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Base drag is a major contributor to the total drag of a projectile, particularly at transonic 
speeds, and must be minimized to increase the range of indirect fire weapons.  An efficient 
method to reduce the base-drag is to inject mass into the base region.  This is called base-
bleed and several parameters are important in base bleed functioning including the geometry 
of the projectile base region, the rate of mass injection, the temperature of the gas and 
chemical reactions occurring in the plume.  The geometry had been found to play a major role 
in the efficacy of the base-bleed motor.  Most notably it was found by [1] that the location and 
diameter of the outlet ports play a major role in the drag reduction realized.  The effect of the 
injected mass flow rate and the temperature of the injected gases were investigated by [2].  
The injection is parameterized by flight Mach number and base pressure and these parameters 
are highly dependent on the flight altitude, attitude of the projectile as well as the flight Mach 
number since the efflux from the base-bleed motor is subsonic coupling the internal 
conditions in the motor to base flow region.  Finally the afterburning effect – combustion in 
the base-bleed plume – had been found to contribute to overall reduction in base drag.  The 
first computational study using detailed finite work chemistry model for the base bleed 
combustion was presented by [3].  A computational study coupling various turbulence models 
to finite rate chemistry was performed by [4] and the effect of reactive particles in the base-
flow region was described by [2].   

The aim of our research is to provide a capability for the analysis and design of future base-
bleed systems.  The primary source of chemical energy for these types of systems is the 
combustion of carbon monoxide (CO) with diatomic hydrogen (H2) in air.  

 



Presently 8 kinetic models (3 global and 5 elementary) are available that describe the finite-
rate chemistry of H2-CO combustion.  Studies were performed [5] where a turbulent jet flame 
was simulated and all 8 kinetic models were compared.  It was found that five of the kinetic 
models over-predicted the maximum flame temperature in the range, 200 K – 320 K.  Two 
models under-predicted flame temperature by 240 K and 580 K, respectively.  The global 
model that is based on [6] for hydrocarbon fuels and gave the best agreement with 
measurements.  This kinetic model also has low computational demand. 

The base-bleed system is modeled by solving the Reynolds Averaged Navier-Stokes 
equations for mass, momentum, energy and species transport.  Turbulence closure was 
performed using a modified Chien k-epsilon model [7]  and the turbulence-chemistry 
interaction was modelled using the partially stirred reactor (PaSR) [8] approach.  The finite 
rate chemical kinetics was modeled using the global kinetic model [6].   

Results show the ability of the method to describe such flows and the large beneficial effect of 
afterburning in the base-flow region in reducing the base drag. 

REFERENCES 

[1] C. E. Brazzel, “The Effects of Base Bleed and Sustainer Rocket Nozzle Diameter and 
Location on the Base Drag of a Body of Revolution with Concentric Boost and Sustainer 
Rocket Nozzles,” DTIC Document, 1963. 

[2] H. Bournot, Daniel, and R. Cayzac, “Improvements of the base bleed effect using reactive 
particles,” Int. J. Therm. Sci., vol. 45, p. 105771065, 2006. 

[3] H. J. Gibeling and R. C. Buggeln, “Reacting flow models for Navier-Stokes analysis of 
projectile base combustion,” AIAA Pap., no. 91–2077, 1991. 

[4] P. Kaurinkoski and A. Hellsten, “Numerical simulation of a supersonic base-bleed 
projectile with improved turbulence modeling,” J. Spacecr. Rockets, vol. 35, no. 5, pp. 
606–611, 1998. 

[5] O. A. Marzouk and E. D. Huckaby, “A comparative study of eight finite-rate chemistry 
kinetics for CO/H2 combustion,” Eng. Appl. Comput. Fluid Mech., vol. 4, no. 3, pp. 331–
356, 2010. 

[6] C. K. Westbrook and F. L. Dryer, “Simplified reaction mechanisms for the oxidation of 
hydrocarbon fuels in flames,” Combust. Sci. Technol., vol. 27, no. 1–2, pp. 31–43, 1981. 

[7] Y.-S. Chen and S.-W. Kim, “Computation of turbulent flows using an extended k-epsilon 
turbulence closure model,” 1987. 

[8] D. Veynante and L. Vervisch, “Turbulent combustion modeling,” Prog. Energy Combust. 
Sci., vol. 28, no. 3, pp. 193–266, 2002. 

 


