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Purposes of Propulsion Systems? 

Primary 
•  Provide Thrust to propel a vehicle 
•  Provide steering to guide a vehicle 
•  Provide a braking force to slow down a vehicle 
 
Secondary 
•  Generate vehicle electrical power 
•  Generate hydraulic system pump power 
•  Provide ram air for crew and passenger breathing 



NASA's Space Launch System 
(SLS) 70-metric-ton 

configuration 
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Types of Aerospace 
Propulsion Systems 
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Categories – Air Breathing 

Propeller – Internal 
Combustion Gas / 
Diesel Engines 
Mach 0 to 0.8 

Turbo Fan Jet to Mach 0.9 
to low supersonic 
 

Turbo Prop 
Mach 0 to 0.8 

In-line Rotary 

Turbo Jet 
Mach 0 to 3.0 

Electric & Solar 
Electric, Mach low 

Turboshaft - 
helicopters 
Mach subsonic 

Ram/Scram Jet 
Mach 3 to 10+ 

Combined Turbojet & Const. Vol. 
Combustor 

Mach 0 to 4+ 

Radial 



Aircraft Engine History 
•  1633: Lagari Hasan Çelebi took off with what was described to be a cone shaped rocket and then glided with 

wings into a successful landing  
•  1848: John Stringfellow made a steam engine capable of powering a model, albeit with negligible payload  
•  1903: The Wright brothers commissioned Charlie Taylor to build an inline aeroengine (12 horsepower) for the 

Wright Flyer  
•  1908: René Lorin patents a design for the ramjet engine  
•  1909: Roger Ravaud' Gnôme rotary engine in Henry Farman's aircraft won the Grand Prix for the greatest non-

stop distance flown - 180 kilometres (110 mi) - and created a world record for endurance flight  
•  1911: Adams-Farwell's rotary engines powered fixed-wing aircraft in the US  
•  1916: Auguste Rateau suggests using exhaust-powered compressors to improve high-altitude performance, the 

first example of the turbocharger.  
•  1930: in Frank Whittle submitted his first patent  
•  1938: The German Heinkel HeS 3 turbojet propels the Heinkel He 118 into the air  
•  1939-1942: The world's first turboprop-the Jendrassik Cs-1 is designed by the Hungarian mechanical engineer 

György Jendrassik  
•  1944: Messerschmitt Me 163 Komet, the worlds first rocket propelled aircraft deployed  
•  1947: Bell X-1 rocket propelled aircraft exceeds the sound barrier  
•  1948: the first turboshaft engine, the 100 shp 782. In 1950 this work was used to develop the larger 280 shp 

(210 kW) Artouste  
•  1949: The Leduc 010 the world's first ramjet powered aircraft flies  
•  1950(late): Rolls-Royce Conway the worlds first production turbofan enters service  
•  1960s: TF39 high bypass turbofan enters service delivering greater thrust and much better efficiency  
•  1960s: X-15 rocket plane flys at more than 50 miles (80 km) altitude at more than 3,000 mph (4,800 km/h).  
•  2002: HyShot scramjet flew in dive  
•  2004: Hyper-X first scramjet to maintain altitude  



Type  Description  Advantages  Disadvantages  

water 
rocket 

Partially filled pressurized 
carbonated drinks container 
with tail and nose weighting 

 
Very simple to build  

Altitude typically limited 
to a few hundred feet or 
so (world record is 623 
meters/2044 feet) 

 

cold 
gas 
thruster 

A non combusting form, used 
for attitude jets 

 

Non contaminating 
exhaust  

Extremely low 
performance  

hot 
water 
rocket 

Hot water is stored in a tank 
at high temperature/pressure 
and turns to steam in 
exhaust. 
Evel Knievel's Skycycle X-2 used for the 
Snake River Canyon jump used a 
steam rocket designed by Robert Truax  

Simple, fairly safe Low performance due 
to heavy tank 

Categories Non-Air Breathing 



Categories Non-Air Breathing 
Type  Description  Advantages  Disadvantages  

Solid rocket Ignitable, self sustaining 
solid fuel/oxidiser mixture 
("grain") with central hole 
and nozzleSimple, often 
no moving parts, 
reasonably good mass 
fraction, reasonable Isp. A 
thrust schedule can be 
designed into the grain. 

Simple, often no moving 
parts, reasonably good 
mass fraction, 
reasonable Isp. A thrust 
schedule can be 
designed into the grain. 

Once lit, extinguishing it is difficult 
although often possible, cannot be 
throttled in real time; handling issues 
from ignitable mixture, lower 
performance than liquid rockets, if 
grain cracks it can block nozzle with 
disastrous results, cracks burn and 
widen during burn. Refuelling grain 
harder than simply filling tanks, Lower 
specific Impulse than Liquid Rockets 

Liquid 
Bipro-
pellant 
rocket 

Two fluid (typically liquid) 
propellants are introduced 
through injectors into 
combustion chamber and 
burnt 

Up to ~99% efficient 
combustion with 
excellent mixture 
control, throttleable, can 
be used with 
turbopumps which 
permits incredibly 
lightweight tanks, can be 
safe with extreme care 

Pumps needed for high performance 
are expensive to design, huge thermal 
fluxes across combustion chamber 
wall can impact reuse, failure modes 
include major explosions, a lot of 
plumbing is needed.  



Categories Non-Air Breathing 
Type  Description  Advantages  Disadvantages  

Monopropel
lant rocket 

Propellant such as Hydrazine, 
Hydrogen Peroxide or Nitrous 
Oxide, flows over catalyst and 
exothermically decomposes and 
hot gases are emitted through 
nozzle  

Simple in concept, 
throttleable, low 
temperatures in 
combustion 
chamber  

catalysts can be easily 
contaminated, monopropellants 
can detonate if contaminated or 
provoked, Isp is perhaps 1/3 of 
best liquids  

Hybrid 
rocket 

Separate oxidizer/fuel, typically 
oxidizer is liquid and kept in a 
tank, the other solid with central 
hole  

Quite simple, solid 
fuel is essentially 
inert without 
oxidiser, safer; 
cracks do not 
escalate, 
throttleable and 
easy to switch off.  

Some oxidisers are 
monopropellants, can explode in 
own right; mechanical failure of 
solid propellant can block nozzle 
(very rare with rubberised 
propellant), central hole widens 
over burn and negatively affects 
mixture ratio.  

Dual mode 
propulsion 
rocket 

Rocket takes off as a 
bipropellant rocket, then turns to 
using just one propellant as a 
monopropellant  

Simplicity and ease 
of control  

Lower performance than 
bipropellants  



Categories Other Rockets 
Type  Description  Advantages  Disadvantages  

Tri-
propellant 
rocket 

Three different propellants (usually 
hydrogen, hydrocarbon and liquid 
oxygen) are introduced into a 
combustion chamber in variable 
mixture ratios, or multiple engines 
are used with fixed propellant 
mixture ratios and throttled or shut 
down 

Reduces take-off 
weight, since 
hydrogen is lighter; 
combines good thrust 
to weight with high 
average Isp, improves 
payload for launching 
from Earth by a 
sizeable percentage 

Similar issues to bipropellant, 
but with more plumbing, 
more R&D 



Categories Air Breathing Rockets 
Type  Description  Advantages  Disadvantages  

Air-
augmented 
rocket 

Essentially a ramjet 
or scramjet where 
intake air is 
compressed and 
burnt with the 
exhaust from a rocket 

Mach 0 to Mach 4.5+ (can also 
run exoatmospheric), good 
efficiency at Mach 2 to 4 

Similar efficiency to rockets at 
low speed or exoatmospheric, 
inlet difficulties, a relatively 
undeveloped and unexplored 
type, cooling difficulties, very 
noisy, thrust/weight ratio is 
similar to ramjets. 

Turbo-rocket A combined cycle 
turbojet/rocket where 
an additional oxidizer 
such as oxygen is 
added to the 
airstream to increase 
maximum altitude 

Very close to existing designs, 
operates in very high altitude, 
wide range of altitude and 
airspeed 

Atmospheric airspeed limited to 
same range as turbojet engine, 
carrying oxidizer like LOX can 
be dangerous. Much heavier 
than simple rockets. 

Precooled jet 
engine / 
LACE 
(combined 
cycle with 
rocket) 

Intake air is chilled to 
very low 
temperatures at inlet 
before passing 
through a ramjet or 
turbojet engine. Can 
be combined with a 
rocket engine for 
orbital insertion. 

Easily tested on ground. High 
thrust/weight ratios are possible 
(~14) together with good fuel 
efficiency over a wide range of 
airspeeds, mach 0-5.5+; this 
combination of efficiencies may 
permit launching to orbit, single 
stage, or very rapid 
intercontinental travel. 

Exists only at the lab 
prototyping stage. Examples 
include RB545, SABRE, 
ATREX 



Categories Electric Ion Engines 
Type  Description  Advantages  Disadvantages  

Electrostatic 
Ion Thrusters 
(use the 
Coulomb Force 
to accelerate the 
ions ) 

Electrostatic ion thrusters 
use the Coulomb Force 
and are categorized as 
accelerating the ions to 
produce thrust in the 
direction of the electric 
field. 1. Gridded 
electrostatic ion thrusters, 
2. Hall effect thrusters  
3.Field Emission Electric 
Propulsion (FEEP)  

A very high specific 
impulse, or propellant 
efficiency, is obtained 

The thrust created in ion 
thrusters is very small compared 
to conventional chemical 
rockets. The low thrust requires 
ion thrusters to provide 
continuous thrust for a very long 
time in order to achieve the 
needed change in velocity 
(delta-v) for a particular mission. 
To achieve these delta-vs, ion 
thrusters are designed to last for 
periods of weeks to years. 

HALL 

ION 



Electric Plasma Engines 
Type  Description  Advantages  Disadvantages  

Electromagnetic 
or Plasma 
Thrusters 
(use the Lorentz 
Force to 
accelerate the 
ions) 

1. Pulsed Inductive Thrusters 
(PIT) -use pulses of thrust 
instead of one continuous 
thrust; 2. Magneto-
plasmadynamic (MPD) / 
Lithium Lorentz Force 
Accelerator (LiLFA) 3. 
Electrodeless Plasma 
Thrusters; 4. Electro-thermal 
Plasma Thrusters- uses radio 
waves to ionize and to heat 
propellant; 5. Helicon Double 
Layer Thruster- an electro-
magnetic wave emitted by an 
antenna breaks down the gas 
into a plasma.  
 

Generally higher thrust 
than Ion engines with 
similar Isp 
1. have the ability to run on 
power levels in the order of 
Megawatts (MW). 2. uses 
lithium vapor, which has the 
advantage of being able to 
be stored as a solid 3. 
ability to throttle the engine 
4. elimination of electrode 
erosion 5. a kind of 
magnetic nozzle  

Plasma thrusters are 
highly experimental 
and are generally un-
proven. Require high 
input power. 
Double Layers can 
become unstable 

MPD 

VX-200 



Typical Propulsion Systems 
Operating Envelopes  

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

0 500 1000 1500 2000 2500 3000

True Airspeed, knots

A
lti

tu
de

, f
t

Turbo-
  prop

   Recip.
& Prop.

Turbofan
Turbojet

Afterburning
Turbojet

Ramjet

Rocket

Mach Number

1.0 2.0 3.0 4.0

Figure 5.4  Aircraft Propulsion System Operating Envelopes  (Adapted from Reference 2) 



T/W for Various Propulsion Systems 
Ref. AeroDynamic Computer Program , Chap. 5 
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Major Jet Engine Manufactures 

•  Rolls-Royce 
•  Pratt & Whitney 
•  General Electric 
•  Snecma 
•  Others  



Merlin Engine 



Wright Brothers Internal 
Combustion Engine 

The combustion process of an internal combustion engine takes place in an enclosed cylinder. Inside the cylinder is a moving 
piston which compresses a mixture of fuel and air before combustion and is then forced back down the cylinder following 
combustion. On the power stroke the piston turns a crank which converts the linear motion of the piston into circular motion. The 
turning crankshaft is then used to turn the aircraft propeller. The motion of the piston is repeated in a thermodynamic cycle 
called the Otto Cycle which was developed by the German, Dr. N. A. Otto, in 1876 and is still used today.  



Turboprop Engine 

Uses a gas turbine to drive a propeller. The gas turbine is designed specifically 
for this application, with almost all of its output being used to drive the propeller. 
The engine's exhaust gases contain little energy compared to a jet engine and 
play a minor role in the propulsion of the aircraft.  

http://www.grc.nasa.gov/WWW/K-12/airplane/aturbp.html 



Turbo Jet 

Air taken in from an opening in the front of the engine is compressed to 3 to 12 times its 
original pressure in compressor. Fuel is added to the air and burned in a combustion 
chamber to raise the temperature of the fluid mixture to about 1,100°F to 1,300° F. The 
resulting hot air is passed through a turbine, which drives the compressor. If the turbine and 
compressor are efficient, the pressure at the turbine discharge will be nearly twice the 
atmospheric pressure, and this excess pressure is sent to the nozzle to produce a high-
velocity stream of gas which produces a thrust. Substantial increases in thrust can be 
obtained by employing an afterburner.  

http://www.grc.nasa.gov/WWW/K-12/airplane/aturbj.html 



Turbojet with Afterburner 

Usually for 
military jets 



Turbofan Engine 

http://www.grc.nasa.gov/WWW/K-12/airplane/aturbf.html http://www.greencarcongress.com/2008/07/ge-launches-new.html#more 

The incoming air is captured by the engine inlet. Some of the incoming air 
passes through the fan and continues on into the core compressor and then the 
burner, where it is mixed with fuel and combustion occurs. The hot exhaust 
passes through the core and fan turbines and then out the nozzle, as in a basic 
turbojet. The rest of the incoming air passes through the fan and bypasses, or 
goes around the engine, just like the air through a propeller. The air that goes 
through the fan has a velocity that is slightly increased from free stream. So a 
turbofan gets some of its thrust from the core and some of its thrust from the fan. 
The ratio of the air that goes around the engine to the air that goes through the 
core is called the bypass ratio.  
Because the fuel flow rate for the core is changed only a small amount by the 
addition of the fan, a turbofan generates more thrust for nearly the same amount 
of fuel used by the core. This means that a turbofan is very fuel efficient. In fact, 
high bypass ratio turbofans are nearly as fuel efficient as turboprops. Because 
the fan is enclosed by the inlet and is composed of many blades, it can operate 
efficiently at higher speeds than a simple propeller.  



Open Rotor 
Targets to Increase Fuel Efficiency by 26%+  

Open rotor. An open rotor engine is a modified turbofan, with the fan blades placed outside the 
engine nacelle. Last seriously explored in the 1980s, the open rotor prototypes (such as the GE36 
from General Electric) delivered a 30%+ increase in fuel efficiency. Noise, vibration, size 
and maintenance were issues with the open rotor concepts at the time. With current progress in 
modelling and design, however, air engine manufacturers are again looking at this approach. In May, Aviation 
Week reported that GE and NASA were reviving studies of the abandoned GE36 unducted fan. 
 

GE36 1980’s CFM Emerging Open Rotor Concept 



Ram Jet Engine 

To maintain the flow through the nozzle, the combustion must occur at a pressure that is higher than the pressure at the 
nozzle exit. In a ramjet, the high pressure is produced by "ramming" external air into the combustor using the forward 
speed of the vehicle. There are no compressors in a ramjet. Therefore, ramjets are lighter and simpler than a turbojet. 
Ramjets produce thrust only when the vehicle is already moving; The higher the speed of the vehicle, the better a ramjet 
works until aerodynamic losses become a dominant factor.  
The combustion that produces thrust in the ramjet occurs at a subsonic speed in the combustor. For a vehicle traveling 
supersonically, the air entering the engine must be slowed to subsonic speeds by the aircraft inlet. Shock waves present in 
the inlet cause performance losses for the propulsion system. Above Mach 5, ramjet propulsion becomes very inefficient. 
The new supersonic combustion ramjet, or scramjet, solves this problem by performing the combustion supersonically in 
the burner.  

http://www.grc.nasa.gov/WWW/K-12/airplane/ramjet.html 



Scram Jet – Hypersonic Mach 



X-51 Scram Jet 

X-51/ Pegasus 
        Booster 

Ground Test 



Hypersonic Engines Not Yet Ready 
for Operational Vehicles 

http://news.cnet.com/8301-10784_3-9975240-7.html 

U-Tube movie of Falcon HTV-3X, Hyper Plane with 
Vulcan combined turbine and CVC engine: 



Rocket Engine Types 
 

Solid 
Rocket 

Boosters 
Liquid 

LoX- LH2  

Rocket Boosters 

OMS/RCS 



Atlas V 1st Stage Engines   
LoX – RP (Kerosene) 



X-Prize Space Ship 1 Hybrid Rocket 
Engine (Part liquid, Part solid fuels) 



High-Performance Electric Propulsion 
High Isp but low thrust 

(Section 9.12) 

Principle: accelerating 
positively charged ions in an 
electrostatic field	

Propellant : Inert gasses i. e. 
mercury, helium, argon, or 
Xenon	

Thrust ~ 0.02 lbs	


Principle: electric arc heats 
propellant to hot gas state that 
expands through a nozzle	

Propellant : hydrogen gas	


Principle: self induced 
magnetic field to accelerate 
positive ions	

Propellant :Inert gasses	


(9.33) Isp = Thrust/ Unit weight flow @ S.L.(g0m) [sec]	
.	




Electric-Propulsion Spacecraft 



Nuclear Power  
Mars Crewed Vehicle 

 (Boeing concept) 



Back-up 



Development to Make Subsonic Turbofan 
Engines More “Green” 

GE LEAP 56 Technologies 
•  Optimized Rich-Quench Lean (ORQL) 

Technology 
•  Dual-Annular (Rich or Lean Dome) 

Combustors (DAC) 
•  Combustion System Tradeoffs 
•  Twin Annular Premixing Swirler (TAPS) 





Dual-Annular (Rich or Lean Dome) 
Combustors (DAC) 

 



Technology to Make Engines More “Green” 
Twin Annular Premixed Swirler 

http://www.greencarcongress.com/2008/07/ge-launches-new.html#more 

 
TAPS, used in the GEnx program, features two annular fuel-air swirlers adjacent to nested fuel nozzles. The swirl creates a 
more homogeneous and leaner mix of fuel and air, which burns at lower temperatures than in previous jet engine designs. The 
lower temperatures generated in the TAPS combustor results in significantly lower NOx levels. For example, at comparative 
thrust levels, GEnx NOx emissions will be more than 30% lower than the NOx emissions of GE’s highly popular CF6 engines 
powering commercial widebody aircraft today. The GEnx emissions goal at entry into service is to be about 50% below the new 
NOx limits to be established in 2008. 



Target Reduction in Harmful Emissions 
 via Emerging Technologies 

Current CFM56-7B for 
737-600/-700/-800/-900  

Emerging CFM Leap56 technology  



Noise Reduction Technology 
Developments 

http://www.sae.org/aeromag/techupdate/12-2002/04.htm, Flight International 9-15 Sept., 2008 

Rolls-Royce is working 
with SNECMA, MTU, 

and Airbus on the 
European SILENCE(R) 

program  



Non-Air Breathing 



The p-V diagram for the 
ideal Brayton Cycle :  
The Brayton cycle 
analysis is used to predict 
the thermodynamic 
performance of gas 
turbine engines.  

Turbojet Engine 



the Brayton Thermodynamic Cycle which is used in all gas turbine engines. The figure shows a T-s diagram of the 
Brayton cycle. Using the turbine engine station numbering system, we begin with free stream conditions at station 0. In 
cruising flight, the inlet slows the air stream as it is brought to the compressor face at station 2. As the flow slows, some of 
the energy associated with the aircraft velocity increases the static pressure of the air and the flow is compressed. Ideally, 
the compression is isentropic and the static temperature is also increased as shown on the plot. The compressor does work 
on the gas and increases the pressure and temperature isentropically to station 3 the compressor exit. Since the 
compression is ideally isentropic, a vertical line on the T-s diagram describes the process. In reality, the compression is not 
isentropic and the compression process line leans to the right because of the increase in entropy of the flow. The 
combustion process in the burner occurs at constant pressure from station 3 to station 4. The temperature increase 
depends on the type of fuel used and the fuel-air ratio. The hot exhaust is then passed through the power turbine in which 
work is done by the flow from station 4 to station 5. Because the turbine and compressor are on the same shaft, the work 
done on the turbine is exactly equal to the work done by the compressor and, ideally, the temperature change is the same. 
The nozzle then brings the flow isentropically back to free stream pressure from station 5 to station 8. Externally, the flow 
conditions return to free stream conditions, which completes the cycle. The area under the T-s diagram is proportional to the 
useful work and thrust generated by the engine.  

Turbojet Engine 



http://www.grc.nasa.gov/WWW/K-12/airplane/propth.html 



http://www.lerc.nasa.gov/WWW/K-12/airplane/turbfan.html 



Rocket Propellants and Isp (sect. 9.9) 
Propellants Type Issue Thrust 

Level 
Application Isp (sec) 

Kerosine - Lox Bi-prop 
Liquid 
RT0-Cryo 

Large Launch 
vehicles 

240 

LH2 - LOX Bi-prop 
Liquid cryo-
cryo 

Large LH2 
tanks, extreme 
low temps 

Large Launch 
vehicles 

360-455 

LH2 - Fluoride Bi-prop 
Liquid 
cryo 

Toxic & 
corrosive 

Large Launch 
vehicles 

390 

Alum powder-
ammonium 
perchlorate 

Solid Cannot throttle 
or shut-off 

Large Launch 
vehicles 

200-300 

MMH – N2O4 Hypergolic Storage safety small OMS & RCS 260-313 

Hydrazine 
(N2H4) 

Liquid 
mono-prop 

small RCS Attitude 
control 

Lower 
than bi-
prop 

Electric - Ion Xenon, 
inert gas 

Long travel 
time 

< 1 lb  Payload orbit 
change 

5,000  
-50,000 



Types of Propellers 

http://www.thaitechnics.com/propeller/prop_type.html 

Metal fixed Pitch Wood one-piece fixed Pitch Ground Adjustable pitch 

•  In Flight Pilot Controllable  Pitch 
•  Constant Speed Auto Pitch Control  

•  Full Feathering (reduce 
drag & stop wind milling) 
•  Reversing (reverse thrust) 



Ramjets and and scramjets have no moving parts, only an inlet, a combustor that consists of a fuel injector and a flame 
holder, and a nozzle. When mounted on a high speed aircraft, large amounts of surrounding air are continuously 
brought into the engine inlet because of the forward motion of the aircraft. The air is slowed going through the inlet, and 
the dynamic pressure due to velocity is converted into higher static pressure. At the exit of the inlet, the air is at a much 
higher pressure than free stream. While the free stream velocity may be either subsonic or supersonic, the flow exiting 
the inlet of a ramjet is always subsonic. The flow exiting a scramjet inlet is supersonic and has fewer shock losses than 
a ramjet inlet at the same vehicle velocity. In the burner, a small amount of fuel is combined with the air and ignited. In a 
typical engine, 100 pounds of air/sec. is combined with only 2 pounds of fuel/sec. Most of the hot exhaust has come 
from the surrounding air. Flame holders in the burner localize the combustion process. Burning occurs subsonically in 
the ramjet and supersonically in the scramjet. Leaving the burner, the hot exhaust passes through a nozzle, which is 
shaped to accelerate the flow. Because the exit velocity is greater than the free stream velocity, thrust is created as 
described by the general thrust equation. For ramjet and scramjet engines, the exit mass flow is nearly equal to the free 
stream mass flow, since very little fuel is added to the stream.  



November 3, 2008 



http://www.darpa.mil/TTO/solicit/BAA08-53/VULCAN_Industry_Day_Presentations.pdf 



Hypersonic Pulse Detonation Engine 
(PDE) Mach 4+ in Development 

The Vulcan project intends to 
demonstrate a constant-volume 

combustion (CVC) engine 
concept for the first time. Vulcan 

gives proponents of pulsed or 
continuous detonation engines 
the first chance to demonstrate 

that the technology can replace a 
ramjet and bridge the propulsive 

gap to the high Mach 4-plus 
takeover speed of a supersonic 

combustion ramjet. The concept 
is to integrate a turbine engine 
for low supersonic Mach flight, 

into the VULCAN engine for 
hypersonic Mach flight with 
minimal modification to the 

turbine engine. 
The CVC is basically a 

constricted tube with few or no 
moving parts through which air is 
compressed at high speeds, with 

fuel combusted along the way. 
The exhaust comes out the 

nozzle faster than the air came 
in.   

PDE is a type of a Constant Volume Combustion (CVC) Engine 





http://www.darpa.mil/TTO/solicit/BAA08-53/VULCAN_Industry_Day_Presentations.pdf 



Next Flight Demonstrator for Hypersonic Engine Technology? 

http://www.darpa.mil/TTO/solicit/BAA08-53/VULCAN_Industry_Day_Presentations.pdf 


