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Ðàçðàáîòàíà ìîäèôèöèðîâàííàÿ çîííàÿ ìîäåëü ðàñ÷åòà òåðìîãàçîäèíàìèêè ïîæàðà â óñëîâèÿõ
ðàáîòû ñèñòåìû äûìîóäàëåíèÿ ñ èñêóññòâåííûì ïîáóæäåíèåì ñ ó÷åòîì âîçíèêíîâåíèÿ “ïîääó-
âà”. Âûïîëíåíî ñîïîñòàâëåíèå çàâèñèìîñòåé ñêîðîñòè îïóñêàíèÿ íèæíåé ãðàíèöû çàäûìëåí-
íîãî íàãðåòîãî ïðèïîòîëî÷íîãî ãàçîâîãî ñëîÿ îò âðåìåíè ñ ìîìåíòà íà÷àëà ïîæàðà, ïîëó÷åí-
íûõ ñ èñïîëüçîâàíèåì ïðåäëîæåííîé çîííîé è ïîëåâîé ìîäåëåé. Ïîêàçàíî, ÷òî ýôôåêòèâíîñòü
ðàáîòû ñèñòåìû äûìîóäàëåíèÿ ñóùåñòâåííî ñíèæàåòñÿ ïðè âîçíèêíîâåíèè “ïîääóâà”. Îáíàðó-
æåíî, ÷òî äëÿ ïðåäîòâðàùåíèÿ “ïîääóâà” äëÿ êàæäîãî ðàñõîäà âåíòèëÿòîðà ñèñòåìû äûìîóäà-
ëåíèÿ ñóùåñòâóåò êðèòè÷åñêîå ìèíèìàëüíîå çíà÷åíèå ïëîùàäè äûìîóäàëÿþùåãî îòâåðñòèÿ,
êîòîðîå ñóùåñòâåííî çàâèñèò îò òîëùèíû ïðèïîòîëî÷íîãî ñëîÿ â ìîìåíò âêëþ÷åíèÿ äûìîóäà-
ëåíèÿ.

Êëþ÷åâûå ñëîâà: ïîæàð; äûìîóäàëåíèå; ñìåøàííàÿ êîíâåêöèÿ; ïîääóâ; ïðèïîòîëî÷íûé ñëîé.

Ââåäåíèå

Ýôôåêòèâíîñòü ðàáîòû ñèñòåì äûìîóäàëåíèÿ (äàëåå

— ÑÄÓ) ñ åñòåñòâåííûì ïîáóæäåíèåì ìîæåò ñíè-

æàòüñÿ èç-çà ÿâëåíèÿ “ïîääóâà” (plugholing [1–3]), êî-

òîðîå çàêëþ÷àåòñÿ â òîì, ÷òî ÷èñòûé âîçäóõ èç-ïîä

ïðèïîòîëî÷íîãî äûìîâîãî ñëîÿ ïîä äåéñòâèåì ïîäú-

åìíûõ ñèë óíîñèòñÿ ÷åðåç äûìîóäàëÿþùåå îòâåðñòèå.

Ïðè ýòîì ñóùåñòâåííî óìåíüøàåòñÿ ðàñõîä ñìåñè

ïðîäóêòîâ ãîðåíèÿ è ÷àñòèö äûìà, óäàëÿåìûõ íàðó-

æó èç ïîìåùåíèÿ ÷åðåç äàííîå îòâåðñòèå. Ýòî ìîæåò

ïðèâåñòè ê ñêîïëåíèþ äûìà íà ïåðèôåðèè âåðõíåé

çîíû ïîìåùåíèÿ â ìåñòàõ ïðåáûâàíèÿ ëþäåé (íà-

ïðèìåð, â àòðèóìàõ, ïàññàæàõ è ò. ä.), ïîýòîìó âàæíî

íå äîïóñêàòü âîçíèêíîâåíèÿ “ïîääóâà”.

Â ðàáîòàõ [4, 5] ðàññìîòðåíû óñëîâèÿ âîçíèêíî-

âåíèÿ “ïîääóâà” è ñíèæåíèå ýôôåêòèâíîñòè ðàáî-

òû ÑÄÓ ñ åñòåñòâåííûì ïîáóæäåíèåì. Â íàñòîÿùåé

ñòàòüå, ÿâëÿþùåéñÿ ïðîäîëæåíèåì ðàáîò [4, 5], âû-

ïîëíåíî èññëåäîâàíèå ýôôåêòèâíîñòè ðàáîòû ÑÄÓ

ñ èñêóññòâåííûì ïîáóæäåíèåì ñ èñïîëüçîâàíèåì ìî-

äèôèêàöèè çîííîé ìîäåëè ðàñ÷åòà òåðìîãàçîäèíà-

ìèêè ïîæàðà äëÿ ó÷åòà “ïîääóâà”.

Ïîñòàíîâêà çàäà÷è

Íà ðèñ. 1,à ïðåäñòàâëåíà óïðîùåííàÿ ñõåìà ïðè-

ïîòîëî÷íîãî äûìîâîãî ñëîÿ â óñëîâèÿõ ðàáîòû ÑÄÓ,

à íà ðèñ. 1,á — ñõåìà òå÷åíèÿ â ìîìåíò íà÷àëà çà-

õâàòà íàõîäÿùåãîñÿ ïîä ïðèïîòîëî÷íûì ñëîåì õî-

ëîäíîãî âîçäóõà ÑÄÓ (“ïîääóâ”). Óñëîâíàÿ íèæíÿÿ

ãðàíèöà ïðèïîòîëî÷íîãî ñëîÿ ïðèíèìàåòñÿ ïî ïðà-

âèëó “N ïðîöåíòîâ” [6].

© Ïóçà÷ Ñ. Â., Äî Òõàíü Òóíã, Íãóåí Òõàíü Õàé, 2015

Ðèñ. 1. Óïðîùåííàÿ ñõåìà ïðèïîòîëî÷íîãî äûìîâîãî ñëîÿ â

óñëîâèÿõ ðàáîòû ÑÄÓ ïðè ðàñ÷åòíîì ðåæèìå (à) è íà÷àëå

ðåæèìà “ïîääóâà” (á): 1 — ïðèïîòîëî÷íûé ñëîé; 2 — õîëîä-

íûé âîçäóõ; 3 — äûìîóäàëÿþùåå îòâåðñòèå; 4 — íèæíÿÿ

ãðàíèöà ïðèïîòîëî÷íîãî ñëîÿ ïðè îòñóòñòâèè ÑÄÓ; 5 — òî æå,

ïðè íàëè÷èè ÑÄÓ; 6 — âîðîíêà; 7 — ïîëóñôåðè÷åñêàÿ ïî-

âåðõíîñòü; 8 — íàïðàâëåíèå äâèæåíèÿ ñìåñè ãàçîâ ê âåíòè-

ëÿòîðó ÑÄÓ; d — ïðèâåäåííûé äèàìåòð äûìîóäàëÿþùåãî

îòâåðñòèÿ, ì; h — òîëùèíà ïðèïîòîëî÷íîãî ñëîÿ, ì
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Ïðè èñïîëüçîâàíèè çîííîãî ïîäõîäà ïðèíèìàåì

ñëåäóþùèå îñíîâíûå óïðîùåíèÿ òåðìîãàçîäèíàìè-

÷åñêîé êàðòèíû òå÷åíèÿ â ïðèïîòîëî÷íîì ñëîå:
� ñóùåñòâóåò ðåçêî âûäåëåííàÿ ãðàíèöà ìåæäó çî-

íàìè ïðèïîòîëî÷íîãî ñëîÿ è õîëîäíîãî âîçäóõà,

ïðè ïåðåõîäå ÷åðåç êîòîðóþ òåðìîãàçîäèíàìè-

÷åñêèå ïàðàìåòðû èçìåíÿþòñÿ ñêà÷êîîáðàçíî;
� ïðèïîòîëî÷íûé ñëîé ðàâíîìåðíî ïðîãðåò è ðàâ-

íîìåðíî çàäûìëåí.

Óñëîâèÿ âîçíèêíîâåíèÿ “ïîääóâà”

Ïðèíèìàåì, ÷òî â óðàâíåíèÿõ ñîñòîÿíèÿ èäåàëü-

íîãî ãàçà äëÿ âîçäóõà è ãàçîâîé ñìåñè äàâëåíèÿ è ãà-

çîâûå ïîñòîÿííûå ðàâíû äðóã äðóãó. Â ýòîì ñëó÷àå

�2T2 = �âTâ,

ãäå �2 — ñðåäíåîáúåìíàÿ ïëîòíîñòü ñìåñè ãàçîâ â

ïðèïîòîëî÷íîì ñëîå, êã�ì3;

T2 — ñðåäíåîáúåìíàÿ òåìïåðàòóðà ïðèïîòîëî÷-

íîãî ãàçîâîãî ñëîÿ, Ê;

�â — ïëîòíîñòü õîëîäíîãî âîçäóõà â ïîìåùå-

íèè, êã�ì3;

Òâ — òåìïåðàòóðà õîëîäíîãî âîçäóõà â ïîìåùå-

íèè, Ê.

Ïðè êðèòè÷åñêîì ðåæèìå ðàáîòû (íà÷àëî “ïîä-

äóâà”) â äûìîóäàëÿþùåå îòâåðñòèå íà÷èíàåò ïîñòó-

ïàòü âîçäóõ èç çîíû õîëîäíîãî âîçäóõà. Âåðòèêàëü-

íàÿ ñîñòàâëÿþùàÿ êðèòè÷åñêîé ñêîðîñòè ïîäúåìà

âîçäóõà wêð (ì�ñ) â åãî âõîäíîì ñå÷åíèè, ïðè êîòî-

ðîé ñòîëáèê õîëîäíîãî âîçäóõà ïîäíèìàåòñÿ íà âû-

ñîòó h (ñì. ðèñ. 1), îïðåäåëèòñÿ èç îäíîìåðíîãî óðàâ-

íåíèÿ Áåðíóëëè [4, 5]:

w ghêð � 2 , (1)

ãäå g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì�ñ2.

Òîãäà â íà÷àëå âîçíèêíîâåíèÿ “ïîääóâà” êðèòè÷å-

ñêèé ìàññîâûé ðàñõîä ñìåñè ãàçîâ è äûìà, óäàëÿåìîé

âåíòèëÿòîðîì ÷åðåç äûìîóäàëÿþùåå îòâåðñòèå, ñî-

ñòàâèò:

G w Fêð 2 êð o� � , (2)

ãäå Gêð — êðèòè÷åñêèé ìàññîâûé ðàñõîä âåíòèëÿ-

òîðà ÑÄÓ, êã�ñ;

Fî — ïëîùàäü äûìîóäàëÿþùåãî îòâåðñòèÿ, ì2.

Ìîäèôèöèðîâàííàÿ çîííàÿ ìîäåëü
ðàñ÷åòà òåïëîìàññîîáìåíà

Èñïîëüçóåòñÿ òðåõçîííàÿ ìîäåëü, â êîòîðîé îáúåì

ïîìåùåíèÿ ðàçáèò íà çîíû êîíâåêòèâíîé êîëîíêè,

ïðèïîòîëî÷íîãî ñëîÿ è õîëîäíîãî âîçäóõà [7].

Ïðèíöèïèàëüíàÿ ñõåìà òåïëîìàññîîáìåíà â ïî-

ìåùåíèè äëÿ òðåõçîííîé ìîäåëè â ñëó÷àå ðàáîòû

ÑÄÓ è ïðèòî÷íîé âåíòèëÿöèè ïðèâåäåíà íà ðèñ. 2,

ãäå ñòðåëêàìè ïîêàçàíû íàïðàâëåíèÿ òå÷åíèÿ ãàçî-

âîé ñìåñè è òåïëîâûå ïîòîêè.

Ìàññîâûé ðàñõîä â ñå÷åíèè êîíâåêòèâíîé êîëîí-

êè îïðåäåëÿåòñÿ ïî ôîðìóëàì [8]:
� ïðè zñ > zïë:
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ãäå zñ — êîîðäèíàòà ïîïåðå÷íîãî ñå÷åíèÿ êîëîíêè,

îòñ÷èòûâàåìàÿ îò îòêðûòîé ïîâåðõíîñòè ãîðþ-

÷åãî ìàòåðèàëà, ì;

zïë — âûñîòà ïëàìåííîé çîíû, ì;
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Qïîæ — ñêîðîñòü òåïëîâûäåëåíèÿ â ïîìåùåíèè,

Âò; Q Q Fïîæ óä í
ð

ã� /: ;

/ — ïîëíîòà ñãîðàíèÿ;

:óä — óäåëüíàÿ ñêîðîñòü ãàçèôèêàöèè ãîðþ÷åãî

ìàòåðèàëà, êã�(ì2·ñ);

Qí
ð — íèçøàÿ ðàáî÷àÿ òåïëîòà ñãîðàíèÿ ãîðþ÷å-

ãî ìàòåðèàëà, Äæ�êã;

Fã — ïëîùàäü îòêðûòîé ïîâåðõíîñòè ãîðþ÷åãî

ìàòåðèàëà, ì2;

�— êîýôôèöèåíò òåïëîïîòåðü èç çîíû êîëîíêè;

G — ðàñõîä ñìåñè ãàçîâ ÷åðåç ñå÷åíèå êîëîíêè,

íàõîäÿùååñÿ íà âûñîòå zñ, êã�ñ.

Ñðåäíÿÿ òåìïåðàòóðà â ñå÷åíèè êîíâåêòèâíîé êî-

ëîíêè Òê (Ê) îïðåäåëÿåòñÿ ïî ôîðìóëå èç ðàáîòû [7]:

T T
Q

c Gp
ê â

ïîæ� �

( )

,
1 �

(5)

ãäå ñð — óäåëüíàÿ èçîáàðíàÿ òåïëîåìêîñòü ñìåñè

ãàçîâ, Äæ�(êã·Ê).

Âûñîòà íèæíåé ãðàíèöû ïðèïîòîëî÷íîãî ñëîÿ

íàõîäèòñÿ èç ðåøåíèÿ îáûêíîâåííîãî äèôôåðåíöè-

àëüíîãî óðàâíåíèÿ, ïîëó÷åííîãî èç çàêîíà ñîõðàíå-

íèÿ ýíåðãèè äëÿ ïðèïîòîëî÷íîãî ñëîÿ [9]:

d

d
ê ê

â ï

ïîæ

â â ï

ä

â â ï

z G

F

Q

c T F

T G

T Fp& �
1;

� �
� 
 







(
,

1 2
(6)

ãäå zê — ðàññòîÿíèå îò îòêðûòîé ïîâåðõíîñòè ãîðþ-

÷åãî ìàòåðèàëà äî íèæíåé ãðàíèöû ïðèïîòîëî÷-

íîãî ñëîÿ, ì;

& — âðåìÿ, ñ;

Gê — ìàññîâûé ðàñõîä ãàçîâîé ñìåñè, ïîñòóïà-

þùåé èç êîíâåêòèâíîé êîëîíêè â ïðèïîòîëî÷-

íûé ñëîé, êã�ñ;

Fï — ïëîùàäü ïîòîëêà ïîìåùåíèÿ, ì2;

1 — êîýôôèöèåíò òåïëîïîòåðü; 1 = Qw1 + Qw2 +

+ Qc + Qf + Qp )�Qïîæ;
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Qw1, Qw2, Qc, Qf — òåïëîâûå ïîòîêè, îòâîäèìûå

ñîîòâåòñòâåííî â ñòåíû (íèæå è âûøå íèæíåé ãðà-

íèöû ïðèïîòîëî÷íîãî ñëîÿ), ïîòîëîê è ïîë, Âò;

Qp — òåïëîâîé ïîòîê, èçëó÷àåìûé ÷åðåç ïðîåì,

Âò;

Gä — ìàññîâûé ðàñõîä ÑÄÓ, êã�ñ.

Íà÷àëüíîå óñëîâèå (ïðè & � <;èìååò âèä: zê = Í – =
(ãäå Í — âûñîòà ïîìåùåíèÿ, ì; = — òîëùèíà ãîðþ-

÷åãî ìàòåðèàëà, ì).

Ñðåäíåîáúåìíàÿ òåìïåðàòóðà è ïëîòíîñòü ñìåñè

ãàçîâ â ïðèïîòîëî÷íîì ñëîå íàõîäÿòñÿ èç ðåøåíèÿ

äèôôåðåíöèàëüíîãî óðàâíåíèÿ çàêîíà ñîõðàíåíèÿ

ìàññû äëÿ ïðèïîòîëî÷íîãî ñëîÿ è óðàâíåíèÿ ñîñòî-

ÿíèÿ èäåàëüíîãî ãàçà ñîîòâåòñòâåííî [7]:

V G G2 2( ) ;d d ê ä� & � 
 (7)

p2 = �2 RT2 � pâ, (8)

ãäå V2 — îáúåì çîíû ïðèïîòîëî÷íîãî ñëîÿ, ì3;

ð2 — äàâëåíèå â çîíå ïðèïîòîëî÷íîãî ñëîÿ, Ïà;

R — ãàçîâàÿ ïîñòîÿííàÿ (ïðèíèìàåòñÿ, ÷òî ãàçî-

âûå ïîñòîÿííûå âîçäóõà è ñìåñè ïðîäóêòîâ ãî-

ðåíèÿ ñ âîçäóõîì ðàâíû [7]), Äæ�(êã·Ê);

ðâ — äàâëåíèå íàðóæíîãî âîçäóõà ïðè z = 0, Ïà.

Ìàññîâûé ðàñõîä ñìåñè ãàçîâ, óäàëÿåìîé èç ïðè-

ïîòîëî÷íîãî ñëîÿ ÑÄÓ ÷åðåç äûìîóäàëÿþùåå îò-

âåðñòèå, îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì:
� ïðè wî < wêð: Gä = Gâò;
� ïðè wî � wêð: Gä = käGâò,

ãäå wî — âåðòèêàëüíàÿ ñîñòàâëÿþùàÿ ñêîðîñòè âî

âõîäíîì ñå÷åíèè äûìîóäàëÿþùåãî îòâåðñòèÿ, ì�ñ;

w G Fî âò 2 o� ( ) ;�

Gâò — ìàññîâûé ðàñõîä âåíòèëÿòîðà ÑÄÓ, êã�ñ;

kä — êîýôôèöèåíò óìåíüøåíèÿ ðàñõîäà ÷åðåç

äûìîóäàëÿþùåå îòâåðñòèå èç-çà “ïîääóâà”.

Óðàâíåíèÿ (6) è (7) ðåøàþòñÿ ÷èñëåííûì ìåòî-

äîì Ðóíãå–Êóòòà 4-ãî ïîðÿäêà òî÷íîñòè [10].

Ïîëåâàÿ ìîäåëü ðàñ÷åòà
òåðìîãàçîäèíàìèêè ïîæàðà

Èñïîëüçóåòñÿ ïîëåâîé ìåòîä ðàñ÷åòà, ðàçðàáîòàí-

íûé â [11]. Ðåøàþòñÿ òðåõìåðíûå íåñòàöèîíàðíûå

äèôôåðåíöèàëüíûå óðàâíåíèÿ Ðåéíîëüäñà.

Îáîáùåííîå äèôôåðåíöèàëüíîå óðàâíåíèå èìå-

åò âèä [11]:

�
�

� � �
&

� �( ( ,Ô) div Ô) div (Ãgrad Ô)w S (9)

ãäå � — ïëîòíîñòü ãàçîâîé ñìåñè, êã�ì3;

> — çàâèñèìàÿ ïåðåìåííàÿ (ýíòàëüïèÿ ãàçîâîé

ñìåñè, ïðîåêöèè ñêîðîñòè íà êîîðäèíàòíûå îñè,

êîíöåíòðàöèè êîìïîíåíòîâ ãàçîâîé ñìåñè (Î2,ÑÎ,

ÑÎ2, N2, ïðîäóêòîâ ãàçèôèêàöèè ãîðþ÷åãî ìàòå-

ðèàëà), îïòè÷åñêàÿ ïëîòíîñòü äûìà, êèíåòè÷åñêàÿ

ýíåðãèÿ òóðáóëåíòíîñòè è ñêîðîñòü åå äèññèïà-

öèè);

w — ñêîðîñòü ãàçîâîé ñìåñè, ì�ñ;

? — êîýôôèöèåíò äèôôóçèè äëÿ Ô;

S — èñòî÷íèêîâûé ÷ëåí.

Âåëè÷èíà ëó÷èñòîãî òåïëîïåðåíîñà îïðåäåëÿåò-

ñÿ ñ ïîìîùüþ ìåòîäà ìîìåíòîâ (äèôôóçèîííàÿ ìî-

äåëü). Âûðàæåíèå äëÿ ðàäèàöèîííîé ñîñòàâëÿþùåé

èñòî÷íèêîâîãî ÷ëåíà â óðàâíåíèè ýíåðãèè Sr èìååò

âèä:

divS
I

x

I

y

I

z
r � 


�
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-
, (10)

ãäå I — èíòåíñèâíîñòü èçëó÷åíèÿ, Âò�ì2, îïðåäåëÿ-

åìàÿ èç óðàâíåíèÿ

1
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2

2

2

2

2�
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I

x
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I
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I I b) ; (11)

� — èíòåãðàëüíûé êîýôôèöèåíò îñëàáëåíèÿ èç-

ëó÷åíèÿ, ì–1;

x, ó, z — êîîðäèíàòû ñîîòâåòñòâåííî âäîëü äëè-

íû, øèðèíû è âûñîòû ïîìåùåíèÿ, ì;

.— èíòåãðàëüíûé êîýôôèöèåíò èçëó÷åíèÿ, ì–1;

Ib — èíòåíñèâíîñòü èçëó÷åíèÿ àáñîëþòíî ÷åð-

íîãî òåëà, Âò�ì2; Ib = �T 4;

� — ïîñòîÿííàÿ èçëó÷åíèÿ àáñîëþòíî ÷åðíîãî

òåëà, Âò�(ì2·Ê4);

Ò — òåìïåðàòóðà, Ê.

Ëîêàëüíûå çíà÷åíèÿ êîýôôèöèåíòîâ èçëó÷åíèÿ

è ïîãëîùåíèÿ ðàäèàöèîííîé ýíåðãèè îïðåäåëÿþò-

ñÿ ñ èñïîëüçîâàíèåì ëîêàëüíûõ âåëè÷èí îïòè÷åñêîé

ïëîòíîñòè äûìà [11].

Ðèñ. 2. Ñõåìà òåïëîìàññîîáìåíà â ïîìåùåíèè ñ èñïîëüçîâà-

íèåì çîííîé ìîäåëè: 1 — ñòåíà; 2 — ïåðåêðûòèå; 3 — îò-

êðûòûé ïðîåì; 4 — ãîðþ÷èé ìàòåðèàë; 5 — íèæíÿÿ ãðàíèöà

ïðèïîòîëî÷íîãî ñëîÿ; 6 — ÑÄÓ; 7 — ïðèòî÷íàÿ âåíòèëÿöèÿ;

8 — ïëàìåííàÿ çîíà; I — çîíà êîíâåêòèâíîé êîëîíêè; II —

çîíà íàãðåòîãî çàäûìëåííîãî ïðèïîòîëî÷íîãî ñëîÿ; III —

çîíà õîëîäíîãî âîçäóõà; * — ñêîðîñòü ãàçèôèêàöèè ãîðþ-

÷åãî ìàòåðèàëà, êã�ñ
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Ðåàêöèÿ ãîðåíèÿ ðàññìàòðèâàåòñÿ êàê îäíîñòó-

ïåí÷àòàÿ è íåîáðàòèìàÿ:

F + sO A (1 + s) P, (12)

ãäå F, O, P — ïðîäóêòû ãàçèôèêàöèè ãîðþ÷åãî ìàòå-

ðèàëà, îêèñëèòåëü (êèñëîðîä âîçäóõà) è ïðîäóêòû

ðåàêöèè ñîîòâåòñòâåííî;

s — êîýôôèöèåíò.

Ñêîðîñòü ðåàêöèè (12) ñ ó÷åòîì âëèÿíèÿ íà íåå

òóðáóëåíòíîñòè (äèôôóçèîííî-âèõðåâàÿ ìîäåëü) âû-

÷èñëÿåòñÿ ïî ôîðìóëå

G
k

X
X

s

X

s
r pb

o pg�
�

�
�
�

5
6
7

�
�

min ; ; ,4 4 2
1

(13)

ãäå Gr — ìàññîâàÿ ñêîðîñòü ðåàêöèè â åäèíèöå îáú-

åìà ãàçîâîé ñðåäû, êã�(c·ì3);

� — ñêîðîñòü äèññèïàöèè êèíåòè÷åñêîé ýíåð-

ãèè òóðáóëåíòíîñòè, ì2�ñ3;

k — êèíåòè÷åñêàÿ ýíåðãèÿ òóðáóëåíòíîñòè, ì2�ñ2;

Xpb, Xo, Xpg — ìàññîâàÿ êîíöåíòðàöèÿ ñîîòâåò-

ñòâåííî ïðîäóêòîâ ãîðåíèÿ, êèñëîðîäà è ïðîäóê-

òîâ ãàçèôèêàöèè ãîðþ÷åãî ìàòåðèàëà.

Íà÷àëüíûå è ãðàíè÷íûå óñëîâèÿ ïîäðîáíî îïè-

ñàíû â [11].

Óðàâíåíèÿ (9) è (10) ðåøàþòñÿ ìåòîäîì êîíòðîëü-

íûõ îáúåìîâ [12] ïî ÿâíîé êîíå÷íî-ðàçíîñòíîé ñõå-

ìå íà ðàâíîìåðíîé øàõìàòíîé ñåòêå.

Èñõîäíûå äàííûå
äëÿ ÷èñëåííîãî ýêñïåðèìåíòà

Ðàññìàòðèâàåòñÿ ïîìåùåíèå â ôîðìå ïàðàëëå-

ëåïèïåäà ðàçìåðîì 30!25!15 ì.

Ñâîéñòâà ãîðþ÷åãî âåùåñòâà (òóðáèííîå ìàñëî)

ïðèíèìàþòñÿ ïî òèïîâîé áàçå ãîðþ÷åé íàãðóçêè [7]:

Qí
ð = 41,9 ÌÄæ�êã; :óä = 0,03 êã�(ì2·ñ); óäåëüíûé

êîýôôèöèåíò ïîòðåáëåíèÿ êèñëîðîäà LÎ2
= –2,82;

óäåëüíûé êîýôôèöèåíò âûäåëåíèÿ îêñèäà óãëåðîäà

LCO = 0,122.

Ïëîùàäü ïðîëèâà òóðáèííîãî ìàñëà 1,0!1,0 ì2.

Âðåìÿ ñòàáèëèçàöèè ãîðåíèÿ 120 ñ. Ìîùíîñòü ñòàáè-

ëèçèðîâàííîãî ãîðåíèÿ ïîñòîÿííà âî âðåìåíè: Qïîæ =

= 1,26 ÌÂò.

Ïëîùàäü êâàäðàòíîãî äûìîóäàëÿþùåãî îòâåðñ-

òèÿ â ïîòîëêå Fî = 2!2 ì2. Ïëîùàäü îòêðûòîãî äâåð-

íîãî ïðîåìà Fä = 1,2!2,0 ì2.

Îñè ñèììåòðèè îòêðûòîé ïîâåðõíîñòè ãîðþ÷å-

ãî ìàòåðèàëà, îòâåðñòèÿ äëÿ óäàëåíèÿ äûìà è äâåðè

ðàñïîëîæåíû íà ïðîäîëüíîé îñè ñèììåòðèè ïîìå-

ùåíèÿ (ðèñ. 3,á).

Îáúåìíûé ðàñõîä âåíòèëÿòîðà ÑÄÓ Wâò ñîñòàâ-

ëÿåò 30000, 60000 è 90000 ì3�÷. Âðåìÿ âêëþ÷åíèÿ

ÑÄÓ 30 ñ.

Íà÷àëüíûå óñëîâèÿ çàäàâàëèñü ñëåäóþùèìè: Tâ =

= 293 Ê; ðâ = 1,013·105 Ïà.

Ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ
è èõ àíàëèç

Ðàñ÷åòû âûïîëíÿëèñü ñ ïðèìåíåíèåì ïðîãðàìì-

íûõ ïðîäóêòîâ [13, 14].

Íà ðèñ. 3 ïðåäñòàâëåíû õàðàêòåðíûå ïîëÿ òåìïå-

ðàòóð äî âêëþ÷åíèÿ ÑÄÓ (ñì. ðèñ. 3,à) è ïðè âîçíèê-

íîâåíèè “ïîääóâà” (ñì. ðèñ. 3,á), ïîëó÷åííûå ñ èñ-

ïîëüçîâàíèåì ïðîãðàììû [13].

Íà ðèñ. 4 ïðèâåäåíû çàâèñèìîñòè âûñîòû íèæ-

íåé ãðàíèöû ïðèïîòîëî÷íîãî ñëîÿ îò âðåìåíè ñ ìî-

ìåíòà íà÷àëà ãîðåíèÿ, ïîëó÷åííûå ñ èñïîëüçîâàíèåì

çîííîé è òðåõìåðíîé ïîëåâîé ìîäåëåé ïðè ñâîáîä-

íîì ðàçâèòèè ïîæàðà (Wâò = 0 ì3�÷) è ïðè ðàáîòå ÑÄÓ.

Âëèÿíèå “ïîääóâà” â çîííîé ìîäåëè ó÷èòûâàëîñü

èñïîëüçîâàíèåì êîýôôèöèåíòà óìåíüøåíèÿ ðàñõî-

äà ÷åðåç äûìîóäàëÿþùåå îòâåðñòèå ñëåäóþùèì îá-

ðàçîì: kä = 0 ïðè îòñóòñòâèè “ïîääóâà”; kä = 0,5 ïðè

“ïîääóâå”.

Ïîñòîÿííàÿ âåëè÷èíà kä = 0,5 ïðèíèìàëàñü èç

óñëîâèÿ ñîâïàäåíèÿ ñ íàèìåíüøåé ïîãðåøíîñòüþ

ðåçóëüòàòîâ ðàñ÷åòà ïî çîííîé ìîäåëè (ñì. ðèñ. 4,

êðèâàÿ 4) è ïî ïîëåâîé ìîäåëè [13, 14] (ñì. ðèñ. 4).

Ïðè âêëþ÷åíèè ÑÄÓ “ïîääóâ” íà÷èíàëñÿ ñðàçó

è ïðîäîëæàëñÿ äî ìîìåíòà, êîãäà òîëùèíà ïðèïîòî-

Ðèñ. 3. Ïîëÿ òåìïåðàòóð â ïðîäîëüíîì ñå÷åíèè ìîäåëüíîãî

ïîìåùåíèÿ, ïðîõîäÿùåì ÷åðåç åãî îñü ñèììåòðèè, ïðè îò-

ñóòñòâèè ÑÄÓ (à) è ïðè åå ðàáîòå â ðåæèìå “ïîääóâà” (á):

1 — îòêðûòàÿ ïîâåðõíîñòü ãîðþ÷åãî ìàòåðèàëà; 2 — äûìî-

óäàëÿþùåå îòâåðñòèå; 3 — îòêðûòàÿ äâåðü



ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2015 ÒÎÌ 24 ¹ 558

ÌÎÄÅËÈÐÎÂÀÍÈÅ ÏÎÆÀÐÎÂ

ëî÷íîãî ñëîÿ äîñòèãàëà êðèòè÷åñêîãî çíà÷åíèÿ ïðè

çàäàííîì ðàñõîäå ÑÄÓ: hêð = 3,54 ì (ñì. ðèñ. 4).

Äî ìîìåíòà îêîí÷àíèÿ “ïîääóâà” êðèâûå 2 è 4

(ñì. ðèñ. 4) ïðàêòè÷åñêè ñîâïàäàëè. Ýòî îçíà÷àåò, ÷òî

ïðè ôàêòè÷åñêîì ðàñõîäå âåíòèëÿòîðà Wâò =60000ì3�÷

îáúåìíûé ðàñõîä óäàëÿåìîé èç ïðèïîòîëî÷íîãî ñëîÿ

ñìåñè ãàçîâ Wä ñîñòàâëÿë ïîðÿäêà 30000 ì3�÷. Òàêèì

îáðàçîì, “ïîääóâ” ïðèâåë ê óìåíüøåíèþ ðàñõîäà

óäàëÿåìîãî äûìà â 2 ðàçà.

Íà ðèñ. 5 ïðèâåäåíû çàâèñèìîñòè ìèíèìàëüíîé

ïëîùàäè äûìîóäàëÿþùåãî îòâåðñòèÿ Fî.min (ì2), ïðè

êîòîðîé îòñóòñòâóåò “ïîääóâ”, îò òîëùèíû ïðèïî-

òîëî÷íîãî ñëîÿ ïðè ðàçëè÷íûõ ðàñõîäàõ âåíòèëÿòî-

ðà ÑÄÓ. Èç ðèñ. 5 âèäíî, ÷òî ïðè ðàññìîòðåííûõ èñ-

õîäíûõ äàííûõ çàäà÷è íàèáîëüøèå èçìåíåíèÿ

ìèíèìàëüíîé ïëîùàäè äûìîóäàëÿþùåãî îòâåðñòèÿ

îãðàíè÷åíû äèàïàçîíîì èçìåíåíèÿ h � 0�2 ì. Íàïðè-

ìåð, ïðè Wâò = 90000 ì3�÷ Fî.min = 17,8 ì2 ïðè h = 0,1 ì

è Fî.min = 4,0 ì2 ïðè h = 2,0 ì.

Òàêèì îáðàçîì, ìèíèìàëüíàÿ ïëîùàäü äûìîóäà-

ëÿþùåãî îòâåðñòèÿ èçìåíÿëàñü â çàâèñèìîñòè îò

òîëùèíû ïðèïîòîëî÷íîãî ñëîÿ â 4,45 ðàçà.

Çàêëþ÷åíèå

Äëÿ ïðåäîòâðàùåíèÿ “ïîääóâà” â ñëó÷àå ðàáîòû

ÑÄÓ ñ èñêóññòâåííûì ïîáóæäåíèåì äëÿ êàæäîãî

ðàñõîäà âåíòèëÿòîðà ñóùåñòâóåò êðèòè÷åñêîå ìè-

íèìàëüíîå çíà÷åíèå ïëîùàäè äûìîóäàëÿþùåãî îò-

âåðñòèÿ, êîòîðîå ñóùåñòâåííî çàâèñèò îò òîëùèíû

ïðèïîòîëî÷íîãî ñëîÿ â ìîìåíò âêëþ÷åíèÿ ÑÄÓ.

Íåîáõîäèìî ïðîâåäåíèå äàëüíåéøèõ èññëåäî-

âàíèé ïî âëèÿíèþ ìåñò ðàñïîëîæåíèÿ äûìîóäàëÿ-

þùèõ îòâåðñòèé è ñêîðîñòåé òå÷åíèÿ ãàçîâîé ñìåñè

â ïðèïîòîëî÷íîì ñëîå, ïàðàëëåëüíûõ ïåðåêðûòèþ,

íà âîçíèêíîâåíèå “ïîääóâà”.

Ðèñ. 4. Çàâèñèìîñòü âûñîòû íèæíåé ãðàíèöû ïðèïîòîëî÷-

íîãî ñëîÿ îò âðåìåíè ñ ìîìåíòà íà÷àëà ãîðåíèÿ: 1–4 — çîí-

íàÿ ìîäåëü; kä = 0: 1 — Wâò = 0 ì3�÷; 2 — Wâò = 30000 ì3�÷;

3 — Wâò = 60000 ì3�÷; kä = 0,5: 4 — Wâò = 60000 ì3�÷; �—

ïîëåâàÿ ìîäåëü [13], Wâò = 0 ì3�÷;�— ïîëåâàÿ ìîäåëü [14],

Wâò = 0 ì3�÷;�— ïîëåâàÿ ìîäåëü [13, 14], Wâò = 60000 ì3�÷

Ðèñ. 5. Çàâèñèìîñòü ìèíèìàëüíîé ïëîùàäè äûìîóäàëÿþùåãî

îòâåðñòèÿ, ïðè êîòîðîé îòñóòñòâóåò “ïîääóâ”, îò òîëùèíû

ïðèïîòîëî÷íîãî ñëîÿ ïðè ðàñõîäå âåíòèëÿòîðà ÑÄÓ Wâò (ì3�÷):

1 — 30000; 2 — 60000; 3 — 90000
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ABSTRACT

Efficiency of smoke removal systems may be reduced due to the phenomenon of “plugholing”, which

lies in the fact that the clean air out under ceiling smoke layer due to the action of lift forces passes

through the smoke ejection hole.

Amodified zone model for calculation of thermal and gas dynamics of fire under action of a smoke

removal system with artificial impulse during “plugholing” is proposed. Reducing the flow rate of

a mixture of gases and smoke leaving from under ceiling layer outside the room is taken into account

by introducing the rate coefficient.

A numerical study of thermal dynamics picture of fire in the model room with model combustible

load by using the modified zone model and a three-dimensional field model is made.

It is considered the room in the form of a parallelepiped with dimensions of 30!25!15 m.

Combustible material is turbine oil. Volumetric flow rate of fan of smoke removal system are 30000,

60000 and 90000 m3�h.

Dependencies between velocity of lowering the bottom border of the under ceiling layer and the

time of fire, that obtained with the use of the modified zone model and a three-dimensional field

model, are compared.

It is shown that the smoke removal system efficiency is significantly reduced when “plugholing”

is occurred. The flow rate of a mixture of gases and smoke leaving from under ceiling layer outside the

room is 2 times less than in the case of the absence of “plugholing”.

It is found that to prevent “plugholing” in the case of smoke removal system with artificial impulse

for each fan there is critical minimum square of the hole of smoke removal system, which essentially

depends on the thickness of under ceiling layer at the time of the beginning of system work.

Keywords: fire; smoke removal; mixed convection; plugholing; temperature of under ceiling layer.
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