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OPTINIZATION OF THE PARAMETXRS BY PROGRAM FOR (SSTCO)
OF EPS AND EPT
A.V. Rumiantsev, Kaliningrad State University, Russia
ABSTRACT

The mathemstical mode! of the compicx heat-cxchange in the cioments in construction with internal and external thermal
Joads in the time variable and the oricntation dependence of the Last one has beon developed in the frames of the iscthermal
clements method . Method of the parameters optimization of the system claments to provide the system secure temmperature
condition (SSTC) is submiticd. The gencral description of the functional mission of the developed programe is submitted

INTRODUCTION

Normal operating of the clecrojet propulsion sct (EPS) for the correction, orientation and the spacecraft’s (SC)
stationkeeping and the accomplishment of the flight program are defined by providing the temperatures conditions for the
construction clements of propulsion set’s units, which undergo variable spatial-time external and internal thermal loads.
SSTC of PS is being developed 1o keep the temperature of the construction slements in the fixed range, to distribute the
heat between the elements and to remove its excess. The efficiency of its operating is defined by the parameters of the
passive (sysicm passive temperature condition - SPTC) and the active (system temperature condition - STC) elements,
which are the radiators and the heaters.

MATHEMATICS MODEL OF THE COMPLEX HEAT- RXCHANGE.
Method of SSTC parameters optimization - radistors’ square (SPTC) and the nominal power of the heaters (STC) is
based upon the mathematics model of the complex heat-cxchange in the clements in the construction  being the system
(N<100) of the balance equations 2s the follow:
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ij =12, N<100 (1.2)

Here is: 1+t member to be uider the “plus™ descrides the radiation links between the i-th and jth cloments, @ = e, -
middlc permitting corner cocfficient, =hich is the function of the middke geometric corner cocfficients of radiation
of the closed surfaces system (for the cylmder and coaxial non-isotberma’ chambers with the ring butts we got its
cxpressions in analytic view {1,2]); 2-nd member provides conductive component of the heat-cxchange; 3-rd mem-
ber is the exiernal flow coming (0 i-th clement to be located under the j-th beai-insulating clement, 0,20 is for
these.

Magnitudes of the coming cnergy flows arc defined as per following formulas:

8) P (0=[0 & T()-PL0-P SOl 1+ne /e )N; (1.3)
t) convestive {3}
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D) = [VaP, + 1/2c G}, () - mass flow rate, a - coefficient of the convective beat-exchange, C, - spexific
ihermo-capacity of the heat-carrier

¢) external

Ft) = ' Cosfl(h (1.5)
of - coefficient of adscrption, @ - pawer of exicinal flow, Cos(t) = !r!}QA(t,(a,‘),])(lnt(AL')b"' - angle cosine be-
twicn the direction of (br cuicmal flow R=[r ] and th:c narmal o ihe surface N = [n ] (k=1,2,3) while the systa
moving around the axis Al '_‘["J, within the time A
d) reflected by f-th surfaze on i-th external flow, adsorbed by it

P 1) = olg'F S(1-chCospn), (1.6)
Cosa:(l) = [RKIAG ‘(a‘)'D(]n‘(At')}}"“ - ange cosine ixiwesn the direction of the reflected from f-th surface R"={i )
flow and the normal to the surface;
¢) P(t) - magnitude of the intemne! ikermo-load.
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K =1 is the coeflicient forlbthuno-wic('l‘FConlfl‘i(O))ebnmu(l‘ofexmpb, scttle place) and equaled to
zero for the rest. M= coefficient is for the DBTH clemeats, temperature of whose is calculated according Lo one
of the formulas (o reduce the calcalation time).

T, = {[Pl0) + P Yo sF} 1.7
T, () = 116 - 260 [Cosfl(t) + Cosf (™ (1.8)
Whea M =0, the temperature of O9BTH cam be defined as per (1.1)

MATHEMATICS MODEL OF SSTC

meMMMmmhwmrom groups:
1) thermo-perceiving radiator (SPTC);
2) thermo-allocating - operating or beater (STC);

Omwnhg(mw-ﬁewdms(mae)mwuh&emdeGmmmgq
S)W-akmrurm«mmuw
QM-M}).Mamnowfw&eoum
Dmkphce-thano-mmmsl).hwnpaﬂmhﬂnduwcydom
8) the cavironment of the fixed temperature is the scparaied clement.
msyummunwdmm»wwmuwm(m)mmmassm
paramcicrs is made considering mutual influence through the linking clements.
TbemalhemauqnodelofSSlChbueduponlhewsoﬂhethgoﬂheequuomm(l.l)ndlhe
icmperature uncosrespondence of the control elements allows Lo define, when the developing siage, optimal pa-
MMMMMWWMMMMWWM&WW
for the working body storage and flow, the transformation of the power and managing. Optimization is made in
accordance with 24-bours power-consumption of EPS and EPT in the real cyclogram condition of the internal
MMMMnMuWﬂMWMWMWMM
dependence.
Optimal parameters of SPTC units - radiators’ arca,- are located on the all radiators of the construction simulta-
ncously, as far as iemperature field of the unit clements is the square function of each one:
(T),=f(s1, 3 ,...,5), n- the quantity of the radiators.
mmdmwwhmmmmmmmmupw
with the cquations’ system
[@T),J*={@T),A3)as, F1.2,.8 (2.1)
Matrix in (2.1) is calied the reaction matrix of [C],, its clements could be found as per procedare
; (Tr(S)), - (T=@S)), o

Q pas , =S
Here: T, - maximum temperature of the control elements of the unit b;

ov=1.1-1.2 - coefficient of radiators’ square changing;

r~ quantity of the unit radiators.
mmmbmmumaummwmmgmmw
O R - (T,+T,\2
(T mT‘-wuﬂbwhidmerugc).
Wﬁenmemrp!idnmd‘mym&ion
DO, TX™ >124T,, (@)
o OTR"<I12AT,, ()
the correction of the radiators square is made as per the procedure

(CLIAST = (=D, 7.5~ 2.3)

(T, = CE\/A; A~150

(in (2.3) plas “+”, if (2.2a), and “-" if (2.2.b)).
The total amendiment of the unit’s radiators squares found as per (2.3) is distritxited proportionally to the radiator area
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the erdering 1o the dynamic mods is made. Optimal paremotors of SPTC aro defined only according 10 spper Emit of the
range; lower imit whean the calculating per the 1-8t acheme (positive balance) is provided with the aid the heaters (STC
clements), if & is nocessary.
The definition of the nominal beaters power in the unit while the operating as per 2-nd scheme (negative balance) and the
cyclogram of its operating is made taking into account the olements’ cyclogram of the intornal thermal allocation (of
discharge chamber olements - operatings).
The lack of coordination is being controtied at cach © -th step

(CRANT o CURY @R = @\AT,,
and if in any b unit the condition of (d,T)>JKO will be carried out and the heaters were switched on, thus, the order to
switch &t off will be pessed.
H # turned out that

@4,T), SgAT,,,, (2.5)
(8, - precoptive cocfficicnt 0< g < 124T ), thus, the heater power st 1, th step can be found as per formulas:

Pt = PGy [1 +AP’*<VM)/§T<P§*<H)).],

where for the H—th unit
AP (5 %) = §P?'°<H) g 4}'_'3,1’2’“(&“) *

C
L: {(l'ga'gA)ATa4+ '—-::— [Tk(tk-l). Tg4'g4ATp.4] }

These formmlas arc saonmarized, i.¢. these consider adl possible versions of the operating thermal allocation, inclading the
mmuw&dw@wwdmmmdﬁeﬂmbhnuod:“ <h step when APE<D, in
this casc the operating thermal allocation will be sufficient 1o compensaie the all thormal losscs.
Ifthchcdcudmouldnabcmidndoﬂ'drhgﬂtcmlwhcd&mtfwﬂnMpowdﬁmeMﬂdbcfamd
according to the procedare

=t 2 [LPF (1)) 2.6)

When the nominal power of the heaters have been defined, the calculation per the 2-nd acheme is mado again with nominal
power heaters to be switched on constantly. There is another version - nif heaters of nominal power (2.6) 0 be switched
on in casc of the accomplishment of the controlied non-coordination (2.5}, -

While making the design of EPS and EPT, it is reasonable to simulate the temperature fickd of the construction with
internal thermal allocation planned. To do 8o, it is encugh to use the equation (1.1) modomized :

(1-K-L)F,K T+LP, = «1-L)P, + LF,, @.7)

e

N
where F, = Zj}[ooo,.ojsi('l';- TH®, + o (T, - T)],

e 1L pEiE
K+L = {,; K=1,0,L=0,1.

Usage of (2.7) allows to provide the termporature distribution required (K =1) in the constraction by dint of the defining of
magnitude neoded to this power Pi upon the some elements. The power distribution with ‘emperzturs distribution to be sct
upon the clemerts defining the mode allows wmmmmmmwwmmmwmm
the connection to the clement of the power needed. Formaula (2.7) is onc of the poszible (simplificd) spproaches 1o sotve
the back task of the heat condaction.

The shown mathematics models of complex heat exchange and SSTC were used while the developing of the complex of
logic analytical peograms (0 provide & calculation part of the thermal trcatment of EPS and EPT within the all stages of
dosign, manufactiring and icsting. The programs arc different in summarized kevel of temperature fickd calculation method
and SSTC parametene, external thermal loads as well as the number of the system freedom degree and the quantity of heat
exchange componcnts to be considered. Programs permit to make the calculation for the all throe schomes to provide the
mmm,mn,mmwwmwmmmmo@axmm@ammm
and cstput in the program are standandized. :
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The method of isothermal clemcnts is not irroproachable physically. Therefore, when the tasks of complex beat exchange
is being solved, the method of finite elements in the Galerkin formulation is more desirable.
While the working [4], we bave got summarized expression for the input of the clements

(1- 8,2) (28,1 + 8,3 - 5k.2)

=] Sa[owr - £
' b,

1+ su
((_i':é’)wn]f ‘:: TdV + Ja(NTN),Tds + InNNTdV :
i S Ve
i ,[ oNTdV + ;0.(N1).ds 2.8)

v S
(where k=1,2.3 - the order of the system symmetry ), it lets to formmiate the program algorithm to calculate the complex
beat exchange in the construction of any coafiguration with thermal loads locally distributed (internal and cxternal).
Classification of the elements as per symmetry order and the dimensions with the caiculation forrmutas based on (2.8) lets
to develop universal program, which physically describes thermal processes o be in the investigated construction more
adequatoly. :

CONCLUSION

The programs complcx developed allows to do the followings:

~to summarize the thermal propertics of SPTs staff ranks;

- o imvestigate the possibilitics to force prior $0 “divisible by two™ lovel of discharge power with miniomm changes in the
construction;

<$0 detect the special features of the units’ thermal protection of the moduics to be switched on siomltancously,

<to make the calculated simulation in the full volume of astonomous factory and complicated finishing tests in composition
with thermal mock-ups of SC;

~to confirm the workability of the construction in the limited by time extreme situations, it lets to really decrease the
requircsents to thermal propertics of EPS.
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