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Ïðåäëîæåíà ìàòåìàòè÷åñêàÿ ìîäåëü ðàñ÷åòà ðàñïðåäåëåíèÿ ñðåäíèõ ïî ñå÷åíèþ êîíöåíòðàöèé
âîäîðîäà ïî âûñîòå êîíâåêòèâíîé êîëîíêè, îáðàçóþùåéñÿ íàä èñòî÷íèêîì åãî íàòåêàíèÿ â ïî-
ìåùåíèå. Ïîêàçàíî, ÷òî ðàñõîä âîçäóõà, âîâëåêàåìîãî â êîëîíêó, îïðåäåëÿåòñÿ ñ èñïîëüçîâà-
íèåì óãëà ïîëóðàñêðûòèÿ êîëîíêè. Èç àíàëèçà ðåçóëüòàòîâ ñîïîñòàâëåíèÿ ðàñ÷åòîâ ïî ïðåäëî-
æåííîé ìîäåëè ñ ýêñïåðèìåíòàëüíûìè äàííûìè, ïðèâåäåííûìè â ëèòåðàòóðíûõ èñòî÷íèêàõ,
ïîëó÷åíà çàâèñèìîñòü óãëà ïîëóðàñêðûòèÿ îò ÷èñëà Ôðóäà. Ïðåäñòàâëåíû ðåçóëüòàòû ÷èñëåí-
íûõ ýêñïåðèìåíòîâ ïî îïðåäåëåíèþ çàâèñèìîñòåé âûñîòû íà÷àëà è îêîí÷àíèÿ ó÷àñòêîâ êîëîí-
êè îò óðîâíÿ èñòî÷íèêà íàòåêàíèÿ âîäîðîäà, ïðèõîäÿùèõñÿ íà ïîæàðî- è âçðûâîîïàñíûå âîäî-
ðîäíî-âîçäóøíûå ñìåñè, îò ÷èñëà Ðåéíîëüäñà íà âûõîäå èç îòâåðñòèÿ, ÷åðåç êîòîðîå âîäîðîä
ïîñòóïàåò â ïîìåùåíèå. Ïîêàçàíî, ÷òî ïðè òóðáóëåíòíîì ðåæèìå èñòå÷åíèÿ óãîë ïîëóðàñêðû-
òèÿ êîëîíêè è áåçðàçìåðíûå äëèíû ïîæàðî- è âçðûâîîïàñíîé çîí ïðàêòè÷åñêè íå çàâèñÿò îò
÷èñëà Ðåéíîëüäñà.

Êëþ÷åâûå ñëîâà: âîäîðîä; âîäîðîäíî-âîçäóøíàÿ ñìåñü; êîíâåêòèâíàÿ êîëîíêà; âçðûâîîïàñ-
íàÿ çîíà; ïîæàðîîïàñíàÿ çîíà.
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Ââåäåíèå

Ïðîãíîçèðîâàíèþ äèíàìèêè îáðàçîâàíèÿ è ðàçâè-

òèÿ ëîêàëüíûõ ïîæàðî- è âçðûâîîïàñíûõ çîí â âîäî-

ðîäíî-âîçäóøíîé ñìåñè, îáðàçóþùåéñÿ ïðè íàòå-

êàíèè âîäîðîäà â ïîìåùåíèå, ïîñâÿùåíî áîëüøîå

êîëè÷åñòâî ðàáîò [1–9]. Îäíàêî èç-çà ñëîæíîñòè ïðî-

òåêàþùèõ òóðáóëåíòíûõ ïðîöåññîâ òåïëîìàññîîá-

ìåíà çàäà÷à äî êîíöà íå ðåøåíà.

Â ñîîòâåòñòâèè ñ [10] êîýôôèöèåíò ó÷àñòèÿ âî-

äîðîäà â ãîðåíèè è âçðûâå ìîæåò áûòü ðàññ÷èòàí íà

îñíîâå õàðàêòåðà ðàñïðåäåëåíèÿ ãàçà â îáúåìå ïîìå-

ùåíèÿ è ïðèíèìàåòñÿ Zh = 1 (ïî òàáë. À.1 [10]).

Ïðè íàòåêàíèè âîäîðîäà â ïîìåùåíèå äëÿ îïðå-

äåëåíèÿ äëèí ó÷àñòêîâ êîëîíêè, ïðèõîäÿùèõñÿ íà

ãîðþ÷èå è âçðûâîîïàñíûå âîäîðîäíî-âîçäóøíûå

ñìåñè, íåîáõîäèìî ðàññ÷èòàòü êîíöåíòðàöèîííûå

ïîëÿ. Â îáùåì ñëó÷àå ýòà çàäà÷à ÿâëÿåòñÿ ñóùåñò-

âåííî íåñòàöèîíàðíîé è òðåõìåðíîé [3] è òðåáóåò

÷èñëåííîãî ðåøåíèÿ èñõîäíîé ñèñòåìû óðàâíåíèé.

Îäíàêî ñóùåñòâóåò ðÿä ìîäåëüíûõ çàäà÷, èç êî-

òîðûõ ìîæíî àíàëèòè÷åñêè îïðåäåëèòü ðàñïðåäå-

ëåíèå êîíöåíòðàöèè ïðè íàòåêàíèè âîäîðîäà â ïî-

ìåùåíèå. Íàïðèìåð, â ðàáîòå [11] àíàëèòè÷åñêè ðå-

øåíà çàäà÷à äëÿ îäíîìåðíîé ñòàöèîíàðíîé êîíöåíò-

ðàöèîííîé äèôôóçèè âîäîðîäà â âîçäóõå, â ñòàòüå [12]

— äëÿ ñëó÷àÿ ëàìèíàðíîé èëè òóðáóëåíòíîé êîíâåê-

öèè íà ãîðèçîíòàëüíîé ïîâåðõíîñòè, ÷åðåç êîòîðóþ

íàòåêàåò âîäîðîä, ïðè åå îáäóâå ïîòîêîì âîçäóõà.

Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàåòñÿ ìîäåëüíàÿ

çàäà÷à ðàñïðîñòðàíåíèÿ âîäîðîäà â îáëàñòè êîíâåê-

òèâíîé êîëîíêè, îáðàçóþùåéñÿ íàä èñòî÷íèêîì åãî

íàòåêàíèÿ â ïîìåùåíèå.

Â îòëè÷èå îò ðàáîòû [1], ãäå â óðàâíåíèè èçìåíå-

íèÿ ðàñõîäà âîäîðîäíî-âîçäóøíîé ñìåñè ïî âûñîòå

êîíâåêòèâíîé êîëîíêè ðàñõîä âîçäóõà, âîâëåêàåìî-

ãî â êîëîíêó, îïðåäåëÿåòñÿ ñ èñïîëüçîâàíèåì ýìïè-

ðè÷åñêîãî êîýôôèöèåíòà ïîäìåøèâàíèÿ, â àíàëî-

ãè÷íîì óðàâíåíèè â íàñòîÿùåé ñòàòüå çàäàåòñÿ óãîë

ïîëóðàñêðûòèÿ êîëîíêè.

Â ðàáîòå [2] òàêæå ðàññìàòðèâàåòñÿ ïîäîáíàÿ

çàäà÷à, íî ïðè åå ðåøåíèè íå ó÷èòûâàåòñÿ ïîäñîñ

âîçäóõà â êîëîíêó.
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Ïîñòàíîâêà çàäà÷è

Óñëîâíàÿ ñõåìà ãàçîäèíàìè÷åñêîé êàðòèíû ïðè

íàòåêàíèè âîäîðîäà â ïîìåùåíèå ïðåäñòàâëåíà íà

ðèñ. 1. Íà ðèñóíêå ïðèíÿòû ñëåäóþùèå îáîçíà÷åíèÿ:

z — êîîðäèíàòà âäîëü âûñîòû êîíâåêòèâíîé êîëîí-

êè, îòñ÷èòûâàåìàÿ îò óðîâíÿ âûõîäíîãî ñå÷åíèÿ îò-

âåðñòèÿ, ÷åðåç êîòîðîå âîäîðîä ïîñòóïàåò â ïîìå-

ùåíèå, ì; � — óãîë ïîëóðàñêðûòèÿ êîíâåêòèâíîé

êîëîíêè, ãðàä; Gh — ìàññîâûé ðàñõîä âîäîðîäà,

ïîñòóïàþùåãî ÷åðåç îòâåðñòèå â ïîìåùåíèå, êã/ñ;

Ga — ìàññîâûé ðàñõîä âîçäóõà, ïîäìåøèâàþùåãî-

ñÿ â êîíâåêòèâíóþ êîëîíêó, êã/ñ; d — äèàìåòð îò-

âåðñòèÿ, ÷åðåç êîòîðîå âîäîðîä ïîñòóïàåò â ïîìå-

ùåíèå, ì; hf è he — äëèíà ñîîòâåòñòâåííî ïîæàðî-

îïàñíîãî (Xf1 � Õh � Xf2) è âçðûâîîïàñíîãî (Xe1 �
� Õh � Xe2) ó÷àñòêîâ êîíâåêòèâíîé êîëîíêè; Õh —

ñðåäíÿÿ ïî ïîïåðå÷íîìó ñå÷åíèþ êîëîíêè íà âûñî-

òå z ìàññîâàÿ êîíöåíòðàöèÿ âîäîðîäà; Xf1 è Xf2 —

íèæíèé è âåðõíèé êîíöåíòðàöèîííûå ïðåäåëû ãî-

ðåíèÿ ñîîòâåòñòâåííî; Xe1 è Xe2 — íèæíèé è âåðõ-

íèé êîíöåíòðàöèîííûå ïðåäåëû äåòîíàöèè ñîîò-

âåòñòâåííî.

×åðåç îòâåðñòèå 1 ïðîèñõîäèò ïîñòóïëåíèå âî-

äîðîäà ñ ðàñõîäîì Gh èç åìêîñòè â ïîìåùåíèå. Ïîä

äåéñòâèåì ïîäúåìíûõ ñèë è ïåðåïàäà äàâëåíèé â

åìêîñòè ñ âîäîðîäîì è ïîìåùåíèè íàä èñòî÷íèêîì

íàòåêàíèÿ îáðàçóåòñÿ êîíâåêòèâíàÿ êîëîíêà 2, â êî-

òîðóþ ïîäìåøèâàåòñÿ îêðóæàþùèé âîçäóõ ñ ïåðå-

ìåííûì ïî âûñîòå z ðàñõîäîì Ga.

Ìàòåìàòè÷åñêàÿ ìîäåëü

Ðàññìàòðèâàåì òå÷åíèå âîäîðîäíî-âîçäóøíîé

ñìåñè âíóòðè êîíâåêòèâíîé êîëîíêè êàê ñòàöèî-

íàðíîå, îäíîìåðíîå è èçîòåðìè÷åñêîå. Ïðèíèìàåì,

÷òî â êàæäîì ñå÷åíèè êîëîíêè ïàðàìåòðû ãàçîâîé

ñìåñè çàäàþòñÿ îñðåäíåííûìè ïî ñå÷åíèþ çíà÷å-

íèÿìè.

Ìàññîâûé ðàñõîä G (êã/ñ) âîäîðîäíî-âîçäóø-

íîé ñìåñè, ïðîõîäÿùåé ÷åðåç ïîïåðå÷íîå ñå÷åíèå

êîíâåêòèâíîé êîëîíêè íà âûñîòå z, îïðåäåëÿåòñÿ êàê

G = Gh + Ga = �m wz F, (1)

ãäå �m — ñðåäíÿÿ ïëîòíîñòü âîäîðîäíî-âîçäóøíîé

ñìåñè íà âûñîòå z, êã/ì3;

wz — ïðîåêöèÿ ñðåäíåé ñêîðîñòè íà îñü z íà âû-

ñîòå z, ì/ñ;

F — ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ êîëîíêè íà

âûñîòå z, ì2.

Ìàññîâûé ðàñõîä G ìîæíî òàêæå ïðåäñòàâèòü â

âèäå:

G = Gh /Xh. (2)

Ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ êîëîíêè â ôîðìå

êðóãà íà âûñîòå z ñîñòàâëÿåò:

F = �(d/2 + z tg�)2. (3)

Óðàâíåíèå äâèæåíèÿ â îäíîìåðíîì ñòàöèîíàð-

íîì ñëó÷àå ïðè ïåðåìåííîé ïëîùàäè ïîïåðå÷íîãî

ñå÷åíèÿ êîëîíêè èìååò âèä [13]:

d d d dz w F pF p F zm z( ) ( ) ,� 2 � � (4)

ãäå ð — äàâëåíèå âîçäóõà íà âûñîòå z, Ïà.

Ãðàäèåíò äàâëåíèÿ ïî âûñîòå

d dð z gà� �� , (5)

ãäå �à — ïëîòíîñòü âîçäóõà, êã/ì3;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì/ñ2.

Èñïîëüçóÿ óðàâíåíèå ñîñòîÿíèÿ âîäîðîäíî-âîç-

äóøíîé ñìåñè [14] è âûðàçèâ ãàçîâóþ ïîñòîÿííóþ

ñìåñè ÷åðåç ìàññîâûå êîíöåíòðàöèè êîìïîíåíòîâ [14],

äèôôåðåíöèàëüíîå óðàâíåíèå (4) â ñëó÷àå ïîñòîÿí-

ñòâà òåìïåðàòóðû è äàâëåíèÿ ñìåñè ñ èñïîëüçîâàíè-

åì óðàâíåíèé (1)–(3) è (5) ìîæíî ïðèâåñòè ê âèäó:

� �
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ãäå Â — ðàçìåðíûé ïàðàìåòð, êã2/(ì3·êìîëü);

B p R Th a� 0� � �( ) ;

ð0 — äàâëåíèå âîçäóõà íà âûñîòå z = 0, Ïà;

�à, �h — ìîëÿðíûå ìàññû ñîîòâåòñòâåííî âîçäó-

õà è âîäîðîäà, êã/êìîëü;

R� — óíèâåðñàëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ,

Äæ/(êìîëü·Ê);

Ò — òåìïåðàòóðà âîçäóõà, Ê;

À — ðàçìåðíûé ïàðàìåòð, ì3·êìîëü/ñ2; A
G

B

h�
2

2�
.

Ðèñ. 1. Óñëîâíàÿ ñõåìà ãàçîäèíàìè÷åñêîé êàðòèíû ïðè íà-

òåêàíèè âîäîðîäà â ïîìåùåíèå: 1 — îòâåðñòèå; 2 — êîíâåê-

òèâíàÿ êîëîíêà
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Äèôôåðåíöèàëüíîå óðàâíåíèå (6) ðåøåíî ÷èñ-

ëåííûì ìåòîäîì Ðóíãå – Êóòòà 4-ãî ïîðÿäêà òî÷íî-

ñòè [15].

Ðåçóëüòàòû òåñòîâûõ ðàñ÷åòîâ

Äëÿ îïðåäåëåíèÿ çàðàíåå íåèçâåñòíîãî óãëà ïîëó-

ðàñêðûòèÿ êîíâåêòèâíîé êîëîíêè, âõîäÿùåãî â äèô-

ôåðåíöèàëüíîå óðàâíåíèå (6), áûëè ïðîâåäåíû òåñ-

òîâûå ðàñ÷åòû.

Óãîë � ïîäáèðàëñÿ òàêèì îáðàçîì, ÷òîáû ïðè ðå-

øåíèè óðàâíåíèÿ (6) íà÷àëî ïîæàðîîïàñíîãî ó÷àñò-

êà êîíâåêòèâíîé êîëîíêè ñîîòâåòñòâîâàëî ýêñïåðè-

ìåíòàëüíûì äàííûì [2].

Ïðè ýòîì â ñîîòâåòñòâèè ñ ðàáîòîé [16] (ïåðå-

âîäÿ îáúåìíûå äîëè âîäîðîäà â ìàññîâûå)

Xf1 = 0,0029; Xf2 = 0,164; Xe1 = 0,0149; Xe2 = 0,087.

Íà ðèñ. 2 ïðåäñòàâëåíà çàâèñèìîñòü óãëà ïîëó-

ðàñêðûòèÿ êîíâåêòèâíîé êîëîíêè îò ÷èñëà Ôðóäà

( ( ),Fr � w gdo
2 ãäå wo — âåðòèêàëüíàÿ ïðîåêöèÿ ñêî-

ðîñòè âîäîðîäà íà ñðåçå îòâåðñòèÿ 1 (ñì. ðèñ. 1), ì/ñ),

ïðåäñòàâëåííîãî â ëîãàðèôìè÷åñêîé êîîðäèíàòå.

Èç ðèñ. 2 âèäíî, ÷òî âåëè÷èíà � â òóðáóëåíòíîé

îáëàñòè òå÷åíèÿ íàõîäèòñÿ â ïðåäåëàõ 10–17°, ÷òî

ñîîòâåòñòâóåò ýêñïåðèìåíòàëüíûì äàííûì ïî óãëó

ïîëóðàñêðûòèÿ êîíâåêòèâíîé êîëîíêè ïðè ïîæàðå

[17] è ðàñïðîñòðàíåíèè âîäîðîäà [18].

Ðåçóëüòàòû ðàñ÷åòîâ

Ïðè ðåøåíèè óðàâíåíèÿ (6) èñïîëüçîâàëèñü

çíà÷åíèÿ óãëà ïîëóðàñêðûòèÿ êîíâåêòèâíîé êîëîí-

êè, ïîëó÷åííûå èç òåñòîâûõ ðàñ÷åòîâ (ñì. ðèñ. 2).

Íà ðèñ. 3–6 ïðåäñòàâëåíû çàâèñèìîñòè áåçðàç-

ìåðíûõ âûñîò ïîïåðå÷íûõ ñå÷åíèé êîíâåêòèâíîé

Ðèñ. 2. Çàâèñèìîñòü óãëà ïîëóðàñêðûòèÿ êîíâåêòèâíîé êî-

ëîíêè îò ÷èñëà Ôðóäà

Ðèñ. 3. Çàâèñèìîñòü áåçðàçìåðíîé êîîðäèíàòû !f 2 äî ïîïå-

ðå÷íîãî ñå÷åíèÿ êîëîíêè, â êîòîðîì ñðåäíÿÿ ìàññîâàÿ êîí-

öåíòðàöèÿ âîäîðîäà ðàâíà âåðõíåìó êîíöåíòðàöèîííîìó

ïðåäåëó ãîðåíèÿ, îò ÷èñëà Ðåéíîëüäñà Re: Re = �h wod/�h;

�h — ïëîòíîñòü âîäîðîäà íà ñðåçå îòâåðñòèÿ, êã/ì3; �h —

êîýôôèöèåíò êèíåìàòè÷åñêîé âÿçêîñòè âîäîðîäà, êã/(ì·ñ);

!f 2 = zf 2 /d; zf 2 — êîîðäèíàòà ïî îñè z äî ïîïåðå÷íîãî ñå÷å-

íèÿ êîëîíêè, ãäå Xh = Xf 2

Ðèñ. 4. Çàâèñèìîñòü áåçðàçìåðíîé êîîðäèíàòû !f1 äî ïîïå-

ðå÷íîãî ñå÷åíèÿ êîëîíêè, â êîòîðîì ñðåäíÿÿ ìàññîâàÿ êîí-

öåíòðàöèÿ âîäîðîäà ðàâíà íèæíåìó êîíöåíòðàöèîííîìó ïðå-

äåëó ãîðåíèÿ, îò ÷èñëà Ðåéíîëüäñà; !f1 = zf1/d; zf1 — êîîðäè-

íàòà ïî îñè z äî ïîïåðå÷íîãî ñå÷åíèÿ êîëîíêè, ãäå Xh = Xf1

Ðèñ. 5. Çàâèñèìîñòü áåçðàçìåðíîé êîîðäèíàòû !e2 äî ïîïå-

ðå÷íîãî ñå÷åíèÿ êîëîíêè, â êîòîðîì ñðåäíÿÿ ìàññîâàÿ êîí-

öåíòðàöèÿ âîäîðîäà ðàâíà âåðõíåìó êîíöåíòðàöèîííîìó ïðå-

äåëó äåòîíàöèè, îò ÷èñëà Ðåéíîëüäñà; !e2 = ze2/d; ze2 — êîîð-

äèíàòà ïî îñè z äî ïîïåðå÷íîãî ñå÷åíèÿ êîëîíêè, ãäå Xh = Xe2
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êîëîíêè, îãðàíè÷èâàþùèõ ïîæàðî- è âçðûâîîïàñ-

íûå ó÷àñòêè âîäîðîäíî-âîçäóøíîé ñìåñè.

Çàâèñèìîñòè áåçðàçìåðíûõ äëèí ïîæàðî- è âçðû-

âîîïàñíûõ ó÷àñòêîâ âîäîðîäíî-âîçäóøíîé ñìåñè,

íàõîäÿùåéñÿ âíóòðè êîíâåêòèâíîé êîëîíêè, ïðèâå-

äåíû íà ðèñ. 7.

Èç ðèñ. 3–7 âèäíî, ÷òî:
� ïðè ëàìèíàðíîì (Re < 2300) è ïåðåõîäíîì (2300 <

< Re < 104) ðåæèìàõ èñòå÷åíèÿ ñòðóè âîäîðîäà

èç îòâåðñòèÿ áåçðàçìåðíûå êîîðäèíàòû ïî âû-

ñîòå ïîæàðî- è âçðûâîîïàñíûõ ó÷àñòêîâ êîíâåê-

òèâíîé êîëîíêè ñóùåñòâåííî çàâèñÿò îò ÷èñëà

Ðåéíîëüäñà;
� ïðè òóðáóëåíòíîì ðåæèìå èñòå÷åíèÿ (Re > 104)

ïðîèñõîäèò ñòàáèëèçàöèÿ ðàñïîëîæåíèÿ è ðàç-

ìåðîâ ïîæàðî- è âçðûâîîïàñíûõ ó÷àñòêîâ.

Â ñëó÷àå òóðáóëåíòíîãî ðåæèìà èñòå÷åíèÿ áåç-

ðàçìåðíàÿ äëèíà ïîæàðîîïàñíîé çîíû ñîñòàâëÿåò

!f = hf /d = 141"167, à áåçðàçìåðíàÿ äëèíà âçðûâî-

îïàñíîé çîíû — !e = he /d = 25,1"28,7.

Âûâîäû

Áåçðàçìåðíûå ðàçìåðû âçðûâî- è ïîæàðîîïàñíûõ

çîí âîäîðîäíî-âîçäóøíîé ñìåñè ïî âûñîòå êîíâåê-

òèâíîé êîëîíêè, îáðàçóþùåéñÿ íàä èñòî÷íèêîì íà-

òåêàíèÿ âîäîðîäà â ïîìåùåíèå, à òàêæå óãîë ïîëó-

ðàñêðûòèÿ êîíâåêòèâíîé êîëîíêè ïðè ëàìèíàðíîì

è ïåðåõîäíîì ðåæèìàõ òå÷åíèÿ íà âûõîäå èç îòâåð-

ñòèÿ, ÷åðåç êîòîðîå âîäîðîä ïîñòóïàåò â ïîìåùåíèå,

ñóùåñòâåííî çàâèñÿò îò ðàñõîäà âîäîðîäà è ýêâèâà-

ëåíòíîãî äèàìåòðà âûøåóêàçàííîãî îòâåðñòèÿ.

Ïðè òóðáóëåíòíîì ðåæèìå èñòå÷åíèÿ áåçðàçìåð-

íûå ðàçìåðû âûøåóêàçàííûõ çîí è óãîë ïîëóðàñ-

êðûòèÿ êîíâåêòèâíîé êîëîíêè ïðàêòè÷åñêè ïîñòî-

ÿííû.

Äëÿ áîëåå òî÷íîé îöåíêè ðàñïðîñòðàíåíèÿ âî-

äîðîäà â êîíâåêòèâíîé êîëîíêå íåîáõîäèìî ó÷èòû-

âàòü òðåõìåðíóþ íåñòàöèîíàðíóþ êîíâåêöèþ, âîç-

íèêàþùóþ ïðè èñïàðåíèè âîäîðîäà â ïîìåùåíèå,

íàïðèìåð, ïî ìåòîäó ðàñ÷åòà, ïðåäëîæåííîìó â [3].
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ABSTRACT

Introduction. During leakage of hydrogen in the room convection column is formed over the source

of leakage under the influence of buoyancy forces and the pressure drop between ones in the vessel

with hydrogen and in the room. Ambient air is mixed with hydrogen unevenly along vertical axis of

the column.

To determine the lengths of the column sections, falling on flammable and explosive dangerous

hydrogen-air mixtures, it is necessary to calculate the concentration field. In general, this problem is

highly unsteady and three-dimensional and requires a numerical solution of the original system of

equations.

In this paper, we consider a model task of hydrogen concentration distribution in the area of

the convective column formed over the source of leakage.

Materials and methods. There are used methods of gas dynamics and heat and mass transfer for

calculating the parameters of the gas mixture during free convection.

Theory and calculation. A physics and mathematical model for calculating the distribution of

average concentrations of hydrogen in the cross section along the height of the convective column

during free convection is proposed.

The flow of the hydrogen-air mixture inside the convection column is considered as a steady,

one-dimensional and isothermal one.

Air flow involving in the column is determined by using the half-angle of column expansion.

In similar articles air flow is calculated using the empirical coefficient of flows mixing.

Results. The dependence between the half-angle of convective column and the Froude number is

obtained from comparison the results received by using the proposed model with the experimental

data presented in the literature.

There are presented the results of numerical experiments to determine the dependence between

the heights of start and end points of the column falling on flammable and explosive hydrogen-air

mixtures, and Reynolds number. The turbulent and laminar flow regimes at the exit of the hole through

which hydrogen is supplied to the room are considered.

Discussion. In laminar and transitional flow conditions at the exit of the hole through which

hydrogen is supplied to the room, the half-angle of the column and the dimensionless length of fire and

explosive dangerous zones of the column substantially dependent on hydrogen flow rate and the equiva-

lent diameter of the above mentioned hole.

In the case of turbulent regime above mentioned parameters practically does not depend on

the Reynolds number.

Conclusions. In turbulent conditions the dimensionless sizes of fire and explosive dangerous

zones and the half-angle of the convection column expansion are practically constant. For a more

accurate assessment of the spread of hydrogen in the convection column it must take into account the

three-dimensional non-stationary convection that occurs when leakage of hydrogen in the room takes

place.

Keywords: hydrogen; hydrogen-air mixture; convective column; explosion dangerous area; fire dan-

gerous area.
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