UtahState @
UNIVERSITY Homework 3.2

* Gaseous Oxygen (GOX)/ABS Hybrid Rocket
* Injector Feed Pressure, 2500 kPa

 Single Port Injector, Port Diameter 0.25 cm

* GOX Feed Pipe to Injector, Diameter 0.6325
e Nozzle A/A*=2.25, Throat diameter = 1 cm,

* Nozzle Exit Divergence angle = 15°

* Single Circular Grain Port, Initial Diameter 1.5 cm
e Grain length 31.5 cm

e Ambient pressure 60 kPa

* Assume Isentropic Flow in Nozzle

e Allow for 20 second burn time

e Calculate regression rate Using Marxman parameters,
corrected for total port massflux
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e Compare Performance Calculations .. using

—> Incompressible Injector Equation, Cd calculated per ASME_MFC_14M_2001
—> Compressible Injector Equation, Cd calculated per method of D. A.
Jobson, https://doi.org/10.1243/PIME_PROC_1955_169_077_02

—~Base compressibility correction on mean injector pressure ratio, p;,/Pc yean
—> Hold Injector C, constant for entire burn time, Assume Flange Injector Geometry
—>May need to iterate runs a couple of times, adjusting compressible Cd bwtween runs

Time History Plots: Compare Injector Model Results:
. Chamber Pressure . Mean Thrust

ii. Thrust ii. Total Impulse

iii. Massflow (Ox, Fuel, Total, Choke) iii. Isp

iv. O/F Ratio iv. Consumed mass (Ox, Fuel, Total)

V. Consumed mass (Ox, Fuel, Total) v. Mean Injector pressure ratio

vi. Injector pressure ratio
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* ABS Combustion Properties

e Use 2-D Linear Table Lookup of Properties Based on Current
O/F and Pc Values

e Assume combustor efficiency (C*,.u/C igear) = 0.90
e Assume Boundary Layer Prandtl Number of 0.5

e Solid ABS propellant density of 975 kg/M?
e Latent heat of vaporization (h,), 3.0 MJ/kg
* Solid Grain temperature (assume constant) 293.15°K
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UNIVERSITY Homework 3.2 Sraleering

e CEA GOX/ABS Combustion Properties

Viscosity
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 CEA GOX/ABS Combustion Properties, Extended Pressures
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Hybrid Ballistic Equations for Compressible Oxidizer

INTechSnicS)edrenos S ce)

Engimeering

—Dl . P c 1_ P ¢ N m()x . . nj . R T
0 ,J/ox - 0, 0;, " g, 0.
P 11 i in o 04
Subcritical ;| 2L | < ﬂ]
2 N2

0 2

c 1 },“X P
— Injector Not Choked Co=———|1- §1- 2(0] (1—[;]Jf . ]

P ﬁ 0, 0,
2. fF.| 0
Chamber Pressure :
. Yetl
af)oc Aburn rfuel A* 2 ()Q—l) IegCTOC P()inj
v [pﬁtele(.TOC —PoC]—P v YR T, P + v (Kn Gy 'Am,-)l.n]. ﬁ

Regression :

: 0.047 Cp '(Toc — Tﬁ,{elm/) (mox j4/5 n /s
P fuel (I)rc) Y fuel c

P

mfuel = pfuel ’ Aburn ’ rfuel = pfuel T

—>0/F—

(Kn.c .

d A)inj '

Oinj

\/ Rgox TO,-n_,-

fuel

pfuel T (D ) L)por; ’ i?fuel



Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore
0.23


UtahState

UNIVERSITY

INTechSnicS)edrenos S ce)

Engimeering

Hybrid Ballistic Equations for Compressible Oxidizer
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Injector Properties 2

,9[0—
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Incompressible CV, CD

Cv, Cd Iteration Values, Incompressible

Fluid Properties Iteration Values

259.827

293353

32.8221
0.00092172:

2.02299E-5
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Flow Calculations

Incompressible
Initial Mdot, g/sec

130.2529
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ASME .
Incompressible CV. CD FINAL Flow Calculations
Injector Properties 2 VALUES

Compressible
Intermediate DATA

Intermediate Compressible Terms

0.081454" 0.528282

h 0.314688

N ;
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Incompressible
Injector Properties 2
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Compressible Adjustments ()

ASME Flow Calculations
CV, CD FINAL
VALUES

Compressibility Corrected Output Values

0.816782
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Compressible
Hybrid Injector Model

Compressible Subsonic Injector Formula .
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Hybrid Injector Model

Injector Propertics

Incompressible Injector Formula: J
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Incompressible/Compressible Comparisons o
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Incompressible/Compressible Comparisons )

Thrust
Thrust, N I'hrust, N
Compressible
K aad K od
= ‘ pd
@ Lo I Mean Thrust, NT
= | | = | ’
£ ) 93-226 £ 77.3116
— ‘ — 5
0- 1 1 1 1 1 0- 1 1 1 1 1
0 5 10 15 20 25 0 5 10 15 20 25
Time, sec Time, sec
Ambient Pressure
kPa
2
) 60
N

MAE 6430 - Propulsion Systems, I1 14




UtahState INiechsnicSledienospace;
U N l V E R S I T Y Engiineering

Incompressible/Compressible Comparisons
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Incompressible/Compressible Comparisons )
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Incompressible/Compressible Comparisons )

Consumed Propellant Mass

Propellant Mass, Consumed
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Incompressible/Compressible Comparisons )
O/F Ratio

O'F RATIO O/F Ratio

O.F Ratio
O.F Ratio

Mean O/F

2.09746
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Incompressible/Compressible Comparisons )

rdot vs ox mass flux rdot vs ox mass flux

Rdot, cm/sec
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Incompressible/Compressible Comparisons

: Data Summar .
Incompressible Y Compressible
Impulse. Nt-sec

Impulse. Nt-sec .
1864.56 Bottom Line: 1546.26
Mean Thrust, NT USll’lg Mean Thrust, NT
193.226 Incompressible 77.3116
Mean Thrust, bf Injector Model Mean Thrust, Ibf
120.952 Over-estimates 117.3753
MEAN ISP BASED ON the system MEAN ISP BASED ON
CONSUMED MASS, sec CONSUMED MASS, sec

. performance i

ariee considerabl '
Vv Isp B d y Vacuum Isp Based on
cacuum e Dronalla Consumed Propellant , sec
onsumed Propellant , sec
1235.581 1237.9
Consumed Propellant Load, kg Consumed Propellant Load, kg
10.898864 10.75367
Mean O/F Mean O/F
12.09746 11.9402
. 20
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