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NUMERICAL MODELING OF THE TEMPERATURE DISTRIBUTION
FIELD IN A COMPLEX SHAPE STRUCTURAL ELEMENT

As you know, many parts of internal combustion engines, gas turbine power plants, steam
generators of nuclear power plants and manufacturing industries experience thermal effects of
various forms. At the same time, a process of thermal expansion occurs on these parts and, as a
result, a thermal stress-strain state arises on them with a value that in some cases can exceed the
limit value. Therefore, knowledge of the stationary field of temperature distribution in the volume
of partially thermally insulated parts of a complex configuration while there is a heat flux and
heat exchange in parts of its surface is an urgent task. At the same time, it is very difficult to
take into account all inhomogeneous boundary conditions when solving the problem of stationary
heat conduction. Therefore, a new numerical method is proposed, based on the law of conservation
of total thermal energy alongside with the finite element method. In this case, the procedure for
minimizing the total thermal energy involves quadrilateral bilinear finite elements. Partial thermal
insulation, the heat flux supplied to the local surface, and the process of heat exchange through
the local surface area and ambient temperature are taken into account. Nodal temperature values
are determined.

Key words: mathematical model, channel-shaped body (beam), heat flow, cross-section,
functional, heat exchange, thermal insulation, temperature distribution field, form functions.
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CoH/ibIKTaH OHBIH OeTiHiH GeJKTepiH/e »KbLIY afbIHbI YKOHE KBIIy ajMacy OOJIFaH Ke3je Kyp-
JieJTi KOH(DUTY paIlusiHbIH, IIIHApa XKbLTY OKIIayIaHFaH O6/IIKTepiHiH KeJIeMiHIeri TypaKThl Kyiigeri
TeMIepaTypaHbIH TapaJsy opiciH 0iay e3ekTi Mocese 6osbin Tabblaaabl. COHBIMEH KATap TYPAKTHI
KYIIeri Kby OTKI3TIMITIK MICeseciH Imemntye 0apJsiblk OIpTEKTI eMec IMeKapaJsIbIK, MapTTapIbl
ecenke ajtry ore KublH. COHIBIKTAH IIEKTI 3JEeMEHTTEp djiciMeH yiljaeciMie XKAJIbI XKbLTY SHep-
IUSICBIHBIH CaKTaJIy 3aHbIHA OArbITTAJIFAH 2KaHA CAHIBIK OJiC YChIHBLIAABL. Dyir karmaiiza xaj-
1Bl YKBIJIy SHEPIHUSCHIH a3aiiTy MPOIELypachl TOPTOYPHINITHI €Ki CHI3BIKTHI aKbIPJIbI 3JIEMEHTTEP/IL
maiijaiana OTBIPBII KOJIIAHBLIAALI. [ITiHApa XKBLTY OKINaysay, KeprilkTi kepre OepijeTiH Kbl-
JIy arbIHBI MEH KbLTy aJMacy IPOIECi 2KoHe KOPIIAaFaH OpTa TeMIepaTypackl eckepimesmi. Tyitismi
HYKTeJIEPIHIH TeMIlepaTypa MOHJEP] aHBIKTAJIA b

Tyitin ce3pep: MareMaTUKAJBIK MOJE b (IINIiH), apHa TOPi3al JeHe (APKAJBIK), KbLITy AFbIHBI,
KnMa, (QyHKITMOHAJ, 2KBLILY AJIMACY, 2KbLITY OKIIAYJIay, TEMIIEPATYPAHBIH TapaJjLy epici, mimrix GyHK-
[UASIIAPHL.
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YucsieHHOEe MOJeIMPOBAaHUE II0JIs pacnpeelieHusl TeMIIepaTyphbl B KOHCTPYKIIMOHHOM
3JIEMEeHTe CJIO’KHOH (popMbI

Kak wu3sBecTHO, MHOTHMe [eTajy JBUraTeseil BHYTPEHHEI'O CrOpaHUs, Ia30TYPOMHHBIX 3JIEK-
TPOCTAHIIH, ITapOTEHEPATOPOB ATOMHBIX JJEKTPOCTAHIINN U NpeIupusTuii obpabdarbiBaroIieit
IIPOMBIIIIEHHOCTH WCIBITHIBAIOT TEIIOBBIE BO3JeHCTBUs pa3ndHoit ¢popmbl. [Ipu srom Ha 3THX
JeTajadaX IPOUCXOIUT IIPOIECC TEIJIOBOTO PACIIMPEHUd U, KaK CJIeACTBHE, HA HUX BO3ZHUKACT TEp-
MHIYECKOe HAIIPKEHHO-IeDOPMIPOBAHHOE COCTOSHIE BEJIMIMHON, KOTOPAs B PAJIE CIIyIA€B MOXKET
[IPEBBINIATD IIPEIeJIbHOE 3HaUeHne. B JaHHO# cTaThe MBI TIOKA3BIBAEM, YTO 3HAHUE CTAIIMOHAPHOTO
IOJIsS PACIpesie/IeHUsT TEMIIEPATYPbl B 00beMe YaCTUIHO TEIJION30JIMPOBAHHBIX JIeTaIeH CIIOXKHOM
KOH(UI'YypaIuu [pyd HAJUYUU TEIJIOBOI'O IOTOKa U TEIJIO0OMEeHa Ha ydYacTKaxX ee IOBEePXHOCTH
ABJISIETCS aKTyaJbHOU 3ajadeil. B To ke BpeMsl y4ecTb BCe HEOJTHOPOIHBIE TPAHUYHBIE yCJIOBUS
IpU PEIIeHn: 3aJa9l CTAIMOHAPHONW TEeIIONMPOBOJHOCTA OY€Hb CJIOKHO. IlosTomy mpemara-
€TCd HOBBIII YHCJICHHBII METOJ[, OPUEHTHPOBAHHBIII Ha 3aKOH COXPAHEHUdA IIOJHOI TEIJIOBOK
SHEPIUU B COYETAHUU C METOJOM KOHEYHBIX 3jeMeHTOB. [Ipm 3ToM wmcmosib3yercsa mpolemypa
MUHUMU3AINAN TIOJTHOW TEIIOBON SHEPTUU C UCIOJIb30BAHUEM OMJIUHEHHBIX KOHEYUHDBIX 3JIEMEHTOB
9eTBIPEXYTOJIBHON (DOpMBI. YUUTHIBAIOTCS YaCTUYHAS TEIJIOBasl W30JIsIUsl, TEIJIOBOW ITOTOK,
[IO/IBEJICHHBI K JIOKAJHHOW MOBEPXHOCTH, W IIPOIECC TEIJIOOOMEHA Uepe3 IIONA/b JIOKAIbHOMN
MOBEPXHOCTH U TEMIIEPATYPY OKpY2Karolieit cpesbl. OmpeieieHp! y3/I0Bble 3HAYEHUsT TEMIIEDATY PhI.

KurroueBble CJI0BA: MATEMATUIECKOE MOJIEJIb, [IIBEJLJIEPO HOA00HOe Tesio (6aJika), TelIoBOil II0TOK,
onepevHoe ceveHne, MOYHKIIMOHAN, TEIIOOOMEH, TEIJION30JIAIINA, [I0JI€ PACIIPEEIEHIs TeMIIePa-

Typbl, byHKIIH HGOPMBI.
1 Introduction

In the thermomechanical process, the main characteristic that has a significant impact on
the strength of the load-bearing structural elements is an intensive temperature increase.
Temperature is one of the most important characteristics of the growth process and affects
the morphology and crystal structure of heat-resistant alloys. Depending on the parameters
of the structure body, the distribution of the temperature field in its different parts is uneven.
It should be noted that the simultaneous influence on the distribution of temperature over
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the volume of the body and such external factors as various forms of local thermal insulation,
the property of heat transfer, and the temperature of the heat source. Consequently, during
the thermomechanical process, in some parts of the structural elements, the temperature will
be acceptable, and in some — critical, which leads to rapid wear of structural elements and
to the loss of their physical qualities. In this regard, the exact calculation of the distribution
of the temperature field at each nodal point of multidimensional bodies of complex shape is
relevant [1- 4].

This article discusses a technique for constructing a mathematical model and the
accompanying computational algorithm that allow solving problems of studying the patterns
of distributing the temperature field in a complicated-shape structural element where there
is a heat flux, heat transfer and partial thermal insulation on their local surfaces.

At present, in our country and abroad, there are many works devoted to the problem of
the influence of a thermomechanical process on a change in the structure and composition
of the material of any technical installation or design. This article takes into account the
simultaneous influence of the heat flow on the body, partial thermal insulation and local
heat transfer. A computational algorithm is presented for solving a problem obtained by
discretizing bodies of complex shape made of heat-resistant alloys using quadratic finite
clements [2, 5.

The purpose of this article is to show the regularity of the distribution of the temperature
field using a numerical study of heat transfer in the presence of heat flow, thermal insulation
and heat transfer. The objectives of the study are to determine the temperature value at
each nodal point of a multidimensional body to develop a computational algorithm based on
minimizing the total thermal energy functional.

2 Research methodology

To illustrate the proposed numerical method and the corresponding computational
algorithm, consider the following problem. Given a "channel-like"body of unlimited length
—o0 < z < oo (Figure 1). The outer side and inner surface of which are thermally insulated
along the entire length. Through the areas of the upper surface y = h,0 < z < (r+2[),
y=nh,0<x<(r+2l), —oo < z < oo heat exchange with its environment takes place. In
this case, the heat transfer coefficient is h,., and the ambient temperature is T,.. On the
surface y = 0,[(0 < z < land (r+1) <z < (r+2l)],—00 < z < 0o a heat flux of ¢ -
constant intensity is supplied. It is required to determine the steady temperature distribution
field in the volume of the structural element under consideration. To do this, first, the
initial cross section, which is shown in Figure 1 is discretized by quadrangular finite elements.
Within each finite element, we represent the temperature distribution field as [1, 2, 6]

T(z,y) = a1 +ar+azy+agy = ¢1(x,y) - Th+ 22, y) - To+ ¢3(z,y) - Ts+ dalx,y) - Ty (1)

where ¢;(x,y) are the shape function for a quadrangular finite element with four nodes [1]:

by (z.y) = LRy (et
1 (@,4) _ (ra)lety) 2 )_ (b—a)o4y) (2)
G3 (7, y) = T2 dalw,y) = 0



72 Numerical modeling of the temperature distribution field ...

(g ey
A aee HEet A gt

" A
F!F”! r—» I
x
q q

Figure 1: The design scheme of the problem under consideration in the cross section of a
structural element

where the size of the finite element along the direction of the coordinate axes z and y is (2,
2a) (Figure 2)

1 oT\ > oT\?
7=/ 3 [Km (%) +(5)

where V is the volume of the timber in question; S(z=0) - the surface area of the beam (z=0),
where the heat flow ; S(z=A) - the surface area (z=A) of the beam through which heat is
exchanged with the environment h; K,,; K,,; (%) - the coefficient of thermal conductivity
of the timber under consideration, respectively, in the directions of the coordinate axes ox

and oy.

h
dv +/ qTdS + / (T —T,)*dS (3)
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Figure 2: Discretization of the computational domain in the context of a structural element.
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3 Results and Discussion

The cross-sectional area of the timber in question (which has the shape of a rectangular
quadrangle) is discretized using coordinate lines into quadrangular finite elements. The
number of discrete finite elements will be mxn (respectively, on the axes ox and oy). For
each element, there is constructed a local coordinate system oxy, so that the origin coincides
with the geometric center of the element, as shown in Figure 3. The numbering of the element
nodes is shown in this Figure. The coordinates of the element nodes in the local coordinate
system will be as follows 1 (—a; —b); 2&}; —b);3(a;b);4(—a;b):

LA
4 o =—® 3
b
w ~
F X
b
) or
] e it |
1 & Y & >

Figure 3: The diagram of constructing a local coordinate system.

These form functions will possess the following properties:

1) in the first node, i.e. when =z = —a;y = —bo;(—a;—b) = 1; ¢o(—a;—b) =
p3 (—a; —=b) = ¢y (—a; =b) = 0;
2) in the second node, i.e. when z = a; y = —b ¢1(a;—=b) = 0; ¢o(a;—b) =

L s (a;=b) = ¢a(a; —b) = 0;

3) in the third node, i.e. when x = a;y = b ¢1 (a;0) = 0; ¢ (a;b) = 0; @3(a;b) =
15 ¢4 (a;b) = 0;

4) in the fourh node, i.e. when © = —a; y = b ¢1(—a;b) = ¢ (—a;b) = p3(—a;b) =
0; ¢a(=a;b) =1;

5) 1) in the first node, i.e. when z = —a; y = —b
pr(=a;=b) = 1; ¢ (=a;=b) = p3(—a; =b) = pa (—a;=b) = 0;

2) in the second node, i.e. when z =a; y = —b
p1(a;=b) =0;  @a(a;=b) =1;  @3(a;—b) = ¢4 (a; —b) = 0

3) in the third node, i.e. when x = a;y = b
p1(a;0) =0; ¢ (a;b) =0; ¢3(asb) =1; @4 (a;b) =0;

4) in the fourh node, i.e. when z = —a; y =10
P1(=a;0) = 03 (=a;b) = @3 (—a;0) = 05 pa(—a;b) = 1;

6) S, % = (- at any point in a discrete finite element.

In addition, from (1), (2) the values of temperature gradients at any point of a discrete
element are easily determined:
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The expression is also defined:

oaT\2 __ 4 9¢; b+
(% - (Zz 1 6xT) [ 4abT1 4ab Gan L2 + g yT3 4abT4] —
_ VP —2byty? T2 2. P2byty” T, 9. P VT + 2 -

T+

" 126’#21)22 16 2p2 b 6a 2b2 16 2b2 (4)
+ Toatpr— L5 + 2 §a2b2 Ty =2 e - T T+

b2+2by+y? 2 +2by+y? b +2by+y? 2
et T3 — 2 PR YT+ e - T

4 0p; _ a— atz a+x
< ) z 1 oy T) - [ “dab Tl 4ab Ty + T3 + 4 4ab T4] -
_ a’—2az+x 2 a?—z? . a?—z? a’®—2az+z? .
— LG 7 =2 gz TlT? 2 160202 T1T3 + 2 g T+ (5)
+2az+ 2 +2az+az>

R T -2 T, 2 e Tt

a?+2ax+2? 2 —T a?—2az+x 2
T 56 I3 2 16a2b2 T+ e T

For clarity of the proposed computational algorithm, we consider the cross section of the
timber under consideration as one discrete quadrangular element, as shown in Figure 4.

YA Thermal\ insulation
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Figure 4: The calculation diagram of the problem.

Now for one discrete element, we calculate the integral over the volume. Here we use the
following formula:

/Vf(w;y)dVZL/Z/Zf(x;y)dwdy (6)

Using (6) we calculate the integral:

1 T\’

av (7)
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In calculating this integral, we use the expression (4). As a result, we have:

v —2by + %, , 2aT? [* )
/‘/ T Tdcl—lw%?/(b—2@+y)@:

24T} [2b3_0+2_b3] TR b

160202 3 a? 3 3a Y
_ 2by + 12 Ty b ) ,
/—a/— ( O 16a20? T1T2> ddy = T Ra202 2a /_b (0% — 20y + ¢*) dy =
Ty [,5  20° 2b
=- 20” + = ——T\Ty; 9
4ab2 [ 3 3@ 142y ( )

T, Ty , 208 b,
/_ /_ —2- 16a 2b2 T1T3> dIdy = _8a2b2 - 2a |:2b - ? = —3—aT1T3, (10)

- b
/ﬁ/ 216% QQ}M@:£EQ; (11)

b =20y +y* L, 2aTy (.., 20° b,
Tieaze L2 ) = e |20 3| T3l (12)

15715 403 b

(2 16a2b2 T2T3) d[L‘dy = Sa2b? - 2a - ? = @TQTg, (13)
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0 420y + 7 b
/_a/_ ( T6a2l? Ty | dedy = 3—aT4. (17)

Substituting (8) - (17) into (7), we find the integrated form Ji;:

T = Jy 3 [ (357 @V = S5 7, 7, (35" dudy =

LK”2f fb[b2 e T2 — 2 PR Ty — 2 Sl T+

16a2b? 16a2b2 16a2b? (18)
0% —2by+y? 2 . b2—y?
+%2 %ga2b2 T1T4 + ]260,;11;2 T + 2 1176(1212)?) T2T3 2 16a2b2 T2T4+
b’ +2by+y? 2 +2by+y? 2+2by+y> 2 _
T 1y 2 g 3Tt g T Jdredy =

_ % (T2 — 2T\Ty — T\Ts + Ty Ty + T2 + ToTs — ToTy + T2 — 25T, + T2

Examining the last expression, we find that the sum of the coefficients in front of the
nodal temperature values will be zero. Indeed, from (18) we find that (1-2-1 + 1 + 1 + 1-1
+1-2+1)=0.

Next, similarly, we find the integrated form expression

1 oT\ >
Jog = - | K — dV. 19
* /v2[yy(0y> (19
Using (5) we find that
a?> — 2ax + x? 9 T2 8a’ a, o
—————— 17 dzdy 26— = =T7; 20
/ / 16a2b2 ~ 164202 3 3 Y (20)

2T1T2 4&3 a
oz 203 — 3 Ol (21)

CL—ZL’

16a2b2

T1T2> dl’dy =

2@T1T3 a
= —— . .T\T5; 22
6b 3p (22)

a—x

2 - Tng) dxdy = —

16a2b2

a?> — 2azr +x 2a
2- 16a2b2 T1T4) d&?dy = —§T1T4, (23)

a? + 2ax + x? 2.
= —T 24
160202 ) dudy = g1 (24)

16a2b? 3b

RS
WAS
WAS
(R
o[ [ (2 IR oy B, o
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a’ — z?
/ / ( . 16a 2()2 T2T4> dxdy = —% T2T4, (26)
a® + 2ax + 22
= L2 2
/_ . /_ ( 16a20? ) dudy = 515 (27)
a® — 2?2
/ / ( . 16@2[)2 T3T4) dl’dy = % T3T4, (28)

a? —2ax +a?_, B 9
// ( T6a2? T4)d:1:d _BbT (29)

Substituting (20) - (29) into (19) we define the integrated form Jas:

J22_fv2[ yy( )]dV_LKyyf I (ag) dady =

= 8w (T2 4 T\ Ty — T\Ts — 20Ty + T3 — 21515 — ToTy + T3 + TyTy + T3] .

In this expression, the sum of the coefficients in front of the nodal temperature values
will be zero [2, 7, 8]. Then there is found the expression for .Ji:

Ji = Ju + oy = Wes (T2 9Ty — VT3 + Ty Ty + T2 + Ty — ToTy + T2 — 2T5T + T3] +
+‘aL6K§yy. [T7 + ThTy — W13 — 20Ty + T35 — 25T — ToTy + T35 + TsTy + T7] .

Now from (3) we find:

fs (r=—ay 4TS = qu (91 (25 ) Tl + ¢ (z3y) To + b3 (2;9) T3 + ¢ (23y) Th] |om—a dy =

= Lo (" 10— o) Ty + (b+y) Tu] dy = L4 [20°T) + 26°Ty] = Lgb [T} + T) .

From (3) we calculate:

fS (z=a) T TOC b f [Zz 1¢Z Z; y)T TOC} dy =
= th ¢1 T3y T1+¢2($ y)Tz+¢3($ Y) Ts + ¢a (2;y) Ty — Toc]i:ady:

S [y T, 2t

+ %TZ 2UVTLT, + T2 dy.

(30)

Now in (30) we calculate each integral separately:
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3

b1 p2 2 3
b*—vy 1 5 2b
2 2- 15T: = — | 20° — — | 1515;
)/b_ A2 23]6@ 2b2<b 3>23,

br b—y
3) /_ 2 TQTOC} dy =

b Ip2—2b 2 1 203
1) / #Tg} dy = (253 >T22,

(20° — 0) T T,;

Q“IH

P T0% 4 20y + 42, 1 5 203\,
4)/ TTg] dy = 13 <2b +?) T#;

b
b
5) / |:2 ' ;_byT3Toc:| dy = 2bT3Toc;

b
6) / T2 dy = 2bT72.. (31)
b
Substituting (31) into (30) we find the integrated form Js:

3 3
fS(a: =a) T Toc) ds = % [41)2 <2bg = ) Tz2 2b2 (263 5 )T2T3_
(252 - )TQTOC + e (2004 ) T2 - WIT, + 2672 =

h2L [2bT2 2bT2T3 — 20157, + %ng,Z - 2bT3Toc:| =
= hgb [T2 + T2T3 - 3T2Toc + T32 - 3T3TOC + 3T02‘3] ’

1
b

It should also be noted here that in the expression in the bracket the sum of the coefficients
will be equal to zero.

Given the expressions Ji; Jo and J3, from (3) there is determined the final integrated form
of the J functional that characterizes the total thermal energy of the timber under study,
taking into account the simultaneous presence of a heat flux, thermal insulation and heat
transfer:

J=J1+ Jo+ Jy = e [T —O\Ty — T\T + Ty + T3 + 1Ty — ToTy + T§ — 2157, + T3] +
+“L{§w (T2 + T\Ty — TyTs — 20Ty + T2 — 2T5Ty — ToTy 4 T2 + TsTy + T2 + bLq [T1 + Ty +
SLh T2 4 Ty Ty — 3157, + T2 — 3T3T,. + 3T2] .

Further, minimizing the functional J with respect to the nodal values of the
temperatureTy, Ty, T3 and Ty we find the resolving system of linear algebraic equations
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DO _ g ks
8T1 N 6a

2T, — 2Ty — Ty + Ty + =Y 2Ty + Ty — Ty — 2T4] + bLq = 0;

oJ bLK,, LK, bL
2o =0= (2T, + 2Ty + Ty — Ty]+ =Y [Ty 4 2Ty — 2Ty — Ty 4+ [2T5 + Ty — 3T,.] = 0;
oT, 6a 3
oJ
3)r =0=
)8T3
bLK,, LK bL
6a [—T1 + Ty + 2T5 — 2T4]—l—a v [—T1 —2T5 + 2715 + T4]+—|—Tq [Tg + 213 — 3TOC] =0;
oJ bLK,, LK
4)aT -0 = : [Ty — Ty — 215 + 27T4) + @By [—2Ty — Ty + Ty + 2Ty] + bLq = 0.
4 a

For convenience, we discretize with 6 elements. The global numbering of elements and
nodes is shown in (Figure 2). Now, for all the finite elements, there is an expression for
the J functional that characterizes its total thermal energy, taking into account the existing
boundary conditions [2, 6-14].

The integrated form of this functional for all discrete elements is as follows:

64
+ (bLGIZyy>1E [T? + Ty — ThTs — 20T + T3 — 21516 — ToT5 + T + TeTs + T3] +

+ (aLlq);p [T1 + To] + (“Léi‘"‘”)HE T3 — 3Ty — T5Ty + T3Ts + T + TuTo — T3 +
CT2 2Ty Ty + i) + (bLKW)HE T2 + TyTy — TyTy — 2T4Ty + T2 — 24Ty — Ty T+

6a

J = (aLKﬂ)IE (T2 — 2TWTy — ThTs + ThTs + T3 + ToTs — ToTs + T¢ — 2T6T5 + T2] +

+ T92 + ToTs + T82] + (aLQ)IIE [Tg + T4] + (aLffzzw)IIIE [T52 — 20T — T5T1 + T5Th0+
+ T2 + TyTyy — TTho + T2 — 2T Tho + T2 + (bLKW>mE (T2 + T5Ty — TsTyy — 275 10+

6a
+ 17 — 2TsThy — TsTio + T + TiTho + T + (P22 T + TiTyo — 3T T. + T3 —
[T62 — 20617 — TeTro + 16111 + T72 — 17T — 17T + T122 —

3 )II[E [
—3T1oT, + 3T72] + (“ilee
9T T + T2] + (bLKw)WE (T2 + TsTy — TsTho — 2T5Thy + T2 — 2T5Thg — TyThy + T+

6b )IVE
6a

+ ToThy + TR+ (%), 15y + T1oTy — 3T T + T3 — 3Ty Te + 317 +

+ (aLéZzz)VE (T2 — 2T5Ty — TiTh3 + ToTyo + T2 + TgTy3 — TyTio + TE — 2T13Ths + T3] +

+ (bLGKyy> [T + 17Ty — 17T 3 — 2157 T + T2 — 21T 5 — 1315 + T123 + Ti3Tyo + T122] +
+ (% T13 + Ti3Thy — 3T T + Tty — 3ThoTe + 3T7] +

+ (aL o fv — 23Ty — T5Ty + TsT13+ T + ToT14 — ToTi3 + T14 2Ty, T3 + T123] +
+ ( 612%)\/13’ [T2 + TsTy — TsTiy — 2T5Tis+ Ty — 2T0T1a — ToThs + T + TiaTis + T15] +
+ (%)vw (T2 + T14T13 — 3T14T. + TE— 3Ty3T,. + 3T72)

Further, minimizing the last functional over nodal values, we obtain the following system
of linear algebraic equations with respect to Tj:
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0J

— = =1-=14).
8111 07(2 )

Solving the last system by the Gaussian method, we determine the nodal values of
temperatures, and according to them, according to (1), the temperature value at any point
of each finite element. Inparticular, withthefollowinginitial [1, 2|:

Kuo = Ky =72 [ 22515 a=b=1cm; ¢ = =100 [ 23] 5 he = 6 [ 055 ]

T, =40°C; r=2 cm; I=1cm.

Wefindthat
Ty =T, =52.895°C; Ty = T3 = 53.017°C,; T = Ty = 50.482°C; Ty = Ty = 49.874°C;

T; = 48.658°C; Ty = T4 = 48.573°C; T = T3 = 48.304°C'; 115 = 48.152°C.

It can be seen from the obtained results that due to the symmetrical formulation of the
problem under consideration, the process of the steady distribution of the temperature field
in the section of the beam will also be symmetrical.

4 Conclusions

The proposed mathematical model, based on the law of conservation and change of thermal
energy, allows us to solve a class of multidimensional problems of steady thermal conductivity
for structural elements of any configuration, where there is a heat flux and a temperature,
partial thermal insulation, and heat transfer.

Because of the symmetry of the nodal points of the problem under consideration, in
this work the results of the numerical solution are symmetrical, i.e., there are the same
temperature values.

The exact calculation of distributing the temperature field at each nodal point is
determined by formula (1). Based on the energy principle combined with the finite element
method, the steady-state temperature distribution field in the volume of a partially thermally
insulated beam in the presence of a heat flux and heat exchange is studied numerically. A
numerical solution is given for specific initial data. A numerical study of the convergence and
accuracy of the obtained numerical solutions is carried out.
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