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MPHKUMATBCS K CTEHKE TPYOBbl, YCHIIMBAsi HEHTPOOEKHbIE CUIIBI 00Jiee TSKEIBbIX MOJIEKYJ a30Ta, a
MOJIEKYJIbI T'ellis — JuaMarHeTuka OyyT BBITECHATHCA K LEHTpY noToka. [IpuBeneHHble 0cOOEHHO-
CTH (PU3UYECKHX CBOWMCTB a30Ta M T'elds MOTYT JOMOJTHUTEIHHO CIIOCOOCTBOBATh UX adPOAMHAMH-
geckoMy pazjaencHuto. J[ns 6ojee KaueCTBEHHOTO pa3/IeleHHs 3TUX Ta30B HEOOXOIUMO MpUMEHe-

HUE KacKaJHOM CHCTEMBbI TAKUX BUXPEBBIX TPYO.
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NCCIEJOBAHUE TEMIIEPATYPHOI'O 'PAIUEHTA BBICTPEJIA
C ITIPUCOEAUHEHDBIM 3APATIOM U3 ITACTOOBPA3HBIX TOILJIUB

HNmenko A.H., IbsiuxoBcknii A.C., 3bikoBa A.U., Camopoxosa H.M.

Hayuno-Hccneoosamenvckuti Uncmumym npuxkiaonou MmamemamuKk U MeXaHuxu

Tomckoeo 2cocyoapcmeennoo ynueepcumema, 2. Tomck
E-mail: Lex okha@mail.ru

PaccmaTpuBaemas npoOriema BIMSHUSA HA4albHOM TeMIlepaTyphl 3apsijia Ha OaIMCTUYECKUe
XapaKTepUCTUKH BBICTpeNa ¢ MpucoeuHeHHbIM 3apsaaoM (I13) u3 mactoobpa3HbIX TOIUIMB, SBIISET-
cs Mano u3ydeHHo#. Bwictpen c¢ I3 (HeTpamuimoHHas cxema 3apspKaHUs BBICTpPENa) MO3BOJISIET
pemiuth mpobieMy «3¢deKkTa HAChHILIEHUS» BO3HHUKAIOUIYIO MPU HCHOJIb30BAaHUHM KIACCHUYECKOU
CXeMbl 3apshkaHud. JlaHHas cxeMa 3apsKaHus BBICTPENAa MO3BOJISET MEpEepacupeesiuTh YHEPTUIO B
3aCHapsAHOM IIPOCTPAHCTBE U MOBBICUTH AYJIbHYIO CKOPOCTh MeTaeMoro snemeHta (MOJ) [1]. Oc-

HOBHBIC KOMIIOHCHTHI HCHOHB3y€MOﬁ CXCMBI BBICTPCIIa NPCACTABJICHBI HA PUC. 1.

S

1 — mopoxoBoii 3apsia; 2 — NPUCOEIUHEHHBIN 3apsi; 3 — METaeMbIi JIEMEHT

Puc. 1. OcHOBHBIE KOMIIOHEHTEI CXEMEI BBICTpCJIa
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Ha puc. 2 npencraBieHsl XapaKTepHbIE 3aBUCHMOCTH JIaBJICHUS B KaMepe 3apspKaHus OT Bpe-
MEHHU M JaBjeHus Ha JHO MO oT myTH npolIeHHOMY IO KaHaJly CTBOJIA B BBICTPEJIE C TOPOXOBBIM
3apsiioM M BeicTpene ¢ I3, rae Toukoil Ha KPUBOM OTMEUEH MOMEHT BbUieTa MDD u3 cTBOIA.
Ha nannom rpaduke nokaszana padora I3 cpasy 3a makcumymoM jaaBieHus. BuaHO, OBbIIICHHE
JIaBJICHUs Ha CIyCKE KPHWBOM JaBJICHUS, XapaKTEPH3yeMO€ POCTOM AaBiieHus 3a MD (puc. 2, a)
IIPY 3TOM MaKCHMAaJIbHOE J1aBJIeHHE B BbICTpesie ¢ [I3 He Bblle ueM BBICTpENE C MOPOXOBBIM 3apsi-
noM. B nauane neuxkenus MO (mo 30 cM) ypoBeHb MAaKCUMaJIbHOTO JaBJIeHUs Ha AHO MO Huxe,

YeM B IOPOXOBOM BBICTpEIIE, a TOTOM BBIIIE IO MOMEHTa BhUieTa MD u3 cTBona (puc. 2, 6).
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Puc. 2. JlaBnenune B kamepe 3apspKaHUs OT BpeMEHH (@) U AaBieHre Ha MD oT 1myTH, poiIeHHOMY
0 KaHaIy cTBoJA (0)

HeobxomuMo oTMeTuTh, 4TO B cxeMe BbicTpena ¢ II3 kmaccuueckas 3aBUCUMOCTD
MEXAY MaKCHUMAJIbHBIM [JABJIECHUEM M IYJIbHOM CKOPOCTbI0O MD HeE BBINOJHSIETCS U OCHOBHOE
BHUMAaHHE CIEAYET YAEISATh 3aBUCHUMOCTH NYJIBHOHW CKOPOCTH MO OT HayajabHOW TEMIIEpaTyphl
3apsja.

DKCTepUMEHTAIbHBIE PA0OTHI TPOBOAMINCH Ha MOAEIHHON OAUIMCTUYECKOM YCTAaHOBKE Ka-
au6pom 30 mm, paspaborannoit B 70 otnene HUU TIMM TI'Y. O6paboTka dKCeprUMEHTATBHBIX
JIAHHBIX MPOU3BOIMUIIACH ITIOCPEACTBOM anmnapara MaTeMaTHYECKOIO0 MOJEIUPOBAHUS, TO3BOJISAIOLIE-
ro JIOCTOBEPHO PACCUUTHIBATH BHYTPHOATUIMCTUYESCKUE MAapaMeTPhl BHICTPENA B IIMPOKOM JHara-
30HE Ha4YaJbHBIX TeMreparyp [2] mo Meroy, HoJpoOHO paccMOTpeHHOMY B [3].

be3 ydyera ocoOeHHOCTEH 3apspKaHus U apTHIUIEPUACKON YCTAaHOBKU MOXHO CUMTATh, YTO Be-
JMYMHA TEMIIEPATyPHOTO IpaJieHTa BBICTpeNa ¢ MOPOXOBBIM 3apsaoM (opmupyeTcs 3a CUET hu3Me-
HEHHUS CWJIBI TIOPOXa M CKOPOCTH €ro TOpPEHHs MPU M3MEHEHUHM HadyallbHOW TeMIepaTyphl 3apsja.
B BricTpene ¢ I13 Ha Beu4nHY TeMIIepaTypHOro TPaJueHTa TaKKe OKa3bIBAET BIUSHUE U3MEHEHUE
ckopoctu ropenus torusa [13. B skcnepuMenTax monydeHo, uto B BbicTpenie ¢ [13 cocrasisto-
miem 30% ot o61iel Macchl 3apsiia TeMIepaTypHbId TPAJAUEHT MO AYJIbHONH CKOPOCTH MOXET OBITh
oT 5 10 30% B 3aBUCHMOCTH OT THIA MCHOJb3yemoro TomiauBa. Ha puc. 3 mokasaHo u3smeHeHHe
MaKCUMaJIbHOTO JaBJIEHUS U TYJIbHONU CKOpOCTH MO 11l HaualdbHBIX TEMIIepaTyp 3apsijia B Auarna-

30He —50...+50 °C npu ucnonb30BaHUM JBYX PA3IMUHBIX THUIIOB TOILIUB.
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Puc. 3. 3MeHeHrne MakCMMaIbHOIO JaBJIE€HUS U AYJIbHOU CKOpOCTH MD [1sl HayalnbHBIX TEMIIEpATyp 3apsaa:
~T=-50°C; e -T=-30°C; o —T=4+20°C; - —T=4+40°C; e — T=+50 °C

B pabore onpenensiiuchk OCHOBHBIE TTapaMeTPhl TOPSHHS MOJICTBHBIX TACTOOOPA3HBIX TOTLIUB
B pexxume [13 mo meTony, uznoxkeHHoMy B padote [4]. Onpenensuch ONTUMATbHBIE XapaKTepH-
CTUKU TOIUIMB Il YMEHBIIECHUS TEMIIEPATypPHOr'0 TpaiueHTa.

PesynbTatel uccnenosanus, noaydeaasie B HUM I[IMM TI'Y, noka3piBatoT nepCcneKTUBHOCTD
WCIIOIb30BaHUSI JAHHOM CXEMBbl 3apsbKaHUs B AUana3oHe HauajdbHBIX TeMmreparyp 3apsaa oT —50 1o
+50 °C mpu 3TOM TOJTy4eHa BeTWYMHA TeMIIEpaTypHOro rpaaueHTa BoicTpena ¢ I13 u3 mactoobpas-
HBIX TOIUIMB, COU3MEPUMAs C TEMIIEPATYPHBIM I'PAJIUEHTOM BBICTPEIIOB C IIOPOXOBBIMU 3apsIaMH.

PacuerHbiM 00pa3om moka3zaHo, UTO IPUMEHEHUE cXeMbl BbicTpena ¢ [13 Ha mTaTHbIX apTHil-
JMEPUNCKUX YCTAHOBKAX MAJIOTO W CPETHEro KaimuOpa MO3BOJISIET MOMYUYUTh MPUPOCT (YBEITHUCHUE)
OyJIBHOM CKOpOCTH M3 BO BCeM HCCIEAyeMOM AUarna3oHe HaualbHBIX TEMIEepaTyp 3apsaaa, 0e3 u3-

MEHEHUS TEOMETPUH apTUIUIEPUIICKON YCTAaHOBKH U 0€3 MPEBBILICHHS TOMYCTUMBIX Harpy30K.

B cmamwve ucnonvzosanvi pe3yibmamsl, nNOJNTYYEHHbIE 6 X00e 6blNOIHEeHUs npoexkma

Ne 8.2.09.2018 6 pamxax [Ipoepammsr nosviuenus koukypenmocnocoornocmu TI'Y.
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TEMPERATURE GRADIENT INVESTIGATION OF THE SHOT WITH TRAVELLING
CHARGE FROM PASTY PROPELLANT

Ishchenko A.N., D’achkovskii A.S., Zykova A.lL., Samorokova N.M.

National Research Institute of Applied mathematics and mechanics
at Tomsk State University, Tomsk
E-mail: Lex okha@mail.ru

A considered problem of an initial charge temperature influence on the ballistic characteristics
of a shot with a travelling charge (TC) from pasty propellant is little studied. Shot with TC (non-
traditional shot loading scheme) allows solving the problem of "saturation effect" arising when us-
ing the classical scheme of loading. This shot loading scheme allows redistributing energy in the
space and increasing the muzzle velocity of the throwing element (TE) [1]. Figure 1 shows main

components of the used shot scheme

3

SR

1 —powder charge; 2 — travelling charge; 3 — throwing element

Fig. 1. The main components of the shot scheme

Figure 2 shows a typical dependence of a pressure in a charging chamber from a time and a
pressure at the TE bottom from a path traversed along a canal in the shot with the powder charge
and the shot with the TC where a point on the curve marked TE barrel departure point. This graph
shows the work of the TC immediately after the maximum pressure. It can be seen, increasing the
pressure on the slope of the pressure curve, characterized by increasing pressure of TE (Fig. 2, a)
wherein the maximum pressure in the shot with TC is not higher than the firing powder charge.
During early motion TE (30 cm) a maximum pressure level of the TE bottom is lower than in the
powder shot, and then the above until TE departure from the barrel (Fig. 2, b).
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Fig. 2. Pressure in the charging chamber from time (a) and pressure on the TE from the path passed
through the barrel channel (b)
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It should be noted that in the shot scheme with the TC a classical relationship between the
maximum pressure and the TE muzzle velocity is not fulfilled and the main attention should be paid
to the dependence of the TE muzzle velocity on the initial charge temperature.

Experimental work was carried out on a model ballistic installation with a caliber of 30 mm,
developed in the 70th Division of the Research Institute of Applied Mathematics and Mechanics
Tomsk State University (RIAMM TSU). The processing of the experimental data was carried out
by means of a mathematical modeling apparatus that makes it possible to reliably calculate the in-
ternal-ballistic parameters of the shot in a wide range of initial temperatures [2] using the method
considered in detail in [3].

Without taking into account the features of the loading and artillery installation, it can be as-
sumed that the value of the temperature gradient of the shot with the powder charge is formed due
to a change in a powder power and a combustion rate of the powder with a change in the initial
temperature of the charge. In the shot with the TC, the value of the temperature gradient is also af-
fected by the change in the combustion rate of the TC. In the experiments, it was found that in the
shot with the 30% TC of the charge total mass, the temperature gradient at the velocity can be from
5 to 30%, depending on the type of propellant used. Figure 3 shows the change in the maximum
pressure and muzzle velocity of the TE for initial charge temperatures in the range —50...+50 °C us-
ing two different types of propellants.
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Fig. 3. Change in the maximum pressure and muzzle velocity of the TE for the initial charge temperatures:

—T=-50°C; e -T=-30°C; e —T=420°C; - —T=4+40°C; e - T=+50 °C

The main parameters of the model pasty propellants combustion in the TC mode were deter-
mined by the method described in [4]. Optimal characteristics of propellants were determined to
reduce the temperature gradient.

The research results obtained at the RIAMM TSU show the promise of using this loading
scheme in the range of initial charge temperatures from —50 to +50 ° C, while the temperature gra-
dient of the shot with TC from pasty propellants commensurate with the temperature gradient of
shots with powder charges

It has been shown in the calculated way that the use of the shot scheme with the TC on stand-

ard artillery installations of small and medium caliber makes it possible to obtain an increase in the
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TE muzzle velocity in the entire range of initial charge temperatures, without changing the geome-

try of the artillery installation and without exceeding the permissible loads.

The article uses the results obtained during the implementation of the project No. 8.2.09.2018

within the framework of the TSU Competitiveness Enhancement Program.
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INOJIYYEHMUE ITIOPOIIIKA KOBAJIBTATA JIUTUSA
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JInTuii-noHHBIE aKKyMYJISATOPBI YK€ 3aHsUIA CBOE JOCTOMHOE MECTO B KaueCTBE DJIEMEHTOB
NUTAHUS COTOBBIX Tene(oHOB, GoTOAINMAPATOB, BUACOKAMeEp, IUIaHIIETOB, U T.A. [lIupoko pacmnpo-
CTPAaHEHHBIM KaTOAHBIM MaTepuayl il JIMTUH-MOHHBIX AKKyMYJSTOPOB — KOOaubTaT JIMTHSA
(LiCoOy) [1].

CaotictBa m3aenuit u3 LiCoO, onpenensroTcs, Ipexae BCEro, XapakKTepUCTHKAMHU UCIIOJIb3Y-
€MOro TMOpOINKAa (XMMHYECKOW YUCTOTOM, JHMCIEPCHOCTHIO, IIUPUHOW  pacrpeneieHus
Span:M).

Dsg

Ha puc. 1 npuenensl Mukpodotorpadust 1 GyHKIMK pacrpenesieHus] YaCTULl IO pa3Mepam
ucxonuoro nopomka LiCoO,. JlucriepcHbiit 1 MOp(}OIOTHYECKUA aHAIN3 MPOBOAMIA Ha MPUOOpax
«Mastersizer 2000» u «Morphology 3GS».

W3 puc. 1 BunHo, uTo ucxonusii nopommok LiCoO, npencrapnser co0oil KOHTIOMEpaThl ya-

CTHII ¢ MIMPUHON pacnpenenenus Span = 1,4. [Ipu sTom B mopouike umeercs 5 %06. Menkoi ¢ppak-
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