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Puc. 6. 3aBUCHMOCTB CpeAHel TeMIlepaTypbl HarHeTaHusI
OT X0AQ NMOPLIHS AAS AaMeTpa nuAuHApa — 0,02 m:
1 — Bpemsd niuKkAa 1 ¢; 2 — BpeMs BUKAa 2 ¢,
— KpHBas NPU 0XAaXA€HUH KAAIlaHHOM IIAUTBI;
-------- — KpHBasi IPU 0XAa>KA€HUU BepXHe¥l YaCTU HUAUHAPA;
— KpHBas IPU IOAHOM OXAa’KA€HUM IUAUHAPA,
npu AaBAeHuu HarHetaHus 10 MIla
Fig. 6. The dependence of the average injection temperature
on the piston stroke for the cylinder diameter is 0,02 m:
1 — cycle time 1 s; 2 — cycle time 2 s,
— curve when cooling the valve plate;
———————— — curve when cooling the top of the cylinder;
— curve with complete cooling of the cylinder,
at a discharge pressure of 10 MPa
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Puc. 8. 3aBuCUMOCTB cCpejpHell TeMnepaTypbl HarHETaHUS
OT XOAQ MOPLIHS AASI AaMeTpa nuAuHApa — 0,02 m:
1 — Bpemsd niuKAa 1 ¢; 2 — BpeMs BUKAa 2 ¢,
— KpHBas PHU 0XAaXA€HUH KAallaHHOM IIAWUTBI;
-------- — KpHUBasi IPU 0XAa>KA€HHU BepXHe¥l YaCTU UAUHAPA;
— KpHBas IPU IOAHOM OXAa’KA€HUM IMAUHAPA,
npu AaBAeHuu HarHeTaHus 6 MIla
Fig. 8. The dependence of the average injection temperature
on the piston stroke for the cylinder diameter is 0,02 m:
1 — cycle time 1 s; 2 — cycle time 2 s,
— curve when cooling the valve plate;
-------- — curve when cooling the top of the cylinder;
— curve with complete cooling of the cylinder,
at a discharge pressure of 6 MPa

Puc. 10. 3aBCHUMOCTb CPEAHEl TeMIlepaTypbl HarHETaHUs
OT X0Aa NMOPIIHS AASI AMaMeTpa nuAuHApa — 0,02 m:
1 — Bpemsd iuKAa 1 ¢; 2 — BpeMs HKAA 2 ¢,
— KpHBasi IPU OXAa>KA€HUU KAAIIaHHOH ITAHUTBI;
-------- — KpuBas IIPU OXAaXXAEHUN BepXHel YacTu HUANHADPA;
— KpHBasi IpU MOAHOM OXA@>XKAEHHUH IIMAUHAPA,
npu AaBAeHnu HarHetaHus 3 MIla
Fig. 10. The dependence of the average injection temperature
on the piston stroke for the cylinder diameter is 0,02 m:
1 — cycle time 1 s; 2 — cycle time 2 s,
— curve when cooling the valve plate;
-------- — curve when cooling the top of the cylinder;
— curve with complete cooling of the cylinder,
at a discharge pressure of 3 MPa
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Puc. 7. 3aBUCHMOCTB CpeAHell TeMIlepaTypbl HarHeTaHUsI

OT X0A@ MOPLIHS AAS AaMeTpa nuAuHApa — 0,05 m:

1 — Bpem4 1[uKAa 2 ¢; 2 — BpeMs BuKAa 3 ¢,
— KpHUBas NPU 0XAa>XA€HUHU KAAIlaHHOM IIAUTHI;
-------- — KpHUBasi IPU 0XAa>KA€HUU BepXHell YaCTU HUAUHADA;
— KpHUBas NPU IOAHOM OXAa’KA€HUM IMAUHAPA,
npu AaBAeHnu HarHetaHud 10 MIla
Fig. 7. The dependence of the average injection temperature
on the piston stroke for the cylinder diameter is 0,05 m:
1 — cycle time 2 s; 2 — cycle time 3 s,
— curve when cooling the valve plate;

———————— — curve when cooling the top of the cylinder;

— curve with complete cooling of the cylinder,
at a discharge pressure of 10 MPa
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Puc. 9. 3aBuCUMOCTB CpeAHell TeMnepaTypbl HarHETaHUS
OT X0A@ MOPLIHS AASI AaMeTpa nuAuHApa — 0,05 m:
1 — Bpemsd 1[uKAa 2 ¢; 2 — BpeMs BuKAa 3 ¢,
— KpHUBas NPHU 0XAaXA€HUH KAallaHHOM IIAHUTHI;
-------- — KpHUBasi IPU OXAa>XKA€HUU BepXHel YaCTU IUAUHAPA;
— KpHUBas IPU IOAHOM OXAa’KA€HUM IMAUHAPA,
npu AaBAeHnU HarHeTaHus 6 MIla
Fig. 9. The dependence of the average injection temperature
on the piston stroke for the cylinder diameter is 0,05 m:
1 — cycle time 2 s; 2 — cycle time 3 s,
— curve when cooling the valve plate;
-------- — curve when cooling the top of the cylinder;
— curve with complete cooling of the cylinder,
at a discharge pressure of 6 MPa

Puc. 11. 3aBUCHUMOCTb CPeAHel TeMIlepaTypbl HarHETaHUs
OT X0Aa MOPIIHS AASI AMaMeTpa nuAuHApa — 0,05 m:
1 — Bpems 1[uKAa 2 ¢; 2 — BpeMs BMKAa 3 ¢,
— KpHBasi IPU OXAa>KA€HUHU KAAIIaHHOMH ITAHUTBI;
-------- — KpHBas IIPU OXAaXAE€HUM BepXHeH YacTu HUANMHADPA;
— KpHBasi IpU IOAHOM OXAa>KAE€HHUH IIMAUHAPA,
npu AaBAeHnu HarHetaHus 3 MIla
Fig. 11. The dependence of the average injection temperature
on the piston stroke for the cylinder diameter is 0,05 m:
1 — cycle time 2 s; 2 — cycle time 3 s,
— curve when cooling the valve plate;
-------- — curve when cooling the top of the cylinder;
— curve with complete cooling of the cylinder,
at a discharge pressure of 3 MPa
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Puc. 12. TemnepaTypHble IIOAS, IIOAYY€HHbIE IIPU TEOPETUYECKOM
aHaAmu3e AASI [UAMHAPHYECKON YacTH paboyeii KaMepbl
Ha npuMepe crynenu Dy=0,05m; S=0,5 m; Pn=10MIla; T =3 c:
1 — CTymeHb C HOAHBIM OXA&KAE€HHEM IUAUHAPUYECKOH 4acTH;
2 — CTyneHb C OXAaKAeHUueM BepxXHel 4aCcTH IUAMHADPA;
3 — CTyneHb C OXAaKA€HHeM KAAllaHHOM ITANTBI
Fig. 12. The temperature fields obtained in the theoretical analysis
for the cylindrical part of the chamber in the case
of the stage Dy =0,05m; S=0,5m; Pn=10MPa; t=3s:
1 — stage with full cooling of the cylindrical part;
2 — stage with cooling of the upper part of the cylinder;
3 — stage with cooling of the valve plate

rae T, — Temmeparypa pabouero rasa, K; o — road-
(UITUEHT TEMAOOTAQYH, HPUHUMAEMBIA TOCTOSHHBIM
AT BCel IIOBEPXHOCTH PacCcMaTpHUBaeMOro ydacTKa
TermaooOMeHa M B OOIeM CAydae 3aBUCANIUM OT eé
reoMeTpUM, pe’kuMa TeueHUs, CBOMCTB M IlapaMeTpOB
pabouero Teaa.

OOBEKTOM HMCCACAOBAHUS SIBASIOTCSI THXOXOAHBIE
CTYIIEHH CO CAEAYIOIIVMM IlapaMeTpaMu: reomempu-
yeckue — puamerp nmamaapa — 0,02 »; 0,05 M; xop
nopmHa — 0,2..0,8 M; rpanuunble ycAoBuUsSL — TeM-
meparypa rasa Ha BcackiBaHuu — 293 K, aAaBaeHUe
BcaceiBanuss — 0,1 MIlla, paBAeHHe HarHeTaHHUS AO
10 MIa; TemnepaTypa oxaakparoleln cpeael — 293K,
KO3(P(PUITUEHT TEMIAOOTAAYN Ha BHEITHEHW TTOBEPXHOCTH
pabouell KamMepbl IIPU WHTEHCUBHOM OXA&KACHUU —
2000 Btr/M* K, 6e3 HWHTEHCUBHOI'O OXAAKACHUS —
20 Br/mM*K; (dusuueckme yCAOBUS — COKUMaeMbIN
ra3 — BO3AYX; HauaAbHBIE YCAOBUSI — IlapaMeTpEHl CO-
CTOSIHUS Ta3a B HUJKHEM MEPTBOU TOUYKeE.

Pe3yAbTaThl 3KCIIEPEMEHTOB

Ha puc. 3—5 npeacTaBAeHBI pacuéTHBIe cXeMbl. Ha
puc. 3 — cxeMa C IOAHBIM MHTEHCUBHBIM OXA&XKAEHU-
€M KAAaHHOU IIAUTHI U LIUAUHAPHUYECKOM YacTu pa-
Ooueit kamepsl. Ha puc. 4 — cxema C UHTEHCUBHBLIM
OXAKAEHUEM KAQIIaHHOM IIAUTBL 1 BepXHeN TpeTu
nuAnHApa. Ha puc. 5 — cxema ¢ WHTEHCHUBHBIM OX-
AQKAEHHEM TOABKO KAAQIIAaHHOW NAUTHL. [loayueHHBIE
Pe3yABbTaTHL IIPEACTABACHBI HA puc. 6 —11.

Ha pwuc. 12 mpepcTaBAeHBL TeMIIEpATypHBIE IIOAS,
MIOAyYEeHHBIE IIPU TEOPEeTUYEeCKOM aHaAu3e AN LUAUH-
APUYeCKOU YacTu pabodeld KaMephl Ha IIpuMepe CTylle-
a1 Duy=0,05 m; S=0,5 m; Pu=10 MIla; 1=3 c.

3aKAloueHue

[ToryueHHBIe pe3yAbTATHl IIOKA3aAW, 4TO AAL pe-
JKUMOB C AONYCTHMBIMM 3HAQueHUSIMH TeMIlepaTypEl
HarHeTaHUsl, KOTOPhIe ITOAYYAIOTCS IIPU AAUTEABHOM
BpeMeHH IIMKAQ, PasHHUIla TeMIepaTyp IPU MOAHOM HH-
TEHCHBHOM OXAA>KA€HHHW MW YAaCTHUYHOM HMHTEHCHBHOM
OXAQKAECHUU ITUAMHAPUYECKOM YaCcTU pabouell KaMephl
He3HauuTeAbHa U cocraBageT 5— 10 K. [Mpuuém npu
CpPeAHUX AABACHUSIX Pa3HUIA B TeMIlepaType HarHeTa-
HHS AT PACCMOTPEHHBIX Pe’KUMOB elllé MeHblle. [1pu
OXNAAKAEHHUHN TOABKO KAQIIaHHOM IIAMTBI TeMIiiepaTtypa
Har"HetaeMmoro rasa sbiare Ha 50 —70 K, yem npu yka-
3AaHHBIX BEIIIE PEeXXUMaX.

YuuTheIBasi NOAyUYeHHBIE Pe3yAbTaThl, Ha pacCMo-
TPEHHBIX pe’XUMax oOIlpeAereHa 00AacTb, B KOTOPOU
BO3MOJKHO ONTHUMH3MPOBATL OCHOBHBIE pa3Mephl pPy-
OAllIKM OXAQKAEHHUS, TO eCTh pyOalllka OXAAKAEHUS
AOAPKHA OXBATBIBAThH KAAIIAHHYIO IIAWUTY U MOJKET OBITh
pacrnoAo’kKeHa B NpeAeAdaX BepXHeW TPeTU ITUAMHAPHU-
YecKOM uacTu pabouel KaMephbl OT KAAIaHHOM IIAM-
Thl. [IOAyYEeHHBIM TEeXHUYECKUU PEe3YyAbTAT IIO3BOAUT
YMEHBIIUTE METAANOEMKOCTb TUXOXOAHOM CTYIIEeHU
B [I€AOM U €€ KOMIIOHOBOYHBIE XaPAaKTEPUCTHUKU, 4YTO
OCOOEHHO BaXHO AASI MOOUABHBIX KOMIIPECCOPHBIX
YCTaHOBOK. K TOMy >Ke opraHmsanus paljiOHaABHOTO
OXAQKAEHUS CTyIleHU CHU3UT U CTOMMOCTH KOMIIpec-
COpPHOTO arperara.
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ANALYSIS OF THE EFFICIENCY OF EXTERNAL COOLING
OF LOW-SPEED, LONG-STROKE, NON-LUBRICATED
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The theoretical analysis of the working processes of the slow-moving long-range stage with variant cooling
of different sections of the working chamber made it possible to determine the rational range of its cooled
zones and the corresponding design parameters of the cooling jacket, which makes it possible to ensure the
permissible temperature of the injected gas at minimum overall dimensions and mass.

Keywords: working process, cooling system, slow-speed stage.
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