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SUMMARY

This study investigates the influence of diameter,
mean velocity measurements close to a conducting wall in a turbulent boundary layer.

overheat ratio, and prong inclination of a hot wire on
A decrease in each of these

parameters reduces the departure of the measured mean velocity from the expected linear sublayer value. The results
indicate that a procedure for correcting the mean velocity should at least reflect the influence of all these para-
meters. Available correction procedures preclude these influences and consequently cannot be regarded as universal.

INTRODUCTION

As a hot wire is brought close to a solid conducting
boundary in a turbulent boundary layer, the indicated
mean velocity increases above the mean velocity given
by the viscous sublayer equation " = y+_for y* less
than 5. An estimate of the difference AU between the
indicated and the true mean velocity was obtained by
Wills (1962) for laminar flow. He suggested that half
the laminar correction should be applied to turbulent
flows to obtain a sufficiently accurate mean velocity
profile close to the wall. Zemskaya et al (1979) showed
that Wills' correction failed when applied to different
wire diameter, d, for the range 3.8 uym < d < 41.6 ym and
suggested an empirical correction which accounted for
the effect of d. Hebbar (1980) and Bhatia et al (1982)
did not consider the effects of d and so produced a
correction in the form of AU (= AU/U., where U; is the
friction velocity) which depended on yt alone. No pre-
vious study has seriously considered the effect of over-
head ratio a. To minimise wall proximity effects Gupta
and Kaplan (1972) used smaller values of d (1.25 um) and
overheat ratio a (0.33) than used in most studies. They
also used a wall material (plexiglass) of low thermal
conductivity k. Polyakov et al (1978), Van Thinh (1969)
and Bhatia et al (1982) showed that the correction de-
creased as k, decreased whereas Singh and Shaw (1972)
suggested that wall material had no effect. Van Thinh
(1969) found that the effect of wire length to diameter
ratio (4/d) was negligible for &/d 2 240. Polyakov et
al (1978) and Van Thinh (1969) showed that prong inter-
ference is minimised when the inclination B between the
wire prongs and the mean streamlines is less than or
equal to 5°. :

The departure (AU+) of the indicated mean velocity dis-
tribution from U = y* depends, in general, on the fol-
lowing parameters:

(i) the distance of the wire to the wall (y);

( ii) the wire diameter (d);

( iii) the wire overheat ratio (a = Rpgt/Repld - 1 = oT,
o is the temperature coefficient of resistance and T is
the temperature of the wire above ambient);

( iv) the mean flow velocity (TU);

( v) thermal conductivity of the wall material k, and
that of the fluid kg;

( wvi) the length of the wire (2);

( vii) the probe geometry; 3

(viii) the state of the flow (laminar or turbulent).

The aim of this study is to investigate the dependence

of ATT on the following parameters:

( i) Wire Diameter the range considered here,

0.63 ym € d < 5 ym, extends that of Zemskaya et al (1979).
The upper limit of our range was chosen to allow com-
parison with their results and 5 pm diameter wires are
commonly used for turbulence measurements. The lower
limit of 0.63 um diameter was chosen as these wires,

when operated by constant current circuits at extremely
low overheats, are used to measure temperature in tur-
bulent flows. These "cold" wires are used to determine
accurately the mean temperature close to a slightly
heated wall (e.g. Browne and Antonia, 1982).

{ ii) Overheat Ratio a detailed study of this effect
has not previously been made.

(11i) Inclination (B) of the Wire Prongs to the Wall
this is known to influence the mean velocity for y+ much
larger than 5 (Polyakov et al, 1978). The main objective
h%ie is to establish the value Bpi, of B which minimises
AUT.

The effect of d was studied by keeping a and B constant
(a = 0.8, B = 5°). The effect of a was evaluated for
B=5"andd=5m. Ford=5yumand a = 0.8, three
values of B (5°, 30°, 90°) were used to establish Bpip-
Bhatia et al's (1982) procedure for correcting instan-
taneous velocity signals and Chauve's (1980) method of
correcting the mean velocity are also applied to the
present data.

EXPERIMENTAL ARRANGEMENT

The longitudinal velocity was measured in a turbulent
boundary layer which developed with a small favourable
pressure gradient on a smooth aluminium floor of a small
wind tunnel described by Browne and Antonia (1982). The
measurements were carried out at a free stream speed of
9 ms~!, U, = 0.38 ms™! and the momentum thickness
Reynolds number 2000. The skin friction coefficient
(cg) was obtained with a Preston tube (two diameters
0.45 mm and 4.6 mm were used) using the simplified cal-
ibration of Head and Ram (1971). The Preston tube value
was within 4% of the Clauser chart value when log-law
constants K = 0.41 and A = 5.2 were used. The velocity"’
measurements were made using a hot wire (Pt-10% Rh, o =
0.0016/°C) operated with a DISA 55M10 constant tempera-
ture anemometer. The probes were calibrated in the free
stream in the working section against a pitot-static
tube. The dynamic head was read using a Furness micro-
manometer with a least count of 0.01 mm of H,0. The hot
wire calibration, carried out before and after each ex-
periment, covered the near-wall velocity range of inter-
est, The initial distance to the wall was determined
using a cathetometer (least count 0.0l mm) and halving
the distance between the wire and its reflection in the
polished aluminium surface. Typically the reproducibil-
ity was approximately +4%Z for y = 0.5 mm.

RESULTS

The difference AU decreases as d decreases (Figure 1).
The results for d = 5 ym and a = 0.8 is in agreement
with the results of Zemskaya et al (1979) and Hebbar
(1980). The value of y* (= 4) above which the deviation
is negligible, does not seem to depend on the diameter.
A decrease in d is accompanied with a bodily shift of
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Figure 1 Effect on T* of the diameter of the wire.
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Figure 2 Effect on UT of the overheat ratio.
——i——, error bar - see text.

the velocity distributions towards smaller values of y+.
There is also a downward shift in the minimum value of
UF, a trend that is noticeable in the results of Zemskaya
et al (1979) and when comparing the results of Hebbar
(1980) for d = 3.8 um. Note that the major source of
error occurs in the measurement of y. Estimates of the
errors shown in Figures 1-3 in U' and y+ at yt = 4 are
6% and 15% respectively. However, the experiment was
carried out on different days and by different people
and for yt > 5, where the effect of wall on hot wire is
expected to be small, the good collapse of all data
(Figures 1 and 2) suggests that actual errors are much
smaller than these estimates. Since the error in y7 is
larger tham that in , the minimum value of Tt is prob-
ably the most reliable indication of the diameter effect.

The range of overheat ratios (0.06 to 0.8) considered is
equivalent to a wire temperature range of 35°C to 500°C
above ambient. The effect of overheat ratio on UT (see
Figure 2) is similar to that of d. The lower the wire
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Figure 3 Effect on T of the prong inclination.
——it—, error bar - see text.

temperature, the smaller the heat loss to the wall and
the smaller the correction. There is very little dif-
ference between distributions for a = 0.06 and 0.1.
This can probably be attributed to a small change in

the fluid properties, dynamic viscosity, density and
thermal conductivity at these low overheat ratios. The
results suggest that the variation of fluid properties
with temperature should be included in any theoretical
account. Bhatia et al (1982) did not allow for a varia-
tion in fluid properties in their numerical study of the
heat loss from a wire near a conducting wall.

Polyakov et al (1978) found that the indicated mean vel-
ocity was insensitive to B when B < 5° but increased
monotonically for B > 5°. The present results (Figure
3) support these conclusions. For y* < 2, the results
are insensitive to B. The present results, not shown
here, indicate no dependence on B for yt = 20, in agree-
ment with Polyakov et al's result.

CORRECTION PROCEDURES

The correction procedure suggested by Bhatia et al (1982)
is an iterative one based on a correction curve (AU' vs
yT) derived by them from a numerical solution of the
additional heat losses from a line source close to a
conducting wall in a two-dimensional laminar flow.
Starting with an assumed instantaneous value of U (the

U obtained from the calibéation curve) it is possible

to calculate U; [= (vU/y)%] and y*. The magnitude of AU,
obtained from the correction curve (Figure 5 of Bhatia

et al), is then subtracted from the original estimate of
U to obtain a new estimate of U. This procedure is re-
peated until the change in AU is less than a predeter-
mined level, usually 1%Z. The correction procedure was
applied to results obtained with two values of d (5 and
1.27 ym, B = 5°, a = 0.8 and 0.5 respectively). Figure

4 indicates that the method is not successful.

A correction procedure developed by Chauve (1980) is
based on the formula

E2(R',U,y) = [1 + “W] A(R,=) + [1 = 93] B(R,=) u"

where A(R,®) and B(R,®) and n are determined by the cal-
ibration of the probe in the free stream (large y). The
ratio Aw/w = [E2(R,0,y)-E2(R,0,®)]1/E2(R,0,%) is deter—
mined with no flow as is the value of R', the adjusted
hot resistance of the wire at each value of y, so that
the anemometer bridge voltage E(R',0,y) is equal to
E(R,0,@), the free stream value.
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Figure 4  Application of available corrections for Tt

This procedure, which was developed for d = 5 um was
applied to the results for d = 5 and 1.27 ym with B = 5°
and a = 0.8 and 0.5 respectively. Figure 4 indicates
that the correction yields small values of ut. Chauve's
prong inclination B was 50°. It is expected that Tt vs
yt for B = 50° would fall between B = 30° and f = 90°
(see Figure 3) and it is possible that for g = 50°,
Chauve's correction may give a closer approximation to
Ut = y*. However for yt < 2, where the effect of B is
small (Figure 3), the correction is perhaps appropriate.
Moreover, the wall effect on the hot wire in no flow is
observed to y* = 30. This necessitates a correction to
well beyond y+ = 5. Furthermore, it is unlikely that a
method based on free conmvection will apply to cases,
such as the present, where free convection effects are
negligible. Even at the smallest value of y*, the
Reynolds number based on wire diameter is 10 times
greater than the cube root of the Grashof number (Collis
and Williams, 1959).

The effect of parameters d, a and B on AUT are summar-
ised in Figure 5. The correction curves given by Bhatia
et al, Hebbar and Oka and Kostic are included for com-
parison. The scatter in Figure 5 appears to preclude
the possibility of producing a universal correction
relation to account for the varied influence of the
parameters considered in this study.

CONCLUSION

The results of Figure 1 show that the error in Tt at
small y¥ occurs for a larger range of diameters than
previously measured and that the error in U" diminishes
as d decreases. The effect of overheat ratio is qual-
itatively similar to that of d in that the error in
decreases as a is decreased and is important only in the
region yt < 4. The results for prong inclination are
consistent with Polyakov et al's findings that the effect
of B is minimum when B < 5°. The correction procedures
of Bhatia et al and Chauve did not correctly predict U
for the present results.

The influence of parameters d, a and B on AUT appears

to preclude the possibility of a universal correction.
For a given probe geometry, the use of a smaller diameter
wire operated at low overheat ratio will require a smal-
ler correction. However, this must be balanced against
the decrease in the wire's velocity semsitivity as the
diameter and overheat ratios are decreased.
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