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Abstract--The convective heat transfer properties of a porous metallic fibre material used in gas surface 
combustion burners are studied. The important parameter governing the heat rransfer between hot pas 
and metal fibre-the heat transfer coefficient-is measured using a non-steady-state method based on c)-cIic 
counterflow heat regenerator theory. The factors controlling the ranges of experimental conditions that 
can be used are studied. A correlation between gas flow rate and heat transfer is obtained for laminx 
Hews. showing a rapid increase in heat transfer coefkient with increasing gas flow. The heat transfer 

coefficient is significantly lower than previously assumed. 

1. INTRODUCTION 

RECEST research [I] in the design of surface com- 
bustion gas burners has used metal fihre structures as 
the burner medium. In such devices a combustible 
mixture is forced through the permeable medium and 
burns uithin the surface Iayer. heating it to incan- 

descense. 
The sintered metal fibre material used, Bekitherm.? 

has been developed and is produced by N. V. Bekaert 
S.A. The fibres used in this study are of a refractory 
steel. FecralloyS with a diameter of 22 horn. The atloy 
forms a protective alumina coating on the fibres. The 
structure of the material can be seen in Fig. I, a scan- 
ning electron micrograph of the surface. The fibres 
are randomly oriented in layers. The material has a 
porosity of 80% and is produced in sheet form several 
millimetres thick. 

Work is in progress developing a mathematical 
model to describe the performance of these burners 
and a prerequisite for this has been the determination 
of the important heat transfer parameters. In a recent 
paper [2] we described the measurement of the thermal 
diffusivity of the material. This paper concentrates 
on the study of convective heat transfer between the 
flowing gas and the iibre and we describe a novel 
application of heat regenerator theory to measure the 
heat transfer coefficient for this process. 

We have attempted to obtain a correlation between 
flow rate and heat transfer for very low Reynolds 
number flows, Re = 0.1-2.0. These conditions cor- 
respond to typical flow rates of gas used in the burners 

tflekitherm is a trademark of N. V. Bekaert CA., 
Zwevegem, Belgium. 

$ Fecralloy is a trademark of UKAEA. Didcot. U.K. 

which operate with specific thcrmai inputs in the range 
100-5000 kW m - ‘. Because of the scarcity of cor- 
relation data for flow through porous material and at 
such low Reynolds numbers. the same method was 
used to determine correlations for bronze and steel 
gauzes-materials for which some data were avail- 
able. 

In Section 2 we describe the regenerator theory and 
the model of the fibre structure to be used to derermine 
the heat transfer coefficient. In Section 3 we describe 
the experimental method and in Section 4 the analysis 
of the experimental data. The results are presented 
and discussed in Section 5 and compared with a cor- 
relation for single wires taken from the Iitcrature. 
Finally the implications of our findings for surface 
combustion burner operation are discussed. 

2. THEORY AND MODEL 

A simple steady-state method to determine the heat 
transfer coefficients requires the measurement of the 
difference between the average gas and solid tem- 
perature during flow through the sample material. 
Using metallic fibre material in surface combustion 
gas burners [I], it is observed that although the down- 
stream surface at which the burning occurs is very 
hot-typically 900’C-the upstream surface remains 
cool, around the temperature of the incoming gas. 
There is clearly a steep temperature gradient in the 
materia1 arising from the low thermal conductivity 
parallel to gas flow. The metal fibre material has such 
a short thermal equilibration length that unless un- 
realistically thin samples are used. the solid and gas 
quickly equilibrate over a short distance for any enter- 
ing gas temperature. Since it is not possible to main- 
tain a constant temperature difference between gas 
and solid. a measurement varying airh rime is 
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required-as in a regenerator. In addition, it is clearly 
impossible to measure solid (i.e. fibre) temperatures 
as the wires are small. In the regenerator, measure- 
ments of the cycled gas temperature are sufficient to 
characterize the heat transfer coefficient. 

The material is constructed from layers of sintered 
fibres of Fecralloy giving rise to an anisotropic con- 
ductivity which is large within a layer (typically 1 W 
m~‘K~~~butmuchsmailer(O.l Wm-‘IL-‘)between 
layers [2]. The thermal conductivity of solid Fccralloy 
is 9.5 W m- ’ K- ‘. The structure may be viewed for 
heat transfer purposes as composed of mutually 
orthogonal layers of ftbres consisting of repeated ceils 
(Fig. 2(a)) any one of which forms a crystallographic 
type unit which characterizes the burner material [3]. 
The cell dimensions are (S,, S,, 2d), and assuming the 
fibres to be cylindrical the porosity /3 depends on the 
ratio of solid volume V, to total volume Vt 

pyi. 

This yields the mean fibre spacing within a layer 5’, in 
units of the fibre diameter d, as 

SI 7=&j- 
When heat is transferred from gas to solid, it occurs 
perpendicular to the direction of forced convection, 
so that the overall take-up of heat by the solid is 
governed by the relative thermal inertia of gas and 
solid. 

2.2. Ftmdamentai equations 
In a counterflow regenerator, hot and cold gas flow 

alternately and in opposite directions through the 
material [4]. In the first half of the cycle, the hot gas 
gives up its heat to the cold material. The material 
heats up and the gas leaves the regenerator cooled. In 

the second period, the material releases the heat to the 
cold gas flow, cooling the material. A temperature- 
time profile can be obtained for this regenerative (hot 
and cold) cycle at various positions within the bulk of 
the sample. For a given cycle in the middle, once the 
regenerator has stabilized, it can be shown [4,5] that 
the heat transfer coefficient is directly proportional to 
the ratio of the change in gas temperature over a hot 
(or cold) period to the temperature difference between 
cor~ponding points in time during the hot and cold 
periods. 

If the heat transfer between the gas and the solid 
surface is governed by the coefficient h, then from 
the cylindrical geometry of the unit ceils, the heat 
transmission coefficient (i.e. heat flux exchange per 
unit length) is governed by 

h.4’ 4(1-_8) 

h*=r=dh (3) 

where A’ is the surface area of fibrous heat storing 
mass within a unit cell. The gas and solid temperature 
equations are derived from a heat balance between 
heat flux and exchange between the gas and solid {7] 

aq_ -h* 
8Z - GC u-,--r,) 

8 

W 

where we have longitudinally linearized heat transfer 
across a unit ceil. If we define non-dimensionaiized 
space and time variables r and g by 

h*z 

5 = GC,’ 

h*t 

q = j?,C,(l -8) 0) 

we obtain 

dll”,_ 
a< - -(T,-T,) 

2 = (T,--T,). 

From equation (4) we define the non~imensionaIized 
regenerator length and period by [5] 

h*L 

* = cc,’ 

h*P 

l-I = &(I -fl)’ (7) 

2.3. Formal solution 
As hot air enters, the centre gas temperature 

increases, and decreases on switching to the cold 
period, in a linear fashion over the central part of the 
cycle. (Elsewhere in the regenerator, the hot and cold 
period gas temperatures may not be linear, with time.) 
If the variations in temperature with respect to time 
and space are nearly linear throughout the regen- 
erator, then one can show that the treatment of the 
regenerator equations can be much simplified-the 
zero eigenfunction approximation [6]. 

When the thermal conducti~ty of the solid is small 
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FIG. 3. Gas temperature at thecentre of a regenerator during 
one cycle: (a) ideal response; (b) experimentally observed 

response. 

in the direction of gas flow, then at the centre of the 
regenerator, the gas and solid temperatures are linear 
functions of time. This response is shown in Fig. 3(a). 
During the cycle, at any point in time, the difference 
between wall and gas temperature is also constant as 
a consequence of the parallel temperature traces [S, 71 

T& - z-, = T, - T,, = l/2(7-,, - T,,). (8) 

The only regions where equation (8) does not apply 
are at the switchover between periods when the tem- 
perature changes from hot to cold and vice versa are 
clearly not instantaneous, at the beginning of a new 
period. Accordingly, periods and switching have to be 
optimized to reduce these effects as will be seen below. 
In addition these rapid changes may be corrected by 
using a function @ which depends on the dimen- 
sionless group 

R d’p,C, =- 
Pi, 

where d is the fibre diameter 1671. 

Since the response curves are approximately linear 
and parallel, it can be seen that in the middle of the 
regenerator, over a period fI the magnitude of the 
solid temperature change (AT,) is the same as that 
of the gas over a period although the signs for gas 
temperature change are opposite between a hot and 
cold cycle. The linearity of the graph shows that the 
temperature changes over the centre of each period 
are identical [S, 71 

AT,, = -AT,, = A.T,. (10) 

In order to obtain a value of h*. the heat trans- 
mission coefficient, we may solve equation (6) to for- 
mally obtain 

h* = P,G(1 -B) 2Ts - 
(T,-T,) ct . 

Integration over a heating cycle P 

(11) 

(12) 

where AT, is the change in solid temperature over a 
cycle. We may now use relationships (11) and (12) 
pertinent to the zero eigenfunction solution to obtain 

h* = ~P,CJ~ -PI AI,, 
P m- (13) 

Thus, measuring the temperature profile of the gas at 
the centre of the regenerator during a single cycle at 
equilibrium operation is sufficient to calculate the heat 
transfer coefficient. The value of AT:* can be obtained 
by measuring the overall gas temperature change 
extrapolated over a period and the value of Tzg- T,, 
obtained by comparing the hot and cold temperatures 
at the corresponding points in time within the cycle. 
Alternatively, numerical simulation of regenerator 
operation using equations (6a) and (6b) can be used 
with h* as a parameter [8]. However. previous workers 
have shown that in the middle of the matrix, assuming 
a reasonable approximation to the zero eigenfunction 
exists, then the analytical solution is adequate [6]. 

The principal requirement is for chronological tem- 
perature linearity over at least the middle of the 
period. This allows extrapolation of the linear portion 
of the regenerator to the end and beginning of periods. 
The heat transmission coefficient so obtained (h*) is 
defined with respect to the average temperature of the 
heat storing mass. The true value is dependent on the 
function CD discussed above, which corrects for the 
rapid temperature changes occurring immediately 
after switchover. The correction gives [6] 

1 1 d 
h*=(h’)-p 

and it can be shown that for small values of the pa- 
rameter Cl < 1 (equation (9)) then @ is 118. In this case 
using E., = 9.5 W m- ’ K- ’ and d = 22 x low6 m we 
obtain R = 2 x 10m4/P, so restricting P to times 
greater than 0.2 ms. 
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FIG. 4. Schematic diagram of regenerator assembly. 

3. EXPERlMENlAL METHOD 

The regenerator part of the apparatus comprises a 
nylon holder containing two 4 mm thick samples cut 
into 25 mm diameter discs, with a 40 ,um diameter 
bare wire chromel/alumel thermocouple sandwiched 
in between to measure the gas temperature profile in 
the centre of an 8 mm thick sample (Fig. 4). 

The cyclic gas flow is controlled by solenoid vaives 
on either side of the sample. These three-way valves 
were switched out of phase using a relay circuit fed 
by a variable frequency square wave generator. The 
valves had a common regulated and metered gas sup 
ply of which one side was heated to 150°C and the 
other at 20°C. 

The operation of the valves is also shown in Fig. 4. 
During the hot period, ports 2 and 4 are shut so that 
hot gas flows from 1, passes through and heats the 
sample and exits colder through 3. During the cold 
period ports I and 3 are shut and cold air passes 
from 4, through the sampte and is exhausted warmer 
through 2. The apparatus was designed to minimize 
the switching volume between the ends of the matrix 
and the valve ports. The frequency of this regenerative 
cycle could be varied from 0.02 to 10 Hz. 

Gas flow rates between 2 and 25 1 r&t- ’ were used. 
For most of the experiments the gas used was air but 
some results were also obtained using carbon dioxide. 
The thermocouple signal was amplified and recorded 
using a digital oscilloscope. In later tests thermo- 
couples were also inserted to measure the cyclic 
profile of the gas temperature just before entering the 
sample on both hot and cold sides of the regenerator. 
Fine bronze gauze (200 mesh, wire diameter 50 pm) 
and geometrically identical stainless steel gauzes (200 
and 100 mesh, wire diameters 50 and 110 pm) were 
later substituted for the Fecralloy discs to obtain com- 
parative correlations at higher Reynolds number. 

These samples were prepared by stacking gauze discs 
in the holder on either side of the centre thermocouple 
to form a matrix of the same thickness as the Fecralloy 
sample. 

4. ANALYSIS OF EXPERIMENTAL DATA 

A typical time response of the thermocouple mea- 
suring centre gas temperature over a cycle is shown in 
Fig. 3(b). The slope of the curve is governed by heat 
transfer as can be seen in equation (4b). The time for 
the rapid changes following switchover is governed by 
(i) the~~ouple response time, (ii) switching volume, 
and (iii) the voidage in the regenerator storing gas 
from the preceding period. 

The response time of the thermocouple ?c is partially 
responsible for the damped initial response at the start 
of a new period. This was found to vary over the range 
of flow rates used from 180 to 80 ms. Accordingly, 
switching rates were maintained at least an order of 
magnitude slower. The switching volume between the 
end of the matrix and the valve port was discussed 
above. Gas flowing into a valve at the beginning of a 
period has to displace the gas in the holder from the 
previous period and this had the effect of distorting 
the profile immediately after switchover. A residence 
time, TV, can be defined as the time required for this 
‘dead’ volume to be flushed out of the system for a 
given flow rate. 

At low P, and especially at low flows, the switching 
volume distorts a considerable fraction of the cycle. 
This effect was minimized to less than 10% of cycle 
time by maintaining a high value of P. Hence the 
conditions employed throughout the experiment were 
such that 

T:, c 7, < 7 5 O(P). 



It was desirable to run the experiments at a constant 
value of P to minimize variations in the effects due to 
the dead volume, the thermocouple response time, 
and the incidental heat losses to the gas valves-typi- 
cal values chosen were in the range l-5 s, with most 
runs at P = 3.2 s, providing linear temperature time 
profiles. 

As 80% of the fibrous material is void, after 
a switchover, the entering gas must first expel any 
carryover gas left over from the previous cycle. The 
effect of this ‘gas heat storage’ is to retard regenerator 
operation at a point, the retardation increasing 
through the matrix. The time retardation is equal to 
the time for the gas flux with velocity u to reach the 
point z inside the regenerator. The new time variable 
(equation (5)) becomes [9, lo] 

it* &t-i 
~=p,C,(1-/3) +C ( > (15) 

and the non-dimensionalized period (equation (7)) 
becomes 

I-I= 
it* 

P.C(X -P> i > 
p_Ppt 

G . (16) 

From equation (16) it can be seen that for larger air 
flow, the gas storage term is insignificant. For 
example, over the range Re = 0.2-1.4, the carryover 
time as a fraction of total regenerative period 
&TjTf = L&P fell from 2% to less than 0.5%. On 
a more rigorous quantitative level, Willmott and 
Hinchcliffe have shown [9] that for such small frac- 
tions of total throughput, the dead volume effects may 
be ignored if B’I/TI < 40% and A,TI > 2, where we 
have from equations (7) and (16) 

i.e. a parameter independent of the heat transmission 
coefficient itself. Thus over the range of Reynolds 
number studied A/TI falls from 9.5 to 1.3. When 
AjTi = 2, Re is typically 0.9. However, at such flows 
the carryover volume is sufficiently small to make any 
effects negligible, particularly as mixing of resident 
and incoming gases takes place [P, lo]. 

The operating conditions were chosen so that the 
cycling period P used was long enough for the regen- 
erator to respond signi~cantly, and for the effects of 
transients and thermal equjlibration at the beginning 
of new periods to be small. Using equation (13) we 
obtain the heat transfer coefficient directly. It is 
governed by the thermal response time of the system 
and the characteristic length over which heat exchange 
takes piace. For the calculation of results, a basic 
routine was used to sample the temperature trace and 
calculate the difference TI,- T,, over the most linear 
part of the heating or cooling period, between 0.45P 
and 0.55P. The overall change in gas temperature AT, 
was obtained by extrapolation of the linear portions 
of the response curves back to the start of a period 

in order to remove the effect of the initial transient 
response of the temperature measurements in any 
period. 

5. RESULTS AND DISCUSSION 

Figure 5 shows the heat transfer coefficient as a 
function of flow plotted as Nusselt number vs Reyn- 
olds number defined by 

where p and i., are gas viscosity and thermal con- 
ductivity, respectively. The dimensionless parameters 
are calculated with reference to a room temperature 
air supply which is appropriate because these are the 
values used to correlate Re and thermal input when 
the metallic fibre material is used as a burner. The size 
of the temperature changes over a period AT?, and 
the temperature difference between corresponding 
parts in time of a hot and cold cycle TZu- T,, are the 
parameters in equation (13) which are required to 
evaluate heat exchange. These of course vary with 
flow. In our experiments AT,, varied from 8 to 5O’C 
and Tlg- T,, from 4 to 1O’C. The heat exchange is 
seen to increase rapidly with flow over the range of 
interest, Re = 0.1-1.0, Nu = 0.01-0.1. There is, how- 
ever, a retarded increase in Nusselt number at lower 
flow rates which is a consequence of the distortion of 
the input gas profile due to the thermocouple response 
time and the switching voiume as opposed to gas hold- 
up which has already been discussed. The consequence 
of this is that the measured hot cycle gas temperature 
is always less than that of the ideal case. The cold 
cycle gas temperature always correspondingiy exceeds 
its ideal value. The net result is to decrease the value 
of Tzg- T,, in equation (15) from its true value and 
to increase the term in the numerator AT,,. The effect 
is to give a value of h larger than the true one at 
low flow rates where transients distort a significant 
proportion of the cycle. On replacing the Fecralloy 
discs with stacks of bronze and steel wire mesh as the 
regenerator material, keeping the sample thickness 
constant, the same change in slope was observed at 
corresponding flow rates (Fig. 5(b)). A better estimate 
of the heat transfer coefficient at low flow rates is 
obtained by extrapolating back the higher flow cor- 
relation rather than relying on the actual experimenta 
values. The correlations of Fig. 5 are all of the form 

NM = BRe”. (19) 

Using air flow through the porous burner material 
(Fig. 5(a)) the values obtained were B = 0.10, 
n = 1.64, in good agreement with measurements 
obtained using an alternative single blow technique 
[1 1,121. The nearest literature values refer to single 
wires of a larger diameter and at higher flows [7] with 
B = 0.89 and n = 0.33. 

In general, the scarce data available suggests higher 
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FIG. 5. Correlations between Nusselt and Reynolds numbers : (a) air flow in 80% fibrous material ; (b) air 
flow in bronze (A) and steel (0) wire meshes ; (c) CO2 flow in 80% fibrous material. 

pre-Reynolds coefficients by a factor of ten, but lower 
indices by a factor of five for single wires. For 
the region we are interested in, the pre-Reynolds 
coefficient is more important since in the region 
Re = 0. I-2.0, the index has little significance close to 
Re = 1 .O. Hence, overall the heat transfer coefficients 
are lower by a factor of ten for the porous material 
than for heat transfer to single wires. As these cor- 
relations for single wires in the literature vary with 
Reynolds number range, the change in slope is not 

surprising, as the flow around our much more com- 
plex system will be rather different. Valve wall heat 
storage and conduction will also be more strongly 
competing processes with heat transfer at low flows 

D21. 
For bronze and steel gauzes (Fig. S(b)) the values 

of B and n are 0.16 and 0.75 for bronze and 0.33 and 
0.94 for steel. The likely reason for the difference 
between the bronze and steel results is the large differ- 
ence in thermal conductivities of the two materials ; 
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typically being 180 W m- ’ K- ’ for bronze and 16 W 
m-’ K-’ for steel. This difference in thermal con- 
ductivity is of practical significance. The analysis of 
the heat transfer equations which allows for the sim- 
plified form of equation (13) requires the assumption 
of zero solid conductivity parallel to gas flow. This is 
valid for materials such as steel or Fecralloy. The 
latter has a solid conductivity of 9.5 W m- ’ K- ’ and 
we have measured the porous longitudinal con- 
ductivity parallel to gas flow to be 0.15 W m-’ K- ’ 
[4]. While the conductivity for the steel gauze will also 
be small, this is a much less accurate assumption for 
bronze with a conductivity more than 10 times as 
great. Thus the NW-Re correlation is not independent 
of solid properties when the assumptions of the analy- 
sis-in this case vanishing longitudinal conductivity- 
break down [ 151. 

Air was replaced by carbon dioxide as the regen- 
erator gas in order to test the universality of the cor- 
relation and to see if this could be related to gas 
properties. Figure 5(c) shows the Nusselt number- 
Reynolds number relationship. The irregularity in the 
slope is repeated at the lower Row region, as for air, 
but the corresponding correlation is of the form of 
equation (17) with B = 0.12, n = 1.38. 

The primary interest in the fibrous material is as a 
radiant surface combustion burner in which energy 
is transferred from the gas to the solid material. If 
conduction in the gas and chemical reaction rate are 
included, then equation (4a) must be modified to bal- 
ance the generated combustion heat in the gas 

-h*(T,-TJ = -/3AHR 

(20) 

and the balance in the solid is (equation (4b)) 

d’T, 
iSd= +h*(T,- T,) = 0 (21) 

where AH is the enthalpy of combustion and R the 
rate of reaction. 

Equations (20) and (21) can be simplified if con- 
stants are removed by the process of nondimensional- 
ization, whereupon they become 

dT’ d2T’ _e d-’ +& 
--P&R 

-G-C’) = G2C, 
(22) 

dzT,’ i., 
d_,2 + ;.x(T;- 7”‘) = 0 (23) ‘. , 

using the substitutions 

and where the adiabatic temperature T* is defined 
from the ratio of enthalpy of combustion to heat 
capacity. The thermal input TI is defined as the fuel 
input into the burner 

TI=GAH=GC,T,. (24) 

r is defined using equation (3) as 

4i,(l -B)h 

Lx = G2C,2d 
= 4B( I -/?) Re”-’ Pr-’ (25) 

where the standard form, equation (19). is used. 
Hence, it can be seen that the heat transfer from 

gas to solid depends on porosity, fibre diameter, and 
on thermal input. It is this parameter Z, the heat 
transfer coefficient in the non-dimensional form, 
which is to be determined to help develop the burner 

0 20 
I”‘..‘.“l’.‘.“~~‘I”“““‘I”“““‘I”“”- 

200 300 400 500 60.0 700 800 900 1000 

THERMAL INPUT. hW Ill 
-2 

FIG. 6. Heat transfer from gas to solid as a function of thermal input. 
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model discussed above. If a correlation of the form 
of equation (19) does exist, a can be obtained by 
determining the appropriate values of B and n. 

Figure 6 shows the non-dimensionalized heat trans- 
fer parameter a as a function of thermal input. From 
equations (22) and (23), it can be seen that this pa- 
rameter balances influx of heat due to gas convection 
and conduction, against losses arising from con- 
duction in the material. These equations are also 
applicable when the material is used as a heat sink. 

6. CONCLUSIONS 

The heat transfer coefficient for the gas to solid 
convective heat exchange in a metal fibre burner has 
been measured to give a NM/&Y correlation of the 
form of equation (19), using the matrix as a heat 
regenerator. 

While no previous data exist for a correlation at 
such low Reynolds numbers, the experiments carried 
out using wire gauzes suggest that for the porous 
material, the heat transfer coefficients are lower by a 
factor of ten than for heat transfer to single wires, in 
this flow range. The consequence of this for the burner 
is to reduce the dimensionless heat transfer coefficient 
by a factor of 100 from the standard values usually 
applied to thin wires. The effects of dead volume space 
within the regenerator and the the~ocouple response 
time have been shown to be significant in attempting 
to measure heat transfer using this method. While 
these have been minimized to produce acceptable 
results, a much more intricate formulation of the 
problem and experimentai design would be required 

in order to totally nullify these effects for all heating 
periods at low flow rates. 
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ECHANGE DE CHALEUR SOLIDE-GAZ DANS UN MATBRIAU METALLIQUE 
FIBREUX PAR UNE TECHNIQUE UTILISANT UN APPAREIL D’fiCHANGE DE CHALEUR 

Re&um&Les propri6tts de transfert thermique par convection d’une matiire m&allique tibreuse poreuse 
utili&e dans les brfileurs radiants au gaz d combustion en surface ont itt btudiees. Le coefficient de transfert 
thermique entre la fibre mitatlique et ie gaz chaud a &t& mesurk en utilisant une mkhode en &gime non 
permanent fond&e sur une th&orie utilisant un appareil d’&change de chaleur I cont~~ourant cyclique. 
Les conditions exp&imentales dans Iesquefles les hypoth&.es de la thhorie utilisant un appareil d%change 
de chaaleur sent valides ont iti itudi&s. Une cortilation entre le d&bit du gaz et le transfert de chaleur a 
ttt obtenue pour des d&bits hautement laminaires, pr&entant une rapide augmentation du coefficient de 
transfert de chaleur avec un dCbit de gaz croissant. Le coefficient de transfert de chaleur est sensiblement 

infirieur d celui que I’on avait supposC pr&.&iemment. 

MESSUNG DES WIiRMEAUSTAUSCHS ZWISCHEN GAS UND FESTSTOFFEN IN 
EINEM METALLFASERSTOFF MIT EINEM 

WARMEREGENERATIONSVERFAHREN 

Zusaminenfaasung-Es wurden die Eigenschaften eines por&en Metallfaserstoffes fiir gasgefeuerte 
Strahtbrenner bei W~~e~~rtragung durch Konvektion untersucht. Der W~~e~~r~n~k~ffi~ent 
zwischen he&m Gas und Metallfasem wurde unter Anwendung einer Methode auf der Basis der Theorie 
der zyklischen Wsrmeregenerierung im Gegenstrom a&rhalb des Behammgszustandes gemesen. Die 
Versuchsbedingungen, bei denen die Annahmen fir die Regeneratiostheorie Giiltigkeit be&en, wurden 
untersucht. Es wurde eine Beziehung zwischen Gas-StrGmungsgeschwindigkeit und Wgrmeiibergang fir 
stark laminare Stramungen ermittelt. bei der der Wlrmeilbergangskoeffizient mit wachsender Gas- 
geschwindigkeit rasch ansteigt. Der Wiirmeiibergangskocfent ist dabei wesentlich niedriger als friiher 

angenommen wurde. 
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H3MEPEHHE TEI-IJIOOEMEHA MEIKAY TA3OM M TBBPfibIM TBJIOM B 
BOJIOKHHCI’OM MBTAJLIIIWYECKOM MATEPHAIIE METOBOM PEI-EHEPALWH 

TEIISIA 

~~~C~TCxCllo~~BaxOH~KTHBHOrOTC~O~C~H~~UOpH~OM~nOKHBcrOMM~~- 

JIPWCSOM MalepHaJIe,apHMeHmotucMcn B ra3omIx 6eCmahfexHbIxropenxax.C mXonb3oBaHlieM HeC- 

Tawioiiap8iorohmona,owomamoro zia~eopm uiiLIIHpccxor0 npommorowioro perempa~opa~enna, 

~3~~~~IIURnapa~~,onper*nroo~lTcnnonepeaoc ~nr;py ropnm4ra3ohfHhwrmm 

~nO~O~aHMCAHO,L0~~C~TCMWT~~~~C~~TCK(P~Opbl,O~~~C~~O~ 

B03MO~3xCIICp~C~bHW~~O~H~.~On~CHOCOOTHO~CHHCM~~pa~O~OMra3a H TeMOllC- 

peHOCOM muI nabmtapmu TweH~il, noKa3bmamme Bbmpoe BO3paCTaHHC xo*HweHTa TeMOOT- 

nasi c yBCJIli’leHHeM UOTOKa ra3a. KoW&HuHeHT TeIIJIOOTLWIH oKa3aJlcn Hamoro Hime, 9eM 

npmnonaranocb. 


