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Îïðåäåëåí ñïîñîá òóøåíèÿ ãîðþ÷èõ æèäêîñòåé, èìåþùèõ âûñîêóþ òåìïåðàòóðó êèïåíèÿ, êîòî-
ðûé ïðåäóñìàòðèâàåò îõëàæäåíèå ïîâåðõíîñòíîãî ñëîÿ äî òåìïåðàòóðû âñïûøêè. Ïîëó÷åíà
êðèâàÿ çàâèñèìîñòè óäåëüíîãî ðàñõîäà âîçäóõà îò èíòåíñèâíîñòè åãî ïîäà÷è ñ ìèíèìóìîì, ïî-
ëîæåíèå êîòîðîãî ñîîòâåòñòâóåò îïòèìàëüíîé èíòåíñèâíîñòè ïîäà÷è. Ðàññìîòðåíà ìîäåëü ïðî-
öåññà òóøåíèÿ ïëàìåíè ãîðþ÷åé æèäêîñòè ìåòîäîì ïåðåìåøèâàíèÿ åå “õîëîäíûõ” ñëîåâ, ïîñòó-
ïàþùèõ íà ïîâåðõíîñòü ñ âîñõîäÿùèì ïîòîêîì âîçäóõà, ñ ãîðÿùèì ñëîåì. Ïðîâåäåíî ñðàâíå-
íèå ðåçóëüòàòîâ ðàñ÷åòà è ýêñïåðèìåíòîâ ïî òóøåíèþ ïëàìåíè äèçåëüíîãî òîïëèâà íà ïîëèãîíå
è ñòåíäîâîé óñòàíîâêå. Ñîïîñòàâëåíû ðåçóëüòàòû òóøåíèÿ ãîðþ÷åé æèäêîñòè ìåòîäîì ïåðåìå-
øèâàíèÿ ñëîåâ ñ ïîìîùüþ âîçäóõà è ïåíîé íèçêîé êðàòíîñòè, ïîëó÷åííîé èç ïëåíêîîáðàçó-
þùåãî ïåíîîáðàçîâàòåëÿ.
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çåðâóàðà; ìîäåëü ïðîöåññà òóøåíèÿ ñòðóåé âîçäóõà; ïåíà íèçêîé êðàòíîñòè.
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Ñïîñîá òóøåíèÿ ãîðþ÷èõ æèäêîñòåé (ÃÆ), èìåþùèõ
âûñîêóþ òåìïåðàòóðó êèïåíèÿ, ïðåäóñìàòðèâàåò
îõëàæäåíèå èõ ïîâåðõíîñòíîãî ñëîÿ äî òåìïåðàòó-
ðû âñïûøêè [1–3]. Ýòîò ýôôåêò ìîæåò áûòü îáåñïå-
÷åí ïîäà÷åé âîäû ãðóáîãî ðàñïûëà [4, 5] èëè ôðåîíà
â âèäå ðàñïûëåííîé ñòðóè [6, 7] ëèáî ìåòîäîì ïåðå-
ìåøèâàíèÿ íèæåëåæàùèõ “õîëîäíûõ” ñëîåâ íåôòå-
ïðîäóêòà â ðåçåðâóàðå ñ âåðõíèìè, òåìïåðàòóðà êî-
òîðûõ áëèçêà ê òåìïåðàòóðå êèïåíèÿ [1, 2]. Ïåðå-
ìåøèâàíèå íåôòåïðîäóêòà äîñòèãàåòñÿ òàêæå ïðè
ïîäà÷å ïåíû â îñíîâàíèå ðåçåðâóàðà â ñëîé íåôòå-
ïðîäóêòà [5, 8–10].

Ìåòîä ïåðåìåøèâàíèÿ ïðè òóøåíèè äèçåëüíîãî
òîïëèâà àêòèâíî ðàçðàáàòûâàëñÿ â 60-å ãîäû [1, 3] è
áûë îáîáùåí â ðàáîòå Áëèíîâà – Õóäÿêîâà [1]. Áîëü-
øîå âíèìàíèå â íåé áûëî óäåëåíî òóøåíèþ ïîæà-
ðîâ íåôòè ïîäà÷åé ñòðóè âîçäóõà â îñíîâàíèå ðåçåð-
âóàðà. Âîçäóõ íå ÿâëÿåòñÿ îãíåòóøàùèì âåùåñòâîì,
íî â ÷àñòíîì ñëó÷àå ñ åãî ïîìîùüþ äîñòèãàåòñÿ ýô-
ôåêò ïðåêðàùåíèÿ ãîðåíèÿ. Èíà÷å ãîâîðÿ, õîòÿ òó-
øåíèå îáåñïå÷èâàåòñÿ íå ñàìèì âîçäóõîì, à âñëåä-
ñòâèå ïåðåìåøèâàíèÿ õîëîäíûõ ñëîåâ íåôòåïðîäóê-
òà ñ ãîðÿùèì ïîâåðõíîñòíûì ñëîåì, ôàêòè÷åñêè
ðå÷ü èäåò î ñïîñîáå òóøåíèÿ ñ ïîìîùüþ âîçäóõà, êî-
òîðûé è ñîçäàåò óñëîâèÿ äëÿ ïåðåìåøèâàíèÿ ñëîåâ.

Ïðè ýòîì ÷åì áîëüøå ðàñõîä âîçäóõà, òåì áîëü-
øå “õîëîäíîãî” äèçåëüíîãî òîïëèâà ïîäíèìàåòñÿ ê
ãîðÿùåé ïîâåðõíîñòè. Ïî ìåðå âûòåñíåíèÿ ñ ãðàíè-
öû ðàçäåëà êèïÿùåé æèäêîñòè è ôîðìèðîâàíèÿ íà
ãîðÿùåé ïîâåðõíîñòè “õîëîäíîãî” ñëîÿ òåìïåðàòó-
ðà ïîâåðõíîñòíîãî ñëîÿ ñíèæàåòñÿ è, êàê ñëåäñòâèå,
óìåíüøàåòñÿ ñêîðîñòü èñïàðåíèÿ óãëåâîäîðîäà.
Ïîñëå ïîëíîãî ïîêðûòèÿ ãîðÿùåé ïîâåðõíîñòè ñëîåì
ñ òåìïåðàòóðîé íèæå, ÷åì òåìïåðàòóðà âñïûøêè,
ãîðåíèå ïðåêðàùàåòñÿ.

Öåëü íàñòîÿùåé ðàáîòû — ðàçðàáîòàòü ìîäåëü
ïðîöåññà òóøåíèÿ ïëàìåíè ãîðþ÷åé æèäêîñòè (äè-
çåëüíîãî òîïëèâà) è âûÿâèòü îïòèìàëüíûå ïàðàìåò-
ðû åãî òóøåíèÿ ìåòîäîì ïåðåìåøèâàíèÿ ÃÆ ñòðóåé
âîçäóõà.

Ðàáîòó ïðîâîäèëè íà ñòåíäîâîé óñòàíîâêå, ïðåä-
íàçíà÷åííîé äëÿ èññëåäîâàíèÿ îãíåòóøàùåé ýô-
ôåêòèâíîñòè ïåíîîáðàçîâàòåëåé, ïðèìåíÿåìûõ äëÿ
“ïîäñëîéíîãî” òóøåíèÿ ïîæàðîâ íåôòåïðîäóêòîâ,
ïî ÃÎÑÒ Ð 50588–2012. Â äàííîì ñëó÷àå äëÿ èñïû-
òàíèé âìåñòî ïåíû â îñíîâàíèå ðåçåðâóàðà ïîäàâà-
ëè âîçäóõ ñ çàäàííûì ðàñõîäîì, ïðè ýòîì èññëåäî-
âàëè çàâèñèìîñòü âðåìåíè òóøåíèÿ è óäåëüíîãî ðàñ-
õîäà âîçäóõà îò èíòåíñèâíîñòè åãî ïîäà÷è.
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Â ðàáîòå Áëèíîâà – Õóäÿêîâà [1] áûëî ïðåäëîæå-
íî ýìïèðè÷åñêîå óðàâíåíèå äëÿ îïèñàíèÿ çàâèñè-
ìîñòè âðåìåíè òóøåíèÿ 
ò (ñ) îò ðàñõîäà âîçäóõà.
Ïðè ïðî÷èõ ðàâíûõ óñëîâèÿõ ýòà çàâèñèìîñòü èìå-
åò âèä:
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ãäå à4 — ïàðàìåòð, çàâèñÿùèé îò ôèçèêî-õèìè÷å-
ñêèõ ñâîéñòâ æèäêîñòè, ì2·ñ1�3;
q0 — ðàñõîä âîçäóõà, ì3�ñ;
qêð — êðèòè÷åñêèé ðàñõîä âîçäóõà, ì3�ñ.
Óäåëüíûé ðàñõîä âîçäóõà Q (êã�ì2), èñïîëüçî-

âàííîãî íà òóøåíèå ÃÆ, îïðåäåëÿåòñÿ ïî ôîðìóëå

Q = J�ò , (2)

ãäå J — èíòåíñèâíîñòü ïîäà÷è âîçäóõà, êã�(ì2·ñ).
Àíàëèç çàâèñèìîñòè óäåëüíîãî ðàñõîäà âîçäóõà

îò èíòåíñèâíîñòè åãî ïîäà÷è ñ èñïîëüçîâàíèåì ôîð-
ìóë (1) è (2) ïîêàçûâàåò, ÷òî äàííàÿ çàâèñèìîñòü
íå èìååò ìèíèìóìà, ïîýòîìó íåïðèãîäíà äëÿ âûÿâ-
ëåíèÿ îïòèìàëüíîé èíòåíñèâíîñòè ïîäà÷è âîçäóõà
ïðè òóøåíèè ïëàìåíè ïîäñëîéíûì ñïîñîáîì.

Íà ðèñ. 1 ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåí-
òîâ, ïîëó÷åííûå ïðè èññëåäîâàíèè çàâèñèìîñòè âðå-
ìåíè òóøåíèÿ îò ðàñõîäà âîçäóõà [1]. Ñóäÿ ïî ôîðìå
ýêñïåðèìåíòàëüíîé êðèâîé, ýòè ðåçóëüòàòû íå ìîãóò
áûòü îïèñàíû ôîðìóëàìè (1) è (2), à äîïîëíèòåëü-
íûé àíàëèç, ïðîâåäåííûé íàìè, ïîçâîëèë ïîëó÷èòü
êðèâóþ óäåëüíîãî ðàñõîäà âîçäóõà ñ ìèíèìóìîì,
ïîëîæåíèå êîòîðîãî ñîîòâåòñòâóåò îïòèìàëüíîé èí-
òåíñèâíîñòè åãî ïîäà÷è.

Ðàññìîòðèì ìîäåëü ïðîöåññà òóøåíèÿ ïëàìåíè
äèçåëüíîãî òîïëèâà ìåòîäîì ïåðåìåøèâàíèÿ ïîòî-
êîâ õîëîäíîé æèäêîñòè, óâëåêàåìûõ ââåðõ âîñõîäÿ-
ùèì ïîòîêîì âîçäóõà, ñ ãîðÿùèì ïîâåðõíîñòíûì
ñëîåì ÃÆ.

Â çàìå÷àíèÿõ Áëèíîâà – Õóäÿêîâà [1] áûëî óêà-
çàíî, ÷òî “…õîëîäíàÿ æèäêîñòü, âûíåñåííàÿ ñòðóåé
èç ãëóáèííûõ ñëîåâ, ðàñòåêàåòñÿ ïî ïîâåðõíîñòè…
è èãðàåò ðîëü ïîëîãà, ïðèêðûâàþùåãî æèäêîñòü…”.

Èñõîäÿ èç ýòîãî â íàñòîÿùåé ðàáîòå ïðåäëîæåíà ìî-
äåëü ïðîöåññà òóøåíèÿ æèäêîñòè, ïðåäóñìàòðèâà-
þùàÿ ôîðìèðîâàíèå íà ãîðÿùåé ïîâåðõíîñòè ñëîÿ
æèäêîñòè ñ òåìïåðàòóðîé íèæå òåìïåðàòóðû âñïûø-
êè. Ýòîò ñëîé â äàëüíåéøåì áóäåì íàçûâàòü “õî-
ëîäíûì”.

Àíàëèç ïðîöåññà òóøåíèÿ îñíîâàí íà ðàññìîòðå-
íèè ìàòåðèàëüíîãî áàëàíñà æèäêîñòè, ïîñòóïàþùåé
â ïîâåðõíîñòíûé ñëîé è îïóñêàþùåéñÿ â ãëóáèíó çà
ñ÷åò êîíâåêòèâíûõ ïîòîêîâ, êîòîðûå ôîðìèðóþòñÿ
âîñõîäÿùèì ïîòîêîì âîçäóõà è âñëåäñòâèå ðàçíèöû
â ïëîòíîñòÿõ “õîëîäíîé” è ãîðÿùåé æèäêîñòè.

Ïðè ïîäà÷å âîçäóõà ìàññà æèäêîñòè èç íèæíèõ
ñëîåâ íåôòåïðîäóêòà â ðåçåðâóàðå óâëåêàåòñÿ èì ê
ïîâåðõíîñòè. Ïî ìåðå ðàñòåêàíèÿ “õîëîäíîãî” ñëîÿ
æèäêîñòè ïî ãîðÿùåé ïîâåðõíîñòè ñêîðîñòü åå èñ-
ïàðåíèÿ ñíèæàåòñÿ è, ñîîòâåòñòâåííî, óìåíüøà-
åòñÿ òåïëîâîé ïîòîê îò ôàêåëà ïëàìåíè ê ãîðÿùåé
ïîâåðõíîñòè. Òóøåíèå ïëàìåíè áóäåò äîñòèãíóòî,
êîãäà âñÿ ïîâåðõíîñòü ãîðÿùåé æèäêîñòè áóäåò
ïîëíîñòüþ ïîêðûòà “õîëîäíûì” ñëîåì æèäêîñòè.

Ïðè àíàëèçå ðåçóëüòàòîâ ýêñïåðèìåíòà îñíîâíàÿ
òðóäíîñòü áûëà ñâÿçàíà ñ îïðåäåëåíèåì èíòåíñèâ-
íîñòè ïîòîêà æèäêîñòè, ôîðìèðóþùåãîñÿ ñòðóåé
ïîäíèìàþùèõñÿ ïóçûðåé âîçäóõà. Ñóäÿ ïî ðàáîòàì
[1, 2], ýòà çàâèñèìîñòü ïðè íåâûñîêèõ ðàñõîäàõ âîç-
äóõà áëèçêà ê ëèíåéíîé; ïðè ýòîì êîëè÷åñòâî ïîä-
íèìàþùåãîñÿ ðàñòâîðà ÷èñëåííî â 7–10 ðàç ìåíüøå
ðàñõîäà âîçäóõà. Óòî÷íåíèå âåëè÷èíû, õàðàêòåðè-
çóþùåé ñîîòíîøåíèå ðàñõîäîâ âîçäóõà è íåôòåïðî-
äóêòà, áóäåò ïðîâåäåíî ïîñëå ñîïîñòàâëåíèÿ ðåçóëü-
òàòîâ ðàñ÷åòà è ýêñïåðèìåíòà.

Äëÿ àíàëèçà èñïîëüçîâàëè ðåçóëüòàòû ýêñïåðè-
ìåíòîâ ïî òóøåíèþ ïëàìåíè äèçåëüíîãî òîïëèâà
íà ñòåíäîâîé óñòàíîâêå, âçÿòûå èç ëèòåðàòóðíîãî
èñòî÷íèêà [1].

Âîñïîëüçóåìñÿ òèïîâûì ïîäõîäîì ê àíàëèçó ìà-
òåðèàëüíîãî áàëàíñà ïðè òóøåíèè ïëàìåíè ÃÆ îã-
íåòóøàùèìè âåùåñòâàìè [8, 11–15].

Ñòåïåíü ïîêðûòèÿ ãîðÿùåé ïîâåðõíîñòè òâåðäî-
ãî ãîðþ÷åãî ìàòåðèàëà � ïðåäñòàâëåíà ôîðìóëîé

� = S�S0, (3)

ãäå S — ïëîùàäü ïîâåðõíîñòè, ïîêðûòàÿ ñëîåì “õî-
ëîäíîé” æèäêîñòè, ì2;
S0 — èñõîäíàÿ ïëîùàäü ïîâåðõíîñòè ãîðå-
íèÿ, ì2.
Óñëîâèÿ òóøåíèÿ: � = 1; 
 = 
ò (ãäå 
 — òåêóùåå

âðåìÿ, ñ).
Óðàâíåíèå ìàòåðèàëüíîãî áàëàíñà æèäêîñòè,

ïîäàííîé íà òóøåíèå, èìååò âèä:

q d
 � � S0Uï d
 + 
hS0 d�,
[ïîñòóïëåíèå [ïîòåðè êîíâåê- [íàêîïëåíèå] (4)
“õîëîäíîé” öèåé è ðàçíîñòè
æèäêîñòè] ïëîòíîñòåé]

ãäå q — ðàñõîä “õîëîäíîé” æèäêîñòè, êã�ñ;

Ðèñ. 1. Çàâèñèìîñòü âðåìåíè òóøåíèÿ (ýêñïåðèìåíò Áëèíî-
âà – Õóäÿêîâà) (1) è óäåëüíîãî ðàñõîäà (ðàññ÷èòàííîãî íàìè)
(2) îò ðàñõîäà âîçäóõà, ïîäàâàåìîãî â ñëîé ãîðÿùåãî äèçåëü-
íîãî òîïëèâà
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Uï — óäåëüíàÿ ñêîðîñòü ïîòåðü æèäêîñòè èç õî-
ëîäíîãî ñëîÿ, êã�(ñ·ì2);

 — ñðåäíÿÿ ïëîòíîñòü íåôòåïðîäóêòà â èíòåð-
âàëå ìåæäó òåìïåðàòóðîé íåôòåïðîäóêòà “â ñëîå”
è òåìïåðàòóðîé âñïûøêè, êã�ì3;
h — ñðåäíÿÿ òîëùèíà “õîëîäíîãî” ñëîÿ, ì.
Ðàçäåëèâ ïåðåìåííûå â (4) è ïðîèçâåäÿ èíòåãðè-

ðîâàíèå â ïðåäåëàõ�= .� 
 = 0; � = 1; 
 = 
ò, ïîëó÷èì:
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Îáîçíà÷èì q�S0 = J. Ïðè SUï = q âîçíèêàåò êðè-
òè÷åñêàÿ ñèòóàöèÿ, ïðè êîòîðîé 
ò 4 5, ñëåäîâà-
òåëüíî q�S0 6 Jêð (ãäå Jêð — êðèòè÷åñêàÿ èíòåíñèâ-
íîñòü, êã�(ì2·ñ)). Ôîðìóëó (5) ïðåäñòàâèì â âèäå,
óäîáíîì äëÿ àíàëèçà ðåçóëüòàòîâ ýêñïåðèìåíòîâ:
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Ñðåäíÿÿ òîëùèíà “õîëîäíîãî” ñëîÿ h îïðåäå-
ëÿåòñÿ ïîëóñóììîé åãî ìèíèìàëüíîé òîëùèíû h0 è
òîëùèíû ñëîÿ â ìåñòå ïîÿâëåíèÿ “õîëîäíîãî” ôðîí-
òà æèäêîñòè hq, ïðè÷åì hq = 7Jn:

h
h h h Jq

n

�
�

�
�0 0

2 2

7
, (7)

ãäå 7 — êîýôôèöèåíò ïðîïîðöèîíàëüíîñòè, èìå-
þùèé ðàçìåðíîñòü ì (êã ( ì ñ)28 8 )n .
Ïîêàçàòåëü ñòåïåíè n â ôîðìóëå (7) çàâèñèò îò

ñîîòíîøåíèÿ ðàñõîäà âîçäóõà è êîëè÷åñòâà óâëåêà-
åìîé ââåðõ “õîëîäíîé” æèäêîñòè. Â ðàáîòå Áëèíî-
âà – Õóäÿêîâà [1] ýòà çàâèñèìîñòü îòðàæåíà ñòåïå-
íüþ, êîòîðàÿ êîëåáëåòñÿ îò 0,50 äî 0,75. Êîíêðåòíîå
çíà÷åíèå ýòîãî ïàðàìåòðà áóäåò óòî÷íÿòüñÿ ïî ðå-
çóëüòàòàì çàâèñèìîñòè óäåëüíîãî ðàñõîäà âîçäóõà
îò èíòåíñèâíîñòè ïîäà÷è “õîëîäíîé” æèäêîñòè. Êàê
è ïðåäûäóùàÿ êîíñòàíòà (h), ìèíèìàëüíàÿ òîëùèíà
“õîëîäíîãî” ñëîÿ æèäêîñòè áóäåò óòî÷íÿòüñÿ â õîäå
ñîïîñòàâëåíèÿ ðåçóëüòàòîâ ðàñ÷åòà è ýêñïåðèìåíòà.

Ïðèíèìàÿ, ÷òî J = Jêð è h = 2h0, ïîëó÷èì çàâè-
ñèìîñòü ñðåäíåé òîëùèíû ñëîÿ ïåíû îò èíòåíñèâ-
íîñòè åå ïîäà÷è:

h h J J
n� �0 1[ ( ) ] .êð (8)

Ïåðåïèøåì ôîðìóëó (6) ñ ó÷åòîì (8):
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Òîãäà äëÿ óäåëüíîãî ðàñõîäà âîçäóõà Q ñ ó÷åòîì
ôîðìóëû (9) ïîëó÷èì:
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Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èçìåðåíèé çàâè-
ñèìîñòè âðåìåíè òóøåíèÿ îò èíòåíñèâíîñòè ïîäà-
÷è âîçäóõà ïðè òóøåíèè ïëàìåíè äèçåëüíîãî òîï-
ëèâà, ïîëó÷åííûå â ïîëèãîííûõ óñëîâèÿõ è íà ñòåí-
äîâîé óñòàíîâêå, ïðåäñòàâëåíû íà ðèñ. 2. Íà ýòîì
æå ðèñóíêå ïîêàçàíà çàâèñèìîñòü óäåëüíîãî ðàñõî-
äà âîçäóõà, ðàññ÷èòàííîãî ïî ôîðìóëå (10).

Ïðè ñîïîñòàâëåíèè ðåçóëüòàòîâ ðàñ÷åòà ñ ýêñïå-
ðèìåíòîì áûëà îöåíåíà òîëùèíà “õîëîäíîãî” ñëîÿ
íà ïîâåðõíîñòè äèçåëüíîãî òîïëèâà. Îíà ñîñòàâèëà
2 ìì ïðè ñòåíäîâûõ èñïûòàíèÿõ è 2,5 ìì — ïðè ïî-
ëèãîííûõ. Ïîêàçàòåëü ñòåïåíè èçìåíÿëñÿ â äèàïà-
çîíå îò 0,60 äî 0,66, ñîîòâåòñòâåííî èçìåíÿëèñü è
îïòèìàëüíàÿ èíòåíñèâíîñòü Jîïò, è ìèíèìàëüíûé
óäåëüíûé ðàñõîä Qìèí. Äàííàÿ çàêîíîìåðíîñòü ïîä-
òâåðæäàåòñÿ äàííûìè, ïðåäñòàâëåííûìè íà ðèñ. 2
è â òàáë. 1, â êîòîðîé äëÿ ñðàâíåíèÿ ïðèâåäåíû
îñíîâíûå ïàðàìåòðû ïðîöåññà òóøåíèÿ äèçåëüíîãî
òîïëèâà ñ ïîìîùüþ ïåíû.

Ðèñ. 2. Çàâèñèìîñòü âðåìåíè òóøåíèÿ äèçåëüíîãî òîïëèâà
(1, 2) è óäåëüíîãî ðàñõîäà âîçäóõà (1�, 1��, 2�, 2��) ïðè åãî ïîäà-
÷å â îñíîâàíèå ðåçåðâóàðà ïðè òóøåíèè íà ïîëèãîíå (1, 1�, 1��)
è íà ñòåíäîâîé óñòàíîâêå (2, 2�, 2��): 1�, 2� — ýêñïåðèìåíò; 1��,
2�� — ðàñ÷åò (1, 1� — ðåçóëüòàòû, çàèìñòâîâàííûå èç ðàáîò
Áëèíîâà – Õóäÿêîâà)

Óñëîâèÿ
ïðîâåäåíèÿ

ýêñïåðèìåíòà

Èíòåíñèâíîñòü
ïîäà÷è, ë�(ì2·ñ)

Ìèíè-
ìàëüíûé
óäåëüíûé

ðàñõîä,
ë�ì2

h0, ì

Ïîêà-
çàòåëü

ñòåïåíè
nJêð Jîïò

Ñòåíäîâàÿ
óñòàíîâêà 0,015 0,22 6,3 0,0020 0,66

Ïîëèãîí 0,008 0,15 4,3 0,0026 0,60

Òàáëèöà 1. Îñíîâíûå ïàðàìåòðû ïðîöåññà òóøåíèÿ äèçåëü-
íîãî òîïëèâà ïîäà÷åé ïåíû íà ãîðÿùóþ ïîâåðõíîñòü è â îñ-
íîâàíèå ðåçåðâóàðà
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Äëÿ ñðàâíåíèÿ â òàáë. 2 è íà ðèñ. 3 ïðåäñòàâëåíû
ðåçóëüòàòû òóøåíèÿ ïëàìåíè äèçåëüíîãî òîïëèâà ïå-
íîé íèçêîé êðàòíîñòè èç ïåíîîáðàçîâàòåëÿ “Light
Water FS 201”. Êðîìå òîãî, íà ðèñ. 3 ïðèâåäåíû çà-
âèñèìîñòè, ïîëó÷åííûå ðàñ÷åòîì ïî ôîðìóëå (10).

Åñëè ïðèíÿòü, ÷òî ïîòîê âîçäóõà óâëåêàåò òîëü-
êî äåñÿòóþ ÷àñòü ðàñõîäóåìîãî âîçäóõà, òî ìîæíî
ïðèçíàòü, ÷òî òóøåíèå ïëàìåíè äèçåëüíîãî òîïëè-
âà ñòðóåé âîçäóõà ïî ýôôåêòèâíîñòè ïðàêòè÷åñêè
íå îòëè÷àåòñÿ îò òóøåíèÿ ïåíîé, ïîëó÷åííîé èç ïëåí-
êîîáðàçóþùåãî ïåíîîáðàçîâàòåëÿ.

Ñïîñîá òóøåíèÿ ïîæàðîâ íåôòåïðîäóêòîâ ñ ïî-
ìîùüþ âîçäóõà íå ïîëó÷èë äàëüíåéøåãî ðàçâèòèÿ,
ïîñêîëüêó íà îäíîì è òîì æå ïðåäïðèÿòèè èñïîëü-
çóþòñÿ æèäêîñòè êàê ñ âûñîêîé, òàê è ñ íèçêîé òåì-

ïåðàòóðîé âñïûøêè. Òåì íå ìåíåå ñëåäóåò èìåòü â
âèäó, ÷òî ïðè ãîðåíèè ðåçåðâóàðà ñ íåôòåïðîäóê-
òîì, èìåþùèì âûñîêóþ òåìïåðàòóðó âñïûøêè, äëÿ
ïðåäîòâðàùåíèÿ âûáðîñà è òóøåíèÿ ïëàìåíè ìîæ-
íî ïðèìåíÿòü ñïîñîá ïîäà÷è âîçäóõà â îñíîâàíèå
ðåçåðâóàðà, íàïðèìåð ÷åðåç ëèíèþ ïîäà÷è íåôòå-
ïðîäóêòà.

Âûâîäû

Íà îñíîâå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî-
ëó÷åíà êîëè÷åñòâåííàÿ âçàèìîñâÿçü âðåìåíè òóøå-
íèÿ è óäåëüíîãî ðàñõîäà âîçäóõà îò èíòåíñèâíîñòè
ïîäà÷è âîçäóøíîé ñòðóè â îñíîâàíèå ðåçåðâóàðà ñ
ãîðÿùåé æèäêîñòüþ, èìåþùåé âûñîêóþ òåìïåðàòó-
ðó âñïûøêè.

Ðàçðàáîòàíà ìîäåëü ïðîöåññà òóøåíèÿ íåôòåïðî-
äóêòîâ ñ âûñîêîé òåìïåðàòóðîé âñïûøêè, ïðåäóñìàò-
ðèâàþùàÿ ôîðìèðîâàíèå íà ãîðÿùåé ïîâåðõíîñòè
òîíêîãî ñëîÿ “õîëîäíîé” æèäêîñòè, êîòîðàÿ óâëåêà-
åòñÿ ââåðõ âîñõîäÿùèì ïîòîêîì âîçäóõà.

Îïðåäåëåíû ìèíèìàëüíûé óäåëüíûé ðàñõîä è
îïòèìàëüíàÿ èíòåíñèâíîñòü ïîäà÷è ñòðóè âîçäóõà
â îñíîâàíèå ðåçåðâóàðà ïðè òóøåíèè ïëàìåíè ãîðÿ-
ùåãî äèçåëüíîãî òîïëèâà.

Ìèíèìàëüíàÿ òîëùèíà “õîëîäíîãî” ñëîÿ æèä-
êîñòè, îáåñïå÷èâàþùàÿ òóøåíèå ïëàìåíè äèçåëü-
íîãî òîïëèâà â ìîäåëüíîì ðåçåðâóàðå, ñîñòàâëÿåò
2,0 ìì, à â ïîëèãîííûõ óñëîâèÿõ — 2,5–3,0 ìì.

Ñïîñîá
ïîäà÷è ïåíû

Èíòåíñèâíîñòü
ïîäà÷è, ë�(ì2·ñ)

Ìèíè-
ìàëüíûé
óäåëüíûé

ðàñõîä,
êã�ì2

h0, ì

Ïîêà-
çàòåëü

ñòåïåíè
nJêð Jîïò

Ñâåðõó 0,010 0,04 0,92 0,030 0,66

Ïîä ñëîé 0,008 0,02 0,72 0,022 0,60

Òàáëèöà 2. Îñíîâíûå ïàðàìåòðû ïðîöåññà òóøåíèÿ äèçåëü-
íîãî òîïëèâà ïîäà÷åé ïåíû, ïîëó÷åííîé èç ïåíîîáðàçîâà-
òåëÿ “Light Water FS 201”, íà ãîðÿùóþ ïîâåðõíîñòü è â îñíî-
âàíèå ðåçåðâóàðà

Ðèñ. 3. Çàâèñèìîñòü âðåìåíè òóøåíèÿ äèçåëüíîãî òîïëèâà
(1, 2) ïåíîé íèçêîé êðàòíîñòè, ïîëó÷åííîé èç ïåíîîáðàçîâà-
òåëÿ “Light Water FS 201”, è åå óäåëüíîãî ðàñõîäà (1�, 1��, 2�, 2��)
ïðè ïîäà÷å ïîä ñëîé (1, 1�, 1��) è ñâåðõó (2, 2�, 2��): 1�, 2�— ýêñ-
ïåðèìåíò; 1��, 2�� — ðàñ÷åò
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SUPPRESSION OF A FLAME OF COMBUSTIBLE LIQUIDS
WITH HIGH FLASHPOINT BY THE METHOD OF AGITATING
OF LAYERS USING AIR AND LOW EXPANSION FOAM
(SUBLAYER METHOD)

KOROLCHENKO D. A., Candidate of Technical Sciences, Head of Department
of Complex Safety in Construction, Moscow State University of Civil Engineering
(Yaroslavskoye Shosse, 26, Moscow, 129337, Russian Federation; e-mail address: ICA_kbs@mgsu.ru)

ABSTRACT

The method of agitating, used for suppression of diesel fuel, was actively developed in the 60-ies of
the XX century and generalized in works of Blinov – Khudyakov. There was described suppression of
oil fires by supplying of air stream into the bottom of tank. The air is not a fire extinguishing substance,
but in this specific case it helps to achieve the burn termination effect. Suppression is provided not
with air but due to agitating of cold layers of an oil product with the burning surface layer, actually it is
a question of the method of suppression by means of air which creates conditions for agitation. On the
basis of experimental researches it was determined the quantitative correlation of suppression time
and air specific consumption from supply intensity of the air stream coming into the bottom of tank
contained the burning liquid with high flash point. The model of process of combustible liquid flame
suppression using the method of agitating of “cold” layers by air stream supplying into the bottom of
tank with burning diesel fuel is considered. The suppression process analysis based on consideration
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of the material balance of liquid coming into the surface layer and going down into the depth due
to convective streams which are formed by rising air flow and due to the difference in densities of
“cold” and burning liquid is carried out. The results of experimental measurements of dependence of
suppression time on intensity of air supply during diesel fuel flame suppression obtained in terms of
proving ground and test bench are presented. Comparison of the fire test results obtained during
suppression of diesel fuel flame in model test bench and, earlier received, in terms of proving ground
is carried out. It is shown that the process of suppression is connected with formation of a thin liquid
layer, from 1.5 to 3 mm, which appear on the surface of a burning hydrocarbon and have a temperature
lower or equal to temperature of flash point, which are coming up to the surface with rising burning
layer. Comparison of calculation results and experimental data on suppression of a diesel fuel flame in
terms of proving ground and on the test bench is carried out. On the basis of conducted researches
there were determined the optimal values of intensity and the minimal values of air specific
consumption supplying into the bottom of tank for suppression of a diesel fuel flame.

Keywords: suppression of flammable liquids; suppression by sublayer method; burning of the tank;
model of suppression process using stream of air; low expansion foam.
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