S9th AUSTRALASIAN
FLUID MECHANICS CONFERENCE,
AUCKLAND, 8-12 DECEMBER 1986

Influence of Confinement Geometry on Mixing Characteristics
- of Co-Axial Swirling Jets

D. P. AGRAWAL, S. N. SINGH, R. C. MALHOTRA and A. K. RAGHAVA

Indian Institute of Technology, Delhi-18, India.

INTRCDUCTION

Swirl is imparted either to the fuel jet
or to the air jet or both in combustion
chambers, furnaces to achieve enhanced mix-
ing between the two streams. The swirl
induced recirculation zones, observed in
furnaces, combustion chambers are responsi-
ble for flame stabilization. Mixing of these
co-axial swirling jets is governed by geo-
metrical as well as fluid dynamical para-
meters. Literature reveals that the effects
of dynamical parameters such as swirl, turb-
ulence level etc. on the flow development and
mixing of co-axial jets have been investi-
gated by many researchers [2,6,8,9]. Singhl6]
has obtained a swirl combination (outer=-45°,
and inner = 30°) to give better mixing and
uniform flow in a shorter length for a sudd-
enly expanding confinement. He has used a
diametral expansion of 2.0 and length of con-
finement as 1.5 m.

Investigations on the effect of geo-
metrical parameters on flow development for
co-axial swirling jets is limited. Dixon
et al. [1] have investigated the effect of
quarl angle and its lengh on mixing and de-
velopment of swirling co-axial jets. Flow
from the quarl exhausted into the atmosphere.
Habib [10] investigated the effect of two '
expansion shapes on the jet mixing with ann-
ular swirling jet.

He has used a sudden expansion
and a quarl with half guarl angle of 35° at
the jet exit plane. The flow exhausted into
a long duct. Singh et al. [5] have investi-
gated the effect of blockage shapes at the
exit of the test section length for a weak
swirling outer jet. They [7] have also inves-
tigated the effect of length reduction on the
flow development and mixing for contra-
swirling jets. Mahallawy and Hassan [3] have
studied the effect of test section length on
the concentration distribution with swirling
annular jet. Choi et al. [11l] have con-
ducted measurements for nonswirling jets
exhausting into variable area duct.

In the present paper, the results of a
systematic study undertaken to analyse the
effect of expansion shape and ratio of the
confinement for fixed contra swirling jets
have been reported. The swirl combination
(Outer = —-45° and Inner = 30°)has been
selected based on Singh [6]. Further, jets
were exhausted into a sudden expansion of ex-
pansion ratio (1.5,2.0 and 3.0),quarl with
constant angle and a quarl with variable
angle. The later two shapes were connected
to a confinement duct of expansion ratio of
2.0,

TEST FACILITY

The experimental apparatus used in the
present investigation is shown in Fig. 1.
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The main components of the rig were an
air supply unit,settling chamber, swirlers,
annular and central jet, flow regulating de-
vice and the confinement. The important
features of the experimental facility are -

39 mm(ID) and 42 mm(0OD).
Fully developed turbulent
velocity profile at the jet
exit plane in the absence
of swirler.

Central jet or
Round jet

42 mm (ID) and 100 mm (OD),
Flat Velocity profile in the
absence of the swirler.

outer jet

Swirlers Vane Swirlers.

Confinement expansion shape:
Jet exhausting in (I) a
constant angle guarl (19°)
(I11) A wvariable angle
quarl, (1iII) A sudden
expansion (Fig. 1). These
expansions were exhausted
into a confinement of 2.0
and lergth equal to 1.5 m.

Test Section

Confinement expansion:

Three confinement geometries
with diametetral expansion
ratios of 1.5, 2.0 and 3.0
for fixed length of 1.5 m.

Cold air was used as the medium for both the
jets and the experiments were conducted for
a fixed velocity ratio of 1.6 between outer
and inner jets.

Velocity traverses were carried out
using a calibrated three hole probe in radial
direction at various axial stations along the
test section. Wall pressures were measured
by the static pressure taps fitted on the
test section wall.
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RESULTS

Mean Velocity Field:

Figure 2 shows velocity distribution for
sudden expansion ratio of 2.0. The axial
velocity at the jet exit plane (x/d _=0.0)
increases from the centre towards the inter-
face, the peak being close to the interface.
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FIG. 2: VELOCITY DISTRIBUTION FOR
EXPANSION RATIO 2.0

The increase in velocity being rapid between
R/R_=0.2 and R/R _=0.3. The axial velocity
profile for the Buter jet is similar to a
fully developed turbulent profile. At x/d =
0.25, the centre line velocity becomes zero.
Rapid changes in velocity profile are seen
mainly in the central core near the jet exit
plane. At x/d =1.25, the flow begins to fill
up the total cFoss-section attaining a uniform
distribution at x/d_=2.25. Further downstream
the flow is wall oriented, an affect which
could be attributed to the presence of large
component of circumferentizl velocity close

to the wall as seen from Fig. 2b. The cir-
cumferential velocity distribution at inlet
has the expected form of distribution. The
decay of the circumferential velocity in the
near jet exit region is rapid in the centre
core with a spreading.out tendency in the
outer core. Beyond x/d =1.25, the distribution
is of the forced Vortexctype with a decaying
trend.

The axial velocity distribution for
expansion ratio of 3.0 shown in Fig. 3a depicts
a similar profile at the inlet to Fig. 2a. At
x/d = 1.25, the inner jet is completely en-
gul?ed by the outer jet. The flow attaches
to the wall at x/d _=2.25 and becomes nearly
uniform at x/dO = 3.25. The circumferential
velocity distribution Fig. 3b is similar to
expansion ratio of 2.0 (Fig. 2b) except at
the last station where the velocity is uni-
form instead of forced vortex.

x/do
0 0.0
192 o 0.25
a 0.75
i 41.25
10 x1.75
R #2,25
0-8 ®3.25
>
206
=]
~
S 04
02
0.0 —u =
_’“L R/Ro 20 '

FIG.3a: AXIAL VELOCITY DISTRIBUTION FOR
EXPANSION RATIO OF 3.0
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FIG. 3b: CIRCUMFERENTIAL VELOCITY DISTRI-

BUTION FOR AN EXPANSION RATIO OF 3.0

Figure 4 shows velocity profile at inlet
for expansion ratio of 1.5 to be similar to
expansion 2.0 and 3.0. However, at x/d_=0.25,
negative velocities appear at the centré line.
As the fluid flows downstream, central re-
circulation core (CRC) increases in size. The
formation of the CRC could be attributed to
the effect of low availability of surrounding
stagnant air for entrainment. Formation of
the CRC forces the bulk of the flow towards
the wall resulting in reduced wall recir-
culation length. After attachment, of the
flow at x/d =1.25, the flow distributes itself
to attain ufliformity, limiting the growth
of the CRC which disappears only at around
x/d =1.75. -Beyond this point, the flow fills
the®test section at x/do=2.25 and even at
x/d =3,75, the flow is wall oriented. The
circumferential velocity distribution is
similar te the other cases at the inlet but
in the near jet exit region, the peaks move
away from the centre due to formation of CRC.
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FIG. 4: VELOCITY DISTRIBUTION FOR AN
EXPANSION RATIO OF 1.5

The velocity distributions for the two
quarls (constant angle and variable angle)
are depicted in Figs. 5 and 6. The inlet
axial velocity profiles is unaltered in com-
parison to Fig. 2. A CRC appears at the
centre for both the cases as the flow pro-
ceeds down-stream in the gquarls and the peak
velocity of the outer jet shifts towards the
wall. Further, there is no recirculation near
the wall. The CRC covers a larger portion of
the confinement in both axial and radial
directions as compared to Fig. 4. For the
variable angle gquarl, the size of CRC is
largest. The CRC disappears at x/d =4.75 for
both the cases. The circumferentia¥ velocity
trend for both the quarls is identical all



élong the test Section(see Fig. 4) except
in the near jet exit region where it has a
double crested shape.

x/do

00.0
o 0.25

(b) CIRCUMFERENTIAL
VELOCITY

FIG. 5: VELOCITY DISTRIBUTION FOR CONSTANT
ANGLE QUARL FOR FIXED EXPANSTION
RATIO OF 2.0 x/do

00
1.2 °=u»:51.u
o135
10 %175 0.8
*2.25
0.8 \ v275 o6t
: ‘33'72?0'5
0.6 ;0.4
>
£ 0.4 0.2
~ 3 3
2> 0. 0.0
0.0, -0.2
-0.2 -0.4
-0, -0.61
(b) CIRCUMFERENTIAL
—~0.6 -0.8% VELOCITY
FIG. 6: VELOCITY DISTRIBUTION FOR VARIABLE

ANGLE QUARL FOR FIXED EXPANSION
RATIO OF 2.0

Centre Line Static Pressure and Velocity
Distribution

Figure 7 gives the centre line static
pressure and velocity distribution. It can be
seen from this figure that the Cp value is
approximately same for all the cases near the
jet exit plane. It decreases slightly for the
cases where CRC occurred and after x/d =1.0,
it becomes constant. For the cases, where
there is no CRC (expansion ratio 2.0 and 3.0)
the pressure remains constant till x/d _=0.75
after which it falls to a lower value Bill
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FIG.7:

ING JETS FOR DIFFERENT TEST SECTION SHAPES
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x/d =1.25. Thereafter it increases and becomes
conStant beyond x/d_=1.75. The Centre line
velocity plot clear?y shows that there is no
tendency for recirculation for expansion

ratio 3.0. It approaches zero value for ex-
pansion ratio 2.0 at x/d =0.25. For the other
three cases CRC is obserPed. Further the pre-
sence of guarl at the jet exit plane increases
the sizé of the CRC which is maximum for
variable angle quarl.

Wall Recirculation Length

To correlate the formation of wall re-
circulation with expansion ratio, a cross
plot is given in Fig. 8, which shows that the
variation of wall recirculation length is non-

linear. It is smallest for expansion ratio
1.5,
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Centrifuga! Force

The centrifugal force distribution was
alsn obtained which is presented in Fig. 9 for
the cases with CRC and expansimn ratic 2.9 at
a fixed axial location of x/d 0.75. It is
ohserve” that centrifugal force peak for the
cases of CRC moves towards tie wall »t an
appreciable rate and has a well defined peak
where as for the other cases it has a broader
peak.
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CONCT.USTONS

(1) Guiding the flow between the jet exit plane
and confirement duct entry or reducing the
expansion of the confinement results in
fermotisn of CRC. The width and the
length of the CRC is maximum for the
akle =ngle g:arl.

vari-
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Flow is wall oriented for the confine-
ment expansior saspesz. Mixing of the
flow is better for cases with CRC due to
singlz je® behaviour being observed from
the jet exit plane itself. 1In terrs

of flow developrent, expansion ratio 2.0
leads to development much fasiecr than
otiler cases.

The variation of wall recirculation
length tit'. excansion ratio is non-
linear.

The centrifugal force acting on the flow
field had the tendency to pull the flow
apart from t»e centze i1. those casas
where CR. is formed.

The flow behaviour at higher confine-
ment expansion ratios is analogous to
unconfined flow conditicns.

NOTATTIONFS

e 4 2
Coefficient of Pressure(=(P—PAv)/%DUTAV)
Centrifugal Force (N)

Outer diameter of outer jet

Static pressure
Average static pressure at inlet
Radius at the point of mcasurement

Velocity component in axial direction
(m/s)

Average total velocity at inlet

Velocity component in circumferential
direction (m/s)

Axial distance from jet exit. plane

Density of fluid ({Aix)
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