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Vortex combustion chamber is new generation of liquid propellant engines chamber where,
with the help of different arrangement of injectors, an inner combustion chamber vortex flow is
created. This vortex can considerably aid cooling and increase the amount of propellant
components mixing in the combustion chamber, so it makes it possible to create complete
combustion in low- capacity chamber. In this research, vortex chamber has been designed and
manufactured for carrying out cold tests with water as its working fluid in order to study impact
of different parameters including pressure drop, injector quantity and input angle, chamber
diameter and the thickness of the supporting step, on the performance of this type of chamber.
The designed chamber has numerous capabilities such as ease of replacement, change in pressure
drop and injectors’ input angle and studying thickness of different supporting steps to create
vortex flow. Since practical investigation of all parameters is not cost-effective, cold test has been
conducted for some samples and both simulation and validation have been done for it. The
simulation results and chamber performance in the tests matched very well; therefore, as result
of simulation assurance, the processes and other parameters in the chamber could be studied. By
doing these tests we can move toward design, manufacture and test of the main vortex
combustion chamber.

Keywords:
Vortex combustion chamber
Injector
vortex flow
cold test

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

9.
46

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               1 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.9.46.8
https://mme.modares.ac.ir/article-15-10492-en.html


    

                          

  

314  139415 9  

1 -   
 

 

 
   

]1 .[ 
   )    .(

)  K 3500(
      .
   1 

   .
  2  

 ]  2 .[
 

 . 
 

)1( .

 
 

  
  

  
) 2] (3.[  

 
 

4[.  
   

  
  

  

  
1 ] 2[  

1- Regenerative cooling
2- Film cooling 

  

  

  
2  ] 3[  

 .
   

 . 
        

  .

     
   ] 5.[  

   
 34

 
 . 

   
  

 
 .   

  
  .

 .  
  

 2001
5 

4448
  

] 6.[  

3- Bill knuth 
4- Orbitech (Orbital technology Company) 
5- Badger 

  
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

9.
46

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               2 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.9.46.8
https://mme.modares.ac.ir/article-15-10492-en.html


    

                          

139415 9  315  

] 8[
     .

  
  .
 

 .
  

   .
  

    
 .  

  
 . 

    
  

2 -     
   

 .
   . 

 
)1:(

)1(=

  
) 2:(  

)2(= ( )

  ) 3 .(
R )  

   

)3(= + ( )

   
) 4 (  

)4(=

  
    

)5(=
( )
( )

  
     

  
  . 

) 3 .(  
  

   .

   
  .   

) 3 .(
 

     .
 ) 3] (9.[

3 -    
 

  
 .

1  .
7/1  70 

 6 7/1 4/1  110 
    .

 
 

 . 
 .45 

 
   

 .
 .

  .

)   (
   .

 1 
6 

  

4 -   
  7 

 .   

  
3   (   (

] 9[  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

9.
46

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               3 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.9.46.8
https://mme.modares.ac.ir/article-15-10492-en.html


    

                          

  

316  139415 9  

  
4    

17- 2- 3- 4-  
 5 - 6-   

  

  
5    

 .8   
  

  .  
 .   

 
  
 

 70 110   
    .
2   70   

  2510 15  
 .

110   3 
  510 15  

3   
9 10 

  
70    

  

  
6     

1    

  
(mm)

  
-

  
(mm)

  
)Deg(

 
   

(mm)
  

(mm)

7047/1251015400
11047/13251015400
11064/13251015400

  

  
7   

1- 2- 3- 4- 5- 6- 
7-     

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

9.
46

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               4 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.9.46.8
https://mme.modares.ac.ir/article-15-10492-en.html


    

                          

139415 9  317  

  
8   

2  70    
  

)bar(
  

)Deg(
 

 
(mm)

  
)gr/s(

  
)mm(

1229970
211/32127103
314/42149131
497/42165155
52/62189190
606/2598138
798/25122176
817/45147214
917/414741
1098/45163240
1112/65183276
1204/210102187
1304/310126213
1403/410148248
1503/510167287
1601/610184318
1708/21599190
181/315125232
191/415147269
2002/515165303
2113/615184339

  9 10  
   

   4 
) .9.(  

   
 ) 10.(

 

  
  

  
  .50 

50 
 3 

   

11  
70  .

    

12 70 110   

3  110 
   

  
)bar(

  
)Deg(

 
 

(mm)

  
)gr/s(

  
)mm(

102/2510977
203/3513499
345153127
402/55171142
502/65186168
602/21010997
701/310134120
899/310153144
9510171168
1006/610187188
1107/215111102
1205/315135129
1301/415153155
1403/515172174
1505/615187200
1603/4315051
1702/435146136
184310146155
1902/4315147164

  

 
9   

) 

 2

 5

 10

 15

(
 

 
) 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

9.
46

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               5 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.9.46.8
https://mme.modares.ac.ir/article-15-10492-en.html


    

                          

  

318  139415 9  

 .

5 -    
   

 
4  

 )  13 (
15   

10 

11  
70   

           
  

12    

 
   .

  
ICEM CFD 

  .

  .14   
  ( )  

 
1 

]  10 .[
- 2  .

  
4    

  

  

  
13   

  
14   

1- Volume Of Fluid 
2- Shear Stress Transport(SST) k- Model 

  
(mm)

  
-

  
(mm)

  
)Deg(

 
   

(mm)

  
)bar(

7047/152
7047/1102

) 

 5
 10

 15

) 
 

 
 

(

70  110  

 

 
 
 

  2

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

9.
46

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               6 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.9.46.8
https://mme.modares.ac.ir/article-15-10492-en.html


    

                          

139415 9  319  

 -  - 1  .
- 

)  (
 ( )   - 

  .- 
 -  

   

 .
  ]  11 .[

2  .
 

  .
 

  .3 
  . 

       .
4  

  .
 

 
 .

073/0 
 ] 10 .[  
   

   
45  5/1 

   
) 

   .
 

 .
 

 .
  . 

  .15 
   

16 
  5  17  10 
 

   .  

1- k- Model 
2- PISO Scheme(Pressure-Implicit with Splitting of Operators)
3- PRESTO((PREssure STaggering Option) 
4- Upwind method 

  

  
15   

  
  

16 
5   

  
  

17 
10   

18 5 
 .  

  

) 

(
 

 
) 

 

) 

 
 

 

5/132

 
 

 

) 

186

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

9.
46

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               7 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.9.46.8
https://mme.modares.ac.ir/article-15-10492-en.html


    

                          

  

320  139415 9  

  
5  

70   5 6  10 
   

 
   

   
   

  
  

  
6 -     

   
  . 

   
  

  
18 5   

5  5    

 595213-
 818751-

)gr/s(11098
)gr/s(25/10898

)mm(5/132127
 )s(123999-

6  10    

 782165-
 1236976-

)gr/s(112102
)gr/s(25/108102

)mm(186187
 )s(16698-

    
 . 

 
   . 

   
 

  
  

 

    
   

 
   

4 
 

  
  .50 

50   
    

 

   
  

  
 . 

   

7 -   
G(kgm2s-2 

zG(kgms-2 

P

P 
 (m)

ru (ms-1)

zu (ms-1)

u (ms-1)

 (ms-1)

) kgm-3(

max

8 - 
[1] S.M. Hosseinalipour, H. Karimaei, F. Ommi, Experimental

characterization of swirl injector with tangential inlets, Modares
Mechanical Engineering, Vol. 14, No. 10, pp. 59-62, 2014. (In Persian)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

9.
46

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               8 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.9.46.8
https://mme.modares.ac.ir/article-15-10492-en.html


    

                          

139415 9  321  

[2] E. Valizadeh, M.J. Montazeri, M.R. Eshkevari, M. Dadkhah, Scenario of
mass energy parametrs optimization of specific liquid propellant
engine and hot test, Eighth Annual Conference of the Association of
Aerospace, Malek Ashtar University ,2009. (In Persian)

[3] A. Saghari, Study of vortex combustion chamber performance in Missile
and space propulsion systems Master's thesis, Malek Ashtar University,
2010. (In Persian)

[4] S. Besharat Shafie, Experimental and theoretical modeling of vortex
engine for use in subsonic Ramjet Master's Thesis, Sharif University of
Technology, 2009. (In Persian)

[5] S.R. Dehghani, Analytical and experimental investigation of spray flame
front in bi-directional rotating flows PhD Thesis, Sharif University of
Technology, 2010 (In Persian)

[6] M. J. verini, M.J. Malecki, J.A. Sauer, and W. Knuth, Vortex Combustion
Chamber Development for Future Liquid Rocket Engine Applications,

AIAA Paper 2002-2149, July 2002
[7] L. Gongnan, DESIGN AND SIMULATION OF GAS OXYGEN METHANE

VORTEX COOLING THRUST CHAMBER, 64th International Astronautical
Congress, Beijing, China, 2013

[8] J. Martin Chiaverini, J. Majdalani, Vortex Thrust Chamber Testing and
Analysis for O2-H2 Propulsion Applications, 39th AIAA/ASME/SAE/ASEE
Joint Propulsion Conference and Exhibit, Huntsville, Alabama July 2003

[9] PH. Hamzai, Interaction study of injectors wall in vortex engine
Master's Thesis, Sharif University of Technology, 2011. (In Persian)

[10] C. W. Hirt and B. D. Nichols, Volume of Fluid(VOF) Method for the
Dynamics of Free Boundaries, Los Alamos Scientific Laboratory, Los
Alamos, New Mexico, Journal of Computational Physics 39,pp 201-225,
1981.

[11] Ansys Fluent 15.0, Released 150, Totorial Guide, Ansys Inc., 2015. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

9.
46

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.9.46.8
https://mme.modares.ac.ir/article-15-10492-en.html
http://www.tcpdf.org

