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SOME OBEERVATIONS OF FPLOW STRUCTURE IN MULTIPLE JET MIXING

A, Krothapalli,® D. Baganoff,** K, Karamchetit

Joint Institute for Aeronautics and Acoustics
Departmont of Aeronautics and Astronautics
Stanford University, Stanford, California 94305

ARSTRACT

Results of hot wire measur:ments in an incompres-
sible jet issuing from an array of ractangular lobas,
equally spaced with their amall uimepsions in a liae,
both aa a free jet, and as a confined 4et, are p.e~
sented, The quantities measured include mean v+locity
and the Reynolis stresa in the two central planes of
the jet at stations covering up to 115 widths (amall
dimension of the lobe) downstream of the nozzle exit.
Mecasurements are carried out in threc parts: a) on a
single rectangular free jet, b) on the same jet in a
multiple free jet confiquration, ©) on the same jet in
a multiple jet configuration with confining surfaces
(two parallel plates are symmetrically placed perpen-
dicular to long dimenslion of each lobe covering the
entire flow fleld under consideration). In the case
of A multiple free jet, the flow field for downstream
distance x greater than 60D (D = width of a lobe) resem=
bles that of a jet exiting from a two-dimensional noz-
zle with its short dimension bheing the long dimension
of the loba. The field of turbulence is found to be
nearly isotropic in the plane containing the small di-
mepnsion of the lobes for x greater than 60D, In the
~age of a confined multiple jet, the flow field is ob-
sarved to be nearly homogeneous and isotropic for x
greater than 60D.

NOMENCLATURE

AR = Aspaect ratie (L/D)

D = width (small dimension) of the lobe

L = Length (long dimension) of the lobe

L} = Spacing batween the plates

§ = Spacing between the lobes

U = Mean velocity component in the X-direction

Us = Mean velocity component along the centerline of
the Jet in the X-direction

Uy = Mean velocity component in the exit plane of the
jet in the X-direction

tlg = Mean velocity component of the secondary flow in
the X-direction.

*Ph.D, Student.

e
Profassor.

+Professor and Director, JIAA.

u = Fluctuation velocity component 1: the X«
direction

Yyms ™ Ya? = rms valocity fluctuations in the X~
direction

i = ¢53/u¢ {normalized rms velocity fluctuatirn in
the X~direction)

Vv = Mean vealocity component in the Y~direction
— V2 = rms velocity fluctuation in the Y-direction

V = yi!;uc {(normalized yms valocity fluctustion in
the Y-direction}

W = Mean velocity component in the Z~-direction

w = Fluctuation vaelocity component iu the Z-direction

wmsuv’\;i = rms velocity fluctuation in the Z-directio:

W = A2/Ug (normalized rms velocity fluctuation in
z~direction)

<

35 = Comporients of the turbulent shear strass tensor
Ve

X = Qoordinate along the jet axis

Y = Coordinate along the small dimension of the
lohe

Local half width of the U profile along the

Y axis

Coordinate along the long dimension of the lobe
Local half width of U profile along the Z~axis
n = yY/X

£ = 2/%
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Multiple jets are used in a wide variety of engi~
neering applications, for example, thrust augmenting
ejectors for VIOL/STOL aircraft, Tha configuration of
interest here is an array of rectangular lobes in a
line as shown in Figure 1. Very few investigations
have been reported in the literature regarding the
structure and development of multiple jets, in particu=-
lar the present configuration. Early work on this sub-
ject was done by Corrisin (1) who studied the flow
from seven parallel s.ot nozzles in a common wall with
emphasis on flow stabilization methods. Laurence and
Benninghoff (2), and lLaurence (3) studied the flow ema~
nating from four rectangular lobes, Most of the em-
phasis in these studies was placed on finding a noise
redneing mechanism rather than on the detailed struc-
ture of the flow field. The gross characteristics of
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Fig. 1 Model and Definitions
the flow field emanating from rectangular lobes in
line was recently reported by Marsters (4), The flow
emanat ing from a series of closely spaced holes in
line han been studied ex) *rimentally by Knystautas (5)
Overall aerodynamic studios have been made by Aiken (6)
on an ejector with multiple rectangular lobes with
various spacing to width ratios and nozzle dimensions,
In all the studies mentioned above, most of the mea=
surements were made on mean flow rather than on the
detailed turbulence structure. The purpose of the
present paper is to present and discuss the results of
experiments with a multipie jet configuration and thus
add to the understanding of its fluic mechanical struce
ture, The data also provide numerical analysts with a
basis on which a computational model can be built,
The experimental investigation presented here consti-
tutes a part of a larger programme on turbulent mixing
of multiple rectangular jets beiny studied at Stanford.
The characteristics of the flow field depend upon
the aspect ratio of the lobe, inlet geometry of each
lobe, the type of exit velocity profile for each lobe,
the magnitude of the turbulence intensity at the exit
plane of each lobe, the Reynold: number at the lobe
exit, spacing between the lobes, configuration of con=-
fining surfaces and condition of the ambient medium
into which the jet is issuing. In the present investi-
gation, a lobe of aspect ratio 16.7 was chosen. The
spacing between the lobes was 8D (D being the small di~
mension of the lobe) These parameters were chosen to
be consistent with tie nozzle used by Aiken (6). In-
let geometry of the nozzle was designed specifically
to obtain a minimum turbulence level at the exit plane.
The velocity profile at the exit plane of each lobe
was flat with a laminar boundary layer at the walls

A mean velocity of 60 m/s was mairtained at the exit
plane of each lobe. This results in a Reynolds number
of 1.2 * 109 based on the width of the lobe. Two par-

allel plates of 100 widtha long were symmetrically
placed perpendicular to the long dimension of the lobe
as shown in Figure 1. The spacing between the plates
can be adjusted between 1.2L to 1.7L (L being the long
dimension of the lobe),

Measurements were made using hot-wire anemometry.
They include the mean velocities and turbulent inten-
sities for the three components of velocity and the
turbulent shear stresses OV and 0W (see Pigure 1).
Most of the detailed measurements were made in the
two perpendicular central planes of the center lobe.

APFARATUS, INSTRUMENTATION AND PROCEDURE

A blow down air supply system was used to provide
the airflow to a cylindrical settling chamber whose
dimensions are 1.75 m long and 0.6 m in diameter, The
facility is designed to provide sonic conditions at
the exit plane of the nozzle for other experiments,
Before reaching the nozzle, air passes through an
adapter which contains six screens set 5 cm apart to
reduce disturbances at the inlet of the nozzle. The
ratio of areas between the adapter and the nozzle is
90, which is exceptionally large when ~ mpared with
the contraction ratio for conventions) wind tunnels.
The turbulence level at the exit of *he nozzle was
about 0.3% at 60 m/sec. The long (1) and short (D)
dimensions of the rectangular lobe exit are 50 mm and
3 mm respectively. The spacing (S) between the lobes
is 24 mm, Each lobe exit is preceded by a 40 mm long
rectangular (50 mm * 3 mm) channel. The spacing 1))
between the plates can be varied from 6 cm to 2.5 om
(see FPigure 1). The experimental facility and tie
maxdel are described in detail by Krothapalli (7).

The exit velocity of the jet was maintained to an uc-
curacy better than one percent,

Mea cements were made with DISA 55M01 constant
temperati e anemometers in conjunction with DISA 55D10
linearizers, Most of the measurements were made using
either an t-wire or a single wire, These wires were
manufactured by DISA and constructew from 5 um plati-
num coated tungsten wire with an active length of 1.2
mm, When X-probes were used, eacl of the attenuators
on the linearizers was adjusted to give the same out:
put for each wire when the probe was perfectly aligned
with the stream. The yaw sensitivity of each wire was
then checked. The simple cosine law was used to de-
compose the velocities. From the calibration, the use
of an x-wire probe in turbulent flows was found to be
limited to situations where the angular rotation of
the velocity vector does not exceed * 25°, The re-
sponse of the hot wire was assumed linear and no cor=-
rections resulting from higher order terms were ap-
plied.

The signals were then passed through two DISA
type 55D31 digital voltareters, DISA 55D35 rms units,
and TSI model 1076 voltameters to get the mean and rms
values. The intearation times on these instruments
can be selected in A.screte steps from 0.1 sec to 100
sec, Measurements of correlations were made using an
HP 3712 A correlator, For most of the results pre-
sented random errors were estimated to bc of the order
of 2 3 percent, and a systematic error in the axial
componeat of velocity (due to cosine law decomposi=
tion) of approximately 5 percent was present,

A Cartesian coordinate system (x,y,2) is chosen
with its origin located at the center of the center
lobe as shown in Figure 1, with the x axis oriented
along the centerline of the jet. Hot wire traverses
were made in the two central x,y and x,2 planes at
varicus streamwise (x) locations covering up to 115D,
Unless otherwise stated, all the data presented here
were taken with the x-wire probe. The experiment was
conducted in three parts., In the first part, measure=-
ments were made on the center lobe with all the other
lobes blocked. In the second part, measurements were
made on the center lobe with all five lobes blowing.
In the third part, measvrements were again made on the



center lobe with all five lobes blowing and with con-
gining surfacex in place. Most of the measuremcits

in all the three cases wore made on the two central
planes of the center lobe, Mean velocity measure~
ments were wade acroas the center thres jets ln order
to establish the xymmatiy of the flow about their cen=
tral planes; however, only the data for each half
plans of the center lobe will be prescnted.

RESULTS AND DISCUSSION

Ganaral Features of the Flow Field

Nn the hamis of the prezent invesatigation and
the results raported by Sforza et al. (8)(9), sfeir
{10) (11}, and thosa summarized by Rajarvstnam (12},
the flow field of a rectangular free jet may he repro-
sented schematically as shown in Flgure 2. Also
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Fig. 2 Schemati> Representation of Flow Fleld of a
Ractangqular Froe Jet

shown in the figqure (as an insert) is the variation

of In(Uu/Up)? with EnX/D. The three regions, as
shown in the Figqure, may be classificd as follows:

the firat region is referred to as a potential cove
region in which the axial velocity is constant; the
sacond region denocod by AB, in which the velocity de~
cays at a rate roughly the same as that of a planar
jet, will be roferred to ag tho two-dimensional re=
gion; and the third region downstream of B, in which
the velocity decays at nearly the same rate as that
of an axis,mmetric jet will be referred to as an axi-
symnetric region. The two-dimensional type reglon
originates at about the location where the two shear
layers in the X,¥ plane {(containing the short dimen-
sion of the nozzle) mast.  Correspondingly, one may
oxpect the axisymmetric region to originate at a loca-
tion where the two shear layors in the X,2 plane (con=
taining the long dimension of the nozzle) would meet,

Profiles of the mean axial velocity in the X,¥
and X,2 planes at three different locations are shown
in the schematic of flow structure in Figure 2. In
regions I and IY, the width of the jet in the X,2
plane is greater, as axpected, than the width in the
X,Y plane. At B the widths in both planes are about
the same. In region YIT the width in the X,¥ plane
bocomes larder than that in the X,2 plane.

The solid and dashed lines shown in the flow
schematic dopict the locl of maximum turbulent
stresses in the two planes being considered. De-
tailed discussion of the flow structure with sup=-
porting measurements is given by Krothapalli et al,
(13},

A schematic of the flow field of a myltiple rec~
tangular free jet is shown in Planve 3. Mean velocity
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Fig. 3 Schematic Represantation of Flow Fleld of a
Multiple Pree Jot

profiles in the two central planes for the center
three lcbes ara shown in the figure. For the configu-
ration tested (S » BD, AR = 16.7), the flow from sach
lobe does not axhibit any mutual interaction for X
less than 15D, Complete merging of the jots (i.e.,
individual jets lose thelr identity) is observed for
X equal to 60D, as indicated by a flat velocity pro-
file across the lobes, The mean velocity profils in
the contral X,2 plane at different downstream loca-
tions exhibits characteristics similar to that of &
gingle free jat, The shaded region is an attempt to
show the pseudo-~potential core region, after which the
jot acts like a single two-dimensional jet with its
minor axis baing along the Z-asxis,

The confined multiple jet confiquration under con=

sideration is shown in Figure 1. The leading sdgen of
the plates are rounded with no fairing added as shown
in the figure, 'The separation distance Iy bstween the
plates can be varied from 6 cm to 8.5 om. For Ly less
than 7.5 em (L3 < 1.5%) low frequency disturbances
{characteristic time yreater than 1 sec) are found and
mean axial velocity profiles (averaging time equal to
1 sec) in the contral X,Y plane are found to be asym-
metrical about thelr axes, For Ij greater than or
equal to 7.5 om (L) 2 1.5L), fower low frequencles
wore present, and the profiles look very much similar
to that of a multiple free jet with some secondary
flow induced botweon the jets, Most of the measure-
ments dascribed hereinafter are for the case of a sep~
aration distance of 7.5 em,

The profiles in the central X,Z plane show marked

differences when compared with a multiple free jet con-

figuration, and a schematic of thisz flow field is
shown in Figure 4. The profiles are plotted to scale,
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Pig. 4 Schematic of Axial Mean Velocity Profiles in
the X,2 Flane of a Multiple Confined Jet
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The dotted lines in the figure correspond to a pseudo-
potential core where the jet acts like a single jet
(see also Figure 1), The end of this pseudo-
potential core occurs at X equal to 60D Por X
greater than 60D, the mean velocity pro ‘es arve al-
most flat across the fet. This observati»n along
with previous discussion (regarding profiles in the
X.Y plane) suggest that the mean velocity for X
greater than 60D is homogenecus.

Mean Velocities

Mean axial velocity profiles, for the case of
multiple free jets, in the central X,Y plane for the
conter three lobes at various downstream locations
covering up to X equal to 60D are shown in FPigure 5.
At the oxit plane, top-Hst profiles with equal magni-
tudes are fornd with very little secondary flow be-
tween the jets, Sianificant mergiug of the jets

Fig. 5 Axial Mean Velocity Profiles Across the

Center Three Jets

first seems to occur at a location of about 18D, The
flat profile establishes that complete mixing of the
jets has occurred at a location of approximately 60D,
Velocity profiles are observed to be flat across the
center three lobes for locations of 60D & X 5 115D,
For the configuration (8§ = 8D, Ak = 16.7)
studied, a significant region exists where the mean
velocity profiles of the individual jers behave quite
independently of each other. However, measurements
for the case of two unventilated parallel jets, such
as the ones studied by Miller and Cummings (14), show
a subatmospheris pressure region between the jets
near the nozzle exit and the two jets attract each
other. To further examine this phenomenon, a short
time exposure (5 Ls) schlieren picture was taken of
the three center lobes and is shown in Figure 6.
Here, it is observed that the individual jets do not
attract each other and mix with ambient air quite in-
dependently. The large scale structure which usually
appears in the transition region of a jet can be seen
in this picture (refer to Krothapalli (7) for details)

Fig, 6

Schiferen Picture of a Multiple Free Jet

Mean velocity profiles, for the case of multiple
confined jets, are observed to be very similar to the
ones shown in Figure S5 at their corresponding loca~-
tions, except in this case, close to the jet exit, a
noticeable amount of secondary flow is induced between
the jets. The ratio of Uy (secondary flow velocity)
to U, (exit velocity) is about 0,08 at the exit plane
of the nozzle.

The decav of the square of the mean ax:al veloc-
ity with downstream distance for the three cases s
srown in Figure The three recions noted in Figure
2 are identified as the potential core region which
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Figa. 7 The Decay of the Axial Mean Velocity Along
the Centerline of the Jet
ends at 3D -« 4D, the two-dimensional jet type region

extending up to 60D, and the axisymmetric jet type re-
gion extending beyond 602, The decay for the case of
a multiple free jet is almost identical to a single
free jet up to X equal to 40D, For X areater than 40D
the decay is slower as shown in the figure. The decay
for the case of the multiple confined jet is almost
identical to that of a multiple free jet., Judaging
from this it seems that the effect of the confining
wurfaces on the centerline velocity of the fet is min-
imal,

The normalized mean velocity profiles in the X,Y
plane for the center jet from Y = 0 to Y = 4D (midway
between the two adjacent lobes) are shown in Figure 8
for the three cases. The profiles upstream of the
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Fig, B Axial Mean vVelocity Profiles ih the X,¥Y Plane

merging reglon are identical for the cases of a min-
gle det and the multiple free jet as depicted by the
profiles at X equal to 0D A nearly {lat profile is
observed at 60D, Most of the profiles for the case
ef the multiple vonfined ict, for X less than 40D,
have maonitudes less thon thoge of the single and mul~
tiple free jets, when rompared at their corresponding
locations, The secondary flow induced between the
jets ia first noticed in the profile st X equal to
10D. For X greater than or equal to 60D, profiles
for the multiple free jet and multiple confined fet
are almost identical, as shown in the figore, apd the
mean veloeity is uniform acvoss the lobes.

The normalized mean velocity profiles in the cen=
tral X, plane for the case of the multiple free jet
are shown in Figure 9 for various downstream loca~
tions. For X loas than or equal to 40D, the profiles
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Plg. 9 axdial Mean Voloelty Profiles in the X,2 Plane
of a Multiple Free Jot

exhibit a saddle shape with a maximum appearing neay
the ¢enterline, and are identical to that of a single
free jet whon compared at theiyr corvesponding loca-
tions., Profiles for X greater than 490 in the multi~
ple free jet case are broader than that of a single
jet at their corresponding locations. To further ex-
amine this, the growth rate in the X,¥ plane of the
center jet in kath the single and myiltiple free jet
configqurations are plotted with downstream distance
i1 Figure 10, The growth rate in the X,Y plane for a
single fet is also included in the fiaure {¥y, and 2
are the distances from the centerline of the jot to'a
location whore the mean velocity is half of the cen=-
torline velocity along ¥oand 2 axes respectively).
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Fig. 10 The Growth of the Jet with Downstream

nistance

As one expects from the above discussion, the grawth
rate of the et in the X,2 plane for both casex is al-
mort identical up to X equal to 40D,  For X greater
than 40D, the growth rate in the multiple jet configu~
ration ig greater than that of a mingle jet, From
these obrervations it may be concluded that, for the
spacing studied, the mutual interaction between the
jotw ix strongly felt at about X equal to 40D, while
significant merqing of the jets in the central X,¥
plane oceurs at X equal to 20D,

The nprmalized mean velocity profiles in the X,2
plane for the case of a confinad multiple jet are
shown in Figure 11, The abscidsa Z im normalized with
reaspept to the lobe width D, while as before the wean
voloeity is normalized with respect to the centeiii.g
mean velocity at the corresponding location., The fig-
are also indicates the position of the plate. For X
less than or equal to 40D, the profiles exhibit a sad-
dle shape. For locations X gzeater than or equal to
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Fig, 11 Axial Mean Velovity Profiles in the X,2 Plane

of a Confined Multiple Jet

60D, the profileg are more nearly uniform across the
o, and have a local minimum as shown in the figure,
These profiles along with the profiles in the cantral
X;Y plane (see Figure 8) for X qgreater than 60D suggest
that the mean flow is rouahly a uniform flow field,
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Turbulent Intensities and Ehear Stressen

The res intensity Tor the axial component of w»
locity along the centerline of tne jet for each of
the thraé cases ix shown in Figure 12, aleng with the
ranults (data rvervesented by a wolid line) of Gutmark
and Wygnanaki [15) for & planar fet, The rms inten=
ity is normalized with respect to the mean axial ve-
focity at the oxit rather than with the local mean
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Fig. 12 The variation of the rmy Value of the Axial
Component of Veloclty Along the Cesrterline
of the Jet

centerline velocity, The rmg values are almost iden~
tical in all the three eases for X less than 40D,

For X greater theh 40D, the values are almost identi-
©al for the multiple free and confined iets, with mag=
nitudes less than that of a single free jet, This
substantial reduction in magpitude is the reaylt of a
mutual interaction besween the adiacent ieis, The ve-
sults for a planar jet ar. shown for purposes of ¢om=
parison and exhibit values higher than that of the
gingle rectangular jet. It is felt that this differ-
ence can be attributed to difforent initial conditions
in the two experiments,

We have obworved that the values of vy, and Upmg
aiong the centerline have variations similar to vpmg.
For X greater than 60D we have found vpp, = Wymg & ih 9
Upmg fOr the case of the multiple free iet and
Vema & 0:B8 Uppy and W » 00B3 Uy, fOr the case of
the confined maltiple jet, which sugqest isotropy
along the centerline of the fot, i

Figure 13 presents the profiles for ulupmglly,)
in the X,Y plane for the case of the multiple free jet
and for different downstream locations. Profiles for
X less than JOD are almost identical to a single free
jat when compared at appropriate locations.  For X
areater than or equal to 60D, the profiles become flat
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Fig. 13 The pistribution of Axial Velezity Fluetuation
in the X, Y Plane of a Multiple Free Jet
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Just as the mean veloatty profiles. It was also found
that the profiles of v 4nd w for X greater than or_
equal to 60D are flat and equal in magnitude with 4 at
thair corrvesponding locations. This again suggests
isotropy in the central X,¥Y plane,

To further examine the degres of isotropy in the
central X.Y platie, the norwalized turbulent shear
streans (U for different dowmutream locations are
plotted in Figure 14, For X equal to 200, the profils
in quite ximilar to that o a single jet. PFor X
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fig. 14 The Distribution of the Turbulent Bhear
Styesn in the X,.Y Plane of a Multiple Free Ja

greater than 60D, the normalized strase is guite small
in contrast to a single jet where it varies only
alightly with dowmstream distance. 7The normalized tur-
bulent shear atress 4w in the %,Y plane is found to ba
negligible for all downatyeam stations studiaed,

Similar observations were almo made ir. the case
of the confined multiple jet configuration. Raference
t0 thege measursments can be found in the report by
Krothapalli (7).

The profiles of 0 in X,2 plane, for the case of
multiple free jcts, and for various downstream loca=-
tions covering up to 100D are shown ir Figure 15, FPor
¥ lass than 40D, the profiles are similar to those for
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fig. 15 ‘The pistribution of Axial Velocity Fluctuation
in the X,2 Plana of a Multiple I'vee Jet

a single free jet. For X greatexr than or equal to 60D,
the profiles develop a pronounced saddle shape as shown
in the figure. The appearance of a saddle shape pro-
file in a jet usually indicates the end of the poten-
tial core. With this in mind, one may conclude that
the flow field appears as though it is emexging from a
single twe-dimensional slot with the width of the slot
baing the long dimension of the lobe, Tha shaded re~
gion in Figure 3 was drawn to represent a paeudo~
potential c¢ore for this esquivalent two-dimensional et
which ends at X aqual to about 60D,
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The profiles of U in the rentral X,Z plane, in
the case of the confined multiple jet, for different
downstrean locations, ave shown in Figura 16. The
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Fiq. 16 The Distribution of Axial Velpeity Fluctuation
in the X,2 Plane of & Confined Multiple Jet

dixtance along the 2 axis is normalized with respect
to the width D. Profiles for X leas than 20D are al-
most identical to those of a multiple free jet when
compared st corresponding locations. Unlike the pre-
vinus case, a very mild saddle shape profile is devel-
oped at X equal to 60D, and the profile is nearly uni-
form, Further flattening oceurs for logations X
greater than 60n, This obrervation along with the
corresponding profiles in X,¥ plane suggest that the
field of turbalence is quite homogeneous.

We have obgerved that the profiles of v and w
are also uniform for X qreater thap S0D, with the val-
ues v ® 0,880, ani w ¥ 0,830, Judging from these roe-
sults one can conglude that ths flow field in the
channel for X greater than 60D is nearly homogeneous
and isotropic in structure, The flow fiold for the
center threo jets thus have characteristics quite sim-
ilar to that of a flow generated by a yrid,

The normalized turbulent shear stress Gw in the
central X,o plane, in the cage of the multiple freo
jeat are plotted in Figure 17, At each location X, the
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Fig. 17 The Distribution of the Turbulent Sheax Stress
in the X,2 Plane of a Multiple Free Jaot

point of maximum shear stress corresponds to the point
where the velocity gradient (JU/3%) and tarbulent in~
tonsities are maximum. We again found, when compared
with that of a single free jet, that the values of IR
for X greater than 40D are less at corresponding loca=
tians. In addition, the magnitudes of Uv are nealiai~
ble in the central X,2 plane.

The normalized turbulent shear stress Tw in the
X:2 plane, in the case of a confined multiple jet, for
varisus downstream locations are shown in Figure 18,

Fig. 18 The Distribution of the Turbulent Shear Strass
in the X,2 Plank of a Confined Multiple Jet

The values of W in the pressnt case are lower than
thoss for the multiple free jet at corresponding loca=
t{onk, The values of T6/UZ across the jet for X equal
to J0OD are very small (of the order uf 0.003), Like=
wine, the magnitudes of @9 in X,Z plase are found to
be very small.

These results along with méan velocities and tur-
bulent intensities in both X,¥Y and X,2 planes suggests
that the flow field iz nearly homogeneous and {sotropic
in the channel for X greater than 60D,

CONCLUSIONS

In the case of a wingle rectangular jet, the flow
is characterized by the presence of three distinct re-
gions whon the decay of the squave of the axial mean
velocity iz used to describe the flow field. These re-
qions ate: the potential core ragion, a two-dimensional
type region and an axisymmetrie regien,

For the case of a ventilated array of rectangular
jetw having a spacing ol 8D the following observations
are made, Because the individual jets act quite inde-
pendently of each other near the nozzle exit, the
point at which the individual jets begin to merge can
he estimated from data on the growtl, rate of a single
jot, Par downstream the flow field appears ams if it is
emerging from a single two=dimensional slot with the
width of the slot being the long dimension of a single
lobe, The mutual interaction between the jets results
in a lower turbulence level when compared to a wingle
jet at corrvesponding locations.

Por the case of the confined multiple jet with a
separation distance between the plates of 1,55, the
following obsarvations are made. The flow field in the
central X,¥Y plane (plane of the array) was little ef-
fected by the presence of the plates and the mean veloc-
ity profiles leok very much similar *o that of the mul-
tiple free jet at corrvesponding locations. For X
greater than 60D, the mean velocity profiles are unj-
form across the lobes (in the X,¥ plane) as in the pre~
vious ~awe, and in addition the profiles are uniform
across the jet in the X,2 plane. The field of turiu-
lence for X qreater than60D was found to be uniform and
isotropie in structure, From these cbservations ong
may conclude that the €low field, for the configuration
undar study, and for X greater than 60D, is nearly homo=-
geneous and isotropic,
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