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The analysis of influence of various parameters on heat conduction
of a number of heat-insulating materials

Annotation. The results of the analysis of influence of some main process factors on heat conduction of
heat-insulating materials are given in this article. As major factors were considered: density, temperature,
humidity. Researchers are conducted on the basis of the theory of planning of experiment. The got dependences
of heat conductivity on a closeness and temperature of material show approximately equal influence of these
factors on the exit of experiment.
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Before the experiment it is necessary to work out the independent the input parameters and output
parameter. As the output parameter, the heat conduction of the material is used. As the input parameters, the
temperature, density, humidity and structure are used. In order to obtain the dependence it is planned to use the
regression equation such as [1]:

y(,X) = by, + zbixi +Z Zbikxixk +Z Z Zbiklxixkxl +oH Dy, XXX 1)
i=1

i=1 k=i+1 i=1 k=i+11=k+1

where by — the free term, is equal to the output at x=0;

bi — the coefficient of regression, indicating the influence of a factor on the process

bij —the coefficients of regression, defining the impact degreeon the process of the interaction of the
factors .

Having defined the regression coefficients of this equation, we will have an idea of the influence of the
studied factors on the heat conduction amount, about the interaction of the factors and about the direction of the
movement to the optimum area.

Thus, the task algorithm of the factorial experiment comes to the following operations:

1) choosing of the equation of regression;

2) planning the multiple-factor experiment;

3) calculation of regression coefficients, assessment of the importance of these coefficients;

4) analysis of the regression equation.

The equation of regression is written depending on the number of the studied factorswhich definethe
process.

During a matrix making of planning, it is necessary to consider that in this experiment all possible
combinations of meaning of the factors have to be worked out. During the determination of the model
parameters estimations, it is often possible to choose freely the conditions of the experiences in limits of some
borders. The choice of a number and conditions of the experiments, providing the getting of the best number in
the definite sense of the research result, makes the experiment planning purpose.

For each definite type of material, according to the analysis of an influence assessment of the various
factors on heat conduction, presented in the chapters 1 and 2, as factors of the experiment we choose:

Xy - density, kg/m®;

X, - temperature, °C;

X3 - humidity, %.

Humidity of an insulating material at operation of the high-temperature aggregates will not be so relevant.
So, this factor can be omitted.

For physical reasons it is possible to consider that the interrelation (1) has the following aspect:

y(b,x) = b, +b,x, +b,Xx, +b,, XX, —— 2

The necessary number of experiments: N= 2", where n — the quantity of the studied factors.

As it has been already mentioned above, the number of some main factors, influencing on the amount of
heat conduction, is equal 2. Therefore, the number of interactions N = 2" = 2= 4,

The following formulae are used to calculate the regression coefficients:
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where Y- thevalue of an average output of the process in j-variant;

Xij - thevalue of a factor in j-variant.
The intervals of a variation of the experiment factors for mineral cotton are presented in the table 1.

Table 1 — The intervals of a variation of the experiment factors for mineral cotton

Factors The main level The intervals of a The high level The low level
(xi=0) variation (xi = +1) (xi=-1)
X1 113,05 13,65 126,7 99,4
X2 220 180 400 40

The high and low levels are limit values of the wvaried variables. The area of the experiment
planning: —1 < x; <1 . It was received by the transition to dimensionless variables or to so-called coding of the
factors:

" Tdaf @

Where a; - a factor (value of i- variable in the natural scale of measurement);
a, - average level,

Aaq,; - variation step.

For acquisition of data about the influence of the various factors on heat conduction of an insulating
material, the stand (figure 1) consisting of the metal case 1, filled with thermal isolation 2 for decrease of the
thermal losses in the environment [2] was used.

The investigated material 3 is located between the warmed and cooled plates 4 and 5 respectively.
Heating is made by means of the electric heater in the form of a flat tile 6; the power of the electric heater is
determined by ammeter 7 and voltmeter 8 indications. The temperature of a heated surface of the studied
material is taken by three thermocouples 9, the temperature of a cooled surface - thermocouples 10. The cooling
of a material is run at the expense of the refrigerator 11 in which the cooling water circulates. The mechanical
loading is created by means of the mechanism of a subpress 12; the thickness of a layer of the material is
measured by the caliper 13. The base of the cylinder is also heat-insulated. It increases the average temperature
of measurement, reduces the temperature distortion on the cold side of a surface of the material and reduces heat
dispersion in the environment.

% 12 1 - case;

2 - thermal isolation;
now 3 - studied material;
4 - warmed plate;

; 2 5 - cooleplate;
‘E / g \ L 6 - electric heater;

3 7 - ammeter;
L 8 - voltmeter;

//// %7%// 4 9, 10 - thermocouples;
= — 11 - refrigerator;

12 - mechanism of a subpress;
13 - digital caliper

Figure 1 - The scheme of an experimental installation
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The chain ofthe temperature measurements consists of thermocouples, the thermocouples switchand the
universal eight-channel measuring instrument regulator — OVEN TRM 138 whose indications are transferred to
the computer. The thermocuples’ simplicity and universality are the main advantages of thermocouples. At
a choice of the materials for thermocouples it is necessary to ensue to that they allow to receive the big thermo-
e.m.p. (electro moving power) and that properties of the thermocouple changed slightly at the repeated heating.
Therefore, in this experiment the chromel-copel thermocouples, working at the temperatures up to 800 °C [3],
are applied.

The following materials were taken for the analysis of the influence of the insulating material’sstructure
on its coefficient of heat conduction: 1) a quilted mat out of the mineral cotton of the mark 100 and 150 (GOST -
21880-94); 2) material SuperSIL; 3) quilted basalt mats TU 5769-001-73902414-2005 [4-5].

The samples of the studied materials were placed into the experimental installation. The coefficients of
heat conduction of these fibrous materials depending on the various options of the factors were defined.

The calculation is made on the ECM according to the developed program for the determination of these
coefficients (a programming language — Pascal). Except the calculation of regression coefficients, the program
determines the sum of squares of mistakes and defines the adequacy of a model.

Table 2 - Matrix of the experiment planning

Experiment Planning Result
number

Ne Xo X1 X2 X1Xo y, Bt/m°C
1 + + + + 0,131
2 + - + - 0,126
3 + + - - 0,051
4 + _ - + 0,048
b; 0,098 25,36 -19,28 7,89

Thereby, the interpolation formula for mineral cotton is as follows

y = 0,008 —19,28x, + 25,36x; + 7.8%x,x; 5)

Using this technique, the heat conductions of other materials were investigated. The interpolation formula
for basalt isolation has the following aspect

¥ =0.038 —25,78x, + 36.5%x; + 11.22xx; (6)

The interpolation formula for the material Super Sill is as follows

¥ =0,138 —14.55x, + 21.33x; + 6.46x,x; @)

Finally, the dependences of heat conduction on density and temperature of the material, received by the
method of experiment planning, show the approximately equal influence of these factors on the experiment
output.
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TYHIH

A.K. Kuncubexosa, mexnuxa eoliblMOAPbIHbIY KAHOUOAMbl
Hnnosayusnvix Eypasus ynueepcumemi (Ilasnooap x.)

Typni napamempnepoin Keiidip Hcolily OMKi30eimin Mamepuanoaposly Hevlily emKizeiuimizine acepi

Maxkanaoa npoyecmin Hezizei  akmopnapObly —JHCOLLY — OKWAYLALLIW  MAMEPUATOAPObIY  HCHLILY
emKizeiwimicine acepin manday Hamudcenepi keimipineen. Hezizei ¢axkmopnap peminde mulebi30bIK,
MmemMnepamypa HaHe vligaiobliblK KapacmulpulLigat. 3epmmeyiep madicipubeti sHcocnapiay meopusicvl Hezizinoe
emxkizineen. Mamepuandvly — mblebl30bl2bl  MeH — MEMNEPAMYPACLIHA — JHCbULYOMKI3IWMIKMIY — QIbIHEAH
mayenoinikmepi 0cvl Paxmopiapobiy IKCHEPUMEHM HIMUICECIHE Wamamen Oipoel acep ememinin Kopcemmi.

Tyiiin  co30ep: oicvlny OmKIzIWMIK, MAJNCIPUOEHT JCOCNAPAY, JHCHLTY OKUWAYIAbIW  MAMeEPUdl,
memnepamypa, molebi30blK

PE3IOME

A.K. Kunacubexosa, kanouoam mexsuieckux HayK
Hunosayuonnuwiti Espasutickuil yrugepcumem (2. Ilagnooap)

Ananus enuanus pas3iuunsvlx napamempoes Ha mennonpoeoduocmb pm)a menjiou30aAUUOHHBIX Mamepuaios

B cmamve npusedenvi pesyrvmamvl aHAIU3A  GAUAHUA  OCHOBHBIX (PAKMOPO8 npoyecca Ha
Menionpo6oOHOCHb MENIOU30NAYUOHHBIX MAmepuanos. B kauwecmee ocnoeuvix pakxmopoe 6viiu paccmompenbi:
NIOMHOCMb, memnepamypa, 61adcHocmo. Hcciedosanus npogedeHvl HA OCHO6E MeOpuu NAAHUPOBAHUS
akcnepumenma. Ilonyuennvie 3a6UCUMOCMU MENIONPOGOOHOCHU OM NIAOMHOCMU U MEMNePamypvl Mamepuad
nOKA3b18AI0M NPUMEPHO PAGHOE GIUAHUE IMUX PAKMOPOS HA 8bIXO0 IKCHEPUMEHMA.

Knrwouegvie cnosa: mennonposooHocmy, nAanUposanue SKCnepumMenma, meniousonsIyUOHHbIl Mamepua,
memnepamypa, njiomHoCHb.

YK 622.788:66.065.582(574.25)

I'.K. MbIkTBIO2€Ba

WunoBarmonsstil EBpasuiickuii yausepcurer (T. I1aBnomap)
E-mail: gmyktybaeva@mail.ru

Iyt moBbIlIEHHUSI JHEProcOepeKeHUs IPU MPOU3BOJACTBE arjioMepara
Ha AkcyckoMm 3aBoje ¢peppocmiiasoB THK «Kasxpom»

AHHOTAUMSA: B Oannou cmamee paccmompeHvl 60NPOCHL PAYUOHATLHO2O UCNONb308AHUL OMX0008
npouzeo0cmea  (heppocniagog O  IKOHOMUU — 3AMPAm, 6bINOJHEH pacuem  HepeodhexmusHocmu
npou3e00Cmea aziomepama, npueedeHsvl OaHHble Menio8o2o0 OalaHca CHeKaHus Ha mamepuaiax AKcyckoeo
3as00a ¢heppocniasos. CoznacHo pacuemy 20008020 IKOHOMUYECKO20 I¢hdekma nomyueHo: 3a cuem
PEYUPKyIayuU  a2io2asos 9KoHomus monausa cocmaeuna 1334,5 m.y.m.; sa cuem Ooowcucanus CO —
1491 m.y.m.; ¢ ycmano6Kou Muppucmophvlx npeobpazosamenell Ha azpezame 2000845 IKOHOMUSL
anekmpoanepauu cocmasuna 1714 moic. kBm-u. Taxum obpazom, eviasieno, umo, Kpome 3Hepeocoepearuux
Meponpusmutl npu nepepabomke meepobix U 2a3000pPA3HBIX OMX0008, UCNONIb308AHUE A2IOMEPAMA MAKi#Ce
NOBbICUM NPOU3BOOUMENLHOCIb daekmponeyel A3D, cuuzum yoeibHulll pacxood 31eKmpodHepeuu U pacxoo
80CCMAano8UmMeNs, d, 3Ha4um, cebecmoumMocms 20moeoti NPOOYKYUU.

KaloueBble ciaoBa:  agenoeasvl,  omxoobl  MEMAMLYPSUHECKO20 — NPOU3BOOCMEd,  VIMUIUZAYUA
GeppocniasHbix 2a308, peyupKyIaYUsl, SKOHOMUSL Mend.



