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Âûïîëíåíà òåîðåòè÷åñêàÿ îöåíêà âëèÿíèÿ íåîäíîðîäíîãî ðàñïðåäåëåíèÿ òåìïåðàòóð ïî âûñîòå
ïîìåùåíèÿ íà âûñîòó ïëîñêîñòè ðàâíûõ äàâëåíèé ïðè ïîæàðå. Ïîêàçàíî, ÷òî â îòêðûòîì ïðîåìå
ìîãóò ñóùåñòâîâàòü äâå íåéòðàëüíûå ïëîñêîñòè. Ïîëó÷åíû ýêñïåðèìåíòàëüíûå çàâèñèìîñòè
ðàñïðåäåëåíèÿ òåìïåðàòóð ïî âûñîòå è âûñîòû ïëîñêîñòè ðàâíûõ äàâëåíèé îò âðåìåíè. Ïðîâå-
äåíî ñðàâíåíèå òåîðåòè÷åñêèõ ðàñïðåäåëåíèé òåìïåðàòóð ïî âûñîòå ýêñïåðèìåíòàëüíîãî îáú-
åìà, ïîëó÷åííûõ ñ ó÷åòîì è áåç ó÷åòà íåîäíîðîäíîãî ðàñïðåäåëåíèÿ òåìïåðàòóð, ñ ýêñïåðèìåí-
òàëüíûìè äàííûìè. Ýêñïåðèìåíòàëüíî ïîäòâåðæäåíî ñóùåñòâîâàíèå äâóõ ïëîñêîñòåé ðàâíûõ
äàâëåíèé íà íà÷àëüíîé ñòàäèè ðàçâèòèÿ ïîæàðà. Ïîêàçàíî, ÷òî äëÿ äîñòîâåðíîãî îáîñíîâàíèÿ
âðåìåíè ñðàáàòûâàíèÿ ïîæàðíûõ òåìïåðàòóðíûõ èçâåùàòåëåé íåîáõîäèìî ó÷èòûâàòü íåîäíî-
ðîäíîñòü òåìïåðàòóðíîãî ïîëÿ ïî âûñîòå ïîìåùåíèÿ.
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Ââåäåíèå

Òåïëîìàññîîáìåí ÷åðåç îòêðûòûå ïðîåìû ÿâëÿåòñÿ

îäíèì èç íàèáîëåå çíà÷èìûõ ôàêòîðîâ òåðìîãàçî-

äèíàìè÷åñêîé êàðòèíû ïîæàðà, îïðåäåëÿþùèõ äè-

íàìèêó ðàçâèòèÿ îïàñíûõ ôàêòîðîâ ïîæàðà â ïîìå-

ùåíèè [1–21].

Ïîä âîçäåéñòâèåì ïåðåïàäà äàâëåíèé âíóòðè è

ñíàðóæè ïîìåùåíèÿ ïðîèñõîäèò åñòåñòâåííûé ãàçî-

îáìåí ÷åðåç ïðîåìû. Íà ðàñïðåäåëåíèå äàâëåíèÿ

âíóòðè ïîìåùåíèÿ ïî åãî âûñîòå è, ñëåäîâàòåëüíî,

íà âûñîòó ðàñïîëîæåíèÿ ïëîñêîñòè ðàâíûõ äàâëåíèé

(èëè íåéòðàëüíîé ïëîñêîñòè), à òàêæå íà ìàññîâûå

ðàñõîäû ãàçîâ, âûõîäÿùèõ ÷åðåç ïðîåìû íàðóæó,

è âîçäóõà, ïîñòóïàþùåãî â ïîìåùåíèå, ðåøàþùåå

âëèÿíèå îêàçûâàåò íåîäíîðîäíîñòü òåìïåðàòóðíî-

ãî ïîëÿ ïî âûñîòå ïîìåùåíèÿ.

Â ïåðâîì ïðèáëèæåíèè â èíòåãðàëüíîé ìîäåëè

ðàñ÷åòà äèíàìèêè ðàçâèòèÿ îïàñíûõ ôàêòîðîâ ïîæà-

ðà òåìïåðàòóðà ïî âûñîòå ïîìåùåíèÿ ïðèíèìàåòñÿ

ïîñòîÿííîé è ðàâíîé åå ñðåäíåîáúåìíîìó çíà÷å-

íèþ [1]. Îäíàêî â ðàáîòàõ [2–4] ïîêàçàíî, ÷òî òåì-

ïåðàòóðà ñóùåñòâåííî èçìåíÿåòñÿ ïî âûñîòå, à ðàñ-

ïðåäåëåíèå äàâëåíèé ïî âûñîòå âíóòðè ïîìåùåíèÿ

íå ÿâëÿåòñÿ ëèíåéíûì, êàê ïðèíÿòî â ðàáîòå [1].

Öåëü íàñòîÿùåé ñòàòüè — ýêñïåðèìåíòàëüíàÿ è

òåîðåòè÷åñêàÿ îöåíêà âëèÿíèÿ íåîäíîðîäíîãî ðàñ-

ïðåäåëåíèÿ òåìïåðàòóð ïî âûñîòå ïîìåùåíèÿ íà

âûñîòó ðàñïîëîæåíèÿ íåéòðàëüíîé ïëîñêîñòè.

Äëÿ äîñòèæåíèÿ öåëè áûëè ïðîâåäåíû òåîðåòè-

÷åñêèå è ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ðàñïðå-

äåëåíèÿ òåìïåðàòóð ïî âûñîòå, à òàêæå îïðåäåëåíèÿ

ïîëîæåíèÿ ïëîñêîñòè ðàâíûõ äàâëåíèé íà íà÷àëü-

íîé ñòàäèè ðàçâèòèÿ ïîæàðà.

© Ïóçà÷ Ñ. Â., Ñèòíèêîâ È. Â., Ëåáåä÷åíêî Î. Ñ., Êîìðàêîâ Ï. Â., Äî Òõàíü Òóíã, 2018
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Ðàñïðåäåëåíèå òåìïåðàòóð
ïî âûñîòå ïîìåùåíèÿ ïðè ïîæàðå

Â ðàáîòå [1] âûðàæåíèå ðàñïðåäåëåíèÿ òåìïåðà-

òóð ïî âûñîòå ïîìåùåíèÿ èìååò âèä:
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ãäå T — ëîêàëüíàÿ òåìïåðàòóðà íà âûñîòå z îò óðîâ-

íÿ ïîëà ïîìåùåíèÿ, Ê;

Tñð — ñðåäíåîáúåìíàÿ òåìïåðàòóðà ãàçîâîé ñðå-

äû ïîìåùåíèÿ, Ê;

T0 — íà÷àëüíàÿ òåìïåðàòóðà â ïîìåùåíèè, Ê;

h — ïîëîâèíà âûñîòû ïîìåùåíèÿ, ì.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî-

êàçûâàþò, ÷òî ðàñïðåäåëåíèå òåìïåðàòóð ïî âûñîòå

ïîìåùåíèÿ âî ìíîãèõ ñëó÷àÿõ ìîæíî àïïðîêñèìè-

ðîâàòü ñëåäóþùåé çàâèñèìîñòüþ [3]:
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ãäå a — ýêñïåðèìåíòàëüíûé áåçðàçìåðíûé êîýôôè-

öèåíò, ó÷èòûâàþùèé íåîäíîðîäíîå ðàñïðåäå-

ëåíèå òåìïåðàòóð ïî âûñîòå.

Âûñîòà ðàñïîëîæåíèÿ ïëîñêîñòè ðàâíûõ äàâëå-

íèé [3] îïðåäåëÿåòñÿ êàê:
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ãäå z íï — áåçðàçìåðíàÿ âûñîòà íåéòðàëüíîé ïëîñ-

êîñòè; z z híï íï� ;

zíï — âûñîòà íåéòðàëüíîé ïëîñêîñòè, ì;

�ñð — ñðåäíåîáúåìíàÿ ïëîòíîñòü ãàçîâîé ñðåäû

ïîìåùåíèÿ, êã�ì3;

�â — ïëîòíîñòü íàðóæíîãî âîçäóõà, êã�ì3;

pñð — ñðåäíåîáúåìíîå äàâëåíèå â ãàçîâîé ñðåäå

ïîìåùåíèÿ, Ïà;

pâ — äàâëåíèå àòìîñôåðíîãî âîçäóõà íà âûñîòå,

ðàâíîé ïîëîâèíå âûñîòû ïîìåùåíèÿ, Ïà;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì�ñ2.

Èç ôîðìóëû (3) âèäíî, ÷òî â ïîìåùåíèè ìîãóò

ñóùåñòâîâàòü äâå íåéòðàëüíûõ ïëîñêîñòè. Íàïðèìåð,

â ÷àñòíîì ñëó÷àå, êîãäà �ñð = 1 êã�ì3, �â = 1,2 êã�ì3,

pñð – pâ = 3,2 Ïà, h = 3 ì, a = 0,3, äâå ïëîñêîñòè ðàâ-

íûõ äàâëåíèé ðàñïîëîæåíû íà âûñîòå zíï1 = 0,9 ì

è zíï2 = 2,1 ì.

Ýòî ïîäòâåðæäàåòñÿ ðàñ÷åòàìè ñ èñïîëüçîâàíè-

åì ïîëåâîé òðåõìåðíîé ìîäåëè ðàñ÷åòà òåïëîìàñ-

ñîîáìåíà ïðè ïîæàðå [2, 22], â êîòîðûõ ïîêàçàí

ñëó÷àé âîçíèêíîâåíèÿ äâóõ ïëîñêîñòåé ðàâíûõ

äàâëåíèé â äâåðíîì ïðîåìå ïîìåùåíèÿ ðàçìåðàìè

35�15�6 ì ÷åðåç 30 ñ îò íà÷àëà ãîðåíèÿ êåðîñèíà

(ðèñ. 1 [2, 22]).

Èç ðèñ. 1 âèäíî, ÷òî ñóùåñòâóþò äâå ïîâåðõíî-

ñòè, ãäå ñêîðîñòè ðàâíû íóëþ. Âáëèçè óðîâíÿ ïîëà

îáðàçóåòñÿ çîíà òå÷åíèÿ ãàçîâ íàðóæó.

Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà
è ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ

Ýêñïåðèìåíòû ïðîâîäèëèñü íà äâóõ îïûòíûõ

óñòàíîâêàõ. Ñõåìà óñòàíîâêè ¹ 1 ïðåäñòàâëåíà íà

ðèñ. 2.

Ðèñ. 1. Ïîëÿ ñêîðîñòåé â ïëîñêîñòè ïðîåìà, ðàñïîëîæåííîãî

â íèæíåé ÷àñòè ïîìåùåíèÿ ðàçìåðîì 35�15�6 ì, ÷åðåç 30 ñ

îò íà÷àëà ãîðåíèÿ êåðîñèíà: 1 — âåðõíÿÿ ïëîñêîñòü ðàâíûõ

äàâëåíèé; 2 — òî æå, íèæíÿÿ; x — êîîðäèíàòà âäîëü äëèíû

ïîìåùåíèÿ

Fig. 1. The velocity fields in the plane of the opening located in

the lower part of the premise with a size of 35�15�6 m after

30 sec from the start of kerosene combustion: 1 — the upper

plane of equal pressures; 2 — the same, lower; x — coordinate

along the length of the room

Ðèñ. 2. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ¹ 1: 1 — äàò-

÷èê òåìïåðàòóðû; 2 — îòâåðñòèå äëÿ åñòåñòâåííîãî ïðèòîêà

âîçäóõà; 3 — ëàáîðàòîðíàÿ ÷àøêà èç àëþìèíèÿ (ïîääîí);

4 — äûìîïðèåìíîå îòâåðñòèå

Fig. 2. Scheme of the experimental installation no. 1: 1 — tempe-

rature sensor; 2 — hole for natural air inflow; 3 — laboratory cup

made of aluminum (pallet); 4 — smoke inlet
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Â êà÷åñòâå ìàòåðèàëà ñòåí èñïîëüçîâàëñÿ ñòåê-

ëîìàãíèåâûé ëèñò òîëùèíîé 10 ìì.

Ðàçìåðû ýêñïåðèìåíòàëüíîãî îáúåìà ñîñòàâëÿ-

ëè 1�0,8�0,8 ì, îòâåðñòèÿ äëÿ åñòåñòâåííîãî ïðèòî-

êà âîçäóõà — 0,4�0,18 ì.

Â êà÷åñòâå ãîðþ÷åãî âåùåñòâà èñïîëüçîâàëñÿ

ýòèëîâûé ñïèðò, êîòîðûì çàïîëíÿëè ëàáîðàòîðíóþ

÷àøêó èç àëþìèíèÿ (ïîääîí) äèàìåòðîì 0,09 ì, óñòà-

íîâëåííóþ íà äîïîëíèòåëüíîé ïëàòôîðìå â öåíòðå

óñòàíîâêè.

Ñìåñü ïðîäóêòîâ ãîðåíèÿ è âîçäóõ óäàëÿëèñü

ñèñòåìîé ïðîòèâîäûìíîé âåíòèëÿöèè ÷åðåç äûìî-

ïðèåìíîå îòâåðñòèå. Ñèñòåìà âûòÿæíîé ïðîòèâî-

äûìíîé âåíòèëÿöèè ïðåäñòàâëÿëà ñîáîé ðàäèàëü-

íûé âåíòèëÿòîð ìîùíîñòüþ 216 Âò, ïîäñîåäèíåí-

íûé ê óñòàíîâêå ñ ïîìîùüþ ãîôðèðîâàííîé òðóáû

äèàìåòðîì 0,1 ì. Ñêîðîñòü ïîòîêà ãàçîâîé ñðåäû

ðåãóëèðîâàëàñü ïîñðåäñòâîì âûñîêîòî÷íîãî ÷àñòîò-

íîãî ïðåîáðàçîâàòåëÿ ôèðìû Lenze, ïîäêëþ÷åííî-

ãî ÷åðåç ýëåêòðè÷åñêóþ ñåòü ê âåíòèëÿòîðó.

Äëÿ êîíòðîëÿ òåìïåðàòóðû ãàçîâîé ñðåäû âíóò-

ðè ýêñïåðèìåíòàëüíîé ìîäåëè ïîìåùåíèÿ èñïîëü-

çîâàëñÿ ìíîãîêàíàëüíûé èçìåðèòåëü òåìïåðàòóðû

ÒÌ-12Ì ñ âûñîêèì (II) êëàññîì òî÷íîñòè. Èçìåðå-

íèå òåìïåðàòóðû ïðîâîäèëîñü ñ ïîìîùüþ 12 òåðìî-

ïàð, ðàñïîëîæåííûõ â öåíòðå óñëîâíûõ ðàâíîâåëè-

êèõ îáúåìîâ ôèçè÷åñêîé ìîäåëè íà òðåõ óðîâíÿõ îò

ïîëà óñòàíîâêè (0,2; 0,4 è 0,6 ì). Äàò÷èêè êðåïè-

ëèñü íà ìåäíóþ ïðîâîëîêó, íàòÿíóòóþ ìåæäó ãðà-

íÿìè ìîäåëè. Âðåìåííîé èíòåðâàë ðåçóëüòàòîâ èç-

ìåðåíèÿ ñîñòàâëÿë 5 ñ.

Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ¹ 2 ïðè-

âåäåíà íà ðèñ. 3.

Â êà÷åñòâå ãîðþ÷åãî âåùåñòâà èñïîëüçîâàëàñü

äðåâåñèíà (ñîñíà), êîòîðàÿ çàêëàäûâàëàñü â ïîääîí 4.

Èç-çà íåäîñòàòî÷íîãî êîëè÷åñòâà òåðìîïàð âíóòðè

ýêñïåðèìåíòàëüíîãî îáúåìà íà äàííîé óñòàíîâêå

èçìåðÿëè òîëüêî ïîëîæåíèå ïëîñêîñòè ðàâíûõ äàâ-

ëåíèé. Äëÿ ýòîãî ïî öåíòðó îòêðûòîãî ïðîåìà 9

÷åðåç êàæäûå 20 ñ èñïûòàíèé â âåðòèêàëüíîì íà-

ïðàâëåíèè ïîäíèìàëàñü ãîðÿùàÿ ñâå÷à. Ïî îòêëî-

íåíèþ ïëàìåíè ñ ïîìîùüþ âèäåîñúåìêè íàõîäèëè

âûñîòó ðàñïîëîæåíèÿ ïëîñêîñòåé ðàâíûõ äàâëåíèé.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî
èññëåäîâàíèÿ

Ðàñïðåäåëåíèÿ îòíîñèòåëüíûõ, ñðåäíèõ ïî êàæ-

äîìó óðîâíþ çíà÷åíèé òåìïåðàòóð ïî âûñîòå ýêñ-

ïåðèìåíòàëüíîé óñòàíîâêè ¹ 1 â ìîìåíòû âðåìå-

íè 60, 90, 120, 150, 180 è 240 ñ îò íà÷àëà ãîðåíèÿ

ïðåäñòàâëåíû íà ðèñ. 4.

Ñðåäíåîáúåìíàÿ òåìïåðàòóðà tñð â ìîìåíò âðå-

ìåíè � = 60 ñ ñîñòàâëÿëà 36,9  Ñ, ïðè � = 240 ñ —

57,8 °Ñ.

Èç ðèñ. 4 âèäíî, ÷òî ðàñ÷åò ïî ôîðìóëå (2) ïðè

êîýôôèöèåíòå à = 0,1 (êðèâàÿ 1) ñîâïàäàåò ñ ýêñïå-

ðèìåíòàëüíûìè äàííûìè ñ ïîãðåøíîñòüþ, íå ïðå-

âûøàþùåé 3 %.

Ïîãðåøíîñòü ðàñ÷åòà ñ èñïîëüçîâàíèåì ôîðìó-

ëû (1) ïî ñðàâíåíèþ ñ ðåçóëüòàòàìè, ïîëó÷åííûìè

Ðèñ. 3. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ¹ 2: 1 — êîìïü-

þòåð; 2 — ýëåêòðîííûå âåñû; 3 — øòîê; 4 — ïîääîí; 5 —

òåðìîïàðû; 6 — çîíò ñèñòåìû âåíòèëÿöèè; 7 — ìàêåò ïîìå-

ùåíèÿ; 8 — øòàáåëü; 9 — îòêðûòûé ïðîåì; 10 — ïëàòôîðìà

âåñîâ

Fig. 3. Scheme of the experimental installation no. 2: 1 — com-

puter; 2 — electronic scales; 3 — stock; 4 — pallet; 5 — thermo-

couples; 6 — umbrella of the ventilation system; 7 — model

of the premise; 8 — stack; 9 — opening; 10 — weighing plat-

form

Ðèñ. 4. Ðàñïðåäåëåíèå ñðåäíèõ ïî êàæäîìó óðîâíþ çíà÷åíèé

òåìïåðàòóð ïî âûñîòå ýêñïåðèìåíòàëüíîé óñòàíîâêè ¹ 2,

îïðåäåëÿåìûõ ïî ôîðìóëå (1) (1 — à = 0,1; 2 — à = 0,28),

ïî ôîðìóëå (2) (3 — � = 60 ñ; 4 — � = 240 ñ); ñèìâîëû — ýêñ-

ïåðèìåíò

Fig. 4. Distribution of the mean values temperatures for each

level of measurements along the height of the experimental in-

stallation no. 2, determined by the formula (1) (1 — a = 0.1; 2 —

a = 0.28), by the formula (2) (3 — � = 60 sec, 4 — � = 240 sec);

symbols — experiment
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ïî ôîðìóëå (2), íà óðîâíå ïåðåêðûòèÿ ïîìåùåíèÿ

íå ïðåâûøàåò 10 % ïðè � = 60 ñ è 26 % — ïðè

� = 240 ñ. Îòñþäà âèäíî, ÷òî ñ òå÷åíèåì âðåìåíè

ðàçâèòèÿ ïîæàðà òî÷íîñòü ôîðìóëû (1) ñíèæàåòñÿ.

Òàêèì îáðàçîì, èñïîëüçóåìàÿ â ðàáîòå [1] è â íîð-

ìàòèâíûõ äîêóìåíòàõ ïî ïîæàðíîé áåçîïàñíîñòè

(íàïðèìåð, â Ìåòîäèêå îïðåäåëåíèÿ ðàñ÷åòíûõ âå-

ëè÷èí ïîæàðíîãî ðèñêà â çäàíèÿõ, ñîîðóæåíèÿõ è

ñòðîåíèÿõ ðàçëè÷íûõ êëàññîâ ôóíêöèîíàëüíîé ïî-

æàðíîé îïàñíîñòè [23]) ôîðìóëà (1) òðåáóåò êîð-

ðåêòèðîâêè. Ïîãðåøíîñòü, êîòîðàÿ ìîæåò äîñòèãàòü

26 % íà óðîâíå ïåðåêðûòèÿ ïîìåùåíèÿ, íå ïîçâî-

ëÿåò äîñòîâåðíî îáîñíîâàòü âðåìÿ ñðàáàòûâàíèÿ

ïîæàðíûõ òåìïåðàòóðíûõ èçâåùàòåëåé. Ïðè ýòîì

ðàñ÷åòíîå âðåìÿ ñðàáàòûâàíèÿ âûøåóêàçàííûõ èç-

âåùàòåëåé áóäåò çàíèæàòüñÿ, ÷òî ïðèâåäåò ê íåäî-

îöåíêå ïîæàðíîé îïàñíîñòè, íàïðèìåð ê çàíèæåíèþ

âðåìåíè íà÷àëà ýâàêóàöèè èëè âêëþ÷åíèÿ ñèñòåì

ïîæàðíîé áåçîïàñíîñòè.

Çàâèñèìîñòè âûñîòû ðàñïîëîæåíèÿ ïëîñêîñòåé

ðàâíûõ äàâëåíèé îò âðåìåíè èñïûòàíèé â ýêñïåðè-

ìåíòàëüíîé óñòàíîâêå ¹ 2 ïðèâåäåíû íà ðèñ. 5.

Èç ðèñ. 5 âèäíî, ÷òî íà íà÷àëüíîé ñòàäèè ðàçâè-

òèÿ ïîæàðà ñóùåñòâóþò äâå íåéòðàëüíûå ïëîñêî-

ñòè. ×åðåç 3 ìèí îò íà÷àëà ãîðåíèÿ íèæíÿÿ ïëîñ-

êîñòü ðàâíûõ äàâëåíèé èñ÷åçàåò.

Ýòî îáúÿñíÿåòñÿ òåì, ÷òî ñ ðîñòîì òåìïåðàòóðû

è äàâëåíèÿ âíóòðè ýêñïåðèìåíòàëüíîãî îáúåìà âå-

ëè÷èíà âòîðîãî ñëàãàåìîãî (âûðàæåíèå âíóòðè

êâàäðàòíîãî êîðíÿ) ïðàâîé ÷àñòè óðàâíåíèÿ (3) âîç-

ðàñòàåò. Ïîýòîìó âûñîòà ðàñïîëîæåíèÿ íèæíåé

íåéòðàëüíîé ïëîñêîñòè, âû÷èñëÿåìàÿ ïðè çíàêå “–”

ïåðåä âòîðûì ñëàãàåìûì, óìåíüøàåòñÿ è ñòàíîâèò-

ñÿ îòðèöàòåëüíîé (íèæå óðîâíÿ ïîëà ïîìåùåíèÿ).

Çàêëþ÷åíèå

Ðàñïðåäåëåíèå òåìïåðàòóðû ïî âûñîòå ïîìåùå-

íèÿ, ó÷èòûâàþùåå íåîäíîðîäíîñòü òåìïåðàòóðíîãî

ïîëÿ è ñóùåñòâåííî âëèÿþùåå íà òåïëîìàññîîáìåí

÷åðåç îòêðûòûé ïðîåì ãàçîâîé ñðåäû ïîìåùåíèÿ ñ

îêðóæàþùåé ñðåäîé, óäîâëåòâîðèòåëüíî ñîâïàäàåò

ñ ýêñïåðèìåíòàëüíûìè äàííûìè.

Âûøåóêàçàííàÿ çàâèñèìîñòü ïîçâîëÿåò îáîñíî-

âàòü îäíîâðåìåííîå ñóùåñòâîâàíèå äâóõ ïëîñêî-

ñòåé ðàâíûõ äàâëåíèé, ÷òî ýêñïåðèìåíòàëüíî ïîä-

òâåðæäåíî äëÿ íà÷àëüíîé ñòàäèè ðàçâèòèÿ ïîæàðà â

îïûòíîé óñòàíîâêå.
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ABSTRACT

Introduction. Heat and mass transfer through open holes is influenced significantly by the tempe-

rature distribution over the height of the premise. In the first approximation in the integral model of

calculating the dynamics of dangerous fire factors, the temperature along the height of the premise is

assumed to be constant and equal to its average volume value. However, the temperature varies

significantly along height, and the distribution of pressures along the height inside the premise is not

linear. Therefore, it is necessary to conduct further experimental and theoretical studies of the in-

fluence of the inhomogeneity of the temperature field inside the premise on the parameters of heat and

mass transfer through the openings.

Goals and objectives. The purpose of the paper is to evaluate experimentally and theoretically

the influence of the inhomogeneity of the temperature distribution along the height of the premise

upon the height of the neutral plane. To achieve this, we used the formula for the temperature distribu-

tion along the altitude, which includes the empirical coefficient of the inhomogeneity of the tempera-

ture field. Experimental studies were carried out that made it possible to refine the above-mentioned

coefficient and determine the position of the plane of equal pressures at the initial stage of the fire.

Methods. A theoretical method for calculating the temperature distribution over the height of

the premise and the height of the neutral plane is used, as well as an experimental method for studying

heat and mass transfer in a small experimental installation.

Results. Experimental dependences of the temperature distribution along the height of the experi-

mental volume at different times and the height of the plane of equal pressures on time are obtained.

A comparison is made between experimental data and the theoretical temperature distributions along

the height obtained with and without allowance for temperature inhomogeneity. The existence of two

planes of equal pressures at the initial stage of the fire is experimentally confirmed. It is shown that for

a reliable justification of the response time of fire temperature detectors it is necessary to take into

account the inhomogeneity of temperature along the height of the premise.

Conclusion. The temperature distribution along the height of the premise, taking into account

the inhomogeneity of the temperature field, is in satisfactory agreement with the experimental data.

The above dependence allows us to justify the simultaneous existence of two planes of equal pressures,

which has been experimentally confirmed for the initial stage of a fire in a pilot installation.

Keywords: fire; thermal and gas dynamics; plane of equal pressure; temperatures distribution; heat

and mass transfer through an open holes.
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