Practical APCP motor
design for Amateur & High
Power rocketry



What we will be covering:

The basics & definitions

Some other considerations

The process to get the data to input into the
BurnSim program

Designing motor profiles in BurnSim




What we won’t be covering:
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A solid rocket motor usually consists of a casing, nozzle,
forward closure, a liner and a fuel grain.
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Aluminum Motor case
Aluminum strength rapidly decreases
with increased temperature

Liner material / heat protection

Case bonding can be used for thermal
protection

The forward closure is a component of
the case.




Propellant

The grain behaves like a solid mass, burning in a predictable
fashion and producing exhaust gases. The nozzle dimensions
are calculated to maintain a design chamber pressure, while

producing thrust from the exhaust gases.
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The grain burns at a predictable rate,
given its surface area and chamber
pressure.

The chamber pressure is determined by

the nozzle orifice diameter and grain
burn rate.

Allowable chamber pressure is a
function of casing design.

The length of burn time is determined
by the grain "web thickness".




Common modes of failure in solid rocket motors
include fracture of the grain, failure of bonding to the

casting tube or case bonding, and air pockets in the
grain. All of these produce an instantaneous increase in
burn surface area and a corresponding increase in
exhaust gas production rate and pressure, which may
rupture the casing.




Nozzle

Directs and accelerate combustion gasses to high
velocities. Provides Choked flow to prevent
catastrophic erosive burning. (Going supersonic in

the propellant core)

Goal is maximum thrust coefficient with minimum
nozzle weight.

Nozzle throat area controls combustion chamber
pressure and divergent angle controls thrust
amplification through the coefficient of thrust.
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Kn (burning-area to throat-area ratio)




First, it is a general rule that long motors will be
erosive. With a standard bates grain geometry, a large
burning surface area means there will be a lot more

combustion gases flowing, especially at the bottom
grain. A general rule is if you have length/diameter of
>=8 (measuring the propellant itself, not hardware) you
should be concerned. With nominal bates grain
geometries, this is a 5-grain motor.




Erosive Burning Motor Design Issues - 1

High Length-to-Diameter (L/D) Motors Increase Rocket Flight Performance.

Maximizes Total Impulse within a Given Frontal Area,
Minimizes Aerodynamic Drag in Minimum Diameter Rockets.

Keeping the Core Diameter the Same, How Much Can Motor Length Be Increased
Motor Propellant Grain Length is Increased. For a Given Motor Diameter?

For Velocity-Based Erosive Burning: For Mass Flux-Based Erosive Burning:

1) Increased Propellant Grain Length 1) Increased Propellant Grain Length Increases
Increases Propellant Surface Area. Propellant Surface Area.

2) For Same K, Increased Propellant Surface 2) Increased Propellant Surface Area Increases
Area Requires Increase in Throat Area (A,,). Mass Flow Rate Down Core.

3) Increased Throat Area Approaches 3) With Same Core Diameter, Port Area (Core Cross-
Port Area (A, the Core Cross-Sectional Area). Sectional Area) Remains the Same.
Port-to-Throat Area Ratio (APIA,,,) Decreases, Increased Core Mass Flow Rate through Same
Core Mach Number Increases, Increased Core Cross-Sectional Area Results in
Velocity-Based Erosive Burning. Increased Core Mass Flux, Increased Mass

Flux-Based Erosive Burning.

Figure 1. Erosive Burning Motor Design Issues - 1.




Constant Core Mass Flux Core Design

Core Mach Number and Core Mass Flux Provides Maximum Motor Length,
Design Point Conditions are at Motor Ignition Minimum Motor Core Diameter,
Maximum Propellant Loading for

Core Mass Flux Values Based on a Given Level (Design Point) of
Non-Erosive Propellant Burn Rate Erosive Burning

TR ATATA A AT B A A A

Initial Core Diameter Based On
Design Point Core Mass Flux Achieved Design Point Core Mach Number
Design Point Core Mass Flux (Recommended Values) ' Non-Erosive; M, = 0.50
Non-Erosive; p, = 400-600 psia Core Mass Flux < 1.0 Ib/sec-in? Y =12; A,/A;, =136
p. = 800 psia Core Mass Flux = 1.75 Ib/sec-in? .
p.=1400 psia  Core Mass Flux s 2.0 Ib/sec-in? Max Erosive; M, =0.70
Y =12; ApfAm= 1.10

Max Erosive; p,= 400 psia Core Mass Flux = 2.0 Ib/sec-in?
p. = 600 psia Core Mass Flux = 2.5 |b/sec-in?
p. 2 800 psia Core Mass Flux = 3.0 Ib/sec-in?

Figure 9. Constant Core Mass Flux Core Design.




My motor design process

from the start to finish

Using PROPEL20 spreadsheet workbook, ProPep3, and
BurnSim




Select Propellant formula for characteristics desired
Simple formula to start
Colored flame

Smoke or no smoke
Fast burn / High thrust / High performance

Slow burn / Long burning / Long length to diameter
motors

Packable or pourable




Select the motor size (Impulse, motor case to be used,

etc.)
* Test motor grain size x multiple burns for mix batch
amount
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Fropellant designation
Fropellant denzity

GRAINETO BE CAST

Diamater

Length

Core (mandrel] dia.
Mumber of grainz
Expacted waste, %

Ingredient
Ammaninm perchlorate 200 um

Amanium Chlaride
Zine
Calcium Carbonate

R4SMHTFE

Dicctyl adipate

Castar il

Filizane Ol (1 drapd500g)
ET44 [Add Lazt)

Tatal wt.
Percent zolids

PREPARATION STEPS

Mix liquidz minuz curativs S min
Addd Metalz 10 mindscrape § min
“Wacuum process 15 min
Add 15 200 um AP 5 min
Add 105 200 um AP 5 min
Add1UE 200 um AP 30 min

“acuwum process
Add curative
Wacuum process

Click to add header

Oirangs Sunzet |
| nosses] ibvins

NEEDED Actual Used: Qriginal batch:
THIZ BATCH ‘weight

75,001

00l

0]

0l

12.50)

500
]

2.

564,64
H.25%

DATA AND COMMENTS
Got rid of castor oil & upped O0A, much nicer prapellant
Theorstic Denzity 0537334 Chamber preszurs 700 pai f 14.7
" 4222 455 Molsculur k. 2342465

CRICV 1246553

3 % 0 Values derived From & burs using reqreszion

an the ballistic page

(3] DT1E36 () 451305

Kn [ ] Burntime [
[ | Burntime |
Kn | | Buntime |

ctual Dengity:

Click to add focter

Percent

0.0%
ALY
0.0%

13%

13%

EAES
0.0%
0.0%
nax
4.5%
0.0%
0.0%
2.0%
0.0%

Click to add header

Thiz iz the propallant "nams"

SEmm  Smm Temm  9dmm 1M4mm
114 17175 255 325 38
115 2.84 5.25 BAETS

0.375 0625 0875 1250

Enter core size ONLY if a mandrel wil b uzed
ko farm the core, etherwize, leave it "zere®
(I youare drilling the core, suter ‘zero’ For mandrel size]

IF anly salids are placed in the first cight rows
the "% solids" at the bottam will be correct

Frint the spreadshest when it's finizhed and punch it
to fit anotebook. Tou can then write in actual
amounts, data, comments, ete.

Total wk. of ariginal batch necd not add up to 100

This space is for writing your comments ar
duscriptions of working steps, kemp, mizing, cke.

The ‘Batch’ sheet for
mixing your propellant

Click to add footer

Kn /DENSITY  BALLISTIC , BATESBURN Z ' Everclear Modified TR Orange Sunset I1-+Papi |




Mixing the propellant
e HTPB / Binder — fuel
Plasticizer
 DOA (Dioctyl adipate)
 |IDP (Isodecyl Pelargonate)

Cross linking agent
e (Castor Qil
Bonding Agent
* Tepanol or HX-878
Surfactant (Surface Acting Agent)
e Lecithin
 Silicon Qil




Metals are fuel (Powdered Aluminum,
Magnesium, Zinc)

Increases combustion temperature

Dampens combustion instability

Magnesium reported to improve low pressure
burning




Burn Rate Modifiers

e Catalyst
 Transition Metal Oxides 0.05% to 1%

such as red Iron Oxide, manganese dioxide,
cupric oxide, chromium oxide, etc.
* Burn Rate Suppressant
* oxamide, ammonium chloride, calcium
carbonate, etc.




Opacifier if needed

Ammonium Perchlorate Oxidizer (AP)
* 90 micron, 200 micron, 400 micron

Curatives (Diisocyanates)
* MDI, IPDI, DDI, HDI, TDI, E744

Vacuum Processing




Cast Propellant & Cure time




Nozzle & Thrust | propeliants | Startu
Grain Type: BATES ~| || # | Lengtn | Diameter | core | Inhib. | Type | Prop. | opelants | Startup |

Diameter: 2 i _ BATES Orange Sunset | Mozzle Exit Dia:
255 0

0.875 BATES Orange Sunset I Expansion Ratio:

Ambient PSI:

Gore Diameter:
Gore Offset

Efficiency:
# of points:

Fin Length:

dd | Delste| Appy iI D Bottom Grain Is Nozzie End

Graph | Notes and Test Data |

- Area for propellant e

Volume Loading:

properties tab in the T

Core LID Ratio:
Web:
Burn Time: 4.41 sec.

BurnSim program

PropellantMass: 5.166 Ibs
Total Impulse: 3631 NS
Motor Class: 42% L-823
Delivered ISP: 158 sec
Peak Mass Flux: 1368

B ¥ kn

Bl ¥ Pressure

W~ Thrust

B wass Fe x[s00
M gissEiay  x[s00

|D ‘05 | 1 25
X Axis Start|o seconds X Axis End |0 seconds End Simat 0 % of max thrust

BurnSim Ready
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Nozzle & Thrust Propellants | Startup |

Mame: Orange Sunset |l -

Standard Froperties I Pressure Varied Properties I Motes I

i
Values for C*, (a), (n), Density,
: - ft / sec 5. Heat Ratio:|1.2453 Heat Ratio & MOIar Mass are
Thar 1SP- 1 vol Mass  [55322| found in the steps on the
BR Coef (3). (0011536 following slides. These are

BR Exp (n): [0.481303 needed to run motor sims.
Density : 0.05636 I £ in. ~3

Char. ISP value is . | - | - 1
Meww Edit Delete
tomatically filled in 4| 4|4|

when you enter the
C* value



Measure the actual density of your mixed & cast propellant




DETERMINATION OF DENSITY OF PROPELLANT
To determine density, fill a graduated cylinder about half full of water. Record the volume.
Weigh several pieces of propellant that will fit easily in the cylinder. Record the total weight.
Carefully drop (without splashing) the pieces of propellant in the water. Record the new volume.

Volume of water initially milliliters
Weight of propellant added to cylinder
New volume of propellant and water together milliliters

Density 1.4489 grams/mL
0.05234 Ib/cu.in.

Or you can get a fair value for density by weighing a given propellant grain. You must
also know the weight of an empty casting tube (it doesn't have to be the same length as your grain)

Length of paper casting tube inches  Tubing weight is 3.690476 grams/inch
Weight of paper casting tube grams

0.D. of propellant (i.d. of tube 2.535]inches

Diameter of core 0.875

Length of grain
Weight of grain 2515.2 grams |

Q2_grams/mlL
0.05756 Ib/cu.in.
O

Density




Run propellant chemical composition in ProPep
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File Options Multiple Runs Notes About

Propellant Formulation | Grain Information Compute A& N
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AMMONIUM PERCHLORATE
AMMONIUM CHLORIDE

CALCIUM CARBONATE (CACO3)
HTPB (R-45M)

DIOCTYL ADIPATE

MDI (PAPI 94)
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E Copy Results to a File  Copy Results to Clipboard

AMMONTIUM PERCHLORATE .07040
AMMONIUM CHLORIDE .05510
ZINC .25790

a o
Q 1]
Q 1]
0 CALCTUM CRRBOWATE (CACC3) .000 0.09790
Q 1]
Q o
a o

HIPB (R-45M) .500 .03250 200
DIOCTYL ADIPATE .000 .03320 22
MDI (BRPT 94) .740 .04480 224

THE PROPELLENT DENSITY IS 0.05974 LB/CU-IN OR  1.6536 GM/CC
THE TOTAL FROPELLANT WEIGHT IS 104.2400 GREMS

NUMBER OF GRAM ATCMS OF EACH ELEMENT PRESENT IN INGREDIENTS

.721664 H
.376230 C
.688546 N
.80803% ¢©
.675700 CL
.058845 ca
.030590 zZN

'CHAMBER RESULTS FOLLOW
T(K) T(F) E(ATM) P(PSI) ENTHRLPY ENTROPY CB/CV GAS
2023 3182 47.62 700.00 -74.29 244.99 1.2466 4.419

SPECIFIC HEAT (MCLAR) OF GAS AND TOTAL = 9.871 9.976
NUMBER MOLS GAS AND CONDENSED = 4.419 0.031

-145734e+000 H20 1.089160e+000 CO -367644e-001 H2
-441857e-001 N2 2.8609813e-001 co2 .1416662-002 CcaCl2¥
.8350117e-002 cacl2 5.599058e-004 .457290e-004 Cl #135983e-004 NH3
.277895e-005 HO 1.150830e-005 CaH202 .34761Be-006 CNH 7.200974e-006 CH20
.500012e-006 CH4 2.559028e-006 caCl .145202e-006 1.590116e-006 NO
1.3918E-06 CNHO 1.3919e-06 CNHO

THE MOLECULAR WEIGHT OF THE MIXTURE IS 23.425

EXHAUST RESULTS FOLLCW - *
o e, e e o 2 . Top line C* value for small

SPECIFIC HEAT (MOLAR) OF GAS AND TOTAL = B8.738 8.808

NUMBER MOLS GAS AND CONDENSED = 4.380 0.060 motors’ bottom Iine c*

1.287532e+000 B2 7.856770e-001 BZO 7.Xe5303e-001 co 6.518751e-001 co2
5.557878e-001 HC1 3.441871e-001 N2 5.942877=-002 caClze 3.45
0.00475604 crd 0.00475604 crd é or a rge mo ors
THE MOLECULAR WEIGHT OF THE MIXTURE IS 23.477
Sk kkk k * PERFORMANCE: FROZEN ON = LINE, SHIFTING ON SEQWID LINE®#*¥%¥&&iws
IMPULSE IS EX il B¥ [ond ISp* OPT-EX D-ISP M EX-T

1%8.6 1.2718 1781 26.2 4160.6 6.02 328.4 0.18473 EB6
201.9 1.2337 1814 26.5 4222.5 163.9 6.48 333.9 0.18733




Do test burns & get time / pressure values with different Kn
(Propellant surface area to Nozzle throat area ratio)




A ' B | ¢ | b | E | F
DETERMINATION OF NOZZLE DIAMETER OR AREA RATIO
(all grains are assumed to burn on ends as well as in the core)

For Bates, core, and moon grains
Number of grains 4 4 5 3] 7 4 1
0.D. of propellant 3.25 3.25 0.92 0.92 0.92 3.25 0.92
Dia. of core 1.25 125] 0385] 0385] 0385 125 0385
Length of each grain 5] 5] 1.5 1.5 1.5 6 1.5
Desired Kn 335 350 190 200 210 228 230
| I
Nozzle throat (inches] 0.7571 0.7407 03123 0.3335 0.3515 0.91?7. 0.1269
OR in 64ths inch 48.45 4740 1999 2134 2250 58.73 8.12

EDOO"'-IQJUW-PI-UJI\J—lk

Number of grains 4 2 2 2 1 1 1 1 1
0.D. of propellant 3.25 1.14 1.14 1.14 0.92 0.92 0.92 0.92 0.92
Dia. of core 125 0375] 0375 0375] 0385 0385] 0385] 0385] 0385
Length of each grain 6] 1825] 1825] 1825 15 15 15 15 15
Nozzle throat dia. 075 025] 0266] 0281 0.14 0.16 017 0.18 0.19

Area ratio Kn = 3413 1618 1429 1280 1891 1448 1282 1144 1027

Note: you don't have to fill in every box. Multiple boxes are given to Use thls Sheet to

allow you to see differences in Kn/nozzle throat with different dimensions

find your Kn ratios







ob G PROPEL Formula
Formulas Data Review View Add-Ins
# Cut
E3 copy -

= %\ v ¢ Wrap Text General

¥ i 2 M & Center - | & ~ e Conditional Fo
< Format Painter = Merge & Center e

Alignment F]

DETERMINATION OF BURN RATE COEFFICIENT AND EXPONENT

Bates grains should be neutral (length about 1.6 times the diameter) for best results
Record time as accurately as possible (use a camcorder if thrust stand is unavailable)
If Isp is not known use: 150 for propellant using KP oxidizer
175 for propellant using AN plus Mg, or just AP.
190 for propellant using AP plus Al or Mg

BATES grains
TEST MOTOR DATA
Grain dia
Grain length i For more accurate determination
Core dia i of burn rate coefficient and exponent,
Number of grains see below
Nozzle throat dia
Propellant Isp
Density
Burn time

PROPELLANT RESULTS Two burns times can

Burn rate 0.219 0.306 n/sec

o w9 ses get you a basic ‘a’

Chamber pressure 453.3

Burn rate coefficient 0.0077 o o

Burn rate exponent (BR'COEfflClent) and
CAUTION: if the nozzle throat is more than haif the core diameter ‘n’ ( BR-ex pone nt)

results may be incorrect due to erosion




Insert Page Layout Formulas Data Review View Add-Ins

= I = g g o
| = Hide

MNormal| Page Page Break Custom  Full L Zoom 100% Zoomto New Arrange Freeze
Layout  Preview Views Screen Selection | Window  All  Panes~ —J Unhide

Workbook Views.

Multiple burn
times gives more
Propetet dansly i accuracy

Dia. of

BATES grains Grain Grain Core MNumber  Nozzle Burn Burn Kn Chamber log log

TEST MOTOR DATA ia. length dia of grains throat time rate pressure (rate) (pressure)
Motor #1 | 0.221] ] 0170 2024 2466823 -076955 2392138
Motor £2 ] 0182 2242 2927165 -0.73950 2 466447
Motor £3 ] 0219 288.9 4526093 -0.66041 2655724
Motor #4 [ 1.14] j 0306 3814 8366480 -051428 2029543
Motor #5 #DIV/O! ~ #DIV/O " #DIV/Or " #DIV/OL " #DIV/O!
Motor #6 #DIv/ol " #DIvior " #DIvi0l T #DIv/01 T #DIV/OL
Motor #7 #DIv/ol " #D1vior " #DIviol T #DIv/or T #DIV/OL
Motor #8 #DIv/ol " #D1viol " #DIviol T #DIv/or T #DIV/OL
Motor #9 [ [ #pwor "#piviol " #Divior T #Diviol T #D1viol
Motor #10 #DIV/0! " #DIV/01 " #DIV/OL " #DIV/O! " #DIV/O!

Regression Output:
Constant Burnrate coefficien 0.011836
Std Err of Y Est Burnrate exponent= 0.481303
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s) 0.481303
Std Err of Coef. 0.016705

OSII Ballistic info ~"OSII Char .~ Original Orange Sunset .~ Wayside White RN S L]




Frop.

Orange Sunset I

Propellant ‘Orange Sun:
Length: in.
in

5.25
2.55
&

Orange Sunset I

QOrange Sunset Il it Di I
Expansion it Insert

Core Diameter: |0.875  in. A
Ambient PSI;

Core Offset: in
Effi g
l_ iciency:

#ofpaints:

Diameter:

" Use Thrust Coefficient

Thrust Coefficient 1.2

Fin Length

Initial Kn

PropellantLength:21 in.
PropellantMass:  5.188 |bs
Total Impulse: 3831 NS
Motor Class: 42% L-823
Delivered ISP: 158 sec.
Peak Mass Flux:  1.368

W ¥ kn

M ¥ Fressure

M ¥ Thrust

BV yess Fox x[500
W Sies i x[s00

‘0 05 ‘1 25 3

X Axis Start|0 seconds X Axis End |0 seconds

End Sim at 0 % of max thrust

BurnSim Ready




Action Settings View Help
on
BATES
.5
55
.87

GrainType: |

Propellant Orangesunci Mozzle Throat Dia:  |0.78125 in Area
2.
—
2.
0.

Length: Orange Sunset % UseNozzle Calculations
Diameter Orange Sunset | Mozzle Exit Dia: 16 in

418
Core Diameter 5 Orange Sunset Expansion Ratio:

Ambient PSI. 147
Core Offset: ‘Orange Sunset Il

' B
# of Points: Efficiency. i

Fin Length: in " Use Thrust Cosflicient
Inhibited Ends: [0 ©2) ThrustCoefficient  [1.2

add | Detete| appy | up | Down |

Graph | Notes and Test Data |

@
E o = Nozzle & Thrust | Propeliants | Startup |
in.
in
in
in

Initial Kn pal
Max Kn: 282
Max Pc. 366.4 psi
WolumeLoading: 86.3%
Port { Throat Area: 2.07
Throat / Port Area: 0.483
Core LD Ratio: 224
Web: 0.84in
Burn Time: 457 sec
b Length:21 in
PropellantMass: 5054 Ibs
Total Impulse: 3821 NS
Motor Class: 38% L-771
Delivered ISP. 157 sec.
Peak Mass Flux:  1.05

W kn

B ¥ Fressure
W ¥ Thrust
B 5 pass Flux
B 7 Mass Flow

|D ‘0.5 ‘1 . 25 3
X Axis Start|0 seconds X Axis End |0 seconds End Simat 0 % of max thrust

BurnSim Ready




File Action Settings View Help

HiOEH 22 am

Grain
GrainTyps:  [BATES =] [[# | Lengtn

Propellant IW[ A s Nozzle Th

Length s : Orange Sunset I o
s

Core Diameter: [0875

Core Offset

Nozzls & Thrust | Propelants | Startup |

roat Dia:  [0.78125 in Area

e CalCUIAND

Diameter: Orange Sunset | Nozzle Exit Dia

Orange Sunset I

Ambient PSI:

in
in
in
in.

Orange Sunset I

r . Efficien
— cy:

# of Points:
Fin Length: in. € UseThrustCoefficient
Inhibited Ends: [0 (0-2) ThrustGoefficient  |1.2

add | petete| appy | up | Down |

Graph | potes and Test Data |

700 Initial Kn: 221
Max Kn 252

Max Pe: 366.4 psi
Volume Loading: 863 %
Port / Throat Area: 2.07
Throat/ Part Area: 0.483
Core LD Ratio:  22.4
Web: 0.84in.
Burn Time 457 sec.

Ml ¥ Pressure
W~ Thrust
B hass Flux
M7 hiass Flow

|D ‘05 ‘1 25 3
X Axis Start|0 seconds X Axis End |0 seconds End Simat 0 % of max thrust

BurnSim Ready




Nozzle & Thrust | propelants | Starup |

Grain Type: | Diameter | core | nhib. | Type | Prop.

Propellant 255 15 0 Star Orange Sunset Il Nozzle Throat Dia: k3 in Area

Length 2 in.  UseNozzle Calculations

Diameter: Nozzls Exit Dia: in
Major width in. Expansion Ratio,

Ambient PSI; 147
Minor width: i

Efficiency:
# ofpoints: ¥

Fin Length " Use Thrust Coefficient

Thrust Coefficient 12
Bottom Grain Is Nozzie End

Initial Kn: 283

Max Kn: 379

Max Pc: 807.2 psi
VolumeLoading: 83.5%
Port / Throat Area: 1.68
Throat / Port Area:

Progressive fast burn o

Burn Time:

Propellant Length:
PropellantMass:  5.587 Ibs
Total Impulse: 3272 NS
Motor Class: 28% L
Delivered ISP: 132 sec.
Peak Mass Flux:  2.087

W ¥ kn

M ¥ Fressure

M ¥ Thrust

BV yess Fox x[500
B essriow %[0

‘0 |05 ‘1 | . 2 3 35
X Axis Start|0 seconds X Axis End |0 seconds End Sim at 0 % of max thrust

1:08 PM
11/21/2016
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L =

Grain!

Grain Type

Propellant 0 N £ Nozzle Throat Dia:  |0.875 in. Area

Length: 5 Everclear @ Use Nozzle Calculations

Diamater: i ; : Everclear Nozzle Exit Dia [2.1 in,
Core Diameter: b Everclear Expansion Ratio:  |5.76

Ambient PSI: 142
Minor width i o

Efficiency: [20
#ofpaints: -

FinLength in. € UseThrustCoefficient
Inhibited Ends: |0 Thrust Coefficient 1.2

Add | Delete ‘““""’Ii‘ Down B

Graph | Notes and Test Data |

¢ Tiozle & Thrust ] propetants | startup |

Initial Kn: 261

500 Max Kn 313

Max Pc: B87.5 psi
VolumeLoading: 85.2 %
Port/ Throat Area: 2.04
Throat / Port Area: 0.49
Core LID Ratio:  20.4
Web: 1in
Burn Time: 3.63 sec.
PropellantLength:26.5 in
PropellantMass: 8701 Ibs
Total Impulse: 7832 NS
Motor Class: 49% M-2103
Delivered ISP: 177 sec.
Peak Mass Flux: 1.777

W ¥

M ¥ Pressurz
M ¥ Thrust
B 7 ass Flux
B s Flow

‘G |DS |1 E 2 25

X Axis Start|0 seconds X Axis End |0 seconds End Sim at 0 % of max thrust

BurnSim Ready




i -
: i Nozzle & Thrust | propelants | Starup | ——
Grain Type: Moon hd | Diameter | core | nhib. | Type | Prop.
Propellant Everclear ~ 255 1 0 Woon Everclear Nozzle Throat Dia:  [0.7 in Area
Length l'-""_ in. @ Use Nozzle Calculations
Diameter: g5 in Nozzle Exit Dia 175 in
[6.25
Core Diameter: [1 i Expansion Rafio
Ambient PSI: 142
Core Offset. [0.5 i - A
Efficiency:
#ofpoints: 6
Fin Length in  UseThrust Cosfficient
Inhibited Ends: [0 (0= ThrustCoefficient |12
2o | oee [T up| pown|  Beremerenie fome s
Initial Kn 218
Max Kn 313
Max Pe: £37.3 psi
VolumeLoading: 84.6%
Port i Throat Arza: 2.04
Throat / Port Area: 0.49
Core UD Ratio: 24
Web, 1271in.
Burn Time: 576szc
Propellant Length:24 in a
Propellant Mass:  5.582 Ibs =

Total Impulse: 4353 NS
Motor Class: 70% L-756
Delivered ISP: 175 sec.
Peak Mass Flux:  1.368

W ¥ kn

M ¥ Fressure

M ¥ Thrust

BV yess Fox x[500
[ pessFiow  x[500

‘0 | ‘15 3 38

X Axis Start|0 seconds X Axis End |0 seconds End Sim at 0 % of max thrust




Hi0E @2 Al

Grain

Grain Type: C Shot hd | Diameter | core | nhib. | Type | Prop.

Propellant Everclear 255 0.375 0 C Slot Everclear

Nozzle & Thrust | propelants | Starup |

Nozzle Throat Dia: 59 in Area

Length in. % UseNozzle Calculations

Diameter: 55 Mozzle Exit Dia:
SlotWidth 0.375

24
05
&

n
o Expansion Ratio
Ambient PSI:
Slot Depth: n
n

i
i
i
# of points: Efficiency:
i
l_

" Use Thrust Coefficient

Fin Length

Inhibited Ends: |0 {0 Thrust Coefficient 12

Add Delete il Do

Graph | Notes and Test Data |

Bottom Grain Is Nozzie End

Propellant Mass
Total Impulse:
Motor Class:
Delivered ISP:
Peak Mass Flux:

8.35Ibs
4817 NS
88% L-528
170 sec.
2307

W ¥ kn

M ¥ Fressure

M ¥ Thrust

BV yess Fox x[500
B essriow %[0

‘0 ‘D.E |1 ‘15 . . ‘5 |5.5

X Axis Start|0 seconds X Axis End |0 seconds

: M B 3 q O G o LY @ -

End Sim at 0 % of max thrust

1:28 PM
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le Action Settings View Help

Ha2 oo

Grain:
Grain Type

Propellant
Length:
Diameter:
SlotWidth
Slot Depth:
# of Points

Fin Length

X Axis Start|0 seconds

| Diameter | core

255 05

Bottom Grain Is Nozzie End

seconds

| Inhib.
0

| Type
C Slot

| Prop.

Everclear

3

Nozzle & Thrust | propelants | Starup |

Nozzle Throat Dia: (0.6

@ Use Nozzle Calculations

Nozfle ExitDia:  [1.75
ExpansionRatio:  [851
Ambient PSI; ez
Efficiency: l—

" Use Thrust Coefficient

Thrust Coefficient 12

35

End Sim at 0 % of max thrust

in Area

in

Initial Kn:

Max Kn:

Max Pc:

Volume Loading:
Port/ Throat Area:
Throat / Port Area:
Core LD Ratio:
Web:

Burn Time:
Propellant Length:
Propellant Mass
Total Impulse:
Motor Class:
Delivered ISP:
Peak Mass Flux:

W ¥ kn

M ¥ Fressure
M ¥ Thrust
B pass Flux
W ass Flow

- 40

254
38
703.5 psi
87.6%
4
0.446
42
1.3in,
5.46 sec.
in
5.058 Ibs
4080 NS
59% L-744
180 sec.
1.664

ey
o

1:05PM
12/6/2016




File Action Settings View Help

L =

[ Grain!

‘Aam
Grain Type IBATES |
9 in.
=78 in
in.
in
B

Nozzle & Thrust | propelants | Starup |

Length Siow White & UseNozzle Calculations

Propellant Slow White ~ 1 0 Nozzle Throat Dia: 1.141 in Area

Slow White Mozzle Exit Dia: |3.059 in

Core Diameter: [1.375 Slow White. Expansion Ratio. 718
Ambient PSI: 10.1
Slow White

l_
# of points: Slow White Efficiency: 185

FinLength in € UseThrustCoeficient
Inhibited Ends: [0 (©-2) ThrustGeeflicient [0
Add | Delete Apptyl up | Dewn Boftom Grain is Nozzi End

Graph | Notes and Test Data |

Diameter:

Slot Depth:

(1005 Initial Kn: 351

Max Kn: 488
Max Pc: 707.6 psi
Volume Loading: 85.5%
Port/ Throat Area: 2.03
Throat / Port Area: 0.483
Core LID Ratio: 376

\ Web, 12in
Burn Time: 789 sec
Propellant Length:54 in
PropellantMass: 31881 Ibs
Total Impulse: 28855 NS
Motar Class: 41% 0-3765

Delivered ISP: 204 sec.
Peak Mass Flux: 1613

MV kn

Ml ¥ Pressure

M ¥ Thrust

BV yess Fox x[500
W ssEicy x50

lo los I |15 |2 . |35 l4 les Is lss
Xaxis Start]o seconds  XAxisEnd o seconds End Simat 0 % ofmax thrust

BurnSim Ready




Grain Type:
Propellant
Length:
Diameter:
CoreWidth:
SlotWidth:
# of points:

Fin Length

lo
X Auxis Startlﬂ_ seconds

= = B

|D.5
X Axis End |0

e

| Diameter | core

255 15

Bottom Grain Is Nozzie End

seconds

% )

| inhib. | Type | Prop.

0

X Core Everclear

End Sim at 0 % of max thrust

Nozzle & Thrust | propelants | Starup |

Nozzle Throat Dia: 87 in Area

@ Use Nozzle Calculations

Nozfle ExitDia:  [1.75
ExpansionRatio:  [405
Ambient PSI; ez
Efficiency: l—

" Use Thrust Coefficient

Thrust Coefficient 12

in

Initial Kn: 258

Max Kn: 323

Max Pc: 7219ps
Volume Loading: 80.7 %
Port/ Throat Area: 1.66
Throat / Port Area:

Core LD Ratio:

Web:

Burn Time:

Propellant Length:
PropellantMass:  5.325 Ibs
Total Impulse: 4256 NS
Motor Class: 88% L-1114
Delivered ISP: 180 sec.
Peak Mass Flux:  2.136

W ¥ kn

M ¥ Fressure

M ¥ Thrust

BV yess Fox x[500
BV s Fiow  x[500




Grain Type:
Propellant
Length:
Diameter:
CoreWidth:
SlotWidth:
# of points:

Fin Length

lo
X Auxis Startlﬂ_ seconds

E =

|05
X Axis End |0

By

| Diameter | core

255 155

Bottom Grain Is Nozzie End

seconds

| inhib. | Type | Prop.

0

X Core

Everclear

Nozzle & Thrust | propelants | Starup |

Nozzle Throat Dia: 87 in Area

@ Use Nozzle Calculations
175
oo
147
B

" Use Thrust Coefficient

Nozzle Exit Dia:
Expansion Ratio,
Ambient PSI:

Efficiency:

Thrust Coefficient 12

High thrust short burn

in

Initial Kn: 283

Max Kn: 326

Max Pc: 729.2 psi
VolumeLoading: 74.5%
Port/ Throat Area: 2.18
Throat / Port Area: 0.457
Core LID Ratio: 165
Web: 0.5in
Burn Time: 3.52 sec.
PropellantLength:24 in.
PropellantMass:  4.917 |bs
Total Impulse: 3956 NS
Motor Class: 55% L-1124
Delivered ISP: 181 sec.
Peak Mass Flux: 1682

W ¥ kn

M ¥ Fressure
M ¥ Thrust
B pass Flux
I wass Flow




ile Action Settings View Help
HOE 22 /n@m
Grains
Grain Type: | Diameter | core | mhib. | Type | Prop.
Propellant eal 255 155 0 X Core Everclear
Length
Diameter:
Core Width:
SlotWidth:
#of points:
FinLength

Inhibited Ends:
Bottomn Grain Is Nozzie End

Highest total impulse achieved with current motor configuration and nozzle exit
diameter = 2.27

‘0 05
rt|0 secands X Axis End seconds

Nozzls & Thrust | Propelants | Startup |

Nozzle Throat Dia:
& U

Nozzle Exit Dia:

Expansion Ratio:
Ambient PSI:

 Use Thru
Thrust Coefficient

Initial Kn:

Max Kn:

Max 729.2 psi
VolumeLoading: 745%
Port / Throat Area: 2.19
Throat / Port Area: 0.457
Core LD Ratio:  15.5
Web: 05in
Burn Time: 3.52 sec.
Propellant Length:24 in.
PropellantMass:  4.917 |bs
Total Impulse: 3934 NS
Mator Class: 54% L-1118
Delivered ISP: 180 sec
Peak Mass Flux:  1.682

222 PM
11/27/2016
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