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Motor Description

CASTOR 30

MOTOR DIMENSIONS
Motor diameter, in. ... . 92
Motor length, in. ... 138
MOTOR PERFORMANCE (73°F VACUUM)
Bumntime, sec. ... 143
Average chamber pressure, psia...................... 762
Total impulse, Ibf-sec............_._.______ 8.34M
Web time average thrust, Ibf._.._._.________ 58,200
NOZZLE
Housing material ... Aluminum
Exit diameter, In. ... 475
Expansion ratio, average .................................. 50
WEIGHTS, LBM
Totalloaded ... . . 30,998
Propellant................. 28,300
CaSE oo 899
Nozzle/lgniter/TVA ... o 748
Ot - 1,051
VECTORABLE NOZZLE IN-LINE UPPER STAGE BOOSTER TEMPERATURE LIMITS
The CASTOR 30 is a low cost, robust, state-of-the-art upper stage  Operation....______ +30°-100°F
motor. This development motor is 138 in. long and nominally = PROPELLANT DESIGNATION
designed as an upper stage that can function as a second or third Modified TP-H8299, HTPB polymer,
stage depending on the vehicle configuration. The design of the 20% aluminum
CASTOR 30 uses all flight proven technology and materials. PRODUCTION STATUS ..o In-design
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Ablation Model (In-Depth)
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« Mass/Momentum Equation
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— Neglected storage (quasi-steady)
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generation advection (permeation)

— 1-D simplification (with neglected storage)
() = [ 4L

Hero
ot (Heat Transfer and Erosion
Analysis Program)

 Energy Equation
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pyrolysis energy storage advection conduction
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Ablation Model (Surface Model)
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Control-surface for elemental balance Control-surface for energy balance

* Unity Lewis number
qgond = peueCH [Hr - (1 + B,)hw + Béhc + B;hg] + awq:‘,ad,inc - (‘;"O'T;
« Equal diffusion coefficients

qgond = peueCH (H; - hw)f.e.g + peueCM (E Kie - E Kiw)hiTw + Bc’hc + B;hg - B’hw] + awq:ad,inc - 8(7ij

* Unequal diffusion coefficients

" " 4
qcond = peueCH (Hr - hw)f.'e.g + peueCM + awqrad,inc - €OTW

(E Z - E Z: )hf” +Bh. +B,h, —B'h,

e Surface ablation rate

B C Thermochemistry Heat transfer
S o = Me _ PePelletu ‘B-prime” tables coefficients from
Pe Pe from ACE code CFD modeling
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CFD Modeling (Approach)
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» 2D axi-symmetric, steady state, 2-phase, non-reacting CFD model
 Simulated 0.6, 15, 30, 45, 60, 75, 90, 105, 120, 135 sec burn times
* Propellant mass flow rate adjusted to match measured chamber pressure

 Gas properties from NASA Lewis chamber properties at appropriate pressures, frozen chamber C,
and molecular weight, temperature dependent thermal conductivity and viscosity

* K-Omega, SST turbulence model, y* values 30-100

+ 34.6 wt% Al,O4 liquid at equilibrium
— 24% large agglomerates, sizes from quench bomb data (40-300 microns)
— 76% fines

 ATK droplet breakup model with size dependent critical Weber number
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CFD Modeling (Mach #)
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Hero Ablation Modeling (Overview)

« 81,092 elements (1st order)

» Heat transfer, pyrolysis, pore pressure,
thermochemical surface ablation

« 0-155sec
— At =0.01 through 1.5 sec
— At = 0.05 through 155 sec

¥ FEM Builder - [C30_Hero OTo15sectdb:
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Hero Ablation Modeling (Grid Details)

¥ FEM Builder - [C30_Hero OTol5sectd
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Xw: 43.568, Yw: 2.278, Zw: 0.000
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FEM Builder Model Coupling

» Initial boundary conditions calculated in Fluent and imported into Hero using FEM Builder (~ 0 sec)
* Hero run for 15 sec (boundary conditions modified within Hero based on transient pressure)
* Eroded surface (at 15 sec) imported into Fluent
* Boundary conditions recalculated
— Eroded surface
— Propellant burn-back
— Imported into Hero

* Process repeated in 15 sec interaction intervals through 155 sec

Frio 3R DEEE $RPCH @O0 m AR AL »id B

User Defined Orientation : v fx xa Lz z z-"i f.2 £ | Curent Model: C30_2D_wireframe

o —
Create Thermochemistry BCs

Definition Method

Constant
T abular

@) Interpolation from Result

Interpolation from BC

0K Cancel
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Modeling Results (Temperature Contours at Intermediate Time) @

Temperature Contours of Full Nozzle
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Modeling Results (Contours of Temperature and Char)

/

Temperature Contours in Throat Region

Extent-of-Reaction (Char) Contours in Throat Region
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Modeling Results (Animated)
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FEM Builder Coupled Fluid-Thermal-Structural Interaction Analysis CATK>

Solutions type/Time domain
* CFD — Quasi steady

 Heat transfer — Transient

CFD
models

« Structural — Quasi steady
CFD - Structural Interactions

* Pressure on structure Structural

Models

» Displacement of CFD boundary
CFD - Thermal Interactions

Model Coupling Capabilities

» Surface temperature for CFD model

* Heat flux from CFD model

« Ablation from thermal model (modifies CFD boundary)
« Particle impingement (Slag)

Thermal — Structural interactions 183302

» Temperature is applied to the structural model

» Pore pressure (causes stress & permeability is strain

dependent) I

« Deformation of thermal model Flow/Structural Coupling Example
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On-going Work

« CFD 2-phase reacting flow

« Conjugate CFD/ablation modeling

« Grain burn-back modeling

« Additional GUI (FEM Builder) support for generation of coupling scripts
« Surface thermochemistry code development

« Slag impingement heating and erosion modeling

« Comprehensive validation against historical data

« Improved material property characterization methods

15 DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



Acknowledgements and Model Availability

Acknowledgements

CATK,,

« This work was funded by the Air Force Research Laboratory, Solid Rocket

Motor Branch at Edwards Air Force Base, under program direction of Lester
Knox

Program availability

* For questions about availability contact:

16

Thomas Richardson, Program Manager
Thomas.Richardson@atk.com
(435) 863-3410

Charley Bown, Marketing
Charley.Bown@atk.com
(435)863-5274

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



