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Rocket Science 103: 
Cold-Gas Thruster Analysis 
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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” 
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Rocket  Equation→ ΔV = g0 ⋅ Isp ⋅ ln 1+ Pmf( ) − g ⋅ sinγ ⋅dt
t0

tburn

∫ −
D ⋅V
M

⋅dt
t0

tburn

∫ =

...assume ΔV  added  "impulsively"→ tburn − t0 → "small"

ignore gravity,drag losses → ΔV = g0 ⋅ Isp ⋅ ln 1+
Mpropellant

Mdry

⎛

⎝⎜
⎞

⎠⎟

RS 103: Rocket Equation Revisited 
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Propulsion Energy Gravity Loss 

Look at change in rocket energy state ….  

Drag Loss 

V2

V1
M g 

ΔK .E.
M

=
V2

2 −V 2
1

2
≈
V2 +V1( ) ⋅ V2 −V1( )

2
=
V1 + ΔV +V1( ) ⋅ ΔV

2
ΔK .E.
M

= V1 +
ΔV
2

⎛
⎝⎜

⎞
⎠⎟
⋅ ΔV → Δhpotential = V1 +

ΔV
2

⎛
⎝⎜

⎞
⎠⎟
⋅
ΔV
g
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RS 103: Rocket Equation Revisited 
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Sub − in Rocket  Equation

Δhpotential = V1 +
ΔV
2

⎛
⎝⎜

⎞
⎠⎟
⋅
ΔV
g

= V1 +
g0 ⋅ Isp ⋅ ln 1+ Pmf( )

2

⎛

⎝
⎜

⎞

⎠
⎟ ⋅
g0 ⋅ Isp ⋅ ln 1+ Pmf( )

g

assume g0

g
≈ 1

Δhpotential =
g0 ⋅ Isp

2

2
⋅ ln 1+ Pmf( )⎡⎣ ⎤⎦

2
1+ 2 ⋅V1

g0 ⋅ Isp ⋅ ln 1+ Pmf( )
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

How do we estimate specific impulse for the cold-gas thruster? ... Fundamentals! 
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RS 103: Summary 
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Isp( )aerospike =
1
g0

2 ⋅ γ ⋅ Ru
γ −1

⎛
⎝⎜

⎞
⎠⎟
⋅

T0
Mw

⎛
⎝⎜

⎞
⎠⎟

A
exit

A*
⎛
⎝⎜

⎞
⎠⎟

2 γ −1( )
γ +1( )

− 2
γ +1

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

A
exit

A*
⎛
⎝⎜

⎞
⎠⎟

2 γ −1( )
γ +1( )

Δhpotential =
g0 ⋅ Isp

2

2
⋅ ln 1+

Mpropellant

Mdry

⎛

⎝⎜
⎞

⎠⎟
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

2

1+ 2 ⋅V1

g0 ⋅ Isp ⋅ ln 1+
Mpropellant

Mdry

⎛

⎝⎜
⎞

⎠⎟

⎡

⎣

⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥

Specific Impulse 

“Metric” of performance 
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Compare	  CO2	  and	  HPA	  as	  Working	  
Propellant	  
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Fluid Molecular 
Weight 

Gamma T0 , K A/A* Isp , sec 

CO2 44.0 1.3 288 15 52.92 sec 

HPA 28.964 1.4 288 15 63.12 sec 

From section 6.1 notes 
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Tank Capacities, Weights 
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CO2  MCO2
=
20OZ
16 OZ

LBM

×
1kg

2.204 lbm
= 0.567kg

HPA  

MHPA = ρ ⋅Vtank =
p
RgT

⋅Vtank =

4500 +14.7( )psi ×
101325
14.7 pa

psi

287.06 J
kg−K

288K
⋅
90

in3

39.373
in3

m3

= 0.555kg
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Mass fraction summary 
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Sample calculation (All masses in kg) 

9.8067 52.92 1 0.0519+( )ln( )⋅ = 26.26 m/sec ΔV( )CO2 = g0 ⋅ Isp ⋅ ln 1+
Mpropellant

Mdry

⎛

⎝⎜
⎞

⎠⎟
=

Δh( )CO2 =
ΔV 2( )CO2
2 ⋅ g

=

= 28.90 m/sec ΔV( )HPA = g0 ⋅ Isp ⋅ ln 1+
Mpropellant

Mdry

⎛

⎝⎜
⎞

⎠⎟
=

Δh( )HPA =
ΔV 2( )CO2
2 ⋅ g

=

9.8067 63.12 1 0.0478+( )ln( )⋅

Propellant Mpropellant Mtank Mclean Mmotorcase Mdry Pmf 

CO2  
(20 Oz tank) 

0.567 0.68 9.25 1 kg 10.93 0.0519 

HPA (4500 
psig, 90 cu. In 
tank) 

0.555 1.36 9.25 1.kg 11.61 0.0478 

CO2  
(24 Oz tank) 

0.68 0.90 9.25 1 kg 11.15 0.0610 

20 oz 

= 30.73 m/sec ΔV( )CO2 = g0 ⋅ Isp ⋅ ln 1+
Mpropellant

Mdry

⎛

⎝⎜
⎞

⎠⎟
=

Δh( )CO2 =
ΔV 2( )CO2
2 ⋅ g

=

24 oz 

90 cu. In.  

9.8067 52.92 1 0.061+( )ln( )⋅
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Calculate Available Augmentation Lift 
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Δhpotential = V1 +
ΔV
2

⎛
⎝⎜

⎞
⎠⎟
⋅
ΔV
g

Vmax 

Vmax  main motor burnout 
Vmin   apogee 
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Calculate Available Augmentation Lift (2) 
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Δhpotential = V1 +
ΔV
2

⎛
⎝⎜

⎞
⎠⎟
⋅
ΔV
g
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Calculate Drag Loss 
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ΔHpotential( )drag =
D ⋅V
M

 
t

tapogee

∫ dt =

CD ⋅ Aref
2 ⋅M

ρV 3  
t

tapogee

∫ dt
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… Drag Loss (2) 
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Un-augmented potential Altitude  
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Compare Available Augmentation Lift to Drag Loss 

12 

AGL 

Main  
motor  

burnout 

Apogee 
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Total Augmentation Lift 
“Effectiveness Margin” 
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AGL 

Main  
motor  

burnout 

Apogee 
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“Target Altitude” Schedule 
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“AIM HIGH” 
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Questions?? 


