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3001b; Hybrid Rocket Phoce 81 2008 200¢
Development Plan

Phase C1 2007-2008
Phase D1 TBD
Phase ET TBD

Flight Readiness Test

Aerodynamic

System Integration Shell

Command
and Sensor
System

Component Design

MACHSRX; Hybrid Rocket 3
PDR Oct 23, 2007




Phase /200405:
Goals and Accomplishments

Goal: Increase T/W ratio of 300 tbcket

Requirements:
A Produce 300 lfor 15 sec
I Achieved maximum thrust af70 IQ
A T/W ratio greater than 11.4
I Achieved T/W of 23.4

Accomplishments

A Composite combustion chamber

A Designed Fuel Geometry and Composit
A Designed Nozzle Dimensions
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Phase 200506:
Goals and Accomplishment

Goal: Conceive, Design, Fabricate, and ve
a seltsufficient hybrid rocket motor

Requirements:
A Produce 300 ldor 15 sec

I Achieved maximum thrust ¢f10 IQ
A D,B,T, and V oxidizer tank, feed system,
and ignition system
i Composite tank failed pressure tests Accomplishments

i Feed system had unexpected A New nozzle using graphite
pressure drops A Demonstrated oxidizer tank
feasibility

I Ignition system failed hot fire test
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2007-08: Objective®verview

-,

ecidcalalDdapsiarilalilig Moy
MQ 5 kgipayload %MMA 500 rii

A 2007-2008 Project Goal: Design, build, test and integrate
nto a flight configuration for a
reliable, reusable 1,335 N (3610;) rocket engine.
ifadzad AYUSNFI OS désigi K LINS GA 2 dz
A Combustion Chamber

A Nozzle
A Fuel

I Utiize NO-HTPB (Oxidizdfuel mixture
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Altitude Feasiblility

Feak height as a function of Rocket mass and thrust
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J
Mass Requirement: e
. =vatem
32.91 44.8 kg @ 1200 N
. Test Stand - ™
Design Goal: 37.9 kg @ 1127 N (== J—
Mass Budget (kg) 20% Margin [ e ]_ I 1
Payload 0.50 0.50
Fuel Gain 1.70 1.70 p— T
Combustion Chamber  3.30 3.30 Requirement Feedsystem | || 2
Nozzle 1.82 1.82 Previous Design (Injeu:ticlnlS':.fatemj
Oxidizer Tank* 6.82 10.23 c ¢ Proiect X
Oxidizer 8.52 10.23 S (Lt system )
Injection Plate 2.00 2.40 Future Projects i )
Feed System 3.00 3.60 _
Outer Shell 6.00 7.20 camen
Recovery System 2.00 2.40 cortrol Surface | -
G&C System 1.00 1.20 \ /
Total 36.66 44.57 | /Tll_\
1 |

, * Previous Design Failed, 50% Margin
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Key Requirements

Project:

-Produce 1200 N (270 Ib)) of thrust for 15s
Goal 1335 N (300 Ib))

-The rocket mass between 32.91 44.8 kg (72.51 98.8 Ib,,)
Goal 37.9 kg (83.6 Ib,,)

System:

-The feed and injector system will provide a steady flow of
oxidizer with a coefficient of discharge of 0.5-0.7

-The ignition system will initiate combustion reliably and
without damaging the rocket
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System Overview

Injector Plate Combustion Chamber

Oxidizer Tank Valve HTPB Fuel Nozzle

v n

Feed System Injection  Ignition System
System
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Hybrid Rocket Motor

Payload

Recovety

Swystem
GEC
Test Stand . "

ar

Launch Pad = Owidizer Tank ™

: : ~ 71t

Feed System

Injection System

[IFY=

lgnition =ystem

Combustion
Chamber

. ; Mozzle : .
1 |

=5in

Contral Surface




Combustion Chamber

20042005 Team Design
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Previously Designed
Tested and verified
Meets Specifications
A Thrust =1334.4 N (300 Ibf)
A Max Pressure = 3.45 Mpa (500 psi)
A Max Temperature = 3033.15K (5009
Materials
A Carbon Fiber Chamber
A Aluminum End Fittings
Estimated Manufacturing Time
A 4-8 days, depending on shop availabilit
Cost = $800



>

A

A

Nozzle

Previously Designed

Tested and verified

Meets Specifications

Exit Angle = 1exit wall to flow path)
Expansion ratio = Exit Area/Throat Area
Inlet Diameter = 10.73 cm (4.223 in)
Throat Diameter = 0.93 cm (0.366 in)
Exit Diameter = 4.93 cm (1.939 in)
Materials

> > v D> D

A Graphite Nozzle
A Aluminum Housing

Estimated Manufacturing Time:@&days,
depending on shop availability

Cost = $550.00
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20052006 Team Design
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A

A

Fuel

Designed in 200405
Tested and verified
Designed for Constant 1335 N thrust
Ingredients
A HTPB 84.57%
A IPDI 10.34%
A Castor oil 0.09%
A Carbon black 5.00%
Total Solid Fuel Mass = 1.70 kg (3.75 Ib)

Estimated Manufacturing Time:@Gdays,
depending on shop availability

Cost = $775
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Feed System

Payload

Recovety

System
GEC
o
ar
M Cxidizer Tank ™

: ~ 71t

Feed System

Injection System

[IFY=

lgnition =ystem

Combustion
Chamber

. ; Mozzle : .
1 ]
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Feed System Requirements

Feed System Shall
A Allow a maximum pressure drop of 60psi

A Store 9.0 kg )0

A Operate up to 2400 psi without failure
I safety factor at least 3

Ground Test
Requirements

Safety

w{ C x n

wRemote tank pressurization Minimize mass and
wNitrogen purge system complexity

wNo measurement devices
wRemove all unnecessary valves

Flight Requirements

Data acquisition

wPressure
wMass flow
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Feed System Design

] 2098” Qutlet to jniector plate

Nitrogen T

purge valve &

A Pipe dimensions ¥ inch diamete

A Parts purchased commercially
from Swagelok Inc., no machinir
necessary

Pressure transducers

S~

2345

©@0.50 -
: A Yellow parts not needed for fligh
Primary oxidizer|f . . .
flow valve If alternate pressurization

method can be found

Remote
pressurization
valve

Mass flow meter

Legend
[ Part needed for flight

[] Part may not be needed for flight
I Part needed for testing, but not flight
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Oxidizer Storage

Concerns
A Cost is primary concern

I If mass budget cannot be realized, cheapest
avallable tank will be chosen

m Cost (relative)

m Mass (kg)

Steel -
Aluminum

Titanium

Composite
MACHSRX; Hybrid Rocket
PDR Oct 23, 2007




Oxidizer Storage

Potential Suppliers

A ldeal Composite Tank
I Light weight (High Cost)
I High cost
I Difficult to obtain

Adh-WwWF YL LI I

I Vehicle nitrous systems
A Cost effective
A Well documented
I Metal piping
A Cost effective
A Easily obtainable
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Injection System

Payload

Recovety
Swystem

GEC

Test Stand . ™

ar

Launch Pad = Owidizer Tank ™

: ~ 71t

Feed System

Injection System

[IFY=

lgnition =ystem

Combustion
Chamber

. ; Mozzle : .
1 ]
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Injector Requirements

The injector shall:
A Provide mass flow rate of oxidizer sufficient for 1335N (BQ®f thrust
A Provide at least a 20% pressure drop across injector plate

To eliminate possibility of backflow into oxidizer tank

A Provide a discharge coefficient of 0.7
A Be able to withstand required temperatures and pressures

Year Previous Designs Pros Cons

20042005

20052006
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10 Holes More holes spread oxidizer and Some holes werblocked
5T ndnpé wmd aid vaporization by fuel; decreased
Circulamole pattern stability of combustion
Grade 5 Titanium Injection area did not

provide desired oxidizer
mass flow rate

8 Holes Square pattern puts oxidizer clos Chamfer was difficulio
5T ndnpHé o tofuel for a more efficient burn  machine

Squarehole pattern Square pattern directs oxidizer Injection area did not
Chamfer straight through port for stable  provide desired oxidizer
Grade 5 Titanium combustion mass flow rate

/| KF YFSNI AYGSYyR¢



Injector Analysis

Oxidizer Flow Rate Effect on Thrust

300 /
280

4 -'05 B2
260 =@-Linear Trendline
—&— Hot - Fire Test Data
240
220

Thrust (Ibf)

'04-'05B1
200

180

160 T T T T T T T 1
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

Oxidizer Flow Rate (Ibm/s)

For Thrust of 1335 N (300 Ib;), need a mass flow rate of 0.61 kg/s (1.33 Ib,,/s) of N,O
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Current Plate Design

A Same hole pattern and plate
RAYSYyaaAaz2Q/mac | a Wnp
I No Chamfer
A[ I NESNJ kt dzyySOSaal Ne
A Problem: Analytical model is insufficient
to predict complicated flow through

plate
Ideal Hole Diameter: I Solution: Test range of hole diameters to
5Pnoncypé womdTod Yyeempirically determine characteristics of
Test Hole Diameters: plate
e p— A Test for:
il ize (in.) i Mass flow rate
1.65 mm | 0.0669 I Pressure Drop
1.7mm | 0.067 TG
A With:
it ey [ AE00 il I Pressurized coldJ@ test for full range of hole
1.75 mm | 0.07 diameters
i N,O Test for final comparisons
#50 0.0709 [1.80086 mm]
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Ignition System

Payload

Recovery
System

GEC

Test Stand < ™

ar

Launch Pad = Oxidizer Tank ™

: : ~ Tt

Feed System

Imjection System

[

Ignition zystem

Combustion
Chamber
Control Surface I N
. ; Mozzle ; .
1 |
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Ignition SystenRequirements

The Ignition System shall:

A 1) Dissociate the JD , Temperature of at least 922 K (1200 F)
A 2) Vaporize HTPB, Temperature of at least 617 K (650 F)

A 3) Not cause damage to other subsystems

A 4) Be remotely activated

Expelschunks that

Steel woolnd GOX (all  Reliable (1, 2)no new damage the nozzle (3),

R design work required requires additional gas
ElectricWires (200806)  Safeyestart ability (4) '”tegﬁ‘gﬁ:;’é'tgysggd fuel,

Achieves a high
temperature (1, 2), no exi Highlycombustible, Safety
material (3), remotely Hazard
detonated (4)
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Ignition System

Trade Study

Steel Wool and

Pyrotechnic €10),4 Electric Wires
Criteria Weight| 1-10| % | 1-10 % | 1-10| %
Reliability 30% | 10 30 10 30 4 12
Minimal System Damage20% 10 20 6 12 10 20
Integration/Assembly 15% 10 15 10 15 7 10.5
Safety 15% 7 10.5 2 3 10 15
Mass 10% 1 10 | 10 7 7 10 | 10
Cost 10% | 7 7 7 7 10 | 10
Total 100% 92.5 74
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Pyrotechnic Igniter

A Benefits:

| Versatile shape and
placement

I Hightemp
~192%°C(3500F)
I Reliable combustio
A Concerns:
I Burn time
I Dangerous mixture
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Pyrotechnic Igniter

AGhWFYLXE LI IY

I If pyrogen ignites too
quickly, solid hobby motor
used

A Benefits:

I Cost effective
T Abundant

A Concerns:
I Placement in HTPB
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Risk Assessment

RISK ASSESSMENT

Criticality

Medium

High

Likelihood
Medium

Low
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Ignition System (IG)

Feed System (FD)

Injection System (IN)

IN.1 Injector experiences abnormally large flow/pressure varia
IN.2 Injector O-ring seal is broken

Oxidizer Tank (OX)

Data Acquisition/Electronic Controls (DA)

DA.1 Sensor malfunction
DA.2 True measurement amplitude higher than expected amplit
DA.3 True measurement frequency higher than expected

Test Stand (TS)

TS.1 Fails to adhere to test facility safety/integration standards

Other (O)

O.1 Lockheed Martin static test date not set or missed
0.2  Atmospheric Variation (Pressure, Temperature, Density)
0.3 Damage to components during transport to test facili

0.4  Insufficient design skills in advanced fluid dynamics%




Risk Assessment

Prototype and
Pre-test

Detect, close N,O
valve and inject N,

If tank is not acquired
by end of 2nd
semester
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Testing and Verification

A Hot Fire Test

I Subsystem fit and operation |
i Lockheed Martin Test Facility ﬂ Rl
I Test Stand Requirements h
AMeasure thrust
I Load cell
AVertical

AWithstand a peak engine
thrust of 1335N
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Testing and Verification

Injection/Feed System

- Purpose: test mass flow rate of injection plate
designs

- Hydro Test

T Measure volume rate for various
pressure drops

» Convert to mass flow given densit]

» Compare hydro test pressure to
feed system pressure to profile
pressure drops

I Hydraulics bench (ITLL basement)

Ignition System
- Purpose: Ensure temperature of 922 K to dissociate nitrous oxide
- Requirements: Safely measure temperature and burn tofme pyrotechnic
ignition system
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Budget

Estimate |30% Margin Reduced| Reduced w/margin

Nozzle 550 715 0 0)
Combustion 1850 2405 800 1040
Ignition 320 416 320 416
Injector 595 773.5 595 773.5
Oxidizer Tank 2000 2600 200 260
Fuel 850 1105 775 1007.5
Test Stand 510 663 375 487.5
Sensors 400 520 400 520
Management 200 260 100 130
Total 7275 9457.5 3565 4634.5
Aero Dept 4000 4000 4000 4000
UROP 1000 1000 0 0)
Final -2275 -4457.5 435 -634.5
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Work Breakdown Structure

. Feed and Combustion
Project Systems - . . .
Management Engineering Injector Chamber and Oxidizer Tank gnition System Testing Safety ‘
System Mozzle
] . o I Chemical
Project Objectives and Pressure Thrust Strength Ignition Verification -
Obiecti Reaui ts - rus Requi 1s Reaui s Reai t Application and
jective equiremen Hequ"ements Requirement’s equiremen equiremen eguirements Stﬂl‘ﬂge
Schedul System Material Trade Verification of Tank Selech Design Trade Test Pl F“"’:‘E" {iafting
chedule : Previous ank Selection est Plans afety
Architecture Study Design Study Requirements
Regression T Safety
o Material . - est Stand -
Budget Fate Model and \alidation Tests Functional Test Validation Test Eabrication Restrictions for
Fuel Selection abricatio Tests
Requirements
[ Manufacturing
Furchasing . Fabrication Fabrication Fabricate Functional Test Safety
Integration Requirements
Report Svst )
Documentation
Industry Representation | | Task | | Legacy
Interface of the Group Management | |Documentation
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Organization Chart

Froject Manager
Robert Wuest

Systems Engineer
Stacey Bagg

Injection System Lead
Wasley Haigh

Feed System Lead
Richard Bell

Injection Team
Stacey Bagg

Injection Team
Leon Slavkin

| Bradley Crittenden

lgnition System Lead
Bradley Crittenden

Feed Team
Lean Slavkin

Feed Team

Test Stand Lead
Jared Santistevan

lgnition Team
Robert Wuest

Ignition Team

| Jared Santistevan

ATeam is organized around novel components
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Test Stand Team
Richard Eell

Test Stand Team
Wesley Haigh




Fall Schedule
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