Burnett Flowpath Design for a Mach 10 Oblique Detonation Flight Experiment
¥l Honors College

UNIVERSITY OF CENTRAL FLORIDA

Emilio Pereira, Dr. Kareem Ahmed

College of Engineering and Computer Science, University of Central Florida

. ~ Stability Parameter Comparison of Percent Error (ODW vs. ZND)
| Introduction | SRR N Results
The Oblique Detonation Wave Engine (ODWE) is 40 [ - 151  Viable Cases P Error A successful quasi-1D model was created to
a theoretical propulsion system capable of Omae i ol for Flight 2 li A Error | calculated post-detonation conditions
enabling sustained hypersonic flight in the Mach e [ e s e  Gumerigen| ! 3 ] oo Post-detonation conditions were successfully
10-17 regime. To advance the development of EDBO | ™ ST o I = St - - - - 2R coupled to a OD ignition delay time reactor,
such engines, the Propulsion and Energy < I h 2 E = showing meaningful comparison in induction
Research Laboratory (PERL) is conducting a E »0 | ——— — g') 2 ’ scales when compared to classical Zeldovich-von
Mach 10 Sounding rocket ﬂlght experiment E : dzst;z fis?ﬁ“_ji;zg : § _51_ _____ 3% Error Neumann_Doring (ZND) ana|ysis
aimed at stabilizing an Oblique Detonation = | > — ’ 2 The ability to stabilize an ODW in relevant
Wave (ODW) in flight. Flight two focuses on the 210 [ o ! 10 oy hypersonic flight conditions has been shown to be
design and optimization of an internal engine | U“deéfﬁﬁiffﬁfiD” i sl Tor _ feasible
flowpath — deviating from the external flight one i Psre Hypersonic inlet designs for an ODWE seemingly
design - as well as the development of 0 - 20 p . X 5 0 converge on a capture device with minimal initial
computational tools to accurately model ODW 3 4 > 6 / o0 Mach Numb compression
behavior, hypersonic inlet dynamics, and fueling Upstream Mach Number, M Actl Numbet
processes. This project focuses on using
different optimization technigues and vehicle Inlet Pareto Space Inlet-Combustor Pareto Space Discussion
requirements to tailor-down possible designs 0.04 S ' R PR E Lo o 00 The results seemingly suggest that the feasibility of
and create the optimal Inlet-Combustor 0.038} @ Parcto Front ® 04 PAMITEEEINE) = | Begins to Exceed Limit 5 the enclosed flight experiment design should be
flowpath. O | - Original Data % initially viable. However, a careful balance will need
2 00567 ® = 2 02 ® Parcto Front 0 to be struck detonation angle and mass addition.
: : ;2,0.034 _ ° 0 E % = This will mean possibly operating in fuel lean
Objectlve | ® _460§ E 0 E condit ons. Fur.thermore, the ODW seems tq
1.Produce a stable oblique detonation using = 2 T .02 . operate best in higher Mach conditions, meaning
NC12H26 g 003 F= . 2 the range of the experiment may negd to be
a.Ensure payload startability (assess need for " 0.028 i - H, Air 6 = expanded. In the end, Multi Order Optimization
mass relief and shroud usage) , b=1 S (MOO) techniques were able to identity multiple
2.Enable the largest range of altitudes and O02oT oor - | Il designs for a feasible experiment flowpath
trajectories for ease of experiment 0.024 _ ] , ,
3.Interface with Z1Z1Z2 Platform ’ i at Mach Number > o 20 40 60 Next Ste
Alternative Platform: TTO [nduction Length (mm) PS
Current work completed but not shown

Alt tive Platform: TTIM
ernative rFlatrorm » Jet-A and NC12H26 sweep

» Alternative inlet designs and inlet truncation,
» Choking due to contractions and heat addition
Current work to be completed

4 Allow ample space to fit optical diagnostics
and instrumentation in test section

l I
i g inlet + FI " \i — | ifferent aromatic compound sweeps,
nlet + Flowpa . : . .
i Constrainl’:s \ Nosetip Inlet Anchor Nozzle D on Ipw inlet startalz?lllty cases,
| /l full reacting CFD analysis,
: p \i ODW Characteristic Parameter Dimensions Parameter Effects of launch su pplier nose tip variations
: N S C . L
: Geometric Fuel : : : Induction Length 0.7 in Payload Length 90 in LIqUId Injection mass addition solver
l Addition |1 ! ( )
: \ Vi | ODW Constraints | ! Induction Time 25 us Planar Ramp Angle 2° Ack led ”
' ' I cknowieagements
1 J
L ______________________ _: : : Stab|||ty Index 0.22 Inlet Length 40 In I Id Ik h k Z hg Wh f h I
| | would like to thank Zachary VVhite Tor nis early
: . L. l Leading Shock Angle 7° Capture Diameter 51n guidance in the design of the variable hypersonic
| Stability Kinetics |, Inlets that shaped the direction of this project. His
| : Inlet Stagnation Loss 0.80 % Throat Diameter 4.1 In , P , , ) '
L e ——————— - technical expertise and mentorship were
L Pressure at ODW Start 2 kPa Anchor Length 21 instrumental in establishing the foundation for this
[I;ar.eto —_ Mach at ODW Start 9 Anchor Angle 30° work. Additionally, | would like to thank Ral
esians . . L . .
9 *Geometric parameters are rounded to avoid recreation of this device. Graphical renderings of the Bielawski for IS LS ana helplng me refine the
flowpath are not to scale* tools | developed to model the ODW phenomena.




	Slide 1

