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Íà îñíîâàíèè ðåçóëüòàòîâ ëàáîðàòîðíîãî îïðåäåëåíèÿ óñëîâèé òåïëîâîãî ñàìîâîçãîðàíèÿ îò-
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Èññëåäîâàíèþ ïðîöåññîâ òåïëîâîãî ñàìîâîçãîðà-

íèÿ ïîñâÿùåíî ìíîãî ðàáîò è ó íàñ â ñòðàíå [1–13],

è çà ðóáåæîì [14–21]. Ñóùåñòâåííî ìåíüøå âíèìà-

íèÿ óäåëÿåòñÿ óñëîâèÿì ñàìîâîçãîðàíèÿ â âåíòèëÿ-

öèîííûõ ñèñòåìàõ. À ìåæäó òåì ñòàòèñòèêà ïîæà-

ðîâ, âîçíèêøèõ â ðåçóëüòàòå ñàìîâîçãîðàíèÿ [22],

ïîêàçûâàåò, ÷òî çàäà÷à îáåñïå÷åíèÿ ïîæàðíîé áåç-

îïàñíîñòè, â ÷àñòíîñòè, ñèñòåì âåíòèëÿöèè â ïðîèç-

âîäñòâåííûõ çäàíèÿõ ÿâëÿåòñÿ âåñüìà àêòóàëüíîé.

Âîçíèêíîâåíèå ïîæàðà â âåíòèëÿöèîííûõ ñèñ-

òåìàõ ðàçëè÷íûõ ïðîèçâîäñòâ îïàñíî òåì, ÷òî ïðè

ýòîì âîçìîæíî áûñòðîå ðàñïðîñòðàíåíèå ãîðåíèÿ

íà ñîñåäíèå òåõíîëîãè÷åñêèå ó÷àñòêè. Ïîäîáíûå

ïîæàðû ìîãóò ðàçâèâàòüñÿ â ðåçóëüòàòå ñàìîâîç-

ãîðàíèÿ îòëîæåíèé, îáðàçóþùèõñÿ íà âíóòðåííåé

ïîâåðõíîñòè âîçäóõîâîäîâ. Ïðè ýòîì òåìïåðàòóðà

òðàíñïîðòèðóåìîé ïî òðóáàì ñðåäû ÷àñòî îêàçûâà-

åòñÿ ñóùåñòâåííî âûøå òåìïåðàòóðû âîçäóõà â ïî-

ìåùåíèè ñ òðàññèðîâêîé âîçäóõîâîäîâ. Â ýòèõ óñëî-

âèÿõ òåìïåðàòóðû ïðîòèâîëåæàùèõ ïîâåðõíîñòåé

îòëîæåíèé ðàçëè÷íû è òåïëîîáìåí íàêîïèâøåãîñÿ

ñëîÿ ñ îêðóæàþùåé ñðåäîé íåñèììåòðè÷åí. Ðåøå-

íèå çàäà÷è îïðåäåëåíèÿ êðèòè÷åñêèõ ïàðàìåòðîâ,

ïðè êîòîðûõ ïðîèñõîäèò ñàìîâîçãîðàíèå ïëàñòèíû,

è ñïîñîáû ðàñ÷åòà óñëîâèé ñàìîâîçãîðàíèÿ îòëî-

æåíèé íà ïîâåðõíîñòè ðàçëè÷íîãî îáîðóäîâàíèÿ ïðè

íåñèììåòðè÷íîì òåïëîîáìåíå ñëîÿ ìàòåðèàëà îïè-

ñàíû â ðàáîòàõ [5, 23].

Íàñòîÿùàÿ ðàáîòà âûïîëíåíà â öåëÿõ àïðîáàöèè

íîâûõ ðàñ÷åòíûõ ìåòîäîâ èññëåäîâàíèÿ ïðè ðåøå-

íèè çàäà÷ ïî ðàçðàáîòêå ïðîôèëàêòè÷åñêèõ ìåðî-

ïðèÿòèé, îáåñïå÷èâàþùèõ ïîæàðíóþ áåçîïàñíîñòü

âîçäóõîâîäîâ âåíòèëÿöèîííûõ ñèñòåì.

Ðàíåå íàìè èññëåäîâàëñÿ ïðîöåññ ðàñïðîñòðà-

íåíèÿ ãîðåíèÿ ïðè ñàìîâîçãîðàíèè îòëîæåíèé ãî-

ðþ÷åé ïûëè â óñëîâèÿõ íåñèììåòðè÷íîãî òåïëîîá-

ìåíà ñëîÿ ìàòåðèàëà [24, 25]. Â íàñòîÿùåé ðàáîòå

ðàññìîòðåíû óñëîâèÿ ñàìîâîçãîðàíèÿ îòëîæåíèé

ãîðþ÷èõ æèäêîñòåé â âåíòèëÿöèîííûõ ñèñòåìàõ.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ

óñëîâèé òåïëîâîãî ñàìîâîçãîðàíèÿ îòëîæåíèé â

âîçäóõîâîäàõ ñóøèëüíûõ óñòàíîâîê íà ó÷àñòêàõ ñ

èñïîëüçîâàíèåì ýìàëåé ÝÏ-140 ïðèâåäåíû â ðàáî-

òå [26]. Íèæå ïðåäñòàâëåíû ïîëó÷åííûå àâòîðàìè

ñòàòüè [26] ïî ìåòîäèêå ÃÎÑÒ 12.1.044–89 ýìïèðè-

÷åñêèå çàâèñèìîñòè ñëåäóþùåãî âèäà:

lg lgct S
 
1339 0 451, , ; (1)

lg lgct 
 2 429 0 354, – , ,	 (2)

ãäå tc — òåìïåðàòóðà ñàìîâîçãîðàíèÿ, °Ñ;

S — óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè îáðàçöà, ì–1;
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S = F�V;

F — ïëîùàäü ïîâåðõíîñòè îáðàçöà ìàòåðèà-

ëà, ì2;

V — îáúåì îáðàçöà, ì3;

	 — ïåðèîä èíäóêöèè (äî âûðàâíèâàíèÿ òåìïå-

ðàòóð îáðàçöà è îêðóæàþùåé ñðåäû), ÷.

Ïî âûðàæåíèþ (1) îïðåäåëåíû çíà÷åíèÿ òåìïå-

ðàòóðû ñàìîâîçãîðàíèÿ äëÿ îáðàçöîâ ñ ðàçìåðàìè

è ôîðìîé, èñïîëüçóåìûìè â èñïûòàíèÿõ ïî ÃÎÑÒ

12.1.044–89. Íåîáõîäèìûå äëÿ ðàñ÷åòîâ çíà÷åíèÿ

ïàðàìåòðîâ îáðàçöîâ îòëîæåíèé â âåíòèëÿöèîííûõ

ñèñòåìàõ, ñîîòâåòñòâóþùèõ ïðîèçâîäñòâåííûì ó÷àñò-

êàì ñ èñïîëüçîâàíèåì ýìàëåé ÝÏ-140, çàèìñòâîâàíû

èç ðàáîòû [4]: ïëîòíîñòü�= 354 êã�ì3; òåïëîïðîâîä-

íîñòü � = 0,068 Âò�(ì ·Ê); òåìïåðàòóðîïðîâîäíîñòü

a = 2,41·10–7 ì2�ñ; òåïëîåìêîñòü Ñð = 797 Äæ�(êã ·Ê).

Ïî ýòèì äàííûì â ñîîòâåòñòâèè ñ ìåòîäèêîé [23] îïðå-

äåëåíà ýíåðãèÿ àêòèâàöèè ïðîöåññà òåðìîîêèñëåíèÿ

ðàññìàòðèâàåìûõ îòëîæåíèé Å = 49004 Äæ�ìîëü

è âåëè÷èíà ïðåäýêñïîíåíöèàëüíîãî êîìïëåêñà:

Qk0�� = 1,525 ·108 ì·Ê�êã (ãäå Q — òåïëîâîé ýô-

ôåêò ðåàêöèè, Äæ�êã; k0 — êîíñòàíòà ñêîðîñòè ðå-

àêöèè îêèñëåíèÿ, ñ–1).

Ðàíåå îòìå÷àëîñü [27, 28], ÷òî òåïëîâîé ýôôåêò

ïðîöåññîâ òåðìîîêèñëåíèÿ, ïðèâîäÿùèé ê ñàìîâîç-

ãîðàíèþ îðãàíè÷åñêèõ ìàòåðèàëîâ, ñóùåñòâåííî

íèæå òåïëîòû ñãîðàíèÿ ýòèõ âåùåñòâ. Â äàëüíåé-

øèõ ðàñ÷åòàõ ïðèíèìàåì Q = 3200 êÄæ�êã (äàííîå

çíà÷åíèå ïðèìåðíî ñîîòâåòñòâóåò îöåíêå òåïëîâî-

ãî ýôôåêòà ðåàêöèé íåêîòîðûõ êðàñÿùèõ âåùåñòâ

ñ îêèñëèòåëåì, ñîäåðæàùèìñÿ â èõ õèìè÷åñêîé

ñòðóêòóðå [29]), ÷òî çàìåòíî íèæå òåïëîòû ïîëíîãî

ñãîðàíèÿ èçâåñòíûõ êðàñèòåëåé.

Äëÿ âîçäóõîâîäà íåîáõîäèìî ó÷èòûâàòü êîíâåê-

òèâíûé òåïëîîáìåí ñëîÿ ó îáåèõ ïðîòèâîëåæàùèõ

ïîâåðõíîñòåé îòëîæåíèÿ. Â ýòîì ñëó÷àå ðàñ÷åò ïàðà-

ìåòðà Ôðàíê-Êàìåíåöêîãî � [1] ïî ìåòîäèêå [5, 23]

âûïîëíÿåòñÿ ïî óðàâíåíèþ
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R — óíèâåðñàëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ,

Äæ�(ìîëü·Ê); R = 8,314 Äæ�(ìîëü·Ê);

Tã, T0 — òåìïåðàòóðà îêðóæàþùåé ñðåäû ñîîò-

âåòñòâåííî ó ãîðÿ÷åé è õîëîäíîé ïîâåðõíîñòåé

îòëîæåíèé, Ê;

Biã, Biõ — ÷èñëî Áèî ñîîòâåòñòâåííî äëÿ ãîðÿ-
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D — äèàìåòð ïîïåðå÷íîãî ñå÷åíèÿ òðóáû âîçäó-

õîâîäà, ì;

# — êèíåìàòè÷åñêàÿ âÿçêîñòü âîçäóõà, ì2�ñ;

�â — êîýôôèöèåíò òåïëîïðîâîäíîñòè âîçäóõà;

$ — ïîñòîÿííàÿ Ñòåôàíà-Áîëüöìàíà, Âò�(ì2·Ê4);

$ = 5,67·10–8 Âò�(ì2·Ê4);

h — òîëùèíà îòëîæåíèÿ, ì;

g — óñêîðåíèå ñèëû òÿæåñòè, ðàâíîå 9,81 ì�ñ2;
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Ïàðàìåòðû êîíòàêòèðóþùåé ñ îòëîæåíèåì âîç-

äóøíîé ñðåäû îïðåäåëÿþòñÿ ñëåäóþùèì îáðàçîì:
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ãäå Òñð — óñðåäíåííàÿ ìåæäó ïîâåðõíîñòüþ îòëîæå-

íèÿ è êîíòàêòèðóþùåé ñðåäîé òåìïåðàòóðà, Ê.

Ñðåäíþþ òåìïåðàòóðó ãàçîâîé ñðåäû ó õîëîä-

íîé (Òñð.õ) è ãîðÿ÷åé (Òñð.ã) ïîâåðõíîñòåé îïðåäåëÿ-
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Êðèòè÷åñêèå óñëîâèÿ òåïëîâîãî ñàìîâîçãîðàíèÿ

îòëîæåíèé îïðåäåëÿþòñÿ êðèòè÷åñêèì çíà÷åíèåì

�êð ïàðàìåòðà Ôðàíê-Êàìåíåöêîãî:

�
�

�
êð 
 
�Q k E

RT
r e E RT0

2

2 ( )


 
 
� %& �( ( , ) ,1 1 2 4 2 3
(15)

ãäå r — ïîëîâèíà ðàñ÷åòíîãî äèàìåòðà, ì;
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T — òåìïåðàòóðà îêðóæàþùåé ñðåäû, Ê;

ñ — òåïëîåìêîñòü ìàòåðèàëà, Äæ�(êã·Ê).

Â ðàáîòå [26] îòìå÷åíî, ÷òî ïðè íîðìàëüíîé ðà-

áîòå âåíòèëÿòîðà òåìïåðàòóðà ñðåäû â âîçäóõîâî-
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äàõ íå ïðåâûøàåò 70 °Ñ. Îïðåäåëåíî òàêæå, ÷òî ïðè

øòàòíîé ðàáîòå âåíòèëÿöèîííîé ñèñòåìû ñêîðîñòü

äâèæåíèÿ âîçäóøíîãî ïîòîêà âíóòðè òðóáû ñîñòàâ-

ëÿåò 8–15 ì�ñ. Ïðè îòêëþ÷åííîì âåíòèëÿòîðå ãà-

çîâàÿ ñðåäà â âîçäóõîâîäå äâèæåòñÿ ñî ñêîðîñòüþ

íå áîëåå 1,5 ì�ñ, ÷òî ïðèâîäèò ê ðîñòó åå òåìïåðàòó-

ðû âíóòðè òðóá äî 102 °Ñ. Äèàìåòð ïîïåðå÷íîãî ñå-

÷åíèÿ òðóá D èñïîëüçóåìûõ íà ïðàêòèêå âîçäóõî-

âîäîâ ìîæåò íàõîäèòüñÿ â ïðåäåëàõ 0,2–0,5 ì.

Àâòîðàìè [26] ïî çàâèñèìîñòè (1) âûïîëíåíà

îöåíêà êðèòè÷åñêîé äëÿ ñàìîâîçãîðàíèÿ òîëùèíû îò-

ëîæåíèé, êîòîðàÿ ïðè òåìïåðàòóðå 127,5 °Ñ (ñ ó÷åòîì

êîýôôèöèåíòà áåçîïàñíîñòè 0,8) ñîñòàâèëà 0,054 ì.

Òåìïåðàòóðà âîçäóõà â ïðîèçâîäñòâåííîì ïîìåùå-

íèè ñ ôóíêöèîíèðóþùåé ñèñòåìîé âåíòèëÿöèè è

êîíäèöèîíèðîâàíèÿ ìîæåò äîñòèãàòü 20–25 °Ñ. Ïðè

àâàðèéíîì îòêëþ÷åíèè ýòèõ ñèñòåì òåìïåðàòóðû

ñíàðóæè çäàíèÿ è â ïðîñòðàíñòâå òåõíîëîãè÷åñêèõ

ó÷àñòêîâ áóäóò âûðàâíèâàòüñÿ. Ìàêñèìàëüíàÿ ñðåä-

íåñóòî÷íàÿ òåìïåðàòóðà â òåïëîå âðåìÿ ãîäà â þæíûõ

ðåãèîíàõ Ðîññèè íå ïðåâûøàåò 40 °Ñ [30]. Â äàëü-

íåéøèõ ðàñ÷åòàõ ó÷èòûâàåì èçìåíåíèå òåìïåðàòó-

ðû âîçäóøíîé ñðåäû ó õîëîäíîé ïîâåðõíîñòè îòëî-

æåíèÿ Ò0 â äèàïàçîíå 20–40 °Ñ.

Ðåçóëüòàòû ðàñ÷åòîâ, âûïîëíåííûõ ïî ìåòîäèêå

[5, 23], ïðåäñòàâëåíû íà ðèñ. 1–5.

Íà ðèñ. 1 èëëþñòðèðóåòñÿ èçìåíåíèå êðèòè÷å-

ñêîé òîëùèíû îòëîæåíèé h (ïðåâûøåíèå êîòîðîé

ïðèâîäèò ê ñàìîâîçãîðàíèþ) íà ïîâåðõíîñòè âîç-

äóõîâîäà (äèàìåòð ñå÷åíèÿ 0,5 ì, ñêîðîñòü äâèæå-

íèÿ ñðåäû 1,5 ì�ñ) â çàâèñèìîñòè îò òåìïåðàòóðû

ãàçîâîé ñðåäû Òã âíóòðè òðóáû. Êàê ñëåäóåò èç äàí-

íûõ, ïðåäñòàâëåííûõ íà ðèñ. 1, íàëè÷èå ðàçíèöû

òåìïåðàòóð íà ïðîòèâîëåæàùèõ ïîâåðõíîñòÿõ îò-

ëîæåíèÿ ïðèâîäèò ê ðîñòó êðèòè÷åñêîé òîëùèíû â

íåñêîëüêî ðàç ïî ñðàâíåíèþ ñ òðåáóåìîé ïî ÃÎÑÒ

12.1.044–89. Â äèàïàçîíå èçìåíåíèÿ òåìïåðàòóð îò

70 äî 102 °Ñ, õàðàêòåðèçóþùèõ øòàòíûé è àâàðèé-

íûé ðåæèìû ðàáîòû âåíòèëÿöèîííîé ñèñòåìû, îïàñ-

íàÿ äëÿ ñàìîâîçãîðàíèÿ òîëùèíà îòëîæåíèé ïðå-

âûøàåò 0,18 ì. Îòëîæåíèÿ òîëùèíîé îêîëî 0,054 ì

(ïðîãíîç ïî ìåòîäó ÃÎÑÒ 12.1.044–89) ìîãóò ñàìî-

âîçãîðàòüñÿ ïðè òåìïåðàòóðàõ ñðåäû â âîçäóõîâîäå

âûøå 200 °Ñ. Âëèÿíèå òåìïåðàòóðû âîçäóõà â ïðî-

ñòðàíñòâå öåõà Ò0 îñòàåòñÿ çàìåòíûì ïðè èçìåíåíèè

Òã îò 70 äî 200 °Ñ. Ïðè äàëüíåéøåì ðîñòå òåìïåðà-

òóðû Òã êðèòè÷åñêàÿ òîëùèíà îòëîæåíèé h (ñ ó÷å-

òîì Ò0) îòëè÷àåòñÿ òîëüêî íà 1–2 ìì.

Ðèñ. 1. Âëèÿíèå òåìïåðàòóðû ñðåäû â âîçäóõîâîäå íà êðè-

òè÷åñêóþ òîëùèíó îòëîæåíèÿ ïðè òåìïåðàòóðå íàðóæíîãî

âîçäóõà 40 °Ñ (1) è 20 °Ñ (2)

Ðèñ. 2. Âëèÿíèå òåìïåðàòóðû âíåøíåé ïîâåðõíîñòè îòëîæå-

íèÿ ñ ñèììåòðè÷íûì òåïëîîáìåíîì íà êðèòè÷åñêóþ äëÿ ñà-

ìîâîçãîðàíèÿ òîëùèíó

Ðèñ. 3. Âëèÿíèå äèàìåòðà ñå÷åíèÿ âîçäóõîâîäà íà êðèòè÷å-

ñêèé ðàçìåð îòëîæåíèÿ ïðè Òã = 240 °Ñ, Ò0 = 40 °Ñ è ñêîðî-

ñòè ïîòîêà 1,5 ì�ñ

Ðèñ. 4. Âëèÿíèå ñêîðîñòè ïîòîêà ñðåäû â âîçäóõîâîäå íà êðè-

òè÷åñêóþ òîëùèíó îòëîæåíèÿ ïðè Òã = 240 °Ñ, Ò0 = 40 °Ñ è

D = 0,5 ì
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Ðàñ÷åòû ïîêàçûâàþò, ÷òî ïðè Òã = 70�80 °Ñ ñàìî-

âîçãîðàíèå îòëîæåíèé âîîáùå íåâîçìîæíî èç-çà ñó-

ùåñòâåííîãî ðîñòà èõ êðèòè÷åñêîé òîëùèíû. Ïî-âè-

äèìîìó, âîçãîðàíèå îòëîæåíèé òîëùèíîé ìåíåå 0,05 ì

ìîæåò ïðîèñõîäèòü â ðåçóëüòàòå ïîïàäàíèÿ â âîçäó-

õîâîä òëåþùèõ ÷àñòèö èëè íåêîíòðîëèðóåìîãî ðîñòà

òåìïåðàòóðû ñðåäû Òã âûøå 210 °Ñ. Çàìåòíîå ñíè-

æåíèå êðèòè÷åñêîé òîëùèíû îòëîæåíèé âîçìîæíî

òàêæå â âîçäóõîâîäàõ ñ òåïëîèçîëÿöèåé, â êîòîðûõ

òåìïåðàòóðà âíåøíåé ïîâåðõíîñòè îòëîæåíèÿ (êîí-

òàêòèðóþùåé ñ ïîâåðõíîñòüþ òðóáû) ïðèáëèæàåò-

ñÿ ê Òã. Ýòî âèäíî èç ðåçóëüòàòîâ ðàñ÷åòà, ïðåäñòàâ-

ëåííûõ íà ðèñ. 2.

Íà ðèñ. 2 ïîêàçàíî âëèÿíèå òåìïåðàòóðû âíåø-

íåé ïîâåðõíîñòè îòëîæåíèÿ (îïðåäåëÿåìîé óñëî-

âèÿìè òåïëîîòâîäà âî âíåøíþþ ñðåäó) íà êðèòè÷å-

ñêóþ òîëùèíó îòëîæåíèÿ â òðóáå ïðè òåìïåðàòóðå

ñðåäû 127,5 °Ñ (îöåíêà êðèòè÷åñêîé òîëùèíû âû-

ïîëíÿëàñü â ðàáîòå [26]), äâèæóùåéñÿ ñî ñêîðîñòüþ

1,5 ì�ñ. Ïîäîáíàÿ çàâèñèìîñòü äîëæíà ó÷èòûâàòü-

ñÿ ïðè òåïëîèçîëÿöèè òðóá âîçäóõîâîäîâ (íàïðè-

ìåð, ñ öåëüþ ñíèæåíèÿ ñòåïåíè êîíäåíñàöèè ëå-

òó÷èõ êîìïîíåíòîâ ñðåäû). Ðåçóëüòàòû ðàñ÷åòîâ,

ïðåäñòàâëåííûå íà ðèñ. 2 ëèíèåé, ïîêàçûâàþò âîç-

ìîæíîñòü óìåíüøåíèÿ êðèòè÷åñêîé òîëùèíû îòëî-

æåíèé â òåïëîèçîëèðîâàííîì òðóáîïðîâîäå ïðèìåð-

íî â 2 ðàçà. Â ãèïîòåòè÷åñêîì (ïðàêòè÷åñêè íåäî-

ñòèæèìîì â íà÷àëüíûõ óñëîâèÿõ) âàðèàíòå, êîãäà

òåìïåðàòóðà âíåøíåé ïîâåðõíîñòè îòëîæåíèÿ ðàâ-

íà òåìïåðàòóðå ñðåäû â âîçäóõîâîäå (127,5 °Ñ), êðè-

òè÷åñêàÿ òîëùèíà ñîñòàâëÿåò 0,065 ì. Ýòî íåìíîãî

âûøå ðåçóëüòàòà ðàñ÷åòà äëÿ îòëîæåíèÿ ñ ïîëíî-

ñòüþ ñèììåòðè÷íûì òåïëîîáìåíîì íà îáåèõ ïðî-

òèâîëåæàùèõ ïîâåðõíîñòÿõ (ñì. ðèñ. 2), ÷òî óêàçû-

âàåò íà âëèÿíèå òåïëîîòâîäà îò ãîðÿ÷åé ïîâåðõíî-

ñòè ñëîÿ ñî ñòîðîíû ïîòîêà â òðóáå. Íà ðèñ. 2 òàêæå

ïðèâåäåíû ðåçóëüòàòû ëîãàðèôìè÷åñêîé ýêñòðà-

ïîëÿöèè äàííûõ ëàáîðàòîðíûõ ýêñïåðèìåíòîâ (âû-

ïîëíåííûõ ïðè ñèììåòðè÷íîì òåïëîîáìåíå îáðàç-

öà) ïî ìåòîäó ÃÎÑÒ 12.1.044–89.

Íà ðèñ. 3 ïîêàçàíî âëèÿíèå íà óñëîâèÿ ñàìîâîç-

ãîðàíèÿ äèàìåòðà ïîïåðå÷íîãî ñå÷åíèÿ òðóáû âîç-

äóõîâîäà. Åñëè ó÷èòûâàòü ïðèíÿòûé ìàñøòàá, òî îíî

äîâîëüíî ñëàáîå. Êðèòè÷åñêàÿ òîëùèíà îòëîæåíèé

ìåíÿåòñÿ íå áîëåå ÷åì íà 0,1 %.

Ñêîðîñòü äâèæåíèÿ ïîòîêà â òðóáå (â ðàññìàò-

ðèâàåìîì äèàïàçîíå) îêàçûâàåò ÷óòü áîëåå çàìåò-

íîå âëèÿíèå íà âåëè÷èíó h, ìåíÿÿ åå ïî÷òè íà 2 %

(ñì. ðèñ. 4).

Íà ðèñ. 5 ïðåäñòàâëåíû ðåçóëüòàòû îöåíêè ïå-

ðèîäà èíäóêöèè ñàìîâîçãîðàíèÿ îòëîæåíèé êðèòè-

÷åñêîé òîëùèíû (ïðè Òã = 127,5 °Ñ) â âîçäóõîâîäå

ñ äèàìåòðîì ñå÷åíèÿ 0,5 ì ïðè ñêîðîñòè äâèæåíèÿ

ñðåäû 1,5 ì�ñ è òåìïåðàòóðå âîçäóõà â ïðîèçâîäñò-

âåííîì ïîìåùåíèè 40 °Ñ. Êîíñåðâàòèâíûé ìåòîä

îöåíêè óêàçûâàåò íà òî, ÷òî ñàìîâîçãîðàíèå îòëî-

æåíèÿ â âîçäóõîâîäå ìîæåò ïðîèçîéòè â òå÷åíèå

1 ÷. È õîòÿ îñîáåííîñòè òåïëîîáìåíà îòëîæåíèé

ìîãóò ñóùåñòâåííî óâåëè÷èòü ïåðèîä èíäóêöèè, ñëå-

äóåò ñ÷èòàòü îñíîâíûì ëèìèòèðóþùèì ôàêòîðîì

ïðîöåññ íàêîïëåíèÿ îñàæäàþùèõñÿ ñëîåâ äî êðè-

òè÷åñêîé òîëùèíû (ñ ó÷åòîì øòàòíûõ è àâàðèéíûõ

óñëîâèé ýêñïëóàòàöèè òåõíîëîãè÷åñêèõ ó÷àñòêîâ).

Âûøåïðèâåäåííîé îöåíêå ïåðèîäà èíäóêöèè ìå-

òîäîì ÃÎÑÒ 12.1.044–89 ñëåäóåò äîâåðÿòü ìåíüøå,

òàê êàê â ïðàêòè÷åñêóþ îáëàñòü ýêñòðàïîëèðóþòñÿ

äàííûå ýêñïåðèìåíòîâ áåç ó÷åòà èçìåíåíèÿ ôîðìû

îòëîæåíèé âåùåñòâà. Ê òîìó æå èñïîëüçîâàííûé

íàìè ìåòîä ðàñ÷åòà [5, 23] âñåãäà îòëè÷àëñÿ áîëü-

øåé òî÷íîñòüþ ïðîãíîçà ïî ñðàâíåíèþ ñ ïîäõîäîì

ÃÎÑÒ 12.1.044–89. Êðîìå òîãî, îöåíêà àâòîðîâ ðà-

áîòû [26] ïðèâîäèò ïðàêòè÷åñêè ê òåì æå âûâîäàì

î ëèìèòèðîâàíèè ïðîöåññà íàêîïëåíèÿ îòëîæåíèé.

Âûâîäû

Ïðè òåìïåðàòóðå ñðåäû â âîçäóõîâîäå îò 70 äî

80 °Ñ ñàìîâîçãîðàíèå îòëîæåíèé íåâîçìîæíî. Â äè-

àïàçîíå èçìåíåíèÿ òåìïåðàòóð, õàðàêòåðèçóþùåì

øòàòíûé è àâàðèéíûé ðåæèìû ðàáîòû âåíòèëÿöè-

îííîé ñèñòåìû, îïàñíàÿ äëÿ ñàìîâîçãîðàíèÿ òîë-

ùèíà îòëîæåíèé ïðåâûøàåò 0,18 ì. Îòëîæåíèÿ òîë-

ùèíîé îêîëî 0,054 ì ìîãóò ñàìîâîçãîðàòüñÿ ïðè

òåìïåðàòóðàõ ñðåäû â âîçäóõîâîäå âûøå 200 °Ñ.

Âîçãîðàíèå îòëîæåíèé òîëùèíîé ìåíåå 0,05 ì

ìîæåò ïðîèñõîäèòü â ðåçóëüòàòå ïîïàäàíèÿ â âîç-

äóõîâîä òëåþùèõ ÷àñòèö èëè íåêîíòðîëèðóåìîãî

ðîñòà òåìïåðàòóðû ñðåäû Òã âûøå 210 °Ñ. Äâóêðàò-

íîå óìåíüøåíèå êðèòè÷åñêîé òîëùèíû îòëîæåíèé

âîçìîæíî â âîçäóõîâîäàõ ñ òåïëîèçîëÿöèåé. Ýòî ìî-

æåò èñïîëüçîâàòüñÿ äëÿ ñíèæåíèÿ ñòåïåíè êîíäåí-

ñàöèè ëåòó÷èõ êîìïîíåíòîâ ñðåäû.

Ïîêàçàíî, ÷òî äèàìåòð ïîïåðå÷íîãî ñå÷åíèÿ òðó-

áû è ñêîðîñòü äâèæåíèÿ ïîòîêà â íåé îêàçûâàþò

ñëàáîå âëèÿíèå íà óñëîâèÿ ñàìîâîçãîðàíèÿ îòëîæå-

íèé â âîçäóõîâîäå.

Ðèñ. 5. Îöåíêà ïåðèîäà èíäóêöèè ñàìîâîçãîðàíèÿ îòëîæå-

íèÿ â âîçäóõîâîäå
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Ñàìîâîçãîðàíèå îòëîæåíèÿ â âîçäóõîâîäå ìîæåò

ïðîèçîéòè â òå÷åíèå îäíîé ðàáî÷åé ñìåíû. Îñíîâ-

íûì ëèìèòèðóþùèì ôàêòîðîì ñëåäóåò ñ÷èòàòü ïðî-

öåññ íàêîïëåíèÿ îñàæäàþùèõñÿ ñëîåâ äî êðèòè-

÷åñêîé òîëùèíû (ñ ó÷åòîì øòàòíûõ è àâàðèéíûõ

óñëîâèé ýêñïëóàòàöèè òåõíîëîãè÷åñêèõ ó÷àñòêîâ).
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ABSTRACT

This article describes the results of laboratory tests on determination of conditions of the thermal

self-ignition of sediments of vapors of various combustible liquids inside air pipes of ventilating

systems. On the basis of tests there were calculated the values of critical thickness of sediments at re-

gular and emergency operating modes of ventilating system taking into account the unsymmetrical

heat exchange of the formed layer. In such conditions the temperature of opposite surfaces of sedi-

ments are different, and heat exchange of the accumulated layer with environment is unsymmetrical. To de-

terminate the critical parameters of self-ignition of sediments on the surface of various equipment,

in conditions of unsymmetrical heat exchange of the material layer, it was used the calculation method

with the Frank-Kamenetsky parameter � in oxidation reaction of the combustible substance, con-

sidering convective heat exchange at both opposite surfaces of the sediment.

For calculation it was accepted that the maximum average daily temperature in regions of Russia

during the warm season doesn’t exceed 40 °C.

Influence of the temperature inside air pipe on the critical thickness of sediment was determined at

temperature values of external air of 40 and 20 °C. Presence of the temperature difference on opposite

surfaces of a sediment layer leads to growth of its critical thickness by several times in comparison

with requirements of the Russian State Standard 12.1.044–89.

Our calculations show that if the temperature of air-gas environment (Tg) inside air pipes is equal

to 70–80 °Ñ, then the self-ignition of sediments become impossible because of significant growth

of their critical thickness. Apparently, ignition of sediments, which thickness is less than 0.05 m,

can occur as a result of penetration of the smoldering particles into air pipe or uncontrolled growth of

the temperature of air-gas environment higher than 210 °C. Noticeable reduction of the critical
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thickness of sediments become possible also in air pipes with thermal insulation, if the temperature of

external surface of the sediment (contacting with the pipe surface) approximate values of Tg.

Influence of the cross section diameter of air pipe, as well as the rate of motion of air flow inside

the pipe, on conditions of self-ignition is unobserved in comparison with influence of increase of

the sediment layer thickness.

The results of estimation of the induction period of self-ignition of the sediment with critical thick-

ness (when Tg = 127.5 °C) inside air pipe with section diameter of 0.5 m and rate of motion of 1.5 m�s,

in conditions when the temperature in production room is about 40 °C, indicate that self-ignition of

sediments can occur within 1 hour, i. e. during one working shift. Despite the fact that features of heat

exchange of sediments can significantly increase the induction period, the process of accumulation of

the sediment layers up to critical thickness (taking into account regular and emergency conditions of

operation) should be considered as the major limiting factor.

Keywords: sediment; self-ignition; unsymmetrical heat exchange; fire safety; ventilating system; air

pipes; induction period.
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