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When measuring the thermal conductivity of thermal insulation materials made by powder
metallurgy and building porous materials, complications arise due to the fact that heat flows
through the samples are commensurate with heat losses. The steady-state heat flow (SSHF)
method is simple, does not require sophisticated equipment, and allows determining the thermal
conductivity not in the near-surface layer but in the entire sample volume. Its disadvantage is low
accuracy and the need to use reference samples.

This work aims to develop an installation for measuring the thermal conductivity of large-
sized samples of low-conductivity material using the steady-state heat flow method with signifi-
cantly higher accuracy than existing installations using this method.

This is achieved by sandwiching the sample, which is a thin square plate of large dimen-
sions, between the heater chamber and the refrigerator. The heating chamber is made of insu-
lating material and its front wall, which is in contact with the sample, is made of the copper
plate (which has good thermal conductivity). In the operating mode, the temperature in
the heater chamber is maintained equal to the ambient temperature, which allows us to
neglect heat losses and assume that in the steady-state mode, the heater power is equal to
the heat flux through the sample. The thickness of the sample is much smaller than the size
of its side (the sample should be square). This assumption is necessary to use the condition
of isotropic temperature distribution in the cross-section of the sample. The refrigerator is
filled with water and ice. The isotropic temperature distribution in the sample is ensured by
its contact with the copper walls of the heater and refrigerator chamber. The temperature
of the heated surface of the sample is measured using a thermocouple inserted through a hole
in the front wall of the heater chamber.
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The proposed design of the installation and its operating conditions make it possible to sig-
nificantly improve the accuracy of determining the thermal conductivity coefficient and make
the error less than 2%.

Key words: thermal conductivity, steady-state heat flow, building materials.

lsawmuna I10. K., 3a600annuit B. B. Ycmanoexa ona euznauenna mennonpogionocmi
naacmuH CMayioHapHumM Menooom

Tpu sumipiogarui menionpogioHOCHi MenioI30NAYIUHUX MAMEPIaie, 8USOMOBILEHUX MEMO-
damu nopowKosoi memanypeii, ma 06y0igelbHUX NOPUCUX BUHUKAIOMb YCKIAOHEHHS, 00YMO8-
JIeHI MUM, Wo Meniosi NOMOKU uepe3 3pA3Ku CRIGPO3MIPHI 3 menniogumu empamamu. Memoo
cmayionaprozo mennogozo nomoky (CTII) npocmuil, ne umazae ckIaoH020 00NAOHAHHS, 003-
60/1A€ BUBHAYUMU TENTONPOGIOHICIb He 8 NPUNOBEPXHEBOMY Wapi, a 8 YCboMy 00 'emi 3paska.
Heoonikom tioeo € Huzbka moynicms i HeOOXIOHICMb 3ACMOCY8AHHA eMALOHHUX 3DA3KIE.

Memoto pobomu € po3pobka ycmaHosKu Oas SUMIPIOBAHHS MENIONPOGIOHOCMI 3PA3Ki6
SHAYHUX PO3MIpI6 i3 Mmamepiany 3 HU3bKOW MENIONPOSIOHICII0 MemoOoM CMAYiOHAPHO20
Meni068020 NOMOKY i3 CYMMEBO GUYOTO, HIIC Y ICHYIOUUX YCIMAHOBOK, AKI GUKOPUCOBYIOMb Yell
Memoo, MOYHICMIO.

Lle 0ocaeacmbea mum, wo 3pasox, AKUll npeocmagisac coboio MOoHKY KaOpammy niacmumy
BENIUKUX PO3MIDIB, 3aMUCKACMbCSL MIJIC Kamepolo HazpisHuka i xonoounvhuxom. Kamepa naepis-
HUKA 8U20MOBIEHA I3 MeNN0I30NAYIUH020 Mamepiany, a ii nepedHs CmiHKa, 3 AKOH KOHMAKMYE
3pasokK, i3 MIOHOI naacmunu (o mae 00opy menionpogionicms). B pobouomy pexcumi memne-
pamypa 6 xamepi Ha2piHUKA NIOMPUMYEMbCA PIBHOI0 MEMNePanypi OMouyI0H020 cepedosulyd,
wWo 0036075€ 3HEXMYBAMU MENT0BUMU MPAMAMY | 86AHCAMU, WO 8 CMAYIOHAPHOMY PEHCUMI
HOMYJUCHICMb HAZPIBHUKA OOPIGHIOE NOMOKY Mennogoi enepeii uepes 3paszox. Toswuna 3pasxa
SHAYHO MEHWA 3a 6eIUHUHY U020 CMOpPOoHU (3pa3ok nogunen mamu gopmy keadpamy). Taxe
oonywenns neobxione 0sl BUKOPUCMAHHI YMOBU I30MPONHO20 PO3NOOLTY memnepamypu 6 none-
peunomy nepepisi 3paska. XonoounbHuk 3ano8HIOEMbCsL 600010 i3 1b000M. [30mponnuu po3nooin
memnepamypu 6 3pasKy 3a0e3neuycmvcs U020 KOHMAaKmom 3 MIOHUMU CIIHKAMU Kamepu Hazpie-
HUKa i Xonoounvhuxa. Temnepamypa naepimoi nogepxmi 3paska UMIPIOEMbCS 3 00NOMO20I0 Mep-
monapu, aKa 6600UMbCs Yepe3 OMEIp 8 NepeoHill CMIHYI Kamepu HACPIBHUKA.

3anpononosana KoHcmpyKyisi yCmaHo8Ku i ymogu ii ekcniyamayii 003601510mb CYmMmeso
nIOBUWUMU MOYHICMb SUSHAYEHHS KoeiyieHma menionposionocmi i 3pooumu noxuoxy meH-
woro 2%.

Knwouosi cnosa: menionposionicms, cmayioHapuuil menaiosuti nomix, 0yoieenvHi mamepiani.

Introduction. Thermal conductivity is an important characteristic of structural
and heat-insulating materials, so its experimental determination is of considerable
practical importance. Particular difficulties arise when measuring the thermal
conductivity of thermal insulation materials made by powder metallurgy and building
porous materials such as polystyrene foam, aerated concrete, etc. since the heat fluxes
through them are commensurate with parasitic heat losses. In addition, to eliminate
the error caused by the heterogeneity of the structure, measurements must be performed
on massive samples, which causes an increase in heat losses.

There are three classes of thermal conductivity measurement methods: steady-state,
non-steady-state, and frequency. The advantage of the steady-state heat flux method is
its simplicity, low cost, and the ability to measure the thermal conductivity of materials
with any electrical conductivity. The disadvantages of the method are its low accuracy
and the need to use reference samples [1]. The error in determining the thermal
conductivity coefficient by this method reaches 10%.

The steady-state heat flux method is based on the passage of heat flux through
the test sample and two standards with known thermal conductivity coefficients [1,
2]. The accuracy of the STF method is determined by the accuracy of determining
the temperatures at the boundary between the test and reference samples, the error in
the values of the thermal conductivity coefficient A of the reference samples, and their
selection. The coefficient A of the reference should be close to A of the test sample. It
is also important to take into account heat losses at the contacts between the samples.
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An example of a non-stationary method is the method of a flat "instantaneous" heat
source, which is indirect [3]. In addition to the traditional sources of errors that exist in
the measurement of thermal conductivity, there are additional errors in the measurement
of current temperature values T(x,, 1), electrical power, and the duration of the thermal
pulse [4]. Indirect methods are also used, based on the fact that the surface of the body
under study is exposed to microwave radiation [5]. The method requires sophisticated
equipment, uses complex mathematical models and calculations. The methods of probe
microscopy and laser flash have similar disadvantages. In addition, they are used to
determine the thermal conductivity in the near-surface layer of the sample.

This work aims to develop an installation for measuring the thermal conductivity
coefficient A of massive flat samples with low thermal conductivity using the steady-
state heat flow method with a significantly higher accuracy of determining A than
existing installations using this method.

Research results. The accuracy of the thermal conductivity coefficient determination
by the STP method can be improved by eliminating heat loss flows and refusing to
use reference samples, i.e., by using the direct measurement method. Heat losses from
the heater are caused by heat conduction through imperfect insulation and radiation. It
is especially important to eliminate parasitic heat fluxes when studying samples with
low thermal conductivity when the thermal resistance of the insulation is commensurate
with the similar resistance of the sample. We have proposed a solution to this problem
by contacting the sample with a heater chamber inside which the ambient temperature
is maintained [6]. The setup consists of two separate isolated parts. In one part (the
heater chamber), an air heater is mounted, which maintains the ambient temperature
inside the chamber tc. The second part is a refrigerator. The installation scheme is
shown in Fig. 1.

The heater chamber / is made of heat-insulating material. We used 0.05 m thick poly-
styrene foam. The front wall 2 of the chamber is a copper plate 2—10- m thick, against
which test sample 3 is pressed. Heater 4 is a manganese spiral. Its power depends on
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Fig. 1. Scheme of the installation for measuring thermal conductivity
1 — heater chamber, 2 — chamber wall, 3 — test sample, 4 — heater, 5 — refrigerator wall,
6 — refrigerator, 7 — ice, 8 — thermocouple, 9 — ceramic tube, 10— thermocouple holder,
11 — screw, 12 — spring clip, 13 — stop, 14 — thermal insulation
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the size and material of sample 3 and is only a few watts. For uniform heating of the air
in the chamber, the length of the heater is close to the width of the chamber.

The temperature in the heater chamber is measured using a temperature sen-
sor installed in its center. The dimensions of the chamber depend on the dimensions
of the sample, which is a square plate with a side a = 0.1 + 0.2 m.

The cross-sectional dimension b is limited by the conditions of convective heat trans-
fer in the heater chamber and the placement of the heater and temperature sensors and is
about 0.5a. In order to neglect the heat exchange of sample 3 with the environment
through the side surface, the thickness of the sample must be significantly less than a.
This assumption is necessary to use the condition of isotropic temperature distribution
in the cross-section of the sample. This is ensured by the fact that the sample with low
thermal conductivity is in contact with the heater chamber and the refrigerator through
copper plates 2 and 5.

In the operating mode, the temperature in the center of chamber / is maintained
equal to the ambient temperature t. Due to the thermal insulation of the chamber walls
and the maintenance of the temperature inside equal to t, the heat fluxes of losses can be
neglected, and it can be assumed that in the stationary mode, the heater power is equal
to the heat flux transferred through the plate 2 to the test sample 3. Since there is a ver-
tical gradient of air temperature in the heater chamber, the air temperature in its upper

part will be 7, + A¢, and in the lower part ¢, — A¢, . Accordingly, the heat fluxes through
the chamber enclosure in its upper and lower parts will be compensated.

A differential copper constant thermocouple & is used to determine the tempera-
ture of the heated surface of the sample, which is mounted in a two-channel ceramic
tube 9 and pressed against the sample by a beryllium bronze spring bracket /2. The
clamping force is adjusted by means of screw // by moving tube 9 in the thermocou-
ple holder /0. The junction of the thermocouple is in contact with the sample through
the hole in plate 2. This scheme of installation of the thermocouple ensures not only
its reliable contact with the sample but also eliminates heat dissipation through
the thermocouple due to thermal contact of the thermocouple holder with plate 2.
Due to the fact that its thermal conductivity is much higher than that of the sample,
the temperature of the sample surface in the vertical direction is equalized. Since
the vertical temperature distribution is symmetrical with respect to the central axis
of the sample, the average temperature of the heated surface of the sample will be
equal to the temperature in its center and is measured by thermocouple 8. Several ther-
mocouples can be installed for large samples. Since the temperature in chamber [ is
equal to the ambient temperature, the heat fluxes through the thermocouple and heater
terminals can also be neglected.

The refrigerator 6 is filled with water and ice 7. To eliminate the vertical temperature
gradient, part of the ice floats on top, while the other is placed in a grid with weight
and sinks to the bottom. The wall of refrigerator 5, which is in contact with the sam-
ple, is made of a copper plate, and its temperature is fixed at 0 °C. The test specimen 3
is attached to the refrigerator and held by means of stops /3, which are attached to
the wall of refrigerator 4 and separated from the specimen by thermal insulation /4.
The stops are made of plastic and also act as a heat shield, which reduces the heat flow
through the side surface of the sample. The refrigerator with the sample is leaned against
the heater chamber. The side surface of the sample is insulated with mineral wool tape.
The easiest way to clamp the sample between the heating chamber and the refrigerator
is to use rubber straps. Alternatively, springs attached to brackets mounted on the heater
chamber and refrigerator can be used.
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The proposed setup is designed to determine the thermal conductivity coefficient
A of materials with low thermal conductivity. Its advantages are sufficient simplicity,
the ability to perform measurements in a stationary mode on samples of large sizes,
which eliminates the influence of sample material inhomogeneities, and the lack of ref-
erence samples. The design and operating conditions of the installation allow to min-
imize heat loss fluxes. Significant geometric dimensions of the sample significantly
reduce the error of their determination. These factors can significantly reduce the error
in determining A. The use of a stabilized heater power supply, thermocouple calibration,
and the use of high-end measuring instruments will allow determining the thermal con-
ductivity coefficient with an error not exceeding 2%.

The disadvantages of the installation include the limitation of the thermal conduc-
tivity of the samples from above since at high values, the significant heater power is
required and difficulties will arise in using the stationary mode. To determine the ther-
mal conductivity of samples at higher temperatures, the heater chamber must be placed
in a thermostat, and the temperature of the refrigerator must be higher accordingly. This
complicates the installation and measurement process.

Conclusions. A scheme of an installation for measuring the thermal conductivity
of plates by the steady-state heat flow method has been developed, which does not
require reference samples and has a much higher accuracy. A significant reduction in
heat losses is due to the fact that the ambient temperature is maintained inside the heater
chamber, with which the test sample is in contact, which makes the error in determining
the thermal conductivity coefficient less than 2%.
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