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Figure 1- Schematic of a ramjet engine [1]
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Figure 2- Display of solid fuel ramjet combustion chamber, combustion characteristics and main flow
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Figure 4- Geometry and dimensions of combustion chamber of solid fuel ramjet engine
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Figure 6- Showing the non-dependence of temperature results in the combustion chamber on the number of different nodes
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Figure 7 - Axial distribution of regression rate along solid fuel surface at different time intervals for simulation data and validation
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Figure 8- Axial distribution of oxygen mass fraction along the surface of solid fuel at different time intervals for the main geometry
(dp/din = 1.75)
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Figure 9- The axial distribution of the mass fraction of the combustion product (ethylene) along the polyethylene combustion
chamber at different time intervals for the main geometry (dy/di, = 1.75)
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Figure 10- Axial temperature distribution along the surface of solid fuel at different time intervals for the main geometry
hol dwasd ol p dlide Jlojy Jolgd jo vals C g gdaw Slactal 4o Lod (55950 29395 — Ve &

a5



VEY s sl oled ppo il Jlo e(3l il 5 Cbgus oibgy — ool 4y 5t

200 600 1000 1400 1800 2200 2600

200 600 1000 1400 1800 2200 2600

600 2200 2600

200 1000 1400 1800

T(K)

200 600 1000 1400 1800 2200 2600

T (K)

|
|

200 600 1000 1400 1800 2200 2600

200 600 1000 1400 1800 2200 2600

T (K)

200 600 1000 1400 1800 2200 2600

N
|

—

2200 2600

200 600 1000 1400 1800

200 600 1000 1400 1800 2200 2600

200 600 1000 1400 1800 2200 2600

200 600 1000 1400 1800 2200 2600

200 600 1000 1400 1800 2200 2600

—
z

200 600 1000 1400 1800 2200 2600

200 600 1000 1400 1800 2200 2600

T (K)

600 1000 1400 1800 2200 2600

200

200 600 1000 1400 1800 2200 2600

200 600 1000 1400 1800 2200 2600

X)

200 600 1000 1400 1800 2200 2600

Figure 11 - Temperature contours of reactive unsteady flow in solid fuel ramjet combustor for simulation data
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Table 2- Simulation conditions

Case 1 2 3
Port diameter (mm) 70 75 85
Inlet diameter (mm) 40 40 40
Fuel length (mm) 300 300 300
Throat diameter (mm) 285 285 285
Mass flow rate (kg/s) 0.6 0.6 0.6
Dp/Din 1.75 1.875 2.125
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Figure 12- The effect of sudden expansion on temperature distribution for three different case in 1 second.
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Figure 13- The effect of sudden expansion on temperature distribution for three different case in 1.5 seconds.
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Figure 14- Effect of sudden expansion on pressure for three different cases
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Figure 15- The effect of the sudden expansion of the solid fuel ramjet combustion chamber on the fuel regression rate in 1 second.
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Figure 16- The effect of the sudden expansion of the solid fuel ramjet combustion chamber on the fuel regression rate in 1.5 second
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Figure 17- Percentage changes of fuel regression rate for B and C states compared to the initial state (dp/di, = 1/75)
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English Abstract

Numerical investigation of the effect of sudden expansion of the solid fuel
ramjet combustion chamber on the regression rate
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In this research, modeling and numerical simulation of the effect of sudden expansion ratio (ratio of port
diameter to inlet diameter) of high-density polyethylene-based solid fuel ramjet combustion chamber in the
reactive turbulent flow on the regression rate are presented. The effect of sudden expansion of solid fuel
ramjet combustion chamber in three different samples with different port diameters and fixed inlet diameter
with ratios of 1.75, 1.875 and 2.125 is investigated on the parameters of temperature and regression rate. The
simulation results show that increasing the ratio of port diameter to inlet diameter decreases the temperature.
The highest temperature was obtained in the original sample with the ratio of port diameter to inlet diameter
equal to 1.75 . Also, the results show that the sudden increase in expansion causes a decrease in the fuel
regression rate, which causes a decrease in ramjet performance.

Keywords: Sudden expansion, Regression rate, Solid fuel ramjet, Simulation, Modeling, High density
polyethylene.
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