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Abstract-The mean velocity and temperature profiles of rectangular jets having different aspect ratios and 
nozzle geometries were measured using hot-wire anemometry. The temperature excess in the jet was small 
so that temperature could be treated as a passive scalar. The flow-field, for both velocity and temperature, 
is found to be divided in three distinct regions respectively referred to as, the potential core, the two- 
dimensional region and the axisymmetric region. These regions are not the same for the velocity and 
temperature distributions. The extent of each of these regions is a function of the nozzle aspect ratio. The 
flow in the two-dimensional region as well as the transition to axisymmetry are strong functions of the 
nozzle geometry. At large distances from the nozzle exit, both the velocity and temperature fields are 

found to behave in the same way as in the flow out of a circular nozzle of the same area. 

NOMENCLATURE 

jet width in the y direction; 
nozzle slit width; 

jet width with respect to temperature 
distribution in the y direction; 
jet width in the z direction; 
nozzle slit length ; 
jet width with respect to temperature 
distribution in the z direction; 
empirical coefficient in the velocity-decay 
equation; 
temperature fluctuation; 

fluctuation of the velocity along the x axis; 
fluctuation of the velocity along the y axis; 
distance from jet exit measured parallel to 
jet axis; 
nondimensional distance along x; 
distance along the slit height; 
distance along the slit length; 

nozzle aspect ratio; 

equivalent jet momentum area; 
equivalent jet heat flux area; 

C1, Cl, jet virtual origin; 
D,, Dz, jet virtual origin; 
K1, KZ, empirical constants of the centerline velocity 

and temperature decay in the two- 

dimensional region of the jet; 
L1, Lz, empirical constants of the centerline velocitv 

and temperature decay in the axisymmetric 
region of the jet; 

Reynolds number based on do ; 
mean temperature; 
mean temperature along the centerline; 
mean temperature at the nozzle exit; 
nondimensional mean temperature; 
mean velocity in the x direction; 
mean velocity along the centerline; 
mean velocity at the jet exit; 
nondimensional mean velocity; 
mean velocity in the y direction. 

Greek symbols 

rl> nondimensional distance along y; 

8, jet momentum thickness ; 

0T, jet heat flux thickness; 

5, nondimensional distance along 2. 

1. INTRODUCTION 

TURBULENT jets have been the subject of many 
theoretical and experimental investigations; their 
important role in the many aspects of engineering has 
recently given a new impetus for more detailed studies 
of these flows. 

Until recently very limited attention has been given 

to the jet out of a rectangular nozzle and its subsequent 
transition to axisymmetry. To our knowledge, the only 
published information on this aspect of turbulent free 
jets is the work done at the Polytechnic Institute of 
Brooklyn by Sforza et al. [l], Trentacoste and Sforza 
[2] and Sforza [3]. These experimental and theoretical 
investigations have shown that the flow field of the 

incompressible jet out of a rectangular nozzle may be 
subdivided into three main regions: the potential core 

region or region of jet flow establishment where the 
centerline velocity U, = constant, followed by the two- 
dimensional region where (U,)’ JI .Y” with n = 1, and 
then a region extending to infinity where the centerline 
velocity decay is characteristic of axisymmetric jets, i.e. 
U, cc x-l. The extent of each of these regions has been 
shown to be a function of the nozzle aspect ratio. The 
exponent n is also a function of the aspect ratio accord- 
ing to the above mentioned studies. 

As far as concentration measurements are concerned, 
the most complete study known to us is that of Van Der 
Hegge Zijnen [4] which is however limited to the two- 
dimensional zone of the jet. In this study temperature 
measurements and concentration measurements are 
compared, and it is deduced that the diffusion of heat is 
similar to that of mass. Van Der Hegge Zijnen [4] 
compares his temperature (or concentration) measure- 
ments to the different theories of heat transfer across 
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plant jets and finds a substantial lack of agreement 
with all these theories. 

Many other investigations dealing with the two- 

dimensional region of the jet, and measuring mean 
velocity and turbulence have also appeared: of the most 
recent and more detailed ones are the work of Bradbury 
[5] and Heskestad [6]. In general however, appreciable 
lack of agreement in the centerline velocity decay and 
jet spread may be noted between most of the published 
results. A better agreement is obtained when comparing 
the velocity profiles across the jet. which, in most cases 
is well represented by a gaussian distribution. 

In the present investigation, the flow fields of jets of 
different aspect ratios and two types of nozzle 

geometries are studied. The mean velocity field and 
mean concentration, simulated with a temperature 

excess. were measured using hot wire anemometry. The 
initial temperature excess was of the order of 6O”F, 
which made buoyancy effects rather negligible. The 

Reynolds number based on the slit height, was for all 
the experiments: Red,, = 122 200; the three aspect ratios 

tested were respectively 10. 20 and 30. 
The three regions of thejet flow field for both velocity 

and temperature are studied in terms of the effects of 
nozzle geometry and aspect ratios. It is found that the 
flow in the two-dimensional zone is practically 
independent of the nozzle aspect ratio, a result which 

contradicts the results of [2]. The nozzle geometry on 
the other hand. was found to have an important effect 
on the flow in the two-dimensional region and on the 
transition from two-dimensional to axisymmetric flow. 
The three main regions of the flow are also determined 
in terms of the centerline temperature decay. It is found 
that, as the diffusion of mass and heat is faster than 
that of momentum. The two-dimensional region as far 
as T is concerned. starts at a smaller distance from the 
nozzle than the two-dimensional region determined 

from the velocity field; the same is also true for the 
axisymmetric region. At large distances from the nozzle 
exit, the centerline velocity and temperature decays are 

found to behave in the same way as in the flow out of 
a circular nozzle of the same area. 

2. EXPERIMENTAL APPARATUS AND TECHNIQUES 

The experiments described herein were performed in 
the Mechanical Engineering Laboratories of the School 
of Engineering and Architecture at the American 
University of Beirut. 

Two types of nozzles were tested. Nozzles referred to 
as type I consisted of rectangular slots with sharp edges. 
Nozzles of type II consisted of rectangular channels of 
length equal to fifty slot heights. Slot length, height, 
and aspect ratio are referred to respectively by lo, do and 
A = lo/&. 

The flow facility consisted of using a low-speed 
wind-tunnel that was built as a prototype of a large 
scale one currently under construction. This facility is 
described by Bassam El As’ad [7]. The 6 x 6in test 
section was removed and replaced by a specially built 
section with heater elements, which could be fitted at 
its exhaust by nozzles with do = 4 mm and aspect ratios 

up to 30. This section had a total length of 50 in and it 
had attached at its upstream end eight electric heater 
elements followed by two line mesh screens h in down- 
stream. Between the two screens a mercury thermo- 

meter with an electric contact was placed and connected 
to an electronic relay switch which turned on and of1 
three of the heater elements ar a given adjustable 
temperature level. This arrangement yielded a jet 
velocity L> varying not more than I”,, over the duration 

of each experiment. The temperature was adjusted at 
146k2”F for all the experiments; in each experiment T 
was found to vary less than + I F provided the 

apparatus was left to warm up for around half an hour. 
Velocity measurements were obtained using a hot-wire 
anemometer and a total-head probe connected to a 
Hewlett-Packard model 290 pressure transducer. 

Good agreement between the two measuring tech- 
niques was usually obtained. Most of the data pre- 
sented here were obtained with the aid of the not-wire 
probes operated with a Thermo-systems Inc. Model 

1050 constant temperature anemometer bet. A fourth- 
order Polynomial Linearizer Model 1052 and a Signal 

Conditioner Model 1057 of the same make wore also 

used. The temperature measurements were performed 
using the same hot wire set but operating the sensor 
as a linearized resistance thermometer. 

The hot-wire probes were held along the jet axis at the 

end of a 12 in-long probe holder. This was attached to a 
traversing mechanism operated manually and capable 

of motion along the three axes. The probe location was 
monitored with Hewlett-Packard displacement trans- 
ducers. This arrangement allowed for direct plotting 
ofvelocity and temperature levels versus position on an 
x 1 recorder of the same make. 

Hot-wire probes were made of 0.00015in tungsten 
wire, the wire lengths being approximately equal to 

0.0625 in. These were calibrated before and after each 
run and usually it was found that both calibrations 
were identical. However, over long time lapses. a notice- 
able drift occurred and the linearizer’s polynomial 
constants were readjusted to account for it. 

3. THEORETICAL CONSIDERATIONS 

The fundamental equations of motion and heat 
transfer for a two-dimensional jet are : 

(1) 

and 
?T u -+ v”T = ‘_@f) 
ix i) ?J 

and the equation of continuity: 

Equations (1) and (2) are valid only for boundary layer 
type flows in which the temperature difference is 
sufficiently small so that buoyancy effects remain 
negligible. In the case of small temperature differences, 
the temperature field is known to behave similarly to 
any passive scalar field. 
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Writing 

and 

where U, and T, are the values of the mean velocity 
and mean temperature along the centerline and 
q = (y/x), the usual assumptions of self-preservation 
yield : 

dT x x 

where d is the jet half-width (distance from the center- 

line to the point where U = (UJ2)) and dT is a similarly 
defined jet half-width with respect to the temperature 
distribution. 

Integrating equations (1) and (2) across the jet we 
get the equations of conservation of momentum and 
heat flux which may be written: 

J 

+?0 
U2 dy = const 

-Zc 

I 

+OZ (5) 

TU dy = const. 
--li 

These quantities are respectively equal to the 
momentum flux and the thermal flux at the mouth of 
the jet. Equations (4) and (5) yield: 

= K,(.i-CI)-’ 

(6) 

where .? is the nondimensional distance from the jet 

exit. 
A similar analysis yields for the axisymmetric jet: 

(7) 

~ = Lz(S--Dz)-‘. 
7; 

Equations (6) and (7) will be compared to our experi- 
mental results in the next section. 

4. EXPERIMENTAL RESULTS 

4.1. The mean velocity field 

Measurements of the mean velocity field are 
expressed in terms of the centerline velocity decay, the 
jet width and the velocity profiles in the y and z 
directions across the jet. The x axis is taken along the 
centerline of the jet with origin at the jet outlet, and 
y and z directions are taken along the slit height and 
length respectively. 

Y-. 
P, t-- 
. . 

8, e, 
FIG. 1. Centerline velocity and temperatures; (a) nozzle 
type I;(b) nozzle type II. 0 and W, T, and UC respectively for 

A=lO;&~andAforA=20;0 andOforA=30. 

Centerline velocity decuy. Figure 1 shows measured 

values of (Uc/Uj)’ at different stations downstream of 

the jet exit. In this figure the distance x is non- 
dimensionalized by dividing it by the jet momentum 
thickness : 

t3= 

+m (J 2 

s (! _~ vj dL’. 

This parameter is preferable to the nozzle height do; 
it is equal to it if one has a uniform velocity distribution 

at the nozzle exit which is not the case with either type 
of nozzle geometry tested. The parameter 0 was 
deduced from velocity profiles taken at different 
stations downstream of the jet exit. In the case of the 
flow out of the sharp edged nozzle, H increases slightly 
with the distance from the nozzle exit and reaches a 

constant value at (x/d,) > 1.5. This is due to the 
pressure variation which is present in the flow field 
through a sharp orifice. 

Our results are qualitatively very similar to those of 

Trentacoste and Sforza [2] and one can distinguish 
the region offlow establishment or potential core where 
(U,/Uj) = 1, followed by the two-dimensional region 
where (UJUj)’ cc (e/x), then a final region extending 
presumably to infinity, where (UJUj) cc (8/x). The 
extent of each of these regions as well as the transition 
between one and the next are difficult to pinpoint 
accurately. The length of the two-dimensional zone as 
well as that of the transition zone to axisymmetric flow 
are quite different for the two nozzle geometries tested. 
Figure l(a) shows that the flow out of the nozzle with 
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sharp edges and A = 20 is nearly two-dimensional up 
to (.Y$)) = 40. while for the flow out of the channel this 
figure hccomes (\- 0) 1 100. Also. while the slope 
changes monotonically from - I to -2 in Fig. I(b). 
it is not so for the other cast. This dilrerence is 
associated with the mechanism of transition which will 
be discussed later. A slight difTerencc can also be noted 

at the beginning of the two-dimensional region where. 

in the tlow out of the sharp nozzle. the slope of (C;,‘C;)’ 
tends to ~ I from Iargcr values while the opposite is 
true for the other nor~le. This indicates that the jet 

virtual origin C. has diKerent signs for the two nozzle 

geometries tested. 
The centerline velocity decay constants obtained bq 

fitting equation (6) to the experimental points are shown 
in Table 1 along with some previously published results 

%I IK 

data points in the axisymmetric region will tit a relation 
as in (7) and where the constants L, al-e practically 
independent of A. Values of the constants L, obtained 
are shown in Table 1. The scatter between these values 
is rather small and may well be due to the fact that 
few experimental points are used in determining L,, in 
all but thesmallest aspect ratios. Comparing our results 
with those of Trentacoste and Sforza [?I. it seems 

reasonable to conclude that equation (7) does represent 
satisfactorily the centerline velocity decay in the 

axisymmetric region of the two-dimensional jet. 
Comparing our results with measurements in circular 
jets, we can also conclude that at large distances from 
a jet out of a rectangular slit, the centerline velocity 
decay is nearly similar to that of a circular jet of the 
same orifice area. 

Table I. Centerline velocity decay constants 

Investigators 

Albertson it trl. [IO] 
Bradburg* [5] 
Forstall and Gaylord [I I] 
Heskestad [6] 
Hinre and van dcr Hegge Zljnen [12] 
Sforza rl u/. [I] 
Van der Hegge Zi_jnen [4] 
Present data* 

Norzlc type I 
Nozzle type II 

6.25 

2.75 

5.3 1.x 
3.9-6.15 4 

6.4 * 0.2 4.58 6.19 4.69 6.10 4.19 6.21 4.18 
7.3 * 0.3 5.35 6.25 4.64 6.0 4.2 5.8 4.07 

Axisymmetric region 
/I = IO ‘4 = 20 4 = 30 Circular jet 

L, L2 1 -1 1.2 L, Lz Ll LZ 

6.25 

6.4 5.2 

6.25 
7.0 S.64 

*For the data reported by Bradbury as well as the present results, x is nondimensionalized using the jet momentum 
thickness 0 instead of the jet thickness tlo. 

on two-dimensional jets. These constants are 
independent of the aspect ratio but are different for the 
two nozzles tested. This discrepancy is partly due to the 
fact that the nozzles with sharp edges were machined 
flat in plates of dimensions at least equal to 20 do all 
round the slot, while the channels were made to 
protrude into the ambient air surroundings. By placing 
flat plates normal to the channel at exit it was noted 
that for A = 20 the value of K, dropped by 6”“. This 
effect does not however explain all the difference in 
the values of Kl as will be seen later. The results of [2] 
show a large dependance of K, on A. but it must be 
pointed out that the conditions of the experiments are 
not similar; whereas in our study Red,, was kept 
constant. in [2] r> aas kept constant while A was 

made to vary keeping the exit area of the nozzle the 
same. Also in [2] tlo is used to nondimensionalize X. 

The axisymmetric region of the jet is characterized 
by a decay of (Ij,:Ui)* of slope -2. This occurs for all 
jets tested at large z;0. The proper scaling parameters 
for x in this region of the jet is the diameter of a circular 
nozzle of the same exit area as the rectangular nozzle. 
In fact, if we plot (C’~:‘lj/)’ VS \- = ~i’~:(4A,,‘n) where ‘4, 
is the nozzle effective momentum area: 

The jet width. The jet width is defined by the two 

parameters I and d, where I is twice the distance from 
the centerline to the point on the z axis where 

C’ = (c/,/2). and d a similarly defined distance in the 
J’ direction. 

Detailed traverses of the flow fields produced re- 
sults presented in Fig. 2. For the nozzles having sharp 

edges I and rl are very similar to the results of 
Trentacoste and Sforza: I decreases initially while d 
increases so that eventually d outgrows 1. Further 
downstream I and d grow at appreciably the same rate 
and the two curves seem to tend to each other. A 
similar variation has been observed in the wake of an 
ellipse by Kuo and Baldwin [9]; they noted that at some 
distance from the ellipse, the wake cross section is an 
ellipse with major axis normal to the normal axis of 
the wake producing ellipse. This effect is not as 
noticeable in the jet out of the long channel, I remains 
roughly constant up to a certain distance. it then starts 
to grow at about the same rate as rl. 

These results are consistent with the centerline 

velocity decay discussed above: the jet out of the 
channel remains two-dimensional further downstream 
than the jet out of the nozzle with sharp edges. 

Meun velocity prqfilrs. The velocity profiles taken in 
the two planes of symmetry of the jet at different 
distances from the orifice are shown in Figs. 3 and 4. 
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, 
25 

I I I I 
50 75 IO0 125 

x A, 

FIG. 2. Jet width. 0. d/d,: 0, dr/do; A, lid,,; A, 1,/d, 

The velocity is nondimensionalized with respect to the 
centerline velocity D = (U/U,). The y and z coordinates 
are nondimensionalized with respect to the distance 

from the hypothetical origin of the jet x’ as determined 
from Fig. 2, q = (y/x’) and 5 = (z/x’). 

In general n(q) is comparable to the results of 
previous two-dimensional jet measurements if the half- 
velocity points are made to coincide. The jet spreading 
coefficients d/x’ shown in Table 2 are found to be quite 
close to previously published data, except for the flow 
out of the nozzle with sharp edges where the jet 
spreading is quite a bit faster. 

The profiles u(t) for A = 10 both nozzle types 
develop,soon after the nozzle exit, the so-called “saddle 

back” shapes which were first noted by Van Der 
Hegge Zijnen [4]. This shape is however more 
pronounced for the jet out of the sharp orifice. The 
data for the two other aspect ratios, not shown here, 
gives qualitatively very similar results. At larger 

distances downstream 8(t) starts resembling o(q) as 
the jet tends to axisymmetry. 

4.2. The mean temperature,field 

Similar to the velocity, the temperature field is 
described in terms of the temperature decay along the 
centerline, the jet width and the temperature profiles 
in the two planes of symmetry of the jet. 

Centerline temperature decay. This is shown on Fig. 1. 



( b) 

Fio. 3. Velocity and temperature profiles along y: (a) nozzle 
type 1; (h) nozzle type II. 0 and 0, U(r)) and T(q) for 
.u/&, = 10; @. 0. x/do = 20; 0, 0, w,‘do = 30; (>, 0, 
x,‘do = 40; 0. 0, x/do = 50; a), q , x/do = 60. -..~..~ 

experimental curve fit [4]. 

The distance downstream of the jet is non- 
dimensionalized by dividing it by f7r where: 

Table 2. The .iet wdth 

Nozzle type I 
tl II! 

\ \ 

A = IO 0.113 0. I50 
A = 20 0. I25 0. IX) 
A = 30 0.1 IX 0. I-15 

Nozzle type II 
A = 10 
A = 20 
.4 = 30 

0.104 0. I38 
0.103 0.143 
0. IO4 0.115 

Or is the total heat flux across the jet to within i)c‘,. 
It is equal to da if one has a uniform temperature and 
velocity distribution at the jet mouth which is not the 
case for the velocity in both nozzle geometries tested. 

For reasons explained earlier, the value of Or- was 
deduced from velocity and temperature profiles 
measured at (xl&) > 1.5. 

The centerline temperature decay is found to behave 
the same way as the velocity: close to the jet exit 
there is a “potential” core region where (7.7;) = I, 
followed by the two-dimensional region (T,!TJ’ Y ((IT, Y), 
then a final axisymmetric region extending to infinity 

where (T/Tj) cc (Or/x). The spread of temperature being 

faster than that of momentum, the potential core 
for temperature distribution is shorter than that for the 
velocity. In the two-dimensional region of the jet the 

data is well represented by equation (6), the values of the 
constants K2 obtained are shown in Table I. If one 

uses 

‘tX, “+X 

A,T= 
J ! 

UT 

--I -7 
C,_7,d.~d~. 

,, 

as the scaling parameter for x in the axisymmetric 
region of thejet, it is found that the data for the different 
aspect ratios is well represented by equation (7) where 
L2 is practically independent of the aspect ratio. Values 
of Lz are listed in Table 1. 

The jet width. Two parameters dT and /r, determined 
in the same way than d and I, but with respect to the 
temperature distribution, define the jet widths in the 
planes of symmetry of the jet. These parameters arc 
shown in Fig. 2. In the two-dimensional region of the 
jet dT increases linearly with x at a faster rate than t/. 
On the other hand IT remains quite close to I and they 
both vary as described earlier. In the region of transition 
to axisymmetry and further downstream IT becomes 
larger than 1 and eventually we get (7,/l) 2 (d&f). 

Mean temperature profiles. The temperature profiles 
across the jet are shown in Figs. 3 and 4 where 
T = (T/T,). A curve through the mean values of the 
temperature distributions as measured by Van Der 
Hegge Zijnen and given by the empirical curve-fit 
equation : 

T = (1 + 30n2 + 22OOn” - 30000n6) e 75’1’ 

is included on Fig. 3 for comparison; quite a good 
agreement is observed between his results and ours. 
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(a) 

c t 
FIG. 4. Velocity and temperature profiles along Z: (a) nozzle type I; (b) nozzle 

type II; (for legend refer to Fig. 3). 

T(s) for A = 10 is shown in Fig. 4 where it may be 

observed that, as for 8(t), at some distance from the 
slit the profile assumes a “saddle back” shape. At larger 

distances downstream, and as the jet becomes roughly 
axisymmetric, T(c) tends to have a shape similar to 
T(q). The data for the other two aspect ratios not 
shown here, behave in a qualitatively similar way. 

5. DISCUSSION OF EXPERIMENTAL RESULTS 

The centerline velocity and temperature decays in the 
two-dimensional region of the jet are well represented 
by equation (6) where x is nondimensionalized by 
dividing it by 0 and Br respectively. The constants 
Ki and K2 obtained by fitting equation (6) to the 
experimental points are shown in Table 1. The results 
of Trentacoste and Sforza [2], who found that for A 

varying from 10 to 40 the exponent of .U varies from 
-0.64 to - 1 were not confirmed in the present study. 
In fact, in a related study to be published later, it has 
been found that, for some nozzle geometries and 
Reynolds numbers, the nozzle geometry may influence 
the flow downstream to such an extent that, for small 
A, no parts of the flow will have a centerline velocity 
decay as in (6). In other words, no station of the flow 
is removed far enough from nozzle influence at one end 
and three dimensionality effects at the other in order 
for the centerline velocity to reach the self-preserved 
form of equation (6). This may explain the anomalous 
variation of “n” noted in [2]. Furthermore, the fact that 
the mean velocity field and the mean temperature field 
are well represented by equation (6)does not necessarily 
imply that the jet has reached a fully self-preserved 
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structure before three dimensional effects start to be 
felt. It is well known that self-preservation is accom- 
plished by stages starting with the mean flow, then the 
turbulent stresses, the turbulent transport terms etc.. 

In the three-dimensional region of the jet the data 

points are fairly well correlated by equations (7). The 
constants obtained by fitting the data to these equations 
are found in Table 1. L, and L2 seem to depend little 
on A and are quite close to similarly defined constants 
for the axisymmetric jet. It is therefore, possible to 
deduce that both the velocity and temperature fields in 
the far flow of a slot jet are similar to that of a 
circular jet having the same momentum and heat flux. 

Assuming 0 = & = do and A, = AeT = lodo, an 

assumption which is approximately true, it can be 
deduced that the transition from two-dimensional to 
axisymmetric flow occurs at a distance from the jet 

mouth given by : 

x * I-l - L: 4A 

do K1 z 

for the centerline velocity, and at: 

x * 

i-1 - 

L: 4A 

do K2 7~ 

for the centerline temperature decay. These results 
should be used only as a rough indication of the 
location of transition. Equation (8) predicts a location 
for the transition about 20% larger than the results of 
Trentacoste and Sforza [2] who find : 

-x * 

L-1 do 
25A. 
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Equations (8) and (9) arc more valid for jets out of 
long channels. For the nozzles with sharp edges, 
transition occurs over a distance of the same order as 

the length of the two-dimensional region itself and one 
cannot properly speak of a transition point. 

The mechanism of transition from two-dimensional 

to axisymmetry is not yet fully understood. It can 
almost certainly be said that it is not due to a simple 
redistribution of momentum, heat or other parameters, 
by turbulent stresses and other turbulent transport 

terms, There are good reasons to believe that vortex 

rings generated at the orifice play an important role in 
this transition. Such vortex rings have already been 
mentioned by Van Der Hegge Zijnen [4] in order to 

explain the “saddle back” shapes of the c(t) profiles. 

More evidence about the turbulent structure of the flow 
field is necessary in order to fully understand the 

mechanism of transition. 
The jet width in the < direction is roughly the same 

for both the temperature and velocity distributions as 
may be seen from Fig. 2. This suggests the idea that 
the diffusion and jet growth in the 5 direction, does 
not have the same mechanism as one expects in 

turbulent diffusion. for then, T would have diffused 
much faster than C as in the case along the q direction. 
At larger distances downstream, the diffusion and jet 

growth tends to become the same along ( and q. 

ilckno\~/etl~rrt~c/l~ The author wishes to express his deep 
gratitude to the American University ofBeirut for its support 

in this project. 
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CHAMPS DE VITESSE ET DE TEMPERATURE DANS LES JETS RECTANGULAIRES 

R&sum&On a mesure les vitesse moyennes et temperatures moyennes a I’aide d’un anemometre a lil 
chaud dans des jets rectangulaires presentant differents rapports de dimensions et plusieurs geometries 
de buse. L’ecart de temperature dans le jet &ant faible, la temperature a pu Ctre traitee comme un scalaire 
passif. On peut distinguer dans les champs de vitesse et de temperature, trois regions distinctes respective- 
ment designees par: le noyau potentiel, la region bidimensionnelle et la region axisymetrique. Ces regions 
relatives aux distributions de vitesse d’une part et de temperature d’autre part, ne coincident pas. L’etendue 
de chacune d’entre elles depend du rapport des dimensions de l’orifice. L’ecoulement dans la region 
bidimensionnelle ainsi que la transition vers la region axisymttrique est fortement fonction de la geometric 
du bet. A de grandes distances de I’orifice, il apparait que les champs de vitesse et de temperature se 

comportent comme dans l’ecoulement issu d’un orifice circulaire d’aire egale. 

DAS GESCHWINDIGKEITS- UND TEMPERATURFELD IN STRAHLEN 
MIT RECHTECKIGEM QUERSCHNITT 

Zusammenfassung -Die mittlere Geschwindigkeit und die Temperatur von Strahlen mit rechteckigem 
Querschnitt wurde bei verschiedenen Seitenverhbltnissen und Diisengeometrien mit Hilfe eines Hitz- 
drahtanemometers gemessen. Die Exzess-Temperatur im Strahl war klein, so da8 die Temperatur als 
passiver Skalar betrachtet werden konnte. Sowohl fur das Geschwindigkeits- wie fur das Temperaturfeld 
kann das Stromungsfeld in 3 verschiedene Bereiche unterteilt werden, nbmlich einen Potentialkern, einen 
Bereich zweidimensionaler Striimung und einen axialsymmetrischen Bereich. Diese Bereiche stimmen 
jedoch nicht iiberein fur das Geschwindigkeits- und das Temperaturfeld. Die Ausdehnung der einzelnen 
Bereiche ist abhlngig vom Seitenverhlltnis der Dtise. Die StrGmung im zweidimensionalen Bereich und 
der Ubergang zur Axialsymmetrie konnen als eindeutige Funktionen der Diisengeometrie angegeben 
werden. Bei groben Entfernungen von der Diise stimmen die Geschwindigkeits- und Temperaturfelder mit 

denen eines. aus einer kreisformigen Diise ausstriimenden Strahles iiberein. 



The velocity and temperature fields of rectangular jets 

nOJlR CKOPOCTM I4 TEMl-lEPATYPbI CTPYfi FlPRMOYTOJlbHO~O CEYEHMII 

Atworauw-C ~OMO~bH)TepMO~HeMOMeTp~~3MepeHbICpe~HRRCKOpOCTbliTeM~epaTyp~~p~MO- 

yrO,,bHblx CTpyfi "PM pa3,IWHblX OTHOUleHWRX CTOpOH A reOMeTpABX COIUIa. TeMIIepaTypa CTpyH 

6bma Man0 0T~IWiH0fi OT TeMnepaTypbl OKpyXWOU@ Cpenbl, TaK YTO6bI ee MOKHO 6bmo paC- 

CMaTpABaTb KPK IIaCCMBHblfi CKWUIp. HaRneHo, YTO KaK CKOpOCTHOe, TaK A TepMHYeCKOe nOJ,R 

nOTOKa DenSITCII Ha TpA YeTKHe o6nacT&i, a WMeHHO ~OTeHUHaJlbHOe HapO,AByMepHyH3 06naCTb H 

0cecMMMeTpmHym 06naCTb,oTnMWIMble no pacnpenenetwo C~0p0cTH li TeMnepaTypbr. BenkiwHa 
KamnOi? M3 3TMX o6nacTeA 3aBMCMT OT OTHOIUeHMIl CTOpOH COIIJla. TeqeHMe B nByMepHOfi o6nacTH, 
KaK M B o6nacTw IICpeXORa K aC&iMMeTpAA,CHJlbHO SPBMCIIT OT reOMeTpMM COtIJla. HahneHo, YTO Ha 

6onbmclx PaCCTOFlHMSIX OT BbIX0fl.P M3 COnna II0JlS-l CKOpOCTM II TeMnepaTypbi aHaJlOrWiHbl OOJIRM 

npH McTeveHMti ~3 Kpyrnoro conna~oA)KennoLuan54. 
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