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DETERMINATION OF THE ECONOMICALLY FEASIBLE
INSULATION THICKNESS OF HEAT CONDUCTORS

Floreskul O.0., student Bachelor faculty EMPE and DE
Odessa National Academy of Food Technologies

Rational use of thermal energy is an indispensable factor in the effective functioning
of industrial enterprises. A determining role in reducing heat losses during transport of the
coolant belongs to thermal insulation. In this connection, the problem of calculating heat loss-
es during the transport of a heat carrier becomes urgent, taking into account the factors that
affect the final value of the tariff for thermal energy.

In the practice of carrying out work to insulate pipelines or replace insulating coating,
there are practically no cases of determining its optimum thickness, which ultimately leads to
financial losses. Basically, this is due to the lack of appropriate calculation programs for heat-
supplying and heat-consuming enterprises. Normative documents [1, 2] are used to determine
the standard thickness of insulation during the reconstruction of heating networks or the lay-
ing of new ones. According to the normative values of the heat flux density, the insulation
thickness is calculated accordingly, which depends on the heat conductivity of the thermal
insulation material and its change during operation, coolant temperature, environmental pa-
rameters, pipeline diameter, type of laying of pipelines, as well as the life of the pipeline.

The determination of the required thermal insulation thickness, which provides the
normative heat loss, is not always economically justified. At a given cost of heat and heat in-
sulation material, the rate of heat losses and the optimum thickness of the insulation layer are
calculated at the minimum of the given costs. If there is an opportunity to choose the type and
brand of heat-insulating materials, an economically optimal technical solution is adopted on
the basis of comparison of the minimum given costs with the use of different versions of heat-
insulating structures [3].

Figure 1 shows a plot of the cost of a thermal insulation structure, the cost of heat
losses of an isolated pipeline, and the costs of a thermal insulation device from the thickness
of the thermal insulation layer.

cost, UAH

0 0.1 0.2 0,3 0.4 0.5 o, m

[ — the cost of insulation; 2 — cost of heat; 3 — total cost
Fig. 1 — The ratio of cost of insulation and heat
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There is an optimum thickness of a heater which depends on its kind. If this thickness
is exceeded, the insulation does not give an additional effect, but leads only to a waste of
money [4].

For heat losses through thermal insulation, without considering the external thermal
resistance, we can write the following expression:

AQ =F-At'n-tA-107/8, (1)

where 1 is the annual number of operating hours of thermal insulation at a temperature
head At; F, 6 — square and thickness of thermal insulation; n is the number of years in the
normalized service life; A is the specific thermal conductivity of the thermal insulation.

The temperature head At is defined as averaged over the area and time value, which is
found from the results of calculations of the temperature operating modes.

In turn, the cost of thermal insulation can be calculated by the following expression:

Ci=F8Cy, (2)

where C, is the cost per unit volume of thermal insulation, taking into account the in-
fluence of its thickness on additional costs.

As a result of minimizing the total cost of heat insulation and heat from the source, we
can obtain the following expression for the optimal thickness of thermal insulation:

Somr = (107 - Co - T+ 0+ At - MCo)™, (3)

where C, is the specific cost of heat received from the source.

Equation (3) only in the first approximation allows us to estimate the optimal thick-
ness of thermal insulation, since it is obtained without taking into account the change in the
time of the cost of energy of the heat source and the financial situation.

The determination of the optimum thickness of insulation is provided by the source of
heat and, accordingly, the cost of the heat supplied to the consumer. Taking into account the
fact that the fuel component in the cost of heat is in the range of 10-30 %, the ownership of
the heat source can have a big influence on the choice of the optimal thickness of insulation.
Accounting for changes in financial flows causes a reduction in the value of the optimal
thickness of thermal insulation.

Having all the necessary data, you can calculate the required thickness of the insula-
tion, and therefore significantly save money to solve problems associated with the incorrect
counting of the layer of thermal insulation material.

In addition, you can compare the number of different types of insulation needed, and
therefore choose the best option for insulation, based on the characteristics of materials and
their initial cost.

Scientific adviser, Ph.D., Volchok V.O.
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MATEMATHUYECKASA MOJIEJIb HAI'PEBA MATEPUAJIA B
MHUKPOBOJIHOBOM JIEKTPOMAT'HUTHOM II10OJIE

I'eopruem E.B., K.T.H., cT. npenoaasareb kad. TTTI
Onecckasi HAMOHABHASA aKa/leMusl NUIIEBBIX TeXHOJ0rui, r. Onecca

MHOro4uciIeHHbIMU JaHHBIMU MOATBEPKAAETCS, YTO OJHUM M3 MEPCIEKTUBHBIX Me-
TOJIOB MHTEHCH(HKAIIUN SKCTPAarupoBaHusi OHMonornyecku akTuBHbIX BemiecTs (BAB) u3 pac-
TUTEJIBHOI'O MaTepuasa ABJsSeTCS MUKPOBOJIHOBAs 00pabOTKa, KOTOpas MOXKET ObITh NMpHUMeE-
HUMa K BElIecTBaM, M0 (pU3MUECKON MPHUPOJIE ABISIOMUXCS MONSAPHBIMH AudjiekTpukamu. Ot
TeMIIepaTypbl MaTEpUaJIbl 3aBUCST MIPOLIECCH] IEPEHOCA TEMIOThI U MACChl, 3HaUeHUE KOTOPOH
omnpenaensieT d3pdekTuBHOCTH MU (HY3MOHHOTO TIepeHoca B CTPYKTYpE Tela, a TAKKE TUMHUTHU-
pyeT ypoBeHb Harpesa Marepuana. C Lenblo OnpeaeneHus cpeiHeil TeMiiepaTypbl MaTeprana
IpY MUKPOBOJTHOBOM HarpeBe ObL1a pa3paboTaHa MaTeMaTHuyecKass MOJielb, KOTOpas B Aud-
(bepeHnnaIbHOM BU/IE IpeCcTaBlieHa ypaBHEeHHEM (1) U HauaabHBIM yCIIOBUEM (2)

dt _ F
pc—=alt -t ,)—=+q,, B, (1)
dr 4
z — 3
f|_y =tyc. Biid, 2)
rje p — IJIOTHOCTh MAaTephana, Kr/M>; ¢ — ero temioemkocts, JUk/(krK); a — ko-
5 QHUUEEHT TEIUIOOTIa4H OT OBEPXHOCTH K OKpyxXaroueil cpexne, Br/(mM>K); V — oGbem, 3a-

HUMaeMbIil MaTepHaloM, M'; t,. — Temieparypa okpyxartueit cpeast, °C; F — miomam

2 o
IMMOBEPXHOCTHU, M ; ¢, — HAIIPSDKCHHOCTh BHYTPEHHETO UCTOYHUKA TEIJIOTHI, 06}’CJ'IOBJ'ICHHBII/I

nericteueM MB mons, Br/A.

B ypaBHenuu (1) yuuThIBaeT TEIIOTY, OTBOAUMYIO OT IOBEPXHOCTH TeEJIa IIYTEM €CTe-
CTBEHHOW KOHBEKIMU. [IpuHATO, YTO M3MeHeHue TemrepaTyphl CBSI3aHO C JEWCTBUEM BHYT-
PEHHUX MCTOYHMKOB TEIUIOTHI, KOTOPbIE MPUBOASAT K POCTY TEMIEpATyphl MaTepuania, u Tell-
JIOOT/AAQYe ¢ MOBEPXHOCTH, KOTOpas BBI3bIBACT MajaeHue temmepartypsl [1, 2]. Hampsken-
HOCTh MUKPOBOJIHOBOTO ITOJISl 3aBUCHT OT BPEMEHH B SKCIIOHEHIIMAILHON (opme:

— -nr 3
q,=4,, e, Br/v,
rae q, = b, -1, /V'; q, — MakcuManbHas yaelbHas TeIIOHATPSKEHHOCTh HCTOYHH -

Ka, 00yC/IOBICHHAsS JeiiCTBIHEM TeHepaTopa MHKPOBOIHOBON dHepruu, Br/m’; P, — Mou-

BBIX

HOCTh T'€HepaTopa MUKPOBOJIHOBOH sHepruu, Bt; 77, — ko3 UIHEHT MOIe3HOTO NeHCTBUS
MHKPOBOJIHOBOM KaMepsl; ¥, — KO3 UIIEHT ocabiaeHus 3JeKTPOMarHuTHON HEPTUU B Ma-
Tepuaie, 1/c.

3aBucuMocTh (1) mMO3BOJIAET paccunuTaTh CPEIHIOI TeMIepaTypy MaTepraia ¢ yaieToM
TEIIOOTJA4YM NPU HECTaMOHApHOM HarpeBe B MB nosne. HegoctatkoM nmosrydeHHON 3aBUCH-
MOCTH SIBJISIETCS TO, UTO IPU pacyeTax TEMIEPATypbl HEKOTOPHIX PACTBOPUTENIEH BCIEACTBUE
MaJjiol TIyOMHBI MPOHUKHOBEHUS HJIEKTPOMATHUTHON SHEPTUU U3MEHEHHE TeMIepaTyphl O
TOJIIIMHE OyJIEeT CYIIIECTBEHHOM.
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