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ABSTRACT

Bearing components of oil-heating installationstlie form of stems, and also bearing componentshef t
gas-generator plants, combustion engines, flighe-tyngines, and hydrogen engines are working irptoarthermal and
force field. In order to provide reliability of elieating installations in the form of stems it ecassary to ensure thermal

durability of hardware characteristics, i.e. begi@omponents of the installations.

The paper presents the results of mathematicahanrical modeling of single-phase fluid flow inrpos media
with periodic microstructure. Object of study i tarea in which the cylinders are arranged in @giermanner. At the
boundaries of the area for the flow parametergtigeriodic boundary condition. Also in the papersents comparison

with Darcy’s law and the calculation of the perméghbcoefficient for different values of the radiwf the cylinders.
KEYWORDS: The Temperature, The Rod, The Thermal Energy, Tigerhm

INTRODUCTION

Consider a limited length pivot clamped at two ertie cross-section of which is a circle and whitlanges

along its length. The radius of the cross sectiogakly depends on the coordinates. Let's deneteatiius of the left end

asly, the right end al , and the length of pivotas L. Then the radius depeon a coordinate as follows
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Figure 1: The Settlement Scheme of Tasks

www.iaset.us anti@iaset.us



2 Zhuldyz Tashenova, Zhanat Abdugulova, Elmira Nurlybayeva, Kakim Sagindykov & Anarbay Kudaykulov

SAMPLES AND ANALYTICAL METHODS

The temperature given on the left clamped ena-(sX = O) :Tl, on the right isT(X = L) :T2n+1- The
side surfaces of sites on pivdD < X< X;), (X, £ X< X3) and (X, < X< X ) were heat-insulated. A heat is
exchanged with environment through the surface afe(aXl S X< X2) sites. Thus coefficient of heat exchange is h,
and temperature of environmentljg. The thermal stream of permanent intensity q @ight on the area of side surfaces

of sites (X3SXS X4). It is required numerically research the influencef the value
T, O[(-150 °C) + (+150 °C)].

On the field, the temperature distributi§® =T (X)), of elastic movemerl =U(X)), and also components
of deformation (Ex = £X(X); & = &7 (X); € =&(X)) and tension
(Ux =0, (X); Or =07 (X); o= U(X)). In order to develop a mathematical model offtalel of temperature
distribution along the length of a partly heat-ila¢ed pivot which is limited length, it is samplesing quadratic elements

with three nodes. Overall the number of elementlshbein. Then the total number of nodes will (Qn + 1) . When this

sampling is conducted so that the borders of tamehts will coincide with the borders of the heeuiated part of the
pivot. Then to each element is written functiong&pression that characterizes its full heat enetgyparticular, for

elements belonging to have a heat-insulated pahteopivot

2
! :IKxx(aTj av. (=12 .) )
v 2 L ox

WhereVi - volume ofi element.

For elements located in the area of the pivot thhothe side surface of site where heat exchangss talace, the

expression of the corresponding functional hanthe form
Ky (0T ) h :
I =2 —|dv+ | =(T-T_)%dS.(j=12,... (3

whereVJ- - volume ofj—elements,Sjm;I7 - area of side surface pklement.

For elements located in the area of the pivot @nsilde surface of sites in which brought the théstr@am of

permanent intensity g, the functional expressiat tharacterizes their overall thermal energy bell

K, (9T -
y :J7(&j av+ Jareocs. (k=12...) ®

The general expression of the full functionalitytoérmal energy for the considered partly heatulated pivot

with variable cross-section based on the availgtili local temperatures, heat flow and heat transf
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1=>1, ©)

Minimizing this functional on the key values of tpematures a mathematical model of the field of teratre
distribution on length of the investigated pivothsilt in the form of a resolution of the system lofear algebraic

equations

ol
—=0,(t=2,3,....2n 6
oT ( ) (6)

Both T1 andT2n+1 are given, so the number of equations in the sy$6 will be equal(2n + 1) .

Solving the system with different valuaél and fixed valuesT2n+1, h, Tco- and g is numerically investigate the

influence on the character of field of temperatliggribution along the length of the pivot undensideration.

A mathematical model of the field distribution dagtic movements, and also components of deformatiad

tension is build after the construction of the di@lf temperature distribution along the length teé pivot. To do this

investigated pivot sampleEN :nj quadratic elements with three nodes. Then to edsment is written functional

expression of potential energy of elastic deforomtivhich has form

1 =j0XT£de - [aET(QAV . (=1.2,...N) @)
v v

where Vi - volume of i-element, U :U(X) - field distribution of elastic movementé'y =a—— field
X

distribution of elastic component deformatiod,, = E€, = EE—‘?—- field distribution of elastic component tension,
X

E —modulus of material elasticity of the pivd - the coefficient of thermal expansion of the pimmteriaI,T :T(X) -

filed temperature distribution, which is determirfemm the solution of (6).

For the considered pivot as a whole, the expressi@otential energy of elastic deformation is altofvs
n=>1i (8)

Minimizing the last on the key values of elastic vament a mathematical model of the elastic movement
distribution along the length of the investigatedop is built in the form of a resolution of thestgm of linear algebraic

equations
ol1

—=0,(0=12,...,(2N +1) (9)
ou.
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Solving this system the field of elastic movementiétermined by assuming that it is distributedh@lthe length

of the pivot. According to that it builds the appriate field distribution of deformation and tensicomponents as follows

&

X

=%;5T =-aT(X); e=¢&,+&; (10)
X

o,=Ee,,0; =E&, 0=(0,+07) (11)
RESULTS AND DISCUSSIONS

To carry out numerical studies of the initial datesuse the following:
n
L=20(m), r,=1(cm), r,=2(cm), n=20C, N =§ =100, gq=-1000(W/cm?),
K, =100 (W /(cmCIC)), h=10(W/(cm’[IC)), T, =40(°C), T,0, =150(°C), and vary the value
T, 0[(-150°C) + (+150°C)] with step(—-50C).
Consider the following example:

The valueT; =150 (°C). In this case, the area bounded by the coordametsOT, Ox and7(x) will be equal

S, =3507259(°C xcm). Field of the temperature distribution along teadth of the pivot under consideration is

shown in Figure 2.

?Length of pivot (cm):

1_Tl =150°C; 2_Tl =100°C; 3_Tl =50 OC’ 4__'|'l =0°C; 5_T1 =-50 oc,
6-T,=-100°C;7-T, =-150°C

Figure 2: Field of Temperature Distribution in Diff erent ValuesT(x=0) =T,

From this figure, it is seen that the maximum terapee value which corresponds to the node cootgliis

X = 1375 (cm). In this node the value of temperature will bg, = 264153 (°C).

The corresponding field distribution of elastic rawent is shown in Figure 3.
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Figure 3: The Field Distribution of the Movement atDifferent Values
T(x=0)=T,
It can be seen that the all cross section (exéeptiamped end) of the pivot move age the direction of the axis
Ox. Thus in this direction moves the largest cssstion whose coordinate X = 89 (CM) . The amount of movement of
the cross-section iy, = —0,013570: (cm) .

In this case, the field distribution of the elastemponent of deformation along the length of tbasiderec

variable crossection of the pivot has a compressive stretchingpiure. This field is shown in Figure 4. It iseiresting tc

note that the behaviag, of the sectior0< X< 885 (€M) of the pivot will be compressed and then stretcThus the
highest compressive value &, corresponds to the section of coordinate whiclX = 015 (Cm) and a value is
&, =—0,0024920 while the greatest tensile value £, corresponds to the cross section of which cooreiig

X = 1445 (cm). The highest value (£, = 0,0017948
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Figure 4: Field Distribution of Components Deformations inl (X =0) =T, =150(°C)

The behavior temperature of components deform:£ throughout the length of the considered variabtess-

section of the pivot will have a contractive naturlis can be seen from Figure 4. Thus the greasdge of compressiv
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temperature component of deformation will be edqoak; =—0,0033019 and it corresponds to the cross-section of

which coordinate isx = 1375 (cm).

The behavior of the thermoelastic component of meftion £ = £, + £; along the entire length of the

considered pivot will be compressive. The fieldtrilition of this component of deformatiaf is as shown in Figure 4.

The greatest value of compressive deformation tifeamoelastic componeiatcounts for pinching the left end of the
pivot, where the radius is twice less than thetrighd. On the left end of the radius pivotfis=1 (CM). Figure 4 also

shows that the field distribution of the thermo&tasomponent of deformation described by a smaative. The value of
& at the right end of the pivot is less than 3.94e8, than the left end. This phenomenon is duketdaict that the radius

of the right end of the pivot is twice more thas taft.

Field distribution of elastic component voltag#, is shown in Figure 5. They show th&, has in area

0< x< 885 (cm) compressed, and then stretching nature. Thusighest compressive elastic voltaigds to the left

pinching the end wherel; =T (X=0) =150(°C), and the radius i =1 (cm). At this end, the value of
o, =-4983973(kG/cm’) . The greatest tensile value &I, corresponds to the cross-section of the pivot hic
coordinate is X=1445(cm). In this section the value of the tensile elastomponents of voltage

o, =3589658 (kG/cm?) . This is 1,388 times less than the absolute vafitle highest compressive voltage. The
behavior of the temperature component of the veltsigown in Figure 5. It should be noted that thireetength of the

pivot nature of the temperature component of veltel be compressed. Thus in the sect@s X < 495 (cm) of the
pivot has a step-down in nature. In the sect®f5< X< 1375 (CmM) of the pivot value of0; increases, and then
decreases again. Thus the greatest valug is= -6603841(kG/cm?) and it corresponds to the cross section of the

pivot, which coordinate isX = 1375 (Cm). This process is due to the fact that in thisisaabf the pivot temperature is

the highestl,,4 = 264153 (°C).
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Figure 5: Field Distribution of Components Voltagein T (x =0) =T, =150 (°C)
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Figure 5 shows that the behavior of the thermoelastmponent of the voltaged = O, + 01 will be

decreased monotonically along the length of thetpiv

The maximum value will be on the left end of pimahiand minimal on the right. This is due with diffet cross-

sectional areas of the pivot ends. For exampléhereft clamped end of pivot value of thermoelastnsions components
is  o(x=005)=-8681247 (k['/cm?), on the right end it is equal to

0(x=19,9§ = 2203097 (x| en®) . This shows that® X = 299 _ 394 fimes.

o(x=19,95

So, at thermal expansion considering pivot with ®l@mped ends of variable cross section and linligedth
occurs compressive force R, which is the opposital direction by the two clamped ends. Its valsdased on Hooke’s

law as follows:
R=0, [F,
where J , - thermoelastic tensionrins element,Fn - area of middle cross sectiars element
F. = [1?(x = 005) = 77[1,0025 = 315732(cm?)

In this key value of compressive force is eqll = 0, (x = 005) [F, = -27409,4769kg) . Definitely,
this is concerning more force. It should be notext &t large compressive forces there can happekihg of pivot.

CONCLUSIONS

It has been numerically researched parametersvidaetesystems, that is, the temperature distributiothe field
along the length of the heat-insulated pivot witbegsiable cross-section, while the presence of keaaim on the left end

and heat transfer on the right.
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