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High-g UCC Trapped-vortex UCC

Axis of rotation of primary Axis of rotation of primary

cavity flow (in red) is collinear cavity flow (in red) is tangent

with engine centerline to engine circumference
(@) (b)

Figure 1- Schematic of (a)trapped-vortex combustion and (b)High-g combustion [3]
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Figure 2- Geometry schematic used in Lewis experiment [8]
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1. Gauss linear

2. Gauss linear corrected

3. Pressure Implicit with Splitting of Operator and Semi-Implicit Method for Pressure-Linked Equations
4. Pressure Implicit with Splitting of Operator

5. Semi-Implicit Method for Pressure-Linked Equations

6. CFL: Courant-Friedrichs-Lewy Number
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Figure 7- Instantaneous temperature contour for different centrifugal accelerations at t=8 ms
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Figure 8- Instantaneous temperature contour for 3000g centrifugal acceleration att =1 to 10 ms
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Figure 9- Instantaneous pressure gradient contour for 3000g centrifugal acceleration at t = 0.5 to 10 ms
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Table 1- Location and time of the pressure wave collision with the flame surface

row Centrifugal x (m) t (ms)
Acceleration (g)
1 1g -0.74 9.5
2 3959 -0.7 9.5
3 1000g -0.67 9
4 2000g -0.5 8.5
5 3000g -0.3 8
6 40009 -0.65 9
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Figure 11- Flame propagation speed between-0.735 and the location of the pressure wave collision with the flame surface in
terms of centrifugal acceleration
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Figure 12- Time-averaged wrinkling flame surface distribution along the axis of the tube up to t = 8 ms for different
centrifugal accelerations
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Figure 13- Comparison of the use of k-g turbulence model with LES in flame propagation simulation
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Figure 14- Comperesion of time-averaged wrinkling flame surface distribution along the axis of the tube for two different
turbulence models
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Table 2- Flame propagation speed at 2000g centrifugal acceleration for three different pipe lengths

row | Length (m) Flame Propagation
Speed (m/s)

1 2.745 55.62
2 1.83 41.25
3 0.915 14.37
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Figure 15- Time-averaged wrinkling flame surface distribution along the axis of the tube up to t = 4 ms at 20009 centrifugal
acceleration for three different tube lengths
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English Abstract

Investigation of the Effect of Centrifugal Acceleration on the Flame
Propagation Speed in Premixed Combustion
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Increasing the flame propagation speed with aid of centrifugal force proposed by Lewis is a new challenge
that can reduce the length of the combustion chamber and thus increase the thrust to weight ratio. In this
study, large eddy simulation of premixed combustion of air-propane mixture in a two-dimensional tube with
closed ends have been implemented in OpenFoam Software to investigate the effect of centrifugal force on
the flame propagation speed. Comparison of numerical solution results with experimental data showed about
8% error in the most critical centrifugal acceleration (3000g). To investigate the effect of the turbulence
model, the combustion simulation using the k turbulence model for 3000g, was compared with the LES
model and it was observed that the LES model, investigate propagation speed and flame wrinkling with
higher accuracy. Considering the flame surface wrinkling parameter, it was observed that at a centrifugal
acceleration equal to 4000g, the flame surface wrinkling, suddenly increased and then decreased rapidly that
indicates the extinction of the flame. Then, the effect of pipe length on flame propagation speed and flame
wrinkling at 2000g was investigated and it was observed that increasing pipe length and distance from the
origin of rotation, the induced centrifugal force increased and as a result, propagation speed and wrinkling
Increases.

Keywords: Thrust, Combustion, Premixed, OpenFoam, Wrinkling
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