View metadata, citation and similar papers at core.ac.uk

<
brought to you by .{ CORE

provided by NASA Technical Reports Server
-

NASA TECHNICAL MEMORANDUM NASA TM-78000

NAS 115 19000

THEORETICAL AND EXPERIMENTAL INVESTIGATION OF THE
DESTRUCTION OF GRAPHITES IN A FLOW OF DISSOCIATED AIR

T. A. Bovina, Yu. V.
N. V. Markelov, Yu. V.

Translation of "Teoreticheskoye i eksperimental'noye
issledovaniye razrusheniya grafitov v potoke dissotsiirovannogo
vozdukha," in Heat and Mass Transfer V: All-Union Conference

on Heat and Mass Transfer, 5th, Minsk, Belorussian SSR, May
17-20, 1976, Proceedings, vol. 2, pp. 85-90.

THEORETICAL AND EXPERIMENTAL INVESTIGATION N86-21632

'OF THE DESTRUCTION OF GRAPHITES IN A FLOW OF
"DISSOCIATED AIE {National 2eronautics and
. Space Administraticn) 10 p HC AD2/MF AOQ1 Unclas

CSCL 07D 63725 05718

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 FEBRUARY 1986


https://core.ac.uk/display/42841803?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

[(RJ

STANDARD TITLE PAGE

1. Report Ne 2. Government Accession No. 3. Recipient’'s Cotolog Re.
T™-78000
‘ T“h°"d§"&“k . . . > Rwo%ggguary 1986
Theoretical and Experimental Investigation of
the Destruction of Graphites.in a Flow of 6. Perloming Digenizotion Code
Dissociated Air )
7. Author(s) B. Petlotming Orponizction Report No,
T. Z. Bovina, Yu. V. Zviagin, N. V. Markelov,
Yu. V. Chudetskiy 10. Work Unit No.
1). Contioct or Gront No.
9. Perlorming Orgonizotion Nome ond Address NASW 4006
The Corporate Word 13. Type of Report ond Period Covered
1102 Arrott Building
Pittsburgh, PA 15222 Translation
12. Sponsoring Agency Nome ond Address
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 14. Spomsering Apency Code
WASHINGTON, DC 20546 '
15. Supplementory Notes
Translation of:-'"Teoreticheskoye i eksperimental'noye issledovaniye
razrucheniya grafitov v potoke dissotsiirovannogo vozdukha,' IN: Heat and
Mass Transfer V: All-Union Conference on Heat and Mass Transfer, 5th, Minsk,
Belorussian SSR, May 17-20, 1976, Proceedings, Vol. 2, pp. 85-90
(A77-43935)
1§. Abstiocy

A method is presented for claculating the heating and erosion of blunt
bodies made of graphite in a high-enthalpy flow of dissociate air, assuming
thermal effects of combustion and sublimation of graphite.
involves the use of a finite difference stheme to solve andequation of un- .
- Attention is given to the equilibrium vaporization
of C, C,, and C_ molecules. The caiculations.agree well with experimental
data fof a wide range of temperatures and stagnation pressures.

steady heat conduction.

.

The analysis

.

17. Key Words (Selec‘lcd by Author(s)) 18. Distribution Stclement
aerothermochemistry/bkunt bodies/ L L.
graphite/high-temperature air/ Unclassified - Unlimited
pyrolysis/thermal dissociation

19. Security Clossil. (of this ceport) 20. Security Clossil, (of this page) 2} Ne. of Peges 22. Price U,
unclassified Unclassified 10 .

‘ ORIGINAL PAGE 13 2
OF POOR QUALITY NASA-HQ




THEORETICAL AND EXPERIMENTAL INVESTIGATION OF THE
DESTRUCTION OF GRAPHITES IN A FLOW OF DISSOCIATED AIR

T. A. Bovina, Yu. V. Vziagin,
N. V. Markelov, Yu. V. Chudestkiy

Authors in this country and abroad have devoted a whole
series of experimental and theoretical studies to combustion of
carbon materials in high-enthalpy air flows. However, the
results of different researchers' calculations correlate quite
poorly because of the difference in approaches to identifying
definitive physico-chemical processes on the carbon's surface
at high temperatures. Existing experimental relationships
between carbon material gasification rate and surface

temperature are also extremely contradictory.

Ablation of carbon material in a low-temperature air flow
results basically from two processes: chemical interaction
with the components of the air (accompanied by heat release)
and sublimation of carbon (with heat absorption). While it is
not difficult to follow the first process at rather high
temperatures (2,500 K +), there is no consensus on the
description of the second regarding either the kinetics of
carbon sublimation or the composition of the sublimating gas.
Disagreements in interpretation of the carbon sublimation
mechanism result in considerable discrepancies in results in
terms of carbon material gasification rate and temperatures of

the surface being destroyed.

When the analytical procedure presented below was being
developed, the authors' goal was to account as much as possible
for all basic features of the process by which carbon material
interacts with an air flow at high temperatures. In contrast

to most existing studies, the problem of unstable heating and
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erosion of a blunted graphite body immersed in a dissociated

air flow was also solved.

The proposed analytical procedure is used to solve the

equation for unstable heat conductivity
Jo of_ _ 3 (p T
o~ ox c ./ (1)

which is considered in finite-difference form with regard for
dependency of the material's thermophysical properties on 86
temperature for the given temperature profile and with the

following boundary conditions:

e Heat insulation on the cold surface

9 9T _
)&5‘; =0 . (2)

The energy balance on the surface where the carbon material

interacts with the air flow is preserved in the form

"‘//“ép (je_jw)-.go‘T‘j:—X ETX—) +G(0, -h ) (3)
where je=zh‘.c£g _, ..7 Zh Lw

For hi’ the study used approximations of tabular data

h=0,+ QzTeIP (azl:;i' )

The solution to the thermal conductivity equation requires

from [2] in the form

that the "mobility" of the surface where the material interacts

with the flow be taken into account.

To close system of equations (1)-(3) given known
relationships between the enthalpies of the subject components
and temperature, one must know the relationships between the
gas mixture's composition and carbon ablation velocity, as well

as pressure, temperature, and the coefficient of heat and



mass exchange on the material's surface.

The carbon composition and ablation velocity at the
material's surface can be determined only by defining the
physico-mechanical interaction between the carbon material and

the high-temperature flow of dissociated air.

The following physical model was used for the process by

which carbon material interacts with a high-enthalpy air flow.

Just as in [3], the compositions of the gas in the flow and
at the material's surface were regarded as equiponderant. On
the "catalytic" surface of the carbon material, all chemical

reactions proceed at an infinitely high speed.

Profiles for complete enthalpy and for the concentrations

of all subject components are similar in the boundary layer.

Five components are considered on the outer edge of the
boundary layer: O, N, 02, N2, NO; eleven on the carbon's

surface: Cl' C2, C3, co, N2, CN, C02, N, NO, 02, 0.

Carbon vaporizes in the form of C, C2, and C3
molecules. Saturating vapor pressures for these components
also satisfy conditions for chemical equilibrium at surface

temperature.

It is not difficult to calculate the equilibrium
composition of air at the outer edge of the boundary layer for

the assigned temperature and pressure.

The following relationships are considered in determining

composition at the surface.

® Equations for the law of mass action for molecular

component (CO, C02, NO, 02, C2, C3) atomization



reactions in the form

K= (Ca" Co) s (@)

(of the seven equations, one can be replaced by Dalton's law

;CL ='I R

® Equations for mass balance at the material's surface for
atoms of

- nitrogen

57 (%0 €, = Cie)* GCin =0,

(5)

- oxygen

IV [Pep(Cy,, - Cie)+ G Ci 1= 0

3
—
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-~

(6)
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® Mass balance for carbon vaporization

l(%p*G)(CW t Cow * C3w): Z: rhcn, (8)
where mgzqﬂ(fg:"_ f?nw)//\/g:T—Rf is the speed of

vaporization for carbon in the form of Cn molecules, where

HAC _ HAC, n
Pen = (Bgp ) /Keq
To solve system of equations (4)-(8) relative to G and
Cin (which are functions of T ), static pressure and the

w .
factor for heat-mass exchange\(<%%§3)must be set.

Fey-Riddel's formula [4] was used to calculate Jq/Cp. for



immersion of a blunted body.

If solid carbon gasification is intense, .... must be
calculated with a correction for blowing (cf. e.g. [51]).
Approximations of tabular data from [2] in the form /88
lg K=A + B/T+C 1lg T.
below were used for the temperature dependence of molecular
component atomization constants and carbon vapor saturating

pressure.

Thus, this system of basic equations (1)-(8) is closed, and
its solution makes it possible, generally speaking, to
determine flow parameters which are variable over time (P'O,
T'O, .L/Cf5), ablation velocity, gas composition at the
surface, and temperature profiles deep in the material, at any

time.

The algorithm for numerical solution of this system of
equations has been compiled in ALGOL-60 for the BESM-4M
computer.

A specially designed high-temperature setup (described in
detail in [6]) was used to test cylindrical graphite samples 14
mm in diameter and 40 mm long in a supersonic flow of
dissociated air. Flow parameters and test results are

presented in the table below (tests 1-4).

Graphite

Test density
No. g/cm2 P'p, ata T'g, K W, mm/secC Tws K
1 1.94 5.5 5,600 0,17 3,100
2 1.65 6.0 4,500 0.20 3,100
3 1.65 5.75 5,900 0.36 3,000
4 1.80 17.0 4,800 0.4 3,200
5 2.2 1.2 6,310 0.078 3,100
6 2.2 1.0 8,100 0.31 4,000




Results of tests 5 and 6 are presented in [7] and pertain

to pyrographite.

Results of calculation using the proposed procedure and the

experimental data presented here are shown in the figure.

The arrangement of points on the figure close to the ray
running at a 45° angle to the x-axis indicates a completely
satisfactoy correlation between results of calculation and
experimental data for the range of temperatures and pressures
studied.
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Fig. Comparison of calculated and experimental data on
the linear velocity of ablation (W, mm/sec) and surface

temperature (Tw, K) .

A good correspondence of calculation results and
experimental data for G and Tw indicates that elementary
processes occurring during interaction of carbon materials and
a high-temperature air flow have been correctly taken into

account.



Symbols

.i/cp. - heat and mass exchange coefficient; d~— vaporization
factor; € - emissivity factor; V? - number of N atoms in

a molecule of the i-th component; A - thermal conductivity
factor; P - graphite density; o - Stephen-Boltzmann constant;
C, - weight concentration of the i-th component; G - carbon

ablation velocity; h - specific chemical enthalpy; J - total

chemical enthalpy of the gas mixture; KAB - equilibrium
constant for the reaction AB ;2 A + B; M - molecular weight;
P'O - pressure behind a straight shock wave; Pgﬁc -

saturation pressure of Cn; R - universal gas constant; T'0

- temperature behind a shock wave.
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