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With the maintainability to insure effective work of breathing valve of new generation authors
developed thermal model expectation of a design thermo-electric battery, which in some measure of

approach describesprocess offuel condensation.

Today with the purpose of prevention of natural
hydrocarbon fuel losses in tank farm is to place high
attention to improvement of the breathing and safety
valves of tanks. The purpose of the breathing valve
consists in reduction of losses from evaporation and
prevention of destruction of tanks. Is established,
that even with the serviceable breathing valve during
year of a storage at temperature 20°C from the
ground tank (50 m3 evaporates about 400 kg of
petrol, and with underground or half-underground -

150 kg [1-7].
On the basis of carrying out numerous
researches, analyses of methods and means of

prevention of fuel losses from evaporation the
breathing valve of new generation (BVNG) is
created which constructively unites physical
processes of adsorption and condensation by
thermoelectric cooling [8; 9].

For an optimum choice of thermo-electric
modules (TEM) which are let out serially, the
authors have developed thermal model for the
calculation of the thermo-electric battery design
(TEB) and maintenance operation of BVNG. By
development of this model the authors used the
theory of similarity, in particular by the third
theorem of similarity (Kirpichov-Huhman theorem),
which evidences that similar there are processes of
one physical nature and have similar one-valuedness
conditions and numerically equalled of the certain
criteria [10; 11].

For realization of thermal calculation BVNG we
shall divide it into three zones (figure):

- fuel vapor adsorption zone A;

- fuel vapor condensation zone B;

- condensate discharge fuel vapor in the tank
zone C.

On the basis of the theoretical items of
information it is possible to generate the following
phenomenological model of processes TEB.

Vapor rise from a fuel surface in the tank
upwards on elevating channels by a diameter of
12 mm that constructively located on the valve
perimeter.

The zone B structurally consists of external and
internal contours. These contours are designed so,
that between them are established TEM that form
TEB.

For pressure reduction in a zone A, carbon vapors
get on an internal surface of a zone B, that is the
zone of condensation. Vapors are embossed from the
zone A in the zone B because of a temperature
difference between zones. Then they are condensed
on an internal surface of the zone B (cold side) and
flow down in a zone C of own weight. The carbon
vapors take away heat from an external contour of
the zone B since effective temperature potential of
silica gel makes 40-60°C. Regulation of heating
temperature is carried out by regulation of a current
size, as Qb-f[l).

Breathing valve of new generation division plan
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Then we shall consider in dynamics processes,
whichoccur in BVNG.

The zones A and B are in a thermal jacket and
heat of carbon vapors, which advances on channels,
dissipates in an environment. This component is
necessary to estimate, as the more thermal diffusion,
the more should be the temperature on the hot side
TEB. Results are increase of temperature on the cold
side which will reduce an overall performance of
condensation surface.

Then, heat allocated on the hot side TEB will be:

Qh= Q1 + Qd + Qs, - (N
where Qh - total heat allocated on the hot side TEB,
W; Qy, - total capacity for carbon vapors
condensation, W; Qd - heat of carbon vapors
dispersion, which advances through channels; Qs -
heat for heating silica gel, W.

But for all that increase of temperature on the hot
side TEB on 1-2°C from calculated, we shall
permissible consider allowable. In case this
condition is not satisfied, there is a necessity for
additional heating insulation of the zone A.

For an estimationof Qd componen we shall take
the advantage of dependence:

Qd=k At;

\t big
where td - temperature of dispersion, °C; te -
temperature of an environment, °C; FAB - heat-
transfer area between the the zones A and B, m2; k -
heat transfer coefficient, W/(m2-°C).

Heat transfer coefficient is calculated on the
formula:
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where Cp - silica gel of specific heat, kJ/kg ; m -

weight of silica gel in the zone A, kg; pg -

gravimetric density, kg/mJ; /max - maximal

temperature at which effectively there are desorption
processes, °C.

Temperature of an environment te are sorption
processes (that is before switching on power supply
for TEB).

After going out on a mode of operation TEB, if
sorbent weight of amount of necessary temperature,
constituent Qa will be equalled to zero. An
estimation by this constituent necessary for
definition of thermo-battery capacity.

From the equation (1) we shall determine
necessary heat for carbon vapor condensation, that is
constituent Qa. Toward this end of that purpose we
shall accept a sequence of admissions.

In the zone A carbon vapor has temperature
potential ta that is temperature, at which a
desorption process is effective. At the same time we
know quantity of fuel vapor for condensation on
cold TEB junction. This process will be estimated
with constituent Gk. At the same time we allow for
properties of different carbons, in particular heat of
vaporization (change of phase heat) 9.

Consequently the equation of thermal balance
will look like:

Qa=GtQ. 2

On the other hand, heat from the zone A should
be apprehended heat-exchange interface in the zone
B. This heat is possible to estimate by the equation

5 — I of Newton-Rihman [11; 12]:

[P Qa= da(ta- IY) FB @
where (% ) heattransfercoefficient fromth\éVhere aa- average h.eat—transfer coefficient in _the
external side ofthe valve, W/(m2-°C); 8- wall B, W/(m20C); ta - average effective

thickness, m; K- wall thermal conductivity, W/(m2-°C);
az - heat transfer coefficient from the internal side of the
zones A and B, W/(m2-°C).

For short-cut calculation of the heat transfer
coefficient od can change in range from 4 to 8. That
is with increase of wind loading its growth, and with
reduction - decrease is diminution.

Heat transfer coefficient ct2 is changed in more
close limits from 1,5 to 3 as a result of light convec-
tion in slight volume.

Let's estimate the necessary quantity of heat for
warming-up the weight of silica gel in the zone A. In
the initial period oftime the necessary quantity will be:

temperature of sorbent in the zone A, °C; tk- average
temperature in a condensation zone, °C; FB- heat-
transfer area in a condensation zone, m2.

Let's describe heat-transfer coefficient aa in
closed space. Free thermal convection arises in this
space as a result of density difference Ap resulting
from heterogeneity of a temperature field. In this
case basic thermo-dynamic forces are the constants
of Archimed and Prandtl:

Ar= gApL3.

Pr=-
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The Archimed constant equality of Grasgoffs
constant

Gr=
v

at thermo-gravimetric convection from the equation
(9

Ap=Ap P AT,
where p - expansiveness constant of medium, 1U/K;
AT - temperature difference, K.

In view of that the physical properties of
substances usually concern to average temperature,
we accept, that

BAT

j _Tg+TO
2
The influence of Grasgoffs and Prandtl’s

constants is expressed for medium with Pr > 1 as
Reley constant
Ra = GrPr,
and for environments with Pr < 1 as product GrPr2.
For a vertical wall the characteristic size is height L.
Then for laminar boundary layer:

0,5<Pr<10, Nu=0,55 (Ra)l4 4)

Pr« 1, Nu=0,755(GrPr)l/A4. (5)

Then, using dependence (4) or (5) it is possible to
determine Nusselt constant Nu. Next knowing Nu
we shall determine heat-transfer coefficient:

N u :>2\ : (6)
From the equation (6) we shall find required

value of heat-transfer coefficient:
NuX

where X - thermal

condensate.

By determining heat-transfer coefficient aa from
die equation (3) we shall determine a heat-transfer
area in a condensation zone FB and from the
equation (2) - Qa

Consequently, solving the equation (1) we can
determine thermal loading on the cold side of TEM.
Knowing the characteristics TEM which produce in

its substantial necessary quantity of TEM and form

conductivity of a carbon
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thermo-electric batteries for guaranteeing operations
BVNG. At the same time from TEM, which produce
in lots we determine nominal current of devices and
their voltage. After that, we select power supplies to
the battery, or with the elected quantity of TEM we
can project the block of electrical device BVNG.
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CrarTd Hagiwwna oo peaakuii 02.10.03.

MogentoBaHHs po3paxyHKY TepMOENeKTPUYHUX BaTapei y cucTeMi pekynepawii ByrneBogHis
Po3rnaHyTo po3pobnieHy 3 MeTOH 3abe3neyeHHsi eheKTUBHOT poboTW “AMXanbHOr0” KnamnaHa HOBOMO
MOKO/MIHHA TEMN0BY MOfLe/b PO3paxyHKy KOHCTPYKLIT TepMoeneKTpuMyHOT 6aTapei, fika onucye npoLlec

KOHZeHcauii nanmea.
C.B. boityeHko, C.B. iBaHOB

MogennpoBaHue pacyeTa TepMO3/IeKTPUYECKNX BaTapeil B cucTeme pekynepawum yrieBogopoLoB
PaccmoTpeHa paspaboTaHHas a5 obecneyeHUs ahHeKTUBHOM paboThl «AbIXaTeNIbHOr0» K/anaHa HOBOro
r.OKOMIeHUsl TeN0Basi MOAENb pacyeTa KOHCTPYKLIMM TEPMO3NEKTPUYECKO 6aTapen, ON1CbIBAKOLLAN MpoLLece

KOHZeHcaL m Tonmea.



