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ABSTRACT

A detailed aerothermochemical analysis of chemically active surfaces
immersed in a high speed stream of an oxidizing gas mixture is pre-
sented. The analysis applies to laminar flow over blunt bodies which
either undergo surface combustion or which sublime and then undergo
gas phase combustion within the boundary layer. The theory is devel-
oped in general for a whole class of chemically active sublimators
and is then applied to the particular case of graphite, a material
for which a great deal of information is available.

NOTE: This publication represents a comprehensive exposition of an
analysis developed during the first quarter of 1957 and supported by
funds of Aeronutronic Systems, Inc. Some of the results of this work
were previously published in ASI Publications SR-048 dated March 29,
1957 and SR-071 dated May 10, 1957.
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equilibrium constant based on concentration
mass fraction of Lth species

equilibrium constant based on partial pressures
Lewis number

absolute mass flux of mixture in‘} direction

absolute mass flux of tth species inA} direction; see
equation (16)

molecular weight of mixture
Mach number upstream of bow shock
molecular weight of ith species

number of molecules per unit area for a molecular layer
of surface material
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zone; see equation (39)
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equation (48)
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heat of nitrogen dissociation at combustion zone conditions;
see equation (39)
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Symbols

heat of nitrogen dissociation at wall conditions; see
equation (43)

Nw
absolute viscosity of mixture

Debye frequency factor

stoichiometric coefficient forjth chemical species

density of mixture

constant in expression for temperature dependence of k} 5
see equation (25)

T &> ¢

stream function; see equation (26)

Subscripts

c combustion zone conditions

e edge of boundary layer conditions

£ property of fuel

FS‘ property of fuel in solid state only

L)j,m indices for {th ,3th , oramthchemical species

él\ species L in atomic form

‘hﬂ species é in molecular form

N property of atomic nitrogen

(0] property of atomic oxygen

P property of first product

Y property of second product

w wall or body surface conditions

Superscripts

! reactant

H product

4+ region between combustion zone and outer edge of boundary layer
- region between wall and combustion zone

R unity for axisymmetric and zero for two-dimensional bodies
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SECTION 1

INTRODUCTION

Because of the complexity of combustion processes, the
literature on the subject is overloaded with empirical relation-
ships and semi physical reasoning with little mathematical organi-
zation In recent years, however, a great deal of progress has
been made toward understanding combustion phenomena on the basis
of fundamental physical laws and mathematical analysis. 1In this
country the advances are due largely to a few individuals, Among
these agre Hirschfelder (l,2 , von Karméh(3“7), Penner (6- :
Marble(gﬂlo)g Emmons 11), and their associates(12:13) x

An analysis of the heat transfer to chemically active
sublimating surfaces has been carried out following the analytic
approach developed by the above mentioned individuals. The solution
is obtained by means of a straightforward procedure based on certain
specific simplifying assumptions and the laws of conservation of
mass, momentum, energy, and elemental species, as well as an equation
of state. In its boundary layer aspects, t?e theory has some re-
semblance to the widely used theory of Lees 14) for hypersonic flow
of air over blunt bodies with non-reacting surfaces. This resemblance
manifests itself in the transformation of the boundary layer equations
and in the method of eliminating the direct influence of the pressure

*The authors wish to express their appreciation to Professor Marble
who has been in close contact with the present analysis as it pro-
gressed and has contributed many valuable suggestions.
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gradient in the momentum equation.

The question of ignition is circumvented in this paper.
It is assumed that a quasi-steady state exists in which the flow
conditions adjust instantaneously to changes in the boundary condi-
tions. Such a physical model could be realized either by sufficient
preheating of the air which enters the boundary layer, i.e., by
compression of a hypersonic flow, or by heating the body surface
directly. The actual ignition process could be investigated,
however, following the approach developed by one of the present
authorstls).

The laminar boundary layer is studied because of its
mathematical simplicity compared to turbulent flow. Mass injection
at the wall associated with combustion of the wall material would
undoubtedly have a destabilizing effect on the laminar boundary
layer. Consequently, transition Reynolds numbers would be lower
for combustible surfaces. However, in spite of the limited range
of practical application of laminar theory in the present instance,
the results will clarify many features of the combustion process
common to either state of the boundary layer. A turbulent analysis
has also been developed and will be presented in a later paper.



