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Fig. 4 Turbulence intensity profiles over and downstream of the
rough strip for U, = 12 m/s.

each of the two rough plates and over selected smooth plates
downstream of the roughness. The velocity profiles over the
rough plates are indicated by the open and filled square sym-
bols. These symbols are connected with line segments to aid
in finding these profiles. The influence of the roughness is
seen to be large. The velocity profile over the first rough plate
(no. 8) is strongly retarded in the Jower portion of the bound-
ary layer relative to the smooth-wall profiles. The roughness
influence extends to approximately y/6 = 0.4 where § is the
99% boundary-layer thickness. Over the second rough plate
(no. 9). the roughness influenced region extends to approx-
imately y/6 = 0.7. Downstream of the roughness the velocity
profiles quickly take on smooth-wall like characteristics near
the wall, but an intermediate roughness influenced region is
still apparent downstream of the interface. ___

Figure 4 shows the turbulence intensity, V u’?/U2, profiles
for the same conditions as the mean velocity profiles in
Fig. 3. The evolution of the turbulent boundary layer is
shown more clearly by this plot. Over plate no. 8 the near-
wall turbulence intensity is much larger than equivalent
smooth-wall conditions. The roughness influence clearly
extends to about y/§ = 0.4. Over the other rough plate
(plate no. 9) there is no additional increase in turbulence
intensity very near the wall; however, the roughness in-
fluenced region extends much farther into the boundary
layer to about y/6 = 0.7. After the roughness the turbu-
lence intensity quickly takes on smooth-wall characteristics
very near the wall. In the intermediate region the rough-
ness influence continues to spread but decreases in mag-
nitude. Downstream of the roughness there are three easily
identifiable layers. Far from the wall the turbulent bound-
ary layer continues to evolve as a smooth-wall boundary
layer. In the intermediate region there is a roughness in-
fluenced internal layer. Very near the wall there is a smooth-
wall-dominated internal layer which spreads to eventually
envelop the entire layer. After some distance these three
layers mix together to form a new smooth-wall boundary
layer.
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Introduction

HE thermal conductivity of several iron aluminide alloys

was determined as a function of temperature. Four-point
electrical resistivity data were used in conjunction with the
Wiedemann-Franz-Lorenz equation’ to determine the ther-
mal conductivity of Fe,Al. Rectangular sample bars were
brought into equilibrium at several temperatures up to 1473
K before electrical resistivity measurements were made. A
sample of iron with identical configuration, along with liter-
ature data, was used to verify the accuracy of the method.
The results indicate that the thermal conductivity of Fe;Al
alloys is independent of composition and increases linearly as
a function of temperature.

One of the principal requirements for a heat transfer model
is the accuracy of the values for the thermal conductivity as
a function of temperature. Unfortunately, values for inter-
metallic iron aluminide alloys near the Fe;Al stoichiometric
composition are unavailable in the literature.

Thus, the objective of this research was to determine the
thermal conductivities of near-Fe;Al alloys over a wide range
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Fig. 1 Electrical resistivity measurement apparatus equipment dia-
gram.

of temperatures. The three specific alloys investigated in this
study included were 1) Fe,,Al,;, 2) Fe,;Al,,, and 3) Fe, Als,.

In metals and alloys, the electronic contribution to the ther-
mal conductivity dominates thermal transport behavior. Par-
ticularly at elevated temperatures, thermal conductivity is re-
lated to temperature and electrical resistivity by the Wiedemann-
Franz-Lorenz equation.' Slight differences in the composition
of iron aluminide result in dramatic changes in the crystal
structure and mechanical properties due to changes in the
degree of B2 and DO, long range order associated with Fe Al

Materials and Procedures

Electrical resistance measurements were made using a four-
point technique as described by Sutton.? Samples of electro-
lytic iron (for reference) and each of the three iron aluminide
alloys, Fe,;Al,5, Fe;3Al,,, and Fe,,Al,, were cut from vacuum
induction melted castings. Each sample was 50-mm long, 5.5-
mm wide, and 3.2-mm thick. Two type K thermocouple wires,
0.812-mm in diameter, were spot-welded perpendicular to
each end of the sample. These wires were connected in series
to a dc power supply and a digital ammeter as shown in Fig.
1. Between these wires. two (0.307-mm wires were also welded
perpendicular to the sample and connected to a potentiom-
eter. Since the exact distance between the wires must be known
in order to precisely determine electrical resistivity, the dis-
tance was carefully measured, within =0.0025 mm.

In turn, each sample was placed in a 25.4-mm i.d. quartz
tube fitted with feed-throughs for argon gas flow, electrical
wires, and a thermocouple. The quartz tube, sample, and
thermocouple were located on the centerline in a tube furnace
equipped with a differential temperature controller. A 1.0
cm*/min flow of argon gas was used to prevent oxidation of
the surface of the samples during heating. Each sample was
heated and allowed to equilibrate at several temperatures
ranging from 25 to 1100°C. The voltage was recorded at each
temperature using several current settings to be sure a linear
current/voltage relationship was obtained. The temperature
profile down the length of the tube furnace was monitored to
ensure a uniform temperature distribution over the length of
the sample.

Results and Discussion
Thermal conductivity values were measured experimentally
at different temperatures up to 1100°C. For each test tem-
perature, the applied voltage and current readings were found
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Fig. 2 Electrical resistivity as a function of temperature for iron and
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Fig. 3 Thermal conductivity as a function of temperature for iron
and iron aluminides.

to increase linearly. As a result, the resistance values were
simply the slope of the voltage-current curves for a particular
temperature. The electrical resistivity could then be calculated

by Eq. (1)

p = RA/L (H
where
p = electrical resistivity, Jsm/c?
R = sample resistance of the test material, Js/c?
A = sample cross-sectional area, m?
L = distance between the wires connected to the poten-

tiometer, m

The electrical resistivity for iron and each iron-aluminum
alloy was plotted as a function of temperature and is shown
in Fig. 2. Electrical resistivity of both the iron and Fe,Al alloys
steadily increased as the temperature increased. However,
values for the iron aluminides were an order of magnitude
higher. Compositional differences had little effect on electri-
cal resistivity as a function of temperature up to 1100°C as
shown in Fig. 3. The Wiedemann-Franz-Lorenz equation' was
used to calculate the electronic contribution to the thermal
conductivity (Ke) for iron and each iron aluminide sample as
described by Rossiter?

Ke = L-Lo-T/(R-A) (2)



J. THERMOPHYSICS, VOL. 7, NO. 1: TECHNICAL NOTES 187

where
Lo = 2.443 x 10-% v2 k -2 the Lorenz constant
T = temperature in Kelvin

The experimental results for iron shown in Fig. 3 illustrate
the characteristic decrease in thermal conductivity with in-
creasing temperature, typical of an electrical conductor. On
the other hand, the iron aluminides act more like insulators
and show increased thermal conductivity as a function of tem-
perature. At lower temperatures the electrical conductivity
of iron aluminide has an electrical conductivity between met-
als with 10**/cm? conduction electrons and semimetals like As
with 10°//cm?®. However, the thermal conductivity of iron and
iron aluminide is only an order of magnitude apart, whereas,
for insulators like sulfur with 10'*/cm® conduction electrons,
it is 10 orders of magnitude lower in electrical conductivity
than iron aluminide. This results from an increase in the num-
ber of conducting electrons available for energy transfer at
the higher temperatures. Figure 3 indicates that compositional
differences near stoichiometric Fe;Al have little effect on the
thermal conductivity as a function of temperature.

The accuracy in the thermal conductivity determination de-
pends on the accuracy of the temperature as well as the ac-
curacy and stability of the voltage and current measurements.
Electrical resistance and thermal conductivity data for iron
showed Curie transformations at 1043 K.* Similar results were
reported by Smithells.® The temperature control was +1°C,
and the temperature profile was reasonably uniform. Accu-
racy of the experimental resistance measurements was 104/
cme.

Unfortunately, this sensitivity is inadequate to detect the
order/disorder transitions in iron aluminide. The samples were
50-mm iron aluminide rectangular bars with a 10-to-1 aspect
ratio. According to Vennegues et al.® an aspect ratio greater
than 100-to-1 is necessary to observe the resistivity changes
due to the order/disorder transformations. Larger tempera-
ture steps are also necessary due to the strong magnetic effects
associated with spin disorder scattering and electronic struc-
ture effects. Nevertheless, the experimental results are con-
sistent with the recommended iron thermal conductivity data
from Ho et al.* shown in Fig. 3. They compiled 75 papers
reporting iron thermal conductivity data.

Conclusions

1) Compositional differences had little effect on the thermal
conductivity of iron aluminide alloys in the region of Fe;Al
(Fe,,AlLs, Fe,3Aly,, and Fe, Al,).

2) Thermal conductivities of iron aluminide alloys in the
region of Fe Al increase linearly as a function of temperature.

3) Electrical resistivity measurements for iron used in ther-
mal conductivity calculations are in agreement with available
literature values.
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Characterization of Thermal
Performance of Fibrous Insulations
Subject to a Humid Environment
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Nomenclature
= aspect ratio, H/L
height of the porous insulation, m
length of the opening, m
permeability, m*
thermal conductivity for phase i. W/m-K
effective thermal conductivity, W/m-K
thickness of the insulation, m
Lewis number, &.q /D, .
= condensation rate _
= Peclet number, o Lia..,
dimensionless temperature, T/AT
cool-side ambient temperature, K
hot-side ambient temperature., K
= volume fraction
opening size, H'/H
dimensionless density for phase i, p,/p,
= dimensionless vapor density, p,/p..,
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Subscripts

a = air phase

c = cool side

eff = effective properties
h = hot side

[ = ith phase
saturation quantities
' = vapor phase

= liquid phase

gas phase

= solid matrix

= ambient

= reference quantities

i
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Superscript
- = dimensional quantities

Introduction

N this work the insulating capability of a typical Fiberglas®

insulation slab is evaluated when it is exposed to different
types of environment on each side of the slab. The investi-
gation is based on the theoretical work that takes heat con-
duction, natural convection, phase change, and gas infiltration
into account. The results are analyzed and combined with the
latest theoretical work and useful heat transfer characteristics
are found for each of the materials studied. Various curves
for the heat flux are obtained in which several pertinent pa-
rameters are varied and their effects on the heat transfer
behavior are observed. These parameters include the humid-
ity, temperature, and pressure differences across the insula-
tion, the thickness of the insulation matrix. and the opening
sizes and their respective locations. It is shown that the mois-
ture within the material and the gas infiltration significantly
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