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ABSTRACT

BACKGROUND: The trend of activity increase in exploration of transpolar areas has been observed for recent years. Negative
temperatures, the key feature of the North, have a negative impact on state of piston engines of on-ground transport. In engine's
cylinders, the process of transition of liquid fuel in gaseous state goes before the mixture ignition. Negative temperatures
affect the phase transition process and impede the working body homogenization. Therefore, engine pre-start warming-up
procedure goes before successful engine start. Existing typical methods of pre-start warming-up demand fuel consumption
and, generally, significant staff resources. Achievements of modern science offer new technologies for solving the issues
of warming-up procedures based on accumulating, storage and deployment of heat energy produces by an engine during its
operation.

AIM: Justification of usability of the heat accumulator of phase transition in pre-start warming-up procedure for vehicles’
engines operating in conditions of negative temperatures of cold climate.

METHODS: Numerical values of heat accumulator charging period depending on temperature of heat-accumulating material
at various initial temperatures of coolant as well as values of the discharging period depending on temperature of heat-
accumulating material at various coolant rates were defined experimentally. High-density polyethylene was used as a heat-
accumulating material.

RESULTS: As aresult of the described experiment, curves of heat accumulator charging period depending on heat-accumulating
material temperature at various initial temperatures of coolant and curves of heat accumulator discharging period depending
on coolant temperature at various coolant rates were built.

CONCLUSIONS: It is found that the heat accumulator of phase transition with high-density polyethylene as a heat-accumulating
material can be used for improving the reliability of vehicles’ piston engine start in conditions of negative temperatures of cold
climate.

Keywords: heat accumulator of phase transition; high-density polyethylene; coolant rate; negative temperatures; pre-start
engine warming-up procedure; successful engine start; heat-accumulating material; heat-transfer processes.
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¢asoBoro nepexoga B TensoBoM NOAroToBKe
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AHHOTALMA

O6ocHoBaHMe. B nocnegHue ronpl HabnopaeTcs TeHAEHUMS NOABEMA aKTUBHOCTU K OCBOEHWMIO 3aMONIAPHLIX TEPPUTOPUIA.
XapakTepHou ocobeHHocTbio CeBepa ABNAKOTCS 0TpULaTENbHbIE TeMNepaTypbl. OTpuLaTenbHble TEMNepaTypbl 0Ka3biBaloT He-
raTMBHOE BO3/ENCTBME Ha COCTOSHWE MOPLUHEBLIX ABUraTenel Ha3eMHOro TpaHcnopTa. B uunuHpopax asuratens socnna-
MEHEHWI0 NPeALLeCTBYeT NPOLECC NepexoAa XWUAKOro Tonauea B rasoobpasHoe coctosHue. OTpuuatenbHble TeMnepaTypbl
HeraTMBHO BIUSIIOT Ha NPOLLECC CMeHbl (ha3oBbIX COCTOAHWUN NPENSATCTBYIOT FOMOTeHW3aLMM paboyero Tena v ycnewuHoMy ny-
CKy apuratens. B uensx obecneyeHus Takoro nycka npeaycMoTpeHa TensoBas noArotoka. CyLiecTBYHOT TUMOBbIE METOAbI
TENNO0BOI MOATOTOBKM, TpebylolimMe pacxofa 3HEProHOCUTENEN U KaK, NpaBUIO 3HauMTENbHBIX TpyAo3aTpat. JocTuweHus
COBPEMEHHOI HayKW NPeIaraloT HoBble TEXHONOTMM B PELLEHUM BONPOCOB TEMNJI0BOM NOATOTOBKW HA OCHOBE aKKyMyNpoBa-
HUS, XPaHeHUs U peann3auumy TENNOBOI 3Heprum, BblpabaTbiBaeMoii ABuUraTeNieM B NpoLiecce NPUMEHEHUS.

Lienb paboTbl — 060CHOBaHWe NPUMEHUMOCTM TEMIOBOTO aKKyMynsiTtopa Ga3oBoro nepexoza B TEMI0BON NOArOTOBKE [BU-
ratesieli aBTOTPAHCMOPTHbIX CPEACTB, IKCMITYaTUPYEMbIX B YCIOBUAX OTPULLATE bHBIX TEMMEPATYp XON0AHOIO KMMaTa.
Martepuanbl u MeToapl. 3KCrepUMeHTaNbHbIM METOLLOM ONpeaeNsiIUCh YUCTEHHbIE 3HAYEHWUS BPEMEHU 3apAAKY TensoBoro
aKKyMynSTopa B 3aBUCUMOCTM OT TeMMepaTypbl TENN0aKKyMynupyloLero Matepuana (TAM) npu pasnnyHbIX HavanbHbIX TEM-
nepartypax TenaoHOCUTENs U BPEMEHW Pa3psAKY TEMNOBOr0 aKKyMyNsTopa B 3aBUCUMOCTM OT TeMnepaTypbl TeNn0akKyMynmu-
pyIOLLEro MaTepuana npy pasnnyHbIX 06bEMHbIX pacxofax TeMnoHoCUTeNsA. B KayecTBe TennoakKyMynMpyloLLero Matepuana
NPUMEHSANCA MOSMITUNEH BbICOKOW MNOTHOCTH.

PesynbTarbl. B pe3ynbTate onucaHHOTO 3KCMEpPUMEHTa NOCTPOEHbI rpaduyecKkme 3aBUCMMOCTY BpEMEHU 3apsAKM TennoBo-
ro aKKyMyNATOpa OT TeMnepaTypbl TEMNOAKKYMySMPYIOLLEro MaTepuana npu pasfiMyHbiX HayanbHbIX TeMmepaTypax Tenno-
HOCUTENS M BPEMEHW Pa3psAKM TENJI0BOr0 akKyMynsTopa OT TeMMepaTtypbl TENNOHOCUTENS MPU ero PasfnyHbIX 00BEMHBIX
pacxopax.

3akntoueHue. YCTaHOBNEHO, YTO TEMOBOI akKyMynsaTop Ga3oBoro Nepexoaa ¢ TeNn0aKKyMyvpyloLLMM MaTepuanoM (noam-
3TUNEHOM) BbICOKOW NNOTHOCTM NPUMEHWUM LIS MOBbILIEHWUS HAAEXKHOCTY MYCKa MOPLUHEBbIX ABUraTeseil aBTOTPAHCMOPTHbIX
CPeACTB B YC/IOBUSX OTPULIATESIbHBIX TEMMNEPaTyp XOOAHOM0 KMMaTa.

KnioueBble cnoBa: TennoBoii aKKYMYJIATOP dJa3OBOFO nepexona, noan3aTuieH BbICOKOM MJIOTHOCTH, pacxoa TenjoHocuTe-
N4, 0TpuUaTesibHble TeMnepaTtypbl, TenjioBad NoAroToBKa ABuratens, YCI'IELIJHbIﬁ nNycK apuratend, Tenjioakkymynumpyro-
Lun martepuan, Tenso000MeHHble npouecchbl.
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BACKGROUND

The Russian Federation lies in the middle and high
latitudes of the continent. Weather conditions in most
territories of the country can be classified as rigorous,
and seasonal changes are contrasting in nature, with
winters being lengthy and frosty. The cold climate zone,
whose average temperature during winter months
decreases to below -20°C and whose number of cold
days reaches 270, covers more than 50% of the area,
including the regions of Siberia, the Far North, and the
Far East.

The Northern Sea Route covers the shortest
communication between the European part of Russia
and the Far East. The Northwest Passage represents
the sea route between the Atlantic and Pacific oceans.
Meanwhile, the air bridge between North America and
Southeast Asia passes through polar territories of
the Russian Federation. The intact mineral reserves
found in these areas belong to Russian people. Such
territorial locations offer not only natural resources
but also a strategic advantage for the economy and
defense sector. The protection and provision of national
interests of Russia can be found in the Presidential
Decree No. 645 of October 26, 2020 “On the Strategy
for the Development of the Arctic Zone of the Russian
Federation and Ensuring National Security for the
Period until 2035,” and inter alia based on the usage of
advanced technologies and equipment adapted to harsh
conditions of polar regions. Road transport contributes
to the long-term development of northern territories.
According to the analytical agency «Autostat», by mid-
2023, 3.7 million motor lorries would have been located
in Russia. The auto giant KamAZ accounts for more than
a quarter (26%) of this fleet; 963 thousand of such trucks
are registered in Russia. These trucks are followed by
those produced by GAZ rank (600 thousand vehicles),
ZIL brand vehicles (402 thousand units), and MAZ and
Ural vehicles (265 thousand and 170 thousand units,
respectively). Russian brands holds more than 65% of
the Russian trucks fleet. Amount of trucks for some
regions of Russia is given in Table 1.

These regions are known by negative winter
temperatures. Successful engine start under such
conditions necessitates thermal preparation. Mixture
ignition in engine cylinders is preceded by the
transition of liquid fuel into a gaseous state. Negative
temperatures negatively influence the process of phase
states changing and prevent the homogenization of the
fuel-air mixture. The probability of a successful engine
start also decreases due to other reasons related to the
viscosity of engine oil and electric battery capacity [1, 2].

Scientists have been attempting to solve the
problematic of starting low-temperature engines [3-5].
Days of bonfires making or blowtorches using for
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Table 1. Trucks fleet in some Russian regions

Ta6nuua 1. YucneHHocTb NapKa rpy3oBbIX aBToMobuMnen
M0 HEKOTOpbIM pernoHam Poccun

Number
No. Name of region of motor
vehicles
1 Arkhangelsk region 23457
2 Sverdlovsk region 68725
3 Irkutsk region 70315
4 Krasnoyarsk region 67443
5 Murmansk region 9817
6 Omsk region 52428
7 Primorsky region 41432
8 Republic of Buryatia 60217
9 Republic of Karelia 138014
10 Republic of Komi 27277
[l Tyumen region 97049

successfully engine start are gone in past. Modern
society has arrived at a new stage of development.
Currently, advanced technologies can ensure successful
engine start at negative temperatures within a short
period, with minimal energy consumption and minimal
labor intensity.

The heat generated by the engine itself during vehicle
use can be used for thermal preparation of engines. 25%
of the heat introduced with the fuel into the combustion
chamber is converted and used in efficient operation
during an actual cycle. The thermal potential is wasted
due to incomplete combustion of fuel, activation of its
internal systems and mechanisms, loss with exhaust
gases, and dissipation into the atmosphere through
the cooling system. The application of advanced
technologies based on modern achievements in science
and technology can ensure the rational application of
unused heat in efficient engine operations.

PROBLEM FORMULATION

Start-up reliability can be increased and engine
resource damage be reduced during low-temperature
start-up without additional consumption of energy-
producing material via the principle of accumulating its
thermal energy in relation to piston engine systems. One
of the cardinal ways to solving this problem is using of
a device, that can accumulate, store, and use thermal
energy. Such devices are termed “thermal accumulators”
[6-9]. The most acceptable for thermal preparation
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among known types of heat accumulators is the phase
transition heat accumulator; this type of heat accumulator
operates on the principle of “melting — crystallization,”
with a thermal effect involving the release or absorption
of phase transition heat. Thermal accumulators
operate based on the implementation of heat exchange
processes among various means. The principle of heat
transfer contributes to the general doctrine of heat,
whose foundation was laid by Lomonosov on the basis
of corpuscular theory of the structure of matter, which
was put forward in the middle of the 18th century.
Heat transfer processes show associations with heat
transfer from more heated bodies to less heated ones.
When the state of aggregation changes (melting—
solidification, evaporation—condensation), considerable
amounts of energy are absorbed or released. Therefore,
the enthalpy of substances in such devices does not
increase considerably due to the increase in temperature,
but because of alterations in the state of aggregation.
The primary storage matter (depository) comprises
a heat-storing material (HSM) enclosed in hermetically
sealed capsules and which is in thermal interaction
with the heat transfer fluid. Cooling fluids can be
considered as heat transfer fluid if the accumulator is
integrated in engine cooling system. The heat-exchange
interaction of the heat-storing material with the coolant,
using the example of a cooling system, is ensured
by the operation of a circulation pump, which sets the low
labor intensity of thermal preparation. Various thermal
accumulator designs have been patented and described.
Figure 1 displays a diagram of the longitudinal section
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of the simplest design of a cylindrical-phase-transition-
heat accumulator.

The heat accumulator comprises a heat-insulated
cylindrical body and inlet and outlet pipes connected
to the cooling system. The housing contains a heat
exchanger equipped with coaxially located cylindrical
capsules. The hermetically sealed capsules are filled
with the heat-storing material [9]. Heat-storing materials
include high-density polyethylene, paraffin, and barium
hydroxide octohydrate. Thermal insulation materials
ensure long-term readiness of heat accumulators during
equipment storage. Thermal accumulators may vary
in design and amount of heat-storing material [10].

Table 2 presents the characteristics of a heat
accumulator, whose design includes 18 kg heat-storing
material.

With all the works conducted in the field of thermal
accumulators, there are no substantive and objective
assessment of their adaptability for vehicle engines is
available. In addition, the charging/discharging duration
of thermal accumulators under different conditions
is unknown. Moreover, comprehensive practice and
experience of application is lacking. Thus, an experiment
was conducted to determine the possibility (rationality)
of using a heat accumulator.

EXPERIMENT

An experiment, which involved the preparation
of a special installation, was conducted as a part
of the development of innovative technical solutions

T e

]
R )
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¥

Fig. 1. The heat accumulator of phase transition in longitudinal section: 7 — an outer housing; 2 — heat isolation; 3 — an inner housing;
4 — metal cylindrical capsules with a heat-accumulating material; 5 — coolant path gaps; 6 — an inlet; 7 — an outlet.

Puc. 1. Tennosoii akkymynsiTop $asoBoro nepexofa B NPOJOLHOM paspese: | — HapyXHbIi Kopnyc; 2 — TensoBas usonaums; 3 —
BHYTPEHHWIA KOPNYC; 4 — METaMyeckue LMMHAPUYECKME KanCynbl C TEMNI0aKKYMyNUpYIOLLMM MaTepuanoM; 5 — LueneBble 3a3opbl

TENNOHOCUTENS; 6 — BXOLHOW NaTpyboK; 7 — BbIXOAHOW NaTpyboK.

DOl https://doiorg/10.17816/0321-4443-625989
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Table 2. Specification of the heat accumulator
Ta6nuua 2. XapakTepuCTUKM TEMOBOI0 aKKyMynATopa
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Name

Characteristics

Heat-storing material
Weight of heat-storing material, kg
Weight, kg

Overall dimensions, mm
Thermal insulation

Housing material
Heat exchanger material
Thermal capacity, J/kg K

Thermal charge storage time, hours

High-density polyethylene
18
31,45
174x270x460

Foam plastic and two-layer foamed polymer covered
with aluminum foil

Stainless steel
Brass
46,5

39

aimed at the improvement of thermal preparation means.
The experimental technique included tests in charging
(receipt of thermal energy) and discharging (release
of thermal energy) modes. Atmospheric air was used
as a coolant. High-density polyethylene was used as
a heat-storing material in the phase transition. Table 3
shows properties of high-density polyethylene.

The experiment was performed to determine
the dependence of charging time of heat accumulators
on various coolant temperatures and that of discharge
time on the heat accumulator circuit’s coolant volumetric
flow rate. Thus, the volumetric flow rate of the coolant
and its initial temperature should define the activities of
the heat exchange processes in two different modes and
during heat charge/discharge [11].

The former case is charging mode, where heat
accumulator’s chargingon time depends of the coolant
temperature. The the latter case is in the discharge
mode, in which the dependence of heat accumulator’s
discharge time on the volumetric flow rate of the coolant
was determined.

The experimental parameters were categorized
into fixed and varied ones. Table 4 presents

Table 3. Properties of high-density polyethylene
Ta6nuua 3. CsoiicTBa NONM3TUNIEHA BLICOKOM MIIOTHOCTU

a summary of the experimental parameters in various
modes.

The degree of reliability was ensured using
an adequate number of measurements obtained and
the permissible error of instruments (Table 5).

Following the classification, this experiment was
categorized as a laboratory experiment [10]. The
experiment was conducted in a specialized laboratory
with an air temperature of 20°C, an atmospheric pressure
of 768 mmHg, and air humidity of 82%. Figure 2 presents
the experiment used a special unit.

The experimental technique involved seven cycles
of charging and discharging modes performed
sequentially. Repeated cycles promote the increase
in the reliability of information for the achievement of
the experimental aim [11]. The thermal accumulator
was charged until a phase-transition temperature
of the heat-storing material of 125°C with various coolant
temperatures a constant flow rate. Heat accumulator
discharge was achieved at a certain temperature
of the heat-storing material of 20°C with various
activities of coolant circulation and at its constant initial
temperature, after which another charge was performed.

Parameter

Characteristic

Density, kg/m?

Phase transition temperature, K
Specific heat of phase transition, kJ/kg
Specific heat capacity, kJ/kg-K

Thermal conductivity coefficient, W/m-K

0,956
398-408
230
2,5
0,25

DOl https://doiorg/10.17816/0321-4443-625989
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Table 4. Experiment parameters in charging/discharging modes of the heat accumulator
Ta6nuua 4. MapaMeTpbl 3KCMIepUMEHTa B peXUMe 3apsifiki/paspsaAKM TEMN0BOro aKKyMynaTopa

Charging mode

P Temperature of the heat Charging Initial temperature Volumetric flow rate
arameter ; .
storage material time of the coolant of the coolant

Value Argument 20-125 Required 410 190 130, 140, 150, 160, 170 const

function 0.22
Dimension t, °C 1,C t, °C m3/s

Discharge mode

Required . 0,1; 0,12; 0,14; 0,16;
Value Argument 20-125 function const minus 25 0.18: 0,2; 0,22
Dimension t, °C T,C t, °C m3/s

Table 5. Measuring devices
Tabnuua 5. VameputenbHbie npubopbl
Device name Characteristics
TPP thermocouple measurement range from 0 to +600°C
error +1°C
material of manufacture — platinum
Sensor Zentec HS1-01 measurement range from -40 to +300°C
error £0.5°C
Multichannel temperature meter MIT-12 number of channels 12
error +1°C
Coolant flow meter G4 UGI Meters LTD maximum permissible flow rate 380 dm3/min
error +0.5 %

Timer Kaiser Laboratory electronic type

Fig. 2. Diagram of the experimental facility: 7 — an initial coolant temperature adjuster; 2 — a heating-cooling element; 3 —
a supercharger; 4 — a thermal couple; 5 — an electric engine; 6 — a variable resistance element; 7 — an automatic control system
of the heating-cooling element; 8 — a heat accumulator; 9 — thermal couples; 70 — the UGl Meters G4 gas flowmeter.

Puc. 2. CxeMa aKcnepyMeHTabHOI YCTaHOBKU: | — perynatop HayanbHoii TemMnepaTypbl TeNAoHOCUTeNs; 2 — HarpeBaTesbHO-0X1aau-
TeNbHbIN 3NEMEHT; 3 — BO3AYLIHbIA HarHeTaTeNb; 4 — TepPMONapa; 5 — 3MeKTPUYECKUIA ABUraTeNb; 6 — MEpPeMEHHOE COMPOTUBNEHUE;
7 — aBTOMaTM4ecKas CUCTEMa YNpaB/ieHWs HarpeBaTeNlbHO-0X1afUTeNbHbIM 3NIEMEHTOM; 8 — TensoBoN aKkyMynsTop; 9 — TepMonapbl;
10 — pacxopoMep rasoBblit G4 ¢upmel UGI Meters LTD.

DOl https://doiorg/10.17816/0321-4443-625989
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In accordance with the experimental plan, a fixed
temperature of the coolant was set in heat accumulator
8 using the heating element power control system, after
which the coolant was supplied by a supercharger 3.
The duration was quantified from the initial charging
of the heat accumulator, that is, from 20°C, and recorded
depending on temperature modifications every 10°C
to the set temperature of the heat-storing material
(125°C). Temperature change the of the heat-storing
material can influence the charging cycle duration [10].
Each initial temperature of the coolant corresponded
to its own series of measurements. In this work,
seven series of measurements were performed. Table
6 presents the charging times of the heat accumulator
depending on the coolant temperature.

The dependence of heat-accumulator charging
time on the heat-storing material temperature was

Tom 91, N2
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constructed graphically at various initial temperatures
of the coolant based on the values obtained. Figure 3
presents the dependencies.

Under discharge conditions, the experimental technique
provided a nonvariable initial value of the coolant and
different volumetric flow rates. The temperature of
the heat-storing material can influence the discharge
duration of thermal accumulators [10]. Each volumetric
flow rate of the coolant corresponded to its own series of
measurements. In this work, seven series of measurements
were performed. Table 7 presents a summary of the
numerical values of the discharge time of the heat
accumulator depending on the coolant flow rate.

Based on numerical values, we plotted the graphical
dependences of the discharge period of the heat
accumulator on the coolant temperature at different
volumetric flow rates of the coolant (Fig. 4).

Table 6. Heat accumulator charging period depending on the heat-storing material temperature at various coolant initial temperatures
Tabnuua 6. Bpems 3apsaKu TeNI0BOro akKyMynsTOpa B 3aBUCMMOCTM OT TEMMEPATYpbl TEMOAKKYMYUPYIOLLIEro MaTepuana npu pasnmy-

HbIX Ha4aNlbHbIX TEMMNepaTypax TenjioHoCuTena

Heat-storing material 20 30 40 50 60 70 80 90 100 110 120 125
temperature, °C Charge time, s
110 0 102 125 358 552 753 983 1262 1544
i)_ 120 0 91 201 325 191 662 880 1141 1452 1795
g 130 0 89 178 295 431 569 778 1028 1361 1709 2051
qé 140 0 85 155 262 37N 493 672 908 1227 1601 1998 2434
% 150 0 79 133 231 295 421 578 802 1150 1495 1921 2145
g 160 0 60 120 176 221 315 448 683 1003 1402 1804 2032
170 0 60 102 131 167 250 350 550 850 1250 1650 1896
2500
/ Coolant
2000 temperature, °C
/; ——170
:} 1500 - ——180
E
= —a—150
S
_;:‘E 1000 —¢—140
% ——=130
T u. ——120
—110
0 &=
20 40 60 80 100 120

Temperature of heat-storing material (HSM), °C

Fig. 3. Curves of heat accumulator charging period depending on the heat-storing material temperature at various coolant initial

temperatures.

Puc. 3. 3aBucumoctu BpeMeHU 3apAOKK TENJIOBOI0 aKKYMYrnATopa OT TeMnepartypbl Tenj0aKKyMynuMpyloLLero Matepuana npu pasimyHbixX

Ha4dallbHbIX TeMnepaTtypax TenjioHoCUTenNs.
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The following conclusions were formulated from
the described experimental results.

1. Under various temperatures of the heat-storing
material, the established dependences of the thermal
accumulator charge duration indicate the influence of
initial coolant temperatures on charging cycle duration.
The coolant temperature increase reduced the charging
time. The charging time under experimental conditions
ranged from 1896 s to 2434 s.

2. The dependences of the discharge duration of a thermal
accumulator under various activities of coolant
movement werer established, and they indicate
the influence of the temperature of the latter on
discharge cycle duration. The discharge duration under
experimental conditions ranged from 366 s to 674 s.

3. The duration of charge—discharge cycles and the low
labor intensity of the work can technologically fit
using various measures to improve the heat exchange

Vol 91 (1) 2024
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processes of a cold engine. At negative temperatures
during a cold climate, phase-transition thermal
accumulators with a high-density heat-storing
material (polyethylene) can be used to increase
the reliability of starting piston engines of vehicles.

CONCLUSIONS

The device described in this work applies to the
improvement of heat exchange processes as a part
of the thermal preparation of vehicle piston engines
at subzero temperatures. The new technical solution
can be recognized through its high technology, low labor
intensity, and energy efficiency. The device, described
in this article,can increase the temperature of lubrication
system oil, coolant of the cooling system, and the mixture
of atmospheric air gases in the air supply system. High
thermal insulation efficiency is a necessary condition

Table 7. Heat accumulator discharging period depending on heat-storing material temperature at various coolant rates

Tabnuua 7. BpeMs pa3panKu TEM0BOr0 aKKyMyNIATOPa B 3aBUCMMOCTM OT TeMMepaTypbl TeN/I0akKyMyIMpYHoLLero MaTepuana npu pas-
NNYHBIX 06BEMHBIX pacxofax TensoHocUTeNs

Heat-storing material | 125 | 120 | 10 | 100 | 90 | 80 | 70 | 60 | 50 | 40 | 30 | 20
temperature, °C Discharge time, s
0,1 0 10 22 62 104 153 214 275 345 436 538 674
é 0,12 0 9 21 56 95 140 9 246 315 39N 487 617
% 0,14 0 8 20 50 86 127 168 216 278 346 438 567
2 0,16 0 7 19 45 77 m 145 186 237 301 389 505
o=
£ 0,18 0 6 19 40 68 95 122 155 198 255 349 456
§ 0,2 0 5 17 28 48 68 92 125 168 222 301 414
0,22 0 4 10 18 28 43 66 97 140 194 257 366
700 4 Coolant flow rate,
m3/s
——0,08
[72]
o —=—0,1
£
= ——0,12
o
@ —<0,14
3
5 ——0,16
E —e—0,18
——0,2

Fig. 4. Curves of heat accumulator discharging period depending on heat-storing material temperature at various coolant rates.

Temperature of heat-storing material (HSM), °C

Puc. 4. 3aBucumMocTy BpEMEHU pa3pALKK TeNI0BOro akKyMynaTopa 0.7 TeMneparypbl TENJIOHOCUTENA NPU pPa.3N1.UY.Hbl.X 00BEMHBIX pac-

XoAaax TensioHocuTens.
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for such application, which preserves the acquired
energy for a long time in order to avoid self-discharge
due to heat exchange processes with the environment.
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