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Abstract — Shock tube experiments are described which compare the heat transfer rate to flat plate nickel and
silicon dioxide surfaces from dissociated hydrogen/argon mixtures at temperatures from 2000 to 6000 K. The
experimental conditions were chosen in order to permit the effects of surface recombination of hydrogen
atoms on the heat-transfer rate to be explored. Comparisons of the experiments with theoretical predictions
based on existing laminar boundary layer methods are presented. The results may be interpreted to yield an
experimental value for the catalytic efficiency (y') of silicon dioxide surfaces to hydrogen atom recombination
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bination of atomic species, the enthalpy of recom-
bination consequently increasing the surface heat
transfer rate in comparison with non-metallic surfaces
which have much lower catalytic efficiencies. An
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example of past work in which this phenomenon is of
importance is in the context of the acrodynamic heat
transfer to bodies having catalytic or non-catalytic
surfaces from high temperature reacting air during
atmospheric re-entry.

Renewed interest in this field of study arises from
possible applications to combustion systems, firstly, in
determining heat transfer from non-equilibrium zones
in combustion products, and secondly with relevance
to the physical phenomena occurring in non-
equilibrium boundary layers adjacent to catalytic
surfaces promoting catalytic combustion. In the for-
mer problem, diffusion and subsequent surface recom-
bination of atomic species and radicals can result in
increases in heat transfer above that existing for the
fully frozen limit. In the catalytic combustor, suitable
hot catalytic surfaces act as sources of atoms and
radicals which diffuse towards the free stream com-
bustion gases and maintain combustion at relatively
low temperatures, thereby decreasing the production
of NO, and leading to a potential low-pollution
combustor.

A species of interest in the combustion context is the
hydrogen atom and the present work examines the
heat transfer from shock tube dissociated hydrogen, in
an argon thermal bath, to nickel and silicon dioxide
surfaces. Previous work to determine the catalytic
efficiency of various surfaces to hydrogen atom recom-
bination [1] has been carried out in steady flow
reaction tubes using hydrogen which had been dis-
sociated by a radio frequency discharge. In the
present work, hydrogen has been thermally dis-
sociated by shock wave heating a hydrogen-argon
mixture in a shock tube. This has permitted a study of
surface recombination of atomic hydrogen at free-
stream temperatures in the range from 2000 1o 6000 K.
Comparison of the results of absolute heat transfer
measurements to flat plates with existing theoretical
predictions has been made to examine the relevance of
such methods to combustion applications. Relative
heat-transfer measurements to adjacent nickel and
silicon dioxide surfaces have resulted in new data for
their catalytic efficiencies to hydrogen atom surface
recombination.

2. HEAT TRANSFER IN CHEMICALLY REACTING
LLAMINAR BOUNDARY LAYERS
Fay and Riddeli [2] and Lees [3] have formulated
the boundary layer equations including the effects of
chemical dissociation. They considered that heat is
transferred to the wall by normal molecular con-
duction and in addition by diffusion of atoms which
recombine, either in the gas phase, or on the wall
There are two extremes possible: a very fast recom-
bination rate in which the gas is in equilibrium
throughout the boundary layer, or chemically frozen
flow where the atom concentration remains constant
through the layer. For these extreme cases Lees
simplified the boundary-layer equations and solved
them approximately.
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Fay and Riddell solved the equations numerically
for all values of the recombination rate. Both Lees [3]
and Fay and Riddell [2], however, assumed that the
boundary layer condition at the wall was that the atom
concentration is zero ; this corresponds to an infinitely
efficient catalyst.

Goulard [4] allowed for atom concentrations at the
wall greater than zero and deduced that for equilib-
rium, the mass flux of atoms diffusing towards the wall
must equal the rate of atom mass lost by recom-
bination at the wall. He showed that for frozen
boundary layers, the heat-transfer rate to a surface
having a wall recombination rate k,, is given in terms of
the heat-transfer rate to a perfectly catalytic surface (k,,

= x)as:
Lot otj,h‘j
q, .y
q.'h"*"=1+ e ' ah‘;ld)—“ {1)
« P+ (Le® 1y
hy
where:
DT
Le = is the Lewis number = PK(!

a4h%/hr represents the chemical fraction of the stag-
nation enthalpy hr, « 4 is the free stream atom fraction,

¢ = [1 + ; 1 E~ {2)

D = diffusion coefficient,

¢, = frozen specific heat,

K = thermal conductivity,
p = density,

i

S = boundary-layer diffusion rate,
EONLC
TP b JRe)

The criterion determining whether the boundary
layer remains frozen is the gas phase Damkohler
number. Chung [5] has shown that for a flat plate
laminar boundary layer, the gas phase Damkohler
number {, is given by

L 2~,r" (3)
YT U, TP R 1

1, is the characteristic boundary layer particle
diffusion time,

1, is the characteristic reaction time,

kg, = 2kgT",

kx = specific recombination rate coefficient,

w is the exponent of temperature in the expression kg
= A/T",

R, is the universal gas constant,

P, T, and U, are the static pressure, temperature and
velocity at the edge of the boundary layer respectively,

where:
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x is the longitudinal distance from the edge of the
boundary layer.

If {, is sufficiently small, atomic species will not
recombine in the boundary layer and will diffuse to the
surface. The extent of surface recombination is de-
termined by the catalytic nature of the surface material
and is characterized by a surface Damkohler pumber
¢, which has been defined by Chung [5] for a flat plate
laminar boundary layer as

- Sc(pwkw)\/; - Ta

T (pUac/)? 1, @

&

where:

1, = characteristic particle diffusion time,
1,, = characteristic time for surface reaction,
Sc is the Schmidt number (= Pr/Le),

k,, is the specific wall reaction rate

RoT M
[zy(anA> :},

¢ is the ratio of the density viscosity product (py/p.p.).
Subscripts w and e refer to wall and boundary layer
edge conditions respectively.

y" is the surface catalytic efficiency,

M, is the molecular weight of the atomic species.
Vidal [6] has shown that for flat plate laminar
boundary layers

_ Cf\/ k—‘;; vz 1y _
ty/Res = 5555 [1 P
otAhﬁ _
~ = hw)(l ¢Le)] (5)

where ¢ = (1 + S/k,)”! and the boundary layer
diffusion rate § is defined in equation (2).
The stagnation enthalpy h; is defined by

hy =¢,T, + 3UZ + a b

The surface heat-transfer rate ¢ may be calculated
using the Stanton number, St, from equation (5) using

q = StpeUe(kT - hw) (6)

For the purpose of comparison with the heat-transfer
measurements of the experimental programme, heat-
transfer calculations to flat surfaces have been made
for (a) shock heated 10% H,/90% Ar mixtures and (b)
pure argon as test gases.

For dissociated hydrogen/argon mixtures the
heat-transfer rate was calculated using equation (5)

with ¢,/ Re, evaluated using the method proposed by
Vidal [6] for non-unit Prandtl number and variable
density—viscosity product across the boundary layer.
For the conditions of the present experiments, this

leads to results for ¢,/ Re, within 1% of the classical
Blasius laminar boundary layer result of 0.664.
Values of the relevant transport properties of the
equilibrium hydrogen—argon mixture in the shocked
gas zone such as viscosity, diffusivity and thermal
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conductivity (shown in Figs. 1-3) were evaluated using
the methods given in Appendix A at temperatures up
to 6000 K, at which the hydrogen is fully dissociated.
Computed values of the Reynolds (Re), Prandtl (Pr),
Schmidt (Sc) and Lewis {Le) numbers, together with
the boundary-layer diffusion rate S [defined by equa-
tion (2)], are shown in Fig. 4 over a range of
temperature from approximately 2000 to 6000 K at an
assumed initial shock tube pressure of 1 torr typical of
the experimental conditions. The effects of the onset of
hydrogen dissociation commence at temperatures in
excess of 2000 K.

As a basis for comparison of the reacting gas heat-
transfer measurements with those for an inert gas,
experiments were performed over the same tempera-
ture range using pure argon as an inert test medium.
Theoretical estimates of heat transfer from pure argon
were made using equation (6) together with the
assumption that argon behaved as a perfect gas withc,
= 5R,/2M ,, over the range of temperature explored.
The Stanton number, St, was calculated from

JE
St Re, = 0332(;3'—)5/?

where c* = p*p*/p u, and conditions * are evaluated
at the boundary layer intermediate enthalpy h* which
is given by

h* = 0.5(h, + h,) + 0.22(h, — h,)
and h, is the recovery enthalpy defined as
h, = h, + H{Pry'2U2.

Transport properties were calculated using the assurmp-
tion that argon behaved as an ideal monatomic gas
over the range of temperature considered. The expe-
rimental results suggest that this assumption is satis~
fied at temperatures up to approximately 5000 K but
departures, probably caused by argon ionisation,
occur above this temperature.

3. EXPERIMENTAL APPARATUS

3.1. The shock tube

The shock tube is a well-established technique to
provide a dissociated flow and the atom concentration
behind the incident shock front can be predicted with a
high degree of confidence.

For the reported experiments a stainless steel shock
tube has been used, having a 4.57 m long driver section
and 12.75 m long driven section, both of 127 mm ID.
Aluminium diaphragms, prescribed to ensure sym-
metrical opening, were allowed to burst naturally
using cold hydrogen as a driver gas at pressures up to
40 bar. The channel or low pressure section of the tube
was normally evacuated to about 1073 torr with a
combined leak and degassing rate of about 0.9 x 10~3
torr/min.

The shock detection system consisted of thin film
platinum resistance gauges fitted to the shock tube
wall. These gauges were mounted along the entire
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F1G. 3. Diffusion coefficient of hydrogen atoms in argon at post shock conditions (p, = 1 torr).

driven section at intervals of 1.22 m, giving a maximum pulses on an oscilloscope raster display. The time
of six shock detection locations. In addition, there were  makers were at S us intervals and the time resolution of
two further gauges at distances 1.05m and 0.3 m from this recording system was approximately 1 us. This
the location of the model. Signals from these detectors  system permits the determination of the shock speed
were passed through pulse amplifiers and recorded as  history ahead of the model.
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3.2. The heat transfer model

The basic scheme in surface catalysis experiments is
to mount two adjacent heat-transfer gauges on a
simple body. One gauge is coated with a relatively non-
catalytic material - such as silicon dioxide - and
measures the convective heat transfer together with a
small contribution from surface recombination. The
other gauge is coated with a material known to
catalyse atom recombination and it measures the sum
of the convective heat transfer and the heat released
from atom recombination.

The model used for the present investigation is
shown in Fig. 5 and consists of a flat plate made of
Pyrex with three silver leads; two leads are along the
sides and a middle one is used as a common lead. These
leads were painted and fired in an oven at the yielding
temperature of the Pyrex. A nickel film of 0.7 mm

Surface layer(Ni)

0.03 zm thickness -

Nickel thin film__
0.05 ymthickness

Pyrex Flat Plate

(16 mm x5.7mm x 2 .Zm;nf
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width and 0.05 um thickness was vacuum deposited,
using a mask, on top of the plate. A covering layer of
silicon monoxide (allowed to oxidise to SiO,) of
thickness 0.5 um was also vacuum deposited on top of
the gauge to act as a relatively non-catalytic layer for
one gauge and a base on which to deposit a catalytic
layer on the other. In the present investigation a
0.05 um thickness of pure nickel has been used as a
catalytic layer. The flat plate is 16 mm long and 5.7 mm
wide and 2.2mm thick. The flat plate has been
mounted in the middle of the shock tube. Details of the
construction and manufacture of the gauge may be
found in [7]. The dimensions of the plate were chosen
to ensure that the boundary-layer state was laminar
for all of the experimental conditions investigated.
Measurements of the heat transfer were obtained in
the usual manner using transient surface resistance

Silicon dioxide
0.5 um thickness

16 mm -

Flow
Direction
———

TRRRAL ASRIRRY

F1G. 5a. Flat plate dual catalytic/non-catalytic heat-transfer sensor.

|

RESISTANCE  (OHMS)

GAUGE

25 -

50 60 70 80
Temp- °C

F1G. 5b. Gauge resistance variation with temperature.
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thermometry and T section analogue circuits. An
independent method for calibrating the gauges has
been used before and after the tests. Figure 5 shows the
flat plate heat-transfer sensors and the variation of
their resistance with temperature. Figure 6 shows
typical heat-transfer records from the gauges and a
block diagram of the measuring circuit.

4. EXPERIMENTAL SURFACE HEAT-TRANSFER
RATE RESULTS AND DISCUSSION
The experimental programme has been carried out
to investigate hydrogen atom recombination on nickel
and silicon dioxide surfaces. The test gas, a 10%
hydrogen/90% argon mixture by mole fraction, was
mixed in a separate receiver for 1h, at least, before
using it in the shock tube. The transport properties of

the mixture have been calculated as described in
Appendix A at estimated post shock conditions for an
initial gas pressure of 1 torr and for a range of shock
Mach numbers covering no dissociation to full dis-
sociation limits. These calculations, summarised in
Figs. 1-4 demonstrate the high values of Lewis
number approaching 3.0 appropriate to the diffusion
of hydrogen atoms as the gas mixture becomes more
dissociated with increase of temperature.

In comparative heat-transfer experiments involving
catalytic/non-catalytic surfaces, the accuracy of expe-
rimental observations is improved if the ratio of the
chemical enthalpy potentially available from surface
recombination to the stagnation enthalpy is as large as
possible. For the chosen 10% H,/90% Ar mixture the
chemical enthalpy fraction, shown in Fig. 7, reaches a
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Fi1G. 7. Hydrogen dissociation energy fraction for 109, H,/90% Ar mixture at p, = 1 torr.

maximum of about 0.20 at post shock conditions for
an initial shock tube pressure of 1 torr. The results
shown in Fig. 7 have been calculated using the data of
{8] and assuming chemical equilibrium immediately
downstream of the incident shock. At low tempera-
tures the chemical enthalpy fraction is zero cor-
responding to no dissociation of the hydrogen. The
fraction increases with temperature until the hydrogen
is fully dissociated and then decreases as the total
enthalpy increases with the chemical enthalpy con-

stant at its fully dissociated value. It would be expected
that the available chemical enthalpy fraction would
increase with increase in the hydrogen concentration
in the mixture. However, in practice, the shock tube
performance characteristic for a given driver gas limits
the achievable chemical enthalpy fraction since the
performance deteriorates as the hydrogen fraction
increases.

Figure 8 shows the absolute heat-transfer measure-
ments for both Ni and SiO, surfaces which are
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mitorr)Va @0 /f‘//
o~
B .o///
THEORY 10 H,/90%% Ar ¢ =1
w- S Tt =0
s s THEORY 100 */s Ar
g x  EXPERIMENT 10% H, /90 % Ar
s (1<P, < 7 torr ) Sio, SURFACE
T © EXPERIMENT 100 % Ar
- (1< p<S torr)
Y=
.
10 ISR NN SR NN SO R E O I SO
16 18 20 22 24 26 28 30 32 34 36 3B 40

SHOCK SPEED Us mm /s

FiG. 8. Measured heat-transfer rates in pure argon and 10% H,/90% Ar mixture.
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compared with the predictions based on Vidal’s theory
[equation (5)] for the equilibrium (¢ = 1) and
chemically frozen (¢ = 0) limits. The absolute values
of the experimental data for both surfaces show best
agreement with equilibrium predictions at values of
shock speed U, between 2.5 and 3.0 mm/us, suggesting
that even though the boundary-layer gas phase re-
actions are frozen, the surface reactions are near the
equilibrium limit.

At low values of the shock speed (U, < 2.5 mm/us) it
is possible that the shocked gas may not have reached
equilibrium. Estimates of a characteristic dissociation
relaxation time based on the following dissociation
rate constant given by Baulch et al. [9] for the reaction
H, + Ar—>H + H + Ar, kp = 220 x 10! exp
(—96000/1.987T) [m?/kg mole K], are shown in Fig.
9. Comparison is made between the characteristic time
for 20%; dissociation and the available test time in the
shocked gas. It is concluded that the flow could still be
non-equilibrium at shock speeds below 2.6 mm/ps.

At high shock speeds (U; > 3.0 mm/us) the heat-
transfer measurements are higher than the theoretical
prediction. However, much greater uncertainty exists
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in the values of the transport properties used in the
prediction and the lack of agreement in this experim-
ental regime is attributed to this reason.

As a test of the absolute validity of the heat-transfer
sensor calibrations comparisons were also made be-
tween theoretical heat-transfer predictions and the
results of experiments using pure argon in the test
medium. Excellent agreement is shown in Fig. 8 at
values of shock speed up to U, = 3.0 mm/us. The
departure between theory and experiment at greater
shock speeds is likely to be a consequence of argon
ionisation.

From the results summarized in Fig. 8 it is deduced
that the nickel surface may be considered to be near the
fully catalytic limit, whereas the silicon dioxide surface
is partially catalytic to H atom recombination. Pre-
viously reported measurements by Wood et al. [10] of
the catalytic efficiency (y') of nickel surfaces to H atom
recombinations resulted in a value of y = 0.20. This
gives a value of ¢y, [see equation (5)] of 0.982 for the
present experimental conditions which would be re-
duced only to 0.965 even if the value of y was halved.
Thus both the present results and previous work justify

107,
r
[
TEST TIME EXPERIMENT
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FiG. 9. Comparison of time for 20% dissociation with measured test time.
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the assumption of the fully catalytic value of ¢p; = 1.0
in the subsequent analysis. Using this assumption and
following Vidal’s expression for surface heat transfer
[equation (5)], the ratio of the heat transfer to the
silicon dioxide and nickel surfaces is given by

1772
2Ue

1+(Prl2—1) _ (s )(1—¢. Le)
dsio, _ " hr—h, hr—h,,. SO

1772
ZUe

dni B 12 _ o 4h 7 |
[0 () st o]

where the energy accommodation f for H atom
recombination on nickel surfaces is assumed to be 609,
[10] and for silicon dioxide it is assumed to be unity.
The conclusions from the experimental results are
relatively insensitive to the value of f chosen for silicon
dioxide surfaces, since {g;o,/dn: 1S changed only by
about 1% from the 8 = 1.0 value for an assumed fg;o,
of 0.6 for ¢g0, = 04. In view of the estimated
experimental errors involved in the measurements of
surface heat transfer, it is not anticipated that the effect
of the variation of fq, could be resolved by the
present experiments.

The measured variation of the ratio of the silicon
dioxide heat transfer to the fully catalytic heat transfer
to nickel surfaces is shown in Fig. 10. The experiments
are compared with the predicted heat-transfer ratio
using equation (7) for various assumed values of ¢g;q,.
The chemical enthalpy fraction a,hS/(hy — h,) was
obtained from Fig. 7 assuming equilibrium flow
downstream of the shock. The values of the Lewis
number used in equation (7) were evaluated at post
shock conditions and obtained from Fig. 4. Experim-
ental results are also shown in Fig. 10 for catalytic

A. E. M. Nasser and R. A. EAST

nickel surfaces which extended to the plate leading
edge. Negligible differences in surface heat transfer
were observed, thereby indicating the near fully cata-
lytic behaviour of the nickel.

The comparison between experiment and theory

|
|
|

(7

shown in Fig. 10 suggests that best agreement is given
by a value of ¢, ~ 0.4 for values of shock speed U, in
excess of 2.7 mm/us. For lower shock speeds relatively
less difference in heat transfer was measured which
supports the conclusion of Figs. 8 and 9 that the
shocked flow has probably not reached equilibrium
with the consequence that less chemical enthalpy is
available than predicted using equilibrium
assumptions.

Using the best fit value of ¢g;o, 0f 0.4, a value for the
surface catalytic efficiency ' of silicon dioxide to
hydrogen atom recombination may be deduced since

S 1 \

kw @
where k,, is the surface recombination rate and S is the
boundary-layer diffusion rate given by

Over the temperature range of the best fit value of
bsio,» the value of S is approximately 2.28 mm/s. Thus
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Fic. 10. Measured and calculated ratio of heat-transfer rates to nickel and silicon dioxide surfaces.
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k, is $/1.5 or 1.52 m/s and the catalytic efficiency y’ is
given by

2nM H

172
=k | =245 x 1074
4 w(ROTW> 8

This value should be compared with a value of y’ ~ 7.5

x 107* for hydrogen atom surface recombination on
Pyrex obtained by Wood, Mills and Wise [10] using a
completely different experimental technique employ-
ing hydrogen atoms obtained by a radio frequency
discharge.

5. CONCLUDING REMARKS

The reported experiments have shown that for
nickel surfaces the heat-transfer rate from shock
heated hydrogen/argon mixtures is close to the fully
catalytic limit prediction. This is consistent with the
rapid diffusion rates of hydrogen atoms together with
the high surface recombination rates on metallic
surfaces. Comparison of heat-transfer measurements
on adjacent silicon dioxide and nickel surfaces, using
the assumption that nickel is fully catalytic, has yielded
a value of the catalytic efficiency (y') for silicon dioxide
to hydrogen atom surface recombination of approx-
imately 25 x 107*. The value is consistent in order of
magnitude with earlier measurements of the catalytic
efficiency of Pyrex surfaces to H atom recombination
by Wood and Wise { 1] using a quite different experi-
mental technique.
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APPENDIX A

Transport properties of dilute gas mixtures

In order to use the predictions of theory for comparison
with experimental results, the relevant transport properties of
the hydrogen/argon mixture were required. The methods
used for their calculation were as follows:

Coefficient of viscosity (). For a mixture of gases contain-
ing v components, Wilkie {12] has given the following
mixture rule

v v X, \" 1
n=13 uf(l +X G:’k‘k‘) (A1)
i=1 k=1 X
© kFE
where:
w; is the viscosity coefficient of species i,
x; is the mole fraction of species i,
1+ (/)2 (M /M) 4)?
G, = [+ (/)" (MM ) 4] (A2)

2201 + (MyM )2

The viscosity coefficients for the gases in the pure state have
been calculated using the following results of
Chapman-Enskog theory described in [11]:

( M‘_ T)l /2

W = 266.93 x 10'7m

where:

;= viscosity coefficient of species i, (gm/cm -s),
o = collision diameter (A),

Q2% = collision integral tabulated in [11].

Thermal conductivity (K). For a mixture of monatomic
gases Mason and Saxena [13] have shown that

v v -1
K=Y Ki(l +1065 5 Gi,‘-’f’i)
i=1 k=1 X3
k#i
where the thermal conductivity of the monatomic gas of
species i is given by the Chapman-Enskog result of
IS R,

=7 Eﬂi'

{A3)

; (Ad)
Mason and Saxena have also shown that their mixture
expression may be applied to polyatomic gases providing the
pure gas thermal conductivities K; are multiplied by a
correction factor of 0.115 + (0.354 ¢,,M,/R,) before use in the
mixture rule of equation (A3).

Binary diffusion coefficient (D,). The binary diffusion
coefficient for hydrogen in argon has been calculated using
the approximate expression given by Hirschfelder, Curtiss
and Bird [11] based on a Lennard-Jones potential model:

0-3 [T3(M, +My)2M M, ]2

D,=D,, =2628x1
' " poi, Q(l.l)*(sz)

(AS)
where:

Dy, = Dy, = diffusion coefficient {cm?/s),
p = pressure (bar),



526 A. E. M. Nasstr and R. A. East

01, = (0, + ¢,) = mean collision diameter (A), Table |

Q-1 js the collision integral tabulated in [11] as a function - . e

of the reduced temperature T¥, where T¥, = T/(¢,,/k) and Gas a(A) Q2%

&1, = \/(¢,6;) is the mean depth of the potential well in the - B S

Lennard-Jones potentials for the two gases 1 and 2. Argon 3418 0.69
Calculations based on these equations have been perfor- Hydrogen atom 0.657 4.5

med for an initial mixture of 10% H, + 90% Ar by mole  Equilibrium hydrogen

fraction ahead of the shock wave at an initial pressure of 1 argon mixture 2.037
torr. The results, which assume thermal and chemical equilib- - e -
rium at the post shock conditions are shown in Figs. 1-3. The

molecular data used have been obtained from [11] and [14]

and are given in Table 1.

1.175

ETUDE PAR TUBE A CHOC DU TRANSFERT THERMIQUE
ENTRE L'HYDROGENE DISSOCIE ET DES SURFACES CATALYTIQUES

Résumé - Des expériences avec un tube a choc permettent la comparaison des transferts thermiques entre

des surfaces planes de nickel et de dioxyde de silice et des mélanges hydrogéne/argon a des températures

comprises entre 2000 et 6000 K. Les conditions expérimentales sont choicies de fagon a permettre I'étude des

effets sur le flux thermique de la recombinaison en surface des atomes d’hydrogeéne. On présente des

comparaisons entre les expériences et les prévisions théoriques basées sur les méthodes connues de la couche

limite. Les résultats fournissent une valeur expérimentale de lefficacité catalytique (y') des surfaces de
dioxyde de silice vis-a-vis de la recombinaison des atomes d’hydrogéne, soit 25 x 107%.

UNTERSUCHUNG DES WARMEUBERGANGS VON DISSOZIIERTEM
WASSERSTOFF AN KATALYTISCHE OBERFLACHEN IN EINEM STOBWELLENROHR

Zusammenfassung—StoBwellenrohr-Versuche werden beschrieben, die den Wirmetibergang an die Ober-
fliche ebener Platten aus Nickel- und Silikondioxid von einem Wasserstoff-Argon-Gemisch bei Tempera-
turen zwischen 2000K und 6000K vergleichen. Die Versuchsbedingungen wurden so gewihit, da3 die
Einflilsse der Oberflichenrekombination der Wasserstoffatome auf die Grofle des Wirmelibergangs
untersucht werden konnten. Vergleiche zwischen den Versuchen und den theoretischen Voraussagen, die
sich auf die bestehenden laminaren Grenzschichtmethoden stiitzen, wurden angestellt. Die Interpretation
der Ergebnisse ergibt bei den Silikondioxid-Oberflichen einen experimentellen Wert von 25 x 10~ * fiir den
katalytischen Nutzeffekt (') der Rekombination der Wasserstoffatome.

UCCNENOBAHME TEMJIOOBMEHA JHUCCOLMHPOBAHHOI'O BOJOPONA
C KATAJJUTUYECKMMMU NOBEPXHOCTSMH B YIAPHOW TPYBE

Annoraums —- Ha ycraHoske ¢ yaapHoit Tpyboii npoBedeHO CpaBHEHME MEX/y HHTCHCHMBHOCTBIO
TENIoNnepeHoca OT cMeceil IMCCOHHPOBAHHOIO BOJOPOIA C APTrOHOM K [UIOCKHUM NAACTHHAM M3 HUKCIs
M JBYOKHCHM KpeMHHMs B auanasone Temnepatyp ot 2000 K no 6000 K. DxcnepumenTabhble YCIOBUS
101006 PaHbI TAKKM 06Pa30M, YTOBB 06eCnedMTh BOIMOXHOCTh HCC/IEI0BAHUS BAKAHHS TOBEPXHOCTHOM
pexoMOuHALME ATOMOB BOAOPO/JA HA MHTEHCHBHOCTH TennooGmeHa. TIpoBedeHO CpaBHEHHE JIKCNEPH-
MEHTAJbHBIX JAaHHBIX C Pe3YNhTATAMHM TEOPETHUYECKHX PAaCyeTOB JIAMMHAPHOrO MOIPaHHYHOIO CIOS.
MyteM 06pabOTKH KCIEPUMEHTANBHBIX JAHHBIX MOKHO NOAYYHTH 3HAYEHHE KATAIHTHYCCKON pdek-
THBHOCTH (7') TOBEPXHOCTell M3 [BYOKHCH KDEMHHs [0 OTHOMIEHHMIO K pekoMOMHauuu aToMoB
BoJopoaa nopsaka 25 x 1074,

=k (K
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