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® [ntroduction

® Morphing Scramjet Model-Two Phase Approach

® Phase I: Forebody
® 2D oblique shock theory
® 2D - 3D transfer
® Validation
® Summary of forebody

® Phase Il: Aft-Body

® Modified Quasi 1-D tool development
Validation of the Quasi 1-D tool
Configuration test
Configuration results
Proof of concept
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Taking Humans to Space NCAT Focus: Optimized Scramjet Engine
Propulsion Performance
o US, China, India, Europe are creating & designing concepts 8.000
o InUS, Several exists, at US Research Agencies & Academia . .
\ "\ Th tical i
o  Our Concept at NCAT! 7000 el (MWK
! ! . in air
6,000
w GE CF6
_% 5’000 B747 ‘\\
2 4000
E Turbofan}
ig R Olym usnn\\\
g 3,000 {éenmﬁd:
o
@ pa ! -l Theoretical maximum
2,000 Turbofan e “=~___ HC fuel (42MJ/kg) in air
with Afterburner 9 Tl L
1.000 Ramjet T
Rocket
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Mach Number

By Kashkhan - CC BY-SA 3.0,
https://upload.wikimedia.org/wikipedia/commons/4/4f/Specific-impulse-kk-
20090105.png

. Higher specific impulse than rocket engines
. Does not need to carry it’s own oxidizer

. Potential for high reusability and practicality
over rockets

NASA - http://antwrp.gsfc.nasa.gov/apod/ap040329.html
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ANALYSIS WORKSHOP

Morphing Scramjet Model-Two Phase Approach NF

My Research Approach

1. Create A 3D-Shape generator that incorporates

I. Aerodynamically Coupled Forebody: Inlet-1solator (Mach 3-8)
il. Oblique, Quasi-1D and Pseudo-Shock/Shock Train Relationships

2. Create An Internal 3D-Shape generator that incorporates
I. Simplified Injector, mixing and combustor models

Il. Quasi-1D (Mach 3 — 8) Aerodynamics/Combustor/Nozzle

Primary Reflected
Shock Shock [=al=tor
Zone fone Lone

v Optimized for Maximum ‘Thrust to Drag’ Ratio
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Y \ . - - \ e
& Phase I: Fore-section NF A

RKSHOP

The Conceptual Design Process

1. Create A 3D-Shape generator that incorporates
I. Aerodynamically Coupled Forebody-Inlet-Isolator (M 3-8)
I1. Oblique, Quasi-1D and Pseudo-Shock/Shock Train Relationships
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e (Case 1:Ideal 3D
Velocity Distribution — CFD Code
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The SBLI Challenges

ANALYSIS WORKSHOP

OPY LAY FFECTS
TRANSIT ND
4. MODIFIED BOUNDARY LAYER COWL BOUNDARY
3. ENTROPY LAYER AFFECTS CHANGES INTERNAL
TRANSITION LOCATION PERFORMANCE

AND BOUNDARY LAYER
GROWTH

1. BLUNT NOSE CAUSES
A CURVED BOW SHOCK

\

o|o

BEL 50((Pyy R+ 1)+ 170((Ryy /R) -1} |
H Isolator B (Reg)i M ifl -1
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Euler Flow Field Results

Case 2: viscous effect

Density Field Pressure Field

Dr Pr
8.927e-02 3.244e+00 6.399e+00 9.553e+00 1.810e-01 9.969e+00 1.976e+01 2.955e+01 3.933e+01

Loulal bclentl Goicestt it eas 0 5075e+00  1486e+01  2465e+01  344de+01  4.423e+01

-

1.663e-01 2.815e-01 3.967e-01 5.119e-01 6.271e-01 7.422e-01 8.574e-01 9.726e-01

2.239e-01 3.391e-01 4.543e-01 5.695e-01 6.846e-01 7.998e-01 9.150e-01
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Validation Data Along Isolator Centerline NF

* . .
Pl’ed1Ct10nS Centerline

Fine Grid = 1,474,442 cells
Coarse Grid =272,432 cells /

Zoomed: Isolator Validation Data

Case 2: Coarse vs. Fine Grid
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Viscous & Inviscid Solution
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> Elements
e 6.7 M

> Nodes
e 1,165,267

» Estimated
Memory

« 1475 GB

-
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Inverse Design —w/ Viscous Modifications

Transformed model based off viscous effects
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ANALYSIS WORKSHOP

2. Create A Internal 3D-Shape generator that incorporates

I. Simplified Injector, mixing and combustor models

1. Quasi-1D (Mach 3 — 8) Aerodynamics/Combustor/Nozzle

one ane ane ane (u]
N = <) ) S = S A ) 4

Responsible for Thrust generation

TFAWS 2018 — August 20-24, 2018
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& Modified Quasi 1-D Tool Development \

ANALYSIS WORKSHOP

Description Aecrodynamic Quantities Symbols
°
Tay lo r Se r] eS Area Influence %Z_‘j Tl%

° . id‘Qw—dﬂn 1 dy,
Solution: (a) Euler Method, (b) Heating e v e
Runge- Kutta (ThomaS) Friction Influence %_uid’% %%

o 1 g, 1 dy,

Fuel Injection Influence W dv :E

Combustion Chemistry oWy, iﬂ

Influence W, dx Vs dx

. 1 oy 1 dl‘n

High Temperature Influence ;$ e I

1 dM 1 d 1 d 1 d 1 d 1 d 1 4
_C —L+C12—ﬁ+C13—ﬁ+C14—ﬂ+C15—£+C1 s

M ax " y, dx Ty, dx Ty, dx Cy, dx T ys dx © v dx

L dr _C i@jLCMLdyz +Cq3i%+cwidy4 +C15L%+CWL%

T de ™ y, dx 7Ty, dx Ty, dx Ty, dx Ty, dx Uy, dx

ldP:C 1dy1+C3,,1dy’+C3 lc,;zﬁg_'_c3 1c,27y4_|_c3 1d)’5+C3 1 dys

P dx Ly dx Ty, dx y, dx oy, dx 7y d © . dx
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Modified Quasi 1-D Tool Development (validation)
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Mod

ANALYSIS WORKSHOP

Fanno Flow

fied Quasi 1-D Tool Development (validation) §

M, =0.5
P, = 344737.865 Pa
T,=299.817 K
¢, = 0.0005
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T* = 262.315 K
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Ref. Bandyopadhyay, 2007
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ANALYSIS WORKSHOP

2. Create A Internal 3D-Shape generator that incorporates

I. Simplified Injector, mixing and combustor models

1. Quasi-1D (Mach 3 — 8) Aerodynamics/Combustor/Nozzle

one ane ane ane (u]
N = <) ) S = S A ) 4

Responsible for Thrust generation

TFAWS 2018 — August 20-24, 2018
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Description Aecrodynamic Quantities Symbols
Taylor Series et 1u 1o
rea Influence 1 b dv
. Heating Lnf 1 0-dH, 1 dy,
. eating Influence —
Solution: (a) Euler Method, (b) : z
4C, 1 ditg, 1 d‘:
Runge-Kutta (ThomaS) Friction Influence 7_27E(T \Ti
Fuel Injection Influence dr Ve dx
Combustion Chemistry oWy, Ly
Influence W, dx vy dx
i . 1% L
High Temperature Influence Py o dx

1dM _c 1 o 19,
M dx y, dx y, dx

1dr _ . i@+C22Ldy2

— =C, +C,
T dx “ly dx Ty, dx “

1 dP

1dpr L dy
P dx

1 L dy,
1 yl dx

+C,, ——*+(,

& )
Ty, dx

1 1 ay,

+ C1,3 1.4 y dx
4

i%-l- idydf

L dy,

. y_3 dx y_4 dx

+C25

+C,

1 ays

+C
. Vs dx

1 dys
T ys dx

L dys

+ (|

+C26

+C,, —

L e

‘6y_6 dx

1 dys
Y dx

S .
Vs dx Vs dx
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Flow Path Simulation

ANALYSIS WORKSHOP

| |
l I I
I Forebody | Inlet | Isolator I Combustor I

TFAWS 2018 — August 20-24, 2018
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ANALYSIS WORKSHOP

High speed aerodynamics is driving this design.
This section is dominated by viscous effects,
which results in a very complicated flow field.
Conventional CFD tools cannot capture the flow
physics we’re after.

TFAWS 2018 — August 20-24, 2018
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Quasi 1-D Tool Usage

ANALYSIS WORKSHOP

We have Six influence coefficients :

Design inputs:

Description Aerodynamic Quantities Symbols Description Numbers Dimension
1 dA 1 dv, Flight Altitude 30.0 km
Area Influence - —
Adx v, dx
Mach Number 5.0
. L‘S‘Q_dHU 1 dy,
Heating Influence e, dx yj; Wedge Angle 16.0 Degrees
. A L 1 dy, Forebody Length 1.0 m
Friction Influence D, W, dr -
o Fractional x & y Lengths of ID Values
s R 1 dy,
Fuel Injection Influence W, dx ;g Isolator Design Parameters 1.0 0.9
Combustion Chemistry LW, 1 dys Combustor Design 1.0 0.8
Influence W, dx Vs dx Parameters
. 1L oy 1 dy@
High Temperature Influence Vv Ve dx Nozzle Design Parameters 1.0 0.0

TFAWS 2018 — August 20-24, 2018
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Example with 3 different influences

pors
g
*
S a f
= f
0.

~—— Heat Influen ce Distribution (x10°0.1)

Frictioninfluence Distribution

«— Area Influence Distribution (x10°0.1)

T T——
—
| e ———
>
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ﬁ Results Plots Of Flow Properties Distribution NE{\S'A
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Thermo-Cycle at Mach 6,10 & 16

0.6
T/T — — = Mach 10 Scramjet
0 = \ach 16 Scramjet
0.5 Mach 6 Scramjet

0.4

0.3

0.2

0.1

0 0.5 1 15 AS/C, 2
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Thank You
Questions?
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