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PO3JILI 3

XOJIOAUJIBHA TEXHIKA TA TEXHOJIOI'TA.
MPOLIECHU TA ATIAPATU XAPYOBUX TEXHOJIOI'TI
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CRYOGENIC MAINTENANCE OF RARE GASES SEPARATION
PROCESSES IN 68...78 K TEMPERATURE RANGES

Pylypenko B.A. post-graduate student, department «Cryogenic Technick»
Odessa National Academy of Food Technology

Primary enrichment of concentrates, in rare gases technologies, is practiced at the
places of their production. Main sources of raw mixtures are oxygen workshops at metallurgi-
cal plants, which can be located from consumers at a distance of thousands kilometres. That
why the volume of their transportation and economic parameters of the complex of rare gases
largely depends on the degree of enrichment of gas concentrates. The reducing of impurities
in the product is especially important when sources of raw materials are far away from the
final processing plants.

Nitrogen predominates in the high-boiling by-products in the primary Ne-He-N, mix-
ture. Before send the mixture for further processing, it is necessary to reduce nitrogen concen-
tration to 4-8 %. The concentration of nitrogen at the outlet of reflux condensers depends on
the phase equilibrium conditions. The required level of enrichment is achieved at the tempera-
tures < 78 K and provided by vacuumization of refrigerant vapours (nitrogen). For these pur-
poses, reliable and easy-to-use water-ring vacuum pumps are used. However, the performance
of such units sharply decrease when the pressure drops below P = 0.2 bar (absolute). Non-
traditional cooling methods and combined cryostating systems can provide favourable param-
eters in phase separators.

It is required to reduce the pressure of boiling nitrogen to PII =< 0.2 bar to get an ac-
ceptable concentration of nitrogen in the mixture (Table 1). Such pressure can be provided by
water-ring vacuum pumps (Fig. 1-a). However, the pumping efficiency will be reduced to
minimum in this pressure interval [1].

It was proposed to use ejector for extending efficient range of operation of the water-
ring pump. Since the pressure of the mixed (outlet) stream in ejector is below than atmospher-
ic level, circumambient air is used as active flow. As shown at Fig. 1-a, nitrogen vapours,
which taken from the second stage of reflux condenser cooling tank, is the passive stream
with minimum pressure. Ejector inclusion makes it possible to reduce pressure of suction
(green area in Fig. 1-a) with the same energy costs and nitrogen vapours rate from the cooling
tank. This promotes to more deep mixture concentration [2].

Table 1 — Dependence of the (Ne-He)-N2 mixture concentration at the outlet of
stage Nell of reflux condenser at point b to pressure of vapours of boiling nitrogen in the
cool tank with temperature difference between the mixture and the refrigerant AT =2 K

Pressure of boiling refrig- | 1.013; 0.125;
erant (N,), Py, [bar] (atm) 0.67:1 0.51°10.3910.28 | 0.21 (freezing N»)
Temperature of refrigerant

77.36 74 72 70 68 66 63.15
(N2), [K]
temperature of mixture

79,36 76 74 72 70 68 65,15
(N2), [K]
Concentration of nitrogen
in the mixture with flow 32 22 17 13 10 | 7.5 5
pressure P =5 bar; [%]
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Figure 1. a) — specifications of the water-ring vacuum pump; NVP — drive power; VVP
— suction flow, adducted to normal conditions; b) — Scheme of connection of the ejector stage to
the suction line of the vacuum pump for vacuum processing of nitrogen vapors in the cooling
bass; b) — fragment of the scheme with EJ ejector, which use outdoor air as an active medium;
c) — fragment of the scheme with EJ ejector, which use compressed air as an active medium;

In some cases, the ejector can be used as single tool for vacuumization nitrogen va-
pours from the cooling bass. Such necessity appears when the equipment is installed outside
of workshop and threat of water freezing in the pump's communication possible. As is shown
at Figure 1 (fragment c), the mixed flow is discharged to the atmosphere and compressed air
flow is used as an active medium. However, it should be taken into account that energy costs
for compressed air supplied to the ejector’s nozzle are about 4 ... 6 times higher than the ener-
gy costs for the drive of the water ring pump [3].

Scientific adviser — prof. Symonenko Yu.M.
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AHAJII3 POBOTH XOJIOAUJIBHOI MAIIIUMHU MAJIUX
OXO0JIOAKYBAJIBHUX NPUMIIIEHDB 3 BUCOKOIO
TEMIIEPATYPOIO TA HU3bKOIO BOJIOTICTIO HOBITPA

Bosnenko B.C., crynent OKP «Marictp» ¢pakyabrery @HTT
Onecbka HallioHAJIbHA aKajeMisi Xap4oBHX TeXHOJIoriii, M. Oneca

Oxomo0mKyBaHi mpUMilIeHHST K1acu]ikyroTh 3a 1BoMa o3Hakamu. [lepmy kmacudika-
[iHY O3HAaKy 3aCHOBAaHO HA TEXHOJOTIYHHMX OO0JACTAX 3aCTOCYBaHHS IMITYYHOTO XOJIOIY.
Jpyroro KiacudpikaiitHo 03HAKOK OXOJO/HKYBAHOTO MPUMIIICHHS € MOEIHAHHS TeMIlepa-
TYPHOTO 1 BOJIOTICHOTO CTaHiB MOBITPA.
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