
-

7

621.5

© 2008 . . , . .

-
. -

. -
.

, , , , ,

-

, , -
, ,
. . [1] ,

-

 ( -
).

-
-

.
-

,
iw ,

w .

i , im , -
-

: , p , -
T , , m .

, -
- ,

.

.
-

[2]. -
-
-

.

x . -
k

1 2 3, , .. ,..i i i ij ikd d d d d . -
– -

-
,

1 2 3, , ... ...i i i ij ikN N N N N -
.

-
, -

,
-

(1) -
(2):

 1.5

1

n
ij

ij ij
j ij

w w
w x A

w


      , (1)

 1.5

ij
ij ij

ij

w w
w x A

w


     , (2)

1,5
i

ij
ij

A
d

 ,
i

i

5,05,0

4
3 
 ,

m
mij

ij 




- -
,

-
.

:



, 3, 2008

8

1
0

n n nw w w   , (3)

   1n n n
ij ij ijw w w   , (4)

n - .

-
-
-

.

 dwfw iii ,,,,,,0 . (5)

iM

iE

– im :

 iiiii mdwfEM ,,,,,,,, 0 (6)

-
 ( )

. -
,
,

-
.

(5, 6) :

 ldKpfw iimKi ,,,,,, , (7)

 iiimKii mldKpfEM ,,,,,,,,  . (8)

-
 ( -

, -
Kp )

( im ),  ( mK ) -

( iid , ),
l [3].

, -

-
id , -

. ,
-

, -
-

.
ijN - -

ijd :

1 1

2 2

;
;

...
.i i

N d
N d

N d






:

1

n

i
i

N N


 . (9)

1

n

i
i

M M


 . (10)

, -

3

6 i
M dm
N






   . (11)

(10) (11)

1

n

i
i

M
M
N N



 




;
3

1

6

n

i
i

i

M
d

N





 


. (12)

-
:

3
6 1

i

Md
N





 
    

. (13)

-
, -

:



-

9

i
i

Mq
M

 . (14)

i i im q M  ;

i i iN m q M    ;

i i
i

MN q
m

  ;

1 1

n n
i

i
i ii i

qMN q M
m m


 

 

     ;

1

1
n

i

i i

M
qN
m










. (15)

(15) (13), -

:

3 3 3
3 3

6 1 6 1 1
6i i ii i

i i i i

d q q q
m d d

    
 

  
.(16)

ijq -

ijd ,
-

.
-
-

- - -
:

mK =15.7, 1.0 , 4Kp .

-
 ( 2 3Si O ),

-
ijd 0,45

0,55 . ,

 (
ij )  ( . 1). -

8 -
.

ij

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,15 0,25 0,35 0,45 0,55 0,65 0,75 0,85

ijd ,
.1.



, 3, 2008

10

-
-
-

. 2, 3.

-

. 4…7. -
(16):

d =0,314 .

ijw ,
/

0

20

40

60

80

100

120

140

160

180

200

0 20 40 60 80 100

0,15
0,25
0,35
0,45
0,55
0,65
0,75
0,85

.2.  ( )
l , =2

,

l ,



-

11

0

5

10

15

20

25

30

35

40

45

50

0 10 20 30 40 50

0,15
0,25
0,35
0,45
0,55
0,65
0,75
0,85

2

3

,ijE



.3.  ( ) -
, l =100

,



, 3, 2008

12

0

20

40

60

80

100

120

0 10 20 30 40 50 60 70 80 90 100

0

20

40

60

80

100

120

140

160

0 5 10 15 20 25 30

w ,
/

l ,

.4.
l , =2,2

w ,
/

.5.
; l =100



-

13

0

2

4

6

8

10

12

0 5 10 15 20 25 30

0

50

100

150

200

250

300

0 5 10 15 20 25 30

2

,M M



.6. :
  - ;

……….. -

2

3

,E 



.7.
:

- ;
. . . . . . . . . -

m

im .

-

,
, .

, -
-

, , -



, 3, 2008

14

- -
-

15%.

1.
-

/ . ., . .,
. ., . . - : ,

1980. - 160.
2. / -

. . – : , 1969. – .824.
3. . ., . . -

-

.// 2 (10)
2. - : ,2006.- .352-357.

References
1. Janenko N.N., Solouhin R.N., Papyrin

A. N. and Fomin V.M. Supersonic Two-phase
Flow in Non-equilibrium Velocity State of Par-
ticles. Novosibirsk: “Nauka”, 1980.

2. Abramovich G.N. Applied Gas Dynam-
ics. Moscow: “Nauka”, 1969.

3. Bulanova E.A., Pervishin A.N. Impulse
and Energy Responses of Underexpanded Two-
phase Combustion Products Jets. SSAU Reporter

2 (10) part 2. – Samara: SSAU, 2006. 352-
357.

MODEL OF VARIGRAINED PARTICLE STREAM MOVING BY HYPERSONIC
COMBUSTION MATERIALS INVESTIGATION
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Mathematical model of a motion of varigrained particles in combustion-gas stream of hypersonic stream gene-
rator has been developed. Dependences of impulse and energetic characteristics of inoverexpanded two-phase from
process parameters are received. Research influence of gas stream generator parameters on particles kinetic energy
carried out.
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