the heat transfe
coefficient increases.

[24

Figure 5. The heat transfer coefficient change along theeplat— turbulent flow (when the plate is
immersed), 2 — laminar flow (freely falling metabrking process fluidjet).

3. Conclusion
As a result of the studies carried out to deterrtiigeheat transfer coefficient of the plate immerise
the metal-working process fluid, it is establishiesi:

1. Intensification of the treated surface immersedhi& cooling process of the metal-working
process fluid is more intense than with other mashaf supplying process fluid.

2. An increase in the process fluid flow pulsatingerand the length of the flow displacement
path leads to an increase of the treated surfagetrensfer coefficienty, and to a decrease of the
temperature arising during grinding.
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