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Abstract: when determining the thermophysical properties of various substances
by calorimetric methods, it is necessary to take into account the outflow of heat
from the installation, which is associated with the design features of the
installation. During the experiments, a temperature difference is created in the
calorimeter and the change in this difference with time is measured, which
requires a heater and a thermocouple inside the measuring cell. The heater and
thermocouple is placed inside the tube, passing along the central axis of the
calorimeter core. This creates additional difficulties, because possible outflow
of heat through this tube. In this paper, an estimate of this heat loss is made.
Keywords: thermophysical properties, calorimeter, autoclave, error due to heat
leakage, heat flow, temperature field.
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AHHOmauun: npu onpeoeieHUU MeENnIOPUIULECKUX CBOUCE  PA3TUYHBIX
sewecms KaiopumempuieCKumy Memooamu HeoOXo0umo yyumoléams OMmoK
mennia u3 YCMAaHOBKU, 4MO CBA3AHO C KOHCMPYKMUBHLIMU OCOOEHHOCMAMU
YCmaHosKu. B xoode skcnepumenmog 6 Kaiopumempe c030Aemcsi pa3sHOCMb
memnepamyp u uzmepsemcs UMeHeHue Mol PAZHOCMU CO 8PeMeHeM, Ymo
mpebyem Hanuuus Hazpesamens U MEPMONAPbl GHYMPU USMEPUMENbHOU
auelku. Haepesameno u mepmonapa pacnonazaemcs 6Hympu mpyoKu,
npoxoosauell 8001b YEHMPAIbHOU OocU s0pa Kaiopumempa. Imo cozoaem
OONONHUMENbHBIE CIONCHOCMU, M.K. B03MOJNCEH OMMOK Menia no OAaHHOU
mpybke. B 0annoii pabome npou3eo0umcsi oyenka 0aHHoU nomepu menida.
Knroueevie cnosa: mennoguszuueckue ceolicmea, Kaiopumemp, asmoKIde,
Nno2peuHoOCmsb 8ciedcmaue Ymeuku menid, meniogol Nomox, memnepamypHoe
noie.
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To determine the thermophysical properties of liquids can be used both
stationary and non-stationary methods of investigation. Non-stationary methods
include monotonous heating methods and bicalorimeter methods.

When calculating the thermal conductivity and isobaric heat capacity by these
methods, it is necessary to take into account the heat loss through the tube that
penetrates the measuring cell. There are a heater and thermocouples in such
high-pressure tubes. Heat also leaves the ends, in the absence of compensation
cylinders. The latter leads to a violation of the temperature field along the length
of the cylinders. The calorimeter scheme is given in picture 1. Core 1 (the
ampoule in the case of determining the isobaric heat capacity) is inside
autoclave 2. The gap between them is filled with the investigated liquid 3. Tube
4 with an electric heater with a power of W, runs along the core axis.

After establishing equilibrium in the cell, the electric heater is turned on. The
core temperature, and hence the temperature
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Fig. 1. Scheme of calorimeter

difference between the core and the autoclave, increases. To determine the
coefficients of thermal conductivity and heat capacity, it is necessary to measure
the temperature difference between the core and autoclave 6 with time at a
certain value of W,. In the case of stationary mode, this difference is constant.
Let us determine the heat leaving through the tube to the environment
(autoclave) with a constant temperature t,. The temperature field along



the tube from the core is shown in picture 2. As is known, the heat balance
equation
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Here m% = 2md , Ap- is the coefficient of thermal conductivity of the
ApSpInKy
material of the tube, S,- is the sectional area of the tube, K, = -2 is the ratio of
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the radii of the cylindrical gap.

When solving this problem, we consider the ideal thermal contact between the
tube and the core, heat is lost only through the wall of the tube and the tube is
located strictly concentrically in the hole of the autoclave.

The solution to equation (1) is

0 =Ce ™, (2)
Considering the boundary conditions x=0, =0,, we obtain
0 =6,e ™. 3)

Heat flow from core to tube

Pic. 2. Temperature field along the tube core
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Qo = —ApSp (a)o = ApSpOymy, = 0, W . (4)

Loss from both ends of the tube will be

212
g, = 47T9n\/(r1 15 )AAp (5)
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where 6,,- is the temperature difference between the tube and the autoclave, r0
Is the inner radius of the tube.
Heat flow from the core through the measuring layer
A6, A6,

q, = TS = ZﬂTlﬁ(lo +Ry) , (6)

Here S is the area of the working surface of the core, 6 is the thickness of the
measuring layer of the liquid, [y, R,- is the length and radius of the core. If we



take the annular and end gaps equal, and 6 has a very small value, then ln% =
1
8
R—l.
Then from expressions (5) and (6) for the correction for heat loss through the
tube

a1 28 (r? = 15) 2
q, Ry(l, +Ry). 2Alnk,

For example, this correction for liquid hydrocarbons (A = 0.1 W / (m - K) is
palpable A = 0.02, i.e. 2%, if we take [, = 10 cm, R; = 1 cm,§ = 0,05 cm, for
a steel tube 1, = 16 W/ (m - K).
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