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Abstract--Measurements are presented of the advection, production, diffusion and dissipation terms of the 
mean square.temperature fluctuation budget for a two-dimensional jet. Diffusion is more important than 
advection near the jet centreline. The measured dissipation or destruction, determined using all three 
components, enables satisfactory closure of the budget in the region of the jet that is free of flow reversal. 
The difference between the measured dissipation and an estimate, based on local isotropy, is significant 

across the jet. 

NOMENCLATURE 

d, nozzle width [m] ; 
fc, low-pass filter cut-off frequency [Hz] ; 
IK, Kolmogorov microscale, (vS/e) 1~ [m] ;  
L,, half-maximum velocity width [m];  
Lo, half-maximum temperature width [m];  
N, average temperature dissipation, equation 

(2a); 
N i, estimate of N, using local isotropy, equation 

(2b); 
Pe, turbulence Pdclet number, (uZ) la  20/7; 
Pr, molecular Prandti number, v / 7 ;  
R~: turbulence Reynolds number, (uZ) ta  2Iv; 
T, mean temperature, relative to ambient [~ ; 
u, velocity fluctuation in x direction [m s - t ] ;  

uv, average kinematic Reynolds shear stress 
[m 2 s- 2] ; 

U, mean velocity in x direction [m s- t] ; 
v, velocity fluctuation in y direction [ m s - l ] ;  
V, mean velocity in y direction [m s-  1] ; 

vO, average thermometric heat flux [m s-  1 ~ ; 
x, streamwise distance from nozzle [m];  
y, distance in direction of shear [m] ; 
z, spanwise direction [m]. 

Greek symbols 
ct, coefficient of temperature resistance [~  1] ; 
7, thermal diffusivity [m 2 s-  1]; 
r, average turbulent energy dissipation 

[m 2 s- 3] ; 
q, .1,'/L~; 
qo, Corrsin microscale, (73/g) 1~ or I~/Pr 3~* [m] ; 
0, temperature fluctuation [~ 
2, Taylor microscale, 

[u~/(o~,/ax)~] ' ~ [m] ;  
20, microscale, [02/(O0]Ox)2] 1 a [m] ; 
v, kinematic viscosity [m 2 s - I ] .  

Subscripts 
j, refers to conditions at nozzle exit; 
0, refers to values on centreline. 
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!. INTRODUCTION 

THE EQUATION for the temperature variance 02 in a 2- 
dim. turbulent flow [1] can be simplified, using the 
boundary layer approximation, to 

- V t302/2 O T u &~ + ~ - -  
Ox Oy ~ Oy 

+ 
advection production 

I OvO z 

2 Oy N 

+ diffusion + dissipation = 0 (1) 

if the diffusion by heat conduction is ignored. 
Measurements of terms in equation (1) have been made 
in several 2-dim. shear flows, including boundary 
layers and free shear layers. A discussion of the models 
proposed for various terms in equation (1) is given by 
Launder [2], who notes that the details ofequation (1) 
in free shear flows depend on the particular flow under 
investigation. The measurements by Freymuth and 
Uberoi [3] in the turbulent wake of a heated cylinder 
indicate that, over a significant part of the wake cross- 
section, production and dissipation are fairly prom- 
inent with moderate contributions by the advection 
(or convection) and diffusion terms. On and near the 
wake centreline, dissipation balances the gain in 0 z due 
to advection and diffusion. Measurements [4] in the 
wake of a heated sphere appear to be dominated by 
advection and dissipation over a significant cross- 
section of the flow. At or near the wake axis advection 
and dissipation are approximately in balance, a result 
which is supported by the measurements of Gibson et 
al. [5] on the axis of the heated wake of a sphere. The 
measurements by Bashir and Uberoi [6] in a heated 
plane jet into still air indicated approximate equality of 
diffusion and advection on the centreline but the sum 
of these terms was about 36~ larger than the dissi- 
pation, estimated using local isotropy. Antonia et al. 

[7] reported measurements of the budget of 0 z in a 
circular jet with an external stream. Near the axis of the 
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jet, contributions from advection and diffusion were 
approximately equal and their sum approximately in 
balance with the dissipation, estimated using local 
isotropy. 

The outer regions of circular and plane jets into still 
air exhibit flow reversal [8, 9]. In the plane jet, flow 
reversal is likely to be associated with the large scale 
motion [9, 10] of the flow. It should also be noted that 
the flapping of the plane jet, suggested by Goldschmidt 
and Bradshaw [11], is also characteristic of the large 
scale motion. Since the large scale motion satisfies 
Reynolds number similarity, flow reversal should not 
depend on the Reynolds number. The possibility that 
flow reversal may be influenced by the presence of a 
solid boundary at the exit plane of a jet cannot be 
discounted. Moallemi and Goldschmidt [9] found 
that changing the inclination of the face plates affected 
the occurrence of flow reversal, especially at small 
distances from the nozzle. Their measurements also 
suggest that flow reversal will not disappear with the 
removal of these plates. 

In the present investigation we focus on the 
measurement of the terms ofequation (1)in a region of 
a plane jet which is essentially free of flow reversal. In 
particular, all three components of the dissipation N 
are measured 

+ + . (2a)  

N is compared with N~, estimated by assuming local 
isotropy, viz. 

/d0 V 
Ni = 37 ~,~x ) �9 (2b) 

I 

Verification of equation (2b) was provided by Frey- 
muth and Uberoi's [3] measurements in the wake of a 
cylinder which indicated that, across the wake, 

( y  :oy ( oy 
x ] "" \Oy]  ~-. ~,ff~z ] " (3) 

Equation (3) is not however supported by measure- 
ments in other shear flows [12-14]. Also, the assump- 
tion of local isotropy is not supported by statistics of 
gu/gt, Ov/Ot and Ow/at obtained in a plane jet [15, 16]. 

2. EXPERIMENTAL ARRANGEMENT 

The experimental facility consists of a variable- 
speed centrifugal squirrel cage blower which supplies 
air to a settling chamber followed by a vertical nozzle 
of contraction ratio 20:1. An aluminium face plate 
(Fig. 1) with a central vertical slot of width d = 
12.7 mm (aspect ratio is 20) is fixed at the nozzle exit. 
Two confining horizontal walls are located at the 
upper and lower edges of the aluminium plate to help 
maintain the two-dimensionality of the flow. The jet is 
heated by 1 kW electrical coil elements located im- 
mediately downstream of the blower exit. 

All the measurements were made at a nominal jet 

exit velocity U i of 9 m s-1 and a Reynolds number R a 
-~ Ujd/v of about 7550. The jet temperature was 
maintained at a nominal temperature Tj, relative to 
ambient, of 25~ Mean velocity and temperature 
profiles, using a 5 Ftm hot wire with a DISA 55M01 
constant temperature anemometer and a 0.63/am cold 
wire drawing 0.1 mA in a constant current circuit, 
indicated good two-dimensionality of the mean flow at 
the nozzle exit and at various values of x/d. At the 
centre of the nozzle exit plane the RMS longitudinal 
velocity and RMS temperature were estimated to be 
about 0.5~o of the jet exit velocity and temperature, 
respectively. 

Fluctuating temperatures were measured with cold 
wires operated at very low overheat as resistance 
thermometers in constant current circuits. Wollaston 
(Pt-10% Rh) wires of diameter 0.25 ltm and 0.63 ~am 
were used with a direct current supply of 0.05 mA 
(0.25/am) or 0.1 mA (0.63 ,tim). The 0.63/am wire was 
used primarily to obtain 02, rO and rO z while both 0.63 
and 0.25/am wires were used for statistics of the 
temperature derivative ~O/~t. The frequency response 
of the cold wires was determined using the pulsed two- 
wire technique [17]. Although the frequency response 
of the 0.63/am wire was adequate for the measurement 

of(dO/c3t) 2, the 0.25 jim wire has a higher [18] signal to 

noise ratio than the 0.63/am wire. Values of (dOfigt) 2 
obtained with 0.251tm and 0.63/am wires were in 
reasonable agreement over the range 30 < x/d  < 60. 
Derivatives of 0, in the y or z directions, were obtained 
with a single pair of parallel wires (0.63/am) mounted 
on the same probe witha sepai'ation of 0.48 mm. After 
d0/c~y was determined, the probe was r0tated through 
90 ~ to obtain dO/dz. The wires were closely matched in 
resistance, Corresponding to a length of about 
0.42 ram. The derivative d0/ay (or dO/az) was scaled 
from the difference in output voltages of the wires. On 
the jet centreline, the wire length corresponded to 
2.61K at x/d  = 40 and 21~: at x/d = 70. The 
Kolmogorov microscale / K was estimated from 

(du/dt) 2 using the isotropic relation e = 15v U -2 
(&t/dt)L 

For the measurement of ~O/dt, the fluctuating 
voltage across the cold wire was amplified (typically 
with a gain of 5000), then filtered with a Krohn-Hite 
model 3322 low-pass filter (48dB/octave roll off) 
before analogue differentiation. The output voltage 
from the differentiator was passed through a second 
Krohn-Hite 3322 low-pass filter, ofidentical frequency 
and phase characteristics to those of the filter used 
before differentiation. The cut-off frequencies of both 
filters were set equal tof~, which was selected using a 
procedure similar to that outlined in Antonia et al. [8]. 
It was found that f~ was approximately 90% of the 
Kolmogorov frequency U/2nl~:. 

The RMS value of (dO/dt) was measured at the 
output of the second Krohn-Hite filter with a DISA 
55D35 RMS meter. For a few runs, 0 (at the output of 
the first Krohn-Hite filter) and ~O/dt were digitised, for 
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FiG. I. Schematic diagram (to scale) of plane jet rig. Dimensions are in ram. 

a duration ofapproximately 60 s, using a 12 bit + sign 
A/D converter, on line to a PDP 11/34 computer. The 
sampling frequency was set to 2ft. Analogue and digital 

values of 0 z and (~Ol~t) 2 agreed to within I~o. 
The temperature coefficient of sensitivity ,', of the 

cold wires was measured by mounting the wires at the 
jet exit plane. The wire resistance was determined by 
measuring the voltage across the wire (a range of 
constant currents between 0.05 mA and 0.5 mA were 
used) over a temperature range extending up to 20~ 
above the ambient temperature. The resistance values 
for zero current at these temperatures were found by 
extrapolation. The mean temperature was measured to 
an accuracy of +0.01~ with a 10f~ Pt resistance 
thermometer operated with a Leeds & Northrup 8078 
temperature bridge. The value ofcx was found to be 1.69 
x 10-a~  -1 and 1.55 x I 0 - 3 ~  -1  for 0.63 pm and 

0.25 ltm wires respectively. 
The velocity fluctuation v was measured with an X- 

probe with 51tm Pt-10% Rh Wollaston wires of 
approximately 0.8 mm length. The wires were moun- 
ted in a horizontal plane with a separation of about 
0.5 mm. A 0.6311m cold wire was located 0.5 mm 
upstream of the centre of the X-probe and per- 
pendicular to the plane of the X-probe. The X-wires 
were operated with DISA 55M01 constant tempera- 
ture anemometers at a resistance ratio of 1.8. The X- 
probe was calibrated for speed and yaw (4-25 ~ ) at the 
exit plane of the jet. Signals from the X-probe and cold 
wire were recorded on an FM tape recorder (Hewlett- 
Packard 3968A) and subsequently digitised on a PDP 
11/34 computer. The temperature contamination of 
the hot wire signals was first removed before linearis- 
ing these signals. The velocity contamination of the 
cold wires was negligible. Signals directly proportional 
to u. v were obtained after ptocessing the vohages from 

the hot wires and the cold wires using an analogue 
computer. 

3. MEAN AND RM$ VELOCITY AND 
TEMPERATURE FIELDS 

Mean velocity and temperature profiles were mea- 
sured in the lateral )'-direction at several x stations 
downstream of the nozzle exit extending to 70 nozzle 
widths. From these traverses, the growth rates for Lu 
and L o were estimated from least squares fits to the 
data for L,, and L o.For x/d > 20, 

Ldd = 0.104 (x/d + 5) (4) 

Laid = 0.128 (x/d + 5), (5) 

so that (dLo/dx)/(dLffdx) is 1.23. For comparison, 
Davies et al. [18] and Jenkins and Goldschmidt [19] 
obtained ratios of 1.15 and 1.42, respectively. For x/d 
> 20, the mean velocity Uo and mean temperature To 

decayed according to the following relations 

U~J '~ 2 = 0.143 (x/d + 9) (6) 
o/ 

T ~ i Y  rx = 0.0115 (xld + 110). (7) 
o/ 

Distributions of U/Uo vs t I and of T / T  ovs  t 1 were 

similar for x/d >1 20 (Fig. 2). Distributions ofu 21 j2/U ~ 

vs q and 0 z t/2/T ~ vs i I were also approximately similar 
for x/d >1 20. 

The apparent disparity between virtual origins 
indicated by the additive terms (inside the brackets) on 
the RHSs ofequations (6) and (7) is of the same order 
as that inferred from the results of Jenkins and 
Goldschmidt [20]. These authors obtained slopes of 
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0.16 and 0.0132 for equations (6) and (7) and additive 
terms of - 4 . 9  for equation (6) and 85 for equation (7). 

4. RESULTS AND DISCUSSION 

Equation ( I ) can  be re-written in non-dimensional 
form by multiplying each term by L J U o T  2 

f L, gO 2 k rO 

2 T~ Ox + 2g'  + UoT o h' 

+~ff~LU--'~)+ UoTo~ =0 (8) 

where a prime denotes differentiation with respect to I1. 
The following similarity distributions for U, V, T and 

02 are assumed (valid for x/d > 20) 

U = Uof(,1) I 

v = Uo k(,~) | (9) > 

T = T O h(q) I 
I 

-~ = T2o gOI).J 
The functionsf g and h were obtained (Fig. 2) using 
cubic spline least squares fits (implemented on a digital 

computer) to the experimental data, for U/Uo, 02/T 2 
and T/T o at x/d = 40. The derivatives g' and h' wcrc 
determined by numerically differentiating the fits for 9 
and h and subsequently applying Icast squarcs fits to 
the estimatcs for the dcrivativcs. Thc normal vclocity V 
was calculated, using the continuity equation 

= f ' t /dr l  U o dx f d r / +  dx 

and the derivatives dUo/dx , dLJdx,  dTo/dx (required 

to estimate dO2/Ox) were obtained using equations (6), 

(5) and (7) respectively. The thermometric flux rO was 
obtained directly from measurements with the X- 

probe/cold wire combination, as was the product r02 
shown in Fig. 3. The diffusion term in equation (8) was 
determined by first differentiating the least squares fit 
to the measured values in Fig. 3 and subsequently 

1 0  , , , , 

0 8 -  

0.4 

Z--- ~---~ xlO 
0 . 2 -  T~ 

0 I I I I I I 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 

FIG. 2. Mean velocity, mean temperature and RMS tempera- 
ture distributions at x[d = 40.--, U/Uo ;- - - - ,  T/To; 
OZ/T~ • 10. Curves arecubic spline least squares fits to the 

experimental data. 

fitting a least squares curve to the derivative estimates. 
In Fig. 3, the diffusion cu~'e is not shown beyond tl - 

1.4 since values of rO z (and, to a lesser extent, r0) 
become significantly affected by flow reversal in this 
region of the flow. Flow reversal in the present flow is 
first detected (the occurrence frequency is very small) 
at t 1 "~ 1.0. Tiffs location is approximately independent 
ofx /d  (the range investigated here is 20 < x/d < 70), 
lending weight to the suggestion [9] that reversal is 
best interpreted as a characteristic feature of the large 
scale structure. The detection of flow reversal is 
identified with the appearance of "spikes" [8] on the 
signal from the cold wire located 0.5 mm upstream of 
the centre of the X-wire. When reversal occurs, the 
thermal wakes from the hot wires contaminate the cold 
wire signal, the average intensity and frequency of 
contamination increasing as 11 increases. Antonia et al. 
[21] found that, in a circular jet, the mean temperature 
was overestimated by about 16% at the half- 
temperature radius and they presented measurements 
of the duration and frequency of occurrence of the 
reverse flow regions. Similar measurements for a plane 
jet were obtained by Moallemi and Goldschmidt [9]. 
No attempt is made here to correct the measurements 
for flow reversal but the accuracy of the present 
measurements is expected to impair for Pl > 1.2. It is 
possible that improved accuracy in this flow region 
can be obtained with different measurement tech- 
niques, such as the use of pulsed hot-wire or laser 
anemometers. 

The budget of OZ/2 is shown in Fig. 4. Advection by 
the U component of velocity is always significantly 
larger than that by the V component when II < 1. The 
contribution by V becomes more important for tl > 1. 
The sum of the first two terms in equation (8), plotted 

in Fig. 4, represents a gain of 02 for the range of II 
shown. The magnitude of the turbulent diffusion is 
significant near the centreline of the jet. The sign of the 
diffusion of this region is negative so that the diffusion 

represents a gain of 02/2. This gain is larger, by nearly a 
factor of 3, than that due to advection. The diffusion 

changes sign at ii "-" 0.5 and represents a loss of 02/2 for 
~l > 0.5. The dissipation inferred by difference is, unlike 
the production, approximately constant in the region 0 
< i1 < 1. The magnitude of this dissipation is in 
satisfactory agreement with the measured dissipation, 
obtained with equation (2a), at least for tl extending up 
to about 1.2. For  ~/ > 1.2, Fig. 4 suggests that there 
may be an increase in the imbalance but such an 
increase may reflect the increasing inaccuracy of the 
measurements in the reverse flow region. 

In view of the reasonable closure of the budget for 11 
< 1.2, a comparison between values of N and N l seems 
relevant. Estimates of Ni, obtained using equation 
(2b)*, are shown in Fig. 5. Measurements of ~?0/Oy and 

* Taylor's hypothesis was used to convert the time deo 
rivative to a streamwise derivative. 
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FIG_ 3. Distributions ofrO/UoTo and t'OZ/UoT2 o at x/d = 40. O, (r'O/UoTo x 102); A, (t'OZ/UoT~ x 103). 
Curves are cubic spline least squares fits to the experimental data. 

~O/(3z, using the parallel wire probe, indicated that 

( 0y 
y] 

so that 

N _ 1 [ 1  +2(~0/c3Y)2 1 
- -  , 

N i 3 (r 

This ratio is almost 1.5 at ~1 = 0 and is approximately 
independent ofx/d over the range 30 < x/d < 60. The 
magnitude of N/N i represents a significant departure 
from local isotropy. While the present results for N/Ni 
contrast with those of Freymuth and Uberoi [31 for a 
cylinder wake, they are qualitatively consistent with 
the ratio N/N i inferred from Bashir and Uberoi's [6] 
plane jet measurements. In their case, N was taken to 

be equal to the imbalance of the 02 budget and the 
ratio N/N i was equal to about 1.36 at t 1 = 0. The 
present values of N/Ni are also consistent with those 
[12, 13] in a boundary layer and in a quasi- 

_ _  
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Ft_G. 4. Measured budget of OZ/2 at x/d = 40.--, production, 
3 (t'O/UoTo) x 10 ; - - - - ,  dissipation_.._ 2 (NLJUoTg) x 103, by 

ba lance ; - - - - - ,  diffusion, tzd/dt 1 (t'OZ/UoTg) x 103; - - - - - - ,  
advection, [(fLJ2To z) ~O2/dx + kg'/2] x 103 ; -- -, measured 

dissipation. 

homogeneous shear flow [14]. Sreenivasan et al. 1-12] 

found that (aO/az) 2 > (dO/dy)" > (aO/6x) 2, the average 

value of (dO/az)Z/(dO/6x) 2 being about 1.5 in the 
logarithmic region of the boundary layer. Tavoularis 

and Corrsin [14] found that (dO/dz)Z/(dO/ax) 2 ..~ 
(dO/c3y)Z/(t30/dx) 2 the ratio being equal to about 1.8. 

The possibility of a genuine departure of the fine 
structure from local isotropy, caused by insufficiently 
large Reynolds and P6clet numbers should be con- 
sidered. In the present experiment, the turbulence 
Reynolds number R~, based on the Taylor microscale 
2, increases from about 210 at x/d = 40 to about 230 at 
x/d = 70 on the jet  centreline. The turbulence P6clet 
number Pe, based on the microscale 20, increases from 
100 to 120 over the same x/d range. The present ratio 
Pe/R a " 0.5 is comparable to that obtained in other 
shear flows. Tavoularis and Corrsin [14] obtained a 
value of 0.45 in a quasi-homogeneous shear flow. 
Values in the range 0.4-0.5 were obtained by Elena 
[22] and Fulachier [231 in turbulent pipe and boun- 
dary layer flows respectively. The present values of R a 
and Pe are perhaps sufficiently large for the existence 
of an inertial subrange in spectra of u and 0 (present 
spectra confirm this existence approximately half a 
decade in frequencies). They may not be sufficiently 

I I ~ - I - -  - - / !  z _ 1 I 

- UoT~ " 

U~176 2 x ~ " " - C  

2 ~  

0 I I t ! ! I 
0.2 0.4 06 0.8 1.0 1.2 1.4 

11 

FIG. 5. Dissipation of temperature fluctuations at x/d = 40. 
2 3 2 3 - - ,  NiLJUoTo x 10 ; - - - ,  NLJUoTo x 10 .  
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large for local isotropy of the temperature and velocity 
fields. 

Support for the apparent breakdown in local iso- 
tropy, reflected in the statistics of temperature de- 
rivatives, can be found in measurements of the de- 
rivatives of all three velocity components. Gutmark 
and Wygnanski 1-15] found that, on the centreline of a 

2-dim. jet, (du/Ox) 2 ".. (Ow/Ox) 2, while the ratio 

(Ot,/Ox)Z/(du/Ox) 2 decreased slowly with increasing x. 
Typical values for this ratio were 1.73 at x/d = 40 and 
1.47 at x/d = 70, in contrast with a value of 2 for local 
isotropy. Everitt and Robins [16] obtained a value of 
about 1.5 on the centreline of a plane jet into still air. A 

few measurements of (du/Ox) 2, (&,/Ox) 2 were made in 
the present study at x/d = 40. The magnitude of 

(CI)/(~X)21(C|I/~X) 2 w a s  approximately 1.5 on the centre- 
line, and decreased 1o about 0.6 at ~l "" 1.0. The 
expected deviation from local isotropy away from the 
centreline has also been noted by Gutmark and 
Wygnanski [15] and Everitt and Robins [16]. 

It seems pertinent to appraise the accuracy of the 
important terms in the budget. In particular, mean- 
ingful estimates of the accuracy of the dissipation can 
only be made vis-fi-vis an appraisal of the production 
and diffusion terms in the budget. The uncertainty in 

r0 was estimated to be + 7% while the uncertainty in 
determining the production term was estimated to be 
+9%. It is worth noting that the measured distri- 

bution of r0 was in reasonable agreement with the 
distribution which is calculated from the mean tem- 
perature transport equation using the self-preserving 
forms for the mean velocity and mean temperature. 
The diffusion term, which involves the gradient of a 
third order moment, is estimated to have an un- 
certainty of 4-12%. A list of possible sources of error in 
obtaining N, not necessarily in order of imp0rtance, is 
given below: 

(l)  The effect of the finite separation Ay or Az for the 

parallel cold wires on (d0/0y) 2 and (dO/Oz) 2. 
(2) The failure of Taylor's hypothesis due to the fact 

that the convection velocity is not steady but fluctuates 
1-24, 25]. 

(3) The likely attenuation of the high frequency end 
of the derivative spectra due to the finite length of the 
wires. 

(4) The possible effect of unequal time constants of 
parallel cold wires [14, 26]. 

Experimental estimates of the effect of Ay on 
moments of d0/ay were obtained by Sreenivasan et al. 
[12] for a boundary layer. Linear extrapolation of 
these results to Ay = 0 suggests that for the present 
experiment (Ay/l~ -~ 3 or Ayfllo ~- 2.4, with tlo " 
0.20 mm at x/d = 40), the RMS values of d0/0y and 
gO/~z could be underestimated by about 14% and N 
could be underestimated by about 21~. However, the 
relevance of the boundary la):er estimate to the present 
flow would require verification. 

The effect of a fluctuating convection velocity on 

Taylor's hypothesis, with specific reference to the 
variance of the temperature derivative can be estimated 
[25, 27] using certain simplifying assumptions as 
follows: 

( oy i 
\ O x ]  1 ) . 

(10) 
On the centreline of the jet, this expression indicates 

that the present values of (~0/0x) 2 could be over- 
estimated by about 13~ as a result of using Taylor's 
hypothesis. Antonia et al. [28] showed that when 
(U + u) is assumed to be the appropriate convection 

velocity, the value of(~O/Ot) 2 can, in fact, be larger than 

that given by U -2 (~O/Ot) 2. It is not clear, in view ofthe 
assumptions made to obtain equation (10) and of the 
appropriateness of (U + u) as the convection velocity 
of the fine structure, just precisely what correction 
should be applied to the data 1o account for the effect 
of the second type of error. 

While the effect of a finite wire length will cause an 
attenuation of the high frequency end of the spectrum 
of the spatial temperature derivative, the magnitude of 
the attenuation is not known precisely. Wyngaard 
[29] evaluated numerically the effect of sensor length 
on the l-dim, temperature spectrum and on N assum- 
ing isoiropy and a particular form of the 3-dim. 
temperature spectrum. If Wyngaard's estimate is as- 
sumed to provide a rough indication of the attenu- 
ation, N may be underestimated by about 18~ in 
the present experiment. 

Possible errors resulting from unequal time con- 
stants of the cold wires in the parallel probe arrange- 
ment were discussed by Mestayer and Chambaud 
[26]. Corrections foi" this effect were not applied to the 
present data as the cold wire signals were filtered at the 
same value offc and the measured " -  3 dB" frequencies 
of the cold wires were larger than re. 

Whilst the overall effect of the four sources of error 
listed above cannot be regarded as conclusive (clearly 
more work is required on the first three), it seems 
unlikely that this effect would be such as to account for 
the systematic difference reported in Fig. 5, between 
N and N i. The encouraging agreement between the 
measured values of N and those obtained from the 
imbalance of the budget and the discrepancy between 
N and N i indicated by Bashir and Uberoi's [6] 
measurements seem to rule out the use ofequation (2b) 
for measuring the dissipation in this flow. 
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BILAN DE LA VARIATION DE TEMPERATURE DANS UN JET PLAN TURBULENT 

R~sum6--On prdsente des mesures des termes de transport, production, diffusion et de dissipation des 
valeurs efficaces des fluctuations de tempdrature pour unjet bidimensionnel. La diffusion est plus impor tante 
que I'advection prds de la ligne des centres. La dissipation ou la destruction mesurde, ddtermin~c fi partir des 
trois composantes, fournit une fermeture satisfaisante du bilan dans la r~gion du jet qui ne compte pat 
d't~coulement de retour. La diff6rence entre la dissipation mesur~e et celle estimde, basde sur risotropie locale 

est sensible ~i travers le jet. 

DIE GESAMTIIEIT DER TEMPERATURVARIANZ IN EINEM TURBULENTEN EBENEN 
STRAttL 

Zasammenf~ng--Es  vdrd fiber Messungen der Advektions-, Produktions-, Diffusions- und Dissipations- 
terme des quadratischen Mittelwerts der Gesamtheit der Temperaturschwankungen in einem zweidimen- 
sionalen Strahl berichtet. Die Diffusion ist in der N/ihe des Strahlungskernes yon gr613erer Bedeutung als die 
Advektion. Die gemessene Dissipation oder Destruktion, die unter Berdcksichtigung alIer drei Komponen- 
ten bestimmt wurde,.erm~Sglicht eine zufriedensteIIende Formulierung der Gesamtheit der Temperatur,'a- 
rianz im r~ickstr6mungsfreien Bereich des Strahls. Die Differenz zwischen der gemessenen Dissipation und 

der auf der Orundlage 6rtlicher Isotropie berechneten ist im gesamten Strahl gravierend. 
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13AJIAHC r l V J I b C A U H f l  T E M H E P A T Y P b l  B T U P I g V J I E H T H O f l  r l J l O C K O f l  C T P U E  

AHtlOTalIR~I--I-lpC~cTaB.qCHbl pe3y.qbTaTbl il3MCpCHIt:;I pa3JltlqHblX q.qCtiOB B ypaBHeHIll! 6a.naltca 
nynbcauldi  TeMnepaTypbL KOHBeKIItlll, nopo>~leHH~, jlttqbqby3lttt it ~lttecttnalllltl ]lJl~l ltelt30TepM1t- 
~ecroro  xeqemt~ a nnocro i i  crpye.  B t tenrpe e r p y n  ~lfdpqby3Ha BHOCHr 60nee cymecrBem~L1~i Bzzaa,  
qeM IfOHBeIr 1/13.MepeHHe 21HccHnauml (ITCH JIeerpyruttH) nyzbcamdi  xeMHeparypbL ~nfl onpene~e-  
ttllfl rOTOpO~ IIClIOJIb3ylOTC~I ace Tptl KOMI1OHeHII,I, rlO3BOJlfleT llO.rlyqllTb y~.oB.rleTBOpliTeJlbtlbl~ 
6a~aHc a 06~acTll crpyll,  CBO60~HOH OT Bo3BpaTHblX TeqeHitfi. Pa3Jlltqlle Me>K~ly ll3MepettllblMIt 
3HaqetlHflMIl /IlICCltlIalIHll 1t olletll(aMit, rlOJlyqettHbl.MH Ha OCHOBe .rlOl(aJlbttO~ It3OTpOllttll, oKa3blBaeTc~l 

CylIIeCI'BeHHblM no Bee,My ceqeHH10 crpylt.  


