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²íñòèòóò òåõí³÷íî¿ ìåõàí³êè Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè ³

Äåðæàâíîãî êîñì³÷íîãî àãåíòñòâà Óêðà¿íè, ì. Äí³ïðî, Óêðà¿íà

Îñòàííº äåñÿòèë³òòÿ øèðîêî äîñë³äæóºòüñÿ ïðîáëåìà ðåàë³çàö³¿ äåòîíàö³éíîãî ðå-
æèìó ãîð³ííÿ ïàëèâà â òåïëîâèõ äâèãóííèõ óñòàíîâêàõ. ²ñíóº ÷èìàëî ðîá³ò ç ôóí-
äàìåíòàëüíèõ ³ ïðèêëàäíèõ äîñë³äæåíü ïóëüñóþ÷î¿ äåòîíàö³¿. Òâåðäîïàëèâí³ äåòî-
íàö³éí³ äâèãóíè ìîæóòü êîðîòêî÷àñíî ðîçâèâàòè çíà÷í³ çóñèëëÿ ïðè ìàëèõ ìàñàõ
êîíñòðóêö³¿, à òîìó ³äåàëüíî ï³äõîäÿòü äëÿ äîïîì³æíèõ ñèñòåì â³äâåäåííÿ ÷àñòèí
ðàêåò, ùî â³ää³ëÿþòüñÿ. Îêð³ì òîãî äåòîíàö³éí³ ïðîöåñè ìîæíà âèêîðèñòîâóâàòè
äëÿ ñòâîðåííÿ êåðóþ÷èõ çóñèëü äëÿ êîðåêö³¿ òðàºêòîð³¿ ë³òàëüíèõ àïàðàò³â. Âñå öå
îáóìîâëþº àêòóàëüí³ñòü íàïðÿìêó ðîáîòè. Äëÿ äîñë³äæåííÿ äåòîíàö³éíèõ óñòàíî-
âîê íåîáõ³äíî ñòâîðþâàòè âèïðîáóâàëüí³ ñòåíäè, àëå ïðîåêòóâàííÿ âèïðîáóâàëü-
íèõ óñòàíîâîê – öå àêòóàëüíà ³ ñêëàäíà îïòèì³çàö³éíà çàäà÷à. Âèð³øèòè öþ çàäà÷ó
äîö³ëüíî çà äîïîìîãîþ êîìï’þòåðíîãî ìîäåëþâàííÿ. Â ³ñíóþ÷èõ åêñïåðèìåíòàëü-
íèõ ìåòîäèêàõ ïðè ïðîåêòóâàíí³ íåîáõ³äíî íàïåðåä âèçíà÷èòè ãåîìåòðè÷í³ ïàðà-
ìåòðè ðåñèâåð³â ³ òðóáîïðîâîä³â, ÿê³ çàáåçïå÷óâàëè á íåîáõ³äí³ âèòðàòè ïðè âîãíå-
âèõ âèïðîáóâàííÿõ äåòîíàö³éíèõ ðàêåòíèõ äâèãóí³â. Ðîáîòà ïðèñâÿ÷åíà ðîçðîáö³
ìåòîäèêè âèçíà÷åííÿ âèòðàòíèõ õàðàêòåðèñòèê ðåñèâåðà ç òðóáîïðîâîäîì ñêëàäíî¿
êîíô³ãóðàö³¿ íà îñíîâ³ ïîáóäîâàíî¿ ìîäåë³ ñòåíäó. Çà âèõ³äíèìè äàíèìè çä³éñíåíî
êîìï’þòåðíå ìîäåëþâàííÿ ïðîöåñó âèò³êàííÿ ïîâ³òðÿ ç ðåñèâåðó, äëÿ ÷îãî âèêî-
ðèñòîâóâàâñÿ ïðèêëàäíèé ïðîãðàìíèé ïàêåò SolidWorks. Âèçíà÷åí³ ì³ñöÿ ïàä³ííÿ
òèñêó, ìàêñèìàëüíî¿ øâèäêîñò³ ïîòîêó, à òàêîæ ìàñîâó âèòðàòó ïîâ³òðÿ. Íèçüêå
çíà÷åííÿ êîåô³ö³ºíòà âèòðàòè îáóìîâëåíî ñêëàäíîþ êîíô³ãóðàö³ºþ òðóáîïðîâîäó
ç ÷èñëåííèìè ïîâîðîòàìè òà äâîìà ñèëüôîíàìè. Ïîð³âíÿíî ðåçóëüòàòè ðîçðàõóíê³â
ç åêñïåðèìåíòàëüíèìè äàíèìè. Ð³çíèöÿ ì³æ åêñïåðèìåíòàëüíèìè òà ðîçðàõóíêî-
âèìè çíà÷åííÿìè íå ïåðåâèùóº 3,6%. Îòðèìàíà ³íôîðìàö³ÿ âèêîðèñòîâóºòüñÿ äëÿ
ï³äáîðó íåîáõ³äíîãî çíà÷åííÿ êîåô³ö³ºíòà íàäëèøêó îêèñëþâà÷à ïðè çä³éñíåíí³
âîãíåâèõ âèïðîáóâàíü ìîäåëåé äåòîíàö³éíèõ ðàêåòíèõ äâèãóí³â.
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Ïîñòàíîâêà ïðîáëåìè
Äîñë³äæåííÿì äåòîíàö³éíîãî ãîð³ííÿ ç ïåð-

ñïåêòèâîþ ðåàë³çàö³¿ éîãî â òåïëîâèõ äâèãóíàõ
çàéìàþòüñÿ â÷åí³ áàãàòüîõ êðà¿í âæå òðèâàëèé
÷àñ. Íà øëÿõó ïðàêòè÷íîãî âèêîðèñòàííÿ öüîãî
ïðîöåñó ñòî¿òü ùå áàãàòî ïðîáëåì ÿê íàóêîâîãî,
òàê ³ òåõí³÷íîãî õàðàêòåðó. Îäíàê ïîñòóïîâî ç
ðîçâèòêîì ²Ò-òåõíîëîã³é ³ íàóêè â ö³ëîìó âæå
âäàëîñÿ îäåðæàòè ïðàöþþ÷³ åêñïåðèìåíòàëüí³
çðàçêè ðàêåòíèõ äâèãóí³â ç äåòîíàö³éíèì öèê-
ëîì [1–4].

Â Óêðà¿í³ ïîä³áí³ óñòàíîâêè ðîçðîáëÿþòü-
ñÿ òà äîñë³äæóþòüñÿ â ²íñòèòóò³ òåõí³÷íî¿ ìåõà-
í³êè ÍÀÍÓ ³ ÄÊÀÓ. Äëÿ öüîãî ñòâîðåíî ñòåí-
äîâó áàçó äëÿ çä³éñíåííÿ åêñïåðèìåíòàëüíèõ
äîñë³äæåíü. Îêð³ì âèâ÷åííÿ ïðîöåñ³â, ùî â³äáó-
âàþòüñÿ â êàìåðàõ äåòîíàö³éíèõ ðàêåòíèõ äâè-
ãóí³â, âèêîíóºòüñÿ òàêîæ âåðèô³êàö³ÿ òåîðåòè-
÷íèõ ïàðàìåòð³â ç ðåçóëüòàòàìè âîãíåâèõ âèï-
ðîáóâàíü åêñïåðèìåíòàëüíèõ ìîäåëåé [5–7].

Äëÿ îö³íþâàííÿ ¿õ ðîáîòè íåîáõ³äíî çíàòè
êîåô³ö³ºíò íàäëèøêó îêèñëþâà÷à òà ìàñîâ³ âèò-
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ðàòè ïàëüíîãî ³ îêèñëþâà÷à. Öå â ñâîþ ÷åðãó
ïîòðåáóº ³íôîðìàö³¿ ïðî âèòðàòí³ õàðàêòåðèñ-
òèêè ñèñòåì ïîäà÷³ ãàçîïîä³áíèõ êîìïîíåíò³â
ïàëèâà.

Àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é
Â ïóáë³êàö³ÿõ îïèñàíà ìåòîäèêà âèçíà÷åí-

íÿ âèòðàò ãàçó ç ðåñèâåðó åêñïåðèìåíòàëüíèì
øëÿõîì. Îäíàê ïðè ïðîåêòóâàíí³ íåîáõ³äíî íà-
ïåðåä âèçíà÷èòè ãåîìåòðè÷í³ ïàðàìåòðè ðåñè-
âåð³â òà òðóáîïðîâîä³â, ÿê³ çàáåçïå÷óâàëè á íå-
îáõ³äí³ âèòðàòè ïðè âîãíåâèõ âèïðîáóâàííÿõ
äåòîíàö³éíèõ ðàêåòíèõ äâèãóí³â.

Ôîðìóëþâàííÿ ö³ë³ äîñë³äæåííÿ
Êîìï’þòåðíå ìîäåëþâàííÿ ïðîöåñó âèò³-

êàííÿ ïîâ³òðÿ ç ðåñèâåðó ñê³í÷åííîãî îá’ºìó ç
ìåòîþ âèçíà÷åííÿ âèòðàòíèõ õàðàêòåðèñòèê
ñòåíäó.

Âèêëàäåííÿ îñíîâíîãî ìàòåð³àëó äîñë³äæåííÿ
Ñòåíä äëÿ âîãíåâèõ âèïðîáóâàíü ïîâèíåí

â³äïîâ³äàòè áàãàòüîì êðèòåð³ÿì, ÿê³ ïîºäíóþòü
â ñîá³ âçàºìîâèêëþ÷í³ âèìîãè. Íàïðèêëàä, ç
òî÷êè çîðó òåõí³êè áåçïåêè, îïòèìàëüíå ðîçì³-
ùåííÿ ðåñèâåðó ç ãàçîïîä³áíèì êîìïîíåíòîì
ïàëèâà çíàõîäèòüñÿ ïîäàë³ â³ä îá’ºêòó âèïðîáó-
âàíü. Öå îáóìîâëåíî âèñîêîþ éìîâ³ðí³ñòþ éîãî
ïîøêîäæåííÿ ï³ä ÷àñ àâàð³éíèõ ïóñê³â. Îäíàê ç
òî÷êè çîðó ãàçîäèíàì³êè á³ëüø åôåêòèâíî ðîç-
ì³ùóâàòè éîãî òàê, ùîá äîâæèíà òðóáîïðîâîäó
áóëà ì³í³ìàëüíîþ. Òîìó ïðîåêòóâàííÿ âèïðî-
áóâàëüíèõ óñòàíîâîê – öå îïòèì³çàö³éíà çàäà-
÷à, ÿêó äîö³ëüíî âèð³øóâàòè çà äîïîìîãîþ êîì-
ï’þòåðíîãî ìîäåëþâàííÿ.

Ñòåíä äëÿ ïðîâåäåííÿ âîãíåâèõ âèïðîáó-
âàíü äåòîíàö³éíèõ ðàêåòíèõ äâèãóí³â ïðî³ëþñò-

ðîâàíî íà ðèñ. 1.
Äëÿ äîñë³äæåííÿ ïðîöåñ³â â äåòîíàö³éíèõ

äâèãóíàõ ³ñíóº íåîáõ³äí³ñòü çíàòè âèõ³äí³ ïàðà-
ìåòðè ïîäà÷³ êîìïîíåíò³â ïàëèâà, ÿê³ çàáåçïå-
÷óº ñòåíä. Ìåòîäèêà âèçíà÷åííÿ êîåô³ö³ºíòó
âèòðàòè îïèñàíà â ïóáë³êàö³ÿõ [8,9]. Âèòðàòà ãàçó
ç ðåñèâåðà ç â³äîìèì ê³íöåâèì îá’ºìîì âèçíà-
÷àºòüñÿ ç ð³âíÿííÿ:

0 f

dM d
V (t)u(t)S ,

dt dt


      (1)

äå Ì – ìàñà ãàçó, êã; V0 – îá’ºì ðåñèâåðó, ì3;
t – ÷àñ, ñ;  – ãóñòèíà ãàçó, êã/ì3; u(t) – øâèäê³ñòü
âèò³êàííÿ ç îòâîðó, ì/ñ; Sf – ïëîùà íàéìåíøî-
ãî ïåðåòèíó â ñèñòåì³ ïîäà÷³, ì2;  – êîåô³ö³ºíò
âèòðàòè.

Ïî÷àòêîâîþ óìîâîþ º (0)=0.
Ïðè óìîâ³ àä³àáàòè÷íîñò³ òà êðèòè÷íîãî

ðåæèìó òå÷³¿ ãàçó ç ðåñèâåðó ð³âíÿííÿ ï³ñëÿ ³íòåã-
ðóâàííÿ äàº â³äîì³ çàëåæíîñò³:

2k

k 1

0

p(t)
(1 ct) ;

p


    (2)

2k

k 1

0

(t)
(1 ct) ;





 

   (3)

2k

k 1

0

m(t)
(1 ct) ,

m


 




  (4)

äå p(t) – ïîòî÷íå çíà÷åííÿ òèñêó â ðåñèâåð³, Ïà;
p0 – ïî÷àòêîâèé òèñê â ðåñèâåð³, Ïà; (t) ³ 0 –
â³äïîâ³äíî ïîòî÷íå òà ïî÷àòêîâå çíà÷åííÿ ãóñ-

òèíè ãàçó, êã/ì3; m(t)  – ïîòî÷íà ìàñîâà âèòðà-

òà ãàçó, êã/ñ; 0m  – ïî÷àòêîâà âèòðàòà ãàçó, êã/ñ,

ÿêà âèçíà÷àºòüñÿ çà ôîðìóëîþ

0 0
0

2V c
m ,

k 1





   (5)

à îá’ºì ãàçó, ùî âèò³ê ç ðåñèâåðó, âèçíà÷àºòüñÿ
çà íàñòóïíîþ ôîðìóëîþ

0

0

m 1
V(t) ln(1 ct).

c
   




  (6)

Êîåô³ö³ºíò ñ âèçíà÷àºòüñÿ çà ôîðìóëîþ

11
2k 1

0 f

0 0

p S2 k 1 2k
c .

k 1 2 k 1 V

            
  (7)

Ðèñ. 1. Ñòåíä âîãíåâèõ âèïðîáóâàíü äåòîíàö³éíèõ

ðàêåòíèõ äâèãóí³â: 1 – áðîíåêàìåðà; 2 – ïîâ³òðÿíèé

êîìïðåñîð; 3 – ðåñèâåð ïîâ³òðÿ; 4 – ðåñèâåð ïàëüíîãî;

5 – òðóáîïðîâîäè ïîäà÷³ ãàç³â â³ä áàëîííî¿ áàòàðå¿

îêèñëþâà÷à; 6 – òðóáîïðîâîäè ïîäà÷³ ãàç³â â³ä áàëîííî¿

áàòàðå¿ ïàëüíîãî; 7 – åñòàêàäà äëÿ åëåêòðîêàáåë³â;

8 – â³êíî; 9 – îá’ºêò âèïðîáóâàíü; 10 – êðèøêà â³êíà;

11 – çàõèñíà ñò³íà
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Äëÿ íîâèõ âèïðîáóâàëüíèõ óñòàíîâîê, ÿê³
ò³ëüêè âèãîòîâëÿþòüñÿ, êîåô³ö³ºíò  íåâ³äîìèé.
Éîãî ìîæíà âèçíà÷èòè ï³ñëÿ ïðîäóâîê, â ðåçóëü-
òàò³ ÿêèõ îòðèìóºòüñÿ ãðàô³ê çàëåæíîñò³ òèñêó
â³ä ÷àñó. Ç íüîãî âèáèðàºòüñÿ áóäü-ÿêå çíà÷åííÿ
òèñêó pi âçÿòå ç ä³àïàçîíó pêð<pi<p0, Ïà, òà ÷àñ ti,
ÿêèé â³äïîâ³äàº öüîìó çíà÷åííþ. Çà ôîðìóëîþ
âèçíà÷àþòü êîåô³ö³ºíò c:

(k 1)

2k
i

0

i

p
1

p
c .

t

 

 
 

    (8)

Ó ñâîþ ÷åðãó â³äïîâ³äíî äî [10] pêð âèçíà-
÷àºòüñÿ çà ôîðìóëîþ

k

k 1

кр 0

2
p p .

k 1

    
  (9)

Åêñïåðèìåíòè ïðîâîäèëèñÿ ïðè íàñòóïíèõ
ïàðàìåòðàõ: ïî÷àòêîâèé òèñê p0=4,66·105 Ïà,
êîåô³ö³ºíò àä³àáàòè k=1,4, êðèòè÷íèé òèñê
pêð=2,14·105 Ïà. Ïî÷àòêîâà òåìïåðàòóðà ïîâ³òðÿ
â ðåñèâåð³ – 290 Ê. Ãðàô³ê çàëåæíîñò³ òèñêó â³ä
÷àñó ïðî³ëþñòðîâàíî íà ðèñ. 2.

Âèçíà÷åíèé çà ïðèâåäåíîþ ìåòîäèêîþ êî-
åô³ö³ºíò ñ äëÿ óìîâ åêñïåðèìåíòó äîð³âíþº
0,0211. Ç ôîðìóëè (7) êîåô³ö³ºíò âèòðàòè âèç-
íà÷èòüñÿ çà ôîðìóëîþ (10)

Ðèñ. 2. Çàëåæí³ñòü òèñêó â ðåñèâåð³ â³ä ÷àñó

0

1

k 1
0

f

0

c V
.

p2 k 1 2k
S

k 1 2 k 1




 

         

  (10)

Äëÿ óìîâ åêñïåðèìåíòó â³í äîð³âíþº 0,4295.
Íèçüêå çíà÷åííÿ êîåô³ö³ºíòó âèòðàòè îáóìîâ-
ëåíî ñêëàäíîþ êîíô³ãóðàö³ºþ òðóáîïðîâîäó ç
÷èñëåííèìè ïîâîðîòàìè òà äâîìà ñèëüôîíàìè.
Äëÿ âèçíà÷åííÿ âèòðàòè ïîâ³òðÿ ç ðåñèâåðà ñêî-
ðèñòàºìîñü íàñòóïíîþ ôîðìóëîþ

k 1

k 1

i i 0 im (t ) m (1 c t ) .

          (11)

Ðèñ. 3. Ðîçïîä³ë òèñêó ïî ðåñèâåðó òà òðóáîïðîâîäó ïîäà÷³
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Çà âèõ³äíèìè äàíèìè ïðîâåäåíî êîìï’þ-
òåðíå ìîäåëþâàííÿ ïðîöåñó âèò³êàííÿ ïîâ³òðÿ
ç ðåñèâåðó. Äëÿ öüîãî âèêîðèñòîâóâàâñÿ ïðèêëàä-
íèé ïðîãðàìíèé ïàêåò SolidWorks. Îòðèìàíèé
ðîçïîä³ë òèñêó ïî ðåñèâåðó òà òðóáîïðîâîäó
ïîäà÷³ ïðî³ëþñòðîâàíî íà ðèñ. 3.

ßê ìîæíà ïîáà÷èòè, ïàä³ííÿ òèñêó ïî÷è-
íàºòüñÿ íà ñèëüôîíàõ, à íàéíèæ÷îãî çíà÷åííÿ
â³í äîñÿãàº íà çð³ç³ òðóáîïðîâîäó ïîäà÷³. Â öüî-
ìó ì³ñö³ òàêîæ âèçíà÷åíà ìàêñèìàëüíà
øâèäê³ñòü ïîòîêó, ÿêà â ïî÷àòêîâèé ìîìåíò ÷àñó
ñòàíîâèòü 453 ì/ñ. Áóëî âèçíà÷åíî òàêîæ ìàñî-
âó âèòðàòó ïîâ³òðÿ, ãðàô³ê ÿêî¿ ïðî³ëþñòðîâàíî
íà ðèñ. 4.

Ð³çíèöÿ ì³æ åêñïåðèìåíòàëüíèìè òà ðîç-
ðàõóíêîâèìè çíà÷åííÿìè íå ïåðåâèùóº 3,6%.

Àíàëîã³÷íî ìîæíà ðîçðàõóâàòè âèòðàòè ³ äëÿ
³íøèõ ãàç³â. Âèçíà÷åí³  êîåô³ö³ºíòè âèòðàò òà
ãðàô³êè çàëåæíîñò³ âèòðàò â³ä ÷àñó äîçâîëÿþòü
ï³ä³áðàòè íåîáõ³äíå çíà÷åííÿ êîåô³ö³ºíòó íàä-
ëèøêó îêèñëþâà÷à ïðè âèïðîáóâàíí³ ïðîòîòèï³â
äåòîíàö³éíèõ ðàêåòíèõ äâèãóí³â.

Âèñíîâêè
Ïðîâåäåíî êîìï’þòåðíå ìîäåëþâàííÿ âè-

ò³êàííÿ ïîâ³òðÿ ç ðåñèâåðó ç ìåòîþ âèçíà÷åííÿ
éîãî âèòðàòíèõ õàðàêòåðèñòèê. Ïîð³âíÿíî ðå-
çóëüòàòè ç åêñïåðèìåíòàëüíèìè äàíèìè. Îòðè-
ìàíà ³íôîðìàö³ÿ âèêîðèñòîâóºòüñÿ äëÿ ï³äáîðó
íåîáõ³äíîãî çíà÷åííÿ êîåô³ö³ºíòó íàäëèøêó
îêèñëþâà÷à ïðè ïðîâåäåíí³ âîãíåâèõ âèïðîáó-
âàíü ìîäåëåé äåòîíàö³éíèõ ðàêåòíèõ äâèãóí³â.
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ÎÏÐÅÄÅËÅÍÈÅ ÐÀÑÕÎÄÍÛÕ ÕÀÐÀÊÒÅÐÈÑÒÈÊ
ÐÅÑÈÂÅÐÀ Ñ ÏÎÌÎÙÜÞ ÊÎÌÏÜÞÒÅÐÍÎÃÎ
ÌÎÄÅËÈÐÎÂÀÍÈß

Âàñèëèâ Ñ.Ñ., Æäàíîâ Â.Ñ., Åâñååíêî Ì.Â.

Ïîñëåäíåå äåñÿòèëåòèå øèðîêî èññëåäóåòñÿ ïðîáëåìà
ðåàëèçàöèè äåòîíàöèîííîãî ðåæèìà ãîðåíèÿ òîïëèâà â òåïëî-
âûõ äâèãàòåëüíûõ óñòàíîâêàõ. Ñóùåñòâóåò íåìàëî ðàáîò ïî
ôóíäàìåíòàëüíûì è ïðèêëàäíûì èññëåäîâàíèÿì ïóëüñèðóþùåé
äåòîíàöèè. Òâåðäîòîïëèâíûå äåòîíàöèîííûå äâèãàòåëè ìîãóò
êðàòêîâðåìåííî ðàçâèâàòü çíà÷èòåëüíûå óñèëèÿ ïðè ìàëûõ
ìàññàõ êîíñòðóêöèè, à ïîòîìó èäåàëüíî ïîäõîäÿò äëÿ âñïîìî-
ãàòåëüíûõ ñèñòåì îòâîäà îòäåëÿþùèõñÿ ÷àñòåé ðàêåò. Êðî-
ìå òîãî, äåòîíàöèîííûå ïðîöåññû ìîæíî èñïîëüçîâàòü ïðè
ñîçäàíèè óïðàâëÿþùèõ óñèëèé äëÿ êîððåêöèè òðàåêòîðèè ëå-
òàòåëüíûõ àïïàðàòîâ. Âñå ýòî îáóñëîâëèâàåò àêòóàëüíîñòü
íàïðàâëåíèÿ ðàáîòû. Äëÿ èññëåäîâàíèÿ äåòîíàöèîííûõ óñòà-
íîâîê íåîáõîäèìî ñîçäàâàòü èñïûòàòåëüíûå ñòåíäû, íî ïðî-
åêòèðîâàíèå èñïûòàòåëüíûõ óñòàíîâîê – ýòî àêòóàëüíàÿ è
ñëîæíàÿ îïòèìèçàöèîííàÿ çàäà÷à. Ðåøèòü ýòó çàäà÷ó öåëåñî-
îáðàçíî ñ ïîìîùüþ êîìïüþòåðíîãî ìîäåëèðîâàíèÿ. Â ñóùåñòâó-
þùèõ ýêñïåðèìåíòàëüíûõ ìåòîäèêàõ ïðè ïðîåêòèðîâàíèè íå-
îáõîäèìî çàðàíåå îïðåäåëèòü ãåîìåòðè÷åñêèå ïàðàìåòðû ðå-
ñèâåðîâ è òðóáîïðîâîäîâ, îáåñïå÷èâàþùèõ íåîáõîäèìûå ðàñõî-
äû ïðè îãíåâûõ èñïûòàíèÿõ äåòîíàöèîííûõ ðàêåòíûõ äâèãà-
òåëåé. Ðàáîòà ïîñâÿùåíà ðàçðàáîòêå ìåòîäèêè îïðåäåëåíèÿ
ðàñõîäíûõ õàðàêòåðèñòèê ðåñèâåðà ñ òðóáîïðîâîäîì ñëîæíîé
êîíôèãóðàöèè íà îñíîâå ïîñòðîåííîé ìîäåëè ñòåíäà. Ïî èñ-
õîäíûì äàííûì ïðîâåäåíî êîìïüþòåðíîå ìîäåëèðîâàíèå ïðî-
öåññà âûòåêàíèÿ âîçäóõà èç ðåñèâåðà, äëÿ ÷åãî èñïîëüçîâàëñÿ
ïðèêëàäíîé ïðîãðàììíûé ïàêåò Solid Works. Îïðåäåëåíû ìåñ-
òà ïàäåíèÿ äàâëåíèÿ, ìàêñèìàëüíîé ñêîðîñòè ïîòîêà, à òàê-
æå ìàññîâûé ðàñõîä âîçäóõà. Íèçêîå çíà÷åíèå êîýôôèöèåíòà
ðàñõîäà îáóñëîâëåíî ñëîæíîé êîíôèãóðàöèåé òðóáîïðîâîäà ñ
ìíîãî÷èñëåííûìè ïîâîðîòàìè è äâóìÿ ñèëüôîíàìè. Ïðîâåäåíû
ñðàâíåíèÿ ðåçóëüòàòîâ ðàñ÷åòà ñ ýêñïåðèìåíòàëüíûìè äàí-
íûìè. Ðàçíèöà ìåæäó ýêñïåðèìåíòàëüíûìè è ðàñ÷åòíûìè çíà-
÷åíèÿìè íå ïðåâûøàåò 3,6%. Ïîëó÷åííàÿ èíôîðìàöèÿ èñïîëü-
çóåòñÿ äëÿ ïîäáîðà òðåáóåìîãî çíà÷åíèÿ êîýôôèöèåíòà èçáûòêà
îêèñëèòåëÿ ïðè ïðîâåäåíèè îãíåâûõ èñïûòàíèé ìîäåëåé äåòî-
íàöèîííûõ ðàêåòíûõ äâèãàòåëåé.

Êëþ÷åâûå ñëîâà: êîýôôèöèåíò ðàñõîäà, âûòåêàíèå ãàçà,
ðåñèâåð, ìîäåëü.

DETERMINATION OF RECEIVER CONSUMPTION
CHARACTERISTICS USING COMPUTER SIMULATION

Vasyliv S.S., Zhdanov V.S., Yevseyenko M.V.

Institute of Technical Mechanics NASU and SSAU, Dnipro,
Ukraine

The problem of implementing the detonation mode of fuel
combustion in thermal propulsion systems has been widely studied
last decade. There are many works on fundamental and applied
research on pulsating detonation. Solid propellant detonation engines
can develop significant forces for a short time at low structural masses,
and therefore they are ideal for auxiliary systems for the removal of
separated rocket parts. In addition, detonation processes can be
used to create control forces for correcting the trajectory of aircraft.
All these facts determine the relevance of the area of work. For
studying detonation installations, it is necessary to create test stands,
but the design of test installations is an urgent and complex
optimization problem. It is advisable to solve this problem with the
help of computer simulation. In the existing experimental methods,
for designing, it is necessary to determine in advance the geometric
parameters of receivers and pipelines that provide the necessary gas
consumption for firing tests of detonation rocket engines. The work is

devoted to the development of a method for determining the flow
characteristics of a receiver with a pipeline of complex configuration
based on the constructed model of the stand. Based on the initial
data, a computer simulation of the air leakage process from the
receiver was carried out, for which the Solid Works software package
was used. The places of pressure drop, maximum flow rate, and air
mass flow are determined. The low value of the flow rate factor is
due to the complex configuration of the pipeline with numerous bends
and two bellows. Comparison of calculation results with experimental
data was held. The difference between the experimental and calculated
values does not exceed 3.6%. The obtained information is used to
select the required value of the oxidizer excess coefficient during
firing tests of detonation rocket engine models.

Keywords: flow rate, gas leakage, receiver, model.
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