UtahState INtechanicsladhenospace]

UNIVERSITY ROCket SCience 1 03 : Engineering
Cold-Gas Thruster Analysis

Newton's Laws as
Applied to
"Rocket Science"

... its not just a job ... its an
adventure

Re-calculated performance metric ...

More accurate quantitative potential
Altitude change predictions”

MAE 5930, Rocket Systems Design vCHlM AERA 1




UtahState IMechanicIledraenosphac ey
UNIVERSITY engineering

RS 103: Rocket Equatlon ReV131ted

Rocket Equation — AV =g, -1 - ln(1+me) jg siny -dt — J.V dt =

Propulsion Energy 'oGravity Loss '
.assume AV added "impulsively" —t, —t, — "small"

Drag Loss

ignore gravity,drag losses|— AV =g, -1 -ln[l n ;;pezzam)
dry

Flight Direction Look at change in rocket energy state ....

AK-E'_ V22_V21 N(V2+V1)'(V2_V1)_ (V1+AV+VI)'AV
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(V + _Vj AV — Ah otential = (‘/1 + V) | V
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RS 103: Rocket Equation Revisited

Sub — in Rocket Equation

N (Vl N AV). AV _ (Vl R .ln(1+me)]. g1, In(1+P,)
8 2 g
assume &zl
g
gO.I 2 2_ 5.V -
AR ensial = . |In(1+P 1+ 1
porentt 2 [n( mf)] go.lsp-ln(1+me)

How do we estimate specific impulse for the cold-gas thruster? ... Fundamentals!
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RS 103: Summary

“Metric” of performance — -

2
1’ M t 2.V
Ahpotential — S0 : ln[l + propellan j:l 1+ L
2 M . . M propellant ]

dry

Specific Impulse = =

i [zrr) [n) L _
( P )aerospike - —1 . M 2(y-1)
gO y w \ A )
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Compare CO, and HPA as Working
Propellant

From section 6.1 notes

Fluid Molecular | Gamma T,, K A/A* I, sec
Weight

CO, 44.0 1.3 288 15 52.92 sec

HPA 28.964 1.4 288 15 63.12 sec
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Tank Capacities, Weights

Engineering

20 1
CO., Me, =% x-72—=0567,
2 © 16, 2204,
LBM
Part | Service Estimated | CO: Air H20 O-Ring
No. |Pressure [Diameter | Length | Weight |Capacity | Capacity | Capacity | Seat Dia. | Threads
(psi / bar) (in / mm) (in / mm) (Ibs / kgs) (Ibs / kgs) (cu ft/ liters) (cuin/ cc) (in / mm)
I I I I I I I I
20 oz. 1800/ 123 3.20 / 81 9.38/238 15/ 68 1.25/£ 3.7/103 517836 750/19.0 5/8-18UNF-2B
Paintball Cylinders
Model Spec psi Bar Volumecuin Volumeliter ODinches ODMM OALinches OALMM Weight LBS Weight KG FiberType
802 DOT/TC 4500 310 90.00 1.47 462 117.35 10.00 25400 3.00 1.36 CAR/GLS
101325
(4500+14.7) X T4
Myp=p-V,, =—=V = T g sss
HPA — kK kK — Ve k,
“* RT ™ 287.06 , 288, 39.37° | g
kg—K mw
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Mass fraction summary

Sample calculation (All masses in kg)

Engiineering

UNIVERSITY

CO, 0.567 0.68 9.25 1 kg 10.93 0.0519
(20 Oz tank)

HPA 500 0.555 1.36 9.25 1.kg 11.61 0.0478
psig, 90 cu. In

tank)

CO, 0.68 0.90 9.25 1 kg 11.15 0.0610
(24 Oz tank)

M
(AV)c02 =g, 1, .1n(1+ propellant ) = 9.8067-52.92 (In (1 +0.0519)) =26.26 m/sec

20 oz dry

(AV),, = 9.8067-52.92 (In (1 +0.061))=30.73 m/sec
2407
(AV)HPA _ 9.8067-63.12 (In (1 +0.0478)) = 28.90 m/sec

90 cu. In.
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Calculate Available Augmentation Lift

Altitude

Ah potential ~— ‘/1 + 2 g .7 priisssssssssssssssss
. e
Velocity, m/sec % Peak ALTITUDE
= AGL, meters
o 1609.33
o
-
=
=
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> ‘ Time, sec

V. = main motor burnout
V.. = apogee

| I
0 5 10 15 20 25
Time, sec

MAE 5930, Rocket Systems Design VC HIMAERA




UtahState MechanicSladrenosSpac e
U N I V E R S l T Y Engineering

Calculate Available Auementation Lift .
Potential Altitude Change

1800-) Altitude, AGL
1600-] 200z CO2
1400-y 24 0zcCO2

Altitude, meters

|
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Time, sec
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T Calceulate Drag Loss

POTENTIAL ALTITUDE, drag loss

| (AHpotennal )dmg ap]‘ge % dt =

: tapogee CD . A

H, PLOTENTIAL, m
w
o
7

-450-
=500 - gy
-550-==
-600-) I I I I I
0 5 10 15 20 25
Time, sec

MAE 5930, Rocket Systems Design Vc HIMAERA



UtahState INiechanicalledhienospace,

e ... Drag Loss @)

Un-augmented potential Altitude Potential Altitude
POTENTIAL ALTITUDE, agl Altitude, AGL [\

1400-

H, P{OTENTIAL, m
S
7

I
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Time, sec
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Compare Available Augmentation Lift to Drag Loss
20 0z CO2

Potential Altitude Change 24 0zCO2 -
600~ HPA, 90 cuin [N

Drag Loss

Altitude, meters
o
|

-600-4 !

[ [ [ ! [ |
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Altitude AGL

MAE 5930, Rocket Systems Design @\c HIMAERA




I’taﬂisitaﬂka . IMechonicalledienospac ey
UNIVERSITY Total Augmentation Lift

“Effectiveness Margin”

Engineerin g
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HPA, 90 cu in  [ad
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“Target Altitude” Schedule

POTENTIAL ALTITUDE, TARGET
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Questions??
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