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ВПЛИВ ПАРАМЕТРІВ СПІВВІСНОГО 
ГВИНТОВЕНТИЛЯТОРА НА АКУСТИЧНУ ЕМІСІЮ

Òóðáîãâèíòîâåíòèëÿòîðí³ äâèãóíè ìàþòü âèñîêó åêîíîì³÷í³ñòü ïðè äîçâóêîâèõ 
øâèäêîñòÿõ ïîëüîòó, îäíàê îäíà ³ç àêòóàëüíèõ ïðîáëåì öèõ äâèãóí³â – âèñîêèé ð³âåíü 
øóìó ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà. Áàãàòüìà äîñë³äíèêàìè áóëî äîâåäåíî, ùî ïà-
ðàìåòðè îäíîðÿäíèõ ãâèíò³â ìàþòü ñóòòºâèé âïëèâ íà àêóñòè÷íó åì³ñ³þ. Ïîêàçàíî, 
ùî çì³íþþ÷è ôîðìó ëîïàòåé, ä³àìåòð, ÷àñòîòó îáåðòàííÿ, ê³ëüê³ñòü ëîïàòåé ìîæíà 
çàáåçïå÷èòè çìåíøåííÿ àêóñòè÷íî¿ åì³ñ³¿ îäíîðÿäíèõ ãâèíò³â. Îäíàê äëÿ ñï³ââ³ñíèõ 
ãâèíòîâåíòèëÿòîð³â ö³ ïèòàííÿ çàëèøàþòüñÿ äî ê³íöÿ íå äîñë³äæåíèìè. Ìåòîþ ðî-
áîòè º îö³íêà âïëèâó ê³ëüêîñò³ ëîïàòåé íà àêóñòè÷íó åì³ñ³þ ñï³ââ³ñíîãî ãâèíòîâåí-
òèëÿòîðà. Ó ðîáîò³ ïðîâåäåíî äîñë³äæåííÿ çì³íè ð³âíÿ àêóñòè÷íîãî òèñêó ÷îòèðüîõ 
ìîäèô³êîâàíèõ ãâèíòîâåíòèëÿòîð³â. Ïîòóæí³ñòü ãâèíòîâåíòèëÿòîð³â º íåçì³ííîþ. 
Ê³ëüê³ñòü ëîïàòåé ïåðøîãî ðÿäó ãâèíòîâåíòèëÿòîðà çá³ëüøåíî â³ä 8 äî 10 ...12, äðóãîãî 
– â³ä 6 äî 8...12. ×àñòîòó îáåðòàííÿ çìåíøåíî íà 7,17 ...12,5%, â³äíîøåííÿ ä³àìåòð³â 
äðóãîãî ³ ïåðøîãî ðÿä³â ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà çìåíøåíî äî 0,987 ...0,942. 
Äîñë³äæåííÿ âèêîíàíî çà äîïîìîãîþ ÷èñåëüíîãî åêñïåðèìåíòó. Äëÿ çàìèêàííÿ îñåðåä-
íåíèõ çà Ðåéíîëüäñîì ð³âíÿíü Íàâ'º-Ñòîêñà âèêîðèñòîâóâàëàñü ìîäåëü òóðáóëåíòíîñò³ 
SST Gamma Theta Transitional. Ðîçðàõóíêîâà ñòðóêòóðîâàíà ãåêñàåäðàëüíà ñ³òêà ç 
àäàïòàö³ºþ ïîãðàíè÷íîãî øàðó ñêëàäàëàñü ç 20 ìëí. êîì³ðîê. Ãàçîäèíàì³÷íèé ðîçðàõó-
íîê òå÷³¿ ïîêàçàâ, çá³ëüøåííÿ ê³ëüêîñò³ ëîïàòåé ïåðøîãî ðÿäó ç 8 äî 12 ïðèâîäèòü äî 
çìåíøåííÿ ð³âíÿ íåð³âíîì³ðíîñò³ ïîòîêó íà âõîä³ â äðóãèé ðÿä ãâèíòîâåíòèëÿòîðà, ùî 
ïîçèòèâíî âïëèâàº íà àåðîäèíàì³÷í³ äæåðåëà óòâîðåííÿ øóìó. Îòðèìàí³ ðåçóëüòàòè 
ñâ³ä÷àòü, ùî ðîçðàõîâàíèé ìîäèô³êîâàíèé âàð³àíò ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà, 
ùî ìàº 12 ëîïàòåé ïåðøîãî ðÿäó òà 12 ëîïàòåé äðóãîãî ðÿäó, ÷àñòîòó îáåðòàííÿ 
743,76 îá/õâ., â³äíîøåííÿ ä³àìåòð³â äðóãîãî ³ ïåðøîãî ðÿä³â ñï³ââ³ñíîãî ãâèíòîâåíòè-
ëÿòîðà 0,942 äîçâîëÿº ïîêðàùèòè àêóñòè÷í³ õàðàêòåðèñòèêè ãâèíòîâåíòèëÿòîðà â 
äæåðåë³ íà 4 äÁ â³äíîñíî áàçîâîãî âàð³àíòó, ùî â ñâîþ ÷åðãó âïëèâàº íà øóì ñèëîâî¿ 
óñòàíîâêè ³ ë³òàêà. Ïðè öüîìó òÿãîâ³ õàðàêòåðèñòèêè ãâèíòîâåíòèëÿòîðà çàëèøàþòüñÿ 
íåçì³ííèìè.

Êëþ÷îâ³ ñëîâà: àêóñòè÷íà åì³ñ³ÿ, ð³âåíü àêóñòè÷íîãî òèñêó, ñï³ââ³ñíèé ãâèíòîâåíòè-
ëÿòîð, ëîïàòü, ÷àñòîòà îáåðòàííÿ, ä³àìåòð, ÷èñåëüíèé åêñïåðèìåíò.

âèõðîâîãî øóìó. Êð³ì öüîãî, âèõðîâà çàâ³ñà çà 
ïåðøèì ðÿäàì ãâèíòîâåíòèëÿòîðà º âõ³äíîþ 
òóðáóëåíòí³ñòþ â äðóãèé ðÿä ãâèíòîâåíòèëÿòîðà. 
Â äàíîìó âèïàäêó ìîæíà âèä³ëèòè îêðåìó ñêëà-
äîâó – øóì âçàºìîä³¿ ïåðøîãî ³ äðóãîãî ðÿä³â 
ãâèíòîâåíòèëÿòîðà. Àêóñòè÷íà åì³ñ³ÿ íîñèòü 
íåñòàö³îíàðíèé ³ ïåð³îäè÷íèé õàðàêòåð [1].

Ó ðîáîò³ [2] ïîêàçàíî, ùî íàâ³òü äëÿ îäíî-
ðÿäíîãî ãâèíòà õâèëåïîä³áíà âèõ³äíà êðîì-
êà äîçâîëÿº çíèçèòè ð³âåíü øóìó ãâèíòà. 
Äîñë³äæåííÿ [3] ïîêàçàëè ìîæëèâ³ñòü çíè-
æåííÿ äèñêðåòíèõ êîìïîíåíò â³äïîâ³äíèì 
âèáîðîì â³äíîøåííÿ ê³ëüêîñò³ ëîïàòåé îäíî-
ðÿäíîãî ãâèíòà. Ó ðîáîò³ [4] ïîêàçàíî, ùî 
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ïðè çá³ëüøåíí³ ê³ëüêîñò³ ëîïàòåé îäíîðÿäíîãî 
ãâèíòà â³ä 3 äî 8 â ä³àïàçîí³ ÷èñåë Ìàõó â³ä 0,4 
äî 1 ð³âåíü çâóêîâîãî òèñêó çìåíøóºòüñÿ íà 
40 20 äÁ. Ó ðîáîòàõ [4,  5,  6] ïîêàçàíî,  ùî 
çìåíøåííÿ ä³àìåòðó äðóãîãî ðÿäó ãâèíòà äàº  
ìîæëèâ³ñòü çíèçèòè ð³âåíü øóìó,  îäíàê â ðîáîò³ 
ðîçãëÿäàâñÿ ìîäåëüíèé ãâèíòîâåíòèëÿòîð. Ó 
ðîáîò³ [6] çàçíà÷àºòüñÿ,  ùî äëÿ çàáåçïå÷åííÿ 
íåîáõ³äíî¿ ñèëè òÿãè ïðè çìåíøåíí³ ä³àìåòðó 
ëîïàòåé ¿õ ê³ëüê³ñòü íåîáõ³äíî çá³ëüøóâàòè. 

Áàãàòüìà äîñë³äíèêàìè áóëî äîâåäåíî,  ùî 
ïàðàìåòðè îäíîðÿäíèõ ãâèíò³â ìàþòü ñóòòºâèé 
âïëèâ íà àêóñòè÷íó åì³ñ³þ. Òàê,  ó ðîáîòàõ 
[2-6] ïîêàçàíî,  ùî çì³íþþ÷è ôîðìó ëîïàòåé,  
ä³àìåòð,  ÷àñòîòó îáåðòàííÿ,  ê³ëüê³ñòü ëîïàòåé 
ìîæëèâî çàáåçïå÷èòè çìåíøåííÿ àêóñòè÷íî¿ 
åì³ñ³¿ îäíîðÿäíèõ ãâèíò³â. Îäíàê äëÿ ñï³ââ³ñíèõ 
ãâèíòîâåíòèëÿòîð³â ö³ ïèòàííÿ çàëèøàþòüñÿ äî 
ê³íöÿ íå äîñë³äæåíèìè.

Ìåòîþ ðîáîòè º  îö³íêà âïëèâó ê³ëüêîñò³ 
ëîïàòåé íà àêóñòè÷íó åì³ñ³þ ñï³ââ³ñíîãî ãâèí-
òîâåíòèëÿòîðà.

1. Ïîñòàíîâêà çàäà÷³

Áàçîâèé âàð³àíò ñï³ââ³ñíîãî ãâèíòîâåíòèëÿ-
òîðà ìàº  8 ëîïàòåé ïåðøîãî ðÿäó ³ 6 ëîïàòåé 
äðóãîãî ðÿäó,  ÷àñòîòó îáåðòàííÿ – 850 îá/õâ,  
ê³íöåâèé ä³àìåòð ëîïàòåé ïåðøîãî ³ äðóãîãî 
ðÿäó äîð³âíþº  4500 ìì.

Ïðîâåäåíî ïîïåðåäí³ òåîðåòè÷í³ ðîçðàõóíêè 
ùîäî çì³íè ïàðàìåòð³â ñï³ââ³ñíîãî ãâèíòî-
âåíòèëÿòîðà ïðè çá³ëüøåíí³ ëîïàòåé ïåðøîãî 
ðÿäó ç 8 äî 12 ³ äðóãîãî ç 6 äî 12 ïðè óìîâ³ 
N1 = const,  N2 = const ³ N = const.

Ð³âíÿííÿ äëÿ âèçíà÷åííÿ ïîòóæíîñò³ ïåð-
øîãî ðÿäó ãâèíòîâåíòèëÿòîðà çàïèñóºòüñÿ íà-
ñòóïíèì ÷èíîì [7]:

 
,  

äå  – ñóìàðíèé êîåô³ö³ºíò ïîòóæíîñò³ ïåð-
øîãî ðÿäó ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà,  

 – ê³ëüê³ñòü ëîïàòåé ïåðøîãî ðÿäó ãâèí-
òîâåíòèëÿòîðà,  

 – ãóñòèíà ïîâ³òðÿ,   

 – ÷àñòîòà îáåðòàííÿ ïåðøîãî ðÿäó 
ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà,  

 – ïåðèôåð³éíèé ä³àìåòð ïåðøîãî ðÿäó 
ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà.

Ð³âíÿííÿ äëÿ âèçíà÷åííÿ ïîòóæíîñò³ äðóãîãî 
ðÿäó ãâèíòîâåíòèëÿòîðà çàïèñóºòüñÿ íàñòóïíèì 
÷èíîì [7]:

 
,  

äå  – ñóìàðíèé êîåô³ö³ºíò ïîòóæíîñò³ 
äðóãîãî ðÿäó ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà,  

 – ê³ëüê³ñòü ëîïàòåé äðóãîãî ðÿäó ãâèíòîâåí-

òèëÿòîðà,   – ãóñòèíà ïîâ³òðÿ,    – ÷àñòîòà 
îáåðòàííÿ äðóãîãî ðÿäó ñï³ââ³ñíîãî ãâèíòîâåí-

òèëÿòîðà,   – ïåðèôåð³éíèé ä³àìåòð äðóãîãî 
ðÿäó ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà.

Çàäàþ÷è çíà÷åííÿ  ³  ïðè óìîâ³ 
N1=const,  N2=const ³ N=const,  áóëè îòðèìàí³ 
4 ìîäèô³êîâàíèõ âàð ³àíòè ñï³ââ ³ ñíèõ 
ãâèíòîâåíòèëÿòîð³â (òàáë. 1).

Òàáëèöÿ 1. Ïàðàìåòðè ìîäèô³êîâàíèõ 
ãâèíòîâåíòèëÿòîð³â
               Íîìåð
                 âàð³àíòó
Ïàðàìåòð

¹1 ¹2 ¹3 ¹4

,  îá/õâ 789,072 789,072 743,76 743,76

,  øò. 10 10 12 12

,  øò. 8 10 10 12

0,987 0,942 0,987 0,942

Ðîçðàõóíîê òå÷³¿ âèêîíóâàâñÿ çà äîïî-
ìîãîþ îñåðåäíåíèõ çà Ðåéíîëüäñîì ð³âíÿíü 
Íàâ'º-Ñòîêñà, ùî çàìèêàëèñÿ ìîäåëëþ 
òóðáóëåíòíîñò³ SST Gamma Theta Transitional 
[8]. Ð³øåííÿ äèôåðåíö³àëüíèõ ð³âíÿíü, ùî 
îïèñóþòü ãàçîäèíàì³÷í³ ïðîöåñè ìåòîäîì 
ê³íöåâèõ îá’ºì³â, âèìàãàº ðîçáèòòÿ ðîçðà-
õóíêîâîãî îá’ºìó íà åëåìåíòàðí³ åëåìåíòè. 
Ïîøóê ð³øåííÿ â³äáóâàºòüñÿ â ïåâíèõ òî÷êàõ 
îá’ºìó - âóçëàõ. Ñóêóïí³ñòü âóçë³â óòâîðþº 
ðîçðàõóíêîâó ñ³òêó. Âñÿ äîñë³äæóâàíà îáëàñòü 
ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà ç ìåòîþ çàáåç-
ïå÷åííÿ êîðåêòíîãî ìîäåëþâàííÿ îáò³êàííÿ 
ïåðøîãî ³ äðóãîãî ðÿäó ãâèíòîâåíòèëÿòîðà ³ 
íåîáõ³äí³ñòþ âðàõóâàòè âïëèâ ïîâ³òðîçá³ðíèêà 
äâèãóíà íà ïàðàìåòðè çà ãâèíòîâåíòèëÿòîðîì, 
áóëà ðîçïîä³ëåíà íà ÷îòèðè ï³ä îáëàñò³:

- çîâí³øíÿ;
- êàíàë ïîâ³òðîçá³ðíèêà;
- ïåðøèé ðÿä ãâèíòîâåíòèëÿòîðà;
- äðóãèé ðÿä ãâèíòîâåíòèëÿòîðà.
Ó âñ³õ ÷îòèðüîõ ï³äîáëàñòÿõ áóëà ïîáóäîâàíà 

ñòðóêòóðîâàíà ãåêñàåäðàëüíà ñ³òêà ç àäàïòàö³ºþ 
ïîãðàíè÷íîãî øàðó ≈ 20 ìëí. êîì³ðîê. 

Íà ðèñ. 1 çîáðàæåíî ôðàãìåíòè ïîáóäîâàíî¿ 
ðîçðàõóíêîâî¿ ñ³òêè.

Ó ì³ñöÿõ ðîçðàõóíêîâî¿ îáëàñò³, â ÿêèõ 
ïåðåäáà÷àºòüñÿ âèíèêíåííÿ ñèëüíèõ ãðàä³ºíò³â 
îá÷èñëþâàíèõ çì³ííèõ, ðîçðàõóíêîâà ñ³òêà 
ïîâèííà ìàòè â³äïîâ³äíå çãóùåííÿ äëÿ îòðè-
ìàííÿ àäåêâàòíîãî ð³øåííÿ. Äî òàêèõ ì³ñöü 
â³äíîñÿòüñÿ îáëàñò³, â ÿêèõ ìàº ì³ñöå ñóòòºâèé 
ïîãðàíè÷íèé øàð. Ïðè ñòâîðåíí³ ñ³òêè äëÿ âñ³õ 
÷îòèðüîõ ï³äîáëàñòåé ïî÷àòêîâà âèñîòà êîì³ðîê 
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ó ñò³íêè ñêëàëà 0,01 ìì. Çíà÷åííÿ áåçðîçì³ðíî¿ 
êîîðäèíàòè ïåðøîãî ïðèñò³ííîãî âóçëà ó+ íå 
ïåðåâèùóâàëî 1,0.

Äëÿ ìîäåëþâàííÿ òå÷³¿ îáðàíî ðîçðàõóíêîâó 
ñõåìó äðóãîãî ïîðÿäêó ç ëîêàëüíèì âèêîðèñòàí-
íÿì ðîçðàõóíêîâî¿ ñõåìè ïåðøîãî ïîðÿäêó.

Çã³äíî ç îòðèìàíèìè ïàðàìåòðàìè ñï³ââ³ñíîãî 
ãâèíòîâåíòèëÿòîðà áóëî ïîáóäîâàíî òâåðäîò³ëüí³ 
3D  ìîäåë³ ç ðîçðîáëåíèõ ìîäèô³êîâàíèõ 
ñï³ââ³ñíèõ ãâèíòîâåíòèëÿòîð³â (ðèñ. 2).

Ðèñ. 1. Ôðàãìåíòè ïîáóäîâàíî¿ ðîçðàõóíêîâî¿ ñ³òêè

Ðèñ. 2. 3D Mîäåë³ ðîçðîáëåíèõ ìîäèô³êîâàíèõ ñï³ââ³ñíèõ 
ãâèíòîâåíòèëÿòîð³â

Ð³âåíü àêóñòè÷íîãî òèñêó ðîçðàõîâóâàâñÿ çà 
ôîðìóëîþ [4]:

 L=20 lg(P/P0),  

äå P  – çâóêîâèé òèñê,  P0 = 2∙10-5 Ïà – âåëè÷èíà 
ïîðîãîâîãî çâóêîâîãî òèñêó.

2. Äîñë³äæåííÿ âïëèâó ïàðàìåòð³â ñï³ââ³ñíîãî 
ãâèíòîâåíòèëÿòîðà íà àêóñòè÷íó åì³ñ³þ

Çà ðåçóëüòàòàìè ãàçîäèíàì³÷íèõ ðîçðàõóíê³â 
áóëî îòðèìàíî ð³âåíü àêóñòè÷íîãî òèñêó 
äîñë³äæóâàíèõ ìîäèô³êîâàíèõ ñï³ââ³ñíèõ 
ãâèíòîâåíòèëÿòîð³â.

Ïðîàíàë³çóºìî ÿê çì³íþâàâñÿ ð³âåíü àêó-
ñòè÷íîãî òèñêó îêðåìî â ïåðøîìó ³ äðóãîìó 
ðÿä³ ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà.

Íà ðèñ.3 ïðåäñòàâëåíî çàëåæí³ñòü çì³íè 
ð³âíÿ àêóñòè÷íîãî òèñêó L∆  ïåðøîãî ðÿäó 
ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà â³äíîñíî áà-
çîâîãî âàð³àíòó â³ä ê³ëüêîñò³ ëîïàòåé ïåðøîãî 
ðÿäó äëÿ âñ³õ äîñë³äæóâàíèõ ìîäèô³êîâàíèõ 
ãâèíòîâåíòèëÿòîð³â.

Ðèñ. 3. Çàëåæí³ñòü çì³íè ð³âíÿ àêóñòè÷íîãî òèñêó L∆  
ïåðøîãî ðÿäó ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà â³äíîñíî 
áàçîâîãî âàð³àíòó â³ä ê³ëüêîñò³ ëîïàòåé ïåðøîãî ðÿäó

Àíàë³ç îòðèìàíèõ ðåçóëüòàò³â ïîêàçóº, ùî 
ïðè çá³ëüøåíí³ ê³ëüêîñò³ ëîïàòåé ïåðøîãî 
ðÿäó â³ä 8 äî 12 ð³âåíü àêóñòè÷íîãî òèñêó 
çìåíøóºòüñÿ íà â³ä 1 äî 3,2 äÁ. Íàéêðàùèé 
åôåêò ñïîñòåð³ãàºòüñÿ äëÿ ìîäèô³êàö³¿ ãâèíòî-
âåíòèëÿòîðà ïðè ìàêñèìàëüí³é ê³ëüêîñò³ ëîïà-

òåé 1z = 12. Âðàõîâóþ÷è, ùî â ìîäèô³êîâàíèõ 
âàð³àíòàõ ãâèíòîâåíòèëÿòîð³â ÷àñòîòó îáåðòàí-
íÿ çìåíøåíî â ïîð³âíÿíí³ ç áàçîâèì âàð³àíòîì, 
òî åôåêò â³ä çì³íè ð³âíÿ øóìó òàêîæ ïîâ’ÿçàíî 
ç³ çì³íîþ ÷àñòîòè îáåðòàííÿ. Îäíàê ðåçóëüòàòè 
îòðèìàí³ äëÿ îäíàêîâî¿ ÷àñòîòè ïîêàçóþòü, ùî 
ïðè çá³ëüøåí³é ê³ëüêîñò³ ëîïàòîê º òåíäåíö³ÿ 
çìåíøåííÿ øóìó.

Íà ðèñ. 4 ïðåäñòàâëåíî çàëåæí³ñòü çì³íè 
ð³âíÿ àêóñòè÷íîãî òèñêó L∆  äðóãîãî ðÿäó 
ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà â³äíîñíî áà-
çîâîãî âàð³àíòó â³ä ê³ëüêîñò³ ëîïàòåé äðóãîãî 
ðÿäó äëÿ âñ³õ äîñë³äæóâàíèõ ìîäèô³êîâàíèõ 
ãâèíòîâåíòèëÿòîð³â.

Ðèñ. 4. Çàëåæí³ñòü çì³íè ð³âíÿ àêóñòè÷íîãî òèñêó L∆  
äðóãîãî ðÿäó ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà â³äíîñíî 
áàçîâîãî âàð³àíòó â³ä ê³ëüêîñò³ ëîïàòåé äðóãîãî ðÿäó



Òåîðèÿ è  ðàáî÷èå ïðîöåññû

               ISSN 1727-0219     Âåñòíèê äâèãàòåëåñòðîåíèÿ ¹ 2/2019 – 27 –

Ïðè çá³ëüøåíí³ ê³ëüêîñò³ ëîïàòåé äðóãîãî 
ðÿäó ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà â³ä 6 äî 
12 â³äáóâàºòüñÿ çíèæåííÿ ð³âíÿ àêóñòè÷íîãî 
òèñêó â³ä 1,7 äî 4,3 äÁ. ×àñòêîâî öå ïîâ’ÿçàíî ç³ 
çìåíøåííÿì ÷àñòîòè îáåðòàííÿ ç 850 îá/õâ äî 
789,072 ...743,76 îá/õâ., à òàêîæ ç³ çìåíøåííÿì 
â³äíîøåííÿ ä³àìåòð³â äðóãîãî ³ ïåðøîãî ðÿä³â 

ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà D =0,987 ...0,942. 
Ïðè çàñòîñóâàíí³ ìàêñèìàëüíî¿ ê³ëüêîñò³ 

ëîïàòåé 2z = 12 ìàº ì³ñöå íàéá³ëüøèé åôåêò 
çíèæåííÿ àêóñòè÷íî¿ åì³ñ³¿. Ö³êàâî, ùî ïðè 
îäíàêîâ³é ê³ëüêîñò³ ëîïàòåé äðóãîãî ðÿäó 

2z = 10, àëå ïðè ð³çí³é ÷àñòîò³ îáåðòàííÿ ³ 
ð³çíèõ ñï³ââ³äíîøåííÿõ ä³àìåòðó, êðàù³ ïî-
êàçíèêè ìàº âàð³àíò, ó ÿêîãî ÷àñòîòà îáå-
ðòàííÿ íàéìåíøà, íåçâàæàþ÷è íà òå, ùî 

ñï³ââ³äíîøåííÿ ä³àìåòðó á³ëüøå D = 0,987, 
àëå òàêîæ òðåáà áðàòè äî óâàãè, ùî ê³ëüê³ñòü 
ëîïàòåé ïåðøîãî ðÿäó ð³çíà (10 ³ 12). Ñë³ä 
â³äì³òèòè, ùî ïðè çá³ëüøåí³é ê³ëüêîñò³ ëîïà-

òåé ïåðøîãî ðÿäó ãâèíòîâåíòèëÿòîðà  1z = 12 
â³äáóâàºòüñÿ çì³íà îáò³êàííÿ íà âõîä³ â äðóãèé 
ðÿä ãâèíòà, ùî ïîçèòèâíî âïëèâàº íà øóì 
âçàºìîä³¿ ïåðøîãî ³ äðóãîãî ðÿäó ñï³ââ³ñíîãî 
ãâèíòîâåíòèëÿòîðà.

Íà ðèñ. 5 ïðåäñòàâëåíî çì³íó ð³âíÿ àêó-
ñòè÷íîãî òèñêó L∆  ñï³ââ³ñíîãî ãâèíòî-
âåíòèëÿòîðà â³äíîñíî áàçîâîãî âàð³àíòó 
äëÿ âñ³õ äîñë³äæóâàíèõ ìîäèô³êîâàíèõ 
ãâèíòîâåíòèëÿòîð³â.

Ðèñ. 5. Çì³íà ð³âíÿ àêóñòè÷íîãî òèñêó L∆  ñï³ââ³ñíîãî 
ãâèíòîâåíòèëÿòîðà â³äíîñíî áàçîâîãî âàð³àíòó äëÿ âñ³õ 

äîñë³äæóâàíèõ ìîäèô³êîâàíèõ ãâèíòîâåíòèëÿòîð³â

Ïðåäñòàâëåí³ ðåçóëüòàòè ïîêàçóþòü, ùî 
çá³ëüøåííÿ ëîïàòåé ïåðøîãî ðÿäó ç 8 äî 12 
³ çá³ëüøåííÿ ëîïàòåé äðóãîãî ðÿäó ç 6 äî 12, 
çìåíøåííÿ ÷àñòîòè îáåðòàííÿ ç 850 îá/õâ äî 
789,072 ...743,76 îá/õâ., çìåíøåííÿ â³äíîøåííÿ 
ä³àìåòð³â äðóãîãî ³ ïåðøîãî ðÿä³â ñï³ââ³ñíîãî 

ãâèíòîâåíòèëÿòîðà D = 0,987... 0,942 ïðèâîäèòü 
äî çìåíøåííÿ ð³âíÿ àêóñòè÷íîãî òèñêó íà 
1,5 4 äÁ. Ñåðåä äîñë³äæóâàíèõ âàð³àíò³â 
íàéá³ëüø åôåêòèâíèì ç òî÷êè çîðó çíè-
æåííÿ àêóñòè÷íî¿ åì³ñ³¿ â äæåðåë³ º âàð³àíò 

¹4 (çìåíøåííÿ ð³âíÿ àêóñòè÷íîãî òèñêó íà 

4 äÁ), ùî ìàº ÷àñòîòó îáåðòàííÿ 1 2n n= = 
743,76 îá/õâ., ê³ëüê³ñòü ëîïàòåé ïåðøîãî ðÿäó 

1z = 12, ê³ëüê³ñòü ëîïàòåé äðóãîãî ðÿäó 2z = 12, 
â³äíîøåííÿ ä³àìåòð³â äðóãîãî ³ ïåðøîãî ðÿä³â 

ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà D = 0,942.
Ðåçóëüòàòè ïîïåðåäí³õ äîñë³äæåíü ïîêàçàëè, 

ùî ð³âåíü çâóêîâîãî òèñêó, ùî ãåíåðóº äðóãèé 
ðÿä ñï³ââ³ñíîãî ãâèíòîâåíòèëÿòîðà âèùå, í³æ 
ð³âåíü çâóêîâîãî òèñêó ïåðøîãî ðÿäó ãâèí-
òà. Îäíà ç ïðè÷èí öüîãî ÿâèùà º êîëîâà òà 
ðàä³àëüíà íåð³âíîì³ðí³ñòü íà âõîä³ ó äðóãèé 
ðÿä ãâèíòà, ÿêó ñòâîðþº àåðîäèíàì³÷íèé ñë³ä 
çà ïåðøèì ðÿäîì ãâèíòà [8].

Ïðîàíàë³çóºìî, ÿê ÿê³ñíî çì³íèâñÿ ð³âåíü 
íåð³âíîì³ðíîñò³ ïîòîêó çà ïåðøèì ðÿäîì âåí-
òèëÿòîðà íà âõîä³ ó äðóãèé ðÿä ãâèíòîâåíòèëÿ-
òîðà. Íà ðèñ. 6 ïðåäñòàâëåíî ðîçïîä³ëåííÿ ïîëÿ 
øâèäêîñò³ íà âõîä³ ó äðóãèé ðÿä ãâèíòîâåíòè-
ëÿòîðà äëÿ âñ³õ äîñë³äæóâàíèõ ìîäèô³êîâàíèõ 
âàð³àíò³â ãâèíòîâåíòèëÿòîðà.

à - ê³ëüê³ñòü ëîïàòåé ïåðøîãî ðÿäó 1z = 8

á - ê³ëüê³ñòü ëîïàòåé ïåðøîãî ðÿäó 1z = 10

â - ê³ëüê³ñòü ëîïàòåé ïåðøîãî ðÿäó 1z = 12

Ðèñ. 6. Ðîçïîä³ëåííÿ ïîëÿ øâèäêîñò³ íà âõîä³ 
ó äðóãèé ðÿä ãâèíòîâåíòèëÿòîðà
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Àíàë³ç â³çóàë³çàö³¿ ïîë³â øâèäêîñò³ áàçîâîãî 
âàð³àíòó ãâèíòîâåíòèëÿòîðà ç ê³ëüê³ñòþ ëîïà-

òåé ïåðøîãî ðÿäó = 8 (ðèñ.6, à) ïîêàçóº, ùî 
íà âõîä³ ó äðóãèé ðÿä ãâèíòîâåíòèëÿòîðà äëÿ 
êîæíî¿ ëîïàò³ ïðèñóòí³ òðè õàðàêòåðí³ îáëàñò³ 
íåð³âíîì³ðíîñò³ ïîòîêó: îáëàñòü I – çîíà íóëüî-
âèõ øâèäêîñòåé  íàä ëîïàòòþ ãâèíòîâåíòèëÿòî-
ðà, îáëàñòü II – çîíà ï³äâèùåíèõ øâèäêîñòåé ó 
ïåðèôåð³éí³é ÷àñòèí³ ëîïàò³, îáëàñòü III – çîíà 
ïîíèæåíèõ øâèäêîñòåé ó ïðèâòóëêîâ³é ÷àñòèí³ 
ëîïàò³. Çá³ëüøåííÿ ê³ëüêîñò³ ëîïàòåé ïðèçâåëî 
äî ïåðåðîçïîä³ëó ïîëÿ øâèäêîñò³ íà âõîä³ ó 
äðóãèé ðÿä ãâèíòîâåíòèëÿòîðà. 

Ïðè çá³ëüøåííÿ ê³ëüêîñò³ ëîïàòåé ïåðøîãî 

ðÿäó äî = 10 îáëàñòü íóëüîâèõ øâèäêîñòåé 
íàä ëîïàòòþ ñóòòºâî çìåíøóºòüñÿ,  â îáëàñò³ 
ï³äâèùåíèõ ÷àñòîò øâèäê³ñòü çìåíøóºòüñÿ 
äî 230-240 ì/ñ,  îáëàñòü ïîíèæåíèõ øâèäêî-
ñòåé á³ëÿ âòóëêè ëîïàò³ çàëèøàºòüñÿ ìàéæå 
íåçì³ííîþ. 

Ïðè çá³ëüøåííÿ ê³ëüêîñò³ ëîïàòåé ïåðøîãî 

ðÿäó äî = 12 îáëàñòü íóëüîâèõ øâèäêî-
ñòåé íàä ëîïàòòþ çìåíøóºòüñÿ â ïîð³âíÿíí³ 

ç âàð³àíòîì  ãâèíòîâåíòèëÿòîðà ç = 10. Â 
îáëàñò³ II â³äáóâàºòüñÿ âèð³âíþâàííÿ øâèäêî-
ñòåé ³ øâèäê³ñòü çìåíøóºòüñÿ â³ä 250 ì/ñ äëÿ 

= 1 äî 210… 200 ì/ñ. Îáëàñòü III â ÿê³ñíîìó 
â³äíîøåíí³ ìàéæå íå çì³íþºòüñÿ. 

Òàêèì ÷èíîì,  çá³ëüøåííÿ ê³ëüêîñò³ ëîïàòåé 
ïåðøîãî ðÿäó ç 8 äî 12 ïðèâîäèòü äî çìåíøåííÿ 
ð³âíÿ íåð³âíîì³ðíîñò³ ïîòîêó íà âõîä³ â äðóãèé 
ðÿä ãâèíòîâåíòèëÿòîðà,  ùî ïîçèòèâíî âïëèâàº  
íà àåðîäèíàì³÷í³ äæåðåëà óòâîðåííÿ øóìó.

Ìîæíà çðîáèòè âèñíîâîê,  ùî ðîçðîáëåíèé 
ìîäèô³êîâàíèé âàð³àíò ñï³ââ³ñíîãî ãâèíòîâåí-
òèëÿòîðà,  ÿêèé ìàº  12 ëîïàòåé ïåðøîãî ðÿäó,  
12 ëîïàòåé äðóãîãî ðÿäó,  ÷àñòîòó îáåðòàííÿ 

=743,76 îá/õâ.,  â³äíîøåííÿ ä³àìåòð³â 
äðóãîãî ³ ïåðøîãî ðÿä³â ñï³ââ³ñíîãî ãâèíòî-

âåíòèëÿòîðà = 0,942 äîçâîëÿº  ïîêðàùèòè 
àêóñòè÷í³ õàðàêòåðèñòèêè ãâèíòîâåíòèëÿòîðà 
â äæåðåë³ íà 4 äÁ,  ùî â ñâîþ ÷åðãó âïëèâàº  
íà øóì ñèëîâî¿ óñòàíîâêè ³ ë³òàêà. Ïðè öüîìó 
òÿãîâ³ õàðàêòåðèñòèêè ãâèíòîâåíòèëÿòîðà çà-
ëèøàþòüñÿ íåçì³ííèìè.

Âèñíîâîê

Â ðîáîò³ ïðåäñòàâëåíî ðåçóëüòàòè äîñë³äæåííÿ 
àêóñòè÷íî¿ åì³ñ³¿ ñï³ââ³ñíèõ ãâèíòîâåíòèëÿòîð³â 
ïðè çá³ëüøåíí³ ê³ëüêîñò³ ëîïàòåé ïåðøîãî ³ 
äðóãîãî ðÿäó. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü, ùî 
ðîçðàõîâàíèé ìîäèô³êîâàíèé âàð³àíò ñï³ââ³ñíîãî 

ãâèíòîâåíòèëÿòîðà, ÿêèé ìàº 12 ëîïàòåé ïåðøîãî 
ðÿäó, 12 ëîïàòåé äðóãîãî ðÿäó, ÷àñòîòó îáåðòàííÿ 

= 743,76 îá/õâ., â³äíîøåííÿ ä³àìåòð³â äðó-
ãîãî ³ ïåðøîãî ðÿä³â ñï³ââ³ñíîãî ãâèíòîâåíòèëÿ-

òîðà = 0,942 äîçâîëÿº ïîêðàùèòè àêóñòè÷í³ 
õàðàêòåðèñòèêè ãâèíòîâåíòèëÿòîðà â äæåðåë³ 
íà 4 äÁ â³äíîñíî áàçîâîãî âàð³àíòó, ùî â ñâîþ 
÷åðãó âïëèâàº íà øóì ñèëîâî¿ óñòàíîâêè ³ 
ë³òàêà. Ïðè öüîìó òÿãîâ³ õàðàêòåðèñòèêè ãâèí-
òîâåíòèëÿòîðà çàëèøàþòüñÿ íåçì³ííèìè.
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Â. Þ. Óñåíêî, Å. Â. Äîðîøåíêî, Ì. Ì. Ìèòðàõîâè÷. Âëèÿíèå ïàðàìåòðîâ ñîîñíîãî 
âèíòîâåíòèëÿòîðà íà àêóñòè÷åñêóþ ýìèññèþ

Òóðáîâèíòîâåíòèëÿòîðíûå äâèãàòåëè èìåþò âûñîêóþ ýêîíîìè÷íîñòü ïðè äîçâóêîâûõ 
ñêîðîñòÿõ ïîëåòà, îäíàêî îäíà èç àêòóàëüíûõ ïðîáëåì ýòèõ äâèãàòåëåé – âûñîêèé óðî-
âåíü øóìà ñîîñíîãî âèíòîâåíòèëÿòîðà. Ìíîãèìè èññëåäîâàòåëÿìè áûëî äîêàçàíî, ÷òî 
ïàðàìåòðû îäíîðÿäíûõ âèíòîâ èìåþò ñóùåñòâåííîå âëèÿíèå íà àêóñòè÷åñêóþ ýìèññèþ. 
Ïîêàçàíî, ÷òî èçìåíÿÿ ôîðìó ëîïàñòåé, äèàìåòð, ÷àñòîòó âðàùåíèÿ, êîëè÷åñòâî ëîïà-
ñòåé ìîæíî îáåñïå÷èòü óìåíüøåíèå àêóñòè÷åñêîé ýìèññèè îäíîðÿäíûõ âèíòîâ. Îäíàêî 
äëÿ ñîîñíûõ âèíòîâåíòèëÿòîðîâ ýòè âîïðîñû îñòàþòñÿ äî êîíöà íå èññëåäîâàíû. Öåëüþ 
ðàáîòû ÿâëÿåòñÿ îöåíêà âëèÿíèÿ êîëè÷åñòâà ëîïàñòåé íà àêóñòè÷åñêóþ ýìèññèþ ñîîñíîãî 
ãâèíòîâåíòèëÿòîðà. Â ðàáîòå ïðîâîäèòñÿ èññëåäîâàíèå èçìåíåíèÿ óðîâíÿ àêóñòè÷åñêîãî 
äàâëåíèÿ ÷åòûðåõ ìîäèôèöèðîâàííûõ âèíòîâåíòèëÿòîðîâ. Ìîùíîñòü âèíòîâåíòèëÿòîðîâ 
îñòàåòñÿ íåèçìåííîé. Êîëè÷åñòâî ëîïàñòåé ïåðâîãî ðÿäà âèíòîâåíòèëÿòîðà óâåëè÷åíî 
îò 8 äî 10…12, âòîðîãî - îò 6 äî 8…12. ×àñòîòà âðàùåíèÿ óìåíüøèëàñü íà 7,17…12,5%, 
îòíîøåíèå äèàìåòðîâ âòîðîãî è ïåðâîãî ðÿäîâ ñîîñíîãî âèíòîâåíòèëÿòîðà óìåíüøåíî äî 
0,987…0,942. Èññëåäîâàíèå âûïîëíåíî ñ ïîìîùüþ ÷èñëåííîãî ýêñïåðèìåíòà. Äëÿ çàìûêà-
íèÿ îñðåäíåííûõ ïî Ðåéíîëüäñó óðàâíåíèé Íàâüå-Ñòîêñà èñïîëüçîâàëàñü ìîäåëü òóðáóëåíò-
íîñòè SST Gamma Theta Transitional. Ðàñ÷åòíàÿ ñòðóêòóðèðîâàííàÿ ãåêñàåäðàëüíà ñåòêà 
ñ àäàïòàöèåé ïîãðàíè÷íîãî ñëîÿ ñîñòîÿëà èç 20 ìëí. ÿ÷ååê. Ãàçîäèíàìè÷åñêèé ðàñ÷åò 
òå÷åíèÿ ïîêàçàë, ÷òî óâåëè÷åíèå êîëè÷åñòâà ëîïàñòåé ïåðâîãî ðÿäà ñ 8 äî 12 ïðèâîäèò ê 
óìåíüøåíèþ óðîâíÿ íåðàâíîìåðíîñòè ïîòîêà íà âõîäå âî âòîðîé ðÿä âèíòîâåíòèëÿòîðà, 
÷òî ïîëîæèòåëüíî âëèÿåò íà àýðîäèíàìè÷åñêèå èñòî÷íèêè îáðàçîâàíèÿ øóìà. Ïîëó÷åí-
íûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî èñïîëüçîâàíèå ðàññ÷èòàííîãî ìîäèôèöèðîâàííîão 
âàðèàíòà ñîîñíîãî âèíòîâåíòèëÿòîðà, êîòîðûé èìååò 12 ëîïàñòåé ïåðâîãî ðÿäà è 
12 ëîïàñòåé âòîðîãî ðÿäà, ÷àñòîòó âðàùåíèÿ 743,76 îá/ìèí., îòíîøåíèå äèàìåòðîâ 
âòîðîãî è ïåðâîãî ðÿäîâ ñîîñíîãî ãâèíòîâåíòèëÿòîðà 0,942 ïîçâîëÿåò óëó÷øèòü àêóñòè-
÷åñêèå õàðàêòåðèñòèêè âèíòîâåíòèëÿòîðà â èñòî÷íèêå íà 4 äÁ îòíîñèòåëüíî áàçîâîãî 
âàðèàíòà, ÷òî â ñâîþ î÷åðåäü âëèÿåò íà øóì ñèëîâîé óñòàíîâêè è ñàìîëåòà. Ïðè ýòîì 
òÿãîâûå õàðàêòåðèñòèêè âèíòîâåíòèëÿòîðà îñòàþòñÿ íåèçìåííûìè.

Êëþ÷åâûå ñëîâà: àêóñòè÷åñêàÿ ýìèññèÿ, óðîâåíü àêóñòè÷åñêîãî äàâëåíèÿ, ñîîñíûé 
âèíòîâåíòèëÿòîð, ëîïàñòü, ÷àñòîòà âðàùåíèÿ, äèàìåòð, ÷èñëåííûé ýêñïåðèìåíò.

V.Y. Usenko, E.V. Doroshenko, M.M. Mitrahovich. Effect of coaxial propfan parameters 
on acoustic emission

Turbopropfan engines (TPFE) has high profitability at subsonic flight speed. However, one of 
the issues for these engine is high noise level of coaxial propfan. Many researchers have proven 
that single-row propeller parameters has significant influence on acoustic emission. It has been 
shown, that it is possible to decrease acoustic emission of single-row propellers due to changing of 
blade shape, diameter, rotational speed, and number of blades. Meanwhile, current questions are 
not completely investigated for coaxial propfans. The purpose of work is impact assessment of 
number of blades on coaxial propfan acoustic emission. In the research the changing of acoustic 
pressure of four modified propfans is addressed. The power of propfans remains constant. The base 
propfan has 8 blades in the first row and 6 blades in the second row. The number of blades in 
the first row is increased from 8 to 10...12, and in the second row number of blades is increased 
from 6 to 8...12. PRM is decreased for 7.17...12.5%. The first and the second row diameter 
ration of coaxial propfan is decreased to 0.987...0.942. The research was conducted with a 
help of numerical experiment method. For the closure of the Reynolds-averaged Navier-Stokes 
equations the SST Gamma Theta Transitional turbulence model was used. Calculated structured 
hexahedral mesh adaptation of the boundary layer consisted of 20 million cells. The value of 
the dimensionless wall distance (y plus) did not exceed 1.0. Gas dynamic flow calculation has 
shown that increasing of the first row number of blades from 8 to 12 leads to a decrease in flow 
irregularity at the propfan second row entrance, which is a positive effect on the aerodynamic 
source of noise. The received results shows that use of calculated modified variant of coaxial 
propfan (with 12 blades in the first row and 12 blades in the second row, rotational speed is 
743.76, the coaxial propfan diameter ratio of the first and the second row is 0.942) allows to 
improve the propfan acoustic characteristics at the source by 4dB relative to the base variant, 
which in turn affects the noise of aircraft powerplant. At the same time, thrust characteristics of 
the propfan remains the same.

Keywords: acoustic emission, acoustic pressure level, coaxial propfan, blade, rotation frequency, 
diameter, numerical experiment.
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