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Improving the performance of porous radiant
burners through use of sub-micron size fibers
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Abstract—An analysis has been carried out to determine the performance of porous radiant burners (PRB)
as a function of fiber size. PRB made with silica or alumina fibers are considered. The radiative properties
of the fibers are determined using the electromagnetic wave scattering theory for two different characteristic
temperatures—1000 and 1500°C. The properties are used in a combined-mode heat transfer model to
calculate the amount of energy radiated by the PRB. It is found that fibers smaller than the order of 1 um
in diameter produce significantly higher radiant output. For a characteristic temperature of 1000°C, in
some cases, the increase in output is as high as 63 and 109% for silica and alumina fibers, respectively. For
a characteristic temperature of 1500°C, the corresponding increases are 72 and 150%, respectively.
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1. INTRODUCTION

IN A RECENT study on the heat transfer characteristics
of porous radiant burners (PRB), Tong and Sathe [1]
found that a smaller single scattering albedo () of the
porous matrix would result in higher radiant output.
Typically, the porous matrix of PRB is made of cyl-
indrical fibers of several microns in diameter. Since
the radiation spectrum involved in the application
ranges roughly from 1 to 15 ym in wavelength, the
size parameter (a = nD/A, where D is the fiber diam-
eter and A is the wavelength of radiation) of the fibers
is of the order of one or slightly larger. It has been
shown that for a material with a finite but non-zero
imaginary part of the complex refractive index, the
scattering efficiency (Q,) is small compared to the
absorption efficiency (Q,) when o « 1; hence, w is
also small because w = Q./(Q,+ Q.) [2]. This suggests
that it may be possible to increase the radiant output
of PRB by using fibers smaller than those currently
used. It is the purpose of this work to establish quan-
titatively if and by how much the radiant output of
PRB can be increased by using smaller fibers.

Before the analysis is presented, a brief description
of the operating principle of PRB is in order. A pre-
mixed gaseous fuel-air mixture enters a non-com-
bustible porous layer such as that illustrated sche-
matically in Fig. 1. By adjusting the mass flow rate
appropriately, combustion can be stabilized inside the
porous layer. The burnt gas heats up the porous
matrix via convection. The porous matrix in turn radi-
ates the energy away from the porous layer. Heating is
provided to a heat load by means of thermal radiation.

2. ANALYSIS

The analysis is based on a heat transfer model that
treats combustion as a constant heat source [1]. The

theory of electromagnetic wave scattering [2] is used
to determine the radiative properties of the fibers.
They are then used as input parameters in the heat
transfer model to calculate radiant output.

2.1. Radiative properties of fibers

This section presents the background on deter-
mining the radiative properties of fibers. The fibers
are assumed to be circular and infinitely long. For
unpolarized incident radiation with wavelength A, the
extinction efficiency Q., which is the sum of Q, and
0., and @, of a fiber are given by {2]

Q.=Re [b0|+2 Z ba+2 z any
n=1 i

n=

+2 Z bn2+a02+2 z a,;J/a (l)
n=1

Q.= [|b0,|2+2 Y Ab?+2 Y lanl?
n=1 n=l

+2 Z 6,217+ 1aoq| 2 +2 z 'anzlz:l/a )
n=| LL N}

where a,,\, b,,, a,, and b,, are coefficients that depend
on the incidence angle @, wavelength of radiation 4,
fiber diameter D, and the complex refractive index of
the fiber. The expressions for a,,, b,,, a,» and b,, can
be found in ref. [2]. The efficiencies averaged over
all wavelengths and incidence angles are determined
according to

. 2 x/2 (o X
Z= ;‘—"—ﬁ,[) J; 2ey(T,,) dadd 3)

where z represents either Q. or Q,, and the overbar
indicates averaged values. Note that Planck’s function
ey evaluated at some characteristic temperature T, has
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q'/0x;
@ non-dimensional radiant output, 0"(¢,)
Q. extinction efficiency
Q. scattering efficiency
J. averaged extinction efficiency
O, averaged scattering efficiency
T temperature -
T. characteristic temperature

u velocity
x coordinate
x-x; lengths defined in Fig. 1

NOMENCLATURE

a solid surface area per unit volume of z dummy variable in equation (3)

solid - averaged z.
a,, cocflicients (TM mode)
a,; coeflicients (TE mode) Greek symbols
br,  coefficients (TM mode) @ size parameter
br, coeflicients (TE mode) é  unit step function
c Speaﬁ? heat ] non-dimensional temperature, (T—T})/T;
D fiber diameter A wavelength of radiation
D, critical fiber diameter 4, i direction cosine
e,  Planck’s fur!ctlon o 13 non-dimensional coordinate, x/x,
G non-dimensional emissive power, p density

4

oT'[Qx, ) ¢ Stefan-Boltzmann constant
kh  heat transfer coefficient o, absorption coefficient
i rad:an.t mtensity ) 6, - extinction coefficient
1 non-dimensional radiant intensity, i/Qx, G,  averaged extinction coefficient
k  thermal conductivity 6, scattering coefficient
I} mean free path T optical thickness, (a,+0,)x;
L, average spacing of fibers ¢  porosity ,
P pressure. . 0] incidence angle ’
P-Ps non-dimensional parameters as ®  single scattering albedo, a./(0,+0,)

deﬁpefi in Table 1 &  averaged single scattering albedo.
¢  radiative heat flux
Q  heat generation rate per unit volume ]
Q" non-dimensional radiative heat flux, Superscnp;g d

r radiation

+  positive x direction
—  negative x direction.

Subscripts
b black body or baseline calculation
¢ exit
g gas
i inlet
o output
s solid.

been used as the weighting function in the averaging
process. Equations (1)—(3) can be used to compute
the averaged efficiencies once D, the complex refrac-
tive index of the fiber, and T, are specified.

The heat transfer model to be employed requires
the averaged scattering albedo and the averaged

FUEL - AIR
MIXTURE

FiG. 1. Schematic diagram of the porous radiant burner.

extinction coefficient &, as input properties. The aver-
aged single scattering albedo is

@ =gi 0]

while the averaged extinction coefficient is related to
the averaged extinction efficiency by

- 4Qe(l - ¢)
b= ©)
with ¢ being the porosity.

2.2. Heat transfer

The physical situation considered is depicted in Fig.
1. Assuming constant thermophysical properties,
steady and laminar slug flow, and one-dimensional
radiative heat transfer, one can write the governing
equations in dimensionless form as [1]:
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energy equation for the gas phase

dz
P, % +(1=$)P(6,6,) = ¢6(¢>+Psazgz!; ©

energy equation for the solid phase

d2e, _dg
a —4’)1’43&—; +(1—-9)Py(6,—0,) = a&’ ™

equation of radiative transfer

TR ()]
T +1(&, 1)

1

= (1-w)h(6) + %J

G x) s @)

net radiative heat flux

Q' =2n J RGYR ®

boundary conditions for the gas phase energy equa-
tion

0,=0 at (= - (10a)
de
EE‘-=0 at {=4§; (10b)

boundary conditions for the solid phase energy equa-
tion

do,
%= Py0,—0) at (=0  (lla)
dé,
Z- Py0,—8,) at E=¢&; (11b)

boundary conditions for the equation of radiative
transfer

1
o= ZJ 170, — ) dp’ (12a)
0
G.(T.)
T

I7(G) = (12b)

where the dimensionless variables are defined as

§ =x[x3, by = (T,—T)/T,
0, = (T,—T)T;, I=i/Qx,

I, = iy/Qx;, T = 0X3
Q" =q'/Qx,, G. = oT¢/Qx;.

The definitions of the dimensional variables can be
found in the Nomenclature. The physical significance
and the definitions of the parameters P,—P; are given
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Table 1. Significance of P,~P;

Parameter Physical significance
P, = puc,T;/Qx; flow enthalpy
P, = haT;/Q convective energy coupling between
gas and solid
Py = k,T/Qx] gas conduction
P, = k,T/Qx} solid conduction
Py = hx,/k, Biot number

in Table 1. Heat generation due to combustion is
represented by the term ¢4(¢) in equation (6), where
&(&) is a delta function defined as unity for §, < &€ < ¢,
and zero elsewhere.

Equation (6) will be applied to the entire domain
shown in Fig. 1, thatis —¢&; < ¢ < ;. Accordingly, ¢
is defined such that¢ = 1 for{ <0and0 < ¢ < 1 for
0 < & < &,. Equations (7) and (8) are coupled through
equation (9) and they will be used for the porous
region. Note that isotropic scattering has been
assumed in writing equation (8). This is done because
an earlier study [3] demonstrated that anisotropic
scattering had less influence on radiant output than
other radiation effects, such as a variation in optical
thickness and reflection from upstream. As far as the
boundary conditions are concerned, equation (10b)
specifies that it is adiabatic for the gas at the exit plane.
This results from assuming local one way behavior
at the outflow position which has been shown by
Patankar [4} and Smooke et al. [5] to be a reasonable
approximation for flow situations such as that being
considered. Equations (11a) and (11b) equate the con-
vective heat flux between the gas and solid phases to
the conductive heat flux. The upstream radiative
boundary condition as indicated by equation (12a)
is formulated by characterizing the upstream as a
gray and perfectly reflecting surface. Equation (12b)
assumes that the burner sees a black environment
atT,.

3. COMPUTATIONS OF THE RADIATIVE
PROPERTIES

Both silica and alumina fibers were considered for
use as the porous material for the burner. Com-
putations for §,, 0. and &, were done by using the
trapezoidal rule to approximate the integrals in equa-
tion (3). The integrations with respect to ® were done
at 1 degree intervals. The integrations with respect to
A were performed at 0.05 um intervals with 1 and 16.5
p#m chosen as the lower and upper integration limits,
respectively. This wavelength range contains 98 and
96% of the black body radiant energy when 1000 and
1500°C, respectively, were employed as T,,. Such a
range of characteristic temperatures is representative
of the flame temperatures in PRB. For silica fibers the
complex refractive index from Malitson [6] for 1 < 7
um and from Champtier and Friese [7] for 4 > 7 ym
were used. The latter reference also provided the
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Table 2. Averaged efficiencies and single scattering albedo of ~ Table 3. Averaged efficiencies and single scattering albedo of

silica fibers, T, = 1000°C

silica fibers, T, = 1500°C

D (um) g. g ® D (um) g g @
5 1.6091 1.5534 0.96540 5 1.5715 1.5456 0.98352
4 1.6783 1.6261 0.96888 4 1.6121 1.5879 0.98499
3 1.6990 1.6515 0.97204 3 1.7392 1.7173 0.98473
2 1.4998 1.4564 0.97107 2 1.7445 1.7246 0.98845
1 7.5246x10"' 7.2113x10°" 0.95836 1 1.1547 1.1402 0.98750
0.5 23161 x 10" 2.1223x10™! 0.91623 0.5 44964 x10-'  4.4073x 10" 0.98017
0.4 1.3520x 10! 1.1916 x 10~ 0.88139 0.4 2.9451 x 10! 2.8713x 10! 0.97495
0.3 6.0921 x10-*  4.8575x10"? 0.79735 0.3 1.5339x 10! 1.4771 x 10! 0.96297
0.2 2.1270x 10~2 1.2887x 102 0.60591 0.2 4.6254x10-2  4.2397x10-? 0.91663
0.1 5.6608 x 10~ 1.4254 % 10-3 0.25180 0.1 6.3525x 103  4.4038x10-* 0.69324
0.09 4.8435x10°%  1.0292x10°3 0.21250 0.09 49123x10->  3.1573x10°° 0.64274
0.08 4.1088x 103  7.1641 x10-* 0.17436 0.08 3.7440x 10~3  2.1832x 10~} 0.58311
0.07 3.4458x 1073  4.7594x10~* 0.13812 0.07 2.8079x 103 1.4414x 103 0.51336
0.06 2.8441x10°%  2.9741 x 10~* 0.10457 0.06 2.0673x10-%  8.9560x10~* 0.43322
0.05 2.2939x 1073 1.7091 x 10—+ 0.07451 0.05 1.4888x 10-% 51198 x10~* 0.34389
0.04 1.7858 x 10-%  8.6969 x 10~3 0.04870 0.04 1.0409x 10~%  2.5929x 10~ 0.24909
0.03 1.3109x 10~3  3.6498 x 10~ 0.02784 0.03 6.9473x 10~* 1.0837x10°* 0.15598
0.02 8.6050x10-* 1.0769x10-% 0.01252 0.02 4.2284x10-* 3.1867x10-* 0.07536
0.01 42624 x 10~ 1.3422x 10-¢ 0.00315 0.01 1.9946x 10~*  3.9622x10-* 0.01986
0.005 2.1262x 104 1.6764 x 107 0.00079 0.005 9.8248x 10~°  4.9449x 10~7 0.00503

complex refractive index for alumina for all wave-
lengths.

4. METHOD OF SOLUTION

Equation (8) was transformed to a set of four first
order ordinary differential equations in terms of the
moments of the radiant intensity using the P-3 spheri-
cal harmonics approximation [3, 8, 9]. Equations
(12a) and (12b) were replaced by Marshak’s boundary
conditions which required the intensity moments to
be conserved. The spherical harmonics method and
Marshak’s boundary conditions for solving the equa-
tion of radiative transfer have been well documented
elsewhere {3, 8~10]. The readers are referred to these
references for the mathematical details. As indicated
by equation (9), the first moment of the radiant inten-
sity is the net radiative heat flux.

The four equations governing the moments of the
radiant intensity and equations (6) and (7) were solved
using an iterative procedure that has been described
in detail before [1]. Briefly, it involved guessing 66,/0¢
at ¢ = 0, solving the governing equations numerically
using DVCPR from the IMSL library, and checking
for convergence. Convergence was assumed only
when the fractional changes of 30,/0f and 8, at §{ = 0
were both less than 10~*, and an overall energy bal-
ance of less than 0.1% was achieved. A relative error
tolerance of 10~* was specified for the iterations inter-
nal to subroutine DVCPR.

5. RESULTS AND DISCUSSION

The averaged efficiencies and single scattering
albedo for silica and alumina fibers can be found in
Tables 2-5. The properties were evaluated at charac-

teristic temperatures of 1000°C (Tables 2 and 4) and
1500°C (Tables 3 and 5). The results cover fiber diam-
eters ranging from 0.001 to 5 um. For both fibers, J,
and @, may increase and then décrease as the fiber
diameter is reduced from 5 um. This is typical of the
oscillatory behavior of the efficiencies when « is of
order one or slightly larger [2]. For the approxi-
mations used in carrying out the wavelength integral
in equation (3) (i.e. 1 and 16.5 um for the lower and
upper limits, respectively), « ranges from 15.71 to 0.95
for a diameter of 5 yum. Even for a smaller diameter
such as 1 um, a is about order one in most of the
spectrum since it ranges from 3.14 to 0.19. Therefore,
it is clear that for diameters of 1 um or larger, the
efficiencies can be regarded as in the regime where

Table 4. Averaged efficiencies and single scattering albedo of
alumina fibers, T,, = 1000°C

D (um) g. g. @
5 1.5204 1.5123 0.99467
4 1.5601 1.5529 0.99537
3 1.6663 1.6598 0.99610
2 1.7765 1.7697 0.99616
1 1.3743 1.3690 0.99615
0.5 5.3004x10~'  52050x10~" 0.98191
04 3.3431x 107" 3.2511x107! 0.97247
0.3 1.5532x 107" 1.4909x 10"’ 0.95987
0.2 43107x10"?  3.9940x 10?2 0.92654
0.1 54371 x 1072 4.1072x107? 0.75539
0.09 4.1262x 1072 2.9429x 10~ 0.71321
0.08 3.0743x 107 2.0333x 107} 0.66139
0.07 2.2438x 10~  1.3414x 1073 0.57983
0.06 1.5999x 10~  8.3281x10~* 0.52054
0.05 1.1104x10-*  4.7597 x 10~* 0.42848
0.04 7.4545x 10" 2.4085x10~* 0.32309
0.03 4.7720x10"*  1.0063x10-* 0.21088
0.02 2.7969x10"¢  2.9589x10-* 0.10579
0.01 1.2842x10°*  3.6790x10"¢ 0.02865
0.005 6.2786x 10~%  4.5914x 10" 0.00731
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Table 5. Averaged efficiencies and single scattering albedo of
alumina fibers, T,, = 1500°C

D (um) 0. g, @
5 1.4586 1.4549 0.99747
4 1.4398 1.4365 0.99772
3 1.5675 1.5646 0.99814
2 1.6946 1.6916 0.99821
1 1.7029 1.7006 0.99864
0.5 8.2748x10"' 8.2334x 107! 0.59499
0.4 5.7336x 10~'  5.6939x 107! 0.99307
0.3 3.0259x 10" 2.9990% 107! 099111
0.2 9.4844x10-2  9.3476x 1072 0.98557
0.1 9.7215x10°%  9.1463x 107} 0.94084
0.09 7.0249x107*  6.5131x10"? 0.92715
0.08 49227x 1077  4.4725x10°° 0.90854
0.07 33233x107°  2.9330x 10 0.88256
0.06 2.1424x10"°  1.8107x10°* 0.84514
0.05 1.3035x10~°  1.0290x 10~ 0.78941
0.04 7.3666x 10~*  5.1839x10-* 0.70373
0.03 3.7653x10°*  2.1568x10~* 0.57281
0.02 1.6992x10-*  6.3201x10°° 0.37194
0.01 59670 x 10~  7.8375x10~° 0.13135
0.005 2.7939x107°  9.7769x 10~ 0.03499

there is oscillatory behavior. When the diameter is less
than 1 um, there is clearly a monotonic decreasing
trend for the averaged efficiencies as the diameter is
reduced. Since @ is just the ratio of J, to ., it closely
follows the trend displayed by the averaged efficien-
cies.

To illustrate the effect fiber size has on the radiant
output, calculations have been performed for decreas-
ing fiber size for three different cases. Case 1: ¢ is
kept constant; Case 2: the surface area available for
convective heat transfer between the gas and solid
phases, that is (1 —¢)a, is kept constant ; Case 3 : both
(1—¢)a and 7 are kept fixed. In real situations, all
three cases involved increasing the number density of
the fibers appropriately. In addition, Case 3 requires
increasing the physical thickness of the porous layer.

The input parameters needed to calculate radiant
output are shown in Table 6. The parameters in Table
6(a) are those that are kept constant for all the cal-
culations. Their values are chosen to be representative
of PRB and have been used in an earlier study [1].
Notice that the flame is assumed to be 0.1 cm thick
and is situated in the middle of the porous layer
[(¢:+¢&,)/2 = 0.5]. In Table 6(b) the parameters that
are varied are shown, and the values indicated are
used to establish the baseline results that will serve as
the data for comparison with the results for smaller
diameters.

When D is changed, the parameters affected are t,
, and P, for Case 1, ¢, 1, w, and P, for Case 2, and
¢, x,, w, and P, for Case 3. It follows from equation
(5) that the relationship among 7, x5, and D is

L 0.0=¢)x;

<D (13)

Thus, when a new D is considered, the corresponding
0. from Table 2, 3, 4 or § is used in equation (13) to
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Table 6. Input parameters for heat transfer calculations
(a) Parameters that are held constant

Values used for the present study

x, (m) 1

X3 (Cm) 1
X3-~x; (cm) 0.1
G+$912 0.5

P, 0.0t

P, 2.5x 10~
P, 0.02

P5 5

G, 2.98x10°*

(b) Parameters that are varied

Values used for the baseline calculation

Silica fibers Alumina fibers
D (um) S 5
] 0.95 0.95
T : 193.6 204.9
7} 0.995 0.965
P, 795 795

determine 7. Additionally for Case 3, x; is adjusted
according to the equation to maintain t constant.
Realizing a is equal to 4/D and utilizing the definition
of P, (see Table 1), one can determine P, through

Pz = PZbDDb

where subscript b signifies values used for the baseline
calculation, that is values in Table 6(b). For (1 —¢)a
to remain the same as that for the baseline calculation,
¢ must be related to D according to

1-¢ D
I-¢, D

(14)

15

Equation (15) provides the relation for calculating ¢
for Cases 2 and 3.

Radiant output for silica fibers with T, = 1000 and
1500°C is depicted in Figs. 2 and 3, respectively, and
likewise in Figs. 4 and § for alumina fibers. The radi-
ant output is presented in a form that the values in
the graphs correspond to the fractions of thermal
energy generated by combustion. The results for both
types of fibers exhibit similar trends (compare Figs. 2
and 4, and Figs. 3 and 5). This is not surprising since
0. and d for both the fibers exhibit similar behavior as
D is decreased. For all three cases the radiant output
initially increases slowly or even decreases slightly as
D is reduced. This is a result of the oscillatory nature
of the efficiencies as discussed earlier. The output
increases substantially as D is reduced further. How-
ever, it reaches a plateau for Cases 1 and 3 while
that for Case 2 drops after reaching a maximum. The
plateau occurs when @ is so small that it is no longer
an influencing factor and further reduction in fiber
size has no impact on the output. This suggests that
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06
T =10000C Silica
04
E
~N
3
0.2
=== Case 1 - Constant Porosity
=== Cas 2. Constant Surface Ares
=== Case 3 - Constant Surface Ares
and Optical Thickness
0.0

10° 10 1 10

D (m)
FiG. 2. Radiant output for silica fibers with T, = 1000°C.

one only needs to reduce the fiber size to the point
where the plateau begins to occur. The drop for Case
2 can be explained by the following consideration.
Equation (13) indicates that t is directly proportional
to J.(1 —¢) and inversely proportional to 1/D. As D
is reduced beyond the maximum point, both J, and
(1 - ¢) decrease and their product decreases at a faster
rate than 1/D increases. Hence, one ends up with
smaller t for decreasing D. As demonstrated by Tong
and Sathe [1], smaller 7 results in lower radiant output.

It is quite apparent that there is a definite advantage
in using fibers that are smaller than order of 1 ym in
diameter. Based on the plateau values for Cases 1 and
3 and the maximum output for Case 2, the radiant
output when compared to the baseline value increases
by 42, 54, and 63%, respectively, for silica fibers at
T.. = 1000°C. The corresponding increases are 61, 72,
and 57% for T, = 1500°C. A similar comparison
shows 100, 109, and 89% increases, respectively, for
alumina fibers at T, = 1000°C, and 140, 150, and
72% increases, respectively, at T, = 1500°C.

Before closing it is worthwhile to note that the
results presented were obtained from a continuum
model. If the fibers are distributed closer to each other

0.6

Ta=15000C Silica
04
s
g
0.2
= Case 1 - Constant Porosity
ew—ee  Coss2- Consus Surface Are.
e Cass 3 - Constarg Surface Asen
nd Optical Thickness
0.0
10° 10? 10" 1 10
D (um)

Fi1G. 3. Radiant output for silica fibers with T,, = 1500°C.
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06
Ty =10000C Alumina
04
~~
Ll
o
3
0.2
= Cass | - Constant Porosity
——ee  Cas 2 - Conmar Surfacs Ares
o Cast 3 - Conmtant Surface Ares
and Opuical Thiciness
0.0
10° 102 10" 1 10
D (um)

FiG. 4. Radiant output for alumina fibers with T,, = 1000°C.

as a result of smaller D, it is possible that the average
spacing of the fibers becomes as small as the mean
free path of the gas. When this happens the continuum
model breaks down and the results presented will no
longer be valid. To determine the validity of the
results, one needs to compare the average spacing
between fibers with the mean free path of the gas. The
former depends on how the fibers are distributed. The
molecule-fiber collision cross-section is maximized
when the fibers are perpendicular to the direction of
heat flow. Therefore, as the most stringent condition,
the fiber average spacing will be estimated for such a
fiber distribution. Assuming the fibers were layered
and the axes of the fibers in the same layer were
parallel to each other but perpendicular to those in
the next layer, Verschoor and Greebler [11] derived
the following equation for the fiber average spacing

nD

Lo=4(—l__—¢).

(16)

From kinetic theory the mean free path / of an ideal
gas with a molecular diameter of 3.9 A (diameter of
air molecules) is '

0.6
Ta=1500°C

04

ixftay))

02

10" 1 10

D (um)

F1G. 5. Radiant output for alumina fibers with 7, = 1500°C.
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Table 7. D, for Case 1

T(°C) P (atm) D, (gm)
1000 ; 0.0164
2 0.0082

3 0.0055

1500 1 0.0229
2 0.0114

3 0.0076

T+273
[=2.023% 10~ (—’}D—) an

with 7 in °C and pressure P in atm. Equations (16)
and (17) can be used as a guide to estimate the region
of validity of the results. First of all, consider Cases 2
and 3. By combining equations (15) and (16), one
obtains an equation for L, that is in terms of ¢, and
Dy, but independent of D. Upon substitution of the
values in Table 6(b) for ¢, and D, L, turns out to be
78.5 um. Such a value is much greater than / from
equation (17) for P = 1 atm and the two temperatures
considered. Hence, the results in Figs. 2-5 for Cases
2 and 3 are always valid. For Case 1, however, L,
does vary with D according to equation (16). A critical
fiber diameter D, can be defined for L, = /and it can
be obtained from equations (16) and (17) as

(T+273)
—p (18)

Only for D > D, can results be regarded as meaningful
because of the continuum model limitation. Table 7
shows tabulated values of D, for ¢ = 0.95, T = 1000
and 1500°C, and P = 1, 2, and 3 atm. In correlating
D, with the results for Case 1 in Figs. 2-5, it can be
seen that D, for P =1 atm corresponds to a fiber
diameter either in the plateau region (Fig. 2) or just
when the radiant output is reaching the plateau as D
is decreased (Figs. 3-5). For P = 2 and 3 atm, D, lies
in the plateau for all of the results in Figs. 2-5. Since
P > 1 atm for typical PRB operations and one only
needs to reduce D to the starting point of the plateau
to maximize radiant output, the continuum model
limitation can be considered to have no practical
impact on the findings for Case 1.

D, =2576x10"*(1-¢)

6. CONCLUSIONS

The possibility of using fibers smaller than order of
1 ym in diameter to improve the performance of PRB
has been investigated. Based on a one-dimensional
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conduction, convection, and radiation heat transfer
model with spatially dependent heat generation, radi-
ant output for different fiber sizes was computed. The
electromagnetic wave scattering theory was used to
calculate the radiative properties, which were then
used as input parameters in the heat transfer model.
The study was carried out for silica and alumina fibers.
It was found that smaller fiber diameters resulted
in smaller single scattering albedo and higher radiant
output. For both types of fibers, a significant increase
in radiant output was found to be possible by reducing
the fiber size. For a characteristic temperature of
1000°C increases as large as 63 and 109% were
obtained for the silica and alumina fibers, respectively.
The corresponding increases at a characteristic tem-
perature of 1500°C were 72 and 150%, respectively.
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AMELIORATION DES PERFORMANCES DE BRULEURS POREUX RADIANTS PAR
UTILISATION DE FIBRES SUBMICRONIQUES
Résumé—On conduit une analyse pour déterminer les performances de briileurs poreux radiants (PRB) en
fonction de la taille des fibres. Les PRB avec des fibres de silice ou d’alumine sont considérés. Les propriétés
radiatives des fibres sont déterminées 4 partir de la théorie de la diffusion des ondes électromagnétiques
pour deux températures caractéristiques 1000 ct 1500°C. Les propriétés sont utilisées dans un modéle de
transferts combinés de chaleur pour calculer la puissance rayonnée par le PRB. On trouve que les fibres
plus petites que | um en diamétre donnent des rayonnements sensiblement plus élevés. Pour la température
de 100°C, dans certains cas, I'augmentation de puissance est de 63 et 109% respectivement pour des
fibres de silice et d’alumine. Pour la température de 1500°C, les accroissements correspondants sont
respectivement de 72 et 150%.



1346

T. W. TonG et al.

LEISTUNGSSTEIGERUNG POROSER STRAHLUNGSBRENNER DURCH EINSATZ
VON FASERMATERIALIEN IM NANOMETERBEREICH

Zusammenfassung—Die Leistung pordser Strahlungsbrenner wird in Abhéingigkeit vom Faserdurchmesser
untersucht. Dabei werden Fasern aus Silica und aus Aluminiumoxid verwendet. Die Strahlungs-
eigenschaften der Fasern werden mit Hilfe der Theorie der Streuung elektromagnetischer Wellen bei zwei
unterschiedlichen charakteristischen Temperaturen (1000 und 1500°C) untersucht. Diese Eigenschaften
werden in einem Modell fiir kombinierten Wirmetransport verwendet, um den Strahlungsanteil zu
berechnen. Es zeigt sich, daB Fasern, deren Durchmesser kleiner als I um ist, signifikant hhere Strahlungs-
anteile ergeben. Bei der charakteristischen Temperatur 1000°C steigt der Strahlungsanteil in einigen Fillen
um 63% (Silicafasern) und 109% (Aluminiumoxidfasern) an. Bei der charakteristischen Temperatur 1500°C
ergeben sich Erhéhungen um 72 bzw. 150%.

VIYUIIEHUE PABOYHUX XAPAKTEPMCTHK ITOPHCTBIX PAAMALIMOHHBIX IOPEJIOK
C HCHOJIb30BAHHEM BOJIOKOH CYEMHUKPOHHOT'O PASMEPA

AmoTanws—AHAIATHYECKH ONpEACAMWOTCS palounme XapaXTCpPHCTHKH NOPHCTHX PaIHMALUHOHHLIX
ropesiox (TIPI) » 3asACHMOCTH OT pasMepa BOJIOKOH mopacTol scrasxd. PagmaumonHule csoiicTsa
BOJIOXOH YCTAHAB/THBAIOTCA C HCUO/IL3OBAHHEM TCOPHH PaCCEAHHA CKTPOMATHHTHMLX BOAH O1A ABYX
XapaKkTepHBIX TemmepaTyp— 1000 1 1500°C. DTH csoiicTsa BRIIONEHE B MOE/Ib CMEIIAHHOTO TEMUIONC-
penoca A paciera marysaemoli ITPT sneprun. HailineHo, 4TO A% BOJMOKOH C OHAMETPOM Mense 1
MEM H3Ty4aeMas MOLIHOCTD 3HAMHTEALHO Bo3pacract. B HexoTOphIX ciy4asx mpH xapaxTepsoft Temme-
patype 1000°C manyvacmMas MOLIHOCTb YBe/MuHBacTCA Ha 63 H 109% COOTBETCTPCHHO AMA KPCMHE3EM-
HBIX H THHO3EMHBX pojioxon. [Tpr xapaxTepnofi TemmepaTtype 1500°C COOTBETCTBYIOIUHE YREHUCHHA
cocrasamot 72 u 150%.



