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Effect of Micro Jet Control on the Flow Filed of
the Duct at Mach 1.5

S A Khan, Abdul Aabid, Imran Mokashi, Zaheer Ahmed

ABSTRACT---This article reports the outcome of the wind-
tunnel investigation on the role of micro jets as an active control
on the wall pressure distribution. Four tiny jets of 1 mm diameter
located at 90-degree intervals along a pcd of 1.3 are employed for
the control. The Mach number considered for suddenly expanded
flow through the nozzle is 1.5, and the microjets are expanded
suddenly into a duct at the base with an area ratio of 3.24 times
the CD nozzle exit area. The L/D ratio of the duct was reduced
from 10 to 1 in steps of 1. The nozzle pressure ratio (NPR) was
operated at 3 to 11 with and without control. The wall pressure
distribution is observed in the suddenly expanded axi-symmetric
duct. From the results, it has been found that the wall pressure
distribution does not adversely influence the micro jet controller.

Keywords—Wall pressure, L/D ratio, NPR, Mach Number.

l. INTRODUCTION

The study of base drag during a sudden expansion of fluid
is of vital importance in the area of aerodynamics. In
projectiles, missiles, rockets and the rear body of the fighter
planes, base drag due to flow separation at the base of the
aerodynamic body contributes to a more significant portion
of the total drag. For instance, a base drag contribution can
be as high as seventy percent of the total drag for a rocket
with power off. Massive-scale flow unsteadiness, frequently
related to the turbulent separated flow, can introduce
additional difficulties like base buffeting, which are
unwanted.

Due to broad applications of suddenly expanded flows in
aerodynamic and re-entry vehicles, the present investigation
is motivated to analyze the behavior of base flow from a
converging-diverging nozzle. A number of methods and
research works are available which talk about the regulation
and reduction of base drag by controlling the base pressure
using active and passive controls. The following section
provides a detailed review of literature works reported on
the use of novel techniques to control the base drag.

1. LITERATURE SURVEY

Khan et al. [1]-[3], experimentally investigated the
effectiveness of micro jet in controlling base pressure in an
axisymmetric tube. Tinyjets four in the number of 1 mm
orifice diameter located at 90-degree interval at pcd of 1.3
were positioned in the base region as a control mechanism
for the enlarged duct flow field. The Mach numbers

Revised Manuscript Received on August 19, 2019.

S A Khan,Mechanical Engineering Dept. Faculty of Engineering,
UM Kuala Lumpur, Malaysia. (sakhan@iium.edu.my)

Abdul Aabid,Mechanical Engineering Dept. Faculty of Engineering,
IIUM Kuala Lumpur, Malaysia.

Imran  Mokashi,Mechanical Engineering Dept. Faculty of
Engineering, ITUM. Kuala Lumpur, Malaysia.
Zaheer Ahmed, Mechanical Engineering Dept. Faculty of
Engineering, IUM, Kuala Lumpur, Malaysia.
Retrieval Number: B114808825819/2019CBEIESP E:*b"SEhEd %Y oence Enginceri
DOI:10.35940/ijrte.B1148.08825819 1758 & Soionces Publioation oo

considered by the authors for the suddenly expanded flow
were 1.25, 1.30, 1.48, 1.6, 1.8, and 2.0 with an axis-
symmetric duct of area ratio 2.56, 3.24, 4.84, and 6.25 times
that of CD nozzle exit diameter of 10 mm. The duct L/D
ratio of the suddenly expanded flow regime was varied from
reversely 10 to 1. In their other work [4], [6], they
investigated the effectiveness of microjet control under the
influence of over, under, and correct expansion to control
the base pressure at the nozzle exit. Four micro-jet of one-
millimeter orifice diameter located at ninety-degree intervals
along a PCD of 1.3 times the nozzle exit diameter in the
base region was placed as active controls. Experimental
examinations were carried for Mach numbers 1.5, 1.3, 1.6,
1.8, 2.0, 2.5, and 3.0. The micro-jet used for an area ratio of
2.56.

Baig et al. [7] presented an investigation on base pressure
control in suddenly expanded flow with the microjet as the
control mechanism. Experiments were conducted to assess
the usefulness of active control. Micro jets at four locations
of the base region, symmetric to the CD nozzle axis were
used as the active control. The jet Mach numbers at the exit
of the flow accelerating devices were 1.87, 2.2, and 2.58.
The area ratio of the duct for experiments selected was 2.56.
The L/D ratio of the sudden expanded circular pipe
considered was from 10 to 1. The flow accelerating devices
(i.e., the Nozzles) generating the above Mach numbers and
the carrying the inertia levels were operated, and tests were
conducted with nozzle pressure ratio (NPR) in the range 3,
5, 7,9, and 11. Baig et al. [8] in their work, experimentally
investigated airflow through the CD axi-symmetric nozzles
into a circular tube of more significant area ratio focusing on
the base pressure and flow established in the sudden
expansion duct.

Vikramaditya et al. [9] investigated the pressure-flow
variations experimentally in the base region of a
characteristic missile shape at a freestream subsonic flow of
Mach number 0.7. Their purpose was to characterize the
pressure-flow variations and explained the effect of base
cavities on its performance. They conducted experiments for
unsteady pressure measurements at six azimuthal positions.
Considerable fluctuations in the characteristics of pressure-
flow were observed in the azimuthal direction laterally due
to the irregularity of the model. The base cavities were
realized to improve the base pressure and decrease the root
mean square of the pressure variations. They showed that
the higher-order moments provide lessening tendency as the
length of the base cavity is augmented.
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Chaudhary et al. [10], [11] studied the consequence of the
tests pertinent to the flow control at the base in the
recirculation zone. Micro jets of one-millimeter orifice
diameter placed at ninety-degree separation at a PCD of 1.3
times at the periphery of the CD nozzle having exit diameter
of 10 mm in the base region were employed as the dynamic
control mechanism. In this work, base pressure for Mach
values 1.1 to 1.3 are measured with the control and the wall
pressure variation is provided for Mach 1.6 and Mach 1.8.
Axi-symmetric circular brass pipes were used for the
expansion of flow for jets exiting from the nozzles, and the
cross-sectional area ratio of ducts was 2.56. L/D ratio of the
broadened pipe was varied from 10 to 1, and the NPR
testedwerefrom 3 to 11.

The study was carried out to assess the usefulness of the
flow regulations in the form of tiny jets to control the
pressure in the base region of an abruptly expanded duct
[12]. Experimentally investigated the microjets control duct
for an area ratio of 7.56 [13], 2.56 [14], 3.24 [15], [16], 4.84
[17]. Also, the results were numerically simulated and
validated with the experimental results [10] and also,
simulated the base pressure reattachment lengths for
different flow condition (i.e., Mach number, area ratio, and
the level of expansion) [18].

On the other hand, the CFD method as a tool of numerical
simulation has also been used to investigate the flow-field in
CD nozzle. A two-dimensional planar CD Nozzle was
modeled and analyzed in ANSYS commercial code [19].
For the analysis of the results, a k-¢ turbulence model with
standard wall function effect has been used with the ideal
gas equation. From the contours and plots, pressure, and
velocity flow from the inlet to the outlet of the planar nozzle
were observed [20]-[24]. The CFD method was also used
for a wedge model to investigate the shock wave formation
at supersonic flow regimes [25], [26]. Investigated the flow-
field for non-circular cylinder using CFD method [27].
Moreover, in some studies, it is found that the CD nozzle
designed and modeled using CFD code along with density-
based effect [28]-[31]. Nevertheless, to the best of the
author’s information, there is no work stated with active
control effect of wall pressure distribution for Mach number
1.5 and area ratio of 3.24. Consequently, in the current
work, an effort is made to investigate the wall pressure
distribution with active control in the form of a microjet
controller under an auspicious pressure gradient and
compared the flow field with an internal and the external
flows using CFD method [32]. They concluded from their
studies that the nature of the flow seems to be identical
without introducing any complications in the flow field.
They further stated that the internal flow has several distinct
advantages. Base pressure control in CD nozzle using a
small cylinder also been found, and they controlled base
pressure two methods such as active and passive control
[33] - [37].

1. EXPERIMENTAL INVESTIGATION

Fig. 1 shows the details of sudden expansion flow filed
showing the dividing streamlines, reattachment length as
well as the point, expansion waves, and recirculation zone
and the development of the boundary layer. The same
concept is used to perform the experimental investigation
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The gas is allowed to pass through the predetermined
values and regulated then and adequately through the model
of experimentation. Duct attached to the nozzle is the
experimental model for the flow development, and the
measurement of the base pressure and the wall pressure are
planned and to achieve the objective the tiny jets are
employed here. The flow expanding from the nozzle and
reaching the end downstream of the duct is exposed to
ambient atmospheric pressure. In Fig. 2, the schematic view
of the setup used for the analysis is shown. Fig. 3 show the
remaining arrangement involved in the setup. At the nozzle
exit and base of the duct 1 mm holes, eight in number are
arranged to blow jet using 4 holes at the base corner of the
flow. The remaining four holes are for the pressure
measurement at the base. Along the length of the duct, the
wall pressure taps are provided to measure and record the
wall pressure along with the flow in the duct. The pressure
range is a 0-15 bar of the transducer employed, and it has 16
channels. The sampling rate of the pressure transducer is
250 samples per second, and then the reading is displayed
on the monitor and recorded. The wall pressure was
recorded using mercury multi-tube manometer as the
pressure transducer has only sixteen channels. The pressure
transducer was used in the area where the flow is
susceptible; there are many activities that are taking place
due to the expansion, compression, and recombination of the
flow in the enlarged duct. The flow after exiting from the
duct gets reattached with the duct wall, and pressure
recovery also takes place. The process of recombination,
reflection from the wall will continue until the flow has
attained the ambient conditions.

V. RESULTS AND DISCUSSION

Fig. 4 present the wall pressure distribution in the
enlarged duct for area ratio 3.24, for some selected
combination of Inertia levels. For this area ratio of 3.24, the
area of the duct marginally more substantial than the area
ratio of 2.56 where the duct diameter is 16 mm and in this
case it 18 mm and it is the case of slightly increased relief
for the expanding flow.

Wall pressure results for Mach 1.5 are shown in Figs. 4. It
is seen from these results that, for L/D = 10 and M = 1.5 the
control influence is minimal (as in the case of Figs. 4(a) and
it does not influence the wall pressure adversely. There is a
marginal change in the wall pressure values for the higher
NPR. Further, it is seen that for NPR 3 and 5, the
fluctuations in the wall pressure are at the minimum level.
Moreover, these are limited within 10 % distance from the
exit of the duct diameter, whereas for all the NPR’s the
static wall pressure flow field by itself is oscillatory due the
flow being over, under, and ideally expanded. Hence, due to
the small increase in the relief available to the flow, the flow
will not be oscillatory in nature as the shear layer exiting
from the nozzle gets the increased area to expand, and the
control effectiveness is nominal.

Fig. 4 (b) presents similar results of the wall pressure data
for L/D = 8, as was observed in the previous figure. Figs.
4((c) to (d)) represent the wall pressure outcome for L/D = 6
and 5 with the exception that due reduction in the L/D ratio
there is some influence of backpressure and the peak
pressure values are higher than that those were for higher
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L/D ratios namely at L/D =5 (L/D = 10 and 8) respectively.
The results in the figure indicate that the flow field once
again has smoothened in the duct and the wall pressure
values with and without control are identical and not getting
aggravated due to the presence of the control mechanism.
This trend continues until L/D = 4, 3, and 2 (Figs. 4((e) to
(9)), then later for lowest L/D like L/D = 1, the flow in the
duct remains attached to the walls because of which the
length is found to be insufficient.
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V. CONCLUSION

Wall pressure distribution in suddenly expanded flow into
a duct of area ratio 3.24 with and without control is
investigated in detail in the present work. The Mach number
selected for the present analysis is fixed at 1.5. The L/D
ratio of the suddenly expanded circular pipe where the flow
expands is varied from 10 to 1. From the investigation on
wall pressure distribution, the following conclusions are
drawn:

1761

At 3.24 area ratio, the Mach 1.5 the analysis for base
pressure show a significant increase in the base
pressure, and hence the effectiveness of the control is
visible.

The use of micro jets resulted in a decrease of the
suction at the base and hence decrease in the
associated base drag for the parameters adopted here.
This has caused improvement in the pressure at
recirculation zone at the corner.

The prime outcome of this experimental investigation
is that active control does not adversely affect the static
duct pressure in the suddenly expanded duct and hence
the resulting flow field of the circular duct.
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