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INVESTIGATION OF THE INFLUENCE OF VARIOUS
FACTORS ON THE POWER OF HEAT EXCHANGE
BY RADIATION

O.B. Koponvos, O.I1. [wyenxo. BILIMB reoMeTpHYHHX IapaMeTPiB HAa Telm1000MiH B TicHili pemriTui akTHBHOI 30HM peakTopa.
[TuTaHHS OO HEAOCTATHHOI BUBYCHOCTI MPOLECIB TEMJIO0OMIHY BHIPOMIHIOBAHHSM HEOZHOPA30BO IIOCTABAJIO B PI3HUX JOCIIIKCHHSX.
HesBaxxarouu Ha Te, 10 pOOOTH 3 BUBYCHHS TEIJIOOOMiHY BHIIPOMIHIOBAHHSIM OXOIUIIOKOTH [IMPOKUN CHEKTP Pi3HUX raiys3ei, cliij 3a3Ha-
YUTH HEJOCTATHIO KUIbKICTh MAaTepialiB 3 IOCTIIKEHHs IPOLECIB TEIUIOOOMIHY BHUIIPOMIHIOBAHHSAM B aKTHUBHIi 30HI SIIEPHOTO peakTopa.
VY poGoti 00’ €KTOM JOCIIKEHHS € TeIIOBUALIsA0YI 30ipku peakTopa BBEP-1000. Mema: Meroto poboTH € JOCIiIKEHHS MTPOLECY TEILIo-
00MiHY BHIIPOMIHIOBAHHSIM MiX TCIUIOBHIULIIOYMMH 30ipKamMu, a TAKOX JOCII/DKEHHS BIUIMBY 3MiHH BiICTaHi MiX TEIIOBHIUISFOUYNMHI
30ipkaMu Ha iX MOTYXHICTb 3 ypaxyBaHHSIM B3a€EMHOrO IiacBiuyBaHHs 30ipok. Mamepianu i memoou: HaBeneHo 3araipHuUii OmKC IpoLecy
TEMJIOOOMIHY BHITPOMiHIOBaHHsM. [IpoBeieHO pO3paxyHKOBE MOCIHIKCHHS BIUIMBY I'€OMETPUYHHX MapaMeTpiB Ha TEIIOOOMIH B TiCHI
PELIiTLi aKTHBHOI 30HU peakTopa. J{oCiPKeHO BIUTHB TEIJI000MiHY BUIIPOMIHIOBAaHHSIM Ha 3MiHY TEMIIEPAaTypH MOBEPXHI TEIIOBHIIISIOUNX
36ipok peakropa BBEP-1000 nipu 3Mmini MixkkacerHoro 3a3opy. JociiipkeHo 3MiHy MOTY)KHOCTI TEIUIOBUAIIAIOYMX 30ipOK BiIHOCHO moyar-
KOBOI MOTYXKHOCTI NpH 3MiHI MikkaceTHOro 3asopy. [IpoBeneHO excrepuMEHTaIbHI BHMIPIOBAHHS TEMIICPATypH Ha Di3HIiil BixcTaHi Bix
JDKepena BHIIPOMIHIOBAHHS IPH HAsBHOCTI MEPELIKOAM HAa LUIAXY [OLIMPEHHS BUIPOMIHIOBAHHS y BHUIVLAIl CKJA i BOOHM PI3HOrO pIBHS.
BuKOHaHO PO3paxyHOK HMOTY)KHOCTI TEMJIOBOr0 BUIPOMIHIOBAHHS Ta KOHBEKTHBHOIO TEIJIOOOMIHY Ha MiJCTaBi OTPHMAHHUX JaHHX EKCIEPU-
MeHTy. Pesyaibmamu: Pe3yibTaTi pO3paxyHKy CBiJYaTh, 110 B MOJAEISX, AKi BU3HAYAIOTh PO3PAXYHKOBUM LIISIXOM TEMIICPATYPY TEILUIOBU-
ninsrounx 30ipok B akTHBHIN 30HI peakropa BBEP-1000, HeoOXiZHO BpaxoByBaTH TEIUIOOOMIH BHIIPOMIHIOBaHHSAM. 3a pe3ysbTaTaMu
eKCIEePUMEHTY BU3HAYCHO, 110 HASBHICTh BOAW NPAKTHYHO HE BIUIMBA€E HAa MOTY)XHICTh TEIIOOOMiHY BUIpOMiHIOBaHH:M. lle no3Boise He
BPaxOBYBaTH HAsBHICTb BOAH IIPH PO3PaXyHKY TEILIOOOMiHY BUIPOMIHIOBAHHIM MK TEIUIOBHIAUIIIOUMMHE 30ipkamMu B peaktopi BBEP-1000.

Kniouogi croga: Tennoo6Mid BunpominioBanusam, BBEP-1000, terunoBuainsioda 36ipka, TicHa peliTka, FeOMETPUYHI HapaMeTpu.

O.V. Korolyov, O.P. Ishchenko. Investigation of the influence of various factors on the power of heat exchange by radiation. The
issue of lack of knowledge of radiation heat transfer process has been repeatedly raised in various studies. Despite the fact that works on
study of heat transfer by radiation covers a wide range of different industries, it should be noted the lack of materials on study of heat
exchange processes by radiation in a core of a nuclear reactor. In this work, the fuel assemblies of the VVER-1000 reactor were used as the
bodies under study. Aim: The aim of the research is to investigate the heat exchange process between heat transfer assemblies and to study of
the effect of changing the distance between the fuel assemblies on their power taking into account the inter-radiating of assemblies.
Materials and Methods: A general description of the process of heat transfer by radiation. A calculation study of the effect of geometric
parameters on heat transfer in the close lattice of the reactor core is performed. The influence of heat transfer by radiation on the temperature
change of the fuel assemblies surface of the VVER-1000 reactor at change in the cassette gap is studied. The change in the power of the fuel
assemblies relative to the initial power with a change in the cassette gap was studied. Experimental measurements of the temperature at
different distances from the radiation source were made with an obstacle in the path of radiation propagation in the form of glass and water
of different levels. The heat radiation and convective heat transfer are calculated based on the obtained experimental data. The calculation of
thermal radiation power and convective heat transfer based on the obtained experimental data is performed. Results: The calculation results
show that in models that determine the temperature of the fuel assemblies in the core of the VVER-1000 reactor, the radiation heat transfer
must be taken into account. In this case, the amount of transferred energy is the greater, the smaller the distance between objects. This is
observed depending on the distance between the fuel assemblies and their power. According to the results of the experiment, it is determined
that the presence of water practically does not affect the power of heat exchange by radiation. This makes it possible not to take into account
the presence of water in calculating the heat exchange between the fuel assemblies in the VVER-1000 reactor.

Keywords: heat transfer by radiation, VVER-1000, fuel assembly, close lattice, geometric parameters.

Introduction. All substances continuously emit electromagnetic waves due to vibrations of their
atoms and molecules. These oscillations are directly related to the internal energy of matter. In an
equilibrium state, the internal energy is proportional to the temperature of the substance.

Radiation heat exchange is taken into account in studies on cooling processes, for example, in the
study of heat transfer in a movable metal sheet with jet cooling [1].
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The problem of the insufficient study of the processes of heat exchange by radiation was repeat-
edly raised in various studies, for example, in a paper devoted to the peculiarities of heat exchange in
the cylinder of diesel engines in gas-engine fuel [2], as well as in the investigation of processes in the
tuyere zone of a blast furnace when working with Using pulverized coal [3], etc.

Despite the fact that the work on the study of heat transfer by radiation covers a wide range of
different industries, it should be noted the lack of materials on the study of heat exchange processes by
radiation in the core of a nuclear reactor. So, in this work, the fuel assemblies (FA) of the VVER-1000
reactor were used as the bodies under study.

The aim of the research is to investigate the heat exchange process between heat transfer
assemblies and to study of the effect of changing the distance between the fuel assemblies on their
power taking into account the inter-radiating of assemblies.

We note that the question of impact of accounting of the assemblies radiance by each other [4] in
the literature at the moment was considered only from the point of view of the change in the curvature
of the FA [5].

Analysis of the literature showed a lack of data in the study of heat transfer by radiation, as well
as the lack of valid data on the degree of absorption of radiant energy in the water layer. To confirm
these calculations, the present experimental investigation has been carried out.

The aim of the experiment is the determination of dependence of the radiation power on the
distance to the radiation source without barriers and the effect of the presence of a barrier in the form
of a different layer of water.

Materials and Methods.

Radiation heat transfer. The maximum temperature difference between fuel assemblies located
side by side in the core of the VVER-1000 reactor, according to the temperature sensors at the outlet
from the fuel assembly, is 11.5 °C (data of Nov. 09, 2014 on the South-Ukraine NPP, unit No. 3, 290
effective days).

The formula was used for absolutely black body in the calculation of the resulting radiation,
which made it possible to determine the maximum possible value of the transmitted energy.

To calculate the heat transfer by radiation, we use the formula [6]

Ql<—>2 :G(T14_T;)AF;923 (D

where ¢ — Stefan-Boltzmann constant (takes into account radiation over all wavelengths);
T} — source temperature, K;
T, — thermocouple temperature, K;
A — heat exchange area, n’;
F,, — slope coefficient.
The calculation for fuel rods, presented in the form of parallel rectangles arranged side by side, is
described below. The angular coefficient is determined by the formula:

2 ) 1/2
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where X=a/S;

Y="5b/S;

a — height of the fuel column in the fuel assemblies, @ = 3530 mmy;

b — width of the facet of the hexagon of the fuel assembly, b = 127.5 mm;

S — distance between the fuel assemblies, mm.

The area A4 of the heat exchange surface is equal to the area of the rectangle accepted in the calcu-
lation of the slope coefficient A = axb = 0.45 m>.
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The results of the power of heat exchange by radiation for different distances between fuel as-
sembles calculating are summarized in Table 1.

Table 1

The values of the power of heat exchange by radiation for a different distance between fuel assembles
(rectangular shape)

S, mm 5 10 13 16 19
012 KW 14.986 14.289 13.971 13.567 13.431

The results of calculations of the radiation heat exchange power, shown in the graph (Fig. 1),
shows a tendency to decrease in power as the distance between the fuel assemblies increases.

S, mm \
16

\

0

134 136 138 14 142 144 146 0, kW

Fig. 1. Dependence of the heat exchange power by radiation on the distance between fuel assemblies,
represented as parallel rectangles arranged opposite to each other

The calculation was performed for fuel assemblies represented as parallel cylinders arranged
opposite each other. In this case, the slope coefficient is determined by the formula:

F, =l(\/X2 —1+arcsinL—Xj, 3)
e X
where X=1+5/(2r);
S — distance between the fuel assemblies, mm [7];
r —radius of the cylinder, =117 mm [8].
The area A, of the heat exchange surface is equal to half the surface area of the cylinder adopted
in calculating the angular coefficient:

2nthr

A4 = =3.14-3.53-117-107° =1.29 m’,

where & — height of the cylinder, is assumed equal to the height of the fuel column in the fuel assembly
(h=3.53 m).

The results of the power of heat exchange by radiation for different distances between fuel as-
sembles calculating are summarized in Table 2.

Table 2
The values of the radiant heat exchange power for different distances between the fuel assemblies
(cylindrical shape)
S, mm 5 10 13 16 19
010, kKW 19.5 18.4 17.9 17.5 16.8
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The results of calculating the power of heat exchange by radiation show a tendency to decrease
the power of heat exchange by radiation as the distance between the fuel assemblies of the cylindrical
shape increases, located parallel to each other (Fig. 2).

S, mm ~—
6 T ~
12 \\
8 ~
\\

4
210 215 220 225 230 235 240 O, kW

Fig. 2. Dependence of the heat exchange power by radiation on the distance between fuel assemblies,
represented as parallel cylinders arranged opposite to each other

Radiation transfers about 13.4...14.9 kW of thermal energy by heat exchange. Depending on how
we represent the fuel assemblies — in the form of parallel rectangles or cylinders located opposite each
other, the result differs by 3...5 kW in favor of fuel assemblies of cylindrical shape. The transmitted
power is higher than for fuel assemblies in the form of rectangles and equal to 16.8...19.5 kW. When
fuel assemblies is approached, the energy that transferred by heat exchange by radiation, increases.

Experimental stand and methodology. The appearance of the experimental stand is shown in
Fig. 3; a schematic sketch of the stand is shown in Fig. 4 and 5.

Two glasses 26x18 cm with thickness of 8 mm were used to organize the barrier on the way of
the propagation of thermal radiation. Rubber bands were pasted at three sides, thus a free space for
water were created. The gap between glasses was 4 mm. A halogen linear lamp J118/R7s with a
nominal power of 300 W was used as a source of radiation. The temperature was measured by the
chromel-alumel thermocouple (K-Type) and the Mastech MS 6501 thermometer with a range from —
50 to 150 °C and accuracy of 0.1 °C. The water temperature was measured by a mercury thermometer
with a measurement scale from 0 to 50 °C and a fission rate of 0.1 °C.

Registration of changes in the thermometer readings in time (“acceleration curve”) was
performed using the Casio EX-FS10 digital camera.

The lamp power was continuously measured with a Lemanso LM602 wattmeter with a range of
0...3000 W and accuracy of 0.1 W. The power of the source measured before the experiment was
287.6 W (depends on the electric line voltage).

Also, a water tank with the thermocouple placed below it was used during the experiment
(Fig. 3). Thus, it is possible to compare the results of heating in the presence of different thicknesses
of the water layer.

3 1 ®\1
\D 4S—>®/ S
— L2
L1 3
Fig. 3. The visual appearance Fig. 4. Sketch of the experimental Fig. 5 Sketch of the experimental
of the experimental stand stand: 1 — radiation source, 2 — stand: 1 — radiation source, 2 — water
glasses, 3 — thermocouple level, 3 — thermocouple, 4 — container
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The experiment was performed according to the following procedure. At a certain distance of one
side of glasses is a radiation source, the thermocouple is fixed to the glass without touching the glass.
Simultaneously with the lamp the stopwatch is activated and the temperature is recorded until stabili-
zation occurs. Then the space between the glasses is filled with water and a second measurement takes
place. After this, the distance from the radiation source changes and another measurement takes place.
Then the thermocouple is mounted on a white reflective surface so that the tail of thermocouple end
does not come into contact with any surface, the radiation source is installed at a certain distance
above the thermocouple. After that, the temperature is measured. Then a glass container with a glass
thickness of 1.5 mm is installed above the thermocouple and the following measurement is made.
After that, water is poured into the tank and temperature measurements are made at different water
levels, while the temperature of the water in the tank is fixed. A measurement of the cooling rate of the
thermocouple in the air was also made.

Results and Discussion. The results of temperature measurements in time are presented in
Fig. 6. Point 0 corresponds to the time when the radiation source is turned off; further on the graphs
point 0 corresponds to the time of activation of radiation source.

T,°C
50 P~
\
40 ~—
—
0 20 40 60 80 100 fs

Fig. 6. The graph of the temperature changes over time. Cooling in the air

In the Fig. 7 the effect of the water layer on the thermocouple heating speed is clearly shown, so
line 1, which displays heating without water, increases faster than line 2, which displays heat in the
presence of water layer at the same distance to the source of radiation. The differences in the heating
rate, which represent series 2 and 3, show the effect of the distance on heating, so with an increase of
distance by 13.4 %, the heating rate decreases average in two times.

Fig. 8 shows the influence of the increase in the water layer on the heating speed of the thermo-
couple.

Fig. 9 shows the difference between the heating rate of the thermocouple without the presence of
a barrier in the path of radiation propagation and in the presence of a glass bulb between the radiation
source and the thermocouple, so in the presence of glass with a thickness of 1.5 mm, the heating rate
averagely increases by 85 %.

T,°C

35

30 / :
25 yd / ]
T,

20
0 10 20 30 40 50 t,s

Fig. 7. The temperature graph of the thermocouple in time in the presence of barriers and constant layer
of water (L): 1 — heat exchange through glass without layer of water, S = 186 mm; 2 — heat exchange through
layer of water L = 4 mm and glass, S = 186 mm; 3 — heat exchange through layer of water L = 4 mm and glass,
S =211 mm.
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Fig. 8. The graph of the temperature change of the thermocouple in time as the radiation passes through layer of
water of various thicknesses (L) at a constant distance “thermocouple-light source” equal to S = 195 mm:
1-L=20mm;2—L=37mm;3—-L=53mm; 4—L=70mm; 5—L=387mm

T,°C

45  —

40 /,
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2
/ / i
25 <
/ 1
2
15
0 10 20 30 40 50 60 ts

Fig. 9. The graph of the temperature variation of the thermocouple in time: 1 — heat exchange without barriers;
S = 195 mm; 2 — heat exchange through a flask without layer of water (L = 0 mm); S = 195 mm

The calculation of radiation power. To calculate the heat transfer by radiation Q,.,, we use the
formula (1). Due to the cylindrical shape of heat source, we use the formula (3) to calculate the slope
coefficient F'i.,; the distance from the source to the thermocouple is S = 186, 195, 211 mm for the
corresponding experiments.

The values of the slope coefficients are summarized in Table 3.

Table 3
The values of the slope coefficients for different distances to the radiation source
S, mm 186 211 195
Fi, 0.1075 0.0949 0.103

For further calculations of the power of heat exchange by radiation, it is necessary to determine
the temperature of the source 7;. We use the Stefan-Boltzmann law [9]:
T=4 7,
eAc
where T — source temperature, K;
W —radiation power, W;

€ — degree of blackness for tungsten (¢ = 0.35) [10];
o — Stefan-Boltzmann constant;
A — area of the radiating surface, m’.
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Let calculate the area of the cylinder (4) with diameter 1mm and height 80 mm:
A=ndh=7-10"-8-102=2.51-10"*, m?,
thus,

0.35-2.51-10*-5.67-10*

To calculate the convective heat transfer of a thermocouple with the environment we use the
formula [6]:

T =</ 287.6 =2756.5K.

Qc :(x’Al(T{ _Tz)a W,

where o — heat transfer coefficient, W/m’K;
A; — area of heat exchange, m’;
T — thermocouple temperature after stabilization during heating, K;
T, — environment temperature, K.
The heat exchange area is equal to the area of the thermocouple's tail end, which has a spherical
shape with diameter of 1 mm, 4, = 4xr’, where  is the radius of the sphere, m.
A =4mr* =41(0.5-107)* =3.14-10°, m?,
Let us assume heat transfer coefficient o for air in the absence of wind equal to 153.7 W/m’K.
This value was obtained by measuring the cooling rate of a thin wire in air [11].
The product a7, = const (T} — the time constant of the thermocouple) is valid for all the experi-
ments performed, because the same thermocouple was used.
Let us determine 7, for the experiment with cooling the thermocouple in air along the tangent
line to the acceleration curve at the point = 0. Thus, the time constant of the thermocouple T} is
55 sec. In the same way we define T, for the remaining experiments.

T,°C
S0P~
——
40 —~——
30 '
0 20 40 T.60 80 100 4

Fig. 10. Determination of T, for a time-temperature plot for cooling the thermocouple in air

Using the relation T, a, =T, o, we determine o for all the experimental measurements, where
1

T, 0, is used to measure the cooling rate in air, and 7, o, — for other experimental measurements.
1

The results of the calculations of the heat transfer coefficient, the radiant heat transfer power, and
the convective heat transfer of the thermocouple losses during cooling in air, the measured time
constants, as well as the results of measurements of the water temperature in the reservoir during the
experiments are summarized in Table 4.

The results of calculations show that the power of heat exchange by radiation does not change in
experiments 2 and 3. In the experiment 1, the value of the heat exchange power by radiation differs in
the third line in comparison with lines 1 and 2. The power of convective heat transfer when the ther-
mocouple is cooled under the influence of a colder environment is 3...4 orders lower than the power
of heat exchange by radiation. The heating of the water during the experiment 2 was near 2...3 °C,
which indicates a slight loss of the thermal radiation power due to the presence of water on the propa-
gation path during the time of the experimental measurements.

The dependence of the thermal radiation power on the distance was revealed during the experi-
ment: in experiment 1 with an increase in the distance by 25 mm, the power of heat exchange by radia-
tion decreased by 11.7 %. In the calculations of the change in the power of heat exchange by radiation,
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the decrease in power with an increase in the distance by 14 mm was 10.3 % when calculating heat
transfer between plates (as in this investigation) and by 13.7 % in the calculation of heat transfer be-
tween the cylinders.

Table 4
Summary table of calculation results
Experiment Ty, c W /?I"IZK Oc, W Oraay W Tiitias, °C Thinas, °C

Experiment No.1

Line 1 18 469.6 0.0195 15.383

Line 2 22 384.2 6.21-10° 15.384

Line 3 23 367.5 2.94.10 13.58
Experiment No.2

Line 1 34 248.6 0.0107 42.342 13.2 17,2

Line 2 23 367.5 0.0166 42.342 15.3 17,9

Line 3 24 352.2 0.019 42.342 16.6 17,5

Line 4 30 281.7 0.0188 42.342 17.4 19

Line 5 28 301.9 0.022 42.342 18.8 19,2
Experiment No.3

Line 1 33 256.1 0.014 42.342

Line 2 28 301.8 0.023 42.342

The obtained results show a high convergence of the calculating investigation and the experi-
mental one, which allows us to conclude that the results of the calculation work are reliable.

Conclusions. To determine the maximum possible amount of energy that can be transferred by
radiation heat exchange, the fuel assemblies are taken as absolutely black body. The results of the
calculation show that in models that numerically determine the temperature of the fuel assemblies in
the core of the VVER-1000 reactor, the heat transfer must be taken into account. In this case, the
amount of transferred energy is greater, the smaller the distance between objects, which is observed
depending on the distance between the fuel assemblies and their power.

A high convergence of the dependence of the radiant heat exchange power on the distance
obtained in this work and the calculated one was determined during the experiment.

Based on the results of the processing of experimental measurements, it is determined that the
presence of water, as a barrier, does not have a significant effect on the power of heat exchange by
radiation. This allows not taking into account the presence of water in calculating the heat exchange
between the fuel assemblies in the VVER-1000 reactor.

The magnitude of the convective heat transfer between the thermocouple and the colder ambient
air is so small, in comparison with the thermocouple obtained that the value of the heat-exchange
capacity of the radiation, that it can be ignored. This makes it possible to consider the calculated heat-
exchange power of radiation to be reliable.

Jliteparypa

1. Konmun, A.B. HccnenoBanue TemnooOMeHa B ITOJBM)KHOM METaJUIMYECKOM JIUCTE IIPU CTPYHHOM
oxnaxaennu / A.B. Konnun, H.W. IInatonos, B.I1. Cemenos // Bectauk Uenl'V. — 2008. — Ne 25(126). —
C. 60-67.

2. JluxaHoB, B.A. OcoOeHHOCTH TEITO00MEHA HM3JIyUYCHHEM B IWIMHIpE Iu3eied mpu paboTe Ha ras3o-
MortopHoM ToruuBe / B.A. JIuxaHoB, A.B.Poccoxun // MexayHapoqHbIH KypHal NPHUKIAJHBIX U
(dyHIamMeHTanbHbIX uccaenoanuid. — 2014. —Ne 10, Y. 1. - C. 14-17.

3. Moropuna, T.A. HcciaenoBanue TeruiooOMeHa B (DypMEHHOH 30HE NOMEHHOW Ieud IpU paboTe ¢
npumeHenneM yroabHoro tommmsa (ITYT) / T.A. Moropuna // Meramnyprus XXI cronetus riazamu
MOJIOZIBIX: BCEYKpaWHCKas HayYHO-TIPAKTUYECKass KOH(EPEHIHsI CTYIEHTOB: COOPHHK JOKIIAJO0B. —
Jonenk: IonHTVY, 2013. — C. 128-129.

ENERGETICS. HEAT ENGINEERING. ELECTRICAL ENGINEERING



60

ISSN 2076-2429 (print)

[pani Oxeckkoro noitexHigHoro yHiBepeurery, 2017. Bum. 1(51) ISSN 2223-3814 (online)

10.

11.

. Lebrun, A. Non destructive assay of nuclear LEU spent fuels for burnup credit application / A. Lebrun,

G. Bignan // Technical Committee Meeting on Implementation of Burnup Credit in Spent Fuel
Management Systems, 10-14 Jul 2000, Vienna, Austria. — Vienna: IAEA, 2001. — PP. 251-268.

. Afanasyev, A. WWER-1000 fuel cycle economical improvement by reaching high fuel burnup

[Enextponnuii pecypc] / A. Afanasyev // International Atomic Energy Agency (IAEA). — Pexxum no-
crymy: https:/inis.iaca.org/search/search.aspx?orig_q=RN:36040495 (/lata 3Bepranns: 28.11.2016).

. Howell, J.R. Thermal radiation heat transfer / J.R. Howell, R. Siegel, M. Pinar Menguc. — 5™ Ed. — Boca

Raton: CRC Press, 2011. — 987 p.

. Frost, B.R.T. Nuclear fuel elements: design, fabrication and performance / B.R.T. Frost. — Oxford:

Pergamon Press, 1982. —275 p.

. Maprysosa, T.X. AtomHsle anekTpuueckue craniuu / T.X. Maprysosa. — 4-e u3fl., nepepad. u Jom. —

M.: Bercmr. mik., 1984, — 303 c.

. Jevremovic, T. Nuclear principles in engineering / T. Jevremovic. — 2™ Ed. — New York: Springer,

2009. — 546 p.

TyromnaBkue Matepuansl B MammHoctpoenuu / nox pexa.: A.T. Tymanosa, K.U. I[loptHoro. — M.:
MamnHocTpoenue, 1967. —392 c.

Kopomnes, A.B. OcobeHHOCTH TerIooOMeHa Ha AJIEKTPUUECKH 00OrpeBaeMoi MPOBOJIOKE B BO3IYyXE /
A.B. Kopones // ITp. Onec. momnitexH. yH-Ty. — 2000. — Bum. 3(12). — C. 80-83.

References

1.

2.

Koldin, A.V., Platonov, N.I., & Semenov, V.P. (2008). Study on heat transfer of a moving metal strip
cooling by jet system. Bulletin of Chelyabinsk State University, 25, 60—67.

Likhanov, V.A., & Rossokhin, A.V. (2014). Peculiar properties of radiative heat transfer in the diesel
cylinder operating on gas-engine fuel. International Journal of Applied and Fundamental Research, 10,
14-17.

. Motorina, T.A. (2013). Research of heat transfer in a tuyere—raceway of a blast furnace when using coal

fuel. In Proceedings of the All-Ukrainian Scientific-Practical Conference of Students “Metallurgy of the
21 Century through the Eyes of Young” (pp. 128—129). Donetsk: DonNTU.

. Lebrun, A., & Bignan, G. (2001). Non destructive assay of nuclear LEU spent fuels for burnup credit

application. In Proceedings of a Technical Committee Meeting on Implementation of Burnup Credit in
Spent Fuel Management Systems (pp. 251-268). Vienna: IAEA.

. Afanasyev, A. (2003). WWER-1000 fuel cycle economical improvement by reaching high fuel burnup.

IAEA. Retrieved from https://inis.iaca.org/search/search.aspx?orig_q=RN:36040495

. Howell, I.R., Siegel, R., & Pinar Menguc, M. (2011). Thermal Radiation Heat Transfer (5" Ed.). Boca

Raton: CRC Press.

. Frost, B.R.T. (1982). Nuclear Fuel Elements: Design, Fabrication and Performance. Oxford: Pergamon

Press.

. Margulova, T.Kh. (1984). Nuclear Power Stations. Moscow: Vysshaya Shkola.
. Jevremovic, T. (2009). Nuclear Principles in Engineering (2™ Ed.). New York: Springer.
. Tumanov, A.T., & Portnoy, K.I. (Eds.). (1967). Refractory Materials in Mechanical Engineering.

Moscow: Mashinostroenie.

. Korolyov, A.V. (2000). Heat exchange peculiarities on electric heated wire in air. Odes kyi

Politechnichnyi Universytet. Pratsi, 3, 80-83.

Received February 20, 2017
Accepted March 22, 2017

EHEPTETHUKA. TEIIVIOTEXHIKA. EJIEKTPOTEXHIKA



