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GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available.
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CARBON/CARBON COMPOSITION ABLATION EFFECTS ON IONIZED

TITLE:
BOUNDARY LAYERS

AUTHOR: Wei Shuru Wang Ce Wang Fuhan

Abstract A-calculation method for carbon/carbon rcomposition ther-
mochemical ablation effects on ionized laminar snd turbulent boundary
layers is given, In the boundary layers 20 gas species are considered and
all chemical reactions which occured in them are assumed to be equilib-
rium, The new solving method for boundary layer equations and simple
disposal for transport properties are applied. The calculation examples
indicate that ablation has great effects on iosization properties of the
boundary layers and that ionizations of the alkaline metsls are not al-
ways dominant,

Key words ablation, ionization, boundary layer, laminar, turbulent,




V. SAMPLE CALCULATIONS AND ANALYSIS

We used Reference [ll]'s sample calculations and sample
calculations for other object forms as well as flight conditions to
carry out calculations. A part of the results are as shown in
Fig.1l-3. From the results of calculations, it is possible to obtain:

) (1) Combustion corrosion or ablation has a very great influence
on boundary layer ionization characteristics. At analogous or
corresponding points (for example, wall surfaces), the ablation values
for electron number densities are highest as compared to pure air
values under the same conditions by 3-4 orders of magnitudelg](See
Fig.1). The peak values in boundary layers are 1-2 orders of
magnitude higher (Fig.2).

(2) The introduction of ablation products causes electron number
density cross sections to tend towared saturation, that is to say, the
high density regions get thicker, turbulent flow boundary layers in

particular (Fig.2).
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3(a) (1) Air Boundary Layer (2) Stationary Point Laminar Flow
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Fig.3(b) (1) Air Boundary Layer (2) Turbulent Flow
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Fig.3(c) (1) Air Boundary Layer (2) Turbulent Flow

(3) Within ablation wall surfaces and their adjacent thin
layers, electrons, generally speaking, come mainly from ablation
products, in particular, ions from alkali metals. However, in most of
the depth of boundary layers, as far as whether air components or
ablation products occupy the dominant postion in ionization mechanisms
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Fig.3(d) (1) Air Boundary Layer (2) Sationary Point Laminar Flow

Fig.3 Mol Fraction Cross Sections for Charged Components

is concerned, it is still decided by the conditions of flight and the
locations at which the boundary layers find themselves. Generally
speaking, stationary point laminar flows, even to include turning or
transition points, hold relatively close to past turbulent flows, and
air components are dominant (Fig.3(a), (b), and (d)). However, in the
lower reaches of the flow, by contrast, ablation products hold the
dominant postion (Fig.3(c)). As far as the ionization component which
occupies the dominant position is concerned, the rules or patterns for
the transition from air to ablation products are somewhat similar to
the rules or patterns for boundary layer transitions. However, the
points of change are all in the reaches of the flow below the boundary
layer transition points.

(4) Among ablation products, alkali metal ionization most
certainly does not occupy the dominant postion overall. Among the
boundary layers of spherical tip regions when flying at relatively
high altitudes, the relevent contributions of co’ --in particular
¢t --(this refers to Xoy /%o » and so on), at times, reach even as
high as 70% (Fig.3(d)). These mechanisms have important effects on
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raising electron number density peak values and increasing the
thicknesses of high concentration regions.
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