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Self-Sustaining Critical Section in Steady Ejecting Process
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Abstract: To improve and perfect the ejector theory , the concept of self-sustaining critical section is
put forward in steady ejecting process based on the relationship between the ejector performance and back-
pressure , and the concept is used to define the normal cross—section where the primary flow reaches the
wall or the boundary layer. The theory was proved by using CFD results of back—pressure’s effect on eject-
ing process. On this basis, the mass flow rate control mechanism of ejector can be divided into four catego-
ries , including the first critical regime mechanism, the third critical regime mechanism, back-pressure
dominating mechanism and self-sustaining critical section dominating mechanism. The entrainment ratio is
the biggest in the four statuses while the ejector works at the self-sustaining critical section dominating
mechanism. While the disturb zone and its infection zone are downstream of the self-sustaining critical sec-
tion , the entrainment ratio will not change. While the disturb zone and its infection zone are upstream of
the self—sustaining critical section, the ejecting process will be affected , and the entrainment ratio will
change.
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Table 1 Flow parameter at the inlet planes

Primary flow Secondary flow

Gas components Nitrogen Oxygen

Total pressure p/MPa 9 0.1013
Pressure p/kPa 60.0 101.3
Total temperature T//K 3250 300
Aera Alem? 60 240
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Table 2 Grid information and CFD results

Name of mesh C2 Cl Default Refine
4.86x10°  2.981x10* 9.126x10* 1.9932x10°

Mesh size

Height of base

) 0.50 0.05 0.02 0.01
grid/mm

Entrainment 1.576 1.594 1.595 1.594
ratio n

Deflection 0.012 0.001 0 0.001
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Table 3 Flow parameter at inlets’ plane (The 3rd critical

regime mechanism)

Flow Gas p/MPa p,/kPa T/K Alem?
Primary Mixture 4 49.6 3184 60
Secondary Air 0.1013 101.3 300 240

Table 4 Mass fraction of components in primary flow (The

3rd critical regime mechanism)

Flow H, H 0, 0 OH  HO0

Primary  0.099  0.001 7.9x10™* 2.0x10° 1.1x10™* 0.900
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Fig. 14 Distribution of the mass-weighted average Mach
number along the ejecting flowfield controlled by the 3rd

critical regime mechanism
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Table 5 Flow parameter at inlets’ plane (SMC mode)

Flow Gas p/MPa p/kPa T/K Alem?
Primary Mixture 8.02 104.3 3400 60
Secondary Air 0.1013 101.3 300 240
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Table 6 Mass fraction of components in primary flow
(SMC mode)

Flow H, H 0, 0 OH H,0

Primary  0.081 0.001 4.9x107° 1.5x10”° 7.2x10™* 0.917

I |
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Fig. 15 Contours of the reaction heat
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