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ÄËß ÏÎÆÀÐÍÎÃÎ ÀÂÒÎÌÎÁÈËß ÑÅÂÅÐÍÎÃÎ
ÈÑÏÎËÍÅÍÈß

Îáîñíîâàíà ìàòåìàòè÷åñêàÿ ìîäåëü ôèçèêî-õèìè÷åñêèõ ïðîöåññîâ, ïðîòåêàþùèõ â îðèãè-
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áîòàâøèõ ãàçîâ â àêêóìóëÿòîðå ïðè ðàáîòå äâèãàòåëÿ ïîæàðíîãî àâòîìîáèëÿ íà ïîëíîé ìîù-
íîñòè è îòäàâàòü åå êàòàëèòè÷åñêîìó íåéòðàëèçàòîðó ïðè ðàáîòå äâèãàòåëÿ íà ñðåäíèõ è ìàëûõ
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Àðêòèêà ïðåäñòàâëÿåò ñîáîé çîíó ñòðàòåãè÷åñêèõ

èíòåðåñîâ Ðîññèè â äîëãîñðî÷íîé ïåðñïåêòèâå [1].

Äëÿ äâèãàòåëåé ïîæàðíûõ àâòîìîáèëåé, ïðèìåíÿ-

åìûõ â Àðêòè÷åñêîé çîíå, àêòóàëüíûìè òåõíè÷å-

ñêèìè çàäà÷àìè, îïðåäåëÿåìûìè äîêóìåíòîì [2] è

òðåáîâàíèÿìè Òåõíè÷åñêîãî ðåãëàìåíòà Òàìîæåí-

íîãî ñîþçà “Î áåçîïàñíîñòè êîëåñíûõ òðàíñïîðò-

íûõ ñðåäñòâ” (ÒÐ ÒÑ 018�2011), âñòóïèâøåãî â ñèëó

ñ 01.01.2015 ã., ÿâëÿþòñÿ óòèëèçàöèÿ òåïëà è ïîâû-

øåíèå ýôôåêòèâíîñòè êàòàëèòè÷åñêîé íåéòðàëèçà-

öèè çàãðÿçíÿþùèõ âåùåñòâ, ñáðàñûâàåìûõ â îêðó-

æàþùóþ ñðåäó ñ îòðàáîòàâøèìè ãàçàìè (ÎÃ) [3–16].

Äëÿ ðåøåíèÿ ýòèõ çàäà÷ àâòîðàìè ïðåäëîæåíî

óñòðîéñòâî [17], âñòðàèâàåìîå â âûïóñêíóþ ñèñòå-

ìó äâèãàòåëÿ ïîæàðíîãî àâòîìîáèëÿ (ÏÀ) âìåñòî

ãëóøèòåëÿ øóìà (ðèñ. 1).

Óñòðîéñòâî ñîñòîèò (ðèñ. 2) èç òåïëîâîãî àêêó-

ìóëÿòîðà ôàçîâîãî ïåðåõîäà (ÒÀÔÏ) è êàòàëèòè÷å-

ñêîãî íåéòðàëèçàòîðà (ÊÍ) îòðàáîòàâøèõ ãàçîâ, îáú-

åäèíåííûõ â åäèíîì öèëèíäðè÷åñêîì êîðïóñå 1.

ÒÀÔÏ âêëþ÷àåò âõîäíîé ïàòðóáîê 2, äèôôóçîð 3 è

òåïëîîáìåííèê, ñîñòîÿùèé èç öåíòðàëüíîé êàïñóëû,

âûïîëíåííîé â âèäå öèëèíäðà, è íåñêîëüêèõ êîàê-

ñèàëüíî ðàñïîëîæåííûõ öèëèíäðè÷åñêèõ êàïñóë 4,

çàïîëíåííûõ òåïëîàêêóìóëèðóþùèì âåùåñòâîì

(ÒÀÂ), ñ îáðàçîâàíèåì ìåæäó íèìè êîëüöåâûõ öè-

ëèíäðè÷åñêèõ ïóñòîò (çàçîðîâ) 5 äëÿ ïðîõîäà ÎÃ.

Öèëèíäðè÷åñêèå êàïñóëû 4 è öèëèíäðè÷åñêèå çà-

çîðû 5 èìåþò îäèíàêîâûå ðàäèàëüíûå òîëùèíû.

Ìåæäó öèëèíäðè÷åñêèì êîðïóñîì 1 è òåïëîîáìåí-

íèêîì óêëàäûâàåòñÿ ñëîé èçîëÿöèè 6. ÊÍ âêëþ÷àåò

áëî÷íóþ ìàòðèöó (ðåàêòîð) 7, “ãëóõóþ” ïîëîñòü ðàñ-

øèðåíèÿ 8 è âûõîäíîé ïàòðóáîê 9.

ÏÎÆÀÐÍÀß ÒÅÕÍÈÊÀ
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Ðèñ. 1. Ñõåìà ñèñòåìû âûïóñêà îòðàáîòàâøèõ ãàçîâ ïîæàð-

íîé àâòîöèñòåðíû
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Äëÿ ðåøàåìîé çàäà÷è ìîäåëèðîâàíèÿ íàèáîëü-

øèé èíòåðåñ ïðåäñòàâëÿåò îïèñàíèå ñîâìåñòíîé ðà-

áîòû ÒÀÔÏ è ÊÍ â ðåæèìå “ðàçðÿäêè”, ò. å. îòäà÷è

òåïëà ÎÃ, â ïðåäïîëîæåíèè, ÷òî â íà÷àëüíûé ìî-

ìåíò âðåìåíè � = 0 â ïåðèîä “çàðÿäêè” ÒÀÂ íàõî-

äèòñÿ â òâåðäîì êðèñòàëëè÷åñêîì ñîñòîÿíèè, à â ïå-

ðèîä ðàçðÿäêè — â æèäêîì. Ïðè ýòîì åãî òåìïå-

ðàòóðà, ðàâíàÿ òåìïåðàòóðå ôàçîâîãî ïåðåõîäà Òô,

âûðîâíåíà ïî îáúåìó.

Óðàâíåíèå òåïëîâîãî áàëàíñà äëÿ ïðîöåññà “ðàç-

ðÿäêè” ÒÀÔÏ ñ ó÷åòîì ðàññåèâàíèÿ ÷àñòè òåïëà â

îêðóæàþùóþ ñðåäó ìîæíî çàïèñàòü êàê

q qã ðàç ÒÀÔÏ( ) ( ),� � �� (1)

ãäå qã(�) — òåïëîâàÿ ìîùíîñòü, ïîëó÷àåìàÿ ïîòî-

êîì ÎÃ, Âò;

�ðàç — ýíåðãåòè÷åñêèé ÊÏÄ ïðîöåññà “ðàçðÿä-

êè”;

qÒÀÔÏ(�) — òåïëîâàÿ ìîùíîñòü, îòäàâàåìàÿ ïðè

ðàçðÿäêå ÒÀÔÏ, Âò.

Êîíâåêòèâíûé òåïëîîáìåí ÎÃ ñî ñòåíêàìè êàï-

ñóë ÒÀÔÏ ïðè � � 0 ìîæíî ïðåäñòàâèòü âûðàæå-

íèåì

q F Ò ÒÒÀÔÏ ã ö ñò ñð( ) ( ( ) ( )) ,� � � �� � (2)

ãäå �ã — êîýôôèöèåíò òåïëîîòäà÷è îò ñòåíîê êàï-

ñóë ê ÎÃ, Âò�(ì2·Ê);

Tñò(�) — òåìïåðàòóðà ñòåíîê êàïñóë â ìîìåíò

âðåìåíè �, Ê;

Fö — ñóììàðíàÿ ïëîùàäü ïîâåðõíîñòè âñåõ

êàïñóë, ì2;

Tñð(�) — ñðåäíÿÿ òåìïåðàòóðà ÎÃ âíóòðè ÒÀÔÏ

â ìîìåíò âðåìåíè �;

Ò
Ò Ò

ñð
âõ âûõ( )

( )
;�

�
�

�
2

(3)

Tâõ, Òâûõ(�) — òåìïåðàòóðû ÎÃ ñîîòâåòñòâåííî

íà âõîäå è âûõîäå èç ÒÀÔÏ, Ê.

Î÷åâèäíûìè ïðè � � 0 ñòàíîâÿòñÿ óðàâíåíèÿ:
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ãäå� ò
òâ — êîýôôèöèåíò òåïëîïðîâîäíîñòè òâåðäîãî

ÒÀÂ, Âò�(ì·Ê);

Òô — òåìïåðàòóðà ôàçîâîãî ïåðåõîäà, Ê;

y(�) — òîëùèíà çàòâåðäåâøåãî (ïðåâðàòèâøåãî-

ñÿ â êðèñòàëëû) ñëîÿ ÒÀÂ â ìîìåíò âðåìåíè �, ì;

	ò
òâ — ïëîòíîñòü òâåðäîãî ÒÀÂ, êã�ì3;

rò — óäåëüíàÿ òåïëîòà ôàçîâîãî ïåðåõîäà “ïëàâ-

ëåíèå – êðèñòàëëèçàöèÿ”, Äæ�êã.

Òåïëîâàÿ ìîùíîñòü qã(�) ïðè � � 0 îïðåäåëÿ-

åòñÿ ïî áàëàíñîâîìó óðàâíåíèþ

q G ñ Ò Òã ã ã âûõ âõ( ) ( ( ) ) ,� �� � (6)

ãäå Gã — ìàññîâûé ðàñõîä ÎÃ, êã�ñ;

ñã — óäåëüíàÿ ìàññîâàÿ òåïëîåìêîñòü ÎÃ,

Äæ�(êã·Ê).

Äîïóñêàåì, ÷òî ñèñòåìà óðàâíåíèé (1)–(6), â êî-

òîðîé íåèçâåñòíûìè ôóíêöèÿìè ÿâëÿþòñÿ qã(�),

qÒÀÔÏ(�), y(�), Òâûõ(�), Tñò(�), îïèñûâàåò ïðîöåññ êðèñ-

òàëëèçàöèè ÒÀÂ â ÒÀÔÏ ïðè ñëåäóþùèõ íà÷àëü-

íûõ è ãðàíè÷íûõ óñëîâèÿõ:

q q
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(7)

ãäå �ò — “ïîëóòîëùèíà” êàïñóëû, ì.

Äëÿ àíàëèòè÷åñêîãî ðåøåíèÿ ñèñòåìû óðàâíå-

íèé (7) ââåäåì ñëåäóþùèå ìàòåìàòè÷åñêèå ñîîòíî-

øåíèÿ:
� áåçðàçìåðíàÿ òåìïåðàòóðà íàãðåâàåìîé ïîâåðõ-

íîñòè êàïñóëû

�
�

ñò

ô ñò

ô âõ

�
�

�

Ò Ò

Ò Ò

( )
; (8)

� ñðåäíÿÿ áåçðàçìåðíàÿ òåìïåðàòóðà ÎÃ â ïîëîñòè

ÒÀÔÏ

�
�

ñð

ô ñð
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�
�

�

Ò Ò

Ò Ò

( )
; (9)

� áåçðàçìåðíàÿ òåìïåðàòóðà ÎÃ íà âûõîäå èç

ÒÀÔÏ

� âûõ

ô âûõ

ô âõ

�
�

�

Ò Ò

Ò Ò
; (10)

Ðèñ. 2. Ïðèíöèïèàëüíàÿ ñõåìà êàòàëèòè÷åñêîãî íåéòðàëèçà-

òîðà, ñîâìåùåííîãî ñ òåïëîâûì àêêóìóëÿòîðîì ôàçîâîãî

ïåðåõîäà: 1 — öèëèíäðè÷åñêèé êîðïóñ; 2, 9 — âõîäíîé è âû-

õîäíîé ïàòðóáêè; 3 — äèôôóçîð; 4 — öèëèíäðè÷åñêèå êàï-

ñóëû ñ ÒÀÂ; 5 — êîëüöåâûå çàçîðû; 6 — ñëîé òåïëîâîé èçî-

ëÿöèè; 7 — áëî÷íûé ðåàêòîð; 8 — “ãëóõàÿ” ïîëîñòü ðàñøè-

ðåíèÿ
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� áåçðàçìåðíàÿ òîëùèíà çàòâåðäåâøåãî ÒÀÂ â ðå-

æèìå ÷èñòîé (â îòëè÷èå îò êîíâåêòèâíîé) òåï-

ëîïðîâîäíîñòè [18]

6 	
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y ( )
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� ã ö

ã ã

. (13)

Ñ ó÷åòîì ñîîòíîøåíèé (8)–(13) è êðàåâûõ óñëî-

âèé (7) ñèñòåìà óðàâíåíèé (1)–(6) ïðåîáðàçóåòñÿ äî

ñâåäåíèÿ ê ðåøåíèþ óðàâíåíèé âèäà

5ñò

d

d
	 6

6
t

; (14)

5
5 5ñò

ñð ñò6
	 � ; (15)

N3
5

5 5ðàç
âûõ

ñð ñò

	
�
�

1
; (16)

5 5ñð âûõ	 
0 5 1, ( ) (17)

ñ íà÷àëüíûì óñëîâèåì

6 = 0 ïðè t = 0. (18)

Ðåøåíèåì ñèñòåìû áåçðàçìåðíûõ óðàâíåíèé

(14)–(17) ñòàíîâÿòñÿ ôóíêöèè âèäà:

5
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N
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( )
. (22)

Èç àíàëèçà ñòðóêòóðû ôóíêöèé âûòåêàåò âàæíûé

âûâîä: ïðîöåññ êðèñòàëëèçàöèè ÒÀÂ â ðåæèìå ÷èñ-

òîé òåïëîïðîâîäíîñòè, ïî ñóòè, îïðåäåëÿåòñÿ òðåìÿ

áåçðàçìåðíûìè ïàðàìåòðàìè — t, N è 3ðàç.

Äàëåå, ïåðåõîäÿ ê îáúåäèíåíèþ ôèçè÷åñêîé ìî-

äåëè “ðàçðÿäêè” (â ÒÀÔÏ) ñ ìîäåëüþ êèíåòèêè ãå-

òåðîãåííîãî êàòàëèçà (â ÊÍ), ìû èìååì âîçìîæ-

íîñòü ðàññìîòðåòü ëþáóþ èç “ïðåäåëüíûõ” çàäà÷ âå-

ðîÿòíîãî ïðîòåêàíèÿ ôèçèêî-õèìè÷åñêîãî ïðîöåññà

[18]. Ïðèìåíèòåëüíî ê ôèçè÷åñêèì óñëîâèÿì âíåø-

íåäèôôóçèîííîé çàäà÷è ãåòåðîãåííîãî êàòàëèçà

ÎÃ [18] ñ ó÷åòîì ïðèíÿòûõ äîïóùåíèé íåòðóäíî

ïîëó÷èòü ôóíêöèîíàëüíóþ ñâÿçü ìåæäó òåìïåðàòó-

ðîé ñòåíêè êàíàëà ÊÍ, ðàçíîñòüþ êîíöåíòðàöèé ðå-

àãèðóþùåãî âåùåñòâà â “ÿäðå” ïîòîêà è ó àêòèâíîé

êàòàëèòè÷åñêîé ïîâåðõíîñòè, à òàêæå íà âõîäå è âû-

õîäå èç ÊÍ. Ýòà çàâèñèìîñòü áóäåò ñâÿçûâàòü ïðàêòè-

÷åñêè âàæíûå ïàðàìåòðû, à èìåííî ñòåïåíü ïðåâðà-

ùåíèÿ âðåäíûõ âåùåñòâ ñ òåïëîâûì ñîñòîÿíèåì ÊÍ:

~ ~
Ò Ò

q

c V
ñò âõ

ã

	 
 &0

& � 
 � �
�


�
�
�

�

�
�

�

�
�( ) ( ) ,Ñ Ñ Ñ Ñ

D

a
íà âûõ

ã
õ 0 1

2 3
(23)

ãäå
~

,Òñò

~
Òâõ — òåìïåðàòóðû ñîîòâåòñòâåííî ñòåíêè

êàíàëà áëî÷íîãî êîíâåðòîðà è ÎÃ íà âõîäå â ÊÍ

(íà âûõîäå èç ÒÀÔÏ), Ê;

q0 — òåïëîâîé ýôôåêò ðåàêöèè, Äæ�êã;

cãV — óäåëüíàÿ îáúåìíàÿ òåïëîåìêîñòü ÎÃ,

Äæ�(ì3·Ê);

Cíà÷, Câûõ, Ñ0, Ñ1 — êîíöåíòðàöèè ðåàãèðóþùå-

ãî âåùåñòâà ñîîòâåòñòâåííî íà âõîäå â ÊÍ, íà

âûõîäå èç ÊÍ, â “ÿäðå” ïîòîêà è ó àêòèâíîé ïî-

âåðõíîñòè êàíàëîâ ÊÍ, êã�ì3;

D — “èñòèííûé” êîýôôèöèåíò äèôôóçèè, ì2�ñ;

aã — êîýôôèöèåíò òåìïåðàòóðîïðîâîäíîñòè ðå-

àãèðóþùåãî âåùåñòâà, ì2�ñ.

Ðàññìàòðèâàÿ èçîáðàæåííûé íà ðèñ. 1 ÊÍ êàê

òåïëîîáìåííûé àïïàðàò, ïîëó÷àåì óðàâíåíèå òåï-

ëîâîãî áàëàíñà äëÿ âñåé ñèñòåìû ÒÀÔÏ–ÊÍ:

� � � �Q Q Q Qã ÒÀÔÏ êàò ïîò	 7 
 � , (24)

ãäå �Qã — îáùåå êîëè÷åñòâî òåïëîòû, ïîëó÷àåìîå

ÎÃ â ÒÀÔÏ–ÊÍ çà âðåìÿ �$, Äæ;

�QÒÀÔÏ — òåïëîòà, îòäàâàåìàÿ ÒÀÔÏ ÎÃ ïðè

“çàðÿäêå” èëè ïîëó÷àåìàÿ ÎÃ îò ÒÀÔÏ ïðè åãî

“ðàçðÿäêå” çà âðåìÿ �$, Äæ;

�Qêàò — òåïëîòà, âûäåëÿþùàÿñÿ â ÊÍ ïðè ýêçî-

òåðìè÷åñêîì êàòàëèçå çà âðåìÿ �$, Äæ;

�Qïîò — ñóììàðíûå òåïëîâûå ïîòåðè â ñèñòåìå

çà âðåìÿ �$, Äæ.

Ïîëó÷åííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ïîçâîëÿåò

èññëåäîâàòü è ðàññ÷èòûâàòü ïðîöåññû îòäà÷è òåï-

ëîòû è ãåòåðîãåííîãî êàòàëèçà â óñòðîéñòâàõ, ïðåä-

ñòàâëÿþùèõ äëÿ äâèãàòåëÿ ÏÀ ñèñòåìó ÒÀÔÏ–ÊÍ.

Äëÿ ïðîâåðêè îæèäàåìîé ýôôåêòèâíîñòè ïðåäëà-

ãàåìîãî ìåòîäà óòèëèçàöèè ýíåðãèè ÎÃ íà ÏÀ áûëè

ïðîâåäåíû ñòåíäîâûå èñïûòàíèÿ ïîëíîðàçìåðíîãî

äèçåëüíîãî äâèãàòåëÿ ÊàìÀÇ-740.10 (8×Í 12�12),

â âûïóñêíóþ ñèñòåìó êîòîðîãî âìåñòî øòàòíîãî ãëó-

øèòåëÿ øóìà áûë óñòàíîâëåí ÊÍ ðàçðàáîòàííîé

êîíñòðóêöèè. Â òàáë. 1 ñâåäåíû õàðàêòåðíûå ðåçóëü-

òàòû èñïûòàíèé.

Êàê ñëåäóåò èç àíàëèçà îïûòíûõ äàííûõ, íàè-

áîëåå íèçêàÿ ñòåïåíü î÷èñòêè ÎÃ îò óãëåâîäîðîäîâ

CnHm è îêñèäà óãëåðîäà ÑÎ íàáëþäàåòñÿ â ðåæèìå

õîëîñòîãî õîäà è ìàëûõ íàãðóçîê. Ýòî îáúÿñíÿåòñÿ
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ÏÎÆÀÐÍÀß ÒÅÕÍÈÊÀ

íèçêîé òåìïåðàòóðîé ÎÃ è, êàê ñëåäñòâèå, “âÿëûì”

ïðîòåêàíèåì õèìè÷åñêîé ðåàêöèè ãåòåðîãåííîãî

êàòàëèçà.

Ïîêàçàòåëüíî (ñì. òàáë. 1), ÷òî ïóòåì ïîääåðæà-

íèÿ òåìïåðàòóðû ÎÃ íà ïðèåìëåìîì óðîâíå ýôôåê-

òèâíîñòü êàòàëèçà íà êðàòêîâðåìåííûõ ðåæèìàõ õî-

ëîñòîãî õîäà äâèãàòåëÿ ÏÀ ìîæíî ïîâûñèòü ñ 4 äî

74 % ïî óãëåâîäîðîäàì (ÑÍ) è ñ 10 äî 86 % ïî îêñè-

äó óãëåðîäà (ÑÎ).

Äëÿ ïðîâåðêè àäåêâàòíîñòè ðàçðàáîòàííîé ìàòå-

ìàòè÷åñêîé ìîäåëè âûïîëíåíû ðàñ÷åòû, êîíå÷íîé

öåëüþ êîòîðûõ áûëî ïîëó÷åíèå îñíîâíûõ ãåîìåò-

ðè÷åñêèõ (ãàáàðèòíûõ) ðàçìåðîâ óñòðîéñòâà ïðè-

ìåíèòåëüíî ê äâèãàòåëþ ÏÀ.

Â îñíîâó ðàñ÷åòà âçÿòû äàííûå ïî äèíàìèêå äâè-

æåíèÿ ÏÀ ñ äâèãàòåëåì ÊàìÀÇ-7408.10 â ãîðîäñêèõ

óñëîâèÿõ (ãîðîäñêîé öèêë äâèæåíèÿ), íà îñíîâàíèè

êîòîðûõ áûëè îöåíåíû âåðîÿòíûå çíà÷åíèÿ òåìïå-

ðàòóðû è ðàñõîäà ÎÃ, õàðàêòåðèçóþùèå ðåàëüíûé

ðåæèì ýêñïëóàòàöèè äâèãàòåëÿ ÏÀ. Ïî ýòèì ôèçè-

÷åñêèì ïàðàìåòðàì ðàññ÷èòûâàëñÿ ïðîöåññ óòèëè-

çàöèè òåïëîòû ÎÃ â ÒÀÔÏ ñ ïðåäâàðèòåëüíûì âû-

áîðîì (ïîäáîðîì) ÒÀÂ (òàáë. 2).

Íàïðèìåð, ïðè òåìïåðàòóðå îêðóæàþùåãî âîçäó-

õà T0 = 253 Ê ïîëó÷èì Gã
ðàñõ = 345 êã�÷,Ò ã

ðàñõ = 510 Ê.

Ïðèâåäåíèå âåëè÷èíûÒ ã
ðàñõ ê òåìïåðàòóðå T0 = 296 Ê

(äëÿ ñîïîñòàâëåíèÿ ñ äàííûìè òàáë. 1) îñóùåñòâ-

ëÿëîñü ñ èñïîëüçîâàíèåì ïðèáëèæåííîãî (ýìïèðè-

÷åñêîãî) ñîîòíîøåíèÿ, ïîëó÷åííîãî À. À. Ñîðîêè-

íûì [19]:

t
t k

T T

Ò Òt
ã
çèì ã

ëåò

0
ëåò

0
çèì

0
ëåò

0
çèì	 � �( ) , (25)

ãäå t ã
çèì, t ã

ëåò — òåìïåðàòóðû ÎÃ ñîîòâåòñòâåííî â

çèìíèé è ëåòíèé ïåðèîäû, °Ñ;

Ò0
çèì, Ò0

ëåò — òåìïåðàòóðû îêðóæàþùåãî âîçäó-

õà ñîîòâåòñòâåííî â çèìíèé è ëåòíèé ïåðèîäû

ãîäà, Ê;

kt — êîýôôèöèåíò, ó÷èòûâàþùèé óâåëè÷åíèå

óäåëüíîãî ðàñõîäà òîïëèâà ïðè ýêñïëóàòàöèè

ÏÀ â çèìíèõ óñëîâèÿõ.

Íàïðèìåð, ïðèíèìàÿ kt 0 1, ïî ñîîòíîøåíèþ (25)

ïîëó÷àåì: � ðÒ ã
àñõ 	 576 Ê ïðè Ò 0

ëåò 	 296 Ê. Ïî çíà-

÷åíèþ � ðÒ ã
àñõ 	 576Ê ïîäáèðàåòñÿ ÒÀÂ — ãèäðîêñèä

íàòðèÿ NaOH (ñì. òàáë. 2).

Çàäàåìñÿ îñíîâíûìè ãåîìåòðè÷åñêèìè ïàðàìåò-

ðàìè òåïëîîáìåííèêà ïî ýñêèçíîìó êîíñòðóêòîð-

ñêîìó ðåøåíèþ (ñì. ðèñ. 1): r1 = 20 ìì, r2 = 25 ìì,

r3 = 35 ìì, r4 = 40 ìì, r5 = 50ìì, r6 = 55ìì, r7 = 65ìì,

r8 = 70 ìì, r9 = 80 ìì, r10 = 85 ìì, r11 = 95 ìì, r12 =

= 100 ìì (ãäå ri — ðàññòîÿíèå îò îñè öåíòðàëüíîé

êàïñóëû äî öèëèíäðè÷åñêîé ïîâåðõíîñòè “êîëüöå-

âîé” êàïñóëû, ìì).

Íîìåð
ðåæèìà

Ne, êÂò näâ, ìèí–1 Òã, Ê
ÑÑÍ, ìëí–1

3CH, %
ÑÑÎ, ìëí–1

3CO, % Gã, êã�÷
äî ÊÍ ïîñëå ÊÍ äî ÊÍ ïîñëå ÊÍ

1 0 800 373 80 80 0 270 210 22 159

2 10,2 1800 433 136 130 4 1230 730 41 531

3 25,4 1800 493 120 115 4 820 620 24 520

4 50,8 1800 573 135 125 7 840 500 41 523

5 76,3 1800 673 165 90 45 930 380 59 513

6 101,7 1800 813 380 100 74 3080 420 86 510

7 0 800 393 105 95 9,5 420 330 21 165

8 122,5 2600 833 386 90 76 1730 290 83 764

9 91,9 2600 738 150 75 50 780 170 78 762

10 61,3 2600 653 114 65 43 720 210 71 756

11 30,6 2600 573 105 75 29 870 180 45 747

12 12,3 2600 523 125 120 4 1110 1050 5 745

13 0 800 413 130 125 4 450 400 11 162

Ï ð è ì å ÷ à í è å . Ne — ýôôåêòèâíàÿ (ýêñïëóàòàöèîííàÿ) ìîùíîñòü äâèãàòåëÿ; näâ — ÷àñòîòà âðàùåíèÿ êîëåí÷àòîãî âàëà;

Òã — òåìïåðàòóðà ÎÃ; ÑÑÍ, ÑÑÎ — êîíöåíòðàöèÿ ñîîòâåòñòâåííî óãëåâîäîðîäîâ è îêñèäà óãëåðîäà â ÎÃ; 3CH, 3CO — ýôôåê-

òèâíîñòü î÷èñòêè ÎÃ ñîîòâåòñòâåííî îò óãëåâîäîðîäîâ è îêñèäà óãëåðîäà.

Òàáëèöà 1. Òåõíè÷åñêèå è ýêîëîãè÷åñêèå ïîêàçàòåëè äâèãàòåëÿ ÊàìÀÇ-740.10 ñ ÊÍ

Ïîêàçàòåëü Çíà÷åíèå

Òåìïåðàòóðà ôàçîâîãî ïåðåõîäà “ïëàâ-
ëåíèå – êðèñòàëëèçàöèÿ”, Ê 572

Óäåëüíàÿ òåïëîòà ôàçîâîãî ïåðåõîäà,

êÄæ�êã 393

Ïëîòíîñòü â òâåðäîé ôàçå, êã�ì3 2130

Ïëîòíîñòü â æèäêîé ôàçå, êã�ì3 1780

Òàáëèöà 2. Îñíîâíûå òåïëîôèçè÷åñêèå ñâîéñòâà ãèäðîêñè-
äà íàòðèÿ NaOH
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Äîïóñêàÿ, ÷òî ïðè ðàáîòå äâèãàòåëÿ ÏÀ ÊàìÀÇ-

7408.10 íà õîëîñòîì õîäó ÒÀÔÏ äîëæåí ïîäîãðå-

âàòü ÎÃ, ïîñòóïàþùèå â ÊÍ, îò Tâõ = 373 Ê äî Tâûõ =

= 553 Ê, è î÷åâèäíûì ðàñ÷åòîì îöåíèâ çíà÷åíèå

êîýôôèöèåíòà òåïëîîòäà÷è îò ñòåíîê êàïñóë ê ÎÃ

�ã = 62,4 Âò�(ì2·Ê), ðàññ÷èòûâàåì çíà÷åíèÿ èñêî-

ìûõ ïàðàìåòðîâ ïî âûøåïðèâåäåííîé ìåòîäèêå

(òàáë. 3).

Âûâîäû

1. Ðàçðàáîòàííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ôèçè-

êî-õèìè÷åñêèõ ïðîöåññîâ óòèëèçàöèè òåïëà ÎÃ

äâèãàòåëÿ ÏÀ ñ öåëüþ ïîâûøåíèÿ ýôôåêòèâíîñòè

íåéòðàëèçàöèè (îáåçâðåæèâàíèÿ) ÎÃ â ÊÍ àäåêâàò-

íà âîçìîæíîñòè åå ïðèìåíåíèÿ íà ïðàêòèêå, â òîì

÷èñëå äëÿ óñëîâèé Àðêòèêè.

2. Âàðèàíòíûì ðàñ÷åòîì ïî ðàçðàáîòàííîé ìå-

òîäèêå ïîêàçàíî, ÷òî ãàáàðèòíûå ðàçìåðû ÒÀÔÏ

ïðàêòè÷åñêè ñîïîñòàâèìû ñ ðàçìåðàìè øòàòíîãî

ãëóøèòåëÿ øóìà äâèãàòåëÿ ÏÀ.

3. Ïðèíèìàÿ âî âíèìàíèå ïîëó÷åííûå íàìè ðà-

íåå äàííûå îá àêóñòè÷åñêèõ ïàðàìåòðàõ ÊÍ äëÿ äâè-

ãàòåëåé ÏÀ [20], ìîæíî ñ âûñîêîé ñòåïåíüþ âåðîÿò-

íîñòè ïðåäïîëîæèòü, ÷òî ïîñòàâëåííàÿ çàäà÷à äëÿ

Àðêòèêè ìîæåò áûòü ðåøåíà êîíñòðóêòèâíî çàìå-

íîé øòàòíîãî ãëóøèòåëÿ øóìà íà ðàçðàáîòàííóþ

îðèãèíàëüíóþ ñèñòåìó ÒÀÔÏ–ÊÍ.

***

Àâòîðû ïîñâÿùàþò ïðåäñòàâëÿåìîå èìè èññëå-

äîâàíèå ïàìÿòè ä-ðà òåõí. íàóê Âàñèëèÿ Âàëåíòè-

íîâè÷à Øóëüãèíà, ïëîäîòâîðíî ðàáîòàâøåãî â íà-

øåé ñîâìåñòíîé íàó÷íîé øêîëå ïî ïðîáëåìå ïðè-

ìåíåíèÿ íà ïîæàðíûõ àâòîìîáèëÿõ òåïëîâûõ

àêêóìóëÿòîðîâ ôàçîâîãî ïåðåõîäà.

ÏÎÆÀÐÍÀß ÒÅÕÍÈÊÀ

Ïàðàìåòð 5âûõ 5ñð 6 3ðàç Tñò, Ê Fö, ì2 t $, ñ Äëèíà ÒÀÔÏ, ìì

Çíà÷åíèå 0,0955 0,547 0,173 0,9 556 1,58 0,314 611 400

Ï ð è ì å ÷ à í è å . Îòäåëüíûå äîïóùåíèÿ è ðàñ÷åòû, ñâÿçàííûå ñ îöåíêàìè çíà÷åíèé ïðîìåæóòî÷íûõ ïàðàìåòðîâ ïî ðàçðà-

áîòàííîé ìåòîäèêå, îïóñêàþòñÿ àâòîðàìè ïî ïðè÷èíå èõ î÷åâèäíîé òðèâèàëüíîñòè.

Òàáëèöà 3. Çíà÷åíèÿ ïàðàìåòðîâ òåïëîôèçè÷åñêîãî ðàñ÷åòà ñèñòåìû óòèëèçàöèè òåïëà ÎÃ äâèãàòåëÿ ÊàìÀÇ-7408.10 ñèñ-
òåìû ÒÀÔÏ–ÊÍ ïîæàðíîé àâòîöèñòåðíû
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ABSTRACT

There are two actual technical tasks for the engines of the fire trucks which are used in the Arctic zone.

The first one is the utilization of heat and the second one is the increase of the efficiency of catalytic

neutralization of the exhaust pollutants. The device combining catalytic converter (CC) and mineral

heat storage system (MHSS) elaborated for fire trucks may help to solve such problems. The device is

supposed to be built in the exhaust system of the engine of the fire truck instead of the noise muffler. It

allows to storage the thermal energy of the exhaust gas with the use of heat-retaining substance when

the engine operates at full capacity, and to deliver the heat back to the catalytic converter when

the engine of the fire truck operates at idling mode. The reverse heat delivery allows maintaining

the optimum temperature for the effective catalytic neutralization of exhaust pollutants. The process

of the excess heat taking, when the engine operates at a forced mode, may contribute to the increase of

the operational life and to the decrease of the risk of inflammation of the engine. Physically and

mathematically this process may be described with the use of the thermal balance methodical

approach. At the same time, the exothermic process of neutralization may be formalized using

the classical Arrhenius kinetics approach, which we previously adjusted for the block-designed

catalytic converters. The validity of the mathematical model is confirmed with the test of the fire truck

AC 4-40 (43202) equipped with the engine KamAZ-740�10 (8CN 12�12). The experiments have

shown that the efficiency of the catalyst at idling operation may be increased from 4 to 74 % with

respect to the CH neutralization and from 10 to 86 % in respect to the CO neutralization. The results of

calculations have confirmed that the use of the elaborated salt heat storage system with the heat-

exchange surface 1.58 m2 and the length 400 mm, which can be easily built in the exhaust system of the

fire truck instead of the noise muffler, allows to solve the problem of the utilization of the excess heat

and the increase of efficiency of catalytic neutralization of the exhaust pollutants of the engines of

the fire trucks used in the Arctic zone.

Keywords: fire truck; diesel engine; exhaust gases; mineral heat storage system; catalytic converter;

physical-chemical process; mathematical model; experiment; calculations; environmental effect.
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