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What are HABs?





Using HABs on Mars

• Will	it	lift?	

•  Necessary	amount	of	gas	

•  Altitude	

•  Duration	of	=light	

•  Size	of	parachute	



Will it li:? 
FINDING THE DENSITIES

𝑃𝑉=𝑛𝑅↓𝑔 𝑇	

𝜌= 𝑚/𝑉 	

𝑅= 𝑅↓𝑔 /𝑀 = 𝑅↓𝑔 𝑛/𝑚 	

𝝆= 𝑷/𝑹𝑻 	Ideal	gas	law	

Defini4on	of	density	

Defini4on	of	specific	
gas	constant	



Will it li:? 
FINDING THE DENSITIES

[CELLRANGE]	
[VALUE]	

[CELLRANGE]	
[VALUE]	

[CELLRANGE]	
[VALUE]	

[CELLRANGE]	
[VALUE]	

Atmospheric	composi4on	(%),	Earth	

		 Molar	mass	(g/mol)	

N2	 28.014	

O2	 31.998	

Ar	 39.948	

CO2	 44.009	

Source:	Grønås,	Sigbjørn	(2013):	Hvordan	klimaet	kan	endres	–	en	innføring	



Will it li:? 
FINDING THE DENSITIES

[CELLRANGE]	
[VALUE]	

[CELLRANGE]	
[VALUE]	

[CELLRANGE]	
[VALUE]	

[CELLRANGE]	
[VALUE]	

[CELLRANGE]	
[VALUE]	

[CELLRANGE]	
[VALUE]	

[CELLRANGE]	
[VALUE]	

Atmospheric	composi4on	(%),	Mars	

		 Molar	mass	(g/mol)	

CO2	 44.009	

N2	 28.014	

Ar	 39.948	

O2	 31.998	

CO	 28.010	

H2O	 24.004	

NO	 30.006	

Source:	h5ps://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html	



Will it li:? 
FINDING THE DENSITIES

𝑀=∑𝑖∈𝑎↑▒𝑝↓𝑖 𝑀↓𝑖  	 𝑅= 𝑅↓𝑔 /𝑀 	 𝝆= 𝑷/𝑹𝑻 	

𝝆↓𝒂 =𝟏.𝟐𝟐𝟓𝟏 𝒌𝒈/ 𝒎↑𝟑 	
𝝆↓𝑯𝒆 =𝟎.𝟏𝟔𝟗𝟑 𝒌𝒈/ 𝒎↑𝟑 	

𝝆↓𝒂 =𝟎.𝟎𝟏𝟓𝟖 𝒌𝒈/ 𝒎↑𝟑 	
𝝆↓𝑯𝒆 =𝟎.𝟎𝟎𝟏𝟒𝟔 𝒌𝒈/ 𝒎↑𝟑 	

EARTH	 MARS	



Amount of gas

𝐹↓𝑏𝑁 =𝑉𝑔( 𝜌↓𝑎 − 𝜌↓𝐻𝑒 )	

𝐹↓𝑔𝑇 =𝑔( 𝑚↓𝑏 + 𝑚↓𝑝 )	

𝐹↓𝑑 = 1/2 𝐶↓𝑑 𝜌↓𝑎 𝑣↑2 𝐴	

𝟒/𝟑 𝝅𝒓↑𝟑 𝒈(𝝆↓𝒂 − 𝝆↓𝑯𝒆 )=𝒈(𝒎↓𝒃 
+ 𝒎↓𝒑 )+ 𝟏/𝟐 𝑪↓𝒅 𝝆↓𝒂 𝒗↑𝟐 𝝅𝒓↑𝟐 	

Net	buoyant	force	

Gravita4onal	force	 Balancing	of	forces	

𝐹↓𝑏𝑁 = 𝐹↓𝑔𝑇 + 𝐹↓𝑑 	

Drag	force	

FbN	

Fd	

FgT	

Target	ascent	rate:	5	m/s	



Amount of gas

𝑟=0.97 𝑚	
𝑉=3.84 𝑚↑3 	

𝑟=3.89 𝑚	
𝑉=246.02 𝑚↑3 	

𝑟=4.315𝑚	
𝑉=336.54𝑚	

<	

EARTH	

MARS	

LIMIT	

Target	ascent	rate:	5	m/s	



Maximum al(tude 
HYDROSTATIC EQUILIBRIUM

dz	
z	

z	+	dz	

		

A	P(z	+	dz)	

P(z)	

Fg	

𝐹↓𝑑 + 𝐹↓𝑔 = 𝐹↓𝑢 	𝑃(𝑧+𝑑𝑧)𝐴+𝐴𝜌↓𝑎 𝑔𝑑𝑧=𝑃(𝑧)𝐴	 𝑃(𝑧+𝑑𝑧)−𝑃(𝑧)/𝑑𝑧 = −𝜌↓𝑎 𝑔	 𝑑𝑃/𝑑𝑧 = −𝜌↓𝑎 𝑔	

Balance	 Write	force	as	area	×	pressure	 Simplify	&	rearrange	 Defini4on	of	
differen4a4on	



Maximum al(tude 
HYDROSTATIC EQUILIBRIUM

𝑑𝑃/𝑑𝑧 = −𝜌↓𝑎 𝑔	

𝜌↓𝑎 = 𝑃/𝑅𝑇 	

𝐻= 𝑅𝑇/𝑔 	

1/𝑃 𝑑𝑃=− 1/𝐻 𝑑𝑧	 𝑃= 𝑃↓0 𝑒↑− 𝑧/𝐻  	

Equa4on	of	hydrosta4c	
equilibrium	

Air	density	

Scale	height	

𝒛=−𝑯𝒍𝒏(𝑽↓𝟎 /𝑽 )	

Rearrange	&	subs4tute	 Solve	diff.eq.	 Solve	for	z	&	subs4tute	with	
ideal	gas	law	



Maximum al(tude 


𝑧↓𝐸𝑎𝑟𝑡ℎ =32.7 𝑘𝑚		

𝑧↓𝑀𝑎𝑟𝑠 =3.4 𝑘𝑚		



Flight dura(on

𝒕= 𝒕↓𝒂 + 𝒕↓𝒅 = 𝒛/𝒗↓𝒂   + 𝒛/𝒗↓𝒅   	



Flight dura(on 
EARTH

𝒗 =𝟏𝟖.𝟑𝟖 𝒎/𝒔	

𝑇(𝑧)	

𝑃(𝑧)	

𝜌↓𝑎 (𝑧)= 𝑃(𝑧)/𝑅𝑇(𝑧) 	 𝑣(𝑧)=√2𝑚𝑔/𝐶↓𝑑 𝐴𝜌↓𝑎 (𝑧)  	

𝑣 = ∫0↑𝑧↓𝑚𝑎𝑥 ▒𝑣(𝑧)𝑑𝑧 /𝑧↓𝑚𝑎𝑥  	

Source:	h5ps://www.grc.nasa.gov/www/k-12/airplane/atmosmet.html	



Flight dura(on 
MARS

𝒗 =𝟓.𝟓𝟏 𝒎/𝒔	

𝑇(𝑧)	

𝑃(𝑧)	

𝜌↓𝑎 (𝑧)= 𝑃(𝑧)/𝑅𝑇(𝑧) 	 𝑣(𝑧)=√2𝑚𝑔/𝐶↓𝑑 𝐴𝜌↓𝑎 (𝑧)  	

𝑣 = ∫0↑𝑧↓𝑚𝑎𝑥 ▒𝑣(𝑧)𝑑𝑧 /𝑧↓𝑚𝑎𝑥  	

Source:	h5ps://www.grc.nasa.gov/www/k-12/airplane/atmosmrm.html	



Flight dura(on

12	 12	

6	 6	

3	 3	9	 9	

Earth	 Mars	

Ascent	 1h	49min	 12min	

Descent	 30min	 10min	

TOTAL	 2h	19min	 22min	



Size of parachute

𝑨= 𝟐𝒎𝒈/𝑪↓𝒅 𝝆↓𝒂 𝒗↑𝟐  	 𝑟↓𝐸𝑎𝑟𝑡ℎ =0.58𝑚		

𝑟↓𝑀𝑎𝑟𝑠 =3.15𝑚		



Summary so far

EARTH	 MARS	 Difference	

Will	it	lid?	 ü ü	 -	

Necessary	amount	of	gas	 3.84	m³	 246.02	m³	 64x	

Al4tude	 32.7	km	 3.4	km	 9.6x	

Flight	dura4on	 2	h	19	min	 22	min	 6.3x	

Size	of	parachute	 1.06	m²	 31.19	m²	 29.4x	



Team	members	(led	to	right):	Alexander	William	Brandal,	Aleksander	Knutsen,	Per	Verås	(mentor),	Teodor	Larsen	Tveit	


