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Aim: The development of vacuum maglev transport implies solution of an important
issue, namely, disposing thermal energy in an air free space. The application of the thermal
accumulator (TA) with solid heat accumulating material (SHAM) or melting heat
accumulating material (MHAM) as a cooling method for the life support and freight
preservation systems (LSaFPS) of vacuum maglev transport is justified by impossibility of
thermal energy to be transferred inside the vacuum tube by virtue of convection. Besides,
when the accumulators are discharged at the destination points, the saved thermal energy may
be used as an additional energy source, thus increasing energy efficiency of the transportation
system as a whole.

Methods: In the work given, the authors have used the heat engineering calculation
with the application of the similarity theory.

Results: Application of the life support and freight preservation systems (LSaFPS) of
vacuum maglev transport will help in solving a problem of removal of excess of thermal en-
ergy in the conditions of lack of heat convection and also in increasing energy efficiency of
the entire system.
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NmnepaTopa Anekcannpa |
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TEXHOJIOTUW)

Cankr-IletepOypr, Poccus

NMPUMEHEHUE TENNOBOIO AKKYMYIIATOPA
C TBEPObIM TEMJNIOAKKYMYJIIUPYOLLM
MATEPUAIIOM KAK CINMOCOB OXNAXOEHUA
YACTU CUCTEMbI XXUSHEOBECTEYEHUA
U TPY3OCOXPAHEHUA BAKYYMHOI'O
MATHUTONEBUTALUOHHOI'O TPAHCIOPTA

Henn: Pa3BuTHe BakyyMHOIO MarHUTOJEBUTALMOHHOTO TPAHCIOPTA MOJAPa3yMeBaeT
pelIeHrEe TaKoro Ba)KHOTO BOIPOCa KaK YTHJIM3AlMs TEIUIOBOM SHEPruu B MPOCTPAHCTBE C
pa3peKeHHON BO3AYIIHON cpenoil. IIpuMeHeHne TemoBoro akKyMyJiTopa ¢ TBEPABbIM TETl-
JIOAKKYMYJIMPYIOIIMM MaTepUaoM WM IUIaBSIIKUMCS TEIUI0AKKyMYJIHPYIOIIUM MaTepruaioM
Kak crioco0a OXJaXKAECHUS 4acTU CHCTEMbI Ku3HeoOecneueHus: u rpyzocoxpanenus (CXKO-
ul'C) BakyyMHOro MarHWTOJICBUTAI[MOHHOTO TPAHCIOpPTa OOYCIOBJIEHO HEBO3MO>KHOCTHIO
nepeaayy TEIIOBON 3HEPruM BHYTPH BaKyyMHOTro TpyOompoBoja myTeM KoHBekuuu. Kpome
TOT0, MPHU pa3psKe aKKyMyJsATOpa Ha MYHKTE MPHUOBITHS HAKOIJICHHAsl TEIJIOBasl SHEPrus
MOYET OBbITh MOJIE3HO MCIIOJIb30BaHa B KAU€CTBE BTOPHUYHOTO MCTOUHMKA TEIUIOBOW SHEPTHH,
TEM CaMbIM MOBBIIIAs SHEPTETUYECKYIO 3D (PEKTUBHOCTD CUCTEMBI B IIETIOM.

MeTtoasbl: B nanHoii paboTe aBTOPHI UCTIONB3YIOT METOJAMKY TEIUIOTEXHHUYECKOTO pac-
YyeTa ¢ IPUMEHEHUEM TEOPHH MOA00HS.

Pesyabrarsel: [IpumeHeHrne TEIOBBIX akKyMyssiTopoB B cuctemax CXXOul'C Baky-
YMHOI'O MarHUTOJIEBUTALIMOHHOTO TPAaHCIOPTA MO3BOJIMUT PELIUTh 33/Jady OTBOJA HU30BITKOB
TEIUIOBON PHEPTUU B YCIOBUSAX OTCYTCTBHUS KOHBEKTUBHOI'O TEIJIOOOMEHA, a TAaKXKe IMOBBICUTh
AHEPreTHUECcKyIo I3P(HEKTUBHOCT BCEI CUCTEMBI B LIETIOM.

Kniouesble cnosa: BaKyyMHBII MarHUTOJICBUTAIMOHHBIA TPAHCIIOPT, CHCTEMa KHM3HE-
o0ecrieueHus U TPY30COXPaHEeHUs], TBEPbII aKKyMYIUPYIOIIUNA MaTepuall, IIaBSAIIMNACS TETIo-
AKKyMYJIAPYIOIMIA MaTepHall, TEIIOOTBOMA, YTHJIHM3AIMs TEIUIOBOW SHEPIUH, dHEpreTHYecKast
3 PEKTUBHOCTD.
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Introduction

Considering its peculiarities, the life support and freight preservation sys-
tem of (LSaFPS), namely the ventilation and air conditioning systems of pas-
senger transport units of vacuum maglev transport [1], is one of the most crucial
elements which secure comfort and safety of passengers.

The air conditioning system of the transport unit, as well as the thermal
balance calculation methodology, is given in detail in [2, 3].

Generally, the on-board air conditioning system in a hermetic vehicle at
any atmospheric conditions and for all transportation modes, should maintain
the set pressure, temperature, humidity, physical and chemical composition of
the air, and the admissible level of noise [4, 5].

The inability to apply the ventilation and air conditioning systems, similar
to those deployed on railway transport, is justified by inability to remove the ex-
cessive thermal energy outside [6]. In this case, it is relevant to consider
autonomous systems for discharging and accumulating the thermal energy.

Setting the tasks

As the main task, the development of methodology, which enables choosing
both accumulating substance for removing the excessive thermal energy, and
modes of work and processes of charging and discharging thermal accumulators of
autonomous on-board LSaFPS [7, 8] in vacuum maglev transport, is considered.

Another task is the development of methodology of heat engineering cal-
culation with the aim to determine air temperature drops, and air conditioning
and ventilation monitoring panels, meeting technical requirements.

In order to carry out heat engineering checking calculation of the vehicle
with pillowplate heat exchange, the following source data are required:
cruise velocity V,
vehicle interior volume Viehicle,
square of the surface under heating S,
vehicle length lenice,
vehicle height hyenicle,
pillowplate height hyanel,
pillowplate length lpaner,
number of pillowplates Nyanel,
average air temperature in the vehicle tyenicie,
average temperature of internal walls of the vehicle tyqs,
acceptable air temperature drops along the length and height of vehicle
Atvehicle height and Atvehicle lengths

e acceptable temperature drops of internal wall surface Awmp. internal N itS
height,
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e acceptable air speed in vehicle Vienicre,

e number of passengers in vehicle,

e thermal, mass and mechanical properties of heat and sound insulation
materials,

e alteration of pressure in the vehicle.

The calculation of the pillowplate heat exchange system for cruise veloci-
ty mode with possible lowest external air temperature is carried out by virtue of
fixed-point iteration. The heat engineering and hydraulic calculation are made
for one pillowplate, assuming that the heat exchange and resistance of all plates
are equal. The major objective of the heat engineering calculation is to
determine air and pillowplate temperature drops with all the above-mentioned
technical requirements fulfilled. When calculating the system, operating in
mixed mode, the following parameters are sequentially determined — mass
airflow through one plate.

The calculation of pillowplate heat exchange system for stable velocity
mode of the vehicle with standard parameters of external medium is made in the
vacuum tube. The heat engineering and hydraulic calculation is done for one
plate, assuming that the heat exchange and resistance of all plates are equal.

The simplified scheme of the interior of the vehicle with air conditioning
flows is given in the fig. 1.

Fig. 1. The simplified scheme of the interior of the vehicle with air conditioning flows

Assumptions

To assess the heat emission of the part of the LSaFPS the following
source data are accepted:

Puenicle, Pa — pressure of the interior of the vehicle;

Vienicle, M° — interior volume of the vehicle;

tair, C — entering air temperature.

The mass airflow through one plate:
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G
G, =—, kg/h,
nn

where G, — amount of air per one hour needed for one plate, determined by con-
ditions of vehicle ventilation:

G,, =Nn-p-Vvehicle.
The heat transfer coefficient from the plate wall to the air in the vehicle:

’ }\‘vehicle

Nu .
a(vehicle) = Vehlcleh

Amount of heat, transferred from the plate to the interior of the vehicle:

Qplatel = kplaltel ) I:platel ) (taverage of plate _tvehicle)'
Average air velocity in the plate, m/s:

Gn
Vo= :
F, - p,, - 3600

The Nusselt number [9]:

Nu .. =102-Re”®; Nu_ . =1128-Re"’.

plate plate

Heat balance in the vehicle:

Ql + Ql’ + Qillum + Qplatel + Qﬂoor + ceil — Gh ) Caverage ) Atint !
where At;; — alteration of the air temperature in the vehicle;
Q. —amount of heat, emitted by passengers;
Q[ —amount of heat from one plate;

Qinum — amount of heat from electric equipment (illumination, generators,
accumulators);

Qpiate1 — @amount of heat transferred from the plate to the interior of the ve-
hicle;

Qceit — amount of heat transferred through the ceiling and lateral walls of
the vehicle;

Qroor— @amount of heat transferred through the floor of the vehicle.
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Due to the considered mode of transport having almost no convection, the
heat transfer from the LSaFPS to the exterior medium is impossible.
Consequently, it is relevant to consider thermal accumulators, installed inside
the capsules, as the medium for discharging the excessive heat energy.

The general classification of the thermal accumulators [10] is shown in
the fig. 2.

Thermal accumulators
- Type of hea.tmg Heat transfer Construction
Typeof HAM | _ the material from HAM ] features
Electrical
Air (gas) Active
Solid - — Inductive coolant |
Passive
Melting | —{ Solar energy Liquid coolant
iqui - Discharged
Liquid - o With heat pipes  —
gas heat
Steam (gas) |
‘et Thermochemical heat

Fig. 2. The classification of the thermal accumulators

Regarding the mode of transport being considered, in order to simplify the
structure, the solid body thermal accumulators or accumulation of the energy by
means of phase transition heat will be suitable [11]. The application of liquid
thermal accumulators leads to necessity in installing additional equipment,
which ensures circulation of the coolant.

The accumulation of heat by solid bodies by means of increasing their in-
ternal energy. The accumulation medium in this case is a solid body, which is
heated and cooled without phase transition. The thermal storage at the same time
is defined by internal energy being a constituent of enthalpy.

The accumulation based upon phase transition heat means mainly the ac-
cumulation of melting heat, which usually runs with slight volume changes.
Sometimes, the solid-liquid phase transition is combined with the solid-solid
transition at the temperature which is slightly lower than the melting point. It is
frequently suggested to additionally use heating energy (internal energy) of
liquid and/or solid phase of the medium.
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Regarding the vacuum maglev transport, it is relevant to consider thermal
accumulators with solid heat accumulating material (SHAM) [12], which will
simplify the structure and facilitate operation of the LSaFPS of the transport
unit.

Materials and Methodology

In this paper, the authors have used the heat engineering calculation
method for the thermal accumulator with solid heat accumulating material
(SHAM) [13, 14].

When calculating the heat balance, it is important to know the specific
values of heat capacity, enthalpy (internal energy), and phase and chemical
transformations [15].

The heat transfer by conduction is described by the Fourier's Law, accord-

ing to which the amount of heatdQ. , running in a period of time dz through the
surface dF, normal to the direction of the transfer, equals:

dQ. =—>%d|:dr,

where A — heat transfer coefficient, W/(m-K);

% — the thermal gradient, i. e. the alteration of the temperature per unit of

length in the direction of heat transfer.

Heat transfer by means of conduction through the wall. The amount of the
heat transferred through the flat wall per 1 hour may be defined by the heat
equation as the amount of heat passing through a square of infinitely small
thickness dx inside the wall:

dQ dt
t=Q=-A—F.
dt Q dx

Integrating the alteration of temperature along the entire length of the
wall, we obtain:

A
Q= g F (twalll _twallz)'
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The heat transfer by means of convection. The convective heat transfer is
the heat transfer by volumes of medium by means of their mutual motion in the
direction of the heat transfer. The motion of heat from wall to wall is called the
heat transfer. The amount of heat transferred is determined by the Newton law:

Q=aF({t —t,.)

where o — heat transfer coefficient, W/(m2-K).

The mean temperature difference. In the overwhelming majority of cases,
the temperatures of media in the process of heat transfer will change as a result
of the running heat transfer and, consequently, the mean temperature will also
change (t; — t,) along the surface of the heat transfer. Therefore, the mean
temperature difference along the length of the apparatus Atyean, hoOwever, since
this change is not linear, the logarithmic temperature difference is calculated.

_ (t1 _tz’) - (tlb _tzg) _ At _At}j

mean _
In Lot In At
tm —th Atb

At

In order to determine the amount of heat transferred by air to the heat ac-
cumulating material of the LSaFPS, it is first important to determine the mass of
the heat accumulating material (HAM):

_ 3
Venergy = Viotal TESM — Vpipes m-,

where Vio pam — total volume of the thermal accumulator, m®;
V,ipe — Volume of pipes of the coolant and heat receiver, m®.

The mass of the HAM:

M = puam * Viawm, kg,
where pyam — density of the heat accumulating material.

Amount of heat transferred to the HAM:
Q=c-m-AtJ
To facilitate calculation of the thermal accumulator, let us conditionally
divide the calculation by 2 parts — thermal accumulator charging and thermal ac-
cumulator discharging.
The determination of mass flow rate of the coolant in charging operation
of the thermal accumulator.
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The mass flow rate of the coolant on the basis of the heat balance equa-
tion:
Q - Gair ) Aiair-
where Al — alteration of the enthalpy of the coolant (air), J/kg;
G,ir — mass flow rate of the coolant (air), kg/s;
Q — amount of heat, transferred to the HAM, J:

: _ Q
AIair = C:air (tz;,ir _t;ir)’ Gair = Aj '
Iair
The determination of temperature conditions for operation of the thermal
accumulator:

(t " _ tl )
t — M HAM HAM 7 . t — (t _ At )
average HAM 2 ! average air average HAM average /7
! l4 l4 !
At — (tair tHAM ) (tair tHAM )
average tl _ t" :
air HAM

14 !/
tair - tHAM

By means of the obtained values tayerage Ham and taverage the required thermal
and physical characteristics of the coolants are determined.

The value of the actual velocity of the coolant (air):

where G — volumetric flow rate (air), m*/s;
F — passage area of the pipe, m*;
r — internal radius of the pipe, m.
The Reynolds number:

Re = wyy-d- pgas/Mgas,

where p — density of the coolant (air), kg/m?®;
Wiux — Velocity of flux, m/s;
d — characteristic length of the element of the gas flux, m;
M — coefficient of viscosity of the coolant (air), kg/(m-s).
The value of the heat transfer coefficient is determined from the equation:

Nu=o-d/A,
where o — heat transfer coefficient, W/(m*-°C);
d — characteristic length of the element of the flux, m;
A — heat conductivity of the medium, W/(m-°C).
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Considering the criterion equation (applicable to air and water):
Nu = 0,021 - Re®® - Pro® - 3,
we obtain

0,8 0,43
Olgas = 0,021 * Agas ! dinternal diameter - R€™" - Pr"" - W gas,

where ¥ = 1,05 — coefficient taking into account the influence the temperature
factor for the air under cooling.

The determination of mass flow of the coolant during charging operation
of the accumulator is carried out similarly.

The heat transfer coefficient is determined by the formula:

K=1/ (daverage ) (1/agas ’ dinternal +1/2-A-In- dexternal /dinternal +
+ 1/a - dext) + Rpoll),

where de,; — external diameter of the pipe;

dinc — internal diameter of the pipe;

Rpon — thermal resistivity to pollution of the pipe.

When calculating K, it is important to observe the following rules:

if Ogas > Olair then daverage = Uexi;

if Ogas = Qair then daverage = (dint + dex) / 2;

if Olgas < Claijr then daverage = dint.

With small thickness ratio of the wall of the pipe dexernal / Qinternat < 1,5 ONe
could use the following relation:

K = 1/(1/agas + Owai / Mwan + 1/a + Rpqp).

Determination of the duration of full charging:
d= Eaccum/ Ndischarging,
where E,..,m — accumulator capacity, kWh;
Niscnarging — Capacity of discharging, kWh.

Results

Regarding the vacuum maglev transport it is relevant to consider the
thermal accumulators with SHAM, which will simplify construction and facili-
tate operation of the LSaFPS of the transport unit.

The fig. 3 shows the enlarged scheme of the operation process of thermal
energy accumulator, which not only enables removing heat emissions inside the
transport unit, but also utilising this thermal energy.

The fig. 4 shows the scheme of the option Ne 2 of beneficial use of the
thermal energy emitted during discharge of the thermal accumulator. The option
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which predisposes removing thermal energy (Option Ne 1), differs from the
proposed one in including tank cooler in the contour of “cold water”.

One of the ways to solve the issue of heat removal in the vacuum tube and
prevention of thermal deformations of its structure may become application of
melting heat accumulating materials (MHAM), placed in the shell of the vacuum
tube. This option may be used as an alternative to heat insulating materials.

Discussion of the Results

The issues considered in this paper, as well as the methods proposed, ena-
ble full solving the set tasks. The application of the thermal accumulators as
units of autonomous ventilation and air conditioning systems enables not only
increase of the level of passengers’ comfort, but also a significant reduction of
power consumption of these systems. Besides, the issue of environmental safety
of this kind of equipment is settled, since they do not use CFCs, required for
conventional air conditioning systems.

The process of cooling down of the heat

The process of the preparation accumulating material takes place: it is treated
of the thermal energy accumulator with an ice-cold water with the temperature
of +3...+5 degrees Celsius

The charging is conducted during the motion
of the vehicle from the following sources:
The process of the thermal energy e the ventilation and air-conditioning
accumulator charging systems;
e on-board propulsion systems;
e other types of the heat energy sources

The process of the thermal ener The discharging is conducted during the
gccumulator discharain 9y treatment of the heat accumulating material
ging with a cold water of +5...+15 degrees Celsius

L

OPTION 2
The heat energy released during discharging
is used for heating water in the hot water
supply system or industrial water

Fig. 3. The enlarged scheme of the operation process of thermal energy accumulator
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Thermal accumulator (TA) charging contour
Valves and piping

\ . Thermal accumulator (TA) discharging contour
\ / “Cold water” contour
[ “Ice-cold water” contour

X ————

4N
NS

Fig. 4. Principle scheme of beneficial use of the thermal energy emitted during discharge
of the thermal accumulator

Conclusion

The proposed system enables proper ensuring the required parameters of
microclimate in the passenger or freight transport unit. The paper suggests the
method which enables precise choosing both the material of the thermal
accumulator and modes of its performance, depending on the operation
conditions of the vacuum maglev transport units.

The proposed system has a number of significant advantages, namely:

e the cooling system does not require extra power consumption;

e the problem of heat removal in rarefied air medium;

e the joint application of this system with the stationary charging systems
for thermal accumulators will enable increase of energy efficiency of the entire
transport systems.
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