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Abstract—Further testing of a previously developed diffusivity-based model for predicting mean and
fluctuating temperatures in water and liquid sodium flows downstream of a multi-bore jet block in which
one jet is heated is performed but using air as the working fluid. The apparatus used enabled geometric
similitude with the previous studies. The previous model used longitudinal turbulence intensities and
longitudinal integral length scales to estimate values of the eddy diffusivity of heat. Measurement of lateral
velocities in the present work allowed a significant improvement to be made in the modelling procedure.
It was found that the lateral turbulence intensity was a more effective velocity scale to use and a length
scale based on lateral velocity fluctuations was more apt. The Prandtl number effect on temperature
dissipation rates found previously in water and sodium is extended by the results using air, leading to a
simple algebraic relation between the Prandtl number and dissipation time scale ratio. The non-isotropic
nature of the flow is identified and is seen to influence the results.

1. INTRODUCTION

KNowLEDGE of velocity field information at the exit
plenum of fuel rod bundle sub-assemblies of sodium-
cooled nuclear reactors is of importance. Local block-
ages in the coolant flow can lead to reduced per-
formance and safety problems. Under operating con-
ditions, reliable instrumentation does not exist to
directly measure velocity fields. Deduction of coolant
flows is thus required from another source. One poss-
ible method is to infer the velocity field from the mean
and fluctuating temperature field. Temperature field
data in liquid sodium can be obtained from ther-
mocouple measurements. In order to achieve this
relation, mathematical models must be employed. To
reliably use such models measurements of both the
velocity and temperature field are required. Con-
trolled studies using water [1], which gives dynamic
similarity, have been performed, as have direct
measurements with sodium [2]. Accurate velocity
measurements in these fluids are difficult; hence a
more convenient working fluid, namely air, was used.

Fuel rod sub-assemblies consist of spaced rods with
the cooling medium flowing through the voids. In
previous studies and the present work this geometry
was simulated by the use of a multi-bore jet block in
a containment pipe (Fig. 1). The flow geometry is the
inverse of the fuel rod bundle, but the downstream
flow can be expected to be similar. It is also expected
that the flow is similar to that generated by grids. The
turbulence levels at the jet block exit are expected to
be high. The absence of turbulence production will,
however, see the rapid downstream decay of tur-
bulence to quite low levels. In studies with grid flows
it has been shown [3] that power laws are suitable

for describing the decay of turbulence. The exponents
of these power laws are geometry dependent and
hence must be found for each respective equipment
geometry used. The downstream growth of length
scales also occurs with such geometries and can also
be described by power laws, as can the decay of tem-
perature fluctuations.

The mathematical model used in the present work
tried to predict the downstream mean and fluctuating
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FiG. 1. Schematic of multi-bore jet block showing coor-
dinates and flow variables.
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proportionality constant for 6> decay
diameter of jet block bores [m]
containment pipe diameter [m]

a
A
A, coefficient for »’
B
d

f(f) coefficient of spatial longitudinal velocity
correlation

g(7)  coefficient of spatial lateral velocity
correlation

L, longitudinal integral length scale [m]

L, lateral integral length scale [m]

integral length scale found from
transformation equation [m]
decay exponent for temperature
fluctuation

M jet block hole pitch [m]

w

3

n power law exponent for eddy diffusivity

n, power law exponent for v

N power law exponent for A

n, power law exponent for u’

Pr Prandtl number

q’ twice the instantaneous turbulent energy
[m?s~?]

r radial coordinate [m]

4 correlation separation distance [m]

R dissipation time scale ratio

Rey, Reynolds number based on velocity in
bore and mesh size

S volume flow rate of heated jet [m* s~

t time

T mean temperature [K]

T. mean temperature of heated jet at jet
block exit [K]

T, mean temperature of unheated fluid

K]

u velocity fluctuation in the x-direction
[ms™]

u; velocity fluctuation in the i-direction
[ms™]

NOMENCLATURE
eddy diffusivity of 87 [m*s~"] U  mean streamwise velocity [ms™']
,A,, A, decay coefficients U,  mean velocity in the i-direction [m s~ ']
U instantaneous longitudinal (streamwise)

velocity [ms™']

v velocity fluctuation in the r-direction
[ms']
instantaneous lateral velocity [m s~ ']
x streamwise coordinate [m]
X; coordinate in the i-direction {m}

Xo effective origin for ag [m]
xo  effective origin for v [m]
xon  effective origin for A [m]
xo,  effective origin for &’ {m).

Greek symbols
o molecular diffusivity of heat [m?s~']
o eddy diffusivity of heat fm*s~']

ae(x) eddy diffusivity of heat as a function of
x [m?s™]
1/ stream temperature fluctuation [K]
mo  Mmaximum r.m.s. temperature fluctuation
K]
£ dissipation rate of velocity fluctuations
[m?s~’]
€5 dissipation rate of temperature
fluctuations [K?s™ ']
A characteristic turbulent length scale [m]
v characteristic turbulent velocity [ms™~']
4 3.14. ..
Subscripts
i coordinate directions 1, 2 and 3
m maximum value at a given axial location.
Superscripts
- time average
! r.m.s. value.

temperature profiles ; hence the diffusive properties of
the flow had to be established. For the mean tem-
perature field, an eddy diffusivity approach was used.
The fluctuating temperature field was solved by the
use of a gradient diffusion model and dissipation time
scale ratio.

Previous work [1,2] used less refined but similar
models to enable the prediction of mean and fluc-
tuating temperature fields in water and sodium flows.
The present work has extended this to measurements
in air, thus giving a further check of Prandtl number
effects. Also, only longitudinal measurements of vel-
ocity fluctuations were previously possible. With air,
measurements of longitudinal and lateral components

were possible, enabling the development of a more
realistic diffusivity model. Extension of the present
work to other liquid metal flows such as flow in dies
during metal casting should be possible.

2. MATHEMATICAL MODEL

The coordinate system and flow variables are shown
in the schematic diagram (Fig. 1). The model is based
on the diffusion of heat emanating from the central
bore and assumes that the resultant thermal wake
of interest does not extend sufficiently in the radial
direction to be influenced by any boundary layer
which forms on the containment pipe wall.
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For the mean temperature field, the energy equation
is used. Assuming a steady state, incompressible flow
with negligible heating from dissipation and no inter-
nal heat sources, the equation reduces to

_oT o[ o —
U’é;i=6_,r,|:a5c—i—ui6:|’ (l)

where the Einstein summation convention applies to
repeated indices. For the jet block, U,= U, =0
except at the immediate exit of the bores. The last term
of equation (1) can be modelled by the Boussinesq
or gradient diffusion approximation, equation (2), to
obtain equation (3):

— aT

Ul = —aa‘a; )]
_oT 9 aT
U’é;,=5;i[a+a516—)q' 3

For both of these equations, ag is assumed to be a
scalar at a given downstream position. The use of a
turbulent Prandt] number to find a value of the eddy
diffusivity of heat from the eddy diffusivity of momen-
tum is not possible as a radial mean velocity gradient
does not exist. To close equation (3), a different model
must be used. Assuming that temperature is a passive
scalar, a model for the eddy diffusivity of heat in terms
of velocity field values can be obtained by using the
Lagrangian description of diffusion, which leads to

a = VA, )

where v is a characteristic turbulent velocity and A is
a characteristic turbulent length scale. In ref. [2], vand
A were assumed to be represented by the streamwise
velocity fluctuation «’ and its integral length scale L,
respectively. In the present analysis both terms will be
kept in a general format. Since the flow is similar to
grid flows, it will be assumed [3] that the decay of
velocity fluctuations displays a power law dependence
on downstream position. It will also be assumed that,
as for grid flows [3], the length scale growth follows
a power law allowing equations (5) and (6) to be

written as
v x  xg ™
[ A"[Z T d ] ©)
A X XoA A
E_A"[c_i—?] . (6)

The terms A,, A,, n,, 4, Xo, and x4 can be obtained
from experimental data. To estimate the downstream
variation of o it is assumed that the product of v and
A also displays a power law dependence and hence
can be modelled directly as

o VA x X

m-m"‘[rﬂ- M
Equation (7) implies that n = n,+n,, A = A,A, and
that xo = x, = x¢a. Except for regions close to the jet
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block exit (x/d < 10), the velocity field is assumed to
be homogeneous in the radial and azimuthal direc-
tions. Hence the eddy diffusivity is a function only of
downstream direction, ag = ag(x).

At this point in the analysis the equation for the
downstream decay of u’ will be written independently
of equation (5) as this is required later:

u'_ X Xou i
ﬁ_A"[d d] : ®

Equation (3) can be simplified by assuming that
changes in the mean temperature are greatest in the
radial direction and that « and g (x) are independent
of temperature. Conversion to cylindrical coordinates
yields

_oT
Ua = [a+aE(x)][

10T 0T
——] ©

rar tar
Using theory based on diffusion from a fixed source

in a uniform flow [9], the analytical solution for equa-
tion (9) for points where x/d > 5 and r? « x?is

S —0r?
1 P 1 ’
4n[a+ M aE(x):|x 4|:oz+ p aE(x):Ix

(10)

—T,
T~

T
T.

=

where S is the volume flow rate of the heated jet. The
analysis allows for the fact that o is a function of
downstream position.

Analysis of the fluctuating field starts with the
steady state balance for temperature fluctuations [4]:

063‘_ — 0T oud®
ox, . “M%x T Tox,

o [ 08* 06 86
Again u,0 is modelled by equation (2), while %67 is
modelled by the gradient diffusion approximation:
85?
U’ = —a—.

ox;

(12)

The diffusion coefficient a is assumed to be equal to
oe [2, 5].

To achieve closure, the last term of equation (11)
must be modelled. This is the dissipation term which
is modelled [6] by the introduction of the dissipation
time scale ratio R to relate the dissipation of &° to
dissipation of turbulent kinetic energy :

¥33

q°&
2¢5 equals the dissipation term in equation (11) and R
is assumed to be constant for a particular flow. Values

(13)
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for R of 0.833 for grid flows and 0.5 for shear flows
were given in ref. [5], while ref. [2] reported values of
0.38-0.44 and 0.75 for sodium and water jet block
flows respectively. Equation (11) in its modelled form
becomes

UaF 5 aTI+a N )95_2 _28—2
vaw =2\ o ) Y e | @ i | R

(14)
Simplification is possible by assuming
_ 5? @aE 6?
Uox ” ov, ax
067 13 28
ox? « ror\" ar
and that the velocity field is isotropic, meaning
g% =37 (15a)
and
_du?
= — 3 —_—
€ 04 (15b)
Using the decay law, equation (8), for «’ gives
3 nU
==\ 16
q2 (x —x()u) ( )

The final result in cylindrical coordinates is

_ 357 oTY _[oT\
UEJ\_' = aE(x)l:2<$> +2(E>jl

3252 1052 2n,08%
tHoteeW)) Z + L5 1t Rmx)
“*0u

a7n

From velocity field measurements the decay exponent
n, and the effective origin x,, are available, as is ag,
through equation (7). The boundary conditions that
apply at the point (x, Df2) are 6> = 0 and 88%/dr = 0,
where D is the containment pipe diameter. Given a
starting profile, equation (17) can then be solved for
&% using various values of R and selecting that value
of R giving the best fit to measured temperature fluc-
tuation profiles.

/

3. APPARATUS AND INSTRUMENTATION

The experiments performed consisted of injecting
into the centre bore of the jet block a heated flow of air
and measuring the required parameters downstream.
Similar experiments using water and sodium as the
working fluid have been performed and are described
in refs. [1] and [2]. To enable similitude with these
results, the jet block was geometrically similar. It con-
sisted of 158 bores of 8.7 mm diameter on a triangular
pitch of 9.9 mm. The length-to-diameter ratio was
17.1:1 and the blockage ratio (non-flow area relative
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to total area) was 32.5%. The jet block was housed in
a containment pipe of 133 mm diameter which was
large enough to avoid any interaction between the
heated jet and the boundary layer forming on the
containment pipe wall. To avoid asymmetry due to
any buoyancy effects, a vertical wind tunnel was used
with heated air from a separate source being injected
into the centre bore. This flow was controlled to
ensure minimal velocity mismatch between the heated
and ambient bores. Figure 2 shows a schematic dia-
gram of the experimental rig. '

To enable the simultaneous measurement of the U
and V velocities, a DISA X-Probe Type 55P51 was
used with 5 um Wollaston wire. An active wire length
of approximately 1 mm was used. For the simultaneous
measurement of stream temperature, a single wire set
of prongs was attached to the X-probe, attached to
which was a 2.5 um Wollaston wire with an active
length of I mm. To resolve the velocity wire voltages,
two DISA 55 MOl main units with 55 M11 CTA
booster adaptors were employed. The wires were
operated with a resistance ratio of 1.3. The tem-
perature wire voltage was obtained using a 55 M20
constant current bridge. This bridge was modified for
temperature fluctuation measurements [7]. The wire
current used was low enough to ensure the sensor was
insensitive to the fluid velocity. The method of signal

"‘ﬁ

Containment
pipe

e Sy

Jet block
Bell mouth

Heated supply air

Flow straightener

Air intake Centrifugal fan

F1G. 2. Schematic diagram of experimental apparatus.
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separation and processing to yield velocity and tem-
perature data was as described by Bremhorst and
Graham [8]. The temperature wire response had to be
considered in order to measure correctly temperature
fluctuations occurring at a frequency greater than the
corner frequency of the wire. The method developed
in ref. [8] requires dEw/dt (where Ey is the tem-
perature wire voltage) to be found. This was evaluated
by fitting a natural cubic spline to seven consecutively
measured voltages and taking the derivative. The
resulting equation is

dEwi _ [ Ewis  Ewis | 4Ewise,
dr ~ k| 30 5 5
4EW[— 1 EWi— 2 EWi— 3
I 5 30 ] (1)

where /1 is the time between samples (# = constant
(s)) and E, corresponds to the ith consecutively
sampled temperature wire voltage. Measurements
using the three-wire probe could be taken at specific
downstream positions over a range of radial points
using a traversing mechanism. A diagrammatic rep-
resentation of the probe is included in Fig. 2.

4. EXPERIMENTAL AND THEORETICAL
RESULTS

To obtain similitude with the results of Bremhorst
et al. [2] and Krebs et al. [1], the experiments were
performed at a similar Reynolds number (Rey).
Bremhorst et al. [2] used Rey, = 17,070, while the
present work was performed at Rey = 18,250. The
ambient air temperature (7}) averaged 297 K, while
the centre bore temperature (7,) remained at 312.5 K
during the course of the experiments. This gave a
temperature deficit of 15.5 K.

Equation (10) was used to determine the down-
stream decay of the centreline mean temperature. An
expression for ag(x) was required (equation (7)). Pre-
vious researchers had used «’ (v = ') and the integral
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length scale based on u{ A = L;) to obtain a value for
n. The quantity 4 was selected to give the best fit to
the experimental temperature decay data. L; and o’
were used in the present analysis but both n and 4
were found purely from velocity data. This resulted
in predictions for the mean temperature decay that
were too low compared with the experiments. Results
could be improved for x/d > 20 by increasing the
effective origin x,/d to a value of 10, which gave values
of 4 =0.0131 and n = —0.220 in equation (7). The
use of xo/d = 10, however, was not experimentally
justifiable as it was larger than the measured effective
origin. The lateral velocity fluctuation v” and the inte-
gral length scale based on lateral velocity fluctuations
(L,) were then used to model ag(x). The resultmg
expression (from equation (7)) is

|- 0-358
m_00183<d> .

The parameters used in equations (5) and (6) to obtain
this were xo, = x50 =0, 4,=0.229, n, = —0.664,
A, =0.0797 and n, = 0.306. An excellent fit to the
experimental temperature decay data was obtained
using equation (19) to model the ag term in equation
(10). The A term used was determined from the inte-
gral time scale of the lateral velocity fluctuations and
Taylor’s hypothesis. To verify the scale used, the fol-
lowing isotropic transformation [9] was applied :

o0 =0 +5 0.

(19

(20)

g(#) was found from an equation fitted to the longi-
tudinal autocorrelation data which corresponds to
S (7). If the flow is isotropic, the length scale based on
g(F) should be the same as that of the lateral velocity
fluctuations, hence enabling a check for isotropic con-
ditions. The resulting length scales, ig, obtained from
g(f) of equation (20), were used with ¢’ data to predict
the mean temperature decay, but the best predictions
were high. Figure 3 shows the mean centreline tem-

[ Experimental range
0.8} — Predicted using v’ and Lg
3 —-— Predicted using v’ and L;
T 0-6F 1N N
= L\ N Predicted using v’and L,
E’ PN (from isotropic transformation)
e 0.4}
0.2}
o 1 iy 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
x/d

Fi1G. 3. Axial decay at centreline mean temperature in air.
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3 0.4 MU e Sodium (Bremhorst et al. 1989)
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FiG. 4. Comparison of the axial decay at centreline mean temperature in different fluids.

perature curve (equation (10)) for each of the three
respective sets of parameters used for vand A to model
ag, plotted against an experimental range which is
based on conceivable errors in the measurement of T,
and T,. For the rest of the analysis, ag is modelled by

0.2

the quantities v’ and L, as this gave the best results.
Figure 4 compares the downstream decay of the
centreline mean temperature of air to those of water
and sodium and demonstrates the effect of the
Prandtl number.

WM?
0

0.2
x/d=72.5
0
0.6 (
0.4+
-—- Sodium Rey=17 070
0.2y {Bremhorst et al. 1989)
5 d=28.8
'_;f 0 o _oogls X
= T
2
O.BL
0.6}
0.4+ o Expe.rlmental
—— Predicted
0.2f /
/ x/d=10.5
1 La / . — —t
93 0.2 -0.1 1 0 0.1 0.2 0.3

D

FiG. 5. Comparison of measured and predicted mean temperature radial profiles.
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Fi1G. 6. Decay of temperature fluctuations in air and water.

The radial profiles could also be obtained from
equation (10). Comparison of the measured and pre-
dicted profiles at specific measuring positions is shown
in Fig. 5. Good agreement is observed. A comparison
with the result for sodium is also included to show
how significantly the Prandtl number affects mean
temperature distributions once molecular diffusivity
is no longer negligible.

From the experimental data obtained, the decay of

temperature fluctuations was measured. The down-
stream decay of the maximum temperature fluc-
tuation for each measured x/d position is shown in
Fig. 6. The points can be fitted to a decay curve of the

form
Om _ B(x)""
mo ) -

Figure 6 shows this curve, as well as the result for the

1)

Xd=147

ST, T

[n]

Experimental
—— Predicted R=0.63, equation (16)

0.08f
0.06}
0.04r
x/d=28.8
0.02 (----R=0.57)
c - i A n o o
0 0.05 0.1 0.15 0.2 0.25 0.3
nD

FiG. 7. Comparison of measured and predicted radial temperature fluctuation profiles.
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o Airexperimental & =2.84K
—— Air predicted R=0.63
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F1G. 8. Comparison of measured and predicted downstream temperature fluctuation decay.

fluctuation decay in water. The two results are seen
to be quite similar but a small Prandtl number effect
cannot be excluded.

To obtain theoretical profiles of the temperature
fluctuations, equation (17) was solved numerically.
This involved using the measured temperature fluc-
tuation profile at x/d = 10.5 and solving for down-
stream positions using various values for the dis-
sipation time scale ratio R. The value of R giving the
best overall fit could be found. The result of this
procedure is shown in Fig. 7 with satisfactory agree-
ment between the measured and predicted values evi-
dent. Due to symmetry of points only half profiles are
shown. The downstream decay of the peak tem-
perature fluctuations was also calculated (Fig. 8), giv-
ing excellent agreement. Experimental results for
water and sodium are shown for comparison with
respective values of R and 6, given.

The turbulent decay exponents had values of 1.01
and 1.06 for the downstream decay of u'* and v’?,
respectively. It was found that the ratio of lateral to
longitudinal velocity fluctuations was between 0.60

o Sodium R=0.38
© Air R=0.63
A Water R=0.75

— Regression fit R=0.65 (Pr) 0972

and 0.85 over the entire measured flow regime, with
an average of 0.73.

Using the value of the dissipation time scale ratio
for air and the values for sodium and water supplied
from Bremhorst et al. [2], it was possible to determine
a functional relationship between R and the Prandtl
number. Figure 9 gives a comparison between pre-
vious results for water and sodium flows [2] and the
present one. The regression curve, equation (22), pro-
vides a good fit to the experimental data points:

R =0.65(Pr)*°™, (22)

5. DISCUSSION OF RESULTS

The critical step in the modelling process is the
determination of the eddy diffusivity of heat. Previous
work had successfully used the method of equation
(7) to achieve this but required direct determination
of the constant 4 in equation (7). Since the X-probe
technique allowed realization of lateral velocity scales
the effect of using v’ as the velocity scale in equation

x
0.5¢
0.3 L . . . .
0.0001 0.001 0.01 0.1 1 10

Pr

F1G. 9. Dissipation time scale ratio and fluid Prandtl number relation.
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(7) was achieved. Also, the accuracy of the hot-wire
technique permitted the determination of the
coefficient A directly from experimental velocity data.
It was seen (Fig. 3) that better results were obtained
using v’ rather than «’. This result endorses intuitive
reasoning that diffusive processes in the lateral direc-
tion are mainly a function of the lateral fluctuating
velocity. An attempt was made to check the lateral
scale used by transforming the longitudinal length
scale into a lateral scale using equation (20). The
predictions for mean temperature based on this, how-
ever, were slightly high compared to the experimental
results (Fig. 3). Equation (20) assumes isotropic flow
which did not exist in the current work (¥’ # v") and
it was thought this effect caused an error in the cal-
culation of g(f) from equation (20). The remainder of
the results were calculated using »* and L, to model
-

The velocity field data compared well with those of
other experimenters. The decay exponents for «’? and
v’? of 1.01 and 1.06, respectively, compared well with
those given by Comte-Bellot and Corrsin [3] of 1.18-
1.39 for longitudinal decay behind grid flows. For
water and sodium, values of 1.67 and 1.14, respectively,
were found by Bremhorst es al. [2]. Listijono [10]
found longitudinal and lateral decay exponents for air
flows behind a multi-bore jet block of 1.104 and 1.152,
respectively, which also compare well. Listijono also
found that the ratio v’/u’ was approximately 0.8 over
most of the flow, which is in the range of the present
measurement of 0.73 for this ratio.

Figure 4 displays the Prandtl number effect between
the fluids. The curves for water and air with Prandtl
numbers of 7.01 and 0.7 differed little, while sodium
(Pr = 0.0058) was lower. This displays the much
higher effect of molecular diffusion in liquid sodium.
For the air and water analysis molecular diffusion was
neglected. This is further highlighted in a comparison
of radial profiles (Fig. 5). It can be seen that the
sodium profile shown exhibits a wider radial spread
than the air.

In the fluctuating temperature field analysis the pro-
file at x/d = 10.5 was used as the starting point in the
solution of equation (17). Values of R in the range of
0.57-0.63 provided satisfactory fits to the downstream
experimental profiles with R = 0.63 being the optimal
choice. For the prediction of the downstream decay
of maximum temperature fluctuations this R value
was used. As with the downstream mean temperature
decay, the fluctuating decay of air and water is similar
while sodium has a greater decay rate.

The terms of equation (17) were also calculated
directly from all the experimental data to obtain the
R values. This method entailed using the entire range
of experimental data for the mean and fluctuating
temperature field to evaluate the terms 86%/ax, dT/dx,
aT/or, 328%/0r? and 852/ to solve for 62 in equation
(17). This resulted in values of the dissipation time
scale ratio ranging from 0.59 to 0.68. These are slightly
higher than the previous method but are a good result
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considering that the errors in modelling some of the
terms in equation (17) from the experimental profiles
would have been high. Generally the values for R
obtained compare well with those of other exper-
imenters. The values recommended by ref. [5] of 0.833
for grid flows and 0.5 for shear flows agree well. The
value of 0.38 for sodium and 0.75 for water jet block
flows [2] are of similar magnitude and together with
the present results clearly show a Prandtl number
dependence of R (Fig. 9).

The sensitivity of 6’ predictions based on the R
value used is high. As an example, by doubling the
value of R the peak ¢’ value at x/d = 72.5 is increased
by 50% and decreased by 34% when R is halved.
Similar sensitivities in water and sodium were found
by Bremhorst er al. [2]. The finding of Warhaft and
Lumley [11] should also be considered. They showed
that temperature fluctuation decay parameters not
only depended on geometry but also on the heating
method. Hence R can be expected to be a function of
not only the Prandtl number but also of the method
of heating.

6. CONCLUSION

Using velocity field data it has been possible to
model the downstream mean temperature field of a
multi-bore jet block with the centre bore heated. In
the estimation of the eddy diffusivity it was found that
the lateral velocity fluctuation was a better velocity
scale to use than the longitudinal. It was also shown
that the integral length scale found from lateral vel-
ocity fluctuations was the best length scale to use.

The temperature fluctuation calculations provided
values of the dissipation time scale ratio which could
be compared to other work. For air, values in the
range 0.57-0.63 were obtained, which compares with
values for water and sodium of 0.75 and 0.38,
respectively, [2]. This trend was also displayed in mean
and fluctuating temperature measurements. It would
be expected that the air and water cases would agree
closely as in these fluids molecular diffusion effects are
almost negligible. A functional relationship between
the dissipation time scale ratios and Prandt] number
is given.
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