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ÓÃÎË ÐÀÑÊÐÛÒÈß ÝÊÂÈÂÀËÅÍÒÍÎÃÎ  
ÄÈÔÔÓÇÎÐÀ ÌÅÆËÎÏÀÒÎ×ÍÎÃÎ ÊÀÍÀËÀ  
ÐÀÄÈÀËÜÍÎÃÎ ÊÎËÅÑÀ ÂÅÍÒÈËßÒÎÐÀ 

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå âèõðåèñòî÷íèêà, êàê ñèñòåìû ðàñïðåäåëåííûõ 
ñòîêîâ, ïîçâîëèëî óòî÷íèòü ôîðìóëó äëÿ ðàñ÷åòà óãëà ðàñêðûòèÿ ýêâèâàëåíò-
íîãî äèôôóçîðà ìåæëîïàòî÷íîãî êàíàëà ðàáî÷åãî êîëåñà öåíòðîáåæíîãî âåí-
òèëÿòîðà. Äîêàçàíî, ÷òî ñíèæåíèå ýôôåêòèâíîãî óãëà ðàñêðûòèÿ, îáóñëîâëåí-
íîãî âçàèìîäåéñòâèåì âûñîêîýíåðãåòè÷åñêîãî ïîòîêà âèõðåèñòî÷íèêà ñ îñ-
íîâíûì òå÷åíèåì â äèôôóçîðå íà âûõîäå èç íåãî. Ýòî ïîçâîëÿåò óâåëè÷èâàòü 
óãîë ðàñêðûòèÿ ìåæëîïàòî÷íîãî êàíàëà ðàáî÷åãî êîëåñà, ñîõðàíÿÿ ïðè ýòîì 
áåçîòðûâíîå îáòåêàíèå è, êàê ðåçóëüòàò, ñóùåñòâåííî ïîâûñèòü äàâëåíèå, ðàç-
âèâàåìîå âåíòèëÿòîðîì. 
Êëþ÷åâûå ñëîâà: ýêâèâàëåíòíûé äèôôóçîð, óãîë ðàñêðûòèÿ, öèðêóëÿöèÿ, ýôôåê-
òèâíàÿ ïëîùàäü, âèõðåâîé êàìåðû. 

 

 
 

ëÿ îöåíêè ïîòåðü äàâëåíèÿ â ìåæëîïàòî÷íûõ êàíàëàõ ðàáî÷èõ êîëåñ 
øèðîêîå ðàñïðîñòðàíåíèå ïîëó÷èë ìåòîä ýêâèâàëåíòíîãî äèôôóçîðà, 

îñíîâàííûé íà èñïîëüçîâàíèè êðèòåðèåâ òå÷åíèÿ â äèôôóçîðíûõ êàíàëàõ è 
ïðåäëîæåííûé Ê.À. Óøàêîâûì [5]. Ñîãëàñíî ýòîìó ìåòîäó ïðåäïîëàãàåòñÿ, ÷òî 
êîýôôèöèåíò ïîòåðü äàâëåíèÿ ζ â ìåæëîïàòî÷íîì êàíàëå çàâèñèò îò ñòåïåíè 

ðàñøèðåíèÿ 2

1

ê
S

S
 è óãëà ðàñêðûòèÿ γý êðóãëîãî äèôôóçîðà ýêâèâàëåíòíîãî ïî 

ïëîùàäÿì âõîäíîãî S1 è âûõîäíîãî S2ê ñå÷åíèé è äëèíå ìåæëîïàòî÷íîìó êàíà-
ëó êîëåñà. Ñòåïåíü äèôôóçîðíîñòè è óãîë ðàñêðûòèÿ ýêâèâàëåíòíîãî äèôôó-
çîðà ïîäñ÷èòûâàþòñÿ ïî ïëîùàäÿì âõîäà ïîòîêà S1 â ìåæëîïàòî÷íûé êàíàë ñ 
ó÷åòîì óãëà àòàêè íàáåãàþùåãî ïîòîêà è âûõîäíîãî ñå÷åíèÿ ìåæëîïàòî÷íîãî 
êàíàëà S2ê [2] (ñì. ðèñ. 1). 

Â ñîâðåìåííûõ ãàçîîòñàñûâàþùèõ âåíòèëÿòîðàõ ïðèìåíÿþòñÿ ðàáî÷èå êî-
ëåñà ñ çàãíóòûìè íàçàä èëè S-îáðàçíûìè ëîïàòêàìè. Ïðè ñðàâíèòåëüíî áîëü-
øåé äëèíå ëîïàòîê ℓë ôàêòè÷åñêè îáðàçîâàííûé èìè êàíàë èìååò ìàëóþ îòíî-
ñèòåëüíóþ ïðîòÿæåííîñòü, â ñâÿçè ñ ÷åì õàðàêòåð òå÷åíèÿ â ìåæëîïàòî÷íûõ 
êàíàëàõ òàêèõ êîëåñ îïðåäåëÿåòñÿ ðåçóëüòàòîì âçàèìîäåéñòâèÿ ïðîöåññîâ, 
ñâîéñòâåííûõ êàê êàíàëüíûì òå÷åíèÿì, òàê è îáòåêàíèþ èçîëèðîâàííûõ ïðî-
ôèëåé. 

Ìåñòíàÿ äèôôóçîðíîñòü, âîçíèêàþùàÿ íà ïîâåðõíîñòè ëîïàòêè âî âõîäíîì 
ó÷àñòêå ìåæëîïàòî÷íîãî êàíàëà, âñëåäñòâèå îòêëîíåíèÿ ïàðàìåòðîâ ïîòîêà îò 
èõ îïòèìàëüíûõ çíà÷åíèé, ïðèâîäèò ó óòîëùåíèþ ïîãðàíè÷íîãî ñëîÿ èç-çà çíà-
÷èòåëüíûõ ïîëîæèòåëüíûõ ãðàäèåíòîâ äàâëåíèÿ. Íåóñòîé÷èâûé ìàëîýíåðãåòè-
÷åñêèé ïîãðàíè÷íûé ñëîé, èñïûòûâàÿ îäíîâðåìåííî ïðîòèâîäàâëåíèå, âû-
çâàííîå è îáùåé äèôôóçîðíîñòüþ ìåæëîïàòî÷íîãî êàíàëà, òåðÿåò ñêîðîñòü è 
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îòðûâàåòñÿ îò ïîâåðõíîñòè ëîïàòêè, îáðàçóÿ îáøèðíóþ çîíó îòðûâíîãî âèõ-
ðåîáðàçîâàíèÿ. 

Â àáñîëþòíîì áîëüøèíñòâå ñëó÷àåâ îêðóæíàÿ ñêîðîñòü âðàùåíèÿ êîëåñà 
ñîèçìåðèìà èëè ïðåâûøàåò îòíîñèòåëüíóþ ñêîðîñòü ïîòîêà â ìåæëîïàòî÷íîì 
êàíàëå, ÷òî òðåáóåò ó÷åòà ïîïåðå÷íîé öèðêóëÿöèè ïîòîêà ïðè ââåäåíèè ïîíÿ-
òèÿ ýêâèâàëåíòíîãî äèôôóçîðà. Êðîìå òîãî, îêðóæíàÿ ñêîðîñòü íàðóøàåò êè-
íåìàòè÷åñêîå ïîäîáèå òå÷åíèé, âëèÿÿ íà ñòåïåíü ñæàòèÿ ïîòîêà âî âðàùàþ-
ùåìñÿ äèôôóçîðå, íå áóäó÷è ïðè ýòîì çàâèñèìà îò ãåîìåòðè÷åñêèõ ïàðàìåò-
ðîâ êàíàëà. Òàêèì îáðàçîì, ïðè èññëåäîâàíèè ýíåðãåòè÷åñêèõ õàðàêòåðèñòèê 
ïîòîêà âî âðàùàþùåìñÿ äèôôóçîðå ïî îòíîøåíèþ ê íåïîäâèæíîìó, íåîáõî-
äèìî ó÷èòûâàòü îñîáåííîñòè êèíåìàòèêè òå÷åíèÿ, îáóñëîâëåííûå íàëè÷èåì 
ïîïåðå÷íîé öèðêóëÿöèè è äîïîëíèòåëüíîãî ñæàòèÿ, âûçâàííûõ îêðóæíîé ñêî-
ðîñòüþ âðàùåíèÿ. 

Èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî ðàññìîòðåííûé ìåòîä ýêâèâàëåíòíîãî äèô-
ôóçîðà õàðàêòåðèçóåò ïîòåðè â ìåæëîïàòî÷íîì êàíàëå òîëüêî ïðè äðîññåëè-
ðîâàííûõ ðåæèìàõ ðàáîòû âåíòèëÿòîðà, êîãäà óãîë àòàêè ïðåâûøàåò åãî îïòè-
ìàëüíîå çíà÷åíèå. Äàííûé ñïîñîá ðàñ÷åòà γý ó÷èòûâàåò êèíåìàòè÷åñêóþ äèô-
ôóçîðíîñòü ïîòîêà (ñì. ðèñ. 1. â). Â ñâÿçè ñ ÷åì ðîñò ïîòåðü äàâëåíèÿ îáúÿñíÿ-
åòñÿ óâåëè÷åíèåì óãëà ðàñêðûòèÿ ýêâèâàëåíòíîãî äèôôóçîðà. Ïðè óãëàõ àòàêè 
ìåíüøèõ åãî îïòèìàëüíîãî çíà÷åíèÿ èìååò ìåñòî êèíåìàòè÷åñêàÿ êîíôóçîð-
íîñòü ïîòîêà íà âõîäå (ñì. ðèñ. 1 á) è ïî ðàñ÷åòàì γý óìåíüøàåòñÿ, â òî âðåìÿ 
êàê ôàêòè÷åñêè ïðîèñõîäèò ðîñò ïîòåðü äàâëåíèÿ. Íåñîîòâåòñòâèå ìåæäó èç-
ìåíåíèÿìè ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ýêâèâàëåíòíîãî äèôôóçîðà è ïîòåðü 
äàâëåíèÿ â ìåæëîïàòî÷íîì êàíàëå îáóñëîâëåíî òåì, ÷òî ðàññìîòðåííûé ìåòîä 
ðàñ÷åòà γý íå ó÷èòûâàåò ìåñòíóþ äèôôóçîðíîñòü, âîçíèêàþùóþ íà âõîäíîì 
ó÷àñòêå êàíàëà è îêàçûâàþùóþ áîëüøîå âëèÿíèå, îñîáåííî äëÿ øàõòíûõ âåí-
òèëÿòîðîâ, íà ïðîöåññ îòðûâíîãî âèõðåîáðàçîâàíèÿ.  

Èçâåñòíûå ìåòîäû ðàñ÷åòà óãëà ðàñêðûòèÿ ýêâèâàëåíòíîãî äèôôóçîðà, 
ñóììàðíî ó÷èòûâàþùèå âëèÿíèå ðàçëè÷íûõ ïðîöåññîâ, ïðîòåêàþùèõ â ìåæëî-
ïàòî÷íîì êàíàëå, íà ïîòåðè äàâëåíèÿ â íåì äëÿ óòî÷íåíèÿ ãåîìåòðè÷åñêèõ ïà-
ðàìåòðîâ ìåæëîïàòî÷íîãî êàíàëà ðàáî÷åãî êîëåñà ïðè ïðîåêòèðîâàíèè àýðî-
äèíàìè÷åñêèõ ñõåì íå ðàññìàòðèâþò âëèÿíèå íà âåëè÷èíó óãëà ðàñêðûòèÿ âðà-
ùàþùåãîñÿ ýêâèâàëåíòíîãî äèôôóçîðà âèõðåâûõ êàìåð [1]. 

Ñ ó÷åòîì ðåçóëüòàòîâ, ïîëó÷åííûõ â [3] ïî ðàñ÷åòó ýíåðãåòè÷åñêèõ õàðàêòå-
ðèñòèê âèõðåèñòî÷íèêà, óñòàíîâëåííîãî íà âûõîäíîì ó÷àñòêå ïðîôèëÿ è îêà-
çûâàþùåãî âëèÿíèå íà êèíåìàòè÷åñêèå ïàðàìåòðû ïîòîêà íà âûõîäå èç ìåæ-
ëîïàòî÷íîãî êàíàëà ðàáî÷åãî êîëåñà, ôîðìóëó äëÿ ðàñ÷åòà äèôôóçîðíîñòè è 
êèíåìàòè÷åñêîãî óãëà ðàñêðûòèÿ ýêâèâàëåíòíîãî äèôôóçîðà ìîæíî ïðåäñòà-
âèòü â âèäå (ñì. ðèñóíîê): 
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Ñõåìà ïåðåõîäà îò ìåæëîïàòî÷íîãî êàíàëà ðàáî÷åãî êîëåñà öåíòðîáåæíîãî âåí-
òèëÿòîðà (à) ê ýêâèâàëåíòíîìó äèôôóçîðó ñ âèõðåèñòî÷íèêîì (ä) 
 

ãäå â ê
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c d ñ q
γ

ρ

ρ
=  — êîýôôèöèåíò âëèÿíèÿ öèðêóëÿöèè âèõðåèñòî÷íèêà íà 

ýôôåêòèâíóþ ïëîùàäü âûõîäíîãî ñå÷åíèÿ ìåæëîïàòî÷íîãî êàíàëà ðàáî÷åãî 
êîëåñà; ñρ , êñ  — ïðèâåäåííûå êîýôôèöèåíòû öèðêóëÿöèè è ðàñõîäà âèõðå 

èñòî÷íèêà. Òîãäà óãîë ðàñêðûòèÿ ýêâèâàëåíòíîãî äèôôóçîðà ìåæëîïàòî÷íîãî 
êàíàëà ðàáî÷åãî êîëåñà ñ âèõðåâîé êàìåðîé, ñ ó÷åòîì [4] ìîæíî ïðåäñòàâèòü â  
âèäå: 
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ãäå 
1

vê
v

ω
=  — îòíîøåíèå óãëîâîé ñêîðîñòè âðàùåíèÿ êîëåñà ê îòíîñèòåëüíîé 

ñêîðîñòè ïîòîêà íà âõîäå â ìåæëîïàòî÷íûé êàíàë. 
Ñîãëàñíî ðåçóëüòàòàì èññëåäîâàíèé íåïîäâèæíûõ äèôôóçîðíûõ êàíàëîâ 

[4], óãîë èõ ðàñêðûòèÿ, ïðè êîòîðîì äîñòèãàþòñÿ íàèìåíüøèå ïîòåðè ýíåðãèè 
ïîòîêà γopt = 6º. 

Â òàáë. 1. ïðèâåäåíû äàííûå ðàñ÷åòà óãëà ðàñêðûòèÿ ìåæëîïàòî÷íûõ êàíà-
ëîâ ðÿäà àýðîäèíàìè÷åñêèõ ñõåì ñ èñïîëüçîâàíèåì â íèõ âèõðåâûõ êàìåð â 

âèäå öèêëîíà ñ äèàìåòðîì 0.025.êd ≤  
 

Òàáëèöà 1 
Óãëû ðàñêðûòèÿ ìåæëîïàòî÷íîãî êàíàëà íàèáîëåå ðàñïðîñòðàíåííûõ  
ðàäèàëüíûõ àýðîäèíàìè÷åñêèõ ñõåì 

Àýðîäèíàì. 
ñõåìà 

ïàðàìåòðû 

Ö78-19 Ö72-15 Ö80-10 Ö4-76 Ö4-67 Ö4-57 
mz ôèð-
ìà ÊÊÊ 

GC-124 
Ïîëüøà 

Dý 1.16 1.19 1.28 1.18 1.24 1.10 1.34 1.20 

γý 3.62 3.81 2.87 3.84 3.78 2.93 4.80 4.20 

γêv 5.98 5.92 5.68 6.04 5.96 5.76 6.34 6.28 

γýâ 6.21 6.11 6.31 5.97 6.01 5.93 5.81 5.84 

γýâè 6.02 5.98 6.05 5.94 5.96 5.88 5.78 5.82 

Dýè 1.14 1.15 1.23 1.15 1.21 1.07 1.31 1.17 

 
Ñðàâíèâàÿ γîðt ñ äàííûìè òàáëèöû ìîæíî ñäåëàòü ñëåäóþùèé âûâîä: êèíå-

ìàòè÷åñêèé óãîë ðàñêðûòèÿ γêv, îñíîâàííûé íà îñðåäíåíèè òå÷åíèÿ ïî èìïóëü-
ñó ïîòîêà â îòíîñèòåëüíîì äâèæåíèè, óãîë ðàñêðûòèÿ ýêâèâàëåíòíîãî âðà-
ùàþùåãîñÿ äèôôóçîðà γýâ è óãîë ðàñêðûòèÿ ýêâèâàëåíòíîãî äèôôóçîðà ñ âèõ-
ðåâûìè êàìåðàìè γýâè ñîîòâåòñòâóþò îïòèìàëüíîìó óãëó ðàñêðûòèÿ íåïîäâèæ-
íîãî äèôôóçîðà. Îòêëîíåíèå γýâè ñ íàäåæíîñòüþ 0,97, ñîãëàñíî êðèòåðèþ 
Ñòüþäåíòà íå ïðåâûøàåò 5 %. 

Ó÷èòûâàÿ ñêàçàííîå, ìîæíî ñ÷èòàòü, ÷òî (3) ïðè ïîäñòàíîâêå â íåãî γýâè = 6 
ïðåäñòàâëÿåò ñîáîé óðàâíåíèå ñóùåñòâîâàíèÿ ðàäèàëüíîé àýðîäèíàìè÷åñêîé 
ñõåìû ñ âûñîêèì ê.ï.ä. 

Íà áàçå äàííîé ìåòîäèêè ðàñ÷åòà ýêâèâàëåíòíîãî äèôôóçîðà ñèíòåçè-
ðîâàíà ðàäèàëüíàÿ àýðîäèíàìè÷åñêàÿ ñõåìà Ö145-20 ñ èíòåãðèðîâàííûìè 
âèõðåèñòî÷íèêàìè è ñïðîåêòèðîâàíî ðàáî÷åå êîëåñî ãàçîîòñàñûâàþùåãî 
âåíòèëÿòîðà ÂÖÃ-7À ñ âèõðåâûìè êàìåðàìè íà âûõîäíûõ ó÷àñòêàõ åãî ëî-
ïàòîê, èìåþùåãî íîìèíàëüíîå ñòàòè÷åñêîå äàâëåíèå íà 25% âûøå äàâëå-
íèÿ âåíòèëÿòîðà ÂÖÃ-7Ì ïðè ñîõðàíåíèè ìàêñèìàëüíîãî ê.ï.ä. 
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APERTURE ANGLE OF THE EQUIVALENT FAN DIFFUSER FOR THE RADIAL  
IMPELLER BLADE CHANNEL  
 
Makarov N.V., PhD Eng, Professor, Assistant, Chair of Mining Mechanical Engineering,  
Ural State Mining University  
 

 
 

The whirlwind-sourses modelling as system of the distributed drains, has allowed to specify the formula for 
calculation of a disclosing corner equivalent diffusor between-blades channel of the driving wheel centrifugal 
fan f. It is proved, that decrease in an effective corner of the disclosing caused by interaction high-energy 
stream whirlwind-sourses with the basic current in diffusor on an exit from it. It allows to increase a disclosing 
corner between-blades the driving wheel channel, keeping thus a continuous flow and as result, the pressure 
developed by the fan is essential to raise. 

The analyzed method of the equivalent diffuser shows losses in blade channel only under throttable opera-
tional mode of fan, when the impinging angle exceeds its optimum value.  

Based on the equivalent diffuser calculation procedure, the radial aerodynamic configuration 
Ts145-20 with integrated vorticity sources has been synthesized, and the gas suction fan VTsG-7A 
impeller with vortex chambers at lips of the fan blades has been designed. The static fan pressure of 
VTsG-7A is 25% higher than the fan VTsG-7M has at the same maximum efficiency.  

Key words: equivalent diffuser, disclosing corner, circulation, effective area, vortical chamber. 
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