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INTRODUCTION

Creatures of nature, after years of evolution, ceddrag by biological structural adaptive contrd]. [
Drag reduction techniques mimicked by us in todayteld is a primary engineering goal [2]. The hilfach
number vehicles are designed to have bluff-nosedace aerodynamic heating but leads to strong sluwek at
nose which further lead to high pressure drag. Tiad-pressure drag is known as wave drag. Anatyyee of
pressure drag is base drag i.e. partial vacuurmbehée base. The vacuum acting behind the highdspelgicle can
result in 50 % of the total drag of a missile injabcondition [3]. This encourages researchem@erodynamics to
explore new techniques to reduce base drag. Wthisnpaper, have focused on base drag reductionic®¢o
reduce base drag of wings using blunt base is bttee@pplications [4]. Another application is l@hrvehicles [5].
Computational analysis of the effect of geometnd #ow parameters on velocity was studied by[@]stlyiving
future trend for a shift from expensive experiméotato computation. Turbulent flow study after thedden

change in cross-section in subsonic regime is @nodsearch area [7]. Thus, we can see the appfidatdifferent

fields and would like a robust control to adapthie need.
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LITERATURE REVIEW
Previous Study About Aerospike

Wave drag reduction using aerospikes at high-sfile@sts were investigated a long time back [8]. [#ldies
force and moments over the blunt-nosed body owem#rospike at Mach number of 6. Laser pulse irfdima of acting
spike was used to control wave drag [10]. Thusenagses across a high-pressure along a singleahshock is replaced
by pressure distribution along oblique and norrhalck [11]. Research shows different types of spitesh as hemisphere
spike, conical spike, flat spike, and square spiked to control wave drag and the wake-region loettie fore body is
directly influenced by the pressure on its nose #med deflection of the flow [12]. However, all thpgevious studies
focused on controlling high pressure drag usingsmace but no literature to the author's knowledigeut base drag
reduction with spikes was available. Thereforethie present work, an attempt is made in controliegression behind
the vehicle using aerospikes. Various methodsdaae drag have been used both to the authors kdge/leerospikes to

control base pressure for reducing base drag hesused for the first time.
Previous Study about Base Drag Behind Bluff Bodies

Manipulation of base pressure can be done by efthssive or active control to reduce base drag.eSohthe
common passive methods are splitter plate, sphttedges, boat tailing and serrated trailing edgd [While active
methods are injection [14], base-bleed [15], pedadiction and injection [16], counter flow blowifitj7], microjets [18],
plasma actuator [19] are being studied by few mebeas. [20] investigated different passive antilvaanethods for drag
reduction behind bluff bodies but the study wasitkoh to incompressible subsonic flow. [21] usedivacitontrol of
blowing to reduce base drag in axisymmetric bludtlies. Taking Ahmed body as bluff body, the dragged reduced
with flaps on Ahmed body [22]. Thus, enormous &itere can be found regarding base drag reductibmtvdluff bodies
and aerospikes as a controller in high-pressure tmrt nowhere we can find the use of spikes in po@ssure zone.

We propose to use aerospikes behind the bluff saabeshown in the Figure 1.
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Figure 1: Spike Control Attached Behind the Bluff Body

EXPERIMENTAL SETUP

Internal Flow Apparatus

Storage tank with compressed dry air is tunneleth¢osettling chamber through a control valve.Ha settling
chamber the flow attainment equilibrium and is liert expanded through the nozzles of exit area 190tmthe abrupt
duct of cross-section 625 mMniThe desired stagnation pressure in the setdlmgmber is achieved by regulating the
control valve. The L/W ratios varied are 4, 6, 8 d9 for fixed Mach number as 0.6, 0.7, 0.8 and 0.9
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Aerospike control was tested for all ducts from 4WLOW and for all Mach numbers as stated abovessere
transducer PSI model 9205 is used for measuring, basll and stagnation pressure in the settlingntda. It has 16
channels and pressure range is approximately OpEbOIt averages 250 samples per seconds and yisplessure
readings from all the channels simultaneously wmirdow type display on the computer screen. LabVIEWftware is

used as an interface between DAQ, Sensors and ¢emg@ur focus is mainly on how the geometric pagmL/W ratio
influences the base pressure.

Fabricated Models

The models of the present study consist of aréa oatsquare duct of a larger cross-sectional afethe square
nozzle equal to 6.25.. The convergent nozzle igdated out of brass and ducts from a low-gradel gtipe. Two pressure
sensing points of 1mm diameter at the opposite aadshown in figure 3 for nozzle and figure 5 fontrol plate of 1mm
thickness need to be aligned accurately beforérggathe experiment to get an accurate base pessaasurement. Also,
two aerospikes of the same length to control twiasste bubbles have been shown. The diameter agpike is 2 mm and
length is 8D. In the center of control plate thexe slot of cross-section equal to nozzle exigguFé 4 displays the four

ducts of 4W,6W, 8W and 10W respectively, along vpitessure tabs for measuring wall pressure. Pressue measured
in various L/W ratios at different tab positions the duct.

Settling

sensin,

ifure 3: Square Nozzle Attached to
Settling Chamber

Figure 4: Different L/W Ratio Duct Figure 5: Control Plate with Aerospikes
RESULTS AND DISCUSSIONS

Base Pressure Analysis

The focus of this study is to check the effect@fospikes in controlling the base pressure to redhase drag for
different length of the ducts. From the plots, bpsessure clearly shows its dependency on geonpremeter such as
L/W ratio at fixed Mach number and area ratio. Alte aerospike effect on manipulating base pressureduce base
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drag was quite remarkable for all L/W ratiosthe constant Mach mber and area ratio. The effectiveness ma

explained, since control might seem to break |,strong vortex into smallyeak vortices as illustrated in ure 1. Thus,

decreasing the suction effect and reducing theativeize of recirculation zoneigure 6417 shows an increasing trend of

base pressure with axial length of thect without spike control until L/W=6 and then acdease until L/W=8 and tn

again goes on increasing. For low L/D ratio eqaal tthe control is not affeed. This maye due tcthe small size of duct

open to atmospherbut a reversal takes place and base pressure fyatheacases and the control is very positive v

increasing L/W ratio for fixed Mach no. at constanta ratic
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Figure 10: Wall Pressure Variation
with X/L at L/W=4
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with X/L at L/W=8
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Figure 17: Wall pressure variation
with X/L at L/W=10

We conclude for a wide range of L/D ratio for fix®thch numbers and area ratio the following,

1005

* The base pressure is strongly influenced by gedergdrameters such as a L/D ratio for a given Maamber for

compressible subsonic flow

» From experimental results, the aerospikes are @fegtive in controlling base pressure for all Lfdfios. As the

length of the duct increases gradually, the cornigrgetting very effective.
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e The optimum length where control was most effectgems to be L/W=6.
e For wall pressure distribution does not adversébcathe flow field for with and without controbses.
* Further research can be carried out by testingspéees for supersonic regimes
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