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ABSTRACT

Parameter of medium pressure Ðñð is required, for example, to estimate the mass of natural gas

involved in the formation of a fiery torch in case of emergency destruction of the main pipeline.

However, the methodology for a systematic calculation of this parameter in the current metho-

dological and normative documents, the author has not found.

Despite the apparent simplicity of the problem, the analysis has shown that the parameter Ðñð

depends primarily on the performance Qãï of pipeline, the pressure Ðí at the beginning of the

emergency area and the pressure Ð0 at the point of the destruction of the pipeline, which in turn are

determined by the dependencies from the pressure Ðê in the end of emergency site, the relationship of

the lengths L1�L emergency areas, inner diameter dâí of the pipeline, it’s the roughness kø, the hyd-

raulic resistance coefficient �, the gas flow velocityw, it’s the density in the working �g, in the normal

�í and in the standard conditions �ñ, andmore than twenty parameters characterizing the state of a gas

in terms of its transport and depressurization of the pipeline. In some cases there is no justification of

the calculated transitions, for example, to calculate the final pressure Ðê2 gas at the second site crash in

the presence of data for the initial pressure Ðí1 first site crash. Calculations of these parameters

regulated in several normative documents, which introduces uncertainty in the choice of the cal-

culation scheme and is accompanied by the production of different calculation results.

Calculations of other parameters recommended by the standard methods are complex, three-

dimensional routine, require access to specialized software products that are not available in the cur-

rent engineering activities.

The subjects of this article are refinement of these problems, the rationale for the recommended

design solutions and adapting them in a simple, systematic methodology for calculating the average

pressure at different sections of the main pipeline.

Keywords: emergency section of the main pipeline; mass of gas; average gas pressure.
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ÏÎÂÛØÅÍÈÅ ÏÎÆÀÐÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ
ÕÈÌÈ×ÅÑÊÈÕ ÏÐÎÈÇÂÎÄÑÒÂ ÏÐÈÌÅÍÅÍÈÅÌ
ÌÀÃÍÈÒÎÆÈÄÊÎÑÒÍÛÕ ÃÅÐÌÅÒÈÇÀÒÎÐÎÂ
ÂÀËÎÂ ÌÅØÀËÎÊ

Ïðèâåäåíû ðàçðàáîòêè êîíñòðóêöèé ìàãíèòîæèäêîñòíûõ ãåðìåòèçàòîðîâ âðàùàþùèõñÿ âàëîâ
ìåøàëîê õèìè÷åñêèõ ðåàêòîðîâ. Äàíû ðåêîìåíäàöèè ïî èñïîëüçîâàíèþ êîíñòðóêöèîííûõ ìà-
òåðèàëîâ è ìàãíèòíûõ íàíîæèäêîñòåé äëÿ ìàãíèòîæèäêîñòíûõ ãåðìåòèçàòîðîâ õèìè÷åñêèõ ðå-
àêòîðîâ. Ïîêàçàíî, ÷òî ïðèìåíåíèå ìàãíèòîæèäêîñòíûõ ãåðìåòèçàòîðîâ ïîçâîëÿåò èñêëþ÷èòü
óòå÷êè ðåàãåíòîâ è ïîâûñèòü ïîæàðíóþ áåçîïàñíîñòü õèìè÷åñêèõ ðåàêòîðîâ. Íà îñíîâå èññëå-
äîâàíèé ðàçðàáîòàíà êîíñòðóêöèÿ ãåðìåòèçàòîðîâ äëÿ ëàêîêðàñî÷íîãî ïðîèçâîäñòâà ÎÀÎ “Ëàêî-
êðàñêà” (ã. ßðîñëàâëü).

Êëþ÷åâûå ñëîâà: ïîæàðíàÿ áåçîïàñíîñòü; õèìè÷åñêèé ðåàêòîð; ìàãíèòîæèäêîñòíûé ãåðìåòè-
çàòîð; ìàãíèòíàÿ íàíîæèäêîñòü; ïîñòîÿííûé ìàãíèò.

Ââåäåíèå

Ïîëó÷åíèå íîâûõ âåùåñòâ è ìàòåðèàëîâ â õèìè÷å-

ñêîé ïðîìûøëåííîñòè ñâÿçàíî ñ èñïîëüçîâàíèåì ðå-

àêòîðîâ. Õèìè÷åñêèé ðåàêòîð ÿâëÿåòñÿ îñíîâíûì

è íàèáîëåå îïàñíûì â ïîæàðíîì îòíîøåíèè ýëå-

ìåíòîì òåõíîëîãè÷åñêîé öåïè ëþáîãî õèìè÷åñêîãî

ïðîèçâîäñòâà. Â íàñòîÿùåå âðåìÿ íà ïðåäïðèÿòèÿõ

õèìè÷åñêîãî ìàøèíîñòðîåíèÿ âûïóñêàþòñÿ õèìè-

÷åñêèå ðåàêòîðû îáúåìîì 1, 2, 3, 5, 6, 10, 16, 25, 32 è

50 ì3. Îäíàêî ñ åãî óâåëè÷åíèåì âîçðàñòàåò äèàìåòð

âàëà ìåøàëêè.

Ãåðìåòèçàöèÿ âðàùàþùèõñÿ âàëîâ õèìè÷åñêèõ

ðåàêòîðîâ ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé. Ýòî ñâÿçàíî

ïðåæäå âñåãî ñ æåñòêèìè íîðìàìè ïî ïðåäåëüíîé

êîíöåíòðàöèè âðåäíûõ âåùåñòâ â àòìîñôåðå öåõîâ

õèìè÷åñêèõ ïðîèçâîäñòâ.

Áîëüøèíñòâî õèìè÷åñêèõ ðåàêòîðîâ ðàáîòàåò

ïðè ïåðèîäè÷åñêîé çàãðóçêå, à ïðîòåêàíèå õèìè÷å-

ñêèõ ðåàêöèé ïðîèñõîäèò ëèøü ïðè îïðåäåëåííûõ

òåìïåðàòóðàõ, âåëè÷èíà êîòîðûõîïðåäåëÿåòñÿ ýíåð-

ãèåé àêòèâàöèè õèìè÷åñêèõ ðåàêöèé. Äëÿ òåìïåðà-

òóð äî 400 °Ñ ñïðàâåäëèâî ïðàâèëîÂàíã-Ãîôôà, ñî-

ãëàñíî êîòîðîìó ïîâûøåíèå òåìïåðàòóðû íà 10 °Ñ

ïðèâîäèò ê âîçðàñòàíèþ êîíñòàíòû ñêîðîñòè õèìè-

÷åñêîé ðåàêöèè â 2…4 ðàçà. Ïðè óâåëè÷åíèè òåìïå-

ðàòóðûïîâûøàåòñÿïîæàðíàÿ îïàñíîñòü ðåàêòîðîâ.

Äëÿ ãåðìåòèçàöèè âàëîâ õèìè÷åñêèõ ðåàêòîðîâ

ïðèìåíÿþò òîðöåâûå óïëîòíåíèÿ, äîïóñêàþùèå óòå÷-

êè ãåðìåòèçèðóåìîé ñðåäû [1], êîòîðûå ìîãóò ïðè-

âåñòè ê íåäîïóñòèìîé êîíöåíòðàöèè ãàçîâ â àòìî-

ñôåðå öåõà ñ òî÷êè çðåíèÿ ïîæàðîîïàñíîñòè. Êðîìå

òîãî, âíóòðü ðåàêòîðà ïîïàäàåò àòìîñôåðíûé âîçäóõ,

÷òî ïðè íåêîòîðûõ òåõíîëîãè÷åñêèõ ïðîöåññàõ ìî-

æåò ïðèâåñòè ê áðàêó ïðîäóêöèè è äàæå âçðûâó ðå-

àêòîðà. Â ñâÿçè ñ ýòèì öåëåñîîáðàçíî èñïîëüçîâàòü

óïëîòíåíèÿ, êîòîðûå îáåñïå÷èâàþò ïîëíóþ ãåðìå-

òè÷íîñòü âðàùàþùèõñÿ âàëîâ.

Ýòîìó òðåáîâàíèþóäîâëåòâîðÿþòìàãíèòîæèä-

êîñòíûå ãåðìåòèçàòîðû (ÌÆÃ), êîòîðûå îòíîñÿò-

ñÿ ê áåñêîíòàêòíûì óïëîòíåíèÿì. Îíè îáëàäàþò

àáñîëþòíîé ãåðìåòè÷íîñòüþ, ìàëûì ñîáñòâåííûì

ìîìåíòîì òðåíèÿ, îòñóòñòâèåìèçíîñà, âûñîêèìðå-

ñóðñîì ðàáîòû è ïðîñòîòîé òåõíè÷åñêîãî îáñëóæè-

âàíèÿ [2]. Ïðèíöèï äåéñòâèÿÌÆÃîñíîâàí íà óäåð-

æàíèè ìàãíèòíîé íàíîæèäêîñòè (ÌÍÆ) â ðàáî÷åì

çàçîðå ïîíäåðîìîòîðíîé ñèëîé, êîòîðàÿ âîçíèêàåò

ïðè âçàèìîäåéñòâèè ìàãíèòíîãî ìîìåíòà åäèíè÷-

íîãî ÌÍÆ ñ íåîäíîðîäíûì ìàãíèòíûì ïîëåì.

© Ñàéêèí Ì. Ñ., Òîïîðîâ À. Â., Òîïîðîâà Å. À., 2015
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ÌÍÆ ïðåäñòàâëÿåò ñîáîé êîëëîèäíûé ðàñòâîð

÷àñòèö ìàãíåòèòà Fe3O4 â æèäêîñòè-íîñèòåëå. Äëÿ

ïðåäîòâðàùåíèÿ ñëèïàíèÿ ôåððîìàãíèòíûõ ÷àñòèö

ìåæäó ñîáîé èõ ïîêðûâàþò ñòàáèëèçàòîðîì, â êà÷å-

ñòâå êîòîðîãî èñïîëüçóþò ïîâåðõíîñòíî-àêòèâíûå

âåùåñòâà (ÏÀÂ). Ìàëûé ðàçìåð ÷àñòèö (ïîðÿäêà

100 Å) è èõ òåïëîâîå äâèæåíèå ïðåïÿòñòâóþò ñëè-

ïàíèþè îñåäàíèþ÷àñòèö è îáåñïå÷èâàþò óñòîé÷è-

âîñòü ÌÍÆ êàê êîëëîèäíîé ñèñòåìû.

Öåëü ðàáîòû—ðàçðàáîòêà íîâûõ êîíñòðóêöèé

ÌÆÃ äëÿ ãåðìåòèçàöèè âàëîâ ìåøàëîê õèìè÷åñêèõ

ðåàêòîðîâ ñ ó÷åòîì òåõíîëîãè÷åñêèõ è ýêñïëóàòà-

öèîííûõ îñîáåííîñòåé, ñâÿçàííûõ ñî âçðûâîïîæà-

ðîáåçîïàñíîñòüþ õèìè÷åñêèõ ïðîèçâîäñòâ.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïðîâîäèëèñü

ñ öåëüþ îöåíêè ðàáîòîñïîñîáíîñòè ÌÍÆ ñ õè-

ìè÷åñêè àãðåññèâíûìè ñðåäàìè, òåîðåòè÷åñêèå —

ñöåëüþîïðåäåëåíèÿ ðàöèîíàëüíûõïàðàìåòðîâ ðà-

áî÷åãî çàçîðà è ìàãíèòíîé öåïèÌÆÃ.Äëÿ ýòîãî èñ-

ïîëüçîâàëîñü ÷èñëåííîå ìîäåëèðîâàíèå íà îñíîâå

ìåòîäà êîíå÷íûõ ýëåìåíòîâ.

Îñíîâíàÿ ÷àñòü

Ïðèìåíåíèå ÌÆÃ äëÿ ãåðìåòèçàöèè âàëîâ ìå-

øàëîê õèìè÷åñêèõ ðåàêòîðîâ ïðåäúÿâëÿåò äîïîë-

íèòåëüíûå òðåáîâàíèÿ ê èõ êîíñòðóêòèâíîìó èñ-

ïîëíåíèþ. Åñëè äëÿ âàêóóìíûõ ÌÆÃ âîïðîñû

âçàèìîäåéñòâèÿÌÍÆñ óïëîòíÿåìîé ñðåäîé íå ðàñ-

ñìàòðèâàþòñÿ, òî ïðè ãåðìåòèçàöèè æèäêèõ è àã-

ðåññèâíûõ ñðåä èõ íåîáõîäèìî ó÷èòûâàòü.

Â îòëè÷èå îòÌÆÃ, ïðåäíàçíà÷åííûõ äëÿ ãåðìå-

òèçàöèè âðàùàþùèõñÿ âàëîâ âàêóóìíîãî îáîðóäî-

âàíèÿ, ãåðìåòèçàòîðû õèìè÷åñêèõ ðåàêòîðîâ äîëæ-

íû íàäåæíî ýêñïëóàòèðîâàòüñÿ ïðè âîçäåéñòâèè àãðåñ-

ñèâíûõ ñðåä, ïîâûøåííûõ òåìïåðàòóðàõ (äî 400 °Ñ),

îñåâûõ è ðàäèàëüíûõ áèåíèÿõ âàëà îêîëî 1 ìì.

Îáÿçàòåëüíûì òðåáîâàíèåì, ïðåäúÿâëÿåìûì ê

ÌÍÆ ïðè ðàáîòå ñ àãðåññèâíûìè ñðåäàìè, ÿâëÿåò-

ñÿ èñêëþ÷åíèå ïðîöåññîâ åå ñìåøåíèÿ è õèìè÷å-

ñêîãî âçàèìîäåéñòâèÿ ñ óïëîòíÿåìîé ñðåäîé. Äëÿ

âûÿâëåíèÿ ýòèõ ïðîöåññîâ è îïðåäåëåíèÿ ñòîéêî-

ñòèÌÍÆê âîçäåéñòâèþ òåìïåðàòóð è àãðåññèâíûõ

ñðåä ïðîâîäèëîñü ñðàâíåíèå åå ôèçè÷åñêèõ õàðàê-

òåðèñòèê äî è ïîñëå òåðìîîáðàáîòêè è âîçäåéñòâèÿ

àãðåññèâíûõ ñðåä. Â êà÷åñòâå ôèçè÷åñêèõ õàðàêòå-

ðèñòèê èñïîëüçîâàëèñü ïëîòíîñòü, ïëàñòè÷åñêàÿ âÿç-

êîñòü, íàìàãíè÷åííîñòü, êèíåòè÷åñêàÿ è àãðåãàòèâ-

íàÿ óñòîé÷èâîñòü.

Èçìåðåíèå ïëîòíîñòè ÌÍÆ ïðîâîäèëîñü â ñî-

îòâåòñòâèè ñ ÃÎÑÒ 18995.1–73. Ïëàñòè÷åñêàÿ âÿç-

êîñòü îïðåäåëÿëàñü íà ðîòàöèîííîì âèñêîçèìåòðå

ñîãëàñíî ÃÎÑÒ 26581–85. Íàìàãíè÷åííîñòü óñòà-

íàâëèâàëàñü äèôôåðåíöèàëüíî-áàëëèñòè÷åñêèììå-

òîäîì. Êèíåòè÷åñêàÿ è àãðåãàòèâíàÿ óñòîé÷èâîñòü

ÌÍÆ â íåîäíîðîäíîì ìàãíèòíîì ïîëå îöåíèâàëàñü

â ñîîòâåòñòâèè ñ ìåòîäèêàìè ÒÓ.

ÏðîâåäåíûòåðìîèñïûòàíèÿÌÍÆÔ1-20èÑ1-20Â

[3] â ñòàòèêå è äèíàìèêå ïðè òåìïåðàòóðå 150 °Ñ.

Äëÿ òåðìîèñïûòàíèé â ñòàòèêå èñïîëüçîâàëñÿ ñó-

øèëüíûé øêàô, òåìïåðàòóðà âíóòðè êîòîðîãî ïîä-

äåðæèâàëàñü ñ ïîìîùüþ ýëåêòðîêîíòàêòíîãî òåðìî-

ìåòðà. Òåðìîèñïûòàíèÿ â äèíàìèêå ïðîâîäèëèñü â

îäíîçóáöîâîì ìàêåòåÌÆÃ. Êîíòðîëü òåìïåðàòóðû

îñóùåñòâëÿëñÿ ñ ïîìîùüþ òåðìîïàðû, óñòàíîâëåí-

íîé íà ïîëþñå ãåðìåòèçàòîðà.

Ñòàòè÷åñêèå è äèíàìè÷åñêèå èñïûòàíèÿ ÌÍÆ

ïîêàçàëè, ÷òî ÌÍÆ Ñ1-20Â â ïðîöåññå êîíòàêòà ñ

îðãàíè÷åñêèìè ðàñòâîðèòåëÿìè âûäåðæèâàåò äåé-

ñòâèå ëèøü àöåòîíà. Ïðè âçàèìîäåéñòâèè ñî âñåìè

îñòàëüíûìè ðàñòâîðèòåëÿìè èìååò ìåñòî êîàãóëÿ-

öèÿ, íà ÷òî óêàçûâàþò èçìåíåíèÿ âî âñåõ èçìåðåííûõ

ôèçèêî-õèìè÷åñêèõ õàðàêòåðèñòèêàõ (ïëîòíîñòü,

ïëàñòè÷åñêàÿ âÿçêîñòü, íàìàãíè÷åííîñòü, àãðåãàòèâ-

íàÿèêèíåòè÷åñêàÿóñòîé÷èâîñòü).ÌÍÆòèïàÔ1-20

óñòîé÷èâà ê âîçäåéñòâèþ íå òîëüêî ãåêñàíà, õëîðî-

ôîðìà, òîëóîëà, àöåòîíà, ýòèëàöåòàòà, íî è òàêèõ

âûñîêîàêòèâíûõ ðàñòâîðèòåëåé, êàê N,N-äèìåòèë-

ôîðìàìèä è òåòðàãèäðîôóðàí.

Íà ñëåäóþùåì ýòàïå ðàáîòû èçó÷àëîñü âëèÿíèå

ýòèõ ñðåä íà ñòîéêîñòü ÌÍÆ â òå÷åíèå 300 ÷ ïðè

150 °Ñ. Äëÿ èçó÷åíèÿ ñòîéêîñòè ÌÍÆ ê âîçäåéñò-

âèþ âûñîêèõ òåìïåðàòóð è àãðåññèâíûõ ñðåä ïðè

ðàáîòå â ñîñòàâå ÌÆÃ õèìè÷åñêèõ ðåàêòîðîâ áûëà

âûáðàíà ÌÍÆ íà ôòîðèðîâàííîé îñíîâå Ô1-20.

Â öåëÿõ îãðàíè÷åíèÿ âîçäåéñòâèÿ àãðåññèâíûõ

ñðåä ðàçðàáîòàíà êîíñòðóêöèÿ ÌÆÃ ñ çàùèòíûì

ýëåìåíòîì, êîòîðûé âûïîëíåí â âèäå ãèäðàâëè÷å-

ñêîãî çàòâîðà îáðàòíîãî òèïà, ÷òî ïîçâîëÿåò çàùè-

òèòü ÌÍÆ îò êîíòàêòà ñ àãðåññèâíîé ñðåäîé. Âñå

ýëåìåíòû ãèäðîçàòâîðà, êîíòàêòèðóþùèå ñ àãðåñ-

ñèâíîé ñðåäîé, âûïîëíåíû èç ôòîðîïëàñòà. Â êà÷å-

ñòâå çàïîðíîé æèäêîñòè èñïîëüçóþòñÿ ìàëîèñïà-

ðÿåìûå õèìè÷åñêè ñòîéêèåæèäêîñòè, ÷òî ïîçâîëÿåò

èñêëþ÷èòü âîçäåéñòâèå àãðåññèâíîé ñðåäûè òåïëî-

âûõ ïîòîêîâ ðåàêòîðà íåïîñðåäñòâåííî íà äåòàëè

ÌÆÃ è ÌÍÆ.

ÌÆÃ íàäåæíî ðàáîòàþò òîëüêî ïðè óñëîâèè,

÷òî óïëîòíÿåìûé çàçîð âûïîëíåí ñ âûñîêîé òî÷íî-

ñòüþ. Âàëû ðåàêòîðîâ, êàê ïðàâèëî, èìåþò áèåíèÿ,

ìíîãîêðàòíî ïðåâûøàþùèå äîïóñòèìûå äëÿÌÆÃ,

ïîýòîìó ïðÿìàÿ ãåðìåòèçàöèÿ âàëà ðåàêòîðà íåâîç-

ìîæíà, íåîáõîäèìî óñòðîéñòâî, êîìïåíñèðóþùåå ýòè

áèåíèÿ. Îáû÷íî îíî âûïîëíÿåòñÿ íà îñíîâå óïðó-

ãèõ ýëåìåíòîâ — ñèëüôîíîâ èëè ðåçèí. Äëÿ ðåøå-

íèÿ äàííîé çàäà÷è ñèëüôîíû íå ïîäõîäÿò, òàê êàê

íå îáåñïå÷èâàþò òðåáóåìûé ðåñóðñ èç-çà îãðàíè-

÷åííîãî äîïóñòèìîãî ÷èñëà áîêîâûõ äåôîðìàöèé

(îáû÷íî îêîëî 1 ìëí., ïîñëå ÷åãî ïðîèñõîäèò ìåõà-

íè÷åñêîå ðàçðóøåíèå ñèëüôîíà). Ïîýòîìó ðàçðàáî-

òàíû óñòðîéñòâà ðàçâÿçêè îò áèåíèé âàëà íà îñíîâå

ðåçèíû â âèäå êîëåö, êîòîðûå êðåïÿòñÿ ê âàëó è ãåð-
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ìåòèçèðóþòñÿ ôòîðîïëàñòîâûìè óïëîòíèòåëÿìè. Äëÿ

óìåíüøåíèÿ âîçäåéñòâèÿ òåïëà, ïîñòóïàþùåãî îò

âàëà, âìîíòèðîâàíî òåïëîâîå ñîïðîòèâëåíèå ëàáè-

ðèíòíîãî òèïà, ñíèæàþùåå òåìïåðàòóðó â ìåñòå óñòà-

íîâêè ðåçèíîâûõ êîëåö. Òàêèì îáðàçîì, èñêëþ÷à-

åòñÿ ïåðåãðåâ ðåçèíîâûõ êîëåö, âîñïðèíèìàþùèõ

è êîìïåíñèðóþùèõ áèåíèÿ âàëà. Îäíî èç íèõ âîñ-

ïðèíèìàåò àêñèàëüíóþ, à äðóãîå—ðàäèàëüíóþ ñî-

ñòàâëÿþùóþ áèåíèé.

Êîíñòðóêöèÿ ìàãíèòíîãî óçëàÌÆÃ äëÿ âàëà ìå-

øàëêè õèìè÷åñêîãî ðåàêòîðà äîëæíà îáëàäàòü ðÿ-

äîì ñïåöèàëüíûõ òðåáîâàíèé, à èìåííî: èìåòü ïðî-

ñòîå óñòðîéñòâî; ïîëíóþ çàùèòó ïîñòîÿííûõ ìàã-

íèòîâ îò êîíòàêòà ñ õèìè÷åñêè àêòèâíîé ñðåäîé;

îáåñïå÷èâàòü áûñòðûé äîñòóï ê ïîñòîÿííûì ìàã-

íèòàì, èõ ìîíòàæ è äåìîíòàæ. Ýòî ïîçâîëèò èçìå-

íÿòü êîëè÷åñòâî ìàãíèòîâ â ÌÆÃ è èñïîëüçîâàòü

ìàãíèòû ñ ðàçíûìè ýíåðãåòè÷åñêèìè õàðàêòåðè-

ñòèêàìè, òåì ñàìûì ðåãóëèðóÿ âåëè÷èíó èíäóêöèè

ìàãíèòíîãî ïîëÿ â ðàáî÷åì çàçîðå ãåðìåòèçàòîðà.

Êëàññè÷åñêàÿ êîíñòðóêöèÿ ÌÆÃ (ðèñ. 1) ïðåä-

ñòàâëÿåò ñîáîé ìàãíèòíûé óçåë. ÌÍÆ 1 íàõîäèòñÿ

â ðàáî÷åì çàçîðå �, îáðàçîâàííîì ìåæäó âàëîì 2 è

ïîëþñíûìè ïðèñòàâêàìè 3, ìåæäó òîðöåâûìè ïî-

âåðõíîñòÿìè êîòîðîãî íàõîäèòñÿ ïîñòîÿííûé ìàã-

íèò 4.

Íåäîñòàòîê êëàññè÷åñêîé êîíñòðóêöèèÌÆÃ—

îòñóòñòâèå âîçìîæíîñòè çàìåíû ïîñòîÿííûõ ìàã-

íèòîâ è èçìåíåíèÿ èõ êîëè÷åñòâà áåç åå äåìîíòàæà

èðàçáîðêè.ÂìîäåðíèçèðîâàííîéêîíñòðóêöèèÌÆÃ

[4] (ðèñ. 2) òàêàÿ âîçìîæíîñòü ïðåäóñìîòðåíà.

Ìîäåðíèçèðîâàííàÿ êîíñòðóêöèÿÌÆÃñîñòîèò

èç ìàãíèòíîãî óçëà, âêëþ÷àþùåãî â ñåáÿ ïîñòîÿí-

íûé ìàãíèò 1 è äâå ïîëþñíûå ïðèñòàâêè, êîíöåíò-

ðè÷åñêè îõâàòûâàþùèå âàë. Îäíà èç ïîëþñíûõ ïðè-

ñòàâîê ÿâëÿåòñÿ âíåøíåé è âûïîëíåíà ñîñòàâíîé,

ïðè÷åì îäíà èç åå ÷àñòåé 2 ïðèìûêàåò ê òîðöåâîé

ïîâåðõíîñòèïîñòîÿííîãîìàãíèòà 1, à äðóãàÿ ÷àñòü3

îáðàçóåò ðàáî÷èé çàçîð �1 ñ âðàùàþùèìñÿ âàëîì 4.

Âòîðàÿ ïîëþñíàÿ ïðèñòàâêà 5 — âíóòðåííÿÿ, ïðè-

ìûêàåò ê òîðöåâîé ïîâåðõíîñòè ïîñòîÿííîãî ìàã-

íèòà 1 è îáðàçóåò ðàáî÷èé çàçîð �2 ñ âðàùàþùèìñÿ

âàëîì. Ìåæäó ïîëþñíûìè ïðèñòàâêàìè íàõîäèòñÿ

íåìàãíèòîïðîâîäíàÿ âòóëêà 6. Ðàáî÷èå çàçîðû � çà-

ïîëíåíû ÌÍÆ 7.

Â ÌÆÃ ìîãóò ïðèìåíÿòüñÿ ïîñòîÿííûå ìàãíè-

òû â ôîðìå êîëåö, íàìàãíè÷åííûå â îñåâîì íàïðàâ-

ëåíèè, èëè íàáîðíûå ìàãíèòû, íàïðèìåð, â ôîðìå

ïëàñòèí.

Ïðè ðàáîòåÌÆÃîñíîâíîéìàãíèòíûéïîòîêÔ�
çàìûêàåòñÿ ïî ïóòè: ïîñòîÿííûé ìàãíèò 1—÷àñòè

âíåøíåé ñîñòàâíîé ïîëþñíîé ïðèñòàâêè 2 è 3 —

ðàáî÷èé çàçîð �1 — âàë 4 — ðàáî÷èé çàçîð �2 —

âíóòðåííÿÿ ïîëþñíàÿ ïðèñòàâêà 5 — ïîñòîÿííûé

ìàãíèò 1—èîáðàçóåò çàìêíóòóþ ìàãíèòíóþ öåïü.

ÌÍÆ 7 âçàèìîäåéñòâóåò ñ ïîëåì ïîñòîÿííîãî ìàã-

íèòà è óäåðæèâàåòñÿ â ðàáî÷èõ çàçîðàõ �1 è �2 ïîí-

äåðîìîòîðíîé ñèëîé, îáðàçóÿ ïðåïÿòñòâèå äëÿ ïðî-

õîæäåíèÿ ãåðìåòèçèðóåìîé ñðåäû.

Êîíñòðóêòèâíàÿ îñîáåííîñòü ìîäåðíèçèðîâàí-

íîãîÌÆÃ(ñì. ðèñ. 2) ñîñòîèò â òîì, ÷òî ÷àñòü 2 âíåø-

íåé ïîëþñíîé ïðèñòàâêè èìååò âîçìîæíîñòü áûñò-

ðîãî ìîíòàæà è äåìîíòàæà. Ýòî ïîçâîëÿåò ðåãóëèðî-

âàòü ýêñïëóàòàöèîííûå õàðàêòåðèñòèêèÌÆÃ çà ñ÷åò

èçìåíåíèÿ ïàðàìåòðîâ ìàãíèòíîãî ïîëÿ â ðàáî÷èõ

çàçîðàõ �1 è �2 ïðè ïðèìåíåíèè ìàãíèòîâ ñ ðàçíûìè

ýíåðãåòè÷åñêèìè õàðàêòåðèñòèêàìè è âûáèðàòü íàè-

áîëåå ðàöèîíàëüíûé ýêñïëóàòàöèîííûé ðåæèì.

Ïðåäëàãàåìàÿ êîíñòðóêöèÿÌÆÃ ïîçâîëÿåò ïîë-

íîñòüþ èñêëþ÷èòü êîíòàêò ïîñòîÿííûõ ìàãíèòîâ ñ

óïëîòíÿåìîé ñðåäîé, ÷òî îñîáåííî âàæíî ïðè ãåð-

ìåòèçàöèè âàëîâ ðåàêòîðîâ äëÿ çàùèòû îò àãðåññèâ-

íûõ ñðåä.

Êðèòè÷åñêèé ïåðåïàä äàâëåíèé ÌÆÃ ïðîïîð-

öèîíàëåí ìàêñèìàëüíîìó çíà÷åíèþ èíäóêöèè â ðà-

áî÷åì çàçîðå, êîòîðàÿ, â ñâîþ î÷åðåäü, çàâèñèò îò

îñòàòî÷íîé èíäóêöèè ïîñòîÿííîãî ìàãíèòà. Ïðè ïî-

âûøåíèè òåìïåðàòóðûïðîèñõîäèò óìåíüøåíèå ïî-

ñëåäíåé, à ñëåäîâàòåëüíî, è êðèòè÷åñêîãî ïåðåïàäà

äàâëåíèé. Ïîýòîìó äëÿÌÆÃ, ïðåäíàçíà÷åííûõ äëÿ

ãåðìåòèçàöèè âàëîâ õèìè÷åñêèõ ðåàêòîðîâ, äîëæíû

ïðèìåíÿòüñÿ ìàãíèòû, èçãîòîâëåííûå èç “çàêðèòè-

Ðèñ. 1. Êëàññè÷åñêàÿ êîíñòðóêöèÿ ÌÆÃ

Ðèñ. 2.Ìîäåðíèçèðîâàííàÿ êîíñòðóêöèÿ ÌÆÃ
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÷åñêèõ” ìàòåðèàëîâ ñ âûñîêîé òåìïåðàòóðíîé ñòà-

áèëüíîñòüþ.Êðîìåòîãî, ïðèìåíåíèå òàêèõìàãíèòîâ

ïîçâîëÿåò óìåíüøèòü ìàññîãàáàðèòíûå ïàðàìåòðû

ÌÆÃ.Âêà÷åñòâåðåêîìåíäóåìûõöåëåñîîáðàçíîïðè-

ìåíÿòü ìàãíèòû èç ñïëàâà ñàìàðèé – êîáàëüò ìàðîê

ÊÑ37, ÊÑ25 è ìàãíèòû íà îñíîâå ñïëàâà íåîäèì–

æåëåçî – áîð ìàðêè ×36Ð [5, 6]. Îöåíêè êîððîçèîí-

íîé ñòîéêîñòè ìàãíèòîâ íå òðåáóåòñÿ, òàê êàê êîíñò-

ðóêöèÿ ÌÆÃ îáåñïå÷èâàåò èõ çàùèòó îò õèìè÷å-

ñêîãî âîçäåéñòâèÿ óïëîòíÿåìîé ñðåäû.

Áîëüøèíñòâî õèìè÷åñêèõ ðåàêòîðîâ èìååò âåðõ-

íèé ïðèâîä âàëà, ïîýòîìó ïîëþñíûå ïðèñòàâêè, âàë

è êîðïóñ ÌÆÃ áóäóò âçàèìîäåéñòâîâàòü ñ ïàðàìè

àãðåññèâíîé ñðåäû õèìè÷åñêîãî ðåàêòîðà. Ýòî ìî-

æåò ïðèâîäèòü ê ðàçëè÷íûì âèäàì ýëåêòðîõèìè÷å-

ñêîé êîððîçèè êîíñòðóêòèâíûõ ýëåìåíòîâ óïëîòíå-

íèÿ [7, 8]. Îöåíêà êîððîçèîííîé ñòîéêîñòè ïðîâî-

äèëàñü ïî 10-áàëëüíîéøêàëå, ïðè÷åì íàèáîëüøóþ

ñòîéêîñòü ïðîÿâëÿþò ìåòàëëû ñ îöåíêîé “1”.

Â êà÷åñòâå ìàòåðèàëà êîðïóñà ìîãóò èñïîëüçî-

âàòüñÿ íåìàãíèòíûå ñòàëè ìàðîê Õ18Í9, Õ18Í9Ò,

Õ18Í10, Õ18Í10Ò èëè òèòàí ìàðîê ÂÒ5-1, ÂÒ6Ñ,

ÂÒ14. Äëÿ ïðîêëàäîê èøàéá ìîæíî ïðèìåíÿòü ôòî-

ðîïëàñòû ìàðîê Ô-4, Ô-4Ä, Ô-40, Ô-42 [9].

Äëÿ ýëåìåíòîâ ìàãíèòíîé öåïè ÌÆÃ äîëæíû

ïðèìåíÿòüñÿ ñòàëè, èìåþùèå, êðîìå âûñîêîé êîð-

ðîçèîííîé ñòîéêîñòè, äîñòàòî÷íóþ èíäóêöèþ ìàã-

íèòíîãî íàñûùåíèÿ (1,6–1,8 Òë) [10]: 08Õ13, 12Õ13,

15Õ28, 20Õ13, 30Õ13, 40Õ13.Âûáîð òîãî èëè èíîãî

ìàòåðèàëà ñëåäóåò ïðîèçâîäèòü â ñîîòâåòñòâèè ñ

äàííûìè ïî åãî êîððîçèîííîé ñòîéêîñòè ê óïëîò-

íÿåìîé ñðåäå. Ñëåäóåò îòìåòèòü, ÷òî êîððîçèîííàÿ

ñòîéêîñòü ñòàëåé îáû÷íî ïîâûøàåòñÿ ñ óëó÷øåíèåì

÷èñòîòû îáðàáîòêè ïîâåðõíîñòè. Òàêèå ñòàëè óñòîé-

÷èâî ðàáîòàþò ïðè òåìïåðàòóðàõ îò 20 äî 60 °Ñ ïðè

íåâûñîêèõ è ñðåäíèõ êîíöåíòðàöèÿõ àçîòíîé êèñ-

ëîòû (20–60 %) è âûñîêèõ êîíöåíòðàöèÿõ ñåðíîé

êèñëîòû (90–100 %). Êðîìå òîãî, êîððîçèîííîé ñòîé-

êîñòüþ ê ýòèì êèñëîòàì îáëàäàþò ñòàëè ÕÍ55ÁÞ,

ÕÍ40ÌÄÒÞ,06ÕÍ28ÌÄÒ.Êâîçäåéñòâèþôîñôîð-

íîé êèñëîòû ïðè åå ðàçëè÷íûõ êîíöåíòðàöèÿõ

óñòîé÷èâû ñòàëè ìàðîê 08Õ17Ò, 15Õ28 ïðè òåìïå-

ðàòóðàõ äî 60 °Ñ, Õ18Í9Ò è Õ18Í10Ò— äî 100 °Ñ,

ïðè êîíöåíòðàöèè 40 %— ñòàëè ìàðîê 12Õ18Í10Ò,

02Õ18Í11,10Õ17Í13Ì3Òïðè òåìïåðàòóðàõäî100°C.

Ñòàëè Í70ÌÔÂ-ÂÈ, 08Õ21Í6Ì2Ò îáëàäàþò êîð-

ðîçèîííîé ñòîéêîñòüþ ïðè òåìïåðàòóðàõ äî 140 °Ñ

ïðè ðàçëè÷íûõ êîíöåíòðàöèÿõ ñîëÿíîé êèñëîòû.

Êðîìå òîãî, ìíîãèå èç âûøåïåðå÷èñëåííûõ ñòà-

ëåé îáëàäàþò êîððîçèîííîé ñòîéêîñòüþ ê îðãàíè÷å-

ñêèì êèñëîòàì. Íàïðèìåð, ê óêñóñíîé êèñëîòå ïðè

êîíöåíòðàöèèäî50 %èòåìïåðàòóðå äî50 °Ñóñòîé-

÷èâû ñòàëè ìàðîê 08Õ13,12Õ17, 08Õ17Ò. Ê óêñóñ-

íîé êèñëîòå ëþáîé êîíöåíòðàöèè óñòîé÷èâû ñòàëè

15Õ28,15Õ25Ò, ÕÍ50ÍÁÞ ïðè òåìïåðàòóðàõ äî

50 °Ñ, ïðè êîíöåíòðàöèè äî 80 %— ñòàëè Õ18Í9Ò

è Õ18Í10Ò ïðè òåìïåðàòóðàõ äî 100 °Ñ.

Ïðèâåäåííûå äàííûå ïîêàçûâàþò, ÷òî êàæäàÿ

èç ñòàëåé îáëàäàåò êîððîçèîííîé ñòîéêîñòüþ ëèøü

â îïðåäåëåííîì äèàïàçîíå êîíöåíòðàöèé è òåìïåðà-

òóð äëÿ ðàçëè÷íûõ ñðåä. Ïîýòîìó äëÿ óíèôèêàöèè

ÌÆÃ ïî êîððîçèîííîé ñòîéêîñòè ê áîëüøîìó ÷èñ-

ëó àãðåññèâíûõ ñðåä íåîáõîäèìî ââåäåíèå çàùèò-

íûõ êîíñòðóêöèîííûõ ýëåìåíòîâ. Êðîìå òîãî, áîëü-

øèíñòâî ñòàëåé îáëàäàåò êîððîçèîííîé ñòîéêîñòüþ

ëèøüïðè òåìïåðàòóðàõ äî 100 °Ñ, ïîýòîìó äëÿ îáåñ-

ïå÷åíèÿ èõ ðàáîòîñïîñîáíîñòè â òå÷åíèå äëèòåëü-

íîãî âðåìåíè äîëæíà áûòü ïðåäóñìîòðåíà ñèñòåìà

îõëàæäåíèÿ.

×èñëåííûå èññëåäîâàíèÿ ÌÆÃ ïðîâîäèëèñü íà

îñíîâå ìåòîäà êîíå÷íûõ ýëåìåíòîâ [11]. Èñõîäíû-

ìè äàííûìè ïðè ïðîåêòèðîâàíèè óïëîòíåíèÿ ÿâëÿ-

ëèñü: äèàìåòð âàëà, ñêîðîñòü åãî âðàùåíèÿ, ðàáî÷èé

ïåðåïàä äàâëåíèé. Àãðåññèâíîñòü ñðåäû, âûñîêàÿ

òåìïåðàòóðà è òðåáóåìûé ðåñóðñ ðàáîòû íå ìåíåå

1 ãîäà ó÷èòûâàëèñü âûáîðîì ïîâûøåííîãî êîýôôè-

öèåíòà çàïàñà ïî äàâëåíèþ, ðàâíîãî 2. Ïðè ðàáî÷åì

ïåðåïàäå äàâëåíèé 100 êÏà êðèòè÷åñêèé ïåðåïàä

äàâëåíèé ÌÆÃ äîëæåí ñîñòàâëÿòü 200 êÏà. Â ïðî-

öåññå ðàñ÷åòà îïðåäåëÿëèñü ãåîìåòðè÷åñêèå ðàçìå-

ðû ñèñòåìû, âûáîð ìàðêè è ðàçìåðîâ ìàãíèòà.

Ïðîâåäåíû ðàñ÷åòû ÌÆÃ íà äèàìåòðû óïëîò-

íÿåìûõ âàëîâ ìåøàëîê 95 è 110 ìì äëÿ õèìè÷åñêèõ

ðåàêòîðîâ îáúåìîì 6 è 10 ì3. Â ðåçóëüòàòå ðàñ÷åòîâ

îïðåäåëåíû ðàçìåðû ïîñòîÿííûõ ìàãíèòîâ è ãåî-

ìåòðè÷åñêèå ðàçìåðû çóáöîâîé çîíû.

Ïðîâåäåííûå èññëåäîâàíèÿ ÌÍÆ è ÌÆÃ ïî-

çâîëèëè ðàçðàáîòàòü êîíñòðóêöèþ ãåðìåòèçàòîðà íà

õèìè÷åñêèå ðåàêòîðû îáúåìîì 6 è 10 ì3 äëÿ ëàêî-

êðàñî÷íîãî ïðîèçâîäñòâà ÎÀÎ “Ëàêîêðàñêà” (ã. ßðî-

ñëàâëü).

Âûâîäû

Ïðèìåíåíèå ÌÆÃ â õèìè÷åñêèõ ðåàêòîðàõ ïî-

çâîëèëî èñêëþ÷èòü óòå÷êè ðåàãåíòîâ è ïîâûñèòü

âçðûâî- è ïîæàðîáåçîïàñíîñòü îáîðóäîâàíèÿ, ñíè-

çèòü áðàê ïðîäóêöèè, óëó÷øèòü ýêîëîãè÷åñêóþ îá-

ñòàíîâêó â öåõàõ õèìè÷åñêèõ ïðåäïðèÿòèé, óìåíü-

øèòü çàãðÿçíåíèå îêðóæàþùåé ñðåäû.
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ABSTRACT

The most fire dangerous in the chemical industry is connected with the chemical reactors. Chemical

reagents leaking from chemical reactor can cause fire or explosion. Therefore, mixers rotating shafts

of chemical reactors sealing is an important task. Mechanical seals used for this purpose operate with

the leakages that decrease fire and explosion safety.Magnetic fluid seals have absolute leak tightness,

low friction torque, nowear, long service life and ease ofmaintenance. Chemical reactors seals should

operate reliably when exposed to corrosive environments, high temperature (up to 400 °C), about

1 mm axial and radial shaft runouts. The results of the research showed that the magnetic nanofluid

type F1-20 (based on the organofluorine liquid) is resistant not only to the hexane, chloroform,

toluene, acetone, ethyl acetate, but such potent solvents as N,N-dimethylformamide and tetra-

hydrofuran. Also, magnetic nanofluid type F1-20 successfully passed the temperature test for

300 hours at 150 °C. To limit the aggressive environment influence on magnetic fluid seal parts

the seal with a protective element in the form of a reverse type hydraulic valve has been designed.
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It is proposed to install magnetic fluid seal in special rubber bushings to compensate shaft runout.

Designed special magnetic system allows to isolate the permanent magnet from the aggressive

environment. Special magnetic system also permits to regulate magnetic induction in the seal air gap

to obtain optimal performances and the magnetic fluid durability. The investigations allowed us

to develop new design of magnetic fluid seals for mixers shafts 95 and 110 mm diameter of chemical

reactors 6 and 10m3.Designed sealsweremade and installed on chemical reactors of paint production

company “Lakokraska” (Yaroslavl). Installed magnetic fluid seals eliminated reactants leakages and

as a consequence increased fire and explosion safety of the production.

Keywords: fire safety; chemical reactor;magnetic fluid seal;magnetic nanofluid; permanentmagnet.
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