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The purpose of the research was to do the experimental study of the overexpanded hot 
supersonic jet of the small thrust model engine on gaseous oxygen / kerosene fuel compo-
nents flowing into a flooded space at atmospheric pressure. The jet parameters were var-
ied by changing the mass ratio oxygen/kerosene Km. The nozzle exit specific heat ratio 
was in the range from 1.2 to 1.3, and the jet stagnation temperature was in the range 
from 1528 K to 2764 K. The flat plate with 450 inclination was placed ahead the first 
Mach disk and involved the jet periphery region. The heat flow and pressure sensors 
were installed on the plate. The visualization of the jet and the zone of interaction with 
the plate were hampered by the radiating carbon particles, which were formed during 
combustion. The track directions in the molten material on the plate surface formed at 
the hot jet impinging were used to build the flow pattern. The destruction zones and ma-
terial tracks coincidence for all flat plates indicates the steadiness of the hanging shock 
waves location with the jet parameters varying in the range of Km = 0.99…1.58. The 
study suggests a method for calculating heat fluxes in the central part of the jet on real 
components, using thermodynamic parameters calculated for an equilibrium reacting 
mixture, the method being satisfactorily consistent with the measurements carried out. 
High heat fluxes were obtained in the jet periphery region not only due to the jet mixing 
boundary layer impingement but because of the particular ejection of the hot gas from 
center region. Measurements in jet peripheries region are the subjects for the following 
investigations. The studies will be continued with larger nozzle.   
 
Keywords: supersonic jet, pressure, heat flux, mixing zone, impingement on flat plate, 
pressure ratio 

REFERENCES  

 Lamont P.J., Hunt B.L. The impingement underexpanded, axisymmetric jets on 
perpendicular and inclined flat plates. J. Fluid Mechanics, 1980, vol. 100, part 3, 
pp. 471–511.  

 Avduevsky V.S., Ashratov E.A., Ivanov A.V., Pirumov U.G. Gasodinamika 
sverhzvukovykh neisobaricheskikh struy [Gas dynamics of supersonic non-
isobaric jets]. Moscow, Mashinostroenie Publ., 1989, 320 p.  

 Gubanova O.G., Lunev V.V.,  Plastinina L.N. Mekhanika zhidkosti i gasa —  
Fluid Dynamics, 1971, no. 2, pp. 135–138. 

 Alyamovsky A.A., Sobachkin A.A., Odintsov E.V., Kharitonovich A.I., Pono-
morev N.B. SolidWorks. Komputernoe modelirovanie v ingenernoy praktike 
[SolidWorks. Computer simulation in engineering practice]. St. Petersburg, 
BKhV-Peterburg Publ., 2005, 800 p.   

 Kudimov N.F., Safronov A.V., Tretyakova O.N. Prikladnye zadachi gaso-
dinamiki i teploobmena v energeticheskikh ustanovkakh raketnoy tekhniki [Ap-
plied problems of gas dynamics and heat transfer in power plants of rocket tech-
nology]. Moscow, MAI Publ., 2014, 167 p. 

 Melton H.R., Shaw L.M., Sieker W.D., White D.I. Simulation of non-continuum 
free jet plume impingement. AIAA Pap., 1968, no. 237. 



I.I. Yurchenko, A.G. Klimenko, A.S.  Kudinov, D.V. Isakov  

18                                            Engineering Journal: Science and Innovation   # 11·2018 

 Antokhin V.M., Gerasimov Yu.I., Zhokhov V.A., Khomutsky A.A. Mekhanika 
zhidkosti i gasa — Fluid Dynamics, 1981, no. 4, pp. 119–126. 

 Yurchenko I.I. Estestvenye i tekhnicheskie nauki — Natural and technical sci-
ences, 2012, no. 2 (58), pp. 259–264. 

 Alvi F.S., Iyer K.G. Mean and Unsteady Flowfield Properties of Supersonic Im-
pinging Jets with Lift Plates. AIAA 99-1829, 1999. 

 Dharavath M., Chakraborty D. Numerical Simulation of Supersonic Jet Im-
pingement on Inclined Plate.  Defence Science Journal, 2013, vol. 63, no. 4,  
pp. 355–362. 

 Nagata Y., Nonomura T., Fujii K., Yamamoto M. Analysis of Acoustic-Fields 
generated by Supersonic Jet Impinging on an Inclined Flat Plate and a Curved 
Plate.  APCOM & ISCM, 11-14th December. Singapore, 2013. 

 Ghanegaonkar P.M., Ramanujachari V., Vijaykant S. Experimental investigation 
on the supersonic jet impingement. Indian Journal of Engineering & Material 
Sciences, 2004, vol. 11, April, pp. 100–106. 

 Antokhin V.M., Balashov Y.P., Gerasimov Yu.I., Dolgolenko A.I., Zho- 
khov V.A.,  Zvorykin L.L., Kuznetsova N.F., Kukanov F.A., Pleshakova L.A., 
Plotnikov B.P., Reshetin A.G., Stasenko A.L., Khomutsky A.A. Mekhanika 
zhidkosti i gasa — Fluid Dynamics, 1977,  no. 3, pp. 124–133. 

 Leytes E.A. Uchenye zapiski ZAGI — TsAGI Science Journal, 1975, vol. 6,  
no. 1, pp. 113–116. 

 
Yurchenko I.I. (b. 1960) graduated from Moscow Institute of Physics and Technology in 
1983, Department of Aerodynamics and Thermodynamics. Dr. Sc. (Eng.), Chief Re-
search Fellow, Keldysh Research Center. e-mail: rockot1@yandex.ru 
 
Klimenko A.G. (b. 1972) graduated from Moscow Aviation Institute in 1995, Depart-
ment of Rocket Engines. Lead engineer, Keldysh Research Center. 
e-mail: klimenkokerc@mail.ru 
 
Kudinov A.S. (b. 1980) graduated from Bauman Moscow State Technical University in 
2003, Department of Dynamics and Flight Control of Rockets and Spacecraft. Cand. Sc. 
(Eng.), Deputy Head of Department, Keldysh Research Center. 
e-mail: rockot1@yandex.ru 
 
Isakov D.V. (b. 1974) graduated from Moscow Aviation Institute in 1997, Department of 
Fluid Rocket Engines. Research Fellow, Keldysh Research Center. 
e-mail: isakovd93@mail.ru 

 


