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eﬂeKTpOpeaKTI/IBHOi ,E[BI/II“YHHOi YCTaHOBKU

2. Development and justification of the calculating methodology for the storage and feed system of the working
substance of an electric propulsion system

Pedepar:

1. Ha crorogHilHil eHb €1eKTPOpeaKkTUBHi IBUryHHI ycTaHOBKM (EPIY) 3HaxXonsTh MIMPOKE 3aCTOCYBaHHS Ha
60pTy cydyacHux KocmiyHux anaparis (KA). Cucrema nogadi po6ouoi pedoBunu (CITPP) € HeBif'eMHOIO YaCTUHOIO
OyIb-SIKOi €JIeEKTPOPEAKTUBHOI IBUTYHHOI YCTaHOBKMU. Y 3B'A3KY 3 MM CIIPP icTOTHO BIJIMBae Ha MPOJLYKTUBHICTb,
Bary i BapricTs sik EPJIY, Tak i cynyTHUKA B LIiToMy. AHaJIi3yloum cy4acHi yKpaiHChKi Ta 3apy0ikKHi Ipkepesia 3a UM
HaIpsIMKOM MOJKHA JiATHA BUCHOBKY, 11O IOBHOI METOJMKH, sIKa JO3BOJISIE 3pOOUTU PO3PAXyHOK Ta 6€3110cepeHbO
BUTOTOBUTH pOOOUNII 3pa30K CUCTEMHU ITofadi — He icHye. Y xozi po60Tu 6ys10 BUSBHAYEHO Ta Peasi30BaHO HACTYIIHI

3a/laui: a) IpoaHasi30BaHO iCHYI04M CXeMHU Ta OOIPYHTOBAHO BUOip CTPYKTYPHOI CXeMHU CUCTeMU 30epiraHHs i



nojadi po6040i pe4OBMHMU, Ha OCHOBI SIKOI NTepeBipeHa NpeCcTaBleHa METOAMKA. 0) 3alIPOIIOHOBAHO METOIVKY
PO3paxyHKy I1apameTpiB 6ajloHy Ta ONTUMAaJIbHUX IapaMeTpiB pob04oi peyoBMHY Y 6aJIOHI, 1110 JO3BOJISIE
BU3HAYUTU TUCK Ta TYCTUMHY 3alIPaBK1 po60Y0i pEYOBUHH, 32 IOIIOMOTOI0 IKMX MOKHA BUOpaATHU 6aJIOH Ta
BM3HAYAETHCS 3aJIMIIOK POOOYO] pEYOBUHM Mif, YacC Micii. B) po3p06JIeHO METOAMKY PO3PaXyHKiB OCHOBHUX
€JIEMEHTIB CUCTEMHU I0/1a4i PpO60YOi peYOBUHH, TAKUX SIK: — OOMEKYBadi MaCOBOI BUTPATU 1151 OTPUMAHHS
HEeOOXiJIHOI TOBXXUHU Kalijspy, 106 3a6e3ne4nTy NOTPiOHI MacoBi BUTPATU poO0YOi peUOBMHY IIPY 33JaHUX TUCKY
Ta TEMIIEPATYypi. — HOBUI KOHCTPYKTUBHUI €JIeMEHT (ra3udikaTop) AJ1s1 3anodiraHHs NOTPaIJIsIHHIO PifKoi ¢pasu
p0o60YOi peYOBUHU Y PECUBEP; — PECUBEP Ta IIapaMeTpy POOOYOi peYOBUHU PECUBEpa. T) OOIPYHTOBAHO
BHUKOPHCTaHHS MOJIEeJIbHOTO Tasy (Ar) 3amMicTh KCEHOHY JJ1s1 BAIIPOOYBaHb OOME’KYBayiB BUTpAT i cUCTeMU nojayi
3arajioM, BKJIIOYAl04M BUBEJEHHS YI0CKOHaIEHOi GOPMyJIM IIepepPaxyHKy MaCOBOi BUTPATU MOJEJILHOIO ra3sy y
MaCOBY BUTPATy KCEHOHY [1) OITUMi30BaHO PEKMMU HAIIOBHEHHS PECUBEPA, L0 JO3BOJISIE TiATPUMYBATH
HeOoOXiIHMI1 TUCK y pecrBepi IpY 3MEHIIeHHI PO3PaxyHKOBOTO 06'eMy pecuBepa i KiJIbKOCTi CIIpalibOBYBaHb
eJleKTpoKJianaHiB. OCHOBHI pe3yJbTaTy AUcepTaliliHoi pobOTU: a) BIlepllle CTBOPEHO LiTiICHY METOAUKY PO3PaxXyHKY
crucTeMu 30epiraHHs i nogadi po6oyoi pedosunu 151 EPJIY. 6) 3anipornloHOBaHi alropuTMU MiJTPUMaHHS TUCKY B
pecuBepi, AJ1s IKMPOKOTro Jianla3oHy 3Hau4€Hb TUCKIB y 6ajI0Hi cucTeMU 36epiraHHs po604oi pe4OBUHI. B)

3aIPOIIOHOBAaHI YTOYHEHI METOAUKY PO3PaxXyHKy OKpEMUX €JIEMEHTIB CUCTEMU I1071a4yi po6040i peyOBUHMU.

2. Nowadays, electric propulsion systems (EPS) are widely used on board modern spacecraft. The working
substance feed system (FS) is an essential part of any electric propulsion system. In this regard, the working
substance feed system has a significant impact on the performance, weight and cost of both the EPS and the
satellite as a whole. Analyzing modern Ukrainian and foreign sources in this area, it can be concluded that there is
no complete methodology that allows to calculate and manufacture a working sample of the feed system. In the
course of the work, the following tasks were identified and implemented: a) to analyze existing schemes and justify
the choice of the structural scheme of the working substance storage and feed systems, on the basis of which the
presented methodology was tested. b) a methodology for calculating the parameters of the tank and the optimal
parameters of the working substance in the tank is proposed, which allows to determine the pressure and density
of the working substance filling, which can be used to select the tank and determine the remaining working
substance during the mission. c) developed a methodology for calculating the main elements of the working
substance feed system, such as — mass flow restrictors to obtain the required length of capillary tube to ensure the
required mass flow rate of the working substance at a given pressure and temperature; - a new structural element
(gasifier) to prevent the liquid phase of the working substance from entering the accumulator tank; - accumulator
tank and parameters of the working substance in the accumulator tank. d) substantiated the use of model gas (Ar)
instead of xenon for testing flow restrictors and the feed system as a whole, including the derivation of an
improved formula for converting the mass flow rate of model gas to the mass flow rate of xenon e) optimized
modes of filling the accumulator tank, which allows to maintain the required pressure in the accumulator tank
while reducing the estimated volume of the accumulator tank and the number of electric valve actuations. The
main results of the PhD thesis are as follows: a) for the first time, a comprehensive methodology for calculating the
storage and feed system of working substance for the EPS was created. b) algorithms for maintaining pressure in
the accumulator tank for a wide range of pressures in the tank of the working substance storage system are
proposed. c) improved methods of calculation of certain elements of the working substance feed system are
proposed.
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